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“In January of 2009, Colgate became a signatory of the American College and 
University Presidents’ Climate Commitment (ACUPCC), challenging Colgate 
to develop and implement actions to achieve climate neutrality by eliminating 
or offsetting 100 percent of the university’s greenhouse gas emissions.”

—Colgate University’s Sustainability and Climate Action Plan

Mission
Colgate University is working toward the reduction and offsetting of its greenhouse gas emissions. The 
university’s forest plays a significant role in this effort as a significant carbon sink. Colgate’s Sustainability and 
Climate Action Plan calls for “the establishment of a baseline for forest carbon accounting” along with 
projections of “annual rates of forest carbon sequestration.”  This baseline was established in 2013.  This report 
marks the first periodic re-measurement of forest carbon sequestration.

The establishment of a baseline for forest carbon accounting allows determination of the actual rates of forest 
carbon sequestration through the re-measurement of forest carbon in future years. Projections of annual rates 
of forest carbon sequestration allow interim assumptions about the contribution Colgate’s forest makes toward 
climate neutrality efforts. The rates of sequestration determined in future re-measurements  quantify the actual 
role the forest plays in the university’s carbon budget at 5-year intervals.

This report details the procedures, results and projections from the baseline  measurements of Colgate’s 
forest carbon and 2018 re-measurements and revisions. The methods, data, calculations and technical 
publications included within this report are intended to allow the reader to duplicate the results. These 
contents also serve as a guide for the re-measurement of Colgate’s forest carbon at five year intervals.

This mission statement is followed by sections on units and ratios, a detailed explanation of the methods used, a 
presentation of the results, estimates of annual forest tree carbon sequestration and a accounting for carbon 
sequestration in harvested wood products.
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UniTs, TerMs & raTios
Readers may find the following definitions of units, terms and ratios helpful in reading and 
understanding this report.

 DbH = diameter at breast height; breast height is defined as 4.5’ above the ground

 Ton = short ton = 2,000 lbs = 907.185 kilograms

 Tonne = metric ton = 1,000 kilograms = 2,240 lbs.

 1 ton = 0.907185 tonnes

 1 tonne = 1.1023 tons

The dry weight of wood is its biomass weight; ½ of the weight of biomass is carbon

 atomic weight of carbon = 12 atomic mass units 

 atomic weight of carbon dioxide = 44 atomic mass units

 1 tonne of carbon = 44 atomic mass units/12 atomic mass units = 3.67 tonnes of 

carbon dioxide

 1 tonne of tree carbon = 3.67 CO2 equivalent tonnes

 1 acre = 0.404686 hectares

 1 hectare = 2.47105 acres
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MeTHoDs
The procedures outlined in USFS GTR NRS-18 Measurement Guidelines for the Sequestration of Forest Carbon served 
as a general guide for the baselines measurements of the tree carbon in Colgate’s forests. A copy of this document 
is attached to the electronic version of this report.

Colgate University’s 2013 Tree Farm Stewardship Plan was used in compiling a list of properties and areas to 
include in the original baseline measurements. All of the properties are in Madison County and within a 7-mile 
radius of the campus, with the exception of the more distant Upper Saranac parcel (Franklin County). A 
location map of the forest parcels is shown in Figure 1 on page 6.

The maps, management unit delineations and acreages in the initial plan were sufficient for planning purposes. 
Subsequent field work resulted in more accurate mapping and updated management unit designations. The 
forested acreage of each Colgate parcel is as follows:

parCel

Campus
Hamilton Street (north & south)
Beattie Reserve
Bonney Hill
Parker Farm
Bewkes Center
Johnnycake Hill
Turkey Hill
Upper Saranac

Total forest acreage

foresT aCreage

  336.5
199.8
130.8

61.3
73.1

116.2
12.0

116.4
11.4

1,057.5
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figUre 1. ColgaTe UniversiTy foresT loCaTion Map
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Sixty management units spread across nine separate parcels are included in the baseline measurements. The 
total acreage encompassed by the 2013 baseline measurements was 1,058.7.   Development on campus caused 
the loss of 1.2 acres of forest.   The total acreage encompassed by the updated 2018 baseline measurements is 
1,057.5.  Maps of each of these properties are included in Appendix A. These management units include naturally 
occurring hardwood forest types in all three successional stages, along with softwood plantations and two recent 
hardwood plantations. 

The first step in establishing baseline measurements was to estimate the number of sample plots necessary for a 
reliable estimate. GTR-NRS 18 suggests targeting a result that is within 10% of the true mean at the 95-percent 
confidence level. The Winrock Sampling Calculator spreadsheet (a copy is attached to the electronic version of 
this report) was used in making this preliminary calculation of the number of sample points. 

Mean and standard deviations of tree carbon stocking for comparable forest land were obtained from USFS FIA 
data and other sources as a proxy for existing stocking levels in making these calculations. Initial calculations 
called for 47 1/10-acre sample plots. Sensitivity analysis to both the standard deviation and the acceptable level 
of error, along with the desire to make sure all of the 60 management units on the 9 parcels were sampled, 
resulted in targeting 147 sample plots. Field inspections, the addition of more acreage and updated mapping 
increased the final number of sample plots to 174. One of the original sample plots from 2013 was lost to 
development, bringing the total used in 2018 down to 173. A breakdown of the number of sample plots by 
parcel and management unit is shown in Table 1 on page 9. 

Plot locations were established using systematic spacing within individual management units. Preliminary plot 
location coordinates were entered in a hand-held GPS unit. Actual locations of the ground varied with site 
conditions and mapping updates (e.g. a planned plot center did not fall within the target stand, based on the 
original mapping). When a plot center location was located, a blue plastic stake was placed in the ground as  
a permanent marker and the plot center coordinates were recorded with a GPS unit. The waypoint number  
(corresponding to the coordinates) for each plot was recorded on the data sheet for that plot. A KML file showing 
the location of all 173 plots is included as attachment to the electronic version of this report and can be opened 
using Google Earth software. A SHP file of plot locations is included as well. 
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Sample plots are 1/10 acre in size. Circular plots with a radius of 37.2 feet are used. All live trees and shrubs 3.0 
inches in diameter at breast height (DBH) and larger were measured. In each case, the DBH (to 1/10 of an inch) 
and species of the tree or shrub was recorded. A diagram of 1/10 acre sample plot is shown in Figure 2 on page 
10. 

In making the 2018 re-measurements of sample plots, only 111 of the original 174 plots could be located.   Plot 
center stakes had been removed from 62 plots and one other was lost to development (as noted earlier).    GPS 
coordinate data was sufficient to re-establish sample plots in locations close to the original, but not closely 
enough to be in the exact locations.   As a result,  re-measurement data from 111 sample plots are available for 
use in estimating the amount of carbon sequestered in trees over the past five years.     

The 173 sample plots measured in 2018 are used in calculating a new baseline that will be used for making future 
estimates at five-year intervals.   In addition to blue plot center stakes, three witness trees were painted at each 
plot.  These trees have painted circles facing the plot center.    If any plot center marker stakes are removed in the 
future, they can be accurately replaced using the witness trees as a reference.    Paint on these witness trees will 
be refreshed each time a new set of measurement is made.   

8
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Table 1. DisTribUTion of foresT Carbon re-MeasUreMenT ploTs by parCel
anD ManageMenT UniT for THe ColgaTe UniversiTy foresT

parCel

Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Campus
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.
Hamilton St.

parCel

Beattie
Beattie
Beattie
Beattie
Beattie
Beattie
Bonney Hill
Bonney Hil
Bonney Hil
Bonney Hil
Parker Farm
Parker Farm
Parker Farm
Parker Farm
Parker Farm
Bewkes
Bewkes
Bewkes
Bewkes
Bewkes
Bewkes
Johnnycake Hill
Turkey Hill
Turkey Hill
Turkey Hill
Turkey Hill
Turkey Hill
Turkey Hill
Turkey Hill
Upper Saranac

MgT UniT

1
2
3
4
5

5a
6
7
8
9

10
11
13
D
E
F
K

14
15
16
17
18
19

19a
20

21N
P

21S
23
N

aCres

11.6
13.5

4.0
10.7
25.5
12.6
34.0

6.9
4.0

14.7
42.0

9.3
112.3

2.0
9.5

20.0
3.9
4.5
5.3
3.2
6.4
7.6

44.2
6.0
2.7

46.5
3.8

40.0
22.5

7.1

# of ploTs

3
3
1
1
4
2
5
2
1
2
4
2

11
1
2
6
1
1
1
1
1
1
5
1
1
9
1
6
4
2

MgT UniT

22
24
25
26
27
28

BH1
BH2
BH3
BH4
PF1
PF2
PF3
PF4
PF5
BK1
BK3
BK4
BK5
BK6
BK7
JC1
TH1
TH2
TH3
TH4
TH5
TH6
TH7
US1

aCres

14.4
63.9
20.6
11.3
14.3

6.3
41.3

9.0
6.0
5.0
5.0

39.8
6.2
9.3

12.8
13.4
16.4
13.5
23.0

1.2
48.7
12.0
31.0
20.0

8.0
23.4
13.0
11.0
10.0
11.4

# of ploTs

3
11
2
2
3
1
6
2
1
1
1
5
2
1
2
3
2
3
5
1
9
2
4
3
1
4
2
2
2
2
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figUre 2. DiagraM of a 1/10 aCre foresT Tree Carbon saMpling ploT
Colgate

University 

A Ny-Rod type pole was used as an aid in measuring the plot radius. This pole has a brightly colored marking 
13.5” wide at breast height. A diameter 13.5” has a limiting distance of 37.2’ for a basal area factor (BAF) of 10 
(meaning each tree in the sample represents 10 square feet of basal area). This allows a person measuring trees 
to determine whether a tree is within the radius of the plot by looking back at the colored marking on the pole 
with a BAF 10 angle gauge. The distance of borderline trees from the plot center was measured to determine if 
they fell within the plot radius.

A separate tally sheet was created for each sample plot. Each tally sheet contains the parcel name, date and 
waypoint number. Individual measurements of each stem were recorded (DBH, species). A list of species codes 
and all  173 tally sheets are included in Appendix B to this report.

BLACK CHERRY
7.1” DBH

SUGAR MAPLE
22” DBH

WHITE ASH
19.4” DBH

WHITE ASH
4.7” DBH

SUGAR MAPLE
6.8” DBH

Blue stake at plot center
(42.811965N; 075.5625209W)

37.2” radius
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The permanent markers, witness tree markings and GPS coordinates of these sample points will allow re-
measurement at the same locations every five years, as recommended in GTR-NRS 18. Re-measurement allows 
calculation of the amount of carbon sequestered in trees, as the difference between the re-measurement 
totals and the baseline measurements.

Calculation of the total tree carbon (TTC) represented by the sample took several steps. Plot data was grouped by 
management unit. This allowed calculation of the amount of tree carbon in the sample for each unit, followed by 
an estimate of tree carbon for the total unit.

Calculations are based on the commonly accepted biomass equation and parameters for total above 
ground biomass established by Jenkins, et al (2003), excerpted below:
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This formula and parameters were used in creating a Forest and Tree Carbon Spreadsheet. An individual 
worksheet was created for each management unit, with a file provided for each of the nine distinct parcels 
involved (individual spreadsheets for each parcel are attached in the electronic version of this report). Each 
worksheet allows individual plot data (species & DBH for each stem) to be entered for each management unit.  
A screen shot of this spreadsheet is shown in Figure 3 above.

figUre 3. sCreensHoT of THe foresT anD Tree Carbon exCel spreaDsHeeT
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In addition to species and DBH, the user must provide the number of the species group appropriate for each entry. 
Species groups were referenced from Jenkins, et al (2003).

The spreadsheet converts DBH from inches to centimeters for use in the formula. The species group entry 
determines which set of parameters is applied. Above ground biomass is calculated in kilograms. Below 
ground biomass is estimated and then added to above ground biomass. Total tree biomass is converted to 
carbon (using a factor of 0.5) and expressed in both metric and short tons.

Carbon from all of the trees in the individual management unit’s sample are summed. These totals are then 
multiplied by the inverse of sampling intensity (1 ÷ [# of plots x 0.1 acres ÷ management unit size in acre]) to arrive 
at an estimate of total tree carbon in the management unit. Individual management unit totals are summed to 
arrive at the total estimate of tree carbon in university’s forests.
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RESULTS

The 2018 baseline estimate of total tree carbon in the Colgate University Forest is 52,794 tonnes. Average 
stocking is 49.9 tonnes/acre (123.3 tonnes/hectare). While some recently established hardwood plantations have 
no measurable amount of tree carbon, two small management units with mature forest communities had 123 to 
196 tonnes/acre. Disregarding these outliers results in a negligible change to the average stocking (50.1 
tonnes/acre). A summary of the total tree carbon for individual management units is shown in Table 2 on page 
15. Tree carbon stocking levels (tonnes/acre) are shown in Table 3 on page 16.

Each tonne of tree carbon is the equivalent of 3.67 tonnes of carbon dioxide.  Applying this conversion factor, the 
2018 baseline estimate of carbon dioxide sequestered in the Colgate University Forest is 193,755 tonnes. A 
summary of the carbon dioxide equivalents sequestered in each management units is shown in Table 4 on page 
17. Stocking levels (tonnes/acre) of carbon dioxide equivalents for each of the management units are shown in 
Table 5 on page 18. 

These 2018 baselines estimate of tree carbon and carbon dioxide equivalents establish the new basis for carbon 
accounting on the university’s forest. Re-measurement in five years will provide new totals. The difference 
between the new totals and the baseline measurements is the amount of carbon sequestered over that period. 
This sequestered carbon (and carbon dioxide equivalents) can be annualized (by dividing by five) and used in 
Colgate’s overall carbon accounting. 

The conditions observed during the baseline inventory of Colgate’s forest provide the basis for projections about 
the amount of carbon likely to be sequestered in trees over the next five years. These projections may be used as 
a proxy for the forest’s contribution to Colgate’s carbon budget until the re-measurement allows actual 
calculations. The carbon budget can then be reconciled to account for any difference between the projections 
and actual sequestration. The following section details the process for projecting annual sequestration. 
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ANNUAL SEQUESTRATION ESTIMATES 

An estimate of carbon sequestered in trees in Colgate’s forest over the past five years can be made from the 111 
sample plots from 2013 that were re-measured in 2018.  The trees in these sample points had approximately 
561.4 tonnes of carbon in 2013 and 615.4 tonnes of carbon in 2018.     The differences in these totals (54 tonnes of 
carbon) is the net growth that occurred over the past five years.   Multiplying this sample estimate by the inverse 
sampling intensity (1÷ (11.1 acres ÷1,057.5 acres)) results in a carbon sequestration estimate in trees in the 
Colgate forest of 5, 145 tonnes over the past five years.   

Multiplying the tree carbon sequestration (5,145 tonnes) by 3.67 results in a carbon dioxide sequestration 
estimate of 18,882 tonnes over the past five years.   Dividing this total by 5 results in an estimate of annual carbon 
dioxide sequestration in trees of 3,776.4 tonnes.   

A second estimate of carbon sequestration was made from 90 of the re-measured plots, employing a plot 
selection that is as spatially representative of each of the nine parcels as possible.   The original sample 
measurements in 2013 were stratified to allow individualmanagement unit estimates.   Vandalism and removal of 
63 plot stakes makes this stratification obsolete and prevents management unit level estimates.    The estimate 
made from re-measurements of 111 plots weights each plot equally.    Note that neither of the original plots on 
the Johnnycake Hill parcel were still intact, so a plot with a similar timber type (larch plantation) was used as a 
proxy.    

The trees in 90 sample plots used in the second estimate had approximately 434.2 tonnes of carbon in 2013 and 
478.1 tonnes of carbon in 2018.     The differences in these totals (43.9 tonnes of carbon) is the net growth that 
occurred over the past five years.   Multiplying this sample estimate by the inverse sampling intensity (1÷ (9 acres 
÷1,057.5 acres)) results in a carbon sequestration estimate in trees in the Colgate forest of 5, 157 tonnes over the 
past five years.   

Multiplying the tree carbon sequestration in the second estimate (5,157 tonnes) by 3.67 results in a carbon 
dioxide sequestration estimate of 18,926 tonnes over the past five years.   Dividing this total by 5 results in an 
estimate of annual carbon dioxide sequestration in trees of 3,785.3 tonnes.   

19



The carbon sequestration estimate from the 90-plot sample is just slightly more (0.2%) than the estimate from 
the 111-plot sample.   With virtually no difference between the two, the estimate from the larger sample (3,776.4 
tonnes of carbon dioxide equivalents) should used in Colgate’s carbon accounting for the 5-year period between 
2013 and 2018.    An annual carbon dioxide equivalents sequestration rate of 3,776.4 tonnes should be used for 
each of the previous five years. 
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CARBON ACCOUNTING FOR FOREST PRODUCTS 

The Colgate University Forest is managed on a sustainable basis, in accordance with a stewardship plan approved 
by the Open Lands and Forest Stewardship Oversight Committee. The forest is managed for a wide range of 
benefits, with teaching, research, and outdoor recreation being foremost. Timber production is one of the 
complimentary uses of the forest and periodic timber harvests take place. When these timber harvests take place, 
the products that result sequester carbon for varying lengths of time. It is important to accurately account for this 
as part of the university’s carbon budget. 

Two timber harvests took place in the five- year interval between the initial forest carbon estimates in 2013 and 
the re-measurements in 2018.   A salvage harvest was on done in Stand 24 on the Beattie parcel to remove dead 
and slow growing white spruce stems and facilitate regeneration of native hardwood species.    A shelterwood 
harvest was done in Stand JC1 on the Johnnycake Hill parcel to remove mature larch from this plantation and 
facilitate regeneration of native hardwood species.  These harvests took place in Winter and Spring, 2014, 
respectively. 

The following timber volumes were harvested: 

 softwood hardwood
chips  logs logs 

unit date (tons)  (MBF) (MBF) 

Winter 2014 1,955 6.900Beattie 24

Johnnycake Hill JC1 Spring 2014 824 40.036 0.277

21
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Carbon accounting for these harvest products begins in the year 2014.   The combined 2,779 tons of wood chips 
that were harvested were sold to a wood burning electrical plant (ReEnergy, Lyonsdale, NY).   Using wood as a 
fuel source in this production of energy is an indirect substitute of atmospheric carbon for fuel from fossil-
based carbon.   In 2018 the US Environmental Protection Agency (EPA) declared that forest biomass used for 
energy production is carbon neutral, provided that this energy production does not cause conversion of forests 
to non-forest uses (EPA, 2018).  Based on this, it appears that Colgate University does not have to include 
emissions from the use of these harvested wood chips in its carbon accounting. 

The remaining forest products volumes from these two timber harvests include softwood and hardwood logs.   The 
timber harvest volumes shown earlier were entered in the USDA Forest Service’s i-Tree Harvest Carbon Calculator to 
determine a schedule for accounting for carbon emissions.  Stand level reports for both timber harvests are included 
as attachments in the electronic version of this document.     The information provided in these reports was used in 
calculating periodic emissions volumes for use in Colgate’s carbon accounting.   A combined emissions schedule for 
both harvests is shown in Table 6.   

Notes on Forest Lost to Development

As noted earlier in the report, 1.2 acres of Colgate University's forestland was lost to development in 2017.  This 
occured in 2017.  This activity was a land use change and not part of the management of open space lands.  An 
attempt was made to accurately account for the carbon in the forest products in the trees that were removed, but 
the project manager was uncooperative.  

A complete tally was made of all trees identified for removal in the development project.  These trees 
contained approximately 27.2 tonnes of carbon, equivalent to 99.8 tonnes of carbon dioxide.   These trees 
were accounted for in Colgate University's 2017 carbon budget.

22



Products (CO2) Landfill (CO2) Stored (CO2) Energy (CO2) Emissions (CO2) 
Year (tonnes) (tonnes) (tonnes) (tonnes) (tonnes) 

0 45.4 0.0 45.4 18.8 14.3
10 29.1 8.8 37.8 22.6 18.2
20 21.5 12.5 34.0 24.4 20.2
30 17.1 14.4 31.5 25.5 21.6
40 14.2 15.5 29.8 26.1 22.7
50 12.1 16.3 28.4 26.6 23.5
60 10.5 16.9 27.4 26.9 24.3
70 9.2 17.4 26.6 27.2 24.9
80 8.2 17.8 25.9 27.2 25.4
90 7.3 18.1 25.5 27.3 25.9

100 6.5 18.4 25.0 27.3 26.3
Average 15.4 14.7 30.2 25.7 22.7
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Bewkes Forest Carbon Calculations (XLS)
Bonney Hill Forest Carbon Calculations (XLS)
Campus Forest Carbon Calculations (XLS)
Hamilton Street Forest Carbon Calculations (XLS)
Johnnycake Hill Forest Carbon Calculations (XLS)
Parker Farm Forest Carbon Calculations (XLS)
Turkey Hill Forest Carbon Calculations (XLS)
Upper Saranac Forest Carbon Calculations (XLS)

file aTTaCHMenTs
Several files are attached to the pdf version of this document. These include the Colgate Carbon Calculator MS 
Excel spreadsheets for each of the parcels, reference publications and KML and SHP files showing the locations of 
sample plots.

aTTaCHMenT lisT

COLE 1605(b) Report for NY (PDF)
Measurement Guidelines for the Sequestration of Forest Carbon (PDF)
Methods for Calculating Forest Carbon with Standard Tables (PDF)
National-Scale Biomass Estimators for United State Tree Species(PDF)
Colgate Forest Carbon Measurement Plot Locations (KML)
Colgate Forest Carbon Measurement Plot Locations (SHP; zipped)
Winrock Sampling Calculator Spreadsheet (XLS)
Colgate Forest and Tree Carbon Spreadsheet – blank template (XLS)
Beattie Forest Carbon Calculations (XLS)

Clicking on the paperclip button in the upper left hand corner reveals the attached files in the lower section 
of the window. Files can be opened, viewed, edited and saved in new locations.
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Colgate
University HaMilTon sTreeT norTH
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Colgate
University HaMilTon sTreeT soUTH
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Colgate
University beaTTie reserve
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Colgate
University bonney Hill
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Colgate
University parker farM
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Colgate
University bewkes CenTer
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Colgate
University JoHnnyCake Hill
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Colgate
University TUrkey Hill
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Colgate
University Upper saranaC
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CoMMon naMe

commercial softwood (Other)
commercial hardwood (Other)
fir sp.
balsam fir 
Atlantic white cedar 
eastern redcedar
larch (introduced)
tamarack (native)  
spruce
Norway spruce
white spruce
black spruce  
red spruce
jack pine 
spruce pine 
longleaf pine 
red pine
eastern white pine 
Scotch pine
Douglas-fir
northern white cedar
eastern hemlock  
boxelder  
black maple  

CoDe

OSW
OHW
FIR
BF
AWC
ERC
L
TAM
S
NS
WS
BS
RS
JP
SSP
LLP
REP
EWP
SCP
DF
NWC
EH
BXM
BM

CoMMon naMe

striped maple 
red maple
silver maple  
sugar maple  
mountain maple  
serviceberry
yellow birch 
sweet birch 
paper birch  
gray birch 
American hornbeam/musclewood 
bitternut hickory
pignut hickory  
shagbark hickory 
American chestnut 
American beech 
white ash  
black ash  
green ash
honeylocust  
American holly
butternut
black walnut
yellow poplar

CoDe

STM
RM
SVM
SM
MM
SVB
YB 
SB
PB
GB
AHB
BH
PH
SGH
ACN
AB
WA
BA
GA
HL
HOL
BUT
BW
YP

CoMMon naMe

cucumbertree
red mulberry 
eastern hophornbeam  
sycamore
balsam poplar
eastern cottonwood 
bigtooth aspen
quaking aspen 
pin cherry 
black cherry
chokecherry
white oak 
swamp white oak 
northern pin oak 
chestnut oak
northern red oak  
black oak 
black locust 
black willow 
American mountain ash 
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         T hill 7
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.415274 </td></tr>
              <tr><td>Latitude: 42.818452 </td></tr>
            </table>
          
         
           -75.415274
           42.818452
           0.000000
           2000
        
         
           -75.415274,42.818452,0.000000
        
      
       
         T hill 8
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.414053 </td></tr>
              <tr><td>Latitude: 42.818860 </td></tr>
            </table>
          
         
           -75.414053
           42.818860
           0.000000
           2000
        
         
           -75.414053,42.818860,0.000000
        
      
       
         T hill 9
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.412177 </td></tr>
              <tr><td>Latitude: 42.818227 </td></tr>
            </table>
          
         
           -75.412177
           42.818227
           0.000000
           2000
        
         
           -75.412177,42.818227,0.000000
        
      
    
     
       Waypoints
       
         897
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.541582 </td></tr>
              <tr><td>Latitude: 42.807884 </td></tr>
              <tr><td>Comment: 18-MAR-13 8:09:50AM</td></tr>
            </table>
          
         
           -75.541582
           42.807884
           0.000000
           2000
        
         
           -75.541582,42.807884,0.000000
        
      
    
     
       Waypoints
       
         928
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -74.336452 </td></tr>
              <tr><td>Latitude: 44.332900 </td></tr>
              <tr><td>Comment: 23-MAR-13 10:07:55AM</td></tr>
            </table>
          
         
           -74.336452
           44.332900
           0.000000
           2000
        
         
           -74.336452,44.332900,0.000000
        
      
       
         929
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -74.334980 </td></tr>
              <tr><td>Latitude: 44.332433 </td></tr>
              <tr><td>Comment: 23-MAR-13 10:24:52AM</td></tr>
            </table>
          
         
           -74.334980
           44.332433
           0.000000
           2000
        
         
           -74.334980,44.332433,0.000000
        
      
    
     
       Waypoints
       
         CE1
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.523007 </td></tr>
              <tr><td>Latitude: 42.807686 </td></tr>
            </table>
          
         
           -75.523007
           42.807686
           0.000000
           2000
        
         
           -75.523007,42.807686,0.000000
        
      
       
         CE10
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.526662 </td></tr>
              <tr><td>Latitude: 42.811734 </td></tr>
            </table>
          
         
           -75.526662
           42.811734
           0.000000
           2000
        
         
           -75.526662,42.811734,0.000000
        
      
       
         CE11
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.528790 </td></tr>
              <tr><td>Latitude: 42.811573 </td></tr>
            </table>
          
         
           -75.528790
           42.811573
           0.000000
           2000
        
         
           -75.528790,42.811573,0.000000
        
      
       
         CE12
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.530682 </td></tr>
              <tr><td>Latitude: 42.811688 </td></tr>
            </table>
          
         
           -75.530682
           42.811688
           0.000000
           2000
        
         
           -75.530682,42.811688,0.000000
        
      
       
         CE13
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.531392 </td></tr>
              <tr><td>Latitude: 42.812958 </td></tr>
            </table>
          
         
           -75.531392
           42.812958
           0.000000
           2000
        
         
           -75.531392,42.812958,0.000000
        
      
       
         CE14
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.529271 </td></tr>
              <tr><td>Latitude: 42.812752 </td></tr>
            </table>
          
         
           -75.529271
           42.812752
           0.000000
           2000
        
         
           -75.529271,42.812752,0.000000
        
      
       
         CE15
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.527585 </td></tr>
              <tr><td>Latitude: 42.812836 </td></tr>
            </table>
          
         
           -75.527585
           42.812836
           0.000000
           2000
        
         
           -75.527585,42.812836,0.000000
        
      
       
         CE16
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.525616 </td></tr>
              <tr><td>Latitude: 42.812664 </td></tr>
            </table>
          
         
           -75.525616
           42.812664
           0.000000
           2000
        
         
           -75.525616,42.812664,0.000000
        
      
       
         CE2
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.525983 </td></tr>
              <tr><td>Latitude: 42.808003 </td></tr>
            </table>
          
         
           -75.525983
           42.808003
           0.000000
           2000
        
         
           -75.525983,42.808003,0.000000
        
      
       
         CE3
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.527905 </td></tr>
              <tr><td>Latitude: 42.808049 </td></tr>
            </table>
          
         
           -75.527905
           42.808049
           0.000000
           2000
        
         
           -75.527905,42.808049,0.000000
        
      
       
         CE4
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.529843 </td></tr>
              <tr><td>Latitude: 42.807858 </td></tr>
            </table>
          
         
           -75.529843
           42.807858
           0.000000
           2000
        
         
           -75.529843,42.807858,0.000000
        
      
       
         CE5
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.530408 </td></tr>
              <tr><td>Latitude: 42.809376 </td></tr>
            </table>
          
         
           -75.530408
           42.809376
           0.000000
           2000
        
         
           -75.530408,42.809376,0.000000
        
      
       
         CE6
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.528126 </td></tr>
              <tr><td>Latitude: 42.809502 </td></tr>
            </table>
          
         
           -75.528126
           42.809502
           0.000000
           2000
        
         
           -75.528126,42.809502,0.000000
        
      
       
         CE7
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.525571 </td></tr>
              <tr><td>Latitude: 42.809422 </td></tr>
            </table>
          
         
           -75.525571
           42.809422
           0.000000
           2000
        
         
           -75.525571,42.809422,0.000000
        
      
       
         CE8
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.523709 </td></tr>
              <tr><td>Latitude: 42.809567 </td></tr>
            </table>
          
         
           -75.523709
           42.809567
           0.000000
           2000
        
         
           -75.523709,42.809567,0.000000
        
      
       
         CE9
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.524136 </td></tr>
              <tr><td>Latitude: 42.811394 </td></tr>
            </table>
          
         
           -75.524136
           42.811394
           0.000000
           2000
        
         
           -75.524136,42.811394,0.000000
        
      
    
     
       Waypoints
       
         898
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.540111 </td></tr>
              <tr><td>Latitude: 42.807867 </td></tr>
              <tr><td>Comment: 18-MAR-13 8:17:26AM</td></tr>
            </table>
          
         
           -75.540111
           42.807867
           0.000000
           2000
        
         
           -75.540111,42.807867,0.000000
        
      
       
         899
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.538108 </td></tr>
              <tr><td>Latitude: 42.807831 </td></tr>
              <tr><td>Comment: 18-MAR-13 8:29:10AM</td></tr>
            </table>
          
         
           -75.538108
           42.807831
           0.000000
           2000
        
         
           -75.538108,42.807831,0.000000
        
      
       
         900
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.536286 </td></tr>
              <tr><td>Latitude: 42.807876 </td></tr>
              <tr><td>Comment: 18-MAR-13 8:48:33AM</td></tr>
            </table>
          
         
           -75.536286
           42.807876
           0.000000
           2000
        
         
           -75.536286,42.807876,0.000000
        
      
       
         901
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.534307 </td></tr>
              <tr><td>Latitude: 42.807917 </td></tr>
              <tr><td>Comment: 18-MAR-13 9:09:43AM</td></tr>
            </table>
          
         
           -75.534307
           42.807917
           0.000000
           2000
        
         
           -75.534307,42.807917,0.000000
        
      
       
         902
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.532948 </td></tr>
              <tr><td>Latitude: 42.807944 </td></tr>
              <tr><td>Comment: 18-MAR-13 9:25:19AM</td></tr>
            </table>
          
         
           -75.532948
           42.807944
           0.000000
           2000
        
         
           -75.532948,42.807944,0.000000
        
      
       
         903
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.533226 </td></tr>
              <tr><td>Latitude: 42.809039 </td></tr>
              <tr><td>Comment: 18-MAR-13 9:44:34AM</td></tr>
            </table>
          
         
           -75.533226
           42.809039
           0.000000
           2000
        
         
           -75.533226,42.809039,0.000000
        
      
       
         904
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.534625 </td></tr>
              <tr><td>Latitude: 42.809215 </td></tr>
              <tr><td>Comment: 18-MAR-13 9:59:16AM</td></tr>
            </table>
          
         
           -75.534625
           42.809215
           0.000000
           2000
        
         
           -75.534625,42.809215,0.000000
        
      
       
         905
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.536481 </td></tr>
              <tr><td>Latitude: 42.809221 </td></tr>
              <tr><td>Comment: 18-MAR-13 10:14:40AM</td></tr>
            </table>
          
         
           -75.536481
           42.809221
           0.000000
           2000
        
         
           -75.536481,42.809221,0.000000
        
      
       
         906
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.538410 </td></tr>
              <tr><td>Latitude: 42.809180 </td></tr>
              <tr><td>Comment: 18-MAR-13 10:31:59AM</td></tr>
            </table>
          
         
           -75.538410
           42.809180
           0.000000
           2000
        
         
           -75.538410,42.809180,0.000000
        
      
       
         907
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.540362 </td></tr>
              <tr><td>Latitude: 42.809169 </td></tr>
              <tr><td>Comment: 18-MAR-13 10:45:35AM</td></tr>
            </table>
          
         
           -75.540362
           42.809169
           0.000000
           2000
        
         
           -75.540362,42.809169,0.000000
        
      
       
         908
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.542014 </td></tr>
              <tr><td>Latitude: 42.809108 </td></tr>
              <tr><td>Comment: 18-MAR-13 11:05:19AM</td></tr>
            </table>
          
         
           -75.542014
           42.809108
           0.000000
           2000
        
         
           -75.542014,42.809108,0.000000
        
      
       
         909
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.541992 </td></tr>
              <tr><td>Latitude: 42.810786 </td></tr>
              <tr><td>Comment: 18-MAR-13 11:27:30AM</td></tr>
            </table>
          
         
           -75.541992
           42.810786
           0.000000
           2000
        
         
           -75.541992,42.810786,0.000000
        
      
       
         910
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.540114 </td></tr>
              <tr><td>Latitude: 42.810912 </td></tr>
              <tr><td>Comment: 18-MAR-13 11:44:31AM</td></tr>
            </table>
          
         
           -75.540114
           42.810912
           0.000000
           2000
        
         
           -75.540114,42.810912,0.000000
        
      
       
         911
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.538267 </td></tr>
              <tr><td>Latitude: 42.811037 </td></tr>
              <tr><td>Comment: 18-MAR-13 12:01:03PM</td></tr>
            </table>
          
         
           -75.538267
           42.811037
           0.000000
           2000
        
         
           -75.538267,42.811037,0.000000
        
      
       
         912
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.536797 </td></tr>
              <tr><td>Latitude: 42.810998 </td></tr>
              <tr><td>Comment: 18-MAR-13 12:16:39PM</td></tr>
            </table>
          
         
           -75.536797
           42.810998
           0.000000
           2000
        
         
           -75.536797,42.810998,0.000000
        
      
       
         913
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.535282 </td></tr>
              <tr><td>Latitude: 42.810956 </td></tr>
              <tr><td>Comment: 18-MAR-13 12:30:37PM</td></tr>
            </table>
          
         
           -75.535282
           42.810956
           0.000000
           2000
        
         
           -75.535282,42.810956,0.000000
        
      
       
         914
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.533278 </td></tr>
              <tr><td>Latitude: 42.810806 </td></tr>
              <tr><td>Comment: 18-MAR-13 12:46:12PM</td></tr>
            </table>
          
         
           -75.533278
           42.810806
           0.000000
           2000
        
         
           -75.533278,42.810806,0.000000
        
      
       
         915
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.534976 </td></tr>
              <tr><td>Latitude: 42.811795 </td></tr>
              <tr><td>Comment: 18-MAR-13 1:05:33PM</td></tr>
            </table>
          
         
           -75.534976
           42.811795
           0.000000
           2000
        
         
           -75.534976,42.811795,0.000000
        
      
       
         916
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.537009 </td></tr>
              <tr><td>Latitude: 42.811645 </td></tr>
              <tr><td>Comment: 18-MAR-13 1:21:23PM</td></tr>
            </table>
          
         
           -75.537009
           42.811645
           0.000000
           2000
        
         
           -75.537009,42.811645,0.000000
        
      
       
         917
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.538553 </td></tr>
              <tr><td>Latitude: 42.811803 </td></tr>
              <tr><td>Comment: 18-MAR-13 1:31:29PM</td></tr>
            </table>
          
         
           -75.538553
           42.811803
           0.000000
           2000
        
         
           -75.538553,42.811803,0.000000
        
      
       
         918
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.540531 </td></tr>
              <tr><td>Latitude: 42.811829 </td></tr>
              <tr><td>Comment: 18-MAR-13 1:42:32PM</td></tr>
            </table>
          
         
           -75.540531
           42.811829
           0.000000
           2000
        
         
           -75.540531,42.811829,0.000000
        
      
       
         919
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.540625 </td></tr>
              <tr><td>Latitude: 42.812888 </td></tr>
              <tr><td>Comment: 18-MAR-13 1:58:19PM</td></tr>
            </table>
          
         
           -75.540625
           42.812888
           0.000000
           2000
        
         
           -75.540625,42.812888,0.000000
        
      
       
         920
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.542068 </td></tr>
              <tr><td>Latitude: 42.812194 </td></tr>
              <tr><td>Comment: 18-MAR-13 2:11:30PM</td></tr>
            </table>
          
         
           -75.542068
           42.812194
           0.000000
           2000
        
         
           -75.542068,42.812194,0.000000
        
      
       
         921
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.542685 </td></tr>
              <tr><td>Latitude: 42.808631 </td></tr>
              <tr><td>Comment: 18-MAR-13 2:29:54PM</td></tr>
            </table>
          
         
           -75.542685
           42.808631
           0.000000
           2000
        
         
           -75.542685,42.808631,0.000000
        
      
       
         922
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.542610 </td></tr>
              <tr><td>Latitude: 42.807054 </td></tr>
              <tr><td>Comment: 18-MAR-13 2:45:02PM</td></tr>
            </table>
          
         
           -75.542610
           42.807054
           0.000000
           2000
        
         
           -75.542610,42.807054,0.000000
        
      
       
         923
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.543652 </td></tr>
              <tr><td>Latitude: 42.806188 </td></tr>
              <tr><td>Comment: 18-MAR-13 2:55:21PM</td></tr>
            </table>
          
         
           -75.543652
           42.806188
           0.000000
           2000
        
         
           -75.543652,42.806188,0.000000
        
      
    
     
       Waypoints
       
         890
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.519538 </td></tr>
              <tr><td>Latitude: 42.820950 </td></tr>
              <tr><td>Comment: 20-FEB-13 11:26:52AM</td></tr>
            </table>
          
         
           -75.519538
           42.820950
           0.000000
           2000
        
         
           -75.519538,42.820950,0.000000
        
      
       
         891
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.520233 </td></tr>
              <tr><td>Latitude: 42.820670 </td></tr>
              <tr><td>Comment: 20-FEB-13 11:37:33AM</td></tr>
            </table>
          
         
           -75.520233
           42.820670
           0.000000
           2000
        
         
           -75.520233,42.820670,0.000000
        
      
       
         892
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.520386 </td></tr>
              <tr><td>Latitude: 42.819126 </td></tr>
              <tr><td>Comment: 20-FEB-13 11:54:46AM</td></tr>
            </table>
          
         
           -75.520386
           42.819126
           0.000000
           2000
        
         
           -75.520386,42.819126,0.000000
        
      
       
         893
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.522836 </td></tr>
              <tr><td>Latitude: 42.818615 </td></tr>
              <tr><td>Comment: 20-FEB-13 12:15:24PM</td></tr>
            </table>
          
         
           -75.522836
           42.818615
           0.000000
           2000
        
         
           -75.522836,42.818615,0.000000
        
      
       
         894
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.521444 </td></tr>
              <tr><td>Latitude: 42.816674 </td></tr>
              <tr><td>Comment: 20-FEB-13 12:35:24PM</td></tr>
            </table>
          
         
           -75.521444
           42.816674
           0.000000
           2000
        
         
           -75.521444,42.816674,0.000000
        
      
       
         895
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.519496 </td></tr>
              <tr><td>Latitude: 42.816378 </td></tr>
              <tr><td>Comment: 20-FEB-13 12:47:44PM</td></tr>
            </table>
          
         
           -75.519496
           42.816378
           0.000000
           2000
        
         
           -75.519496,42.816378,0.000000
        
      
       
         896
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.518622 </td></tr>
              <tr><td>Latitude: 42.818229 </td></tr>
              <tr><td>Comment: 20-FEB-13 1:13:11PM</td></tr>
            </table>
          
         
           -75.518622
           42.818229
           0.000000
           2000
        
         
           -75.518622,42.818229,0.000000
        
      
    
     
       Waypoints
       
         880
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.513108 </td></tr>
              <tr><td>Latitude: 42.817890 </td></tr>
              <tr><td>Comment: 20-FEB-13 9:08:47AM</td></tr>
            </table>
          
         
           -75.513108
           42.817890
           0.000000
           2000
        
         
           -75.513108,42.817890,0.000000
        
      
       
         881
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.513144 </td></tr>
              <tr><td>Latitude: 42.819286 </td></tr>
              <tr><td>Comment: 20-FEB-13 9:19:53AM</td></tr>
            </table>
          
         
           -75.513144
           42.819286
           0.000000
           2000
        
         
           -75.513144,42.819286,0.000000
        
      
       
         882
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.513331 </td></tr>
              <tr><td>Latitude: 42.820616 </td></tr>
              <tr><td>Comment: 20-FEB-13 9:35:43AM</td></tr>
            </table>
          
         
           -75.513331
           42.820616
           0.000000
           2000
        
         
           -75.513331,42.820616,0.000000
        
      
    
     
       Waypoints
       
         884
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.515419 </td></tr>
              <tr><td>Latitude: 42.820944 </td></tr>
              <tr><td>Comment: 20-FEB-13 9:59:40AM</td></tr>
            </table>
          
         
           -75.515419
           42.820944
           0.000000
           2000
        
         
           -75.515419,42.820944,0.000000
        
      
       
         885
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.515168 </td></tr>
              <tr><td>Latitude: 42.819282 </td></tr>
              <tr><td>Comment: 20-FEB-13 10:11:53AM</td></tr>
            </table>
          
         
           -75.515168
           42.819282
           0.000000
           2000
        
         
           -75.515168,42.819282,0.000000
        
      
       
         886
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.515033 </td></tr>
              <tr><td>Latitude: 42.817659 </td></tr>
              <tr><td>Comment: 20-FEB-13 10:27:18AM</td></tr>
            </table>
          
         
           -75.515033
           42.817659
           0.000000
           2000
        
         
           -75.515033,42.817659,0.000000
        
      
       
         887
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.516093 </td></tr>
              <tr><td>Latitude: 42.817161 </td></tr>
              <tr><td>Comment: 20-FEB-13 10:40:21AM</td></tr>
            </table>
          
         
           -75.516093
           42.817161
           0.000000
           2000
        
         
           -75.516093,42.817161,0.000000
        
      
       
         888
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.517121 </td></tr>
              <tr><td>Latitude: 42.819001 </td></tr>
              <tr><td>Comment: 20-FEB-13 10:57:45AM</td></tr>
            </table>
          
         
           -75.517121
           42.819001
           0.000000
           2000
        
         
           -75.517121,42.819001,0.000000
        
      
       
         889
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.517685 </td></tr>
              <tr><td>Latitude: 42.820984 </td></tr>
              <tr><td>Comment: 20-FEB-13 11:15:03AM</td></tr>
            </table>
          
         
           -75.517685
           42.820984
           0.000000
           2000
        
         
           -75.517685,42.820984,0.000000
        
      
    
     
       Waypoints
       
         840
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.511155 </td></tr>
              <tr><td>Latitude: 42.810052 </td></tr>
              <tr><td>Comment: 04-FEB-13 3:29:45PM</td></tr>
            </table>
          
         
           -75.511155
           42.810052
           0.000000
           2000
        
         
           -75.511155,42.810052,0.000000
        
      
       
         841
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.509566 </td></tr>
              <tr><td>Latitude: 42.810911 </td></tr>
              <tr><td>Comment: 04-FEB-13 3:49:42PM</td></tr>
            </table>
          
         
           -75.509566
           42.810911
           0.000000
           2000
        
         
           -75.509566,42.810911,0.000000
        
      
       
         842
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.509703 </td></tr>
              <tr><td>Latitude: 42.809440 </td></tr>
              <tr><td>Comment: 04-FEB-13 4:07:56PM</td></tr>
            </table>
          
         
           -75.509703
           42.809440
           0.000000
           2000
        
         
           -75.509703,42.809440,0.000000
        
      
       
         843
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.509500 </td></tr>
              <tr><td>Latitude: 42.808480 </td></tr>
              <tr><td>Comment: 04-FEB-13 4:27:07PM</td></tr>
            </table>
          
         
           -75.509500
           42.808480
           0.000000
           2000
        
         
           -75.509500,42.808480,0.000000
        
      
    
     
       Waypoints
       
         791
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.622380 </td></tr>
              <tr><td>Latitude: 42.801915 </td></tr>
              <tr><td>Comment: 15-JAN-13 12:04:09PM</td></tr>
            </table>
          
         
           -75.622380
           42.801915
           0.000000
           2000
        
         
           -75.622380,42.801915,0.000000
        
      
    
     
       Waypoints
       
         857
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.508344 </td></tr>
              <tr><td>Latitude: 42.811478 </td></tr>
              <tr><td>Comment: 05-FEB-13 11:30:52AM</td></tr>
            </table>
          
         
           -75.508344
           42.811478
           0.000000
           2000
        
         
           -75.508344,42.811478,0.000000
        
      
       
         858
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.508421 </td></tr>
              <tr><td>Latitude: 42.809996 </td></tr>
              <tr><td>Comment: 05-FEB-13 11:49:38AM</td></tr>
            </table>
          
         
           -75.508421
           42.809996
           0.000000
           2000
        
         
           -75.508421,42.809996,0.000000
        
      
       
         859
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.507920 </td></tr>
              <tr><td>Latitude: 42.808612 </td></tr>
              <tr><td>Comment: 05-FEB-13 12:06:30PM</td></tr>
            </table>
          
         
           -75.507920
           42.808612
           0.000000
           2000
        
         
           -75.507920,42.808612,0.000000
        
      
    
     
       Waypoints
       
         937
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.538051 </td></tr>
              <tr><td>Latitude: 42.815039 </td></tr>
              <tr><td>Comment: 26-MAR-13 3:05:56PM</td></tr>
            </table>
          
         
           -75.538051
           42.815039
           0.000000
           2000
        
         
           -75.538051,42.815039,0.000000
        
      
       
         938
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.535873 </td></tr>
              <tr><td>Latitude: 42.815862 </td></tr>
              <tr><td>Comment: 26-MAR-13 3:21:40PM</td></tr>
            </table>
          
         
           -75.535873
           42.815862
           0.000000
           2000
        
         
           -75.535873,42.815862,0.000000
        
      
       
         939
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.514460 </td></tr>
              <tr><td>Latitude: 42.808158 </td></tr>
              <tr><td>Comment: 29-APR-13 9:36:49AM</td></tr>
            </table>
          
         
           -75.514460
           42.808158
           0.000000
           2000
        
         
           -75.514460,42.808158,0.000000
        
      
       
         940
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.515203 </td></tr>
              <tr><td>Latitude: 42.809409 </td></tr>
              <tr><td>Comment: 29-APR-13 9:42:16AM</td></tr>
            </table>
          
         
           -75.515203
           42.809409
           0.000000
           2000
        
         
           -75.515203,42.809409,0.000000
        
      
    
     
       Waypoints
       
         933
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.536068 </td></tr>
              <tr><td>Latitude: 42.813440 </td></tr>
              <tr><td>Comment: 26-MAR-13 1:13:58PM</td></tr>
            </table>
          
         
           -75.536068
           42.813440
           0.000000
           2000
        
         
           -75.536068,42.813440,0.000000
        
      
       
         934
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.534478 </td></tr>
              <tr><td>Latitude: 42.814071 </td></tr>
              <tr><td>Comment: 26-MAR-13 1:43:26PM</td></tr>
            </table>
          
         
           -75.534478
           42.814071
           0.000000
           2000
        
         
           -75.534478,42.814071,0.000000
        
      
    
     
       Waypoints
       
         935
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.533380 </td></tr>
              <tr><td>Latitude: 42.814905 </td></tr>
              <tr><td>Comment: 26-MAR-13 2:04:49PM</td></tr>
            </table>
          
         
           -75.533380
           42.814905
           0.000000
           2000
        
         
           -75.533380,42.814905,0.000000
        
      
    
     
       Waypoints
       
         936
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.530589 </td></tr>
              <tr><td>Latitude: 42.814196 </td></tr>
              <tr><td>Comment: 26-MAR-13 2:34:54PM</td></tr>
            </table>
          
         
           -75.530589
           42.814196
           0.000000
           2000
        
         
           -75.530589,42.814196,0.000000
        
      
    
     
       Waypoints
       
         944
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.538284 </td></tr>
              <tr><td>Latitude: 42.813712 </td></tr>
              <tr><td>Comment: 29-APR-13 10:56:57AM</td></tr>
            </table>
          
         
           -75.538284
           42.813712
           0.000000
           2000
        
         
           -75.538284,42.813712,0.000000
        
      
       
         945
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.533928 </td></tr>
              <tr><td>Latitude: 42.813319 </td></tr>
              <tr><td>Comment: 29-APR-13 11:10:08AM</td></tr>
            </table>
          
         
           -75.533928
           42.813319
           0.000000
           2000
        
         
           -75.533928,42.813319,0.000000
        
      
       
         946
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.527246 </td></tr>
              <tr><td>Latitude: 42.808486 </td></tr>
              <tr><td>Comment: 29-APR-13 11:37:28AM</td></tr>
            </table>
          
         
           -75.527246
           42.808486
           0.000000
           2000
        
         
           -75.527246,42.808486,0.000000
        
      
    
     
       Waypoints
       
         861
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.524384 </td></tr>
              <tr><td>Latitude: 42.819197 </td></tr>
              <tr><td>Comment: 05-FEB-13 1:34:15PM</td></tr>
            </table>
          
         
           -75.524384
           42.819197
           0.000000
           2000
        
         
           -75.524384,42.819197,0.000000
        
      
       
         862
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.523564 </td></tr>
              <tr><td>Latitude: 42.820723 </td></tr>
              <tr><td>Comment: 05-FEB-13 1:57:55PM</td></tr>
            </table>
          
         
           -75.523564
           42.820723
           0.000000
           2000
        
         
           -75.523564,42.820723,0.000000
        
      
       
         863
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.521772 </td></tr>
              <tr><td>Latitude: 42.820395 </td></tr>
              <tr><td>Comment: 05-FEB-13 2:15:43PM</td></tr>
            </table>
          
         
           -75.521772
           42.820395
           0.000000
           2000
        
         
           -75.521772,42.820395,0.000000
        
      
    
     
       Waypoints
       
         893
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.522836 </td></tr>
              <tr><td>Latitude: 42.818615 </td></tr>
              <tr><td>Comment: 20-FEB-13 12:15:24PM</td></tr>
            </table>
          
         
           -75.522836
           42.818615
           0.000000
           2000
        
         
           -75.522836,42.818615,0.000000
        
      
    
     
       Waypoints
       
         834
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.503805 </td></tr>
              <tr><td>Latitude: 42.815317 </td></tr>
              <tr><td>Comment: 04-FEB-13 12:13:14PM</td></tr>
            </table>
          
         
           -75.503805
           42.815317
           0.000000
           2000
        
         
           -75.503805,42.815317,0.000000
        
      
    
     
       Waypoints
       
         877
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.524602 </td></tr>
              <tr><td>Latitude: 42.816009 </td></tr>
              <tr><td>Comment: 19-FEB-13 2:42:55PM</td></tr>
            </table>
          
         
           -75.524602
           42.816009
           0.000000
           2000
        
         
           -75.524602,42.816009,0.000000
        
      
    
     
       Waypoints
       
         795
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.542789 </td></tr>
              <tr><td>Latitude: 42.861669 </td></tr>
              <tr><td>Comment: 23-JAN-13 9:26:11AM</td></tr>
            </table>
          
         
           -75.542789
           42.861669
           0.000000
           2000
        
         
           -75.542789,42.861669,0.000000
        
      
       
         796
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.541086 </td></tr>
              <tr><td>Latitude: 42.861590 </td></tr>
              <tr><td>Comment: 23-JAN-13 9:47:49AM</td></tr>
            </table>
          
         
           -75.541086
           42.861590
           0.000000
           2000
        
         
           -75.541086,42.861590,0.000000
        
      
    
     
       Waypoints
       
         845
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.510966 </td></tr>
              <tr><td>Latitude: 42.808282 </td></tr>
              <tr><td>Comment: 04-FEB-13 4:43:25PM</td></tr>
            </table>
          
         
           -75.510966
           42.808282
           0.000000
           2000
        
         
           -75.510966,42.808282,0.000000
        
      
    
     
       Waypoints
       
         942
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.512522 </td></tr>
              <tr><td>Latitude: 42.809703 </td></tr>
              <tr><td>Comment: 29-APR-13 9:53:18AM</td></tr>
            </table>
          
         
           -75.512522
           42.809703
           0.000000
           2000
        
         
           -75.512522,42.809703,0.000000
        
      
       
         943
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.512402 </td></tr>
              <tr><td>Latitude: 42.808260 </td></tr>
              <tr><td>Comment: 29-APR-13 10:13:49AM</td></tr>
            </table>
          
         
           -75.512402
           42.808260
           0.000000
           2000
        
         
           -75.512402,42.808260,0.000000
        
      
    
     
       Waypoints
       
         821
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.565042 </td></tr>
              <tr><td>Latitude: 42.810615 </td></tr>
              <tr><td>Comment: 24-JAN-13 12:42:26PM</td></tr>
            </table>
          
         
           -75.565042
           42.810615
           0.000000
           2000
        
         
           -75.565042,42.810615,0.000000
        
      
    
     
       Waypoints
       
         855
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.508819 </td></tr>
              <tr><td>Latitude: 42.812885 </td></tr>
              <tr><td>Comment: 05-FEB-13 11:15:43AM</td></tr>
            </table>
          
         
           -75.508819
           42.812885
           0.000000
           2000
        
         
           -75.508819,42.812885,0.000000
        
      
    
     
       Waypoints
       
         786
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.625140 </td></tr>
              <tr><td>Latitude: 42.809184 </td></tr>
              <tr><td>Comment: 15-JAN-13 9:38:10AM</td></tr>
            </table>
          
         
           -75.625140
           42.809184
           0.000000
           2000
        
         
           -75.625140,42.809184,0.000000
        
      
       
         787
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.623321 </td></tr>
              <tr><td>Latitude: 42.809215 </td></tr>
              <tr><td>Comment: 15-JAN-13 10:15:57AM</td></tr>
            </table>
          
         
           -75.623321
           42.809215
           0.000000
           2000
        
         
           -75.623321,42.809215,0.000000
        
      
       
         788
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.621362 </td></tr>
              <tr><td>Latitude: 42.808845 </td></tr>
              <tr><td>Comment: 15-JAN-13 10:39:35AM</td></tr>
            </table>
          
         
           -75.621362
           42.808845
           0.000000
           2000
        
         
           -75.621362,42.808845,0.000000
        
      
       
         789
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.626112 </td></tr>
              <tr><td>Latitude: 42.803069 </td></tr>
              <tr><td>Comment: 15-JAN-13 11:24:17AM</td></tr>
            </table>
          
         
           -75.626112
           42.803069
           0.000000
           2000
        
         
           -75.626112,42.803069,0.000000
        
      
       
         790
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.624620 </td></tr>
              <tr><td>Latitude: 42.803577 </td></tr>
              <tr><td>Comment: 15-JAN-13 11:42:57AM</td></tr>
            </table>
          
         
           -75.624620
           42.803577
           0.000000
           2000
        
         
           -75.624620,42.803577,0.000000
        
      
    
     
       Waypoints
       
         806
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.622066 </td></tr>
              <tr><td>Latitude: 42.800946 </td></tr>
              <tr><td>Comment: 23-JAN-13 2:43:18PM</td></tr>
            </table>
          
         
           -75.622066
           42.800946
           0.000000
           2000
        
         
           -75.622066,42.800946,0.000000
        
      
       
         807
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.622118 </td></tr>
              <tr><td>Latitude: 42.800946 </td></tr>
              <tr><td>Comment: 23-JAN-13 2:44:10PM</td></tr>
            </table>
          
         
           -75.622118
           42.800946
           0.000000
           2000
        
         
           -75.622118,42.800946,0.000000
        
      
       
         808
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.620257 </td></tr>
              <tr><td>Latitude: 42.801518 </td></tr>
              <tr><td>Comment: 23-JAN-13 2:54:15PM</td></tr>
            </table>
          
         
           -75.620257
           42.801518
           0.000000
           2000
        
         
           -75.620257,42.801518,0.000000
        
      
       
         809
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.619881 </td></tr>
              <tr><td>Latitude: 42.800319 </td></tr>
              <tr><td>Comment: 23-JAN-13 3:20:07PM</td></tr>
            </table>
          
         
           -75.619881
           42.800319
           0.000000
           2000
        
         
           -75.619881,42.800319,0.000000
        
      
       
         810
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.619879 </td></tr>
              <tr><td>Latitude: 42.799427 </td></tr>
              <tr><td>Comment: 23-JAN-13 3:42:25PM</td></tr>
            </table>
          
         
           -75.619879
           42.799427
           0.000000
           2000
        
         
           -75.619879,42.799427,0.000000
        
      
       
         811
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.622089 </td></tr>
              <tr><td>Latitude: 42.799613 </td></tr>
              <tr><td>Comment: 23-JAN-13 3:55:49PM</td></tr>
            </table>
          
         
           -75.622089
           42.799613
           0.000000
           2000
        
         
           -75.622089,42.799613,0.000000
        
      
    
     
       Waypoints
       
         814
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.562146 </td></tr>
              <tr><td>Latitude: 42.812039 </td></tr>
              <tr><td>Comment: 24-JAN-13 9:42:26AM</td></tr>
            </table>
          
         
           -75.562146
           42.812039
           0.000000
           2000
        
         
           -75.562146,42.812039,0.000000
        
      
       
         815
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.564346 </td></tr>
              <tr><td>Latitude: 42.813334 </td></tr>
              <tr><td>Comment: 24-JAN-13 10:16:26AM</td></tr>
            </table>
          
         
           -75.564346
           42.813334
           0.000000
           2000
        
         
           -75.564346,42.813334,0.000000
        
      
       
         816
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.567374 </td></tr>
              <tr><td>Latitude: 42.813296 </td></tr>
              <tr><td>Comment: 24-JAN-13 10:51:34AM</td></tr>
            </table>
          
         
           -75.567374
           42.813296
           0.000000
           2000
        
         
           -75.567374,42.813296,0.000000
        
      
       
         817
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.566730 </td></tr>
              <tr><td>Latitude: 42.811606 </td></tr>
              <tr><td>Comment: 24-JAN-13 11:07:37AM</td></tr>
            </table>
          
         
           -75.566730
           42.811606
           0.000000
           2000
        
         
           -75.566730,42.811606,0.000000
        
      
       
         818
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.564675 </td></tr>
              <tr><td>Latitude: 42.811868 </td></tr>
              <tr><td>Comment: 24-JAN-13 11:22:01AM</td></tr>
            </table>
          
         
           -75.564675
           42.811868
           0.000000
           2000
        
         
           -75.564675,42.811868,0.000000
        
      
       
         819
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.566044 </td></tr>
              <tr><td>Latitude: 42.810469 </td></tr>
              <tr><td>Comment: 24-JAN-13 11:44:06AM</td></tr>
            </table>
          
         
           -75.566044
           42.810469
           0.000000
           2000
        
         
           -75.566044,42.810469,0.000000
        
      
       
         820
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.566887 </td></tr>
              <tr><td>Latitude: 42.809797 </td></tr>
              <tr><td>Comment: 24-JAN-13 12:07:14PM</td></tr>
            </table>
          
         
           -75.566887
           42.809797
           0.000000
           2000
        
         
           -75.566887,42.809797,0.000000
        
      
    
     
       Waypoints
       
         813
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.558446 </td></tr>
              <tr><td>Latitude: 42.812630 </td></tr>
              <tr><td>Comment: 24-JAN-13 9:20:44AM</td></tr>
            </table>
          
         
           -75.558446
           42.812630
           0.000000
           2000
        
         
           -75.558446,42.812630,0.000000
        
      
    
     
       Waypoints
       
         823
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.510190 </td></tr>
              <tr><td>Latitude: 42.816429 </td></tr>
              <tr><td>Comment: 24-JAN-13 1:36:51PM</td></tr>
            </table>
          
         
           -75.510190
           42.816429
           0.000000
           2000
        
         
           -75.510190,42.816429,0.000000
        
      
       
         824
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.510559 </td></tr>
              <tr><td>Latitude: 42.814695 </td></tr>
              <tr><td>Comment: 24-JAN-13 1:49:18PM</td></tr>
            </table>
          
         
           -75.510559
           42.814695
           0.000000
           2000
        
         
           -75.510559,42.814695,0.000000
        
      
       
         825
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.507886 </td></tr>
              <tr><td>Latitude: 42.815206 </td></tr>
              <tr><td>Comment: 24-JAN-13 2:06:46PM</td></tr>
            </table>
          
         
           -75.507886
           42.815206
           0.000000
           2000
        
         
           -75.507886,42.815206,0.000000
        
      
       
         826
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.509362 </td></tr>
              <tr><td>Latitude: 42.815453 </td></tr>
              <tr><td>Comment: 24-JAN-13 2:20:07PM</td></tr>
            </table>
          
         
           -75.509362
           42.815453
           0.000000
           2000
        
         
           -75.509362,42.815453,0.000000
        
      
       
         827
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.507484 </td></tr>
              <tr><td>Latitude: 42.816749 </td></tr>
              <tr><td>Comment: 24-JAN-13 2:38:22PM</td></tr>
            </table>
          
         
           -75.507484
           42.816749
           0.000000
           2000
        
         
           -75.507484,42.816749,0.000000
        
      
       
         828
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.505344 </td></tr>
              <tr><td>Latitude: 42.816767 </td></tr>
              <tr><td>Comment: 24-JAN-13 3:03:32PM</td></tr>
            </table>
          
         
           -75.505344
           42.816767
           0.000000
           2000
        
         
           -75.505344,42.816767,0.000000
        
      
       
         829
         
         #waypoint
         
            <table>
              <tr><td>Longitude: -75.507434 </td></tr>
              <tr><td>Latitude: 42.813771 </td></tr>
              <tr><td>Comment: 04-FEB-13 10:34:17AM</td></tr>
            </table>
          
         
           -75.507434
           42.813771
           0.000000
           2000
        
         
           -75.507434,42.813771,0.000000
        
      
    
  





8/7/2018 Stands - i-Tree Harvest Carbon Calculator


https://harvest.itreetools.org/stands/ 1/1


 


i-Tree Harvest Carbon Calculator: Stand Details


Name: Beattie 24


Region: Northeast (NE)


Notes: Winter 2014 timber sale volume


 


Overview:


Area: 63.90 Acres


Calculate by: Wood type


Added On: Aug. 7, 2018, 3:57 p.m.


Last Updated: Aug. 7, 2018, 4:03 p.m.


 


Inputs:


Hardwood


Sawlogs: 6900.00 Board


feet


Pulpwood: m³


Softwood


Sawlogs: m³


Pulpwood: m³


Generated 08/07/2018


 


 


All C units tonnes/ha


Year Products(C) Landfill(C) Stored(C) Energy(C) Emissions(C)


0 0.0954 0.0000 0.0954 0.0368 0.0232


10 0.0515 0.0252 0.0766 0.0474 0.0314


20 0.0330 0.0344 0.0673 0.0525 0.0356


30 0.0236 0.0381 0.0617 0.0553 0.0384


40 0.0179 0.0401 0.0580 0.0572 0.0404


50 0.0140 0.0412 0.0552 0.0583 0.0418


60 0.0113 0.0420 0.0533 0.0591 0.0431


70 0.0092 0.0426 0.0518 0.0597 0.0440


80 0.0076 0.0431 0.0507 0.0600 0.0448


90 0.0064 0.0434 0.0497 0.0602 0.0455


100 0.0054 0.0437 0.0491 0.0602 0.0460


Average 0.0222 0.0373 0.0596 0.0559 0.0400


Calculated values represent total carbon storage at each decade listed and average carbon storage across all years, 0-100 for:


Products: End-use products that have not been discarded or otherwise destroyed, such as construction products, containers, and paper products.


Landfill: Discarded wood and paper products in landfills.


Stored: The sum of Products and Landfill.


EnergyCapture: Combustion of wood products with energy capture as the carbon is emitted to the atmosphere (e.g. production of energy from forest


products that could offset energy production from another source – also called Energy).


NoCapture: Carbon in harvested wood emitted to the atmosphere through combustion or decay without energy recapture (also called Emissions).


The i-Tree Harvest Carbon Calculator was originally known as the PRESTO Wood Calculator and was developed by scientists with the USDA Forest


Service, Northern Research Station and ESSA Technologies.
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Colgate_Forest_2018_re-measurement_plot_coordinates.dbf

			Name			descriptio			Field_2			Field_1			008						Longitude: 075.502823 W			Latitude: 042.816851 N


			009						Longitude: 075.505399 W			Latitude: 042.816801 N


			010						Longitude: 075.507520 W			Latitude: 042.816729 N


			011						Longitude: 075.510208 W			Latitude: 042.816398 N


			012						Longitude: 075.509350 W			Latitude: 042.815557 N


			013						Longitude: 075.510563 W			Latitude: 042.814677 N


			014						Longitude: 075.508717 W			Latitude: 042.812942 N


			015						Longitude: 075.507155 W			Latitude: 042.812957 N


			016						Longitude: 075.507396 W			Latitude: 042.813746 N


			017						Longitude: 075.507893 W			Latitude: 042.815143 N


			018						Longitude: 075.505912 W			Latitude: 042.814217 N


			019						Longitude: 075.503922 W			Latitude: 042.813708 N


			020						Longitude: 075.505449 W			Latitude: 042.815210 N


			021						Longitude: 075.504066 W			Latitude: 042.815303 N


			022						Longitude: 075.514387 W			Latitude: 042.808162 N


			023						Longitude: 075.512439 W			Latitude: 042.808297 N


			024						Longitude: 075.511001 W			Latitude: 042.808207 N


			025						Longitude: 075.509517 W			Latitude: 042.808417 N


			026						Longitude: 075.507989 W			Latitude: 042.808651 N


			027						Longitude: 075.508464 W			Latitude: 042.810078 N


			028						Longitude: 075.508361 W			Latitude: 042.811490 N


			029						Longitude: 075.509597 W			Latitude: 042.810948 N


			030						Longitude: 075.509726 W			Latitude: 042.809501 N


			031						Longitude: 075.511305 W			Latitude: 042.810172 N


			032						Longitude: 075.512530 W			Latitude: 042.809794 N


			033						Longitude: 075.515230 W			Latitude: 042.809416 N


			034						Longitude: 075.534457 W			Latitude: 042.813999 N


			035						Longitude: 075.533897 W			Latitude: 042.813297 N


			036						Longitude: 075.530545 W			Latitude: 042.814236 N


			037						Longitude: 075.531524 W			Latitude: 042.812815 N


			039						Longitude: 075.533227 W			Latitude: 042.810844 N


			040						Longitude: 075.533213 W			Latitude: 042.809143 N


			041						Longitude: 075.532919 W			Latitude: 042.807893 N


			042						Longitude: 075.534250 W			Latitude: 042.807894 N


			043						Longitude: 075.536227 W			Latitude: 042.807865 N


			044						Longitude: 075.538066 W			Latitude: 042.807833 N


			045						Longitude: 075.538415 W			Latitude: 042.809188 N


			046						Longitude: 075.536469 W			Latitude: 042.809223 N


			047						Longitude: 075.534678 W			Latitude: 042.809158 N


			048						Longitude: 075.535205 W			Latitude: 042.810854 N


			049						Longitude: 075.536822 W			Latitude: 042.810827 N


			050						Longitude: 075.537017 W			Latitude: 042.811644 N


			051						Longitude: 075.538292 W			Latitude: 042.811059 N


			052						Longitude: 075.538597 W			Latitude: 042.811810 N


			053						Longitude: 075.536037 W			Latitude: 042.813524 N


			054						Longitude: 075.542742 W			Latitude: 042.861593 N


			055						Longitude: 075.540937 W			Latitude: 042.861551 N


			056						Longitude: 075.558429 W			Latitude: 042.812604 N


			057						Longitude: 075.562178 W			Latitude: 042.812112 N


			058						Longitude: 075.564774 W			Latitude: 042.811835 N


			059						Longitude: 075.564219 W			Latitude: 042.813495 N


			060						Longitude: 075.566116 W			Latitude: 042.813829 N


			061						Longitude: 075.567159 W			Latitude: 042.815120 N


			062						Longitude: 075.567355 W			Latitude: 042.813313 N


			063						Longitude: 075.566717 W			Latitude: 042.811607 N


			064						Longitude: 075.566788 W			Latitude: 042.809852 N


			065						Longitude: 075.566257 W			Latitude: 042.810516 N


			066						Longitude: 075.565007 W			Latitude: 042.810725 N


			067						Longitude: 075.513065 W			Latitude: 042.817887 N


			068						Longitude: 075.515301 W			Latitude: 042.819155 N


			073						Longitude: 075.500280 W			Latitude: 042.850384 N


			078						Longitude: 075.513130 W			Latitude: 042.819234 N


			079						Longitude: 075.513305 W			Latitude: 042.820609 N


			080						Longitude: 075.515413 W			Latitude: 042.821071 N


			082						Longitude: 075.540696 W			Latitude: 042.812823 N


			083						Longitude: 075.540668 W			Latitude: 042.811753 N


			084						Longitude: 075.542042 W			Latitude: 042.812229 N


			085						Longitude: 075.524370 W			Latitude: 042.811488 N


			086						Longitude: 075.524038 W			Latitude: 042.809392 N


			087						Longitude: 075.523280 W			Latitude: 042.807795 N


			088						Longitude: 075.526277 W			Latitude: 042.807911 N


			089						Longitude: 075.527256 W			Latitude: 042.808492 N


			090						Longitude: 075.528320 W			Latitude: 042.808033 N


			091						Longitude: 075.530098 W			Latitude: 042.807895 N


			092						Longitude: 075.530655 W			Latitude: 042.809355 N


			093						Longitude: 075.528592 W			Latitude: 042.809409 N


			094						Longitude: 075.525788 W			Latitude: 042.809353 N


			095						Longitude: 075.528969 W			Latitude: 042.811562 N


			096						Longitude: 075.529229 W			Latitude: 042.813010 N


			097						Longitude: 075.527952 W			Latitude: 042.812629 N


			098						Longitude: 075.526965 W			Latitude: 042.811517 N


			099						Longitude: 075.525905 W			Latitude: 042.812825 N


			100						Longitude: 075.524944 W			Latitude: 042.815952 N


			101						Longitude: 075.542664 W			Latitude: 042.806965 N


			102						Longitude: 075.543651 W			Latitude: 042.806170 N


			104						Longitude: 075.622142 W			Latitude: 042.799607 N


			105						Longitude: 075.623857 W			Latitude: 042.799138 N


			106						Longitude: 075.619916 W			Latitude: 042.799458 N


			107						Longitude: 075.620123 W			Latitude: 042.800269 N


			108						Longitude: 075.620220 W			Latitude: 042.805829 N


			110						Longitude: 075.622768 W			Latitude: 042.805206 N


			111						Longitude: 075.621012 W			Latitude: 042.804862 N


			112						Longitude: 075.619780 W			Latitude: 042.804051 N


			113						Longitude: 075.622443 W			Latitude: 042.804274 N


			114						Longitude: 075.624652 W			Latitude: 042.803591 N


			118						Longitude: 075.624299 W			Latitude: 042.800675 N


			119						Longitude: 075.622135 W			Latitude: 042.800947 N


			120						Longitude: 075.620248 W			Latitude: 042.801539 N


			121						Longitude: 075.619763 W			Latitude: 042.802519 N


			122						Longitude: 075.621343 W			Latitude: 042.802266 N


			123						Longitude: 075.622287 W			Latitude: 042.801904 N


			124						Longitude: 075.541620 W			Latitude: 042.807917 N


			125						Longitude: 075.540094 W			Latitude: 042.807867 N


			126						Longitude: 075.540444 W			Latitude: 042.809187 N


			127						Longitude: 075.540159 W			Latitude: 042.810885 N


			128						Longitude: 075.541994 W			Latitude: 042.810895 N


			129						Longitude: 075.542018 W			Latitude: 042.809074 N


			130						Longitude: 075.542603 W			Latitude: 042.808777 N


			131						Longitude: 075.538062 W			Latitude: 042.814946 N


			132						Longitude: 075.538482 W			Latitude: 042.813819 N


			133						Longitude: 075.522845 W			Latitude: 042.818675 N


			134						Longitude: 075.524425 W			Latitude: 042.819256 N


			135						Longitude: 075.523785 W			Latitude: 042.820774 N


			136						Longitude: 075.521896 W			Latitude: 042.820424 N


			137						Longitude: 075.520259 W			Latitude: 042.820630 N


			138						Longitude: 075.519608 W			Latitude: 042.820909 N


			139						Longitude: 075.517698 W			Latitude: 042.820996 N


			140						Longitude: 075.517118 W			Latitude: 042.819021 N


			141						Longitude: 075.514811 W			Latitude: 042.817607 N


			142						Longitude: 075.515794 W			Latitude: 042.817230 N


			144						Longitude: 075.518668 W			Latitude: 042.818216 N


			145						Longitude: 075.520411 W			Latitude: 042.819078 N


			146						Longitude: 075.521441 W			Latitude: 042.816624 N


			147						Longitude: 075.621399 W			Latitude: 042.808912 N


			148						Longitude: 075.623358 W			Latitude: 042.809169 N


			168						Longitude: 075.535035 W			Latitude: 042.811855 N


			169						Longitude: 075.533400 W			Latitude: 042.814899 N


			172						Longitude: 075.521993 W			Latitude: 042.817973 N


			002						Longitude: 075.496788 W			Latitude: 042.816351 N


			003						Longitude: 075.497678 W			Latitude: 042.814923 N


			004						Longitude: 075.496507 W			Latitude: 042.814009 N


			005						Longitude: 075.494833 W			Latitude: 042.813771 N


			006						Longitude: 075.499225 W			Latitude: 042.813410 N


			007						Longitude: 075.499090 W			Latitude: 042.814424 N


			069						Longitude: 075.499910 W			Latitude: 042.846607 N


			071						Longitude: 075.499705 W			Latitude: 042.848187 N


			072						Longitude: 075.498824 W			Latitude: 042.850074 N


			074						Longitude: 075.497487 W			Latitude: 042.849420 N


			075						Longitude: 075.496132 W			Latitude: 042.848329 N


			076						Longitude: 075.497267 W			Latitude: 042.847826 N


			077						Longitude: 075.495847 W			Latitude: 042.846886 N


			081						Longitude: 075.497891 W			Latitude: 042.816427 N


			103						Longitude: 075.495984 W			Latitude: 042.849851 N


			150						Longitude: 075.416977 W			Latitude: 042.823113 N


			151						Longitude: 075.415780 W			Latitude: 042.822599 N


			152						Longitude: 075.416558 W			Latitude: 042.821517 N


			153						Longitude: 075.415399 W			Latitude: 042.820617 N


			154						Longitude: 075.413941 W			Latitude: 042.820138 N


			155						Longitude: 075.414286 W			Latitude: 042.818849 N


			156						Longitude: 075.415000 W			Latitude: 042.818306 N


			001						Longitude: 075.501152 W			Latitude: 042.815811 N


			038						Longitude: 075.530970 W			Latitude: 042.811473 N


			070						Longitude: 075.500546 W			Latitude: 042.848114 N


			109						Longitude: 075.621997 W			Latitude: 042.805810 N


			143						Longitude: 075.519374 W			Latitude: 042.816420 N


			157						Longitude: 075.417711 W			Latitude: 042.817657 N


			158						Longitude: 075.420272 W			Latitude: 042.818467 N


			159						Longitude: 075.419969 W			Latitude: 042.817291 N


			160						Longitude: 075.412438 W			Latitude: 042.818225 N


			161						Longitude: 075.410806 W			Latitude: 042.817351 N


			162						Longitude: 075.408561 W			Latitude: 042.817807 N


			163						Longitude: 075.409228 W			Latitude: 042.820010 N


			164						Longitude: 075.411481 W			Latitude: 042.819564 N


			165						Longitude: 075.409116 W			Latitude: 042.821436 N


			166						Longitude: 075.411643 W			Latitude: 042.820864 N


			167						Longitude: 075.414468 W			Latitude: 042.821251 N


			115						Longitude: 075.626196 W			Latitude: 042.803036 N


			116						Longitude: 075.625789 W			Latitude: 042.801651 N


			117						Longitude: 075.625702 W			Latitude: 042.800100 N


			149						Longitude: 075.625166 W			Latitude: 042.809164 N


			170						Longitude: 074.335006 W			Latitude: 044.332503 N


			171						Longitude: 074.336339 W			Latitude: 044.333040 N
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Warning 6: Normalized/laundered field name: 'description' to 'descriptio'
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           001
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.815811 N</td></tr>
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              <tr><td>Latitude: 042.816729 N</td></tr>
              <tr><td>Longitude: 075.507520 W</td></tr>
            </table>
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              <tr><td>Latitude: 042.816398 N</td></tr>
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            <table>
              <tr><td>Latitude: 042.815557 N</td></tr>
              <tr><td>Longitude: 075.509350 W</td></tr>
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              <tr><td>Latitude: 042.814677 N</td></tr>
              <tr><td>Longitude: 075.510563 W</td></tr>
            </table>
          
           
             -75.51056300
             42.81467700
             0.000000
             2000
          
           
              -75.51056300,42.81467700,0.000000
          
          
           
           014
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812942 N</td></tr>
              <tr><td>Longitude: 075.508717 W</td></tr>
            </table>
          
           
             -75.50871700
             42.81294200
             0.000000
             2000
          
           
              -75.50871700,42.81294200,0.000000
          
          
           
           015
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812957 N</td></tr>
              <tr><td>Longitude: 075.507155 W</td></tr>
            </table>
          
           
             -75.50715500
             42.81295700
             0.000000
             2000
          
           
              -75.50715500,42.81295700,0.000000
          
          
           
           016
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813746 N</td></tr>
              <tr><td>Longitude: 075.507396 W</td></tr>
            </table>
          
           
             -75.50739600
             42.81374600
             0.000000
             2000
          
           
              -75.50739600,42.81374600,0.000000
          
          
           
           017
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.815143 N</td></tr>
              <tr><td>Longitude: 075.507893 W</td></tr>
            </table>
          
           
             -75.50789300
             42.81514300
             0.000000
             2000
          
           
              -75.50789300,42.81514300,0.000000
          
          
           
           018
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.814217 N</td></tr>
              <tr><td>Longitude: 075.505912 W</td></tr>
            </table>
          
           
             -75.50591200
             42.81421700
             0.000000
             2000
          
           
              -75.50591200,42.81421700,0.000000
          
          
           
           019
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813708 N</td></tr>
              <tr><td>Longitude: 075.503922 W</td></tr>
            </table>
          
           
             -75.50392200
             42.81370800
             0.000000
             2000
          
           
              -75.50392200,42.81370800,0.000000
          
          
           
           020
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.815210 N</td></tr>
              <tr><td>Longitude: 075.505449 W</td></tr>
            </table>
          
           
             -75.50544900
             42.81521000
             0.000000
             2000
          
           
              -75.50544900,42.81521000,0.000000
          
          
           
           021
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.815303 N</td></tr>
              <tr><td>Longitude: 075.504066 W</td></tr>
            </table>
          
           
             -75.50406600
             42.81530300
             0.000000
             2000
          
           
              -75.50406600,42.81530300,0.000000
          
          
           
           022
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808162 N</td></tr>
              <tr><td>Longitude: 075.514387 W</td></tr>
            </table>
          
           
             -75.51438700
             42.80816200
             0.000000
             2000
          
           
              -75.51438700,42.80816200,0.000000
          
          
           
           023
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808297 N</td></tr>
              <tr><td>Longitude: 075.512439 W</td></tr>
            </table>
          
           
             -75.51243900
             42.80829700
             0.000000
             2000
          
           
              -75.51243900,42.80829700,0.000000
          
          
           
           024
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808207 N</td></tr>
              <tr><td>Longitude: 075.511001 W</td></tr>
            </table>
          
           
             -75.51100100
             42.80820700
             0.000000
             2000
          
           
              -75.51100100,42.80820700,0.000000
          
          
           
           025
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808417 N</td></tr>
              <tr><td>Longitude: 075.509517 W</td></tr>
            </table>
          
           
             -75.50951700
             42.80841700
             0.000000
             2000
          
           
              -75.50951700,42.80841700,0.000000
          
          
           
           026
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808651 N</td></tr>
              <tr><td>Longitude: 075.507989 W</td></tr>
            </table>
          
           
             -75.50798900
             42.80865100
             0.000000
             2000
          
           
              -75.50798900,42.80865100,0.000000
          
          
           
           027
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810078 N</td></tr>
              <tr><td>Longitude: 075.508464 W</td></tr>
            </table>
          
           
             -75.50846400
             42.81007800
             0.000000
             2000
          
           
              -75.50846400,42.81007800,0.000000
          
          
           
           028
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811490 N</td></tr>
              <tr><td>Longitude: 075.508361 W</td></tr>
            </table>
          
           
             -75.50836100
             42.81149000
             0.000000
             2000
          
           
              -75.50836100,42.81149000,0.000000
          
          
           
           029
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810948 N</td></tr>
              <tr><td>Longitude: 075.509597 W</td></tr>
            </table>
          
           
             -75.50959700
             42.81094800
             0.000000
             2000
          
           
              -75.50959700,42.81094800,0.000000
          
          
           
           030
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809501 N</td></tr>
              <tr><td>Longitude: 075.509726 W</td></tr>
            </table>
          
           
             -75.50972600
             42.80950100
             0.000000
             2000
          
           
              -75.50972600,42.80950100,0.000000
          
          
           
           031
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810172 N</td></tr>
              <tr><td>Longitude: 075.511305 W</td></tr>
            </table>
          
           
             -75.51130500
             42.81017200
             0.000000
             2000
          
           
              -75.51130500,42.81017200,0.000000
          
          
           
           032
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809794 N</td></tr>
              <tr><td>Longitude: 075.512530 W</td></tr>
            </table>
          
           
             -75.51253000
             42.80979400
             0.000000
             2000
          
           
              -75.51253000,42.80979400,0.000000
          
          
           
           033
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809416 N</td></tr>
              <tr><td>Longitude: 075.515230 W</td></tr>
            </table>
          
           
             -75.51523000
             42.80941600
             0.000000
             2000
          
           
              -75.51523000,42.80941600,0.000000
          
          
           
           034
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813999 N</td></tr>
              <tr><td>Longitude: 075.534457 W</td></tr>
            </table>
          
           
             -75.53445700
             42.81399900
             0.000000
             2000
          
           
              -75.53445700,42.81399900,0.000000
          
          
           
           035
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813297 N</td></tr>
              <tr><td>Longitude: 075.533897 W</td></tr>
            </table>
          
           
             -75.53389700
             42.81329700
             0.000000
             2000
          
           
              -75.53389700,42.81329700,0.000000
          
          
           
           036
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.814236 N</td></tr>
              <tr><td>Longitude: 075.530545 W</td></tr>
            </table>
          
           
             -75.53054500
             42.81423600
             0.000000
             2000
          
           
              -75.53054500,42.81423600,0.000000
          
          
           
           037
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812815 N</td></tr>
              <tr><td>Longitude: 075.531524 W</td></tr>
            </table>
          
           
             -75.53152400
             42.81281500
             0.000000
             2000
          
           
              -75.53152400,42.81281500,0.000000
          
          
           
           038
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811473 N</td></tr>
              <tr><td>Longitude: 075.530970 W</td></tr>
            </table>
          
           
             -75.53097000
             42.81147300
             0.000000
             2000
          
           
              -75.53097000,42.81147300,0.000000
          
          
           
           039
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810844 N</td></tr>
              <tr><td>Longitude: 075.533227 W</td></tr>
            </table>
          
           
             -75.53322700
             42.81084400
             0.000000
             2000
          
           
              -75.53322700,42.81084400,0.000000
          
          
           
           040
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809143 N</td></tr>
              <tr><td>Longitude: 075.533213 W</td></tr>
            </table>
          
           
             -75.53321300
             42.80914300
             0.000000
             2000
          
           
              -75.53321300,42.80914300,0.000000
          
          
           
           041
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807893 N</td></tr>
              <tr><td>Longitude: 075.532919 W</td></tr>
            </table>
          
           
             -75.53291900
             42.80789300
             0.000000
             2000
          
           
              -75.53291900,42.80789300,0.000000
          
          
           
           042
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807894 N</td></tr>
              <tr><td>Longitude: 075.534250 W</td></tr>
            </table>
          
           
             -75.53425000
             42.80789400
             0.000000
             2000
          
           
              -75.53425000,42.80789400,0.000000
          
          
           
           043
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807865 N</td></tr>
              <tr><td>Longitude: 075.536227 W</td></tr>
            </table>
          
           
             -75.53622700
             42.80786500
             0.000000
             2000
          
           
              -75.53622700,42.80786500,0.000000
          
          
           
           044
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807833 N</td></tr>
              <tr><td>Longitude: 075.538066 W</td></tr>
            </table>
          
           
             -75.53806600
             42.80783300
             0.000000
             2000
          
           
              -75.53806600,42.80783300,0.000000
          
          
           
           045
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809188 N</td></tr>
              <tr><td>Longitude: 075.538415 W</td></tr>
            </table>
          
           
             -75.53841500
             42.80918800
             0.000000
             2000
          
           
              -75.53841500,42.80918800,0.000000
          
          
           
           046
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809223 N</td></tr>
              <tr><td>Longitude: 075.536469 W</td></tr>
            </table>
          
           
             -75.53646900
             42.80922300
             0.000000
             2000
          
           
              -75.53646900,42.80922300,0.000000
          
          
           
           047
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809158 N</td></tr>
              <tr><td>Longitude: 075.534678 W</td></tr>
            </table>
          
           
             -75.53467800
             42.80915800
             0.000000
             2000
          
           
              -75.53467800,42.80915800,0.000000
          
          
           
           048
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810854 N</td></tr>
              <tr><td>Longitude: 075.535205 W</td></tr>
            </table>
          
           
             -75.53520500
             42.81085400
             0.000000
             2000
          
           
              -75.53520500,42.81085400,0.000000
          
          
           
           049
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810827 N</td></tr>
              <tr><td>Longitude: 075.536822 W</td></tr>
            </table>
          
           
             -75.53682200
             42.81082700
             0.000000
             2000
          
           
              -75.53682200,42.81082700,0.000000
          
          
           
           050
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811644 N</td></tr>
              <tr><td>Longitude: 075.537017 W</td></tr>
            </table>
          
           
             -75.53701700
             42.81164400
             0.000000
             2000
          
           
              -75.53701700,42.81164400,0.000000
          
          
           
           051
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811059 N</td></tr>
              <tr><td>Longitude: 075.538292 W</td></tr>
            </table>
          
           
             -75.53829200
             42.81105900
             0.000000
             2000
          
           
              -75.53829200,42.81105900,0.000000
          
          
           
           052
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811810 N</td></tr>
              <tr><td>Longitude: 075.538597 W</td></tr>
            </table>
          
           
             -75.53859700
             42.81181000
             0.000000
             2000
          
           
              -75.53859700,42.81181000,0.000000
          
          
           
           053
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813524 N</td></tr>
              <tr><td>Longitude: 075.536037 W</td></tr>
            </table>
          
           
             -75.53603700
             42.81352400
             0.000000
             2000
          
           
              -75.53603700,42.81352400,0.000000
          
          
           
           054
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.861593 N</td></tr>
              <tr><td>Longitude: 075.542742 W</td></tr>
            </table>
          
           
             -75.54274200
             42.86159300
             0.000000
             2000
          
           
              -75.54274200,42.86159300,0.000000
          
          
           
           055
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.861551 N</td></tr>
              <tr><td>Longitude: 075.540937 W</td></tr>
            </table>
          
           
             -75.54093700
             42.86155100
             0.000000
             2000
          
           
              -75.54093700,42.86155100,0.000000
          
          
           
           056
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812604 N</td></tr>
              <tr><td>Longitude: 075.558429 W</td></tr>
            </table>
          
           
             -75.55842900
             42.81260400
             0.000000
             2000
          
           
              -75.55842900,42.81260400,0.000000
          
          
           
           057
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812112 N</td></tr>
              <tr><td>Longitude: 075.562178 W</td></tr>
            </table>
          
           
             -75.56217800
             42.81211200
             0.000000
             2000
          
           
              -75.56217800,42.81211200,0.000000
          
          
           
           058
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811835 N</td></tr>
              <tr><td>Longitude: 075.564774 W</td></tr>
            </table>
          
           
             -75.56477400
             42.81183500
             0.000000
             2000
          
           
              -75.56477400,42.81183500,0.000000
          
          
           
           059
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813495 N</td></tr>
              <tr><td>Longitude: 075.564219 W</td></tr>
            </table>
          
           
             -75.56421900
             42.81349500
             0.000000
             2000
          
           
              -75.56421900,42.81349500,0.000000
          
          
           
           060
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813829 N</td></tr>
              <tr><td>Longitude: 075.566116 W</td></tr>
            </table>
          
           
             -75.56611600
             42.81382900
             0.000000
             2000
          
           
              -75.56611600,42.81382900,0.000000
          
          
           
           061
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.815120 N</td></tr>
              <tr><td>Longitude: 075.567159 W</td></tr>
            </table>
          
           
             -75.56715900
             42.81512000
             0.000000
             2000
          
           
              -75.56715900,42.81512000,0.000000
          
          
           
           062
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813313 N</td></tr>
              <tr><td>Longitude: 075.567355 W</td></tr>
            </table>
          
           
             -75.56735500
             42.81331300
             0.000000
             2000
          
           
              -75.56735500,42.81331300,0.000000
          
          
           
           063
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811607 N</td></tr>
              <tr><td>Longitude: 075.566717 W</td></tr>
            </table>
          
           
             -75.56671700
             42.81160700
             0.000000
             2000
          
           
              -75.56671700,42.81160700,0.000000
          
          
           
           064
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809852 N</td></tr>
              <tr><td>Longitude: 075.566788 W</td></tr>
            </table>
          
           
             -75.56678800
             42.80985200
             0.000000
             2000
          
           
              -75.56678800,42.80985200,0.000000
          
          
           
           065
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810516 N</td></tr>
              <tr><td>Longitude: 075.566257 W</td></tr>
            </table>
          
           
             -75.56625700
             42.81051600
             0.000000
             2000
          
           
              -75.56625700,42.81051600,0.000000
          
          
           
           066
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810725 N</td></tr>
              <tr><td>Longitude: 075.565007 W</td></tr>
            </table>
          
           
             -75.56500700
             42.81072500
             0.000000
             2000
          
           
              -75.56500700,42.81072500,0.000000
          
          
           
           067
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.817887 N</td></tr>
              <tr><td>Longitude: 075.513065 W</td></tr>
            </table>
          
           
             -75.51306500
             42.81788700
             0.000000
             2000
          
           
              -75.51306500,42.81788700,0.000000
          
          
           
           068
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.819155 N</td></tr>
              <tr><td>Longitude: 075.515301 W</td></tr>
            </table>
          
           
             -75.51530100
             42.81915500
             0.000000
             2000
          
           
              -75.51530100,42.81915500,0.000000
          
          
           
           070
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.848114 N</td></tr>
              <tr><td>Longitude: 075.500546 W</td></tr>
            </table>
          
           
             -75.50054600
             42.84811400
             0.000000
             2000
          
           
              -75.50054600,42.84811400,0.000000
          
          
           
           073
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.850384 N</td></tr>
              <tr><td>Longitude: 075.500280 W</td></tr>
            </table>
          
           
             -75.50028000
             42.85038400
             0.000000
             2000
          
           
              -75.50028000,42.85038400,0.000000
          
          
           
           078
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.819234 N</td></tr>
              <tr><td>Longitude: 075.513130 W</td></tr>
            </table>
          
           
             -75.51313000
             42.81923400
             0.000000
             2000
          
           
              -75.51313000,42.81923400,0.000000
          
          
           
           079
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820609 N</td></tr>
              <tr><td>Longitude: 075.513305 W</td></tr>
            </table>
          
           
             -75.51330500
             42.82060900
             0.000000
             2000
          
           
              -75.51330500,42.82060900,0.000000
          
          
           
           080
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.821071 N</td></tr>
              <tr><td>Longitude: 075.515413 W</td></tr>
            </table>
          
           
             -75.51541300
             42.82107100
             0.000000
             2000
          
           
              -75.51541300,42.82107100,0.000000
          
          
           
           082
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812823 N</td></tr>
              <tr><td>Longitude: 075.540696 W</td></tr>
            </table>
          
           
             -75.54069600
             42.81282300
             0.000000
             2000
          
           
              -75.54069600,42.81282300,0.000000
          
          
           
           083
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811753 N</td></tr>
              <tr><td>Longitude: 075.540668 W</td></tr>
            </table>
          
           
             -75.54066800
             42.81175300
             0.000000
             2000
          
           
              -75.54066800,42.81175300,0.000000
          
          
           
           084
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812229 N</td></tr>
              <tr><td>Longitude: 075.542042 W</td></tr>
            </table>
          
           
             -75.54204200
             42.81222900
             0.000000
             2000
          
           
              -75.54204200,42.81222900,0.000000
          
          
           
           085
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811488 N</td></tr>
              <tr><td>Longitude: 075.524370 W</td></tr>
            </table>
          
           
             -75.52437000
             42.81148800
             0.000000
             2000
          
           
              -75.52437000,42.81148800,0.000000
          
          
           
           086
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809392 N</td></tr>
              <tr><td>Longitude: 075.524038 W</td></tr>
            </table>
          
           
             -75.52403800
             42.80939200
             0.000000
             2000
          
           
              -75.52403800,42.80939200,0.000000
          
          
           
           087
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807795 N</td></tr>
              <tr><td>Longitude: 075.523280 W</td></tr>
            </table>
          
           
             -75.52328000
             42.80779500
             0.000000
             2000
          
           
              -75.52328000,42.80779500,0.000000
          
          
           
           088
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807911 N</td></tr>
              <tr><td>Longitude: 075.526277 W</td></tr>
            </table>
          
           
             -75.52627700
             42.80791100
             0.000000
             2000
          
           
              -75.52627700,42.80791100,0.000000
          
          
           
           089
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808492 N</td></tr>
              <tr><td>Longitude: 075.527256 W</td></tr>
            </table>
          
           
             -75.52725600
             42.80849200
             0.000000
             2000
          
           
              -75.52725600,42.80849200,0.000000
          
          
           
           090
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808033 N</td></tr>
              <tr><td>Longitude: 075.528320 W</td></tr>
            </table>
          
           
             -75.52832000
             42.80803300
             0.000000
             2000
          
           
              -75.52832000,42.80803300,0.000000
          
          
           
           091
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807895 N</td></tr>
              <tr><td>Longitude: 075.530098 W</td></tr>
            </table>
          
           
             -75.53009800
             42.80789500
             0.000000
             2000
          
           
              -75.53009800,42.80789500,0.000000
          
          
           
           092
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809355 N</td></tr>
              <tr><td>Longitude: 075.530655 W</td></tr>
            </table>
          
           
             -75.53065500
             42.80935500
             0.000000
             2000
          
           
              -75.53065500,42.80935500,0.000000
          
          
           
           093
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809409 N</td></tr>
              <tr><td>Longitude: 075.528592 W</td></tr>
            </table>
          
           
             -75.52859200
             42.80940900
             0.000000
             2000
          
           
              -75.52859200,42.80940900,0.000000
          
          
           
           094
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809353 N</td></tr>
              <tr><td>Longitude: 075.525788 W</td></tr>
            </table>
          
           
             -75.52578800
             42.80935300
             0.000000
             2000
          
           
              -75.52578800,42.80935300,0.000000
          
          
           
           095
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811562 N</td></tr>
              <tr><td>Longitude: 075.528969 W</td></tr>
            </table>
          
           
             -75.52896900
             42.81156200
             0.000000
             2000
          
           
              -75.52896900,42.81156200,0.000000
          
          
           
           096
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813010 N</td></tr>
              <tr><td>Longitude: 075.529229 W</td></tr>
            </table>
          
           
             -75.52922900
             42.81301000
             0.000000
             2000
          
           
              -75.52922900,42.81301000,0.000000
          
          
           
           097
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812629 N</td></tr>
              <tr><td>Longitude: 075.527952 W</td></tr>
            </table>
          
           
             -75.52795200
             42.81262900
             0.000000
             2000
          
           
              -75.52795200,42.81262900,0.000000
          
          
           
           098
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811517 N</td></tr>
              <tr><td>Longitude: 075.526965 W</td></tr>
            </table>
          
           
             -75.52696500
             42.81151700
             0.000000
             2000
          
           
              -75.52696500,42.81151700,0.000000
          
          
           
           099
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.812825 N</td></tr>
              <tr><td>Longitude: 075.525905 W</td></tr>
            </table>
          
           
             -75.52590500
             42.81282500
             0.000000
             2000
          
           
              -75.52590500,42.81282500,0.000000
          
          
           
           100
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.815952 N</td></tr>
              <tr><td>Longitude: 075.524944 W</td></tr>
            </table>
          
           
             -75.52494400
             42.81595200
             0.000000
             2000
          
           
              -75.52494400,42.81595200,0.000000
          
          
           
           101
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.806965 N</td></tr>
              <tr><td>Longitude: 075.542664 W</td></tr>
            </table>
          
           
             -75.54266400
             42.80696500
             0.000000
             2000
          
           
              -75.54266400,42.80696500,0.000000
          
          
           
           102
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.806170 N</td></tr>
              <tr><td>Longitude: 075.543651 W</td></tr>
            </table>
          
           
             -75.54365100
             42.80617000
             0.000000
             2000
          
           
              -75.54365100,42.80617000,0.000000
          
          
           
           104
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.799607 N</td></tr>
              <tr><td>Longitude: 075.622142 W</td></tr>
            </table>
          
           
             -75.62214200
             42.79960700
             0.000000
             2000
          
           
              -75.62214200,42.79960700,0.000000
          
          
           
           105
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.799138 N</td></tr>
              <tr><td>Longitude: 075.623857 W</td></tr>
            </table>
          
           
             -75.62385700
             42.79913800
             0.000000
             2000
          
           
              -75.62385700,42.79913800,0.000000
          
          
           
           106
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.799458 N</td></tr>
              <tr><td>Longitude: 075.619916 W</td></tr>
            </table>
          
           
             -75.61991600
             42.79945800
             0.000000
             2000
          
           
              -75.61991600,42.79945800,0.000000
          
          
           
           107
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.800269 N</td></tr>
              <tr><td>Longitude: 075.620123 W</td></tr>
            </table>
          
           
             -75.62012300
             42.80026900
             0.000000
             2000
          
           
              -75.62012300,42.80026900,0.000000
          
          
           
           108
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.805829 N</td></tr>
              <tr><td>Longitude: 075.620220 W</td></tr>
            </table>
          
           
             -75.62022000
             42.80582900
             0.000000
             2000
          
           
              -75.62022000,42.80582900,0.000000
          
          
           
           109
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.805810 N</td></tr>
              <tr><td>Longitude: 075.621997 W</td></tr>
            </table>
          
           
             -75.62199700
             42.80581000
             0.000000
             2000
          
           
              -75.62199700,42.80581000,0.000000
          
          
           
           110
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.805206 N</td></tr>
              <tr><td>Longitude: 075.622768 W</td></tr>
            </table>
          
           
             -75.62276800
             42.80520600
             0.000000
             2000
          
           
              -75.62276800,42.80520600,0.000000
          
          
           
           111
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.804862 N</td></tr>
              <tr><td>Longitude: 075.621012 W</td></tr>
            </table>
          
           
             -75.62101200
             42.80486200
             0.000000
             2000
          
           
              -75.62101200,42.80486200,0.000000
          
          
           
           112
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.804051 N</td></tr>
              <tr><td>Longitude: 075.619780 W</td></tr>
            </table>
          
           
             -75.61978000
             42.80405100
             0.000000
             2000
          
           
              -75.61978000,42.80405100,0.000000
          
          
           
           113
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.804274 N</td></tr>
              <tr><td>Longitude: 075.622443 W</td></tr>
            </table>
          
           
             -75.62244300
             42.80427400
             0.000000
             2000
          
           
              -75.62244300,42.80427400,0.000000
          
          
           
           114
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.803591 N</td></tr>
              <tr><td>Longitude: 075.624652 W</td></tr>
            </table>
          
           
             -75.62465200
             42.80359100
             0.000000
             2000
          
           
              -75.62465200,42.80359100,0.000000
          
          
           
           118
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.800675 N</td></tr>
              <tr><td>Longitude: 075.624299 W</td></tr>
            </table>
          
           
             -75.62429900
             42.80067500
             0.000000
             2000
          
           
              -75.62429900,42.80067500,0.000000
          
          
           
           119
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.800947 N</td></tr>
              <tr><td>Longitude: 075.622135 W</td></tr>
            </table>
          
           
             -75.62213500
             42.80094700
             0.000000
             2000
          
           
              -75.62213500,42.80094700,0.000000
          
          
           
           120
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.801539 N</td></tr>
              <tr><td>Longitude: 075.620248 W</td></tr>
            </table>
          
           
             -75.62024800
             42.80153900
             0.000000
             2000
          
           
              -75.62024800,42.80153900,0.000000
          
          
           
           121
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.802519 N</td></tr>
              <tr><td>Longitude: 075.619763 W</td></tr>
            </table>
          
           
             -75.61976300
             42.80251900
             0.000000
             2000
          
           
              -75.61976300,42.80251900,0.000000
          
          
           
           122
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.802266 N</td></tr>
              <tr><td>Longitude: 075.621343 W</td></tr>
            </table>
          
           
             -75.62134300
             42.80226600
             0.000000
             2000
          
           
              -75.62134300,42.80226600,0.000000
          
          
           
           123
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.801904 N</td></tr>
              <tr><td>Longitude: 075.622287 W</td></tr>
            </table>
          
           
             -75.62228700
             42.80190400
             0.000000
             2000
          
           
              -75.62228700,42.80190400,0.000000
          
          
           
           124
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807917 N</td></tr>
              <tr><td>Longitude: 075.541620 W</td></tr>
            </table>
          
           
             -75.54162000
             42.80791700
             0.000000
             2000
          
           
              -75.54162000,42.80791700,0.000000
          
          
           
           125
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.807867 N</td></tr>
              <tr><td>Longitude: 075.540094 W</td></tr>
            </table>
          
           
             -75.54009400
             42.80786700
             0.000000
             2000
          
           
              -75.54009400,42.80786700,0.000000
          
          
           
           126
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809187 N</td></tr>
              <tr><td>Longitude: 075.540444 W</td></tr>
            </table>
          
           
             -75.54044400
             42.80918700
             0.000000
             2000
          
           
              -75.54044400,42.80918700,0.000000
          
          
           
           127
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810885 N</td></tr>
              <tr><td>Longitude: 075.540159 W</td></tr>
            </table>
          
           
             -75.54015900
             42.81088500
             0.000000
             2000
          
           
              -75.54015900,42.81088500,0.000000
          
          
           
           128
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.810895 N</td></tr>
              <tr><td>Longitude: 075.541994 W</td></tr>
            </table>
          
           
             -75.54199400
             42.81089500
             0.000000
             2000
          
           
              -75.54199400,42.81089500,0.000000
          
          
           
           129
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809074 N</td></tr>
              <tr><td>Longitude: 075.542018 W</td></tr>
            </table>
          
           
             -75.54201800
             42.80907400
             0.000000
             2000
          
           
              -75.54201800,42.80907400,0.000000
          
          
           
           130
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808777 N</td></tr>
              <tr><td>Longitude: 075.542603 W</td></tr>
            </table>
          
           
             -75.54260300
             42.80877700
             0.000000
             2000
          
           
              -75.54260300,42.80877700,0.000000
          
          
           
           131
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.814946 N</td></tr>
              <tr><td>Longitude: 075.538062 W</td></tr>
            </table>
          
           
             -75.53806200
             42.81494600
             0.000000
             2000
          
           
              -75.53806200,42.81494600,0.000000
          
          
           
           132
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813819 N</td></tr>
              <tr><td>Longitude: 075.538482 W</td></tr>
            </table>
          
           
             -75.53848200
             42.81381900
             0.000000
             2000
          
           
              -75.53848200,42.81381900,0.000000
          
          
           
           133
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.818675 N</td></tr>
              <tr><td>Longitude: 075.522845 W</td></tr>
            </table>
          
           
             -75.52284500
             42.81867500
             0.000000
             2000
          
           
              -75.52284500,42.81867500,0.000000
          
          
           
           134
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.819256 N</td></tr>
              <tr><td>Longitude: 075.524425 W</td></tr>
            </table>
          
           
             -75.52442500
             42.81925600
             0.000000
             2000
          
           
              -75.52442500,42.81925600,0.000000
          
          
           
           135
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820774 N</td></tr>
              <tr><td>Longitude: 075.523785 W</td></tr>
            </table>
          
           
             -75.52378500
             42.82077400
             0.000000
             2000
          
           
              -75.52378500,42.82077400,0.000000
          
          
           
           136
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820424 N</td></tr>
              <tr><td>Longitude: 075.521896 W</td></tr>
            </table>
          
           
             -75.52189600
             42.82042400
             0.000000
             2000
          
           
              -75.52189600,42.82042400,0.000000
          
          
           
           137
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820630 N</td></tr>
              <tr><td>Longitude: 075.520259 W</td></tr>
            </table>
          
           
             -75.52025900
             42.82063000
             0.000000
             2000
          
           
              -75.52025900,42.82063000,0.000000
          
          
           
           138
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820909 N</td></tr>
              <tr><td>Longitude: 075.519608 W</td></tr>
            </table>
          
           
             -75.51960800
             42.82090900
             0.000000
             2000
          
           
              -75.51960800,42.82090900,0.000000
          
          
           
           139
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820996 N</td></tr>
              <tr><td>Longitude: 075.517698 W</td></tr>
            </table>
          
           
             -75.51769800
             42.82099600
             0.000000
             2000
          
           
              -75.51769800,42.82099600,0.000000
          
          
           
           140
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.819021 N</td></tr>
              <tr><td>Longitude: 075.517118 W</td></tr>
            </table>
          
           
             -75.51711800
             42.81902100
             0.000000
             2000
          
           
              -75.51711800,42.81902100,0.000000
          
          
           
           141
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.817607 N</td></tr>
              <tr><td>Longitude: 075.514811 W</td></tr>
            </table>
          
           
             -75.51481100
             42.81760700
             0.000000
             2000
          
           
              -75.51481100,42.81760700,0.000000
          
          
           
           142
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.817230 N</td></tr>
              <tr><td>Longitude: 075.515794 W</td></tr>
            </table>
          
           
             -75.51579400
             42.81723000
             0.000000
             2000
          
           
              -75.51579400,42.81723000,0.000000
          
          
           
           143
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.816420 N</td></tr>
              <tr><td>Longitude: 075.519374 W</td></tr>
            </table>
          
           
             -75.51937400
             42.81642000
             0.000000
             2000
          
           
              -75.51937400,42.81642000,0.000000
          
          
           
           144
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.818216 N</td></tr>
              <tr><td>Longitude: 075.518668 W</td></tr>
            </table>
          
           
             -75.51866800
             42.81821600
             0.000000
             2000
          
           
              -75.51866800,42.81821600,0.000000
          
          
           
           145
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.819078 N</td></tr>
              <tr><td>Longitude: 075.520411 W</td></tr>
            </table>
          
           
             -75.52041100
             42.81907800
             0.000000
             2000
          
           
              -75.52041100,42.81907800,0.000000
          
          
           
           146
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.816624 N</td></tr>
              <tr><td>Longitude: 075.521441 W</td></tr>
            </table>
          
           
             -75.52144100
             42.81662400
             0.000000
             2000
          
           
              -75.52144100,42.81662400,0.000000
          
          
           
           147
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.808912 N</td></tr>
              <tr><td>Longitude: 075.621399 W</td></tr>
            </table>
          
           
             -75.62139900
             42.80891200
             0.000000
             2000
          
           
              -75.62139900,42.80891200,0.000000
          
          
           
           148
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809169 N</td></tr>
              <tr><td>Longitude: 075.623358 W</td></tr>
            </table>
          
           
             -75.62335800
             42.80916900
             0.000000
             2000
          
           
              -75.62335800,42.80916900,0.000000
          
          
           
           168
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.811855 N</td></tr>
              <tr><td>Longitude: 075.535035 W</td></tr>
            </table>
          
           
             -75.53503500
             42.81185500
             0.000000
             2000
          
           
              -75.53503500,42.81185500,0.000000
          
          
           
           169
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.814899 N</td></tr>
              <tr><td>Longitude: 075.533400 W</td></tr>
            </table>
          
           
             -75.53340000
             42.81489900
             0.000000
             2000
          
           
              -75.53340000,42.81489900,0.000000
          
          
           
           172
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.817973 N</td></tr>
              <tr><td>Longitude: 075.521993 W</td></tr>
            </table>
          
           
             -75.52199300
             42.81797300
             0.000000
             2000
          
           
              -75.52199300,42.81797300,0.000000
          
          
           
           002
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.816351 N</td></tr>
              <tr><td>Longitude: 075.496788 W</td></tr>
            </table>
          
           
             -75.49678800
             42.81635100
             0.000000
             2000
          
           
              -75.49678800,42.81635100,0.000000
          
          
           
           003
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.814923 N</td></tr>
              <tr><td>Longitude: 075.497678 W</td></tr>
            </table>
          
           
             -75.49767800
             42.81492300
             0.000000
             2000
          
           
              -75.49767800,42.81492300,0.000000
          
          
           
           004
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.814009 N</td></tr>
              <tr><td>Longitude: 075.496507 W</td></tr>
            </table>
          
           
             -75.49650700
             42.81400900
             0.000000
             2000
          
           
              -75.49650700,42.81400900,0.000000
          
          
           
           005
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813771 N</td></tr>
              <tr><td>Longitude: 075.494833 W</td></tr>
            </table>
          
           
             -75.49483300
             42.81377100
             0.000000
             2000
          
           
              -75.49483300,42.81377100,0.000000
          
          
           
           006
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.813410 N</td></tr>
              <tr><td>Longitude: 075.499225 W</td></tr>
            </table>
          
           
             -75.49922500
             42.81341000
             0.000000
             2000
          
           
              -75.49922500,42.81341000,0.000000
          
          
           
           007
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.814424 N</td></tr>
              <tr><td>Longitude: 075.499090 W</td></tr>
            </table>
          
           
             -75.49909000
             42.81442400
             0.000000
             2000
          
           
              -75.49909000,42.81442400,0.000000
          
          
           
           069
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.846607 N</td></tr>
              <tr><td>Longitude: 075.499910 W</td></tr>
            </table>
          
           
             -75.49991000
             42.84660700
             0.000000
             2000
          
           
              -75.49991000,42.84660700,0.000000
          
          
           
           071
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.848187 N</td></tr>
              <tr><td>Longitude: 075.499705 W</td></tr>
            </table>
          
           
             -75.49970500
             42.84818700
             0.000000
             2000
          
           
              -75.49970500,42.84818700,0.000000
          
          
           
           072
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.850074 N</td></tr>
              <tr><td>Longitude: 075.498824 W</td></tr>
            </table>
          
           
             -75.49882400
             42.85007400
             0.000000
             2000
          
           
              -75.49882400,42.85007400,0.000000
          
          
           
           074
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.849420 N</td></tr>
              <tr><td>Longitude: 075.497487 W</td></tr>
            </table>
          
           
             -75.49748700
             42.84942000
             0.000000
             2000
          
           
              -75.49748700,42.84942000,0.000000
          
          
           
           075
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.848329 N</td></tr>
              <tr><td>Longitude: 075.496132 W</td></tr>
            </table>
          
           
             -75.49613200
             42.84832900
             0.000000
             2000
          
           
              -75.49613200,42.84832900,0.000000
          
          
           
           076
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.847826 N</td></tr>
              <tr><td>Longitude: 075.497267 W</td></tr>
            </table>
          
           
             -75.49726700
             42.84782600
             0.000000
             2000
          
           
              -75.49726700,42.84782600,0.000000
          
          
           
           077
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.846886 N</td></tr>
              <tr><td>Longitude: 075.495847 W</td></tr>
            </table>
          
           
             -75.49584700
             42.84688600
             0.000000
             2000
          
           
              -75.49584700,42.84688600,0.000000
          
          
           
           081
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.816427 N</td></tr>
              <tr><td>Longitude: 075.497891 W</td></tr>
            </table>
          
           
             -75.49789100
             42.81642700
             0.000000
             2000
          
           
              -75.49789100,42.81642700,0.000000
          
          
           
           103
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.849851 N</td></tr>
              <tr><td>Longitude: 075.495984 W</td></tr>
            </table>
          
           
             -75.49598400
             42.84985100
             0.000000
             2000
          
           
              -75.49598400,42.84985100,0.000000
          
          
           
           150
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.823113 N</td></tr>
              <tr><td>Longitude: 075.416977 W</td></tr>
            </table>
          
           
             -75.41697700
             42.82311300
             0.000000
             2000
          
           
              -75.41697700,42.82311300,0.000000
          
          
           
           151
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.822599 N</td></tr>
              <tr><td>Longitude: 075.415780 W</td></tr>
            </table>
          
           
             -75.41578000
             42.82259900
             0.000000
             2000
          
           
              -75.41578000,42.82259900,0.000000
          
          
           
           152
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.821517 N</td></tr>
              <tr><td>Longitude: 075.416558 W</td></tr>
            </table>
          
           
             -75.41655800
             42.82151700
             0.000000
             2000
          
           
              -75.41655800,42.82151700,0.000000
          
          
           
           153
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820617 N</td></tr>
              <tr><td>Longitude: 075.415399 W</td></tr>
            </table>
          
           
             -75.41539900
             42.82061700
             0.000000
             2000
          
           
              -75.41539900,42.82061700,0.000000
          
          
           
           154
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820138 N</td></tr>
              <tr><td>Longitude: 075.413941 W</td></tr>
            </table>
          
           
             -75.41394100
             42.82013800
             0.000000
             2000
          
           
              -75.41394100,42.82013800,0.000000
          
          
           
           155
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.818849 N</td></tr>
              <tr><td>Longitude: 075.414286 W</td></tr>
            </table>
          
           
             -75.41428600
             42.81884900
             0.000000
             2000
          
           
              -75.41428600,42.81884900,0.000000
          
          
           
           156
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.818306 N</td></tr>
              <tr><td>Longitude: 075.415000 W</td></tr>
            </table>
          
           
             -75.41500000
             42.81830600
             0.000000
             2000
          
           
              -75.41500000,42.81830600,0.000000
          
          
           
           157
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.817657 N</td></tr>
              <tr><td>Longitude: 075.417711 W</td></tr>
            </table>
          
           
             -75.41771100
             42.81765700
             0.000000
             2000
          
           
              -75.41771100,42.81765700,0.000000
          
          
           
           158
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.818467 N</td></tr>
              <tr><td>Longitude: 075.420272 W</td></tr>
            </table>
          
           
             -75.42027200
             42.81846700
             0.000000
             2000
          
           
              -75.42027200,42.81846700,0.000000
          
          
           
           159
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.817291 N</td></tr>
              <tr><td>Longitude: 075.419969 W</td></tr>
            </table>
          
           
             -75.41996900
             42.81729100
             0.000000
             2000
          
           
              -75.41996900,42.81729100,0.000000
          
          
           
           160
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.818225 N</td></tr>
              <tr><td>Longitude: 075.412438 W</td></tr>
            </table>
          
           
             -75.41243800
             42.81822500
             0.000000
             2000
          
           
              -75.41243800,42.81822500,0.000000
          
          
           
           161
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.817351 N</td></tr>
              <tr><td>Longitude: 075.410806 W</td></tr>
            </table>
          
           
             -75.41080600
             42.81735100
             0.000000
             2000
          
           
              -75.41080600,42.81735100,0.000000
          
          
           
           162
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.817807 N</td></tr>
              <tr><td>Longitude: 075.408561 W</td></tr>
            </table>
          
           
             -75.40856100
             42.81780700
             0.000000
             2000
          
           
              -75.40856100,42.81780700,0.000000
          
          
           
           163
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820010 N</td></tr>
              <tr><td>Longitude: 075.409228 W</td></tr>
            </table>
          
           
             -75.40922800
             42.82001000
             0.000000
             2000
          
           
              -75.40922800,42.82001000,0.000000
          
          
           
           164
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.819564 N</td></tr>
              <tr><td>Longitude: 075.411481 W</td></tr>
            </table>
          
           
             -75.41148100
             42.81956400
             0.000000
             2000
          
           
              -75.41148100,42.81956400,0.000000
          
          
           
           165
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.821436 N</td></tr>
              <tr><td>Longitude: 075.409116 W</td></tr>
            </table>
          
           
             -75.40911600
             42.82143600
             0.000000
             2000
          
           
              -75.40911600,42.82143600,0.000000
          
          
           
           166
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.820864 N</td></tr>
              <tr><td>Longitude: 075.411643 W</td></tr>
            </table>
          
           
             -75.41164300
             42.82086400
             0.000000
             2000
          
           
              -75.41164300,42.82086400,0.000000
          
          
           
           167
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.821251 N</td></tr>
              <tr><td>Longitude: 075.414468 W</td></tr>
            </table>
          
           
             -75.41446800
             42.82125100
             0.000000
             2000
          
           
              -75.41446800,42.82125100,0.000000
          
          
           
           115
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.803036 N</td></tr>
              <tr><td>Longitude: 075.626196 W</td></tr>
            </table>
          
           
             -75.62619600
             42.80303600
             0.000000
             2000
          
           
              -75.62619600,42.80303600,0.000000
          
          
           
           116
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.801651 N</td></tr>
              <tr><td>Longitude: 075.625789 W</td></tr>
            </table>
          
           
             -75.62578900
             42.80165100
             0.000000
             2000
          
           
              -75.62578900,42.80165100,0.000000
          
          
           
           117
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.800100 N</td></tr>
              <tr><td>Longitude: 075.625702 W</td></tr>
            </table>
          
           
             -75.62570200
             42.80010000
             0.000000
             2000
          
           
              -75.62570200,42.80010000,0.000000
          
          
           
           149
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 042.809164 N</td></tr>
              <tr><td>Longitude: 075.625166 W</td></tr>
            </table>
          
           
             -75.62516600
             42.80916400
             0.000000
             2000
          
           
              -75.62516600,42.80916400,0.000000
          
          
           
           170
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 044.332503 N</td></tr>
              <tr><td>Longitude: 074.335006 W</td></tr>
            </table>
          
           
             -74.33500600
             44.33250300
             0.000000
             2000
          
           
              -74.33500600,44.33250300,0.000000
          
          
           
           171
           
           #waypoint
           
            <table>
              <tr><td>Latitude: 044.333040 N</td></tr>
              <tr><td>Longitude: 074.336339 W</td></tr>
            </table>
          
           
             -74.33633900
             44.33304000
             0.000000
             2000
          
           
              -74.33633900,44.33304000,0.000000
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i-Tree Harvest Carbon Calculator: Stand Details


Name: JC Hill


Region: Northeast (NE)


Notes: Spring 2014 timber harvest volume


 


Overview:


Area: 12.00 Acres


Calculate by: Wood type


Added On: Aug. 7, 2018, 3:55 p.m.


Last Updated: Aug. 7, 2018, 3:55 p.m.


 


Inputs:


Hardwood


Sawlogs: 277.00 Board


feet


Pulpwood: m³


Softwood


Sawlogs: 40036.00 Board


feet


Pulpwood: m³


Generated 08/07/2018


 


 


All C units tonnes/ha


Year Products(C) Landfill(C) Stored(C) Energy(C) Emissions(C)


0 2.0386 0.0000 2.0386 0.8592 0.6789


10 1.3553 0.3565 1.7118 1.0175 0.8509


20 1.0286 0.5181 1.5467 1.0895 0.9440


30 0.8350 0.6040 1.4391 1.1327 1.0049


40 0.7026 0.6577 1.3603 1.1615 1.0586


50 0.6024 0.6969 1.2994 1.1830 1.0979


60 0.5274 0.7255 1.2528 1.1938 1.1336


70 0.4666 0.7469 1.2135 1.2046 1.1622


80 0.4166 0.7683 1.1849 1.2082 1.1872


90 0.3773 0.7861 1.1634 1.2117 1.2086


100 0.3381 0.8003 1.1384 1.2117 1.2300


Average 0.7469 0.6280 1.3749 1.1448 1.0606


Calculated values represent total carbon storage at each decade listed and average carbon storage across all years, 0-100 for:


Products: End-use products that have not been discarded or otherwise destroyed, such as construction products, containers, and paper products.


Landfill: Discarded wood and paper products in landfills.


Stored: The sum of Products and Landfill.


EnergyCapture: Combustion of wood products with energy capture as the carbon is emitted to the atmosphere (e.g. production of energy from forest


products that could offset energy production from another source – also called Energy).


NoCapture: Carbon in harvested wood emitted to the atmosphere through combustion or decay without energy recapture (also called Emissions).


The i-Tree Harvest Carbon Calculator was originally known as the PRESTO Wood Calculator and was developed by scientists with the USDA Forest


Service, Northern Research Station and ESSA Technologies.
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INTRODUCTION AND SCOPE OF GUIDELINES
Measurement guidelines for forest carbon sequestration were developed to support reporting by 
public and private entities to greenhouse gas registries. Although developed primarily for reporting 
about forestry “activities”—the categories of actions comprising forestry—rather than “projects”, 
which are specifi c carbon management undertakings, the guidelines are based on experience with 
methods for the latter and thus are broadly useful for carbon estimation. The national greenhouse gas 
registry, known as 1605(b) in reference to the original authorizing language contained in the Energy 
Policy Act of 1992, accepts reports by entities about their forestry activities as a bundle (Birdsey 
2006). Other greenhouse gas registries, such as that maintained by the state of California, accept 
reports about specifi c forestry projects.


These guidelines are intended to be a reference for designing a forest carbon inventory and 
monitoring system, and are based on the authors’ experience and the literature. Users should 
carefully review the material presented here and adapt the recommended procedures to their specifi c 
circumstances using local knowledge of forest conditions and practices, and location-specifi c data 
where possible. The guidelines are designed for “average” or typical conditions, so your results might 
not be as precise as described in this report. For example, although our guidelines recommend using 
generalized biomass equations that represent average national conditions, these equations may not 
perform well for populations of forest trees that deviate signifi cantly from the average.


These guidelines are designed for use by professionals with a knowledge of sampling, statistical 
estimation, and forest measurements. Users also should be familiar with specifi c protocols required by 
the registry to which the forest-carbon estimates will be reported. We cannot guarantee that a specifi c 
application will be accepted by a greenhouse gas registry. Nonetheless, by carefully referencing these 
guidelines and other sources of information, reporters can meet targeted levels of precision.


Expected users include entities, e.g., individual landowners, industrial forestry companies and 
managers of utility company lands, within the United States who are interested in implementing 
forestry activities and projects designed to generate reductions in atmospheric carbon dioxide (CO2) 
that could be traded as an offset, or reported to the U.S. Department of Energy 1605(b) voluntary 
reporting registry. This report provides guidance on defi ning boundaries; measuring, monitoring, 
and estimating changes in carbon stocks; implementing plans to measure and monitor carbon; and 
developing quality assurance and quality control plans to ensure credible and reproducible estimates 
of the carbon credits.


Forestry activities primarily affect the exchange of CO2 between the land and atmosphere. Techniques 
and methods for measuring and monitoring terrestrial carbon pools that are based on commonly 
accepted principles of forest inventory, soil sampling, and ecological surveys are described in the 
sections that follow.


Although the primary purpose of forestry activities for greenhouse gas reduction is to increase carbon 
stocks, these activities also can result in changes in non-CO2 greenhouse gas emissions and removals. 
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Examples include burning biomass; applying synthetic and organic fertilizers to soils; cultivating 
nitrogen-fi xing trees; and peat fl ooding and drainage activities. In addition, land-use activities that 
disturb soils, e.g., site preparation during afforestation, may affect non-CO2 emissions and removals 
from soils. It is likely that these are insignifi cant in the forest sector, and practical and cost-effi cient 
methods for measuring non-CO2 greenhouse gases for forestry activities are less well developed. We 
do not provide guidelines for monitoring, estimating, or reporting signifi cant fl uxes of non-CO2 gases 
for forestry.


For forestry activities it is not always necessary to measure all carbon pools (Brown et al. 2000). 
Selective or partial accounting systems may be appropriate so long as all pools for which emissions 
are likely to increase as a result of the activity (loss in carbon or emission) are included. The selection 
of which pools to measure and monitor depends on factors such as the expected rate of change, 
magnitude and direction of the change, availability and accuracy of methods to quantify change, 
and cost to measure. All pools that are expected to decrease must be measured and monitored. Pools 
that are expected to increase by a small amount need not be estimated if costs are high relative to the 
magnitude of the increase. For example, in the case of afforestation, understory herbaceous vegetation 
rarely is a signifi cant factor in the ecosystem carbon budget.


Our guidelines focus on forest ecosystem carbon only and include only the carbon pools on the land, 
e.g., live and dead above- and below-ground biomass and soil. The following steps are needed to 
produce credible and transparent estimates of net changes in carbon stocks:


A monitoring plan, including delineation of boundaries, stratifi cation of project area, type 
and number of sample plots, duration of project, and frequency of monitoring.


Sampling procedures for carbon stocks.


Methods for estimating carbon stocks and techniques for analyzing the results.


Methods for estimating net change in carbon stocks.


A quality assurance/quality control plan.


The primary focus is on fi eld measurements designed to produce accurate estimates of net changes 
in carbon stocks to known levels of precision. A suggested target for the precision for forest-carbon 
accounting is a suffi cient sample of measurements to conclude that with 95-percent confi dence, the 
true population value lies within plus or minus 10 percent of the sample estimate.


Many reporting entities with large tracts of forests have good records on types of management, timber 
stock, harvest rates, and related information. Such records can be used to develop estimates of net 
changes in carbon stocks from forestry activities. It is good practice to compare per-acre or per-
hectare (ha) estimates with similar estimates from regional databases. For other entities where such 
data are not available, e.g., for owners of non-industrial forest land, there are numerous national to 
regional databases that can be downloaded from the internet. Although estimates based on these data 
likely will be less accurate and less precise than those based on fi eld measurements, such data used 
in combination with the methods in this report can provide better estimates than those based on 
default values alone. The following list of web sources are useful for verifying that measurements and 
calculations are within the ranges reported at national and regional scales.


1.


2.


3.


4.


5.







3


Internet Sites Available for Carbon Estimation


Internet site: Organization Relevant content


http://fia.fs.fed.us/ USDA Forest Service 
Forest Inventory and 
Analysis


Forest statistics of  the U.S.
Forest statistics by state
Sample plot and tree data
Forest inventory methods and 


basic definitions


http://www.fhm.fs.fed.us/ USDA Forest Service 
Forest Health Monitoring


Forest health status
Regional data on soils, dead 


wood stocks 
Forest health monitoring methods 


http://www.usda.gov/oce/global_
change/gg_inventory.htm


USDA Greenhouse Gas 
Inventory


State-by-state forest carbon 
estimates


http://www.fs.fed.us/ne/
durham/4104/index.shtml


USDA Forest Service, U.S. 
carbon budget project


On-line carbon estimation
Forest carbon estimation 


methods
U.S. and regional forest carbon 


statistics 


http://www.fs.fed.us/pnw/
sev/rpa/ 


USDA Forest Service 
resources planning act


Timber resource statistics and 
projections


http://unfccc.int/
http://www.ipcc.ch/


United Nations Framework 
Convention on Climate 
Change and IPCC


International guidance on carbon 
accounting and estimation


http://www.wri.org/ World Resources Institute Greenhouse gas mitigation 
projects


Accounting, measuring, and 
reporting procedures


http://nature.org/initiatives/
climatechange/


The Nature Conservancy Greenhouse gas mitigation 
projects


Accounting and reporting 
procedures


http://www.winrock.org/
Ecosystems/


Winrock International Greenhouse gas mitigation 
projects


Developments in baseline and 
leakage analyses


Accounting, measuring, and 
reporting procedures
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MONITORING DESIGN
Boundaries
Forestry activities and the land base for an entity can vary in size (from tens to hundreds of 
thousands of ha) and can be confi ned to a single or several geographic areas. The area may be one 
contiguous block of land with a single owner or many small blocks of land spread over a wide 
area with numerous small or several large landowners. The spatial boundaries of the land need to 
be clearly defi ned to facilitate accurate measuring, monitoring, accounting, and verifi cation. The 
spatial boundaries can be in the form of permanent boundary markers, e.g., fences; clearly defi ned 
topographic descriptions, e.g., rivers/creeks, mountain ridges; spatially explicit boundaries (identifi ed 
with a Global Positioning System, GPS); and/or other methods. Ground-based surveys that delineate 
property boundaries are an accurate means of documenting land boundaries. Many methods and 
tools are available for identifying and delineating land boundaries, including remote sensing, e.g., 
satellite images from optical or radar sensor systems, aerial photos, GPS, topographic maps, and land 
records. Larger areas across the landscape can be defi ned by specifi c boundary descriptions using 
GPS-based coordinates on topographic maps or other suitable means.


Boundaries must be documented properly from the start (mapped and described) and preferably not 
subject to changes for the duration of the estimation period. Boundary changes must be noted and 
inclusions and/or exclusions of physical land area must be surveyed using the methods described. This 
would require adjusting the estimated net emissions or removals of greenhouse gases attributable to 
the activity or entity.


Stratifi cation of Land Area
Stratifi cation Before Activities Begin


Once the land area has been delineated, it is useful to collect basic information such as land-
use history as well as maps of soil, vegetation, and topography. The land for the project can be 
georeferenced and mapped onto a base map. A geographic information system (GIS) is useful for 
such an activity. Maps can then be used to stratify the area into more or less homogeneous units 
(relative to carbon stocks and rates of change in carbon) to increase sampling effi ciency.


To facilitate fi eld work and increase the accuracy and precision of measuring and monitoring, divide 
the area (population of interest) into subpopulations or strata that form relatively homogenous units. 
Useful tools for defi ning strata include ground-truthed maps from satellite imagery, aerial photos, and 
maps of vegetation, soils, or topography. Many of these products are available as GIS data layers, e.g., 
STATSGO soil maps, USGS Digital Elevation Model, 1992 National Land Cover map, that can be 
overlain in a GIS to identify possible strata. The key to stratifi cation is to ensure that measurements 
are more alike within each stratum than in the sample frame as a whole. A GIS can automatically 
determine stratum size and the size of exclusions or buffer zones.
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The size and spatial distribution of the land area does not infl uence site stratifi cation. One large, 
contiguous block of land or many small parcels can be considered the population of interest and are 
stratifi ed in the same manner. When an area is not homogeneous, stratifi cation generally reduces 
monitoring costs, e.g., the amount of sampling required is reduced due to the smaller variation in 
carbon stocks in each stratum. Stratifi cation should be carried out using criteria that are directly 
related to the variables to be measured and monitored, for example, the carbon pools in trees for 
afforestation. For afforestation, the strata can be defi ned on the basis of variables such as the tree 
species (if several), age class (as generated by delay in practical planting schedules), initial vegetation 
(totally cleared versus cleared with patches or scattered trees), and site factors (soil type, elevation, 
slope, etc.). However, there is a tradeoff between the number of strata and sampling intensity. Strata 
should be suffi ciently large to enable adequate sampling within each stratum but not so large as to 
incur higher costs.


Site visits to the project area and nearby areas with existing vegetation that will be the target of the 
activity will aid in stratifying the area. Field assessments and measurements of key variables such as 
general soil type, topography, and nearby existing vegetation aid in stratifi cation and contribute to 
cost-effective monitoring.


Post-Stratifi cation


For some areas, it may not be possible to prestratify because the site appears to be homogeneous. 
However, it is possible that after the fi rst monitoring period, the estimated change in carbon stocks is 
highly variable within a stratum, and that the original stratum can be subdivided into homogeneous 
areas (post-stratifi cation).


Remote Sensing Data


Data on remote sensing are useful in designing and implementing measuring and monitoring plans for 
forest-based carbon activities, for example a land-use map for the area, stratification of  the area, land-
use history, monitoring of  overall performance, and verification that the carbon pool exists.


Selected High Resolution Data Sources for Monitoring Carbon Sequestration Projects


Sensor/
satellite


Spatial 
resolution


Spectral 
resolution Revisit time Owner Data


Landsat 5 TM 30 m VNIR/SWIR 16 days NASA/USGS http://edc.usgs.gov


Landsat 7 ETM+ 30 m VNIR/SWIR 17 days NASA/USGS http://edc.usgs.gov


EO-1 ALI 30 m VNIR/SWIR 18 days NASA http://edc.usgs.gov


EO-1 Hyperion 30 m VNIR/SWIR 19 days NASA http://edc.usgs.gov


IKONOS 1- 4 m VNIR/SWIR 2 – 5 days Space Imaging http://www.spaceimaging.
com


Quickbird 0.6 – 3 m VNIR/SWIR 1 – 4 days DigitalGlobe http://www.digitalglobe.
com


TM = Thematic Mapper; ETM+ = Enhanced Thematic Mapper Plus; ALI = Advanced Land Imager; VNIR = Visible 
to Near Infrared; SWIR = Shortwave Infrared







6


Type and Number of Sampling Plots
Plot type


For forestry activities, permanent or temporary sampling plots can be used for sampling over time 
to estimate changes in the relevant carbon pools. Permanent plots are applicable only where both 
the trees and the plots are permanently marked. For all other pools, temporary plots are used. For 
trees, both methods have advantages and disadvantages. Permanent sample plots in which trees are 
tagged generally are regarded as statistically more effi cient for estimating changes in forest-carbon 
stocks than temporary plots because there is high covariance between observations at successive 
sampling events (Avery and Burkhart 1983). Moreover, the use of permanent plots allows effi cient 
verifi cation at relatively low cost. A verifying organization can fi nd and measure permanent plots at 
random to verify the design and implementation of the carbon monitoring plan in quantitative terms. 
Disadvantages of permanent plots are that their location might be known and they might be treated 
differently, e.g., fertilized or irrigated to enhance the carbon stocks, tags can become dislocated from 
trees, or they can be destroyed or lost by disturbances over the measurement interval. Advantages of 
temporary plots are that they can be established more cost-effectively to estimate the carbon stocks 
of the relevant pools, their location changes at each sampling interval, and they would not be lost to 
disturbances. The primary disadvantage of temporary plots is related to the precision in estimating 
the change in forest-carbon stocks. Because individual trees are not tracked (see Clark et al. 2001), the 
covariance term is nonexistent so it will be more diffi cult to attain the targeted precision level without 
measuring more plots. Thus, any time advantage gained by using temporary versus permanent forest 
plots may be lost by the need to install additional temporary plots to attain the targeted precision.


If permanent sample plots are used it is necessary to mark or map the trees to measure the growth of 
individuals at each time interval so that growth of survivors, mortality, and ingrowth of new trees can 
be tracked. Changes in carbon stocks for each tree are then estimated and summed per plot. Statistical 
analyses are performed on net carbon accumulation per plot, including ingrowth and losses due to 
mortality. Because permanent plots also track mortality, they can be used to track the major changes 
in dead wood (both on the ground and standing) after the initial inventory of this component.


Tagging Trees in Permanent Plots


When estimating change in carbon stocks, an important consideration is accounting for ingrowth 
and mortality. Not understanding where, when, and how to include these components can result in 
erroneous estimates of changes in the carbon stocks of trees. Here we emphasize why it is important 
to tag and track individual surviving trees as well as new ingrown trees. For measuring the live-tree 
pool, there is no requirement to track mortality (measured as part of dead wood pool) but there must 
be an estimate of trees growing into the plots, i.e., exceeding the minimum measurement size only at 
time 2.


Figure 1 shows the same trees being measured in a plot that tags and tracks individual trees and in a 
plot that does not tag or track trees. The change in biomass stock for ingrowth trees is the biomass of 
the new tree at time 2 minus the minimum biomass required for a tree to be measured (assume four 
units of biomass in Figure 1).


It is clear that the two methods produce widely different results. Although in this example the 
untagged plot gives a negative change in stock, it could just as readily give a larger positive change 
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than the tagged plots. Because individual trees are not tracked in the untagged plots, there is no 
way of knowing that the 7-unit tree at t2 was ingrowth or that the 13-unit tree at t1 died during the 
interval.


Prism Plots


The alternative to fi xed-area plots is point sampling using basal area prisms (point sampling). When 
a prism from a fi xed point is used, trees are tallied according to size. Tree stems at diameter at breast 
height (d.b.h.) that are close enough to completely fi ll the sighting angle are tallied. Stems that are too 
small or too distant are ignored.


The primary advantage of point sampling is the speed with which data are collected, i.e., no fi xed-
plot boundary is involved. However, errors in the tallies arising from point sampling are more serious 
than those arising from fi xed-area plots. Because point sampling preferentially samples large trees, it is 
well suited to commercial forestry and to rapid reconnaissance sampling, though sampling with fi xed-
area plots generally is more precise (Avery and Burkhart 1994) and representative of the full range of 
trees that contribute to carbon estimation.


Number of Plots, Precision, and Sample Size


Because the level of precision required for a carbon inventory has a direct effect on inventory costs, 
it must be carefully chosen by users of inventory results. A reasonable estimate of the net change in 


Figure 1.—Illustration of the methods for calculating change in above-ground biomass stocks for trees 
that are or are not tagged and tracked in permanent plots. AGB = above-ground biomass of live trees; 
AGB of a minimum-size tree is set arbitrarily to 4 units (based on Clark et al. 2001).


Time:     t1      t2
AGB:   10  12     13            12        15.2       7 


Trees tagged and tracked: 
Stand Increment  = (Σ Increments of surviving trees) + (Σ Increment(s) of ingrowth) 
   = ((12 - 10) + (15.2 - 12)) + (7 - 4) 
   = (2 + 3.2) + (3) 
   = 8.2 


Trees not tagged and tracked: 
Stand Increment = (ΣAGB at t2 - ΣAGB at t1)


= ((12 + 15.2 + 7) – (10 + 12 + 13)) 
= (34.2 – 35)
= - 0.8 
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carbon stocks that can be achieved at a reasonable cost is to target within 10 percent of the true value 
of the mean at the 95-percent confi dence level (see Brown 2002).


When the level of precision has been chosen, sample sizes must be determined for each stratum in 
the project area. Each carbon pool will have a different variance (amount of variation around the 
mean). However, focusing on the variance of the tree component for forestry activities captures most 
of the total variance. Although the variance in other pools may be high, it often contributes little to 
the net change in carbon stocks or it can reduce the total variance when the net change in all pools is 
estimated. For example, the understory in forests can be highly variable but it usually is a negligible 
component of the net change. By contrast, dead wood, though highly variable, often reduces the 
overall variability of the net change in carbon. Soils often are the exception. Soil-carbon stocks are 
highly variable and are less closely associated with tree carbon stocks than the other measurement 
pools. It is advisable to have a sampling scheme specifi cally for soils if they are an important 
component of the anticipated carbon benefi ts.


The sample size for monitoring in each stratum must be calculated on the basis of the estimated 
variance of the carbon stock (between separate measurement plots) in each stratum, and the 
proportional area of the stratum. Typically, to estimate the number of plots needed for monitoring 
at a given confi dence level, one must fi rst obtain an estimate of the expected variance of the carbon 
stock in each stratum. This can be accomplished from existing data of the type of activity to be 
implemented, e.g., a forest inventory in an area representative of the proposed activity, or by 
taking measurements on an existing area that represents the proposed activity. For example, if the 
activity is to afforest agricultural lands and it will last for 20 years, a measure of the carbon stocks of 
approximately 15 plots of an existing 20-year forest would suffi ce. If the project area comprises more 
than one stratum, repeat this procedure for each one. Such measurements will provide estimates of 
the variance in each stratum and, along with the area of the stratum, the total number of plots per 
stratum can be estimated by standard statistical methods.


As sampling plots cannot always be relocated or reoccupied for a variety of reasons, for example, if 
plot markers are overgrown or removed by people, plots are burned, or records are lost, it is prudent 
to increase the number of plots beyond the minimum in the initial sampling design. Increasing 
the number of plots to some percentage over the calculated minimum number of samples provides 
a cushion that helps meet minimum precision requirements despite missing plots in subsequent 
inventories. The minimum sample size should be increased by at least 10 percent to allow for plots 
that cannot be relocated or are lost due to unforeseen circumstances.


Managers who contemplate progressive plantings over time must develop an open-ended monitoring 
framework that can accommodate the progressive addition of plantings to the area over time. This 
can be done by predicting the eventual size of the area at year X and progressively assigning distinct 
stand-age cohorts to separate strata within the overall population, anticipating that a full contingent 
of permanent sample plots would be installed by year X. No more than two or three age classes 
should be combined into one cohort class.
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Using Forest Inventory and Analysis Data to Estimate Coefficient of  
Variation and Number of  Sampling Plots


Download data (http://ncrs2.fs.fed.us/4801/fiadb/) and apply biomass equations 
and expansion factors (see section 4.1) for the specific area and forest type of  
interest. Sum to obtain plot level results.
Calculate mean carbon stocks across the dataset or optionally across strata of  
interest, then calculate standard deviation and the coefficient of  variation.
The minimum number of  plots required for monitoring is calculated by solving 
for n in the formula for the confidence interval (CI). Target ± 7 to 8 percent of  the 
mean as a reasonable level of  precision (this accounts for the sampling error 
only; sources of  error such as measurement error and model error likely will 
account for 10 to 20 percent of  total error thus, a target of  ± 7 to 8 percent CI 
of  the mean for sampling will result in a total error for the confidence interval of  
about 10 percent of  the mean).


n = (s x 2.1)/(mean x 0.08)2             (where s = standard deviation)


The 95 percent CI becomes the ±8 percent precision chosen—i.e. we can be 95 percent 
confident that the true mean is covered by the determined sampling precision.


If  the activity is planned to run for 50 to 70 years, use the large FIA size class (one 
method of  sorting FIA data) where variation and consequently minimum number 
of  plots is low. Variation is highest in young or small size-class plots regardless of  
whether regeneration was natural or artificial.


The minimum number of  plots can be decreased by stratification of  study area, 
for example, by slope, soil type, or site index. 


Coefficients of  variation ([standard deviation * 100] / mean) and minimum 
number of  sampling plots at 95 percent confidence level calculated for 
specific forest types in three regions using FIA data.


Number of plots


Region Forest type FIA size 
class


Percent 
C.V.


(95 percent)


Ohio Oak-hickory Large 27 45
Medium 33 65


Small 63 237


Illinois Oak-hickory Large 41 99


Medium 35 74


Small 74 325


Lower Mississippi 
Valley


Bottomlands Large 29 50


Medium 33 66


Small 80 384


•


•


•


•


•







10


At the simplest level, the number of plots required should be calculated using the following equation:


2tsn
E


=


Where


E = allowable error or the desired half width of the confi dence interval. Calculated by multiplying the 
mean carbon stock by the desired precision, i.e., mean carbon stock * 0.1 (for 10-percent precision) 
or 0.2 (for 20-percent precision),
t = the sample statistic from the t-distribution for the 95-percent confi dence level; t usually is set at 2 
as sample size is unknown at this stage, 
s = standard deviation of stratum 


Where the project is composed of strata, a more complex equation should be used:
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Where


E = allowable error or the desired half width of the confi dence interval. Calculated by multiplying the 
mean carbon stock by the desired precision, i.e., mean carbon stock * 0.1 (for 10-percent precision) 
or 0.2 (for 20-percent precision),
t = the sample statistic from the t-distribution for the 95-percent confi dence level; t usually is set at 2 
as sample size is unknown at this stage, 
Nh = number of sampling units for stratum h (= area of the stratum, in ha/area of the plot, in ha),
N = number of sampling units in the population ( )hN N= ,
sh = standard deviation of stratum h


Frequency of monitoring
The frequency of monitoring is related to the rate and magnitude of change. The smaller the expected 
change, the greater the potential that frequent monitoring will not detect a signifi cant change. This 
becomes a cost-benefi t analysis so that the frequency of monitoring should be determined by the 
magnitude of expected change. Less frequent monitoring is applicable only if small changes are 
expected.
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Increasing the interval between sampling events should increase the magnitude of the change that 
takes place which, where variance around the means is constant, increases the percentage and 
magnitude of the change resolved (Fig. 2). This is an important consideration because small changes 
expected with short sampling intervals may be undetectable, even with high sampling intensity.


Frequency of monitoring should consider the carbon dynamics of the activity and costs involved. 
Given the dynamics of forest processes, they generally are measured at intervals of 5 years. For carbon 
pools that respond more slowly, e.g., soil, even longer periods can be used -- perhaps even 20 years 
between sampling events. Thus for carbon accumulating in the trees, the frequency of measuring 
and monitoring should be defi ned in accordance with the rate of change of the carbon stock, or in 
accordance with the rotation length in the case of plantations.


A disadvantage of long periods between sample events is the risk of natural or anthropogenic 
disturbance, the effects of which will not be captured with widely spaced monitoring intervals. This 
needs to be taken into account when deciding on the frequency of monitoring.


Independent checks of the monitoring system are recommended to ensure data quality. Monitoring 
changes in carbon stocks in the permanent sampling plots does not always provide information 
that the changes in carbon stocks are the same across the entire area and/or that the purpose of 
the activity is accomplished, e.g., to establish several thousand hectares of trees. Repeated visits to 
the carbon-monitoring plots reveal that the carbon in those plots, which were located randomly 
and purportedly represent the population, is accumulating with known accuracy and precision. 
To determine that the plots are representative of the entire project area, periodic checks should be 
made to ensure that the overall activity is performing in the same way as the plots. This is done by 
fi eld checking indicators of carbon stock changes, e.g., tree height for afforestation activities. Thus, 
indicators can be produced that can readily be fi eld-checked across the area. High-resolution satellite 
imagery also can be used to accomplish this task, at least with respect to the area treated. Periodic 
acquisition of such imagery or even aerial imagery might be a relatively inexpensive way to monitor 
overall performance.


Figure 2.—Example of how 
percent absolute change in 
the mean (with 95 percent 
confi dence) soil carbon for 
afforestation activities varies in 
relation to the sampling interval 
and sample size (n), assuming 
constant coeffi cient of variation 
(30 percent), constant rate of soil 
carbon accumulation of 0.5 t C/ha/
yr, and initial soil carbon 50 t/ha.
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SAMPLING DESIGN
Plot Layout
Permanent plot locations can be selected randomly or systematically (plot grid). If plot values are 
distributed irregularly in a random pattern, both approaches are about equally precise. If some parts 
of the strata have a higher carbon content than others, systematic selection usually results in greater 
precision than random selection. Systematic sampling also may appear more credible. The risk is that 
a map of random sample locations might seem like the plots were selected to monitor only high-
carbon areas. Systematic samples are incontrovertible. Sample locations can be readily defi ned by GIS 
for either approach.


Size and Shape of Sample Plots
The size and shape of the sample plots is a tradeoff among accuracy, precision, and time (cost) of 
measurement. Sample plots containing smaller subunits of various shapes and sizes are cost effective 
depending on the variables to be measured. For example, for afforestation, all trees are measured in 
the entire sample plot, whereas data on nontree vegetation, litter, and soil are collected in a smaller 
sub-plot. The FIA standard plot consists of a cluster of four subplots, each containing smaller nested 
plots for sampling understory vegetation and soils, of relatively small radius.


Unlike fi xed-area plots (Fig. 3), nested plots are better suited to stands with a wide range of tree 
diameters or to stands with changing diameters and stem densities. The optimum area for nested 
plots can be anticipated by predicting changes in stem density and mean stem diameter over time, 
or by direct measurements of proxy stands of known age. A nested plot design is effi cient when it it 
likely that individual trees will grow at different rates resulting in uneven size distribution. However, if 
the forest is likely to remain even-sized, a single-size plot would suffi ce. For example, limited-duration 
afforestation or highly managed short rotation plantations require only a single-size plot.


Nested plots are composed of several full circular or rectangular plots; each nested plot should be 
viewed separately. The number of nested circles or rectangles depends on forest structure and the 
length of the activity. Where the activity is to plant trees but to track only for 20 years, a single-size 
plot likely would suffi ce. However, additional nested circles or rectangles should be added beyond this 
duration; a diverse mature forest might require four plot sizes. When trees attain the minimum size 
for one of the nested circles, they are measured and included. When they exceed the maximum size, 
measurement of the tree in that nest stops and begins in the next larger nest. If ingrowth into a new 
nest occurs between censuses, the growth up to the maximum size is included with the smaller nest. 
Growth in excess of this size is accounted for in the larger nest.


Large plot:
radius 20 m, 
trees > 50 cm d.b.h. 


Intermediate plot:
radius 14 m, 
trees 20-50 cm d.b.h. 


Small plot:
radius 4 m, 
trees 5-20 cm d.b.h. 


Figure 3.—Schematic of nested, fi xed area circular sample plots. The radius and diameter limits for 
each circular plot would be a function of local conditions and expected size of the trees through time.
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Plot Size


Time and effort spent on field measurements depends on sample size (number of  plots) 
and plot area. Although increasing sample size increases precision, increasing plot area 
reduces variability between plots roughly following the relationship derived and discussed 
by Freese (1962). By increasing plot area, variation between plots is reduced, allowing for 
a smaller sample size while achieving the same precision level.  For example, pilot studies 
can provide an estimate of  the CV and plot area (e.g., from FIA plots). Then a plot size can 
be selected to achieve the desired precision and cost considerations.  However, calculating 
a new plot size for each strata is an added cost and introduces a complexity that can result 
in additional measurement errors. It is common to select a standard constant plot size (see 
Figure 3), which balances measurement effort and variability of  plot-level results.


Plots are extrapolated to the full-hectare area to produce carbon-stock estimates. Extrapolation by 
use of expansion factors occurs by calculating the proportion of a hectare that is occupied by a given 
plot. For example, if a series of nested circles measuring 4, 14, and 20 m in radius were used, their 
areas equal 50, 616 and 1,257 m2 respectively. The expansion factors for converting the plot data 
to a hectare basis are 198.9 for the smallest, 16.2 for the intermediate, and 8.0 for the largest nested 
circular plot (1 ha = 10,000 m2).


Selecting Carbon Pools to Measure and Monitor
The key pools included in forestry activities are defi ned in Table 1. Selecting which pool to measure 
and monitor depends on several factors, including expected rate of change, magnitude and direction 
of the change, availability and accuracy of methods to quantify change, and cost to measure. All 
pools that are expected to decrease signifi cantly due to activities must be measured and monitored. 
The 1605(b) process includes a de minimis criterion whereby any emission that is equal to or less 
than 3 percent of the total need not be monitored. Moreover, it generally is not cost effective to 
monitor pools that are expected to change by a small amount relative to the overall rate of change, 
e.g., understory herbaceous vegetation in the case of an afforestation project. The decision matrix in 


Table 1.—Key carbon pools for forests and their definition


Carbon Pool Defi nition
Live trees Live trees: above ground


Live trees: below ground


Understory vegetation Tree seedlings
Shrubs, herbs, forbs, grasses


Standing dead trees Standing dead trees: above ground
Standing dead trees: below ground


Down dead wood Down dead wood
Stumps and dead roots


Forest fl oor Fine woody debris
Litter
Humus


Soil carbon Soil carbon
Wood products Harvested wood mass
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Table 2 shows the primary carbon pools for forests and which ones should be (Y), might be (M), or 
should not be (N) measured for each type of forestry activity.


Clearly, it makes sense to measure and monitor the carbon pool in live trees and their roots for all 
activity types. Above-ground nontree biomass or understory vegetation might require measuring if 
this is a signifi cant component, e.g., where shrubs are dominant or codominant with other forms of 
vegetation. Measuring might not be required if the understory is dominated by herbaceous material as 
this likely would account for negligible changes over the duration of the activity (less than 3 percent). 
The forest fl oor should be measured for most activity types, particularly where the forest likely will be 
dominated by conifers, as this can be a signifi cant component of the total carbon pool.


Dead wood consists of standing dead trees and downed dead wood. For changes in management for 
timber, this must be measured as this pool often decreases as a result of a project. For example, the 
change from more intensive to less intensive harvesting causes the dead-wood pool to decrease (less 
timber is removed and less slash is left behind).


Table 2.—Decision matrix illustrates selection of pools to measure and monitor in forestry projects that can 
be implemented in the United States (modified from Brown et al. 2000)


Activity


Living biomass Dead organic 
matter 


Soil
Wood 


productsa
Above-ground 


tree
Above-ground 


nontree 
Below-
ground


Forest 
fl oor


Dead 
wood 


Afforestation Y1 M2 Y3 M4 M5 Y6 M
Forest
  restoration


Y1 M2 Y3 M4 M5 Y6 N


Forest
  management


Y1 N Y3 M4 Y5 N Y


Agroforestry Y1 M2 Y3 M4 N Y6 M
Short-rotation
  biomass 
  energy
  plantations


Y1 N Y3 M4 N Y6 Y


Mine-land
  reclamation


Y1 M2 Y3 M4 M5 Y6 M


Forest
  preservation


Y1 M2 Y3 M4 M5 M6 Y


a No methods are provided for measuring this pool as the focus of this report is on ecosystem carbon; 
see http://treesearch.fs.fed.us/pubs/22954 for methods for estimating change in stocks of wood products.


Letters in table refer to the need for measuring and monitoring carbon pools


Y = Yes: the change in this pool likely will be large and should be measured.
N = No: the change likely will be small to none so it is not necessary to measure this pool.
M = Maybe: the change in this pool might require measuring depending on the forest type and/or management
 intensity of the project.


Numbers in table refer to different methods for measuring and monitoring carbon pools:


1 = See methods of carbon-stock measurement for above-ground biomass of trees.
2 = See methods described for above-ground biomass of nontree vegetation.
3 = See methods for measuring/estimating the carbon stock in below-ground biomass.
4 = See methods for measuring carbon stock in forest fl oor. 
5 = See methods for measuring dead wood.
6 = See methods for measuring carbon pool in soils.
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For the preservation of mature forests, it can be expected that substantial emissions will result in the 
baseline. Soil organic carbon likely will change signifi cantly for afforestation, forest restoration, and 
mine-land reclamation as the initial amount of soil carbon likely will be low. However, changes in 
forest management or even forest preservation (from harvesting to preservation) likely will produce 
very small or undetectable changes in soil carbon, and the cost to measure this pool might exceed the 
value of the carbon.


The decision to monitor wood products depends on whether the project will be harvested. For short-
rotation biomass energy plantations, monitoring would be required as the product is the primary 
purpose of the activity. Activities related to changes in forest management also require monitoring 
of wood products as harvesting often changes the live carbon pool. The same is true for forest 
preservation if the original activity was timber production. In other words, all of the live biomass that 
is “protected” by the activity (as preservation or reduced logging intensity) cannot be claimed as a 
savings for the atmosphere because some biomass went into long-term wood products.


MEASUREMENT AND DATA ANALYSIS TECHNIQUES
Measurements of net carbon fl ows for forests generally lend themselves to the stock-change method, 
that is, the amount of carbon sequestered is estimated as the net change in carbon stocks over time. 
Much of the previous discussion focused on the design required to estimate changes in carbon stocks 
precisely. Although the stock change method is applicable for most components, the fl ow method 
may be appropriate for some components. For example, changes in the dead wood pool often are 
estimated from the difference between inputs from slash (estimated from the difference between total 
tree biomass and mass of timber removed) and outputs from decomposition of the dead wood. In the 
sections that follow, both the stock and fl ow approaches are described where applicable.


These methods are based on measurements and models resulting in estimates of biomass except for 
soil, which can be measured directly in units of carbon. Biomass always is oven dried and generally is 
converted to units of carbon by multiplying biomass by 0.5 (the 1605b and Intergovernmental Panel 
on Climate Change default), unless more specifi c data are available.


Living Above-ground Biomass
Trees


The carbon stocks of trees are estimated most accurately and precisely by direct methods, e.g., 
through a fi eld inventory, where all the trees in the sample plots above a minimum diameter are 
measured. The minimum diameter often is 5 cm in d.b.h., but it can vary depending on the expected 
size of trees. For arid environments in which trees grow slowly, the minimum d.b.h. may be as small 
as 2.5 cm; for humid environments in which trees grow rapidly, the minimum d.b.h. may be up to 
10 cm. Biomass and carbon stock are estimated using appropriate allometric equations applied to 
the tree measurements. Tree biomass often is estimated from equations that relate biomass to d.b.h. 
only. Although the combination of d.b.h. and height as the independent variables is often superior to 
d.b.h. alone, measuring tree height can be time consuming and will increase the cost of a monitoring 
program. Further, the empirical database of trees in the United States shows that highly signifi cant 
biomass regression equations can be developed using d.b.h. only (Tables 3 - 4).


Biomass equations often are reported for individual species or groups of species, but the literature is 
inconsistent and/or incomplete for all U.S. tree species. However, recent analyses have shown that 
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Table 3.—Parameters and equationsa for estimating total above-ground biomass for hardwood 
and softwood species grouped in 10 classes in the United States. (Jenkins et al. 2004.)


Species group


Parameter Data
pointsb


Maxc


d.b.h.β0 β1 RMSEd R2


cm log units
                                                                                               Hardwood
Aspen/alder/
Cottonwood/ willow


-2.2094 2.3867 230 70 0.507441 0.953


Soft maple/birch -1.9123 2.3651 316 66 0.491685 0.958
Mixed hardwood -2.4800 2.4835 289 56 0.360458 0.980
Hard maple/oak/
Hickory/ beech


-2.0127 2.4342 485 73 0.236483 0.988


                                                                                               Softwood
Cedar/larch -2.0336 2.2592 196 250 0.294574 0.981
Douglas-fi r -2.2304 2.4435 165 210 0.218712 0.992
True fi r/hemlock -2.5384 2.4814 395 230 0.182329 0.992
Pine -2.5356 2.4349 331 180 0.253781 0.987
Spruce -2.0773 2.3323 212 250 0.250424 0.988
                                                                                               Woodlande


Juniper/oak/mesquite -0.7152 1.7029 61 78 0.384331 0.938
aBiomass equation:
 y = Exp (β0 + β1 Ln x)
Where
 y  = total aboveground biomass (kg) for trees 2.5 cm and larger in d.b.h.,
 x  = d.b.h. (cm),
 Exp = “e” to the power of,
 Ln = natural log base “e” (2.718282).
bNumber of data points generated from published equations (generally at intervals of 5-cm d.b.h.) for parameter 
estimation.
cMaximum d.b.h. of trees measured in published equations; beyond this maximum diameter equations should only 
be used with caution.
dRoot mean squared error or estimate of the standard deviation of the regression error term in natural log units.
eWoodland group includes both hardwood and softwood species from dry-land forests.


Table 4.—Parameters and equationsa for estimating above-ground biomass for southern and 
eastern hardwood and softwood species in the United States (from Brown and Schroeder 1999)


Species class


Parameter Number of 
data points


Max 
d.b.h. R2β0 β1 β2 β3


cm
Hardwood 0.5 25000 2.5 246872 454 85.1 0.990
Pine 0.887 10486 2.84 376907 137 56.1 0.980
Fir-spruce 0.357 34185 2.47 425676 83 71.6 0.980
aBiomass equation:
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Where
 y = above-ground biomass (kg),
 x = d.b.h. (cm).
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equations based on multi-species groupings can work well for U.S. forests (Schroeder et al. 1997; 
Jenkins et al. 2004).


Jenkins et al. (2004) compiled all available diameter-based allometric regression equations for estimating 
total above-ground and component biomass, defi ned in terms of dry mass, for U.S. trees. More than 
1,700 biomass equations were assembled for more than 100 species from 177 sources. Using a subset of 
318 equations from 104 sources, Jenkins et al. (2003) developed generalized equations appropriate 
for estimating tree biomass from d.b.h. at large scales. This approach for generalized equations included 
a method for generating “pseudodata” (Pastor et al. 1984) by calculating biomass values for a range of 
diameters within bounds of raw data for each equation. These pseudodata were used to refi t new equations 
for 10 broad species groups (Table 3). See Jenkins et al. (2003) for details on species in each group.


When using allometric equations, note carefully the given maximum diameter used in the regression. 
The equations for trees that exceed the maximum diameters should be used only after considering 
the functional form of the equation. In particular, caution should be used for equations based on an 
exponential function beyond the range of diameters used to develop the equation, e.g., the equations 
in Table 3. Equations with more sigmoidal form, where biomass is constrained at large diameters, 
can be used with confi dence, even beyond the given maximum bounds (Brown et al. 1989). The 
general equations of Schroeder et al. (1997) and Brown and Schroeder (1999) with this sigmoidal/
constrained form are shown in Table 3. The estimated biomass per tree for a given diameter based on 
the exponential and sigmoidal models is compared in Figure 4. Up to about 75 cm in diameter, the 
models give the same estimated biomass per tree. Beyond this size, the exponential models show an 
increasingly larger estimated biomass while the sigmoidal model is more conservative. The maximum 
diameter used by the authors to create the exponential curve is 73 cm; this is approximately where the 
two curves diverge signifi cantly.


The equations of Jenkins et al. (2003) exhaustively cover U.S. tree fl ora, but they are dominated by 
western species in the softwood category. Western softwoods are unique in stature and thus do not 
adequately represent southern pines or eastern fi r-spruce species. By contrast, the equations of Brown 
and Schroeder (1999) for pines and fi r-spruce (Table 4) are calculated specifi cally for these species 
groups. In the following example, above-ground tree biomass is calculated for a plot using allometric 
regression equations.


0


5


10


15


20


25


0 15 30 45 60 75 90 105 120 135


B
io


m
as


s 
(t/


tre
e)


Diameter (cm)


exponential


sigmoidal


Figure 4.—Comparison of the 
relative treatment of large trees 
by equations with an exponential 
form, e.g., the hard maple/oak/
hickory/beech equation; Table 
3, and those with a limiting 
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hardwoods equation; Table 4.
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Calculating Carbon Stock and its Change in Above-ground Trees 
from Allometric Regression Equations


In this example, a single plot from an oak-hickory forest is examined. The plot consists of  three 
nested subplots:


5-m radius for trees 2.5 to < 10 cm d.b.h.   expansion factor: 198.9
14-m radius for trees ≥ 10 to < 50 cm d.b.h.  expansion factor: 16.2
20-m radius for trees ≥ 50 cm d.b.h.   expansion factor: 8.0


The allometric regression equation of  Jenkins et al. (2003) is used for hard maple/oak/hickory/
beech to convert from d.b.h. to biomass.


The following shows measurements over two periods using permanent plots in which all trees 
are tagged. At time 2, note the ingrowth of  trees too small to be measured at time 1 (trees 101 
and 102 in the small nest and 103 in the intermediate nest) and the outgrowth from one plot size 
and ingrowth into the next size when the max/min thresholds are passed (trees 004, 005 small to 
intermediate, tree 009 intermediate to large). That is, a tree’s growth during a given period can be 
split as follows: outgrowth is accounted for in the plot in which it is growing to the point where its 
diameter moves it to the larger nested plot, —i.e. where the tree’s remaining growth is accounted 
for as ingrowth for the large plot into which it moved.


•
•
•


In the figure above the three nested plots are shown at time 1 and time 2. The numbers/stars 
indicate the position of  trees. At time 2, numbers in dark circles indicate trees that remained in the 
same size class as at time 1. Numbers in other circles indicate trees that have grown into the next 
class. Stars are trees that have exceeded the measurement minimum for that plot for the first time. 
The number indicates the tag number in the following table.


Time 1 


Time 2 


103 


101
102 
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Time 1 Time 2
tag Nest D.b.h. Biomass tag Nest D.b.h. Biomass 


cm kg cm kg
001 Small 2.6 1.37 001 Small 3.1 2.10
002 Small 5.3 7.74 002 Small 5.8 9.64
003 Small 6.1 10.90 003 Small 6.8 14.20
004 Small 6.2 11.34 004 Intermediate 10 36.32
005 Small 8.1 21.74 005 Intermediate 12.1 57.76
006 Intermediate 10.2 38.11 006 Intermediate 10.9 44.79
007 Intermediate 12.3 60.11 007 Intermediate 13.3 72.71
008 Intermediate 38.6 972.67 008 DEAD DEAD 972.67
009 Intermediate 48.2 1670.20 009 Large 51 1916.30
010 Large 57.0 2512.15 010 Large 58 2620.79


101 Small 2.5 1.24
102 Small 2.8 1.64
103 Intermediate 10.3 39.03


Change in biomass stocks in each subplot = (Σ biom. increments of trees remaining in subplot size class) + (Σ biom. 
increments for outgrowth trees [= Σ max biomass for size class – biomass at time 1]) + (Σ biom. increments for ingrowth 
trees [= Σ biomass at time 2 – min biomass for size class]).


(The numbers in dark circles and squares indicate the tree tag numbers for each increment)


Small subplot   = [  (2.1-1.37) +  (9.64-7.74) + ( 14.20-10.9)] + 
    [  (36.32-11.34) +  (36.32-21.74)] + [ 101  (1.24-1.24) + 102  (1.64-1.24)]


    = (0.73 + 1.90 + 3.30) + (24.98 + 14.58) + (0 + 0.49) = 45.89 kg


Intermediate subplot  = [  (44.79-38.11) +  (72.71-60.11)] + [  (1826.12-1670.20)]
    + [  (36.32-36.32) +  (57.76-36.32) + 103  (39.03-36.32)]


    = (6.68 + 12.60) + (155.92) + (0 + 21.44 + 2.71) = 199.35 kg


Large subplot   = (  (2620.79-2512.15)) + ((0)) + (  (1916.30-1826.12))


    = (108.64) + (0) + (90.18) = 198.82 kg


Change in biomass = Σ Δbiomass in each subplot x expansion factor for that subplot


Small = 45.89 x 127.32 = 5,842.71 kg/ha
Int. = 199.35 x 16.24 = 3,237.44 kg/ha
Large   = 198.82 x 7.96   = 1,582.13 kg/ha


Sum = 10,662.28 kg/ha = 10.7 t/ha or 5.35 t C/ha (biomass * 0.5) for the time interval
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All allometric equations are estimating biomass and as such will have an uncertainty associated with 
them. The broader the equation in geographic scope and species included, the greater the uncertainty. 
The uncertainty is indicated by the r2 value and can be included in the total uncertainty using the 
root mean square error.


To ensure that there is no systematic bias from the use of regional equations at a local scale, it is good 
practice to roughly estimate the volume of approximately 10 trees and apply a wood density to obtain 
biomass, which in turn, should be compared with biomass calculated using an allometric equation. 
Volume can be estimated by calculating the volume of the trunk of the tree (volume = 1/3π x h x 
[r1


2 + r2
2 + r1 x r2] where h is the height of the tree, r1 is the radius at the base of the tree, and r2 is 


the estimated radius at the top of the tree), and multiplying this by 1.2 to approximately account for 
branches and leaves. Biomass is determined by multiplying volume by density.


An alternative approach for estimating the biomass of forests is using the volume of the commercial 
component of the tree. This volume is estimated with standard forestry techniques. This method 
is commonly used with temporary plots. The estimated volume must be converted to total above-
ground biomass, which includes the other tree components, e.g., branches, twigs, and leaves. The 
volume method is based on factors developed at the stand level for closed canopy forests. It cannot be 
used for estimating biomass of individual trees.


There are two potential methods. The fi rst calculates biomass directly from stand volume for different 
vegetation types in different regions. The second includes the additional step of calculating a biomass 
expansion factor (BEF). Neither method has a statistical advantage with respect to end results. In 
both methods, growing-stock volume (GSV) is defi ned as the net outside bark volume of growing-
stock trees at least 12.5 cm in d.b.h. to a minimum of 10 cm in diameter at treetop or the point at 
which the central stem breaks into limbs (defi nition used by FIA). Other defi nitions of volume could 
be used but the BEFs reported here could not be applied—new ones would have to be developed for 
local conditions.


Direct Method


Smith et al. (2003) used FIA data on growing-stock volume and the biomass equations of Jenkins et 
al. (2003) to develop regression equations of the form:


Above-ground biomass (t/ha) = F x (G + (1-exp(-GSV (m3/ha) /H))


Where


GSV = growing-stock volume,
F, G, H = regression coeffi cients


Fifty-seven variants of this equation were developed for a variety of forest types across 10 regions in 
the continental United States. See Smith et al. (2003) for details on the coeffi cients for each of the 
variants of the equation (http://www.fs.fed.us/ne/newtown_square/publications/technical_reports/
index.shtml ). Schroeder et al. (1997) also used this approach for eastern U.S. hardwood and 
softwood forests, but developed equations of a different form based on a smaller subset of the FIA 
database.
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Biomass Expansion Factor Method


This method is expressed as (Brown and Schroeder 1999):


Above-ground biomass (t/ha) = GSV (m3/ha) x BEF (t/m3)


Where


GSV = growing-stock volume,
BEF = [total above-ground biomass of all living trees above a minimum d.b.h. of 2.5 cm]/[growing-
stock volume]


The BEF is signifi cantly related to the GSV for most forest types, generally starting high at low 
volumes and then declining at an exponential rate to a constant low value at high volumes. Thus, 
using one value for the BEF for all values of GSV is incorrect. This general relationship applies to 
many of the world’s forests, including tropical forests (Brown 1997) and forests in China (Fang et al. 
1998).


Schroeder et al. (1997) and Brown and Schroeder (1999) provided methods for calculating the BEF 
(t/m3) for all hardwood and softwood forest types and regions across the Eastern United States.


Hardwoods: BEF = exp(1.912 – (0.344 x ln GSV))
  If GSV > 200 m3/ha use a constant BEF of 1.0


Spruce-Fir: BEF = exp(1.771 - (0.339 x ln GSV))
  If GSV > 160 m3/ha use a constant BEF of 1.0.


Pines:  GSV < 10 m3/ha  BEF = 1.68 t/m3


  GSV 10 – 100 m3/ha BEF = 0.95 t/m3


  GSV > 100 m3/ha BEF = 0.81 t/m3


where GSV = growing stock volume in m3/ha 


In the following example, both the direct and the BEF methods are used to calculate biomass for 
two forest types. The two methods differ by less than 5 percent for both forest types and thus can be 
considered as giving equivalent results.
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Calculating Biomass from Stand Volume Data


Example 1: An oak-hickory forest in Wisconsin with a growing-stock volume of  180 m3/ha.


A. Direct Method


Smith et al. (2003) listed the following coefficients for calculating above-ground biomass 
(AGB) of  oak-hickory in the Northern Lake States:
 F = 307.5 G = 0.0748 H = 186.9


Therefore, AGB  = F x (G + (1 – exp(-volume/H)))
   = 307.5 x (0.0748 + (1 – exp(-180/186.9)))
   = 213.1 t/ha


B. BEF Method


As growing-stock volume is < 200 m3/ha, we must calculate the BEF. Oak-hickory is a 
hardwood forest type.


Therefore, BEF = exp(1.912 – (0.344 x ln GSV))
   = exp(1.912 – (0.344 x ln(180)))
   = 1.134


Therefore, AGB = GSV x BEF
   = 180 x 1.134
   = 204.1 t/ha


Example 2: A loblolly pine plantation in Georgia with a growing stock volume of  120 m3/ha.


A. Direct Method


Smith et al. (2003) listed the following coefficients for calculating above-ground biomass 
(AGB) of  planted pine in the Southeastern States:
 F = 187.3   G = 0.0662    H = 184.9


Therefore AGB  = F x (G + (1 – exp(-volume/H)))
   = 187.3 x (0.0662 + (1 – exp(-120/184.9)))
   = 101.8 t/ha


B. BEF Method


Growing stock volume is > 100 m3/ha and the forest type is pine the BEF is 0.81 t/m3.


Therefore, AGB = GSV x BEF
   = 120 x 0.81
   = 97.2 t/ha
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Nontree Vegetation


Herbaceous plants in the forest understory can be measured by simple harvesting techniques in small 
subplots (about two per tree plot are recommended) for each sample plot. A small frame (circular or 
square), usually encompassing about 0.25 m2, can be used. The material inside the frame is cut to 
ground level, pooled by plot to give a composite sample, and weighed. Well-mixed subsamples are 
oven-dried to determine dry-to-wet mass ratios. These ratios are used to convert the entire sample to 
oven-dry mass.


For shrubs and other large nontree vegetation, it is desirable to measure the biomass by destructive 
harvesting techniques. A small subplot (0.25-4 m2 depending on the size of the vegetation) is 
established and all the shrub vegetation is harvested and weighed


If the shrubs are large, an alternative approach is to develop biomass regression equations for local 
shrubs based on variables such as crown area and height or diameter at base of plant, or another 
relevant variable, e.g., number of stems in multistemmed shrubs. The equations would then be based 
on regressions of biomass of the shrub versus a logical combination of the independent variables. This 
approach is more ambitious and may not be practical for the average inventory.


Below-ground Biomass
Measuring above-ground biomass is relatively established and simple. Measuring below-ground 
biomass (coarse and fi ne roots) is time consuming so it is more effi cient to apply a regression model 
to estimate below-ground biomass (living and dead) as a function of above-ground biomass. The 
following regression models can be used to estimate below-ground biomass (Cairns et al. 1997):


Boreal:


BGB = exp(-1.0587 + 0.8836 x ln ABD + 0.1874)


Temperate:


BGB = exp(-1.0587 + 0.8836 x ln AGB + 0.2840)


Tropical:


BGB = exp(-1.0587 + 0.8836 x ln AGB)


where BGB = below-ground biomass density in tons/hectare (t/ha) and AGB = above-ground biomass 
density (t/ha)


n = 151; r2 = 0.84


Estimating Change in Below-ground Biomass


The correct use of these equations is important when calculating the increase in carbon in below-
ground biomass. For tagged trees in permanent plots, it is not possible to simply calculate the total 
above-ground biomass at time 1 and time 2, apply the equations, and then divide by the number 
of years. This approach does not account for ingrowth or mortality trees. Instead, change in below-
ground biomass carbon stocks should be calculated by the following method:
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Calculate above-ground biomass at time 1 using allometric equations and appropriate 
expansion factors.


Calculate increment of biomass accumulation above ground between time 1 and time 2 and 
add to time 1 to estimate the biomass stock at time 2.


Apply the appropriate equation to estimate below-ground biomass at each time interval.


Calculate the annual change in stock of biomass below ground as (time 2 below ground 
- time 1 below ground)/number of years).


Dead Organic Matter
Forest Floor


The forest fl oor (Table 2) can be sampled directly by simple harvesting techniques in small subplots 
within each permanent plot (Fig. 3). A circular or square frame, usually encompassing an area of 
about 0.25 m2, can be used. If the forest fl oor is particularly deep as often is the case in western U.S. 
forests, a smaller frame (0.06 m2) can be used. If herbaceous material is collected, the forest fl oor 
can be collected from the same frames at the same locations. All live vegetation from the sample 
area is removed carefully with a pair of clippers. Living mosses should be clipped at the base of the 
green, photosynthetic material. The forest fl oor along the inner surface of the frame is cut through 
to separate it from the frame and surrounding soil. The entire volume of the forest fl oor must be 
removed carefully from within the confi nes of the sampling frame down to the top of the mineral soil 
layer (to distinguish the bottom of the forest fl oor from the top of the mineral soil, see section on soil 
organic carbon). All litter within the frame is collected and all samples from the subplots are pooled 
and weighed. A well-mixed subsample is then collected and placed in a marked bag. The subsample is 
used to determine oven-dry-to-wet mass ratios to convert the total wet mass to oven-dry mass. Forest-
fl oor samples can be sent to a professional laboratory for drying and weighing.


For the forest fl oor, amounts of biomass per unit area are given by:


(forest-fl oor oven-dry weight (g) / sampling frame area (cm2)) x 100


Where multiplying by 100 converts the units to metric t/ha. Multiplying by 0.5 gives the amount of 
carbon.


Dead Wood


Dead wood, both standing and on the ground, correlates poorly with any index of stand structure 
(Harmon et al. 1993). Methods developed for measuring biomass of dead wood and tested in many 
forest types generally require no more effort than measuring live trees (Harmon and Sexton 1996; 
Delaney et al. 1998).


A time-effi cient method for sampling down dead wood is the line intersect. At least 100 m length 
of line per plot must be used (Harmon and Sexton 1996). Placing two 50-m sections of line at right 
angles across the plot center also is a time-effi cient approach, though the line can be established as 
readily as one 100-m length through the plot center. To allow remeasurement of the same “dead 
wood plot”, it is important to accurately record where the line was placed. The diameters of all pieces 
of wood that intersect the line are measured and the density class noted. A minimum diameter for 


1.


2.


3.


4.
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measurement must be defi ned—typically 10 cm (Harmon and Sexton 1996). Each piece of dead 
wood is assigned one of several density classes. The volume per unit area calculated for each density 
class is: 


Volume (m3/ha) =π2 * [(d12 + d22…….dn2)/8L]


Where d1, d2, dn = diameter (cm) of each of the n pieces intersecting the line, and L = the length of 
the line (100 m recommended; Harmon and Sexton 1996).


Density measurements. Three density classes—sound, intermediate, and rotten—are suffi cient. 
Common practice in the fi eld is to strike the wood with a strong sharp blade. If the blade bounces 
off, it is sound, if it enters slightly, it is intermediate, if the wood falls apart, it is rotten. Samples of 
dead wood in each class are then collected to determine their density. Mass of dead wood is then the 
product of volume per density class (from previous equation) and the wood density for that class. 
Thus, a key step in this method is classifying the dead wood into its correct class and then sampling 
a suffi cient number of logs in each class to represent the wood densities present. It is advisable 
to sample at least 10 logs for each density class. In forests with unique plant forms, e.g., early 
successional species and palms as in tropical forests, it is advisable to treat these as separate groups and 
sample them in the same way.


The simplest method for estimating the density of dead wood is to obtain a value for the proportion 
of undecomposed density that each density classes represents. Undecomposed wood densities are 
widely available in the literature (e.g., U.S. Forest Products Laboratory 1974). Biomass is calculated 
by multiplying the initial density value by the decomposed proportion by the volume. Heath and 
Chojnacky (2001) calculated the proportions as 90 percent (sound), 70 percent (intermediate), and 
40 percent (rotten) for forests in the Northeast. These proportions can be used, but several samples 
must be collected to test their validity.


For forest areas with few species and where the rate of decomposition of wood is well known for a 
given species or forest type, simple decomposition models can be developed locally for estimating 
the density of the dead wood at different stages of decomposition (Beets et al. 1999). The volume of 
wood still must be estimated, but density can be estimated based on the model of decomposition. In 
the following example, the biomass density of dead wood is calculated.
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Standing dead wood can be measured as part of the tree inventory. Standing dead trees should be 
measured by the same criteria used for live trees. However, measurements that are taken and data that 
are recorded differ slightly from those for live trees. For example, if the standing dead tree contains 
branches and twigs and resembles a live tree (except for leaves), this would be indicated on fi eld-
data records. From the measurement of its d.b.h., the amount of biomass can be estimated using 
the appropriate biomass regression equation and subtracting the biomass of leaves (2 to 3 percent of 
above-ground biomass). However, a dead tree can contain only small and large branches, or only large 
branches, or no branches. These conditions must be recorded in the fi eld measurements. Branches 
must be classifi ed in proportion to the size of the standing dead tree so that the total biomass can be 
reduced accordingly to account for less of the dead tree remaining. When a tree has no branches and 
is only the bole, its volume can be estimated from measurements of its basal diameter and height and 
an estimate of its top diameter. The tree’s biomass can be estimated using the appropriate density 
class. In the following examples, the biomass of standing dead wood is calculated.


Calculating Biomass Density of  Dead Wood


In this example, dead wood is sampled along a 100-m line (line-intersect method) 
to determine the biomass stock. Diameters and density classes are recorded and a 
subsample collected to determine density in each of  the three density classes (sound, 
intermediate, and rotten). The following numbers represent the hypothetical results:


13.8 cm: sound
10.7 cm: sound
18.2 cm: sound
10.2 cm: intermediate
11.9 cm: intermediate
56.0 cm: rotten


Densities of  subsamples: Sound:  0.43 t/m3


     Intermediate: 0.34 t/m3


     Rotten:  0.19 t/m3


Volume of  sound wood:  π 2 x [d12 + d22…..dn2/8L]
     π 2 x [13.82 + 10.72 + 18.22/800]
     7.85 m3/ha


Volume of  intermediate wood: π 2 x [10.22 + 11.92/800]
     3.03 m3/ha


Volume of  rotten wood:  π 2 x [56.02/800]
     38.7 m3/ha


Biomass stock = (7.85 x 0.43) + (3.03 + 0.34) + (38.7 x 0.19) = 11.8 t/ha


Carbon stock  = 11.8 * 0.5 = 5.9 t C/ha
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Soil Organic Carbon
To obtain an accurate inventory of organic carbon stocks in the mineral soil1 or organic soil,2 three 
types of variables must be measured: soil depth, soil bulk density (calculated from the oven-dry 
weight of soil from a known volume of sampled material), and concentrations of organic carbon 
within the sample. General guidance on sampling and analyzing forest and agricultural soils for 
estimating carbon stocks are found in Lal et al. (2001) and Robertson et al. (1999).


Calculating Biomass of  Standing Dead Wood


1. A tree with no leaves in a mixed hardwood forest with a d.b.h. of  25 cm in sound 
density class


Use the equation of  Jenkins et al. (2003) for mixed hardwood forests with a 3 percent 
deduction due to the absence of  leaves.


y = exp (–2.4800 + 2.4835 x ln(25)) = 248.16 kg x 0.97 = 240.72 kg


As this is the only dead tree measured in a 14-m plot, the mass is multiplied by an expansion 
factor of  16.24 plots/ha, giving a biomass of  3.91 t/ha (1.96 t C/ha).


2. A sugar maple tree with missing branches (estimated as 15 percent of  above-ground 
biomass). The d.b.h. is 51 cm and the tree is sound.


Use the equation of  Jenkins et al. (2003) for hard maple/oak/hickory/beech with a 15 percent 
deduction for the lack of  biomass.


y = exp (–2.0127 + 2.4342 x ln(51)) = 1,916.3 * 0.85 = 1,628.9 kg


As this is the only dead tree measured in a 20-m plot, the mass is multiplied by an expansion 
factor of  7.96 plots/ha, giving a biomass density of  12.97 t/ha (6.49 t C/ha).


3. A bole with no branches, the height is 15 m, basal diameter is 40 cm, and top diameter 
is 25 cm. Analysis of  a cored sample reveals a wood density of  0.49 g/cm3.


The volume of  a truncated cone  = 1/3π x h x (r1
2 + r2


2 + r1 x r2)


     = 1/3π x 1500 x (202 + 12.52 + 20 x 12.5)


Biomass density   = 1,266,455 cm3 x 0.49 g/cm3


     = 620,563 g = 0.62 tons  


As this is the only dead tree measured in a 14-m plot the mass is multiplied by an expansion 
factor of  16.24 plots/ha, giving a biomass density of  10.08 t/ha (5.04 t C/ha).


1Mineral soil: soil consisting predominantly of and having its properties determined predominantly by mineral 
matter. Usually contains less than 200 g/kg organic carbon (less than 120-180 g/kg if saturated with water), but 
may contain an organic surface layer up to 30 cm thick.
2Organic soil: soil material that is saturated with water and has 174 or more g/kg organic carbon if the 
mineral fraction has 500 g/kg or more clay, 116 g/kg organic carbon if the mineral fraction has no clay, or has 
proportional intermediate contents. If these materials never were saturated with water, they would have 203 or 
more g/kg organic carbon. Defi nitions from Technical Guidelines for Voluntary Reporting of Greenhouse Gases 
1605(b) Program: http://www.pi.energy.gov/pdf/library/TechnicalGuidelines_March2006.pdf
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Tracking changes in soil carbon over time requires that the same equivalent mass of soil is measured 
from one monitoring event to another. Sampling to a fi xed depth (equal volumes) can underestimate 
carbon gains via forestation. As the bulk density generally decreases over time, the same sampled 
volume contains less of the original soil-mass equivalent. Therefore, rates of accrual estimated from 
sampling to a fi xed depth should be considered conservative estimates of soil-carbon accretion.


Where there are no additions of new carbon at greater depth, sampling to greater depth reduces the 
detectability of change by diluting additions that occur in the upper layers of the soil column. For 
example, after monitoring 35 years of forest regrowth of loblolly pine in the Calhoun Experimental 
Forest in South Carolina, Richter et al. (1999) found no signifi cant increase in soil carbon below 7.5 
cm. Likewise, in contrasting formerly cultivated and never tilled sites under longleaf pine, Markewitz 
et al. (2002) found the most notable carbon difference in the upper 10 cm of soil. As hardwood leaf 
litter is likely to break down and become incorporated into the soil more quickly, and hardwood trees 
typically produce more roots than pines, inputs of soil carbon are expected to a greater depth—to 40 
or 50 centimeters (MacDonald 1999; unpublished data) (Fig. 5).


The forest fl oor is sampled as described earlier, i.e., exposing the top of the mineral or organic soil. 
For some soils, it is diffi cult to distinguish between the bottom of the forest fl oor and the top of the 
mineral soil. In such cases, one can refer to standard soil sampling methods, e.g., in Robertson et al. 
(1999), for tips on how to distinguish the top of mineral soil. Coring tools and liners are available to 
hold the soil cores of varying lengths, but it often is impractical to use a manually operated, impact-
driven, soil-coring tool below about 30 cm. Simple soil corers are effective in many soils, particularly 
in the deeper soils of the central and southern regions of the United States. Shallow soil pits to about 
30 cm also work well and are cost effective. The impact-driven soil coring tool is impractical for 
collecting deep cores, nor is the use of a truck or trailer-mounted, hydraulically driven soil coring tool 
practical or cost effective in most forest areas.


Composite sampling is effective in reducing intersample variability. This is done by aggregating a 
predetermined number of samples (often four) from each collection site in the fi eld, from which 
one sample is derived for analysis. The resulting composite sample captures more of the range of 
intermicrosite variability in soil carbon.


Figure 5.—Mineral soil carbon, 
forest = 50- to 70-year-old 
bottomland hardwoods on 
clay soil, bars = 95 percent 
confi dence intervals.


0


20


40


60


80


100


120


140


0-10 0-20 0-30 0-40 0-50


Depth of Sample (cm)


t C
/h


a
agriculture
(n=8)


forest (n=8)







29


Sampling Mineral Soil


Concentrations of soil chemicals generally are measured in air-dried soils, while bulk density must 
be measured in oven-dried soils (to 105 oC). It often is easier to take separate sets of cores when 
determining bulk density and carbon because the sample preparation differs for each. Fewer cores 
may be required to accurately estimate bulk density, which generally is less variable than soil-chemical 
properties.


Using the core sampler method, mineral soil samples are collected from within the area of the 
sampling frame after the forest fl oor has been removed. Because the carbon concentration of forest-
fl oor materials is much higher than that of the mineral soil, including even a small amount of surface 
organic material can result in a serious overestimation of mineral-soil carbon stocks.


Once the soil corer has been inserted into the soil to the desired depth, it is removed from the ground 
by pulling upward in a smooth vertical motion. The top and bottom (or bottom only depending 
on the coring tool used) of the core should be trimmed even with the rims. When taking cores 
for measurements of bulk density, care should be taken to avoid any loss of soil from the cores; 
if any material is lost, a second sample is needed. All material in the corer should be placed into 
appropriately labeled sample bags.


The excavation method entails digging a pit that is wide enough to collect the soil to the depth 
desired. A hand shovel can be used to collect material. The volume of soil from the sides of the pit 
must approximately equal the volume of a soil corer. It is important to collect material from the entire 
depth to avoid biasing the sample. Uniform rings can be used to sample the sides of the pit for bulk 
density, taking care not to compress the soil.


As with forest-fl oor samples, soil samples can also be sent to a professional lab for analysis. It is 
important that the selected laboratory follows standard procedures with respect to sample preparation 
(sieving at 2-mm mesh, grinding, etc.), drying temperatures, method for carbon analysis (dry 
combustion) and machine calibration and duplicate samples.


In determining bulk density, samples are dried in an oven at 105 oC for a minimum of 48 hr. If the 
soil contains coarse, rocky fragments, the fragments should be retained and weighed and the weights 
recorded.


In determining soil carbon, the material is sieved (2-mm sieve) and then mixed thoroughly. In the 
dry combustion method, a controlled-temperature furnace, e.g., LECO CHN-2000 or equivalent, is 
used3. This method is recommended for determining total carbon in the soil (Nelson and Sommers 
1996). Where carbonate minerals may be present, a dry-combustion method that includes use 
of a LECO RC-412 multicarbon analyzer is preferred (Amacher et al. 2003). Both organic and 
inorganic forms of carbon can be measured on the same mineral soil sample in one analytical run. An 
alternative is to remove any carbonates through acid treatment beforehand.


3The use of trade, fi rm, or corporation names in this report is for the information and convenience of the 
reader. Such use does not constitute an offi cial endorsement or approval by the U.S. Department of Agriculture 
or Forest Service of any product or service to the exclusion of others that may be suitable.
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As an alternative to the multicarbon analyzer, the dichromate oxidation method with heating, is 
acceptable for measuring organic carbon (Nelson and Sommers 1996). The pressure calcimeter 
method is effective in determining soil carbonates (Sherrod et al. 2002). The classic Walkley-Black 
method is unacceptable for determining organic carbon in soil due to incomplete wet combustion 
and other inaccuracies.


The bulk density of the mineral soil core is calculated by:


)/( PDRFCV


ODWb


−


=ρ


Where 


b  = Bulk density of the < 2mm fraction, (g/cm3)
ODW = Oven-dry mass of fi ne fraction (<2 mm) in g
CV  = Core volume (cm3)
RF = Mass of coarse fragments (> 2 mm) in g
PD = Density of rock fragments (g/cm3). This often is given as 2.65 g/cm3, though the 
actual value can be determined by submerging a known mass of coarse fragments in a known volume 
of water; the displacement gives an estimate of rock volume, which can be used to calculate density.


Data on bulk density and carbon concentrations are used to compute amounts of carbon per unit 
area. 


For the mineral soil, amounts of carbon per unit area are given by:


3( / ) [( , ( / ) ( ) % ) ] 100C t ha soil bulk density g cm soil depth cm C= × × ×


In this equation %C must be expressed as a decimal fraction; for example, 2.2 %C is expressed as 
0.022. In the following example, the mass of soil carbon per unit area is calculated.
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Estimating Net Change and Uncertainty
The type of activity infl uences how each carbon-stock component (Table 1) is integrated into an 
estimate of the net change in carbon stock at each monitoring interval. The activities listed in Table 
2 can be grouped into two classes. The fi rst class includes those that typically would be implemented 
on nonforested lands (afforestation, forest restoration, agroforestry, short-rotation biomass energy 
plantations, and mine-land reclamations). The other class includes activities implemented on existing 
forested land (forest management and forest preservation). This grouping has implications with 
respect to how measurements and estimations are integrated to obtain an estimate of the net change 
in total carbon stocks in the time interval.


Calculating Mass of  Soil Carbon per Unit Area


Mass of  carbon per unit volume is calculated by multiplying carbon concentration (reported 
as percent mass) times bulk density (g/cm3).  Bulk density equals the oven-dry weight of  
the soil core divided by the core volume.  For example, a core of  volume 94.2 cm3 (1-cm 
radius x 30-cm length cylinder) with a dry weight 144.06 yields a bulk density of  1.53 
g/cm3.  Referencing the sample depth, mass per unit area is calculated, which represents a 
corresponding volume of  soil. Thus, 


  Volume/ha = 100 m x 100 m x 0.3 m (sample depth) = 3 x 109 cm3 = 3,000 m3


  Mass/ha = 3 x 109 cm3 x 1.53 g/cm3 (bulk density) = 4.586 x 109 g = 4,586 tons 


A portion of  this volume is occupied by tree roots, which are accounted for separately. 
However, this fraction tends to be insignificant and is ignored here.


From within the same plot, the corresponding aggregate core analyzed for carbon 
concentration yields 0.8 percent mass carbon. Mass per unit area, 4,586 t/ha, calculated 
previously, multiplied by 0.8 percent yields equivalent 36.7 tons of  soil carbon/ha. A series 
of  sample calculations of  mass soil carbon is tabulated as follows:


Sample weight Volume Bulk density Volume/ha Mass/ha Carbon conc. Mass soil C


g cm3 g/cm3 cm3 tons % mass t/ha
144.06 94.2 1.53 3.E+09 4586 0.80 36.7
126.48 94.2 1.34 3.E+09 4026 0.82 33.0
146.95 94.2 1.56 3.E+09 4678 0.72 33.7
132.20 94.2 1.40 3.E+09 4208 0.90 37.9
147.39 94.2 1.56 3.E+09 4692 0.53 24.9
131.96 94.2 1.40 3.E+09 4200 1.39 58.4
115.95 94.2 1.23 3.E+09 3691 1.22 45.0
133.96 94.2 1.42 3.E+09 4264 1.09 46.5
115.59 94.2 1.23 3.E+09 3679 1.20 44.2
139.03 94.2 1.48 3.E+09 4425 0.76 33.6


Mean 39.4
95% CI 6.7







32


Activities on Nonforested Lands
All activities on nonforested lands typically begin on land that initially has low carbon stocks in 
vegetation (generally less than 2 tons/ha) and variable amounts in the soil. In each case, a sampling 
regime would be implemented that monitors each carbon-stock component. The task is then 
combining all the estimates of the carbon stock for each component to obtain an estimate of the net 
change in total carbon.


Using permanent plots, the carbon stock for living and standing dead trees above and below ground 
and downed dead wood of individual plots can be monitored through time. Therefore, the change in 
carbon stocks can be estimated directly at the plot level. In this case, the change in carbon stocks for 
the different components should be summed within plots to give a per-plot change in carbon stock 
(t C/ha). Plot-level results are then averaged to obtain the mean and 95-percent confi dence intervals. 
The mean change in carbon stocks per unit area is then multiplied by the area of the project activity 
to produce an estimate of the total change in carbon. If stratifi cation is used, this approach is repeated 
for each stratum and then all strata are summed to estimate the total. This total is converted to t CO2 
equivalent by multiplying by 3.67 (the value of 3.67 refl ects the ratio of molecular weights between 
carbon [12] and carbon dioxide [44]).


Soils, forest-fl oor and nontree vegetation are calculated separately as the statistics, number of 
sampling plots, and even the sampling interval may differ from the other components. The results 
from these measurements are analyzed to produce an estimate of the mean and the 95-percent 
confi dence interval. This estimate is added to create a system level mean and 95-percent confi dence 
interval. The total confi dence interval is calculated as:


Total 95% CI = √( [95%CIveg]
2 + [95%CIsoil]


2 + [95%CIforest fl oor]
2 +[95%CInon-tree vegetation]


2 )


Where


[95%CIveg] = 95-percent confi dence interval for vegetation, [95%CIsoil] = 95-percent confi dence 
interval for soil, etc.


If part of the afforested area is harvested, the sampling plots theoretically would monitor the change 
in live and dead biomass, but they would not monitor the amount going into wood products. As 
mentioned previously, wood products must be considered because the decrease in live biomass from 
harvesting does not mean that the equivalent amount of carbon went into the atmosphere—some of 
it could go into long-lived wood products. To correctly estimate the effects of harvesting on the net 
change in carbon stocks, the amount of wood biomass going into long-term wood products must be 
determined. This quantity and its estimated 95-percent confi dence interval would then be added to 
the total change. In the following example, the integration of all the components from permanent 
plots is given where the initial carbon stocks are of former cropland.
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If temporary plots are used to measure changes in carbon stocks, the mean and 95-percent confi dence 
interval of the carbon stock in each component across all plots is calculated at time 1 and time 2. The 
total carbon stock at each time interval is then estimated by summing the means for each component 
and the total error is estimated as:


Total 95% CI = √( [95%CIc1]
2 + [95%CIc2]


2 +………. [95%CIcn]
2 )


Where


[95%CIc1] = 95-percent confi dence interval for component 1, e.g., above-ground biomass, 
component 2, and so on for all components measured in the plots.


Calculating Net Change for the System


In this example of  afforestation activity on 500 ha of  former cropland, the baseline for 
carbon stocks is cropland with an average carbon stock in vegetation of  0.9 t C/ha. The 
following shows the change in carbon stock between years 1 and 10.


Plot 
number


 Change in carbon stocks 


SUM
Living biomass Dead organic matter 


Above-ground: trees Below-ground Dead wood


t C/ha t C/ha t C/ha t C/ha
Plot 1 12.1 2.4 0.1 14.6
Plot 2 11.5 2.3 0.0 13.8
…. … … … …
…. … … … …
Plot 31 12.6 2.5 0.1 15.1
Plot 32 10.9 2.2 0.1 13.2


Mean 13.9
95% CI 2.4


+ Nontree Vegetation 1.8
N-T V 95% CI 0.1
+ Forest Floor 0.2


F.F.  95% CI 0.1
 + Soil 0.5


Soil 95% CI 0.1
- Baseline Stock on Cropland 0.9


Baseline 95% CI 0.1
NET Change in Carbon Stock 15.5
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The change in carbon stock is calculated by subtracting the mean carbon stock at time 2 from that at 
time 1. The confi dence interval is calculated as:


Total 95% CI = √( [95%CItime1]
2 + [95%CItime2]


2 )


Where


[95%CItime1] = 95-percent confi dence interval for time 1 and [95%CItime2] = 95-percent confi dence 
interval for time 2.


The net change is calculated similarly for permanent plots by subtracting the initial carbon stocks 
(nearly zero if afforestation occurs on former cropland) from the carbon stocks that accrued at the 
time of measurement. Finally, the total carbon-stock change per unit area is multiplied by the total 
area to produce the estimated total change in carbon and confi dence interval for the area.


In this section we have focused on an activity with a single stratum. If the activity contained 
multiple strata, each would be calculated separately as described. Once the area-based carbon dioxide 
equivalents and confi dence levels are calculated for each stratum, the values can be combined to 
obtain total carbon stock or stock change for all carbon pools in all strata. The new confi dence 
interval for the combined strata would be estimated as:


Total 95% CI = √( [95%CIs1]
2 + [95%CIs2]


2 +………. [95%CIsn]
2 )


Where


[95%CIs1] = 95-percent confi dence interval for strata 1, strata 2, and so on for all strata measured in 
the project).


The methods presented here for calculating uncertainty in reported values are known as “error 
propagation.” Error propagation is simple and robust. However, these methods should be used with 
caution where there are:


Strong correlations between datasets (there is a signifi cant covariance), or


Uncertainties exceed 100 percent


In such cases it is statistically more appropriate to use a Monte Carlo analysis .4 In practice the 
difference in results attained through the two methods are small unless correlations and/or 
uncertainties are very high.


Guidance on analyzing uncertainty and propagating errors is found in Annex 1 of the “IPCC Good 
Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories” (2000; 
http://www.ipcc-nggip.iges.or.jp/public/gp/english/).


•


•


4The principle of Monte Carlo analyses is to perform the summing of uncertainties many times each time with 
the uncertain stocks or increments chosen randomly by Monte Carlo software from within the distribution 
of uncertainties input initially by the user.  Examples of Monte Carlo software include Simetar, @Risk, and 
Crystal Ball (www.simetar.com, www.palisade.com/html/risk.asp, www.crystalball.com).
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Activities on Forested Lands
Forest management consists of alternating periods of harvest and regrowth such that carbon stocks 
in forest biomass vary over time (Fig. 6). Changes in management practices also can increase carbon 
storage by changing the timing or intensity of harvest, reducing damage to the residual stand through 
more effi cient logging practices, switching from clearcutting to selective harvesting, or by creating or 
widening riparian buffer zones.


Initially, it is important to consider which carbon pools are important in forest management. Live 
vegetation, dead wood, and wood products are obvious examples. With the examples in Figure 6, 
the amount of dead wood could increase over time with a subsequent harvest. The amount of dead 
wood that accumulates through time is a function of the amount of slash left behind and the rate of 
decomposition of that slash. The larger the amount of slash and the slower the rate of decomposition, 
the larger the amount that accumulates. For preservation of mature forests, the dead-wood carbon 
stock can be highly signifi cant. Measuring soil organic carbon is marginally benefi cial at best in 
forest management. Soil carbon may be reduced slightly immediately following harvest (Laiho et al. 
2002, Carter et al. 2002), though any losses will be regained as the succeeding forest regrows with 
accompanying soil organic-matter inputs (Carter et al. 2002). The relative difference in postharvest 


Figure 6.—Carbon stocks associated with (top) complete harvest of forest 
followed by 25-year even-age management and (bottom) selective harvest of 
a similar forest.
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effects on soil carbon among different harvest intensities is slight and often undetectable (Carter et al. 
2002). As a result, additional soil sampling on projects on forested lands is not recommended.


An important additional consideration is storage of carbon in long-term wood products. Timber 
extracted from the forest is not immediately emitted to the atmosphere but is stored in wood 
products, often for many years. Guidance on wood products is included in the appendix to the 
technical guidelines for the 1605(b) process and in a publication by Smith et al. (2006).


Differences in the effects of clearcutting versus selective harvests on forest-ecosystem carbon stocks 
(Figure 6) affects the accuracy and precision of measuring and monitoring changes over time. There 
are two alternative methodologies for monitoring changes in carbon stocks: direct and indirect 
measurement.


Direct Measurement


Where the activity includes clearcutting, the simplest approach is to install sample plots and monitor 
the changes in carbon stocks as described previously. As shown in Figure 6, there will be periods 
of carbon accumulation and a period of carbon loss resulting in positive and negative changes in 
carbon stocks. With a well designed sampling regime, remeasurements will reveal shifts of preharvest 
living biomass to the dead wood pool (logging slash and collateral mortality) and subsequent 
decomposition over time, as well as regrowth, after harvest. Mean total carbon stocks and 95-percent 
confi dence intervals are calculated in the same way as for activities on nonforested lands.


Indirect Measurement


For selective cutting where harvest intensity per hectare is low, the required number of plots to 
capture the variation in harvested areas could be so large as to make measurement neither practical 
nor cost effective. In this case, it is possible to use targeted measurements plus the statistics of 
the relevant logging activity. It is more appropriate to measure the change in live biomass due to 
harvesting directly. The change in live biomass caused by logging is a result of the extraction of 
timber and damage to residual trees. Calculating carbon gains and losses by indirect measurement 
typically requires information on:


Total volume removed.


Area damaged (converted from living to dead biomass) per cubic meter removed.


Amount of slash and damage to residual stand per volume removed.


Rate of regrowth in the harvested areas relative to nonharvested areas (relative rate of carbon 
accumulation).


Decomposition rates of slash.


The change in carbon stocks using this approach is calculated as:


Δ live biomass C + Δ dead biomass C


•


•


•


•


•
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Where 


Δ is the change in carbon of live biomass and dead biomass caused by timber harvesting. Estimates of 
each term can be made annually or over longer periods.


The change in live biomass caused by logging is a result of the extraction of timber, slash from the 
harvested tree, and damage to residual trees, all of which will reduce live biomass or represent a 
negative quantity after harvest.


Δ live biomass C = ([biomass C from logging damage + C in timber extracted])


An additional component of the analysis is the relative rate of carbon accumulation during regrowth 
that applies to areas affected by timber extraction. This could be faster or slower in a logged than in 
an unlogged area. A stand is thinned to enhance the growth rate of the desired trees. However, from 
a stand perspective, the rate of carbon accumulation can be slower, faster, or the same because trees 
have been removed and damaged in the logged gaps. The default assumption is equal growth rates 
between logged and unlogged areas. For example, in a mixed tropical forest in Bolivia, measurements 
of nearly 100 paired logged and unlogged plots over 4 years showed no signifi cant difference in 
carbon accumulation rates between the two sets of plots (unpublished data).


In estimating the amount of damaged and dead biomass produced in the logging operations, fi eld 
plots are established around a harvested tree(s). The plot usually has dimensions equivalent to the gap 
of the harvested tree, which can be estimated by GPS. Data are collected on the initial diameter and 
height of the harvested tree, and the amount of volume removed is measured, as is the diameter of all 
trees that were severely damaged (snapped or uprooted) and presumed dead. Measurements in 100 
logged tree gaps ensure adequate precision. The measurements are then combined to produce a ratio 
of total amount of live biomass converted to dead biomass per unit mass of timber extracted.


The carbon in extracted timber enters wood products where it can remain fi xed for a prolonged 
period. Guidance is available for tracking carbon in wood products (Smith et al. 2006).


Δ dead biomass C = (dead biomass from logging damage and slash times the decomposition rate)


The slash and damaged wood are assumed to enter the dead wood pool, where they begin to 
decompose. Each year, dead wood is added from harvesting, though some is lost each year due to 
decomposition and resulting carbon emissions. Decomposition of dead wood is modeled as a simple 
exponential function based on mass of dead wood and a decomposition coeffi cient (proportion 
decomposed per year). Decomposition coeffi cients for major U.S. forest types are given in Table 
5. The change in carbon stocks of the slash and damaged wood can be measured in the fi eld, but 
this tends to be time consuming and costly. Mean total changes in carbon stocks and 95-percent 
confi dence intervals can be calculated in the same way as described earlier.
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Table 5.—Decomposition rate constants and half lives for down dead wood, 
by region and forest type


Region Forest type Decomposition 
ratea Half life


Year -1 Years
Pacifi c Northwest Douglas-fi r 0.022 31.5


Spruce-fi r 0.028 24.8
Hemlock-spruce 0.031 22.4
Lodgepole pine 0.041 16.9
Hardwoods 0.082 8.5
Ponderosa pine 0.017 40.8
Redwoods 0.014 49.5


Rocky Mountains Douglas-fi r 0.022 31.5
Ponderosa pine 0.017 40.8
Spruce-fi r 0.014 49.5
Larch 0.022 31.5
Lodgepole pine 0.023 30.1


South Oak-hickory 0.075 9.2
Oak-pine 0.060 11.6
Bottomland hardwood 0.112 6.2
Natural pine 0.056 12.4
Planted pine 0.056 12.4


Northeast White/red pine 0.042 16.5
Spruce-fi r 0.042 16.5
Oak-hickory 0.075 9.2
Maple-beech-birch 0.062 11.2


North Central White/red pine 0.042 16.5
Spruce-fi r 0.042 16.5
Maple-beech 0.082 8.5
Aspen-birch 0.082 8.5
Bottomland hardwood 0.112 6.2
Oak-hickory 0.060 11.6


aFrom Turner et al. 1993.


QUALITY ASSURANCE AND QUALITY CONTROL (QA/QC)
Measuring and monitoring requires provisions for quality assurance (QA) and quality control (QC) 
to be implemented via a QA/QC plan to ensure that the reported carbon units are reliable and meet 
minimum measurement standards. The plan should become part of the documentation and include 
procedures for: (1) collecting reliable fi eld measurements; (2) verifying laboratory procedures; (3) 
verifying data entry and analysis techniques; and (4) data maintenance and archiving.


QA/QC for Field Measurements
Collecting reliable fi eld measurements is an important step in the QA plan. Those responsible for the 
carbon measurement should be fully trained in all aspects of fi eld data collection and data analyses. It 
is wise to prepare Standard Operating Procedures (SOP) for each step of fi eld carbon measurements. 
These SOPs should detail all phases of the fi eld measurements so that the measurements can be 
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repeated. A document should be produced and fi led with the project documents verifying that all 
QA/QC steps have been taken.


Field crews should receive extensive training and be fully cognizant of all procedures and the 
importance of collecting accurate data. An audit program for fi eld measurements and sampling 
should be established. A typical audit program consists of three types of checks. During a hot check, 
auditors observe members of the fi eld crew during data collection on a fi eld plot (this is primarily 
for training purposes). Cold checks occur when fi eld crews are not present for the audit. Blind checks 
represent the complete remeasurement of a plot by the auditors. Hot checks allow the correction of 
errors in techniques. Measurement variance can be calculated through blind checks. When fi eldwork 
is completed, about 10 percent of the plots should be checked independently. Field data collected at 
this stage can be compared with the original data, and errors should be corrected and recorded. Errors 
can be expressed as a percentage of all plots that have been rechecked to provide an estimate of the 
measurement error.


QA/QC for Laboratory Measurements
The SOPs also should be prepared by the operating entity and followed for each part of the analyses. 
Typical steps for the SOP for laboratory measurements include calibrating combustion instruments 
for measuring total carbon or carbon forms using commercially available certifi ed carbon standards. 
Similarly, all balances for measuring dry weights should be calibrated periodically against known 
weights. Fine-scale balances should be calibrated by the manufacturer. Where possible, 10 to 20 
percent of the samples should be reanalyzed/reweighed to produce an error estimate. If a laboratory 
perform these steps, be sure to obtain a record of the procedure(s).


QA/QC for Data Entry
The proper entry of data into analysis spreadsheets is required. This step may be redundant if the fi eld 
data are collected in an electronic format. Ongoing communication between all personnel involved 
in measuring and analyzing data is critical for resolving apparent anomalies before fi nal analysis of the 
monitoring data is completed. If there are any anomalies that cannot be resolved, the plot should not 
be used in the analysis. Errors can be reduced if entered data are compared with independent data.


QA/QC for Data Archiving
Because of the relatively long-term nature of forestry activities, data archiving (maintenance and 
storage) is important and should include the following steps:


Original copies of the fi eld measurement (data sheets or electronic fi les) and laboratory data 
should be maintained in original form, placed on electronic media, and stored in a secure 
location.


Copies of all data analyses, models, the fi nal estimate of the amount of carbon sequestered, 
GIS products, and a copy of the measuring and monitoring reports also should all be stored 
in a secure location (preferably offsite).


Given the period for reporting and the pace of production of updated versions of software and new 
hardware for storing data, electronic copies of the data and report should be updated periodically or 
converted to a format that can be accessed by new or updated software.


•


•
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Abstract
This study presents techniques for calculating average net annual additions to carbon in 
forests and in forest products. Forest ecosystem carbon yield tables, representing stand-
level merchantable volume and carbon pools as a function of stand age, were developed for 
51 forest types within 10 regions of the United States. Separate tables were developed for 
afforestation and reforestation. Because carbon continues to be sequestered in harvested 
wood, approaches to calculate carbon sequestered in harvested wood products are included. 
Although these calculations are simple and inexpensive to use, the uncertainty of results 
obtained by using representative average values may be high relative to other techniques that 
use site- or project-specific data. The estimates and methods in this report are consistent with 
guidelines being updated for the U.S. Voluntary Reporting of Greenhouse Gases Program 
and with guidelines developed by the Intergovernmental Panel on Climate Change. The CD-
ROM included with this publication contains a complete set of tables in spreadsheet format.
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Preface
In 2002, President George W. Bush directed the Department of Energy and the 
Department of Agriculture to revise the system for reporting and registering reductions 
in greenhouse gas emissions. Increasing carbon sequestration by forests and harvested 
products is equivalent to reducing emissions, and represents a signifi cant opportunity for 
the private sector to voluntarily take action. Rules and guidelines are needed to provide a 
basis for consistent estimation of the quantity of carbon sequestered and emissions reduced 
by forestry activities, and can be used to determine the value of tradable credits. The value 
of registered carbon credits can provide increased income for landowners, support rural 
development, and facilitate sustainable forest management.


Many prospective reporting entities require information and decision-support software to 
evaluate prospects and develop plans for implementing forestry activities, and to estimate 
rates of carbon sequestration for reporting purposes. Estimating the quantity of carbon 
sequestered could be a diffi cult and expensive task, possibly requiring the establishment of 
a monitoring system based on remote sensing, fi eld measurements, and models. However, 
there are situations for which a simpler estimation process is acceptable, requiring only a 
basic familiarity with defi nitions and accounting rules.


In practice, reporters may choose the simplest available methods that provide estimates 
with a degree of accuracy that meets reporting objectives. The information provided 
in this publication can be used to estimate carbon emissions, emission reductions, or 
sequestration about a forestry activity—data on the forest area affected, type of activity, 
and region of interest. The quality of the results will depend largely on the quality of the 
activity data and how closely actual activities are refl ected in the factors. The intent in 
providing this information is to provide consistent and reliable estimates and to simplify 
the reporting process.


The tables in this publication represent signifi cant updates of similar tables used for more 
than a decade to analyze forest carbon sequestration activities (Birdsey 1996). Since the 
previous tables were published, advances have been made in methods that estimate how 
various carbon components of forest ecosystems change over time, and how carbon in 
harvested products is retained in use or emitted to the atmosphere. This publication 
further documents the General Guidelines for reporting greenhouse gas infor ma tion under 
Section 1605(b) of the Energy Policy Act of 1992.


Richard A. Birdsey 


Richard A. Birdsey
Northern Global Change Program Manager
Forest Service 1605(b) Team Leader
U.S. Department of Agriculture







1


Introduction
International agreements recognize forestry activities 
as one way to sequester carbon, and thus mitigate the 
increase of carbon dioxide in the atmosphere; this may 
slow possible climate change effects. The United States 
initiated a voluntary reporting program in the early 
1990’s (U.S. Dep. Energy 2005). A system for developing 
estimates of the quantity of carbon sequestered in forest 
stands and harvested wood products1 throughout the 
United States is a vital part of the voluntary program. 
This system must be relatively easy to use, transparent, 
economical, and accurate. In this publication, we present 
methods and regional average tables that meet these 
criteria.


Carbon is sequestered in growing trees, principally 
as wood in the tree bole. However, accrual in forest 
ecosystems also depends on the accumulation of carbon 
in dead wood, litter, and soil organic matter. When wood 
is harvested and removed from the forest, not all of the 
carbon fl ows immediately to the atmosphere. In fact, the 
portion of harvested carbon sequestered in long-lasting 
wood products may not be released to the atmosphere for 
years or even decades. If carbon remaining in harvested 
wood products is not part of the accounting system, 
calculation of the change in carbon stock for the forest 
area that is harvested will incorrectly indicate that all 
the harvested carbon is released to the atmosphere 
immediately. Failing to account for carbon in wood 
products signifi cantly overestimates emissions to the 
atmosphere in the year in which the harvest occurs. 


We adopted the approach of Birdsey (1996), who 
developed tables of forest carbon stocks and carbon in 
harvested wood to provide basic information on average 
carbon change per area. The tables are commonly referred 
to as “look-up tables” because users can identify the 
appropriate table for their forest, and look up the average 
regional carbon values for that type of forest. We have 
updated the tables by using new inventory surveys, forest 


carbon and timber projection models, and a more precise 
defi nition of carbon pools. We also include additional 
forest types and background information for customizing 
the tables for a user’s specifi c needs.


The look-up tables are categorized by region, forest 
type, previous land use, and, in some cases, productivity 
class and management intensity. Users must identify 
the categories for their forest, estimate the area of 
forestland, and, if needed, characterize the amount of 
wood harvested from the area in a way that is compatible 
with the format of the look-up tables. The average 
carbon estimates per area in the look-up tables must 
be multiplied by the area or, as appropriate, harvested 
volumes, to obtain estimates in total carbon stock or 
change in carbon stock.


The estimates in the look-up tables are called “average 
estimates,” indicating that they should be used when it 
is impractical to use more resource-intensive methods 
to characterize forest carbon, that is, particularly when 
more specifi c information is not available. Because these 
tables represent averages over large areas, the actual 
carbon stocks and fl ows for specifi c forests, or projects, 
may differ. The look-up tables should not be used when 
conditions for a project or site differ greatly from the 
classifi cations specifi ed for the tables. Some users may 
require an alternative to an “all-or-nothing” use of the 
tables because they may have some information and need 
to use the tables to supplement, or fi ll in gaps, in carbon 
stocks. Alternatively, users may require slight alterations 
to the tabular data provided. Therefore, we also include 
the underlying assumptions and appropriate citations so 
that the tables can be adjusted to data availability and 
information requirements of individual activities.


The focus of this document is to explain the 
methodology in a transparent way and present sets of 
look-up tables for quantifying forest carbon when site-
specifi c information is limited. In the sections that follow, 
we introduce the tables and provide general guidance 
for their use. First, tables of forest ecosystem carbon 
are presented; these are followed by tables to calculate 
the disposition of carbon in harvested wood products. 
Additional information on methods and data sources 


1Traditionally, the phrase “forest products” includes paper, but 
the phrase “wood products” does not.  The literature for forest 
carbon has not recognized this distinction.  Thus, we use the 
phase “wood products” to include all forest products including 
paper.
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follows these tables. This organization 
was adopted so that readers interested in 
using the tables can do so quickly.  Both 
metric and English units are used for 
measures of area and volume.2 However, 
all values for carbon mass are expressed 
in metric units—tonnes (t)—unless 
specifi ed otherwise. English units are 
included because most of the necessary 
input quantities are commonly expressed 
in units such as cubic feet/acre (for stand-
level growing-stock volume) or thousand 
square feet of ⅜-inch plywood (a primary 
wood product), for example. Carbon 
stocks and stock changes are usually 
discussed and reported in metric units 
of carbon mass; this can lead to carbon 
in forests expressed as tonnes/hectare or 
in the United States as metric tons/acre. 
The forest ecosystem carbon tables are 
in Appendices A, B, and C; ancillary 
information on carbon in harvested wood 
is in Appendix D. Spreadsheet versions of the tables are 
on the CD-ROM that is included with this publication.


Forest Ecosystem Carbon Tables
Tables of estimates of forest carbon stock are provided for 
common forest types within each of 10 U.S. regions (Fig. 
1). Six distinct forest ecosystem carbon pools are listed: 
live trees, standing dead trees, understory vegetation, 
down dead wood, forest fl oor, and soil organic carbon. 
These pools are defi ned in Table 1. An example of the 
forest ecosystem tables is provided as Table 2, with 
the complete set in Appendices A and B. The fi rst two 
columns in each table are age and growing-stock volume; 
the remaining columns represent carbon stocks for 
the various carbon pools and are dependent on age or 
growing-stock volume. Pools are quantifi ed as carbon 
densities, that is, tonnes per unit area (acres or hectares).


The use of the tables can be summarized in three steps: 
1) identify the most appropriate table for the particular 
carbon sequestration project; 2) extract the tabular 
information required for estimating carbon sequestration 
by the project; and 3) complete any necessary custom 
modifi cations or post-processing needed to suit data 
requirements. The information in the tables is based 
on a national-level, forest carbon accounting model 
(FORCARB2; Heath and others 2003, Smith and others 
2004a), a timber projection model (ATLAS; Mills and 
Zhou 2003, Mills and Kincaid 1992, updated for Haynes 
2003), and the USDA Forest Service, Forest Inventory 
and Analysis (FIA) Program’s database of forest surveys 
(FIADB; USDA For. Serv. 2005, Alerich and others 
2005). Details are provided in the methods section.


The two basic sets of tables in Appendices A and B differ 
only with respect to assumptions associated with previous 
land use. The fi rst set displays carbon stocks on forest 
land remaining forest land, also called “reforestation” or 
“regrowth” of a stand following a clearcut harvest (Table 
2, for example, and Appendix A). The second set displays 
accumulation of carbon stocks for a stand established 


2A tonne (t) is defi ned as 106 grams, or 2,204.62 pounds 
(lb). Other metric and English equivalents include 0.404686 
hectare (ha) = 1 acre (ac), 2.54 centimeter (cm) = 1 inch (in), 
0.0283168 cubic meter (m3) = 1 cubic foot (ft3), and 0.907185 
tonne = 1 short ton = 2,000 pounds.


Figure 1.—Defi nition of regions:  Pacifi c Northwest, West (PWW); Pacifi c 
Northwest, East (PWE); Pacifi c Southwest (PSW); Rocky Mountain, North 
(RMN); Rocky Mountain, South (RMS); Northern Prairie States (NPS); Northern 
Lake States (NLS); Northeast (NE); South Central (SC); and Southeast (SE).  
Note that regions are merged for some tables, these combinations include:  NLS 
and NPS as North Central; PWW, PWE, and PSW as Pacifi c Coast; RMN and 
RMS as Rocky Mountain; SC and SE as South; and RMN, RMS, PWE, and 
PSW as West (except where stated otherwise).
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Forest ecosystem carbon pools


Live trees Live trees with diameter at breast height (d.b.h.) of at least 2.5 cm (1 inch), including 
carbon mass of coarse roots (greater than 0.2 to 0.5 cm, published distinctions between 
fi ne and coarse roots are not always clear), stems, branches, and foliage. 


Standing dead
    trees 


Standing dead trees with d.b.h. of at least 2.5 cm, including carbon mass of coarse roots, 
stems, and branches.


Understory
    vegetation 


Live vegetation that includes the roots, stems, branches, and foliage of seedlings (trees 
less than 2.5 cm d.b.h.), shrubs, and bushes.


Down dead
    wood 


Woody material that includes logging residue and other coarse dead wood on the 
ground and larger than 7.5 cm in diameter, and stumps and coarse roots of stumps.


Forest fl oor Organic material on the fl oor of the forest that includes fi ne woody debris up to 7.5 
cm in diameter, tree litter, humus, and fi ne roots in the organic forest fl oor layer above 
mineral soil.


Soil organic
    carbon


Belowground carbon without coarse roots but including fi ne roots and all other organic 
carbon not included in other pools, to a depth of 1 meter.


Categories for disposition of carbon in harvested wood 


Products in use End-use products that have not been discarded or otherwise destroyed, examples include 
residential and nonresidential construction, wooden containers, and paper products.


Landfi lls Discarded wood and paper placed in landfi lls where most carbon is stored long-term 
and only a small portion of the material is assumed to degrade, at a slow rate.


Emitted with
    energy capture


Combustion of wood products with concomitant energy capture as carbon is emitted to 
the atmosphere.


Emitted without
    energy capture


Carbon in harvested wood emitted to the atmosphere through combustion or decay 
without concomitant energy recapture.


Table 1.—Classifi cation of carbon in forest ecosystems and in harvested wood


Table 2.—Example reforestation table with regional estimates of timber volume and carbon 
stocks on forest land after clearcut harvest for maple-beech-birch stands in the Northeast


Age
Mean


volume


Mean carbon density


Live tree
Standing 
dead tree


Under-
story


Down 
dead wood


Forest 
fl oor


Soil 
organic


Total 
nonsoil


years m3/ha --------------------------------------tonnes carbon/hectare-------------------------------------
0 0.0 0.0 0.0 2.1 32.0 27.7 69.6 61.8
5 0.0 7.4 0.7 2.1 21.7 20.3 69.6 52.2


15 28.0 31.8 3.2 1.9 11.5 16.3 69.6 64.7
25 58.1 53.2 5.3 1.8 7.8 17.6 69.6 85.7
35 89.6 72.8 6.0 1.7 6.9 20.3 69.6 107.8
45 119.1 87.8 6.6 1.7 7.0 23.0 69.6 126.0
55 146.6 101.1 7.0 1.7 7.5 25.3 69.6 142.7
65 172.1 113.1 7.4 1.7 8.2 27.4 69.6 157.7
75 195.6 123.8 7.7 1.7 8.8 29.2 69.6 171.2
85 217.1 133.5 7.9 1.7 9.5 30.7 69.6 183.2
95 236.6 142.1 8.1 1.7 10.1 32.0 69.6 193.9


105 254.1 149.7 8.3 1.6 10.6 33.1 69.6 203.4
115 269.7 156.3 8.5 1.6 11.1 34.2 69.6 211.7
125 283.2 162.1 8.6 1.6 11.5 35.1 69.6 218.8
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on land that was not forest, called “afforestation” 
(Appendix B). The separate set of afforestation tables 
accounts for lower carbon densities of down dead wood, 
forest fl oor, and soil carbon in the initial years after 
forest establishment on nonforest land. However, as 
stands mature, the level of carbon stocks in these pools 
approaches the regional averages represented in the 
reforestation tables.


The tables in Appendices A and B provide estimates 
of carbon stock. The net change in carbon stock 
(sometimes called fl ux) associated with a growing forest 
can be determined by dividing the difference between 
two carbon stocks by the time interval between them. 
(See Examples 1 and 2 for information on using these 
tables.)


Example 1.—Obtain values for carbon stock and net stock change for stands of maple-
beech-birch in the Northeast.


Use Table 2 to determine values for live tree carbon stock at years 25 and 45 and calculate net 
stock change over the interval.


Reading directly from the table, live tree carbon stocks are 53.2 and 87.8 t/ha for years 25 and 
45, respectively.


Net annual stock change in live tree carbon between year 25 and 45, which is from the 
difference in stocks divided by the length of the interval between stocks:


 Net annual stock change = (87.8 – 53.2) / 20 = 1.7 t/ha/yr


The positive value for stock change indicates a net increase in carbon over the interval; this is 
consistent with the sign convention used for net stock change in this document. This tabular 
approach is applicable to all carbon pools in Appendices A, B, and C. Users must fi rst classify 
the forest of interest and choose the most appropriate table.


Example 2.—Obtain an estimate of carbon stock when the value is not explicitly 
provided on a table, for stands of maple-beech-birch in the Northeast.


Use Table 2 to calculate live tree carbon stock of a stand with volume of wood (growing-stock 
volume) of 150 m3/ha. This value is obtained by linearly interpolating between rows 7 and 8 
of Table 2. The estimate of live tree carbon is between rows 7 and 8 because 150 m3/ha is also 
between those two rows, and live tree carbon is a function of volume (Fig. 2).


Linear interpolation identifi es a value for carbon stock between 101.1 and 113.1 t/ha that is 
linearly proportional to the position of 150 between 146.6 and 172.1 (from rows 7 and 8 of 
Table 2).


Live tree carbon (if volume is 150 m3/ha)
 = (150.0 - 146.6) / (172.1 - 146.6) × (113.1 - 101.1) + 101.1
 = 0.133 × 12.0 +101.1 = 102.7 t/ha


The value 0.133 means the carbon stock is 13.3 percent of the distance between the two 
stocks listed on the table, 101.1 and 113.1 t/ha.
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Modifi cations to Forest Ecosystem 
Tables
The forest ecosystem tables provide regional 
averages as scenarios of forest growth and 
carbon accumulation, but they need not 
be used as the sole source of information 
on forest yield or carbon. For instance, 
a landowner may independently acquire 
estimates of growth or carbon accumulation 
that are specifi c to a particular carbon 
sequestration project. In this case, an 
appropriate use of the tables is to combine 
available data and to selectively use columns 
of carbon stocks to fi ll gaps in information.


Users must have a general understanding of 
the relationships between the columns of 
the table to most appropriately substitute 
site-specifi c information for a carbon pool. 
Some columns can be viewed as independent 
or dependent variables, depending on the 
carbon pool of interest. If new data are 
incorporated in a table, any dependent 
columns (carbon pools) probably will require 
minor adjustments (recalculations). Figure 2 
illustrates the basic relationships underlying calculations 
of carbon stock. Stand age and growing-stock volume 
are from the ATLAS model and based on FIA data such 
that they refl ect region, forest type, and typical forest 
management regimes. Pools of live and standing-dead 
tree carbon are estimated directly from growing-stock 
volume. Carbon stocks of understory or down dead wood 
are estimated directly from live tree carbon and are only 
indirectly affected by growing-stock volume. 


Growing-stock volume (stand volume in Figure 2) is the 
merchantable volume of wood in live trees as defi ned by 
FIA (Smith and others 2004c, Alerich and others 2005). 
Briefl y, trees contributing volume to this stand-level 
summary value are commercial species that meet specifi ed 
standards of size and quality or vigor. Users with other 
volume estimates for their stands must consider how to 
translate the volumes to be consistent with growing-stock 
volume. Thus, a landowner interested in applying these 
carbon estimates to another growth table should link 


tree carbon from the tables presented here to the new 
(separately obtained) estimates of growing-stock volume 
rather than to stand age (see Example 3). The methods 
section further explains how to use selected carbon pools 
from the table.


Tables for Harvested Wood 
Products Carbon
Harvested wood products serve as reservoirs of carbon 
that are not immediately emitted to the atmosphere at 
the time of harvest. The amount of carbon sequestered 
in products depends on how much wood is harvested 
and removed from the forest, to what products the 
harvested wood is allocated, and the half-life of wood in 
these products (Row and Phelps 1996, Skog and others 
2004). The central focus of the carbon in harvested wood 
products estimates is the carbon change from two pools: 
carbon in products in use and carbon in landfi lls. Carbon 
in harvested wood is initially processed or manufactured 
into primary wood products, such as lumber and paper. 


Figure 2.—Graphs indicating the basic relationships between the 
components of the forest ecosystem carbon tables. Figures are not drawn 
to scale; numerical representation for each graph is available from the 
tables. Dashed lines are qualitative representation of where afforestation 
tables (Appendix B) differ from the reforestation tables (Appendix A). Note 
that stand volume refers to growing-stock volume of live trees.
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Example 3.—Modify a table to include independently obtained information about a forest 
carbon project


In this example, assume you have a project with loblolly pine established after clearcut harvest on 
existing forest land in the South Central region. The volume yields (Wenger, 1984) are:


Age
Mean


volume


years m3/ha


0 0.0
10 30.6
15 122.6
20 187.9
25 238.9
30 277.9


The appropriate carbon table is Table A47, which is partially duplicated for this example. The 
goal is to construct a hybrid table from the new growth and yield estimates (columns 1-2) and the 
appropriate estimates for each of the carbon pools (columns 3-8).


A47.—Regional estimates of timber volume and carbon stocks for loblolly and shortleaf pine 
stands on forest land after clearcut harvest in the South Central


Age
Mean


Volume


Mean carbon density


Live tree
Standing 
dead tree


Under-
story


Down 
dead 
wood


Forest 
fl oor


Soil 
organic


Total 
nonsoil


years m3/ha --------------------------------- tonnes carbon/hectare-------------------------------
0 0.0 0.0 0.0 4.2 9.2 12.2 41.9 25.6
5 0.0 10.8 0.7 4.7 7.7 6.5 41.9 30.3


10 19.1 23.1 1.3 3.9 6.8 6.4 41.9 41.5
15 36.7 32.4 1.6 3.5 6.2 7.5 41.9 51.2
20 60.4 42.2 1.8 3.3 5.9 8.7 41.9 61.9
25 85.5 52.0 2.0 3.1 5.8 9.8 41.9 72.8
30 108.7 59.6 2.1 3.0 5.8 10.7 41.9 81.2
35 131.2 66.6 2.3 2.9 5.9 11.5 41.9 89.1
40 152.3 73.1 2.3 2.9 6.0 12.2 41.9 96.4


To construct the modifi ed table, copy the fi rst two columns directly from the new yield table and then 
interpolate some of the carbon pool densities from Table A47. Estimates for live- and standing dead 
trees are dependent on growing-stock volume (as indicated in Fig. 2). These values can be determined 
by linear interpolation as described in Example 2. Similarly, understory and down dead wood 
stocks, which are dependent on the updated live tree carbon stocks (Fig. 2), can be determined by 
interpolation. For example, the value of down dead wood carbon stock in row two is based on linearly 
interpolating between rows three and four of Table A47, that is, down dead wood = (29.2 - 23.1) / 
(32.4 - 23.1) × (6.2 - 6.8) + 6.8 = 6.4 t/ha. Interpolation is not necessary for estimates of forest fl oor 
or soil organic carbon. Forest fl oor is a function of stand age, and soil organic carbon is 41.9 t/ha.
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The resulting modifi ed defaults for South Central loblolly pine based on separately obtained growth 
and yield:


Age
Mean


volume


Mean carbon density


Live tree


Standing 
dead 
tree


Under-
story


Down 
dead 
wood


Forest 
fl oor


Soil 
organic


Total 
nonsoil


years m3/ha ----------------------------------------- tonnes carbon/hectare---------------------------------------
0 0.0 0.0 0.0 4.2 9.2 12.2 41.9 25.6


10 30.6 29.2 1.5 3.6 6.4 6.4 41.9 47.1
15 122.6 63.9 2.2 2.9 5.8 7.5 41.9 82.3
20 187.9 83.7 2.5 2.8 6.3 8.7 41.9 104.0
25 238.9 98.2 2.7 2.6 7.0 9.8 41.9 120.3
30 277.9 109.1 2.8 2.6 7.6 10.7 41.9 132.8


These are then incorporated into end-use products, such 
as houses and newspapers. Intact primary and end-use 
products are considered “in use” until they are discarded, 
and a portion of these discarded products go to landfi lls. 
Additionally, a portion of carbon initially sequestered 
as products is eventually returned to the atmosphere 
through mechanisms such as combustion and decay. 
This emitted carbon is classifi ed according to whether 
it occurred through a process of combustion with some 
concomitant energy recapture. This distinction between 
the two paths for carbon emitted to the atmosphere is 
included to assess potential displacement of other fuel 
sources. The four categories for the disposition of carbon 
in harvested wood are defi ned in Table 1. Note that the 
carbon in the four categories sum to 100 percent of the 
carbon harvested and removed from the forest. 


The path that transforms trees-in-forests to wood-in-
products can be described by the diagram in Figure 
3. Quantities defi ned for the fi rst three boxes in the 
diagram can serve as starting points, or data sources, for 
determining the disposition of carbon in wood products. 


Consistent with this, we provide factors for starting 
calculations of carbon in harvested wood products on the 
bases of forestland, the amount of industrial roundwood 
harvested, or the quantity of primary wood products 
produced by mills, depending on the data available (see 
defi nitions and details in the methods section). The 
forestland, or land-based, estimates are an extension of 
the forest ecosystem tables presented above. The other 
two starting points can be classifi ed as product-based 
calculations, which are based on harvested logs or the 
output of mills. It is important to note that calculations 
from all three starting points (Fig. 3) focus on the same 
quantities of products in use or in landfi lls, and they all 
rely on the same model of allocation and longevity of end 
uses. They differ only in the level of detail available as the 
principal source of information on harvested wood—the 
path from input data to fi nal disposition (Fig. 3). In the 
methods section, we provide the interrelated methods 
for calculating carbon in harvested wood for each of 
these starting points. Additionally, Appendix D provides 
background data and details on these calculations for 
wood products. 
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Land-Based Estimates
The land-based estimates are provided as an additional 
set of forest ecosystem tables with harvest scenarios, 
which provide carbon estimates for harvested wood 
products over an interval after harvest (see Table 3 and 
Appendix C). At harvest, a large portion of carbon in 
tree biomass is allocated to the harvested wood pools, 
a second portion is assumed to decay rapidly after 
harvest (emitted at harvest), and the remainder stays 
on site in the forest as down dead wood or forest fl oor. 
The “emitted at harvest” carbon is assumed emitted at 
site soon after harvest; this is included to distinguish it 
from the two products emissions categories, which are 
emissions associated with processing, use, or disposal of 
harvested wood after removal from the site. Tree biomass 
allocated to harvested wood is removed from the site 
for processing, and it is allocated to the four disposition 
categories defi ned in Table 1. Changes in the allocation 
of this pool of harvested carbon among the categories are 
tracked over time following harvest (see columns 10, 11, 
12, and 13 of Table 3). Note that the harvested products 
carbon pools are also quantifi ed as carbon densities, that 
is, tonnes per unit area (acres or hectares), because they 
are derived from land-based carbon densities.


These land-based estimates of carbon in harvested 
wood need not be limited to the examples in Table 3 or 
Appendix C. Similar calculations are possible for other 
harvest quantities, stand ages, or forest types. Factors 
for estimating and allocating harvested carbon from the 
forest ecosystem tables are included in Tables 4, 5, and 6. 
These are used to calculate the disposition of carbon in 
harvested wood products (see Example 4). The stand-
level volume of growing stock in live trees, such as 172.1 
m3/ha in Table 3, is used as a starting point to estimate 
total carbon in harvested wood. Growing-stock volume 
from the ecosystem table is converted to categories of 
industrial roundwood carbon mass according to factors 
in Tables 4 and 5. The disposition of this carbon in 
wood products is then allocated according to Table 6. 
Additional information on the use or adaptation of the 
harvest scenario tables can be found in the methods 
section that follows, Example 4, and Appendix D.


Product-Based Estimates
Harvest information is often available in the form of 
wood delivered to mills or the output of mills. These 
product amounts may be used as the starting point for 
calculating the disposition of carbon. Specifi cally, these 
starting points are industrial roundwood logs or primary 


Figure 3.—The transition of carbon 
in forest trees to end-use products 
represented by a sequence of distinct 
pools separated by processes 
that move carbon between pools. 
Calculations of carbon in harvested 
wood products may start with any of 
the fi rst three pools: trees in forests, 
industrial roundwood, or primary 
wood products.
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wood products (such as lumber, panels, or paper) 
as indicated in Figure 3. Thus, quantities are of 
total carbon and not directly linked to forest area. 
The disposition of carbon in products based on 
an initial quantity, or carbon mass, of industrial 
roundwood is allocated according to Table 6. 
The specifi c carbon content of primary wood 
products is calculated from factors in Table 7. 
The disposition of carbon over time for these 
primary products is according to factors in Tables 
8 and 9, which provide the fractions of carbon 
from original primary products that remain in 
use or in landfi lls, respectively. Again, additional 
information on the use or adaptation of the tables 
for product-based calculations can be found in 
the section that follows, Examples 5 and 6, and 
Appendix D.


Methods and Data Sources 
for Tables
The purpose of this section is to provide detailed 
information on data sources, models, and 
assumptions used in developing the tables or 
calculations described earlier. Also, we outline 
linkages between the carbon calculations. These 
further illustrate how the tables were developed 
and updated, how the methods were applied, and 
provide information needed to further modify or 
customize the tabular carbon summaries. 


In these tables, we provide estimates for as 
many as ten carbon pools. Forest structure 
provides a convenient modeling framework for 
assigning carbon to one of six distinct forest 
ecosystem pools: live trees, standing dead trees, 
understory vegetation, down dead wood, forest 
fl oor, and soil organic carbon (Table 1). These 
pools are consistent with guidelines of the 
Intergovernmental Panel on Climate Change 
(Penman and others 2003). The disposition 
of carbon in harvested wood is summarized in 
four categories that describe the end-fate of the 
harvested wood: products in use, landfi lls, emitted 
with energy capture, and emitted without energy 
capture (see defi nitions in Table 1).Ta
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Example 4.—Calculate carbon in harvested wood products remaining in use at 15 years after harvest 
based on volume of growing stock at time of harvest


Starting with an example from the Pacifi c Northwest, we will calculate the disposition of carbon in harvested 
wood products that are still in use at 15 years after harvest from the Douglas-fi r forest described in Table C12. 
More specifi cally, we will show the steps involved to calculate that 53.3 t/ha of harvested carbon are in use at 15 
years after harvest, starting from a harvested growing-stock volume of 718.8 m3/ha (Table C12). We use factors 
from Tables 4, 5, and 6. These calculations are land-based estimates of carbon in harvested wood products 
based on the “trees in forests” starting point identifi ed in Figure 3. Additional details on expanding these 
calculations to other harvested wood categories within the table or to other forest types are in Appendix D.


The sequence of steps required to determine carbon in use at year 15 are: 1) convert growing-stock volume to 
carbon mass according to four categories; 2) convert carbon in growing-stock volume to carbon in industrial 
roundwood; and 3) determine carbon remaining in products at the appropriate year.


Step 1: We assume that an average harvest for a forest type group produces roundwood logs that can be 
classifi ed as softwood or hardwood as well as saw logs and pulpwood. The conversion from volume of wood to 
carbon mass depends on the specifi c carbon content of wood. Factors in Table 4 are used to allocate the 718.8 
m3/ha of growing-stock volume to four separate classes of carbon. For example, carbon in the softwood saw log 
part of growing-stock volume is the product of: growing-stock volume, the softwood fraction of growing-stock 
volume, the saw log fraction of softwood, softwood specifi c gravity, and the carbon fraction of wood, which is 
50 percent carbon by dry weight. The calculations from Table 4 are:


 Softwood saw log carbon in growing-stock volume
 = 718.8 × 0.959 × 0.914 × 0.440 × 0.5 = 138.61 t/ha
 Softwood pulpwood carbon in growing-stock volume
 = 718.8 × 0.959 × (1 – 0.914) × 0.440 × 0.5 = 13.04 t/ha
 Hardwood saw log carbon in growing-stock volume
 = 718.8 × (1 – 0.959) × 0.415 × 0.426 × 0.5 = 2.61 t/ha
 Hardwood pulpwood carbon in growing-stock volume
 = 718.8 × (1 – 0.959) × (1 – 0.415) × 0.426 × 0.5 = 3.67 t/ha


Thus, total carbon stock in 718.8 m3/ha of growing-stock volume is 183.60 t/ha.


Step 2: We need to represent carbon in these four categories in terms of carbon in industrial roundwood, which 
excludes bark and fuelwood. However, not all growing-stock volume is removed from the site of harvest as 
roundwood, and some industrial roundwood is from non-growing stock sources. Factors in Table 5 are used to 
obtain carbon in industrial roundwood. For example, carbon in industrial roundwood is the product of: carbon 
in growing-stock volume, the fraction of growing-stock volume that is removed as roundwood, and the ratio of 
industrial roundwood to growing-stock volume removed as roundwood. The calculations from Table 5 are:


 Softwood saw log carbon in industrial roundwood = 138.61 × 0.929 × 0.965 = 124.26 t/ha
 Softwood pulpwood carbon in industrial roundwood = 13.04 × 0.929 × 1.099 = 13.31 t/ha
 Hardwood saw log carbon in industrial roundwood = 2.61 × 0.947 × 0.721 = 1.78 t/ha
 Hardwood pulpwood carbon in industrial roundwood = 3.67 × 0.947 × 0.324 = 1.13 t/ha


 Thus, total carbon stock in industrial roundwood is 148.36 t/ha.


Step 3: The disposition of carbon in harvested wood products is described by Table 6, which allocates carbon 
according to region, industrial roundwood category, and years since harvest and processing. The allocation 
factors for product in use at year 15 for Pacifi c Northwest, West apply here. The two hardwood categories 
are pooled in this region. The calculation for carbon density of products in use is the sum of the products of 
industrial roundwood carbon and the corresponding allocation factor, these are:


 Carbon in products in use at year 15
 = (124.26 × 0.423) + (13.31 × 0.020) + ((1.78 + 1.03) × 0.174) = 53.33 t/ha.
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Forest Ecosystem Carbon
Forest ecosystem carbon is signifi cantly affected by the 
following factors: region of the United States, forest 
type, previous land use, management, and productivity. 
The development and format of the tables are based on 
Birdsey (1996): current stand-level carbon and growth-
and-yield models were compiled as forest carbon yield 
tables. Forest types correspond to defi nitions in the 
FIADB and represent common productive forests within 
each region.


The fi rst two columns in each forest ecosystem table 
represent an age-volume relationship (also known as 
a yield curve) based on information from the timber 
projection model ATLAS (Mills and Kincaid 1992 
with updates for Haynes 2003). ATLAS uses data on 
timber growth and yield and FIA data to develop a set of 


tables of growing-stock volume for projecting large-scale 
forest inventories representing U.S. forests for various 
policy scenarios. The yields (age-volume) represented in 
Appendices A, B, and C are broad averages; the basic set is 
from the appendix tables in Mills and Zhou (2003). Stand 
ages included in the tables are from the ATLAS yields, 
and these were limited to 90 years in the South and 125 
years elsewhere. We assume all age-volume relationships 
are based on an average level of planting or stand 
establishment, that is, after clearcut harvest (reforestation) 
or as a part of stand establishment (afforestation). 
Additional tables are included for Southern pines 
and some Pacifi c Northwest forests to refl ect stands 
with relatively higher productivity or more intensive 
management practices (see specifi c tables in Appendices A 
through C). These yields are based on ATLAS and timber 
projections prepared for Haynes (2003).


Example 5.—Calculate the disposition of carbon in harvested wood products at 100 years 
after harvest and processing from industrial roundwood data


Using Table 6, assume that a harvest in the Northeast produced 2,000 t dry weight of industrial 
roundwood. This represents 1,000 t of carbon because wood is assumed to be 50 percent carbon. 
The roundwood was harvested in the following proportions: 79 t carbon as softwood sawtimber, 
51 t as softwood pulpwood, 465 t of hardwood sawtimber, and 405 t of hardwood pulpwood. Also 
assume that these quantities represent industrial roundwood without bark and exclude fuelwood; 
thus, Table 6 is the correct choice to calculate the disposition of carbon.


The four industrial roundwood categories are allocated to the classifi cations for the disposition 
of carbon in wood products by the appropriate factors for 100 years after production from the 
Northeast portion of Table 6.


 Total carbon in use
 = (79 × 0.095) + (51 × 0.006) + (465 × 0.035) + (405 × 0.103) = 65.80 t
 Total carbon in landfi lls
 = (79 × 0.223) + (51 × 0.084) + (465 × 0.281) + (405 × 0.158) = 216.56 t
 Total carbon emitted with energy recapture
 = (79 × 0.338) + (51 × 0.510) + (465 × 0.387) + (405 × 0.336) = 368.75 t
 Total carbon emitted without energy recapture
 = (79 × 0.344) + (51 × 0.400) + (465 × 0.296) + (405 × 0.403) = 348.43 t


Total carbon in industrial roundwood after 100 years is the sum of the four pools. Note that the 
total in this example is 999.5 t and not the 1,000 t we started with; this is due to rounding.
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Example 6.—Calculate stocks of carbon in harvested wood products based on having primary wood 
products data such as products from a mill


Given the information on softwood lumber and softwood plywood produced from 2000 to 2003 (in the 
following tabulation) we use Tables 7, 8, and 9 to calculate: 1) carbon in the primary products, 2) the 
accumulation of carbon stocks over a period of 4 years, and 3) total carbon stocks after 100 years. Note 
that Tables 8 and 9 provide the fraction of primary product remaining for a given number of years after 
processing; this example assumes that harvest and processing are at the beginning of each year (2000-2003) 
and estimates for the amount remaining apply to the end of each year. This is an application of calculating 
the disposition of carbon in harvested wood based on quantities of primary wood products, as described in 
Figure 3.


Step 1: Determine initial carbon stocks for two primary products based on given quantities produced 
each year over the 4-year period by using factors from Table 7. For example, 93,000 thousand board feet 
softwood lumber × 0.443 = 41,199 t carbon.


The initial carbon stocks for two primary products, softwood lumber and softwood plywood:


Year
Quantity of primary product Carbon stock


Softwood lumber Softwood plywood Softwood lumber Softwood plywood


thousand board feet thousand square feet,
 3/8-inch basis


tonnes carbon tonnes carbon


2000 93,000 183,000 41,199 43,188
2001 85,000 175,000 37,655 41,300
2002 95,000 170,000 42,085 40,120
2003 100,000 173,000 44,300 40,828


Step 2: Calculate carbon stocks in end uses and landfi lls for each product for each year after production 
for the period 2000-2003 based on inputs of wood harvested and processed in each year. Use Tables 8 
and 9 to determine stocks for each year since processing. Note that each of the 20 intermediate values in 
the following tabulation is based on the sum of carbon contributed from softwood lumber and softwood 
plywood. For example, the carbon stocks of primary products produced in 2001 are 37,655 t of softwood 
lumber and 41,300 t of softwood plywood. From this, a total of 3,820 t are in landfi lls at the end of 2003 
(after 3 years). The quantity is calculated as: 3,820 t = (37,655 × 0.051) + (41,300 × 0.046).


Disposition of carbon in primary wood products over four years:


Year of 
production


Carbon in end uses at end of: Carbon in landfi lls at end of:


2000 2001 2002 2003 2000 2001 2002 2003


2000 82,238 80,130 78,150 76,255 1,433 2,824 4,088 5,352
2001 76,947 74,977 73,127 1,339 2,640 3,820
2002 80,106 78,049 1,399 2,757
2003 82,952 1,451
  Total 82,238 157,078 233,233 310,382 1,433 4,163 8,127 13,379


Thus, total carbon stocks for the end of 2002 are 241,360 t, with 233,233 t in end uses and 8,127 t in 
landfi lls. The balance of the cumulative total carbon in products from 2000 through 2002 has been emitted 
to the atmosphere, that is, 245,547 t initially in primary products minus the 241,360 t sequestered equals 
4,187 t emitted from the primary products by 2002.
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Step 3: Calculate carbon remaining in end uses or in landfi lls at 100 years after each of the harvest years. 
The estimates are based on initial stocks of carbon in each primary product multiplied by the respective 
fraction remaining as obtained from Tables 8 and 9. For example, carbon in primary product from harvest 
and processing in 2000 and in use at 100 years is 20,222 t = (41,199 × 0.234) + (43,188 × 0.245).


Year of
production


 Carbon in:


End uses Landfi lls
--------------------tonnes carbon------------------


2000 20,222 33,961
2001 18,930 31,770
2002 19,677 33,092
2003 20,369 34,273


  Total 79,198 133,096


Thus, of the 245,547 t of carbon in primary products produced from 2000 through 2002, 24 percent 
remain sequestered in products in use, 40 percent in landfi lls, and 36 percent emitted to the atmosphere.


Carbon estimates are derived from the individual 
carbon-pool estimators in FORCARB2 (Heath and 
others 2003, Smith and others 2004a, Smith and Heath 
2005). FORCARB2 is essentially a national empirical 
simulation and carbon-accounting model that produces 
stand-level, inventory-based estimates of carbon stocks 
for forest ecosystems and regional estimates of carbon 
in harvested wood. Estimates of carbon in live and 
standing dead trees are based on the methods of Jenkins 
and others (2003) and Smith and others (2003). A new 
set of stand level volume-to-biomass equations3 was 
calibrated to the FIADB available on the Internet as of 
July 29, 2005 (USDA For. Serv. 2005). These are the 
bases for the carbon values for live and standing dead 
trees provided here. However the volume-based estimates 
of tree carbon from FORCARB2 required minor 
modifi cation for the tables because many yield curves 
specify zero volume at both 0 and 5 years. This produced 
discontinuities over time in the estimates of tree carbon, 
usually in the second and third age classes. Carbon in 
tree biomass is accruing even if sapling trees remain 
below the threshold for classifi cation of growing-stock 
volume4 but above the classifi cation size where trees are 


considered part of the understory. Therefore, tree carbon 
at the fi rst row of the table is set to zero, and carbon for 
year 5 (and occasionally the third age class) is based on 
a modifi cation of the volume-based estimates. Briefl y, a 
subset of the FIADB with younger stands was used to 
develop age-based regressions with biomass from tree data 
(Jenkins and others 2003); these regressions converged 
with the volume-based estimates, usually by age 10 to 15. 
We used a ratio of the two estimates to smooth estimates 
between the second and third age classes.


Estimates in carbon density in understory vegetation are 
based on Birdsey (1996); estimates of carbon density 
in down dead wood were developed by FORCARB2 
simulations. Estimates of these two pools are based on 
region, forest type, and live-tree biomass. (For additional 
discussion or example values, see Smith and others 
(2004b) and Smith and Heath (2005)). The carbon 
density of forest fl oor is a function of region, forest type, 
and stand age (Smith and Heath 2002). Estimates of 
soil organic carbon are based on the national STATSGO 
spatial database (USDA Soil Conserv. Serv. 1991) and the 
general approach described by Amichev and Galbraith 
(2004). These represent average soil organic carbon by 
region and forest type in the Forest Service’s Renewable 
Resources Planning Act (RPA) 2002 Forest Resource 
Assessment database. For additional information, see 
USDA For. Serv. (2005) and Smith and others (2004c).


3Contact the authors for additional information on the 
volume-to-biomass equations updated from Smith and others 
(2003).
4The minimum tree size for growing stock is 5 inches d.b.h.; 
signifi cant tree carbon can accumulate in a stand before trees 
reach this threshold.
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Slight modifi cations to the direct application of 
FORCARB2 estimators were incorporated to develop the 
reforestation (Table 2 and Appendix A) and afforestation 
(Appendix B) tables. The reforestation tables are based on 
the assumption that at harvest, a portion of slash becomes 
down dead wood or forest fl oor at the start of the next 
rotation; these additional components then decay with 
time in the new stand (Smith and Heath 2002). The 
initial carbon densities for down dead wood and forest 
fl oor are listed in the fi rst row of the Appendix A tables. 
Values for down dead wood are proportional to levels at 
the time of harvest and added logging residue (based on 
Johnson (2001)). Decay rates for down dead wood and 
forest fl oor are calculated from Turner and others (1995) 
and Smith and Heath (2002). The afforestation tables are 
based on the reforestation tables with the assumption that 
the residual carbon of down dead wood and forest fl oor 
material remaining after harvest does not exist at the start 
of the afforested stands. Thus, these pools are set to zero 
at the fi rst row of the table. Accumulation of soil organic 
carbon in previously nonforest land (the afforestation 
tables) is based on the accumulation function described 
in West and others (2004) with the assumption that soil 
carbon density is initially at 75 percent of the average 
forest value, which is within the range of values associated 
with soil organic carbon after deforestation (Lal 2005). 
Users with more specifi c data about soil organic carbon 
or effects of previous land use can easily modify the tables 
to refl ect this information.


The tables are designed to accommodate modifi cation or 
replacement of selected data. Estimates for years or stand 
volumes not defi ned explicitly can be determined with 
linear interpolation (Example 2). The separate carbon 
pools, according to column, allow the user to extract or 
substitute values as needed to complement separately 
obtained site-specifi c information. However, users 
should be aware of the relationships between the parts as 
described in Figure 2 to substitute columns. 


Figure 2 can be used as a guide in customizing tables. 
As an example, a user with a model of stand growth 
for a particular project but still wishing to use the 
carbon estimates from a table should: 1) choose an 
appropriate carbon table by matching forest type, 2) 
make the appropriate substitutions of new data, and 


3) then recalculate the carbon columns affected by 
the substitution. After the age and volume columns 
are replaced, recalculations based on interpolation are 
required for carbon pools of live and standing dead trees, 
understory vegetation, and down dead wood. Forest fl oor 
is determined by stand age, and values of soil carbon 
depend on assumptions that apply to reforestation or 
afforestation (Fig. 2). The substitutions and recalculations 
can be made by using a spreadsheet. Example 3 expands 
on this discussion and provides a numerical example.


As illustrated in Figure 2, most of the relationships 
between columns of the tables are nonlinear. As a 
consequence, small errors are possible when interpolating 
between two points, such as in the volume to tree carbon 
pairs. However, these errors likely will be minimal. The 
nonlinearity can produce more signifi cant errors if the 
tables are applied to aggregate summaries of large forest 
areas, that is, substantially greater than 10,000 ha (Smith 
and others 2003). As a result, it is best to apply the tables 
to relatively smaller forest areas versus calculating large 
aggregate volume and area.


Harvested Wood Carbon
The basic information required for calculating the 
disposition of carbon in harvested wood products based 
on each of the three starting points (Fig. 3) are in Tables 
4 through 9. The purpose of this section is to provide 
suffi cient background so that a user can apply these 
tables. However, some users may want to modify the 
estimates to incorporate alternate data or assumptions, 
so we also provide background data and detailed 
explanations in Appendix D of how these tables are 
generated.


Methods for calculating the disposition of carbon in 
harvested wood and the starting points for making such 
calculations are organized according to the diagram in 
Figure 3. These starting points, which correspond to 
possible sources of data (independent variables) are: 
1) the volume of wood in a forest available for harvest 
and subsequent processing (for example, growing-stock 
volumes in Tables 2 and 3); 2) industrial roundwood 
harvest from a forest in the form of saw logs and 
pulpwood, which is a measure of wood available for 
processing at mills; and 3) primary wood products, that 
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is products produced at mills, such as lumber, panels, or 
paper. We discuss methods and application of each of 
these, beginning with estimates based on primary wood 
products as inputs. 


The model that allocates carbon over time since harvest 
is the same for all three starting points, and this model 
is based on primary wood products (see Appendix 
D for details). Thus, the disposition is a function of 
primary wood product and time. Any of the additional 
calculations necessary for the “upstream” (see Figure 3) 
starting points are essentially required to translate input 
carbon to primary wood product equivalents. Conversely, 
calculations at “downstream” starting points do not 
quantify all pools of harvested carbon. For example, a 
portion of the wood harvested from a forest ecosystem 
is processed into primary wood products, but carbon 
in other biomass remains on site as logging residue or 
is removed from site as fuelwood or what ultimately 
becomes waste in the production of primary products. 
Thus, identifying pools such as fuelwood is necessary for 
starting from the forest ecosystem to partition carbon 
and obtain the quantity going to primary products. 
Quantifying fuelwood is not possible, and unnecessary, 
for starting from data on a quantity of primary wood 
products.


Before applying tables to calculate carbon in harvested 
wood, users should identify: 1) the starting point most 
appropriate for the data available, and 2) the type of 
summary values or results that are appropriate to the 
carbon accounting method and the forest carbon project. 
Each starting point requires slightly different input 
data and each accounts for somewhat different pools of 
carbon. Compatibility between available data and the 
appropriate starting point depends on identifying these 
differences. In addition to having different starting points 
to compute carbon stocks or stock change, there may 
be differences in information needs, such as for carbon 
reporting. Carbon accounting requirements may specify 
tracking carbon harvested in one or more years and 
reporting carbon sequestered at one or more later years. 
For example, one may be interested in tracking products 
associated with a particular year or may be interested in 
the cumulative effects of successive harvests. Alternatively, 
an accounting method that focuses on the long-term 


effects of current rates of harvest and processing on future 
stocks of carbon in harvested wood products requires 
estimates of carbon in use or in landfi lls at 100 years 
after harvest (Miner, in press). Thus, all of our projection 
tables extend through 100 years.


Consideration of imports or exports of harvested wood 
can complicate the calculations. The effect of considering 
the movement of harvested wood or wood products over 
boundaries depends on the approach used to account 
for carbon. Basic carbon accounting approaches, as 
presented by the Intergovernmental Panel on Climate 
Change (Penman and others 2003) are: stock-change, 
atmospheric-fl ow, and production. The accounting 
method presented here is a production approach: the 
disposition of carbon is estimated for all wood produced, 
including exports. Imports are excluded from accounting 
under the production approach. Currently, the IPCC 
does not provide guidelines on accounting methods 
for trade in harvested carbon. However, the additional 
information required to account for imports or exports 
is essentially the long-term disposition of the specifi c 
quantities of carbon imported or exported. For example, 
applying the calculations described in this document to 
exports explicitly assumes that the disposition of carbon 
is identical to that in products retained in the United 
States.


Primary Wood Products
Primary wood products such as lumber, plywood, 
panels, and paper are the products of mills; they 
provide a product-based starting point for calculating 
the disposition of carbon in harvested wood products 
(Fig. 3). Specifi c primary products are identifi ed in 
Table 7. Manufacturing or construction incorporates 
these primary products into end-use products such 
as houses, furniture, or books. Each end-use product 
has an expected lifespan, and after use the primary 
products may be recovered for additional use, burned, 
or otherwise disposed of. After disposal, carbon in 
products is allocated to disposal pools, which ultimately 
leads to long-term storage in landfi lls or to emission to 
the atmosphere. Thus, the disposition of primary wood 
products are modeled through partitioning and residence 
times of a succession of intermediate pools to the fi nal 
disposition categories as defi ned in Table 1.
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5The defi nition and classifi cation of roundwood as it is used 
here is important to quantifying and allocating carbon in 
harvested wood products. Calculations are based on wood 
in logs for industrial manufacture. This is the majority of 
roundwood. The defi nition of roundwood can also include 
fuelwood, but fuelwood and bark on industrial roundwood are 
specifi cally excluded from “industrial roundwood” as used in 
this document. Roundwood can be classifi ed as sawtimber versus 
pulpwood (for example, Birdsey 1996, Row and Phelps 1996) 
but the more common usage is sawtimber versus poletimber (for 
example, Johnson 2001) or saw logs versus pulpwood.


Table 7 includes factors for converting primary wood 
products into total mass of carbon. For example, 1,000 
ft2 of ⅜-inch softwood plywood averages 0.236 tonne 
of carbon. Tables 8 and 9 indicate the fraction of each 
primary product that remains in use or in landfi lls, 
respectively, for a given number of years after harvest 
and production, with the assumption that harvest and 
production are at time zero. The tables represent national 
averages. Table 8 indicates the fraction of each primary 
product remaining in an end use product for up to 100 
years after harvest and processing. For example, column 
2 of Table 8 indicates that after 10 years, 77.7 percent 
of softwood lumber remains in an end-use product; end 
uses include residential or other construction, furniture, 
and wood containers. The change in carbon between 
the initial quantity of primary products and the amount 
specifi ed in later years in Table 8 represents products taken 
out of use; these are then either sequestered in landfi lls or 
emitted to the atmosphere. Table 9 indicates the fraction 
of each primary product sequestered in landfi lls for up to 
100 years after harvest and processing. In the example of 
softwood lumber at 10 years, the fraction is 14.1 percent 
(column 2 of Table 9). Thus, the remaining 8.2 percent 
of carbon (100-77.7-14.1) in softwood lumber has been 
emitted to the atmosphere by year 10.


Recycling of paper products is an assumption built into 
Tables 8 and 9. (See Appendix D for details on paper 
recycling.) The value of including the effect of recycling 
on the disposition of carbon in harvested wood products 
can depend on the carbon accounting information 
needed. For example, recycling can affect quantities in 
use or in landfi lls if calculations are focused on a single 
cohort of carbon such as paper originally produced in a 
specifi c year. That is, accounting for effects of recycling 
can matter if tracking carbon from a single year or 
owner is important.  We include recycling of paper 
because recycling is relatively common, its effects may be 
important, and statistics are available to include recycling 
in the calculations. 


Tables 8 and 9 can be used to calculate net annual change 
of carbon in harvested wood products, the cumulative 
effect of successive annual harvests, and carbon remaining 
at 100 years. The change in carbon stocks between 
successive years is net annual fl ux. The tables are based 


on the assumption that harvest and processing occur in 
the same year (year set to zero); they provide annual steps 
for 50 years. Values can be interpolated for annualized 
estimates between years 50 and 100. Cumulative 
effects of annual harvests are obtained by repeating 
calculations for each harvest and summing stock or stock 
change estimates for each year of interest. A numerical 
application for calculating the disposition of carbon 
in primary wood products is provided in Example 6, 
in which the cumulative effect of annual production 
at a mill is calculated. See Appendix D for additional 
information on model assumptions, values used to 
describe allocation and longevity, and calculations of the 
factors in Tables 7 through 9.


Industrial Roundwood
Roundwood5 is logs, bolts or other round sections cut 
from trees for industrial manufacture or consumer use 
(Johnson 2001). Most roundwood is processed by mills, 
and it is this quantity of harvested wood that provides 
the industrial roundwood starting point in Figure 
3. Classifi cation of harvested wood as roundwood is 
commonly a part of regional or State-wide statistics 
on timber harvesting or processing (Johnson 2001, 
Smith and others 2004c). A regional linkage between 
industrial roundwood and the primary wood products 
model (discussed earlier) is the basis for establishing the 
disposition of carbon from roundwood. The allocation 
of industrial roundwood to domestically produced 
primary wood products was constructed from Adams and 
others (2006). The resulting model of the allocation of 
carbon in industrial roundwood according to region and 
roundwood category is represented as Table 6.


Table 6 was developed in the style of similar tables in 
Birdsey (1996), which are based on Row and Phelps 
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(1996). Inputs are carbon mass in industrial roundwood 
according to region and roundwood category. Total 
industrial roundwood is allocated to the four disposition 
categories (see defi nitions in Table 1), and changes in 
allocation are tracked as fractions over years 1 through 
100 after manufacture or processing. Industrial 
roundwood is classifi ed by region (Fig. 1) and category: 
softwood saw logs, softwood pulpwood, hardwood saw 
logs, and hardwood pulpwood. Saw logs come from 
larger diameter trees and generally are utilized for solid 
wood products; pulpwood comes from smaller diameter 
trees and usually is used for pulpwood products. Some 
industrial roundwood classifi cations are pooled across 
regions for Table 6; this is done where production of a 
particular type is relatively low. Industrial roundwood, 
as classifi ed for Table 6, excludes bark on logs and wood 
used as fuelwood. The allocation of emitted carbon to 
the fraction associated with energy capture is based on 
the allocation patterns in Birdsey (1996). A numerical 
application of Table 6 is provided in Example 5. See 
Appendix D for additional background information and 
sample calculations used to generate Table 6.


Growing-Stock Volumes of Forest Ecosystems
The land-based starting point for calculating the 
disposition of carbon in harvested wood products is 
from the forest ecosystem carbon tables (for example, 
Table 3), as described in Figure 3 (trees in forests). 
Calculations starting with wood in forests are distinctly 
different from starting with products in two respects: 1) 
inputs are land-based measures of merchantable wood 
in a forest (growing-stock volume), and 2) estimates of 
carbon in harvested wood also include the portion of 
roundwood identifi ed as fuelwood as well as bark on all 
logs (industrial roundwood and fuelwood). The bases for 
linking forest ecosystems to roundwood, and thus the 
disposition of carbon in products, are compilations of 
summary values from harvest statistics (Johnson 2001) 
and estimates of tree biomass (Jenkins and others 2004) 
applied to current FIADB survey data. 


Converting growing-stock volume to carbon mass in 
industrial roundwood is based on factors in Tables 4 and 
5. Table 4 is used to partition growing-stock volume 
according to species type (softwood or hardwood) and 
size of logs. This is followed by converting volume to 


carbon mass according to the carbon content of wood. 
These values for carbon in growing-stock volume are 
extended to estimates of carbon in industrial roundwood 
according to factors in Table 5. The disposition of carbon 
is then based on Table 6.


The harvest scenario tables were constructed from the 
ecosystem tables by appending a reforestation table (from 
Appendix B) to an afforestation table (from Appendix A) 
at a stand age designated as a clearcut harvest. Carbon 
in harvested wood products was added by applying 
factors in Tables 4 through 6. The Appendix C tables are 
examples of how forest carbon stocks can include carbon 
in harvested wood; these are not recommendations for 
rotation length or timing of harvest. Assumptions and 
background data for compiling Tables 4, 5, and 6 (as 
well as the other starting points for calculating carbon in 
harvested wood products) are included in Appendix D. 
Despite differences in input data and extent of harvested 
carbon included, all three starting points rely on the same 
model of allocation and longevity of end uses. They differ 
only in the level of detail available as the principal source 
of information on harvested wood (Fig. 3).


Uncertainty
Estimates of carbon stocks and stock changes are based 
on regional averages and refl ect the current best available 
data for developing regional estimates. Quantitative 
expressions of uncertainty are not available for most data 
summaries, coeffi cients, or model results presented in 
the tables. However, uncertainty analyses were developed 
for previous similar estimates of carbon, from which 
our tables were developed (Heath and Smith 2000, 
Skog and others 2004, Smith and Heath 2005). Similar 
quantitative uncertainty analyses are being developed 
for these estimates of carbon stocks and stock changes in 
forests and harvested wood products.


Precision is partly dependent on the scale of the forest 
carbon sequestration project of interest. Overall, precision 
is expected to be lower as these methods are applied to 
smaller scale projects rather than regional summaries. 
That is, precision depends on the degree of specifi city in 
information about a particular forest or project. It may 
be useful to distinguish between two basic components of 
uncertainty in the application of these tables. Uncertainty 
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about the regional averages, which are 
based on data summaries or models, can 
infl uence estimates for specifi c projects, 
which generally are small subsets of a region. 
However, variability within region likely will 
have a much greater infl uence on uncertainty 
than regional values. This is shown in Figure 
4, which is an example of the volume-to-
biomass relationships used to estimate tree 
carbon from merchantable volume (columns 
2 and 3 in Table 2). Each point represents 
an individual permanent FIA inventory plot 
where the 95-percent confi dence interval 
about the mean of carbon in live trees is 
generally less than 5 percent of the mean. 
The regression line represents the regional average; the 
95-percent confi dence intervals about this mean are 
indicated in Table 10. These two relative intervals refl ect 
regional variability in biomass relative to volume. For 
example, the 99th percentile of stand growing-stock 
volumes for this forest in the FIADB is 361 m3/ha and 
the mean carbon density for these plots is likely between 
192 and 197 t/ha (Fig. 4, ±1.4 percent of the expected 
194 t/ha). The distinction between uncertainty about 
coeffi cients and regional or temporal variability may 
also apply to calculating the disposition of carbon in 
harvested wood products as well. Uncertainty about the 
actual allocation of industrial roundwood to primary 
products may not be as important as year-to-year change 
or how activity at a single mill compares with the region 
as a whole.


Conclusions
Summing the two estimates, forest ecosystem carbon 
and carbon in harvested wood products, gives the total 
effect of forest carbon sequestration for an activity. To 


assure accuracy, conducting modest inventories will help 
show the adequacy of the tables in characterizing carbon 
sequestration.


Carbon estimates depend on available data. Tables of 
average values cannot perfectly replicate each individual 
stand. Growth and yield information applicable to 
a particular stand can provide greater precision than 
regional averages. Similarly, carbon stocks in wood 
products that are calculated from quantities of primary 
wood products are likely to be more precise than 
products calculations starting simply from area of forest. 
However, the link between forest and sequestration in 
products may be less clear when starting from primary 
wood products. Forest composition, site conditions, 
and climate differ by regions, and climate, timber 
markets, and forest management priorities are subject 
to change from year to year. The methods described in 
this publication are most useful in identifying a general 
expected magnitude of carbon in forests, and to help plan 
carbon sequestration projects to achieve a certain goal.


Figure 4.—A component of uncertainty associated with representing an 
average forest stand in the ecosystem tables. Individual points represent 
live tree carbon density for FIA permanent inventory plots for maple-beech-
birch forests for the Northeast; the line represents carbon in tree biomass 
as predicted by growing-stock volume as used in Tables 2 and 3.
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Table 4.—Factors to calculate carbon in growing stock volume: softwood fraction, sawtimber-size 
fraction, and specifi c gravity by region and forest type groupa


Region Forest type


Fraction of 
growing-


stock 
volume that 
is softwoodb


Fraction of 
softwood 


growing-stock 
volume that 
is sawtimber-


sizec


Fraction of 
hardwood 


growing-stock 
volume that 
is sawtimber-


sizec


Specifi c
gravityd of 
softwoods


Specifi c
gravityd of 
hardwoods


Northeast


Aspen-birch 0.247 0.439 0.330 0.353 0.428
Elm-ash-cottonwood 0.047 0.471 0.586 0.358 0.470
Maple-beech-birch 0.132 0.604 0.526 0.369 0.518
Oak-hickory 0.039 0.706 0.667 0.388 0.534
Oak-pine 0.511 0.777 0.545 0.371 0.516
Spruce-fi r 0.870 0.508 0.301 0.353 0.481
White-red-jack pine 0.794 0.720 0.429 0.361 0.510


Northern 
Lake States


Aspen-birch 0.157 0.514 0.336 0.351 0.397
Elm-ash-cottonwood 0.107 0.468 0.405 0.335 0.460
Maple-beech-birch 0.094 0.669 0.422 0.356 0.496
Oak-hickory 0.042 0.605 0.473 0.369 0.534
Spruce-fi r 0.876 0.425 0.276 0.344 0.444
White-red-jack pine 0.902 0.646 0.296 0.389 0.473


Northern 
Prairie 
States


Elm-ash-cottonwood 0.004 0.443 0.563 0.424 0.453
Loblolly-shortleaf 
pine 0.843 0.686 0.352 0.468 0.544
Maple-beech-birch 0.010 0.470 0.538 0.437 0.508
Oak-hickory 0.020 0.497 0.501 0.448 0.565
Oak-pine 0.463 0.605 0.314 0.451 0.566
Ponderosa pine 0.982 0.715 0.169 0.381 0.473


Pacifi c
Northwest, 
East


Douglas-fi r 0.989 0.896 0.494 0.429 0.391
Fir-spruce-m.hemlock 0.994 0.864 0.605 0.370 0.361
Lodgepole pine 0.992 0.642 0.537 0.380 0.345
Ponderosa pine 0.996 0.906 0.254 0.385 0.513


Pacifi c 
Northwest, 
West


Alder-maple 0.365 0.895 0.635 0.402 0.385
Douglas-fi r 0.959 0.914 0.415 0.440 0.426
Fir-spruce-m.hemlock 0.992 0.905 0.296 0.399 0.417
Hemlock-Sitka spruce 0.956 0.909 0.628 0.405 0.380


Pacifi c 
Southwest


Mixed conifer 0.943 0.924 0.252 0.394 0.521
Douglas-fi r 0.857 0.919 0.320 0.429 0.483
Fir-spruce-m.hemlock 1.000 0.946 0.000 0.372 0.510
Ponderosa Pine 0.997 0.895 0.169 0.380 0.510
Redwood 0.925 0.964 0.468 0.376 0.449


Rocky 
Mountain, 
North


Douglas-fi r 0.993 0.785 0.353 0.428 0.370
Fir-spruce-m.hemlock 0.999 0.753 0.000 0.355 0.457
Hemlock-Sitka spruce 0.972 0.735 0.596 0.375 0.441
Lodgepole pine 0.999 0.540 0.219 0.383 0.391
Ponderosa pine 0.999 0.816 0.000 0.391 0.374


Continued
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Table 4.—continued


Region Forest type


Fraction of 
growing-


stock volume 
that is 


softwoodb


Fraction of 
softwood 


growing-stock 
volume that 
is sawtimber-


sizec


Fraction of 
hardwood 


growing-stock 
volume that 
is sawtimber-


sizec


Specifi c
gravityd of 
softwoods


Specifi c
gravityd of 
hardwoods


Rocky 
Mountain, 
South


Aspen-birch 0.297 0.766 0.349 0.355 0.350
Douglas-fi r 0.962 0.758 0.230 0.431 0.350
Fir-spruce-
m.hemlock 0.958 0.770 0.367 0.342 0.350
Lodgepole pine 0.981 0.607 0.121 0.377 0.350
Ponderosa pine 0.993 0.773 0.071 0.383 0.386


Southeast


Elm-ash-cottonwood 0.030 0.817 0.551 0.433 0.499
Loblolly-shortleaf 
pine 0.889 0.556 0.326 0.469 0.494
Longleaf-slash pine 0.963 0.557 0.209 0.536 0.503
Oak-gum-cypress 0.184 0.789 0.500 0.441 0.484
Oak-hickory 0.070 0.721 0.551 0.438 0.524
Oak-pine 0.508 0.746 0.425 0.462 0.516


South 
Central 


Elm-ash-cottonwood 0.044 0.787 0.532 0.427 0.494
Loblolly-shortleaf 
pine 0.880 0.653 0.358 0.470 0.516
Longleaf-slash pine 0.929 0.723 0.269 0.531 0.504
Oak-gum-cypress 0.179 0.830 0.589 0.440 0.513
Oak-hickory 0.057 0.706 0.534 0.451 0.544
Oak-pine 0.512 0.767 0.432 0.467 0.537


Weste


Pinyon-juniper 0.986 0.783 0.042 0.422 0.620
Tanoak-laurel 0.484 0.909 0.468 0.430 0.459
Western larch 0.989 0.781 0.401 0.433 0.430
Western oak 0.419 0.899 0.206 0.416 0.590
Western white pine 1.000 0.838 0.000 0.376 --


-- = no hardwood trees in this type in this region.
aEstimates based on survey data for the conterminous United States from USDA Forest Service, Forest 
Inventory and Analysis Program’s database of forest surveys (FIADB; USDA For. Serv. 2005) and include 
growing stock on timberland stands classifi ed as medium- or large-diameter stands.  Proportions are based on 
volume of growing-stock trees.
bTo calculate fraction in hardwood, subtract fraction in softwood from 1.
cSoftwood sawtimber are trees at least 22.9 cm (9 in) d.b.h., hardwood sawtimber is at least 27.9 cm (11 in) 
d.b.h. To calculate fraction in less-than-sawtimber-size trees, subtract fraction in sawtimber from 1. Trees less 
than sawtimber-size are at least 12.7 cm (5 in) d.b.h.
dAverage wood specifi c gravity is the density of wood divided by the density of water based on wood dry mass 
associated with green tree volume.
eWest represents an average over all western regions for these forest types.
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Table 5.—Regional factors to estimate carbon in industrial roundwood logs, bark on logs, and fuelwood


Regiona
Timber 
type


Industrial 
roundwood 


category


Ratio of 
industrial 


roundwood to 
growing-stock 


volume removed 
as roundwoodb


Ratio of carbon 
in bark to carbon 


in woodc


Fraction of 
growing-stock 


volume removed 
as roundwoodd


Ratio of 
fuelwood to 


growing-stock 
volume removed 
as roundwoodb


Northeast
SW Saw log 0.991 0.182 0.948 0.136Pulpwood 3.079 0.185


HW Saw log 0.927 0.199 0.879 0.547Pulpwood 2.177 0.218


North 
Central


SW Saw log 0.985 0.182 0.931 0.066Pulpwood 1.285 0.185


HW Saw log 0.960 0.199 0.831 0.348Pulpwood 1.387 0.218


Pacifi c 
Coast


SW Saw log 0.965 0.181 0.929 0.096Pulpwood 1.099 0.185


HW Saw log 0.721 0.197 0.947 0.957Pulpwood 0.324 0.219


Rocky 
Mountain


SW Saw log 0.994 0.181 0.907 0.217Pulpwood 2.413 0.185


HW Saw log 0.832 0.201 0.755 3.165Pulpwood 1.336 0.219


South
SW Saw log 0.990 0.182 0.891 0.019Pulpwood 1.246 0.185


HW Saw log 0.832 0.198 0.752 0.301Pulpwood 1.191 0.218


SW=Softwood, HW=Hardwood.
aNorth Central includes the Northern Prairie States and the Northern Lake States; Pacifi c Coast includes the Pacifi c 
Northwest (West and East) and the Pacifi c Southwest; Rocky Mountain includes Rocky Mountain, North and South; and 
South includes the Southeast and South Central.
bValues and classifi cations are based on data in Tables 2.2, 3.2, 4.2, 5.2, and 6.2 of Johnson (2001).
cRatios are calculated from carbon mass based on biomass component equations in Jenkins and others (2003) applied to all 
live trees identifi ed as growing stock on timberland stands classifi ed as medium- or large-diameter stands in the survey data 
for the conterminous United States from USDA Forest Service, Forest Inventory and Analysis Program’s database of forest 
surveys (FIADB; USDA For. Serv. 2005, Alerich and others 2005).  Carbon mass is calculated for boles from stump to 4-inch 
top, outside diameter.
dValues and classifi cations are based on data in Tables 2.9, 3.9, 4.9, 5.9, and 6.9 of Johnson (2001).
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Table 7.—Factors to convert primary wood products to carbon mass from the units 
characteristic of each product


Solidwood product or paper Unit


Factor to 
convert units 
to tons (2000 


lb) carbon


Factor to 
convert units 


to tonnes  
carbon


Softwood lumber/laminated 
veneer lumber/glulam lumber/ 
I-joists


thousand board feet 0.488 0.443


Hardwood lumber thousand board feet 0.844 0.765


Softwood plywood
thousand square 


feet, 3/8-inch basis
0.260 0.236


Oriented strandboard 
thousand square 


feet, 3/8-inch basis
0.303 0.275


Non structural panels (average)
thousand square 


feet, 3/8-inch basis
0.319 0.289


    Hardwood veneer/plywood
thousand square 


feet, 3/8-inch basis
0.315 0.286


    Particleboard/medium 
    density fi berboard


thousand square 
feet, 3/4-inch basis


0.647 0.587


    Hardboard
thousand square 


feet,1/8-inch basis
0.152 0.138


    Insulation board
thousand square 


feet, 1/2-inch basis
0.242 0.220


Other industrial products thousand cubic feet 8.250 7.484


Paper tons, air dry 0.450 0.496
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Table 8.—Fraction of carbon in primary wood products remaining in end uses up to 100 years after 
production (year 0 indicates fraction at time of production, with fraction for year 1 the allocation 
after 1 year)


Year after 
production


Softwood 
lumber


Hardwood 
lumber


Softwood 
plywood


Oriented 
strandboard


Non- 
structural 


panels


Miscel-
laneous 
products


Paper


0 1 1 1 1 1 1 1
1 0.973 0.938 0.976 0.983 0.969 0.944 0.845
2 0.947 0.882 0.952 0.967 0.939 0.891 0.713
3 0.922 0.831 0.930 0.952 0.911 0.841 0.603
4 0.898 0.784 0.909 0.937 0.883 0.794 0.509
5 0.875 0.741 0.888 0.922 0.857 0.749 0.430
6 0.854 0.701 0.869 0.908 0.832 0.707 0.360
7 0.833 0.665 0.850 0.895 0.808 0.667 0.299
8 0.813 0.631 0.832 0.881 0.785 0.630 0.243
9 0.795 0.600 0.815 0.869 0.763 0.595 0.192
10 0.777 0.571 0.798 0.856 0.741 0.561 0.149
11 0.760 0.545 0.782 0.844 0.721 0.530 0.115
12 0.743 0.520 0.767 0.832 0.701 0.500 0.088
13 0.728 0.497 0.752 0.821 0.683 0.472 0.068
14 0.712 0.476 0.738 0.810 0.665 0.445 0.052
15 0.698 0.456 0.724 0.799 0.647 0.420 0.040
16 0.684 0.438 0.711 0.789 0.630 0.397 0.030
17 0.671 0.421 0.698 0.778 0.614 0.375 0.023
18 0.658 0.405 0.685 0.768 0.599 0.354 0.018
19 0.645 0.389 0.673 0.759 0.584 0.334 0.013
20 0.633 0.375 0.662 0.749 0.569 0.315 0.009
21 0.622 0.362 0.650 0.740 0.555 0.297 0.006
22 0.611 0.349 0.639 0.731 0.542 0.281 0.005
23 0.600 0.337 0.629 0.722 0.529 0.265 0.004
24 0.589 0.326 0.619 0.713 0.517 0.250 0.003
25 0.579 0.316 0.609 0.705 0.505 0.236 0.002
26 0.569 0.306 0.599 0.697 0.493 0.223 0.002
27 0.560 0.296 0.589 0.689 0.482 0.210 0.001
28 0.551 0.287 0.580 0.681 0.471 0.198 0.001
29 0.542 0.278 0.571 0.673 0.460 0.187 0.001
30 0.533 0.270 0.563 0.666 0.450 0.177 0.001
31 0.525 0.263 0.554 0.658 0.440 0.167 0.000
32 0.517 0.255 0.546 0.651 0.431 0.157 0.000
33 0.509 0.248 0.538 0.644 0.421 0.149 0.000
34 0.501 0.241 0.530 0.637 0.412 0.140 0.000
35 0.494 0.235 0.522 0.630 0.404 0.132 0.000
36 0.487 0.229 0.515 0.623 0.395 0.125 0.000
37 0.480 0.223 0.508 0.617 0.387 0.118 0.000
38 0.473 0.217 0.500 0.610 0.379 0.111 0.000
39 0.466 0.211 0.493 0.604 0.372 0.105 0.000
40 0.459 0.206 0.487 0.598 0.364 0.099 0.000


Continued
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Table 8.—continued


Year after 
production


Softwood 
lumber


Hardwood 
lumber


Softwood 
plywood


Oriented 
strandboard


Non- 
structural 


panels


Miscel-
laneous 
products


Paper


41 0.453 0.201 0.480 0.592 0.357 0.094 0.000
42 0.447 0.196 0.474 0.586 0.350 0.088 0.000
43 0.441 0.191 0.467 0.580 0.343 0.083 0.000
44 0.435 0.187 0.461 0.574 0.337 0.079 0.000
45 0.429 0.183 0.455 0.568 0.330 0.074 0.000
46 0.423 0.178 0.449 0.563 0.324 0.070 0.000
47 0.418 0.174 0.443 0.557 0.318 0.066 0.000
48 0.413 0.170 0.437 0.552 0.312 0.063 0.000
49 0.407 0.166 0.432 0.546 0.306 0.059 0.000
50 0.402 0.163 0.426 0.541 0.301 0.056 0.000
55 0.378 0.146 0.401 0.516 0.275 0.042 0.000
60 0.356 0.131 0.377 0.493 0.252 0.031 0.000
65 0.336 0.119 0.356 0.471 0.232 0.023 0.000
70 0.318 0.108 0.336 0.450 0.214 0.018 0.000
75 0.301 0.098 0.318 0.431 0.198 0.013 0.000
80 0.286 0.090 0.301 0.413 0.183 0.010 0.000
85 0.271 0.082 0.286 0.395 0.170 0.007 0.000
90 0.258 0.075 0.271 0.379 0.159 0.006 0.000
95 0.246 0.069 0.258 0.364 0.148 0.004 0.000
100 0.234 0.064 0.245 0.349 0.138 0.003 0.000
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Table 9.—Fraction of carbon in primary wood products remaining in landfi lls up to 100 years after 
production (year 0 indicates fraction at time of production, with fraction for year 1 the allocation 
after 1 year)


Year after 
production


Softwood 
lumber


Hardwood 
lumber


Softwood 
plywood


Oriented 
strandboard 


Non- 
structural 


panels


Miscel-
laneous 
products


Paper


0 0 0 0 0 0 0 0
1 0.018 0.041 0.016 0.011 0.021 0.037 0.051
2 0.035 0.078 0.032 0.021 0.040 0.072 0.093
3 0.051 0.111 0.046 0.032 0.059 0.104 0.128
4 0.067 0.141 0.060 0.041 0.076 0.134 0.155
5 0.081 0.168 0.073 0.050 0.093 0.163 0.178
6 0.094 0.193 0.085 0.059 0.108 0.189 0.196
7 0.107 0.215 0.096 0.068 0.123 0.213 0.211
8 0.119 0.235 0.107 0.076 0.137 0.236 0.225
9 0.130 0.254 0.118 0.084 0.151 0.257 0.236
10 0.141 0.270 0.128 0.091 0.163 0.277 0.245
11 0.151 0.285 0.137 0.098 0.176 0.296 0.251
12 0.161 0.299 0.146 0.105 0.187 0.313 0.254
13 0.170 0.312 0.155 0.112 0.198 0.329 0.255
14 0.178 0.323 0.163 0.118 0.208 0.344 0.255
15 0.187 0.334 0.171 0.124 0.218 0.357 0.253
16 0.194 0.344 0.178 0.130 0.227 0.370 0.251
17 0.202 0.352 0.185 0.136 0.236 0.382 0.248
18 0.209 0.361 0.192 0.142 0.245 0.393 0.245
19 0.215 0.368 0.199 0.147 0.253 0.403 0.242
20 0.222 0.375 0.205 0.152 0.261 0.413 0.239
21 0.228 0.381 0.211 0.157 0.268 0.422 0.235
22 0.234 0.387 0.217 0.162 0.275 0.430 0.232
23 0.239 0.392 0.222 0.167 0.282 0.438 0.228
24 0.245 0.397 0.227 0.171 0.288 0.445 0.224
25 0.250 0.402 0.233 0.176 0.294 0.451 0.221
26 0.255 0.406 0.238 0.180 0.300 0.457 0.218
27 0.259 0.410 0.242 0.184 0.306 0.463 0.214
28 0.264 0.414 0.247 0.188 0.311 0.468 0.211
29 0.268 0.417 0.251 0.192 0.316 0.473 0.209
30 0.272 0.421 0.256 0.196 0.321 0.477 0.206
31 0.276 0.424 0.260 0.200 0.326 0.481 0.203
32 0.280 0.426 0.264 0.204 0.330 0.485 0.200
33 0.284 0.429 0.268 0.207 0.335 0.488 0.198
34 0.287 0.432 0.272 0.211 0.339 0.491 0.196
35 0.291 0.434 0.275 0.214 0.343 0.494 0.194
36 0.294 0.436 0.279 0.217 0.347 0.497 0.191
37 0.298 0.438 0.282 0.221 0.350 0.499 0.189
38 0.301 0.440 0.286 0.224 0.354 0.502 0.187
39 0.304 0.442 0.289 0.227 0.357 0.504 0.186
40 0.307 0.444 0.292 0.230 0.361 0.506 0.184


Continued
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Table 9.—continued


Year after 
production


Softwood 
lumber


Hardwood 
lumber


Softwood 
plywood


Oriented 
strandboard 


Non- 
structural 


panels


Miscel-
laneous 
products


Paper


41 0.310 0.446 0.295 0.233 0.364 0.507 0.182
42 0.312 0.447 0.298 0.236 0.367 0.509 0.181
43 0.315 0.449 0.301 0.239 0.370 0.510 0.179
44 0.318 0.450 0.304 0.241 0.373 0.512 0.178
45 0.320 0.452 0.307 0.244 0.376 0.513 0.176
46 0.323 0.453 0.309 0.247 0.378 0.514 0.175
47 0.325 0.454 0.312 0.249 0.381 0.515 0.174
48 0.328 0.456 0.315 0.252 0.384 0.516 0.173
49 0.330 0.457 0.317 0.255 0.386 0.516 0.172
50 0.332 0.458 0.320 0.257 0.388 0.517 0.171
55 0.343 0.463 0.331 0.269 0.399 0.520 0.166
60 0.352 0.468 0.342 0.280 0.408 0.521 0.162
65 0.361 0.472 0.351 0.290 0.417 0.521 0.160
70 0.369 0.475 0.360 0.300 0.424 0.521 0.157
75 0.376 0.478 0.368 0.309 0.430 0.521 0.156
80 0.382 0.481 0.375 0.317 0.436 0.521 0.154
85 0.389 0.483 0.382 0.325 0.441 0.520 0.153
90 0.395 0.486 0.388 0.333 0.446 0.519 0.152
95 0.400 0.488 0.394 0.340 0.450 0.519 0.152
100 0.405 0.490 0.400 0.347 0.454 0.518 0.151
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APPENDIX A  
Forest Ecosystem Yield Tables for Reforestation1 
 
Carbon Stocks on Forest Land After Clearcut Harvest 
 
A1. Aspen-birch, Northeast  
A2. Maple-beech-birch, Northeast 
A3. Oak-hickory, Northeast 
A4. Oak-pine, Northeast 
A5. Spruce-balsam fir, Northeast 
A6. White-red-jack pine, Northeast 
A7. Aspen-birch, Northern Lake States  
A8. Elm-ash-cottonwood, Northern Lake 


States 
A9. Maple-beech-birch, Northern Lake 


States 
A10. Oak-hickory, Northern Lake States 
A11. Spruce-balsam fir, Northern Lake 


States 
A12. White-red-jack pine, Northern Lake 


States 
A13. Elm-ash-cottonwood, Northern Prairie 


States 
A14. Maple-beech-birch, Northern Prairie 


States 
A15. Oak-hickory, Northern Prairie States 
A16. Oak-pine, Northern Prairie States 
A17. Douglas-fir, Pacific Northwest, East 
A18. Fir-spruce-mountain hemlock, Pacific 


Northwest, East 
A19. Lodgepole pine, Pacific Northwest, 


East 
A20. Ponderosa pine, Pacific Northwest, 


East 
A21. Alder-maple, Pacific Northwest, West 
A22. Douglas-fir, Pacific Northwest, West 
A23. Douglas-fir, high productivity and high 


management intensity, Pacific 
Northwest, West  


A24. Fir-spruce-mountain hemlock, Pacific 
Northwest, West 


A25. Hemlock-Sitka spruce, Pacific 
Northwest, West 


 


A26. Hemlock-Sitka spruce, high 
productivity, Pacific Northwest, West 


A27. Mixed conifer, Pacific Southwest 
A28. Fir-spruce-mountain hemlock, Pacific 


Southwest 
A29. Western oak, Pacific Southwest 
A30. Douglas-fir, Rocky Mountain, North 
A31. Fir-spruce-mountain hemlock, Rocky 


Mountain, North  
A32. Lodgepole pine, Rocky Mountain, 


North 
A33. Ponderosa pine, Rocky Mountain, 


North 
A34. Aspen-birch, Rocky Mountain, South 
A35. Douglas-fir, Rocky Mountain, South 
A36. Fir-spruce-mountain hemlock, Rocky 


Mountain, South 
A37. Lodgepole pine, Rocky Mountain, 


South 
A38. Ponderosa pine, Rocky Mountain, 


South 
A39. Loblolly-shortleaf pine, Southeast 
A40. Loblolly-shortleaf pine, high 


productivity and management 
intensity, Southeast 


A41. Longleaf-slash pine, Southeast 
A42. Longleaf-slash pine, high productivity 


and management intensity, Southeast 
A43. Oak-gum-cypress, Southeast 
A44. Oak-hickory, Southeast 
A45. Oak-pine, Southeast 
A46. Elm-ash-cottonwood, South Central 
A47. Loblolly-shortleaf pine, South Central 
A48. Loblolly-shortleaf pine, high 


productivity and management 
intensity, South Central 


A49. Oak-gum-cypress, South Central 
A50. Oak-hickory, South Central 
A51. Oak-pine, South Central 
 
 


 
 


                                                 
1 Note carbon mass is in metric tons (tonnes) in all tables. 
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A1.— Regional estimates of timber volume and carbon stocks for aspen-birch stands on forest land 
after clearcut harvest in the Northeast 


Mean carbon density 
Age 


 
Mean 


volume 
Live tree 


Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.0 18.7 10.2 87.4 31.0 
5 0.0 6.6 0.6 2.2 12.9 7.5 87.4 29.8 


15 12.9 21.3 1.8 2.1 7.1 6.0 87.4 38.4 
25 33.8 36.0 2.9 2.1 5.2 6.5 87.4 52.7 
35 58.4 50.1 3.8 2.1 4.9 7.5 87.4 68.4 
45 84.7 62.7 4.6 2.1 5.3 8.5 87.4 83.1 
55 112.4 75.1 5.3 2.0 6.0 9.3 87.4 97.8 
65 141.7 87.5 5.9 2.0 6.9 10.1 87.4 112.4 
75 172.6 100.0 6.5 2.0 7.8 10.7 87.4 127.1 
85 205.0 112.7 7.1 2.0 8.8 11.3 87.4 141.9 
95 238.9 125.5 7.7 2.0 9.8 11.8 87.4 156.7 


105 274.4 138.5 8.2 2.0 10.8 12.2 87.4 171.7 
115 311.4 151.7 8.8 2.0 11.8 12.5 87.4 186.8 
125 349.9 165.0 9.3 2.0 12.8 12.9 87.4 202.0 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 7.6 4.1 35.4 12.5 
5 0 2.7 0.2 0.9 5.2 3.0 35.4 12.1 


15 184 8.6 0.7 0.9 2.9 2.4 35.4 15.5 
25 483 14.6 1.2 0.8 2.1 2.6 35.4 21.3 
35 835 20.3 1.5 0.8 2.0 3.0 35.4 27.7 
45 1,210 25.4 1.9 0.8 2.2 3.4 35.4 33.6 
55 1,607 30.4 2.1 0.8 2.4 3.8 35.4 39.6 
65 2,025 35.4 2.4 0.8 2.8 4.1 35.4 45.5 
75 2,466 40.5 2.6 0.8 3.2 4.3 35.4 51.4 
85 2,929 45.6 2.9 0.8 3.6 4.6 35.4 57.4 
95 3,414 50.8 3.1 0.8 4.0 4.8 35.4 63.4 


105 3,921 56.0 3.3 0.8 4.4 4.9 35.4 69.5 
115 4,450 61.4 3.5 0.8 4.8 5.1 35.4 75.6 
125 5,001 66.8 3.8 0.8 5.2 5.2 35.4 81.8 
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A2.— Regional estimates of timber volume and carbon stocks for maple-beech-birch stands on 
forest land after clearcut harvest in the Northeast 


Mean carbon density 


Age Mean 
Volume 


Live Tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.1 32.0 27.7 69.6 61.8 
5 0.0 7.4 0.7 2.1 21.7 20.3 69.6 52.2 


15 28.0 31.8 3.2 1.9 11.5 16.3 69.6 64.7 
25 58.1 53.2 5.3 1.8 7.8 17.6 69.6 85.7 
35 89.6 72.8 6.0 1.7 6.9 20.3 69.6 107.8 
45 119.1 87.8 6.6 1.7 7.0 23.0 69.6 126.0 
55 146.6 101.1 7.0 1.7 7.5 25.3 69.6 142.7 
65 172.1 113.1 7.4 1.7 8.2 27.4 69.6 157.7 
75 195.6 123.8 7.7 1.7 8.8 29.2 69.6 171.2 
85 217.1 133.5 7.9 1.7 9.5 30.7 69.6 183.2 
95 236.6 142.1 8.1 1.7 10.1 32.0 69.6 193.9 


105 254.1 149.7 8.3 1.6 10.6 33.1 69.6 203.4 
115 269.7 156.3 8.5 1.6 11.1 34.2 69.6 211.7 
125 283.2 162.1 8.6 1.6 11.5 35.1 69.6 218.8 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 13.0 11.2 28.1 25.0 
5 0 3.0 0.3 0.8 8.8 8.2 28.1 21.1 


15 400 12.9 1.3 0.8 4.7 6.6 28.1 26.2 
25 830 21.5 2.1 0.7 3.2 7.1 28.1 34.7 
35 1,280 29.5 2.4 0.7 2.8 8.2 28.1 43.6 
45 1,702 35.5 2.7 0.7 2.8 9.3 28.1 51.0 
55 2,095 40.9 2.8 0.7 3.0 10.3 28.1 57.7 
65 2,460 45.8 3.0 0.7 3.3 11.1 28.1 63.8 
75 2,796 50.1 3.1 0.7 3.6 11.8 28.1 69.3 
85 3,103 54.0 3.2 0.7 3.8 12.4 28.1 74.1 
95 3,382 57.5 3.3 0.7 4.1 12.9 28.1 78.5 


105 3,632 60.6 3.4 0.7 4.3 13.4 28.1 82.3 
115 3,854 63.3 3.4 0.7 4.5 13.8 28.1 85.7 
125 4,047 65.6 3.5 0.7 4.6 14.2 28.1 88.6 
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A3.— Regional estimates of timber volume and carbon stocks for oak-hickory stands on forest land 
after clearcut harvest in the Northeast 


Mean carbon density 
Age 


 
Mean 


volume 
Live tree 


Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare -------------------------------------- 
0 0.0 0.0 0.0 2.1 46.7 8.2 53.1 56.9 
5 0.0 6.9 0.7 2.1 31.4 5.7 53.1 46.7 


15 54.5 43.0 3.6 1.9 16.5 4.1 53.1 69.1 
25 95.7 71.9 4.0 1.9 10.8 4.5 53.1 93.0 
35 135.3 96.2 4.2 1.8 9.2 5.3 53.1 116.8 
45 173.3 118.2 4.5 1.8 9.2 6.3 53.1 139.9 
55 209.6 136.8 4.6 1.8 9.9 7.3 53.1 160.3 
65 244.3 154.3 4.8 1.8 10.8 8.1 53.1 179.7 
75 277.4 170.6 4.9 1.8 11.8 8.9 53.1 198.0 
85 308.9 186.0 5.0 1.8 12.8 9.7 53.1 215.2 
95 338.8 200.4 5.1 1.8 13.7 10.3 53.1 231.3 


105 367.1 213.9 5.1 1.7 14.6 10.9 53.1 246.4 
115 393.7 226.5 5.2 1.7 15.5 11.5 53.1 260.5 
125 418.6 238.2 5.3 1.7 16.3 12.0 53.1 273.6 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 18.9 3.3 21.5 23.0 
5 0 2.8 0.3 0.8 12.7 2.3 21.5 18.9 


15 779 17.4 1.4 0.8 6.7 1.7 21.5 28.0 
25 1,368 29.1 1.6 0.7 4.4 1.8 21.5 37.7 
35 1,934 38.9 1.7 0.7 3.7 2.2 21.5 47.3 
45 2,477 47.8 1.8 0.7 3.7 2.6 21.5 56.6 
55 2,996 55.4 1.9 0.7 4.0 2.9 21.5 64.9 
65 3,492 62.4 1.9 0.7 4.4 3.3 21.5 72.7 
75 3,965 69.1 2.0 0.7 4.8 3.6 21.5 80.1 
85 4,415 75.3 2.0 0.7 5.2 3.9 21.5 87.1 
95 4,842 81.1 2.0 0.7 5.6 4.2 21.5 93.6 


105 5,246 86.6 2.1 0.7 5.9 4.4 21.5 99.7 
115 5,626 91.7 2.1 0.7 6.3 4.7 21.5 105.4 
125 5,983 96.4 2.1 0.7 6.6 4.9 21.5 110.7 
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A4.— Regional estimates of timber volume and carbon stocks for oak-pine stands on forest land 
after clearcut harvest in the Northeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.2 30.0 29.7 66.9 63.9 
5 0.0 6.2 0.6 4.2 23.0 20.2 66.9 54.3 


15 36.5 27.0 2.6 3.3 14.6 15.3 66.9 62.9 
25 70.9 48.6 3.2 2.9 10.4 17.1 66.9 82.2 
35 103.1 67.9 3.7 2.6 8.4 20.3 66.9 102.9 
45 133.1 84.7 4.0 2.5 7.6 23.6 66.9 122.3 
55 160.9 99.1 4.2 2.4 7.4 26.6 66.9 139.8 
65 186.7 113.0 4.4 2.3 7.7 29.3 66.9 156.6 
75 210.2 123.6 4.6 2.3 8.0 31.6 66.9 170.0 
85 231.5 133.1 4.7 2.3 8.4 33.6 66.9 182.1 
95 250.8 141.7 4.8 2.2 8.8 35.4 66.9 192.9 


105 267.9 149.2 4.9 2.2 9.2 37.0 66.9 202.5 
115 282.7 155.7 5.0 2.2 9.6 38.4 66.9 210.9 
125 295.4 161.3 5.1 2.2 9.9 39.7 66.9 218.2 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.7 12.1 12.0 27.1 25.9 
5 0 2.5 0.3 1.7 9.3 8.2 27.1 22.0 


15 522 10.9 1.1 1.3 5.9 6.2 27.1 25.4 
25 1,013 19.7 1.3 1.2 4.2 6.9 27.1 33.3 
35 1,473 27.5 1.5 1.1 3.4 8.2 27.1 41.7 
45 1,902 34.3 1.6 1.0 3.1 9.6 27.1 49.5 
55 2,300 40.1 1.7 1.0 3.0 10.8 27.1 56.6 
65 2,668 45.7 1.8 0.9 3.1 11.8 27.1 63.4 
75 3,004 50.0 1.8 0.9 3.2 12.8 27.1 68.8 
85 3,309 53.9 1.9 0.9 3.4 13.6 27.1 73.7 
95 3,584 57.3 1.9 0.9 3.6 14.3 27.1 78.1 


105 3,828 60.4 2.0 0.9 3.7 15.0 27.1 82.0 
115 4,040 63.0 2.0 0.9 3.9 15.6 27.1 85.4 
125 4,222 65.3 2.1 0.9 4.0 16.1 27.1 88.3 
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A5.— Regional estimates of timber volume and carbon stocks for spruce-balsam fir stands on forest 
land after clearcut harvest in the Northeast  


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare -------------------------------------- 
0 0.0 0.0 0.0 2.1 20.3 33.7 98.0 56.2 
5 0.0 7.0 0.7 1.8 16.0 23.6 98.0 49.1 


15 11.5 20.1 2.0 1.6 10.6 18.6 98.0 53.0 
25 29.1 32.5 3.3 1.5 8.0 20.7 98.0 66.0 
35 51.6 45.7 4.6 1.4 7.1 24.2 98.0 83.1 
45 76.9 57.4 5.7 1.4 6.9 27.7 98.0 99.2 
55 102.6 68.7 6.9 1.4 7.3 30.7 98.0 114.9 
65 126.4 78.6 7.4 1.3 7.8 33.3 98.0 128.5 
75 149.3 87.9 7.6 1.3 8.4 35.5 98.0 140.8 
85 170.9 96.5 7.8 1.3 9.1 37.4 98.0 152.2 
95 191.6 104.5 8.0 1.3 9.7 39.1 98.0 162.6 


105 211.1 111.9 8.2 1.3 10.4 40.6 98.0 172.3 
115 229.6 118.8 8.3 1.3 11.0 41.9 98.0 181.2 
125 247.1 125.3 8.4 1.3 11.6 43.0 98.0 189.6 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.9 8.2 13.6 39.7 22.7 
5 0 2.8 0.3 0.7 6.5 9.5 39.7 19.9 


15 164 8.1 0.8 0.6 4.3 7.5 39.7 21.4 
25 416 13.2 1.3 0.6 3.2 8.4 39.7 26.7 
35 738 18.5 1.9 0.6 2.9 9.8 39.7 33.6 
45 1,099 23.2 2.3 0.6 2.8 11.2 39.7 40.1 
55 1,466 27.8 2.8 0.6 2.9 12.4 39.7 46.5 
65 1,807 31.8 3.0 0.5 3.2 13.5 39.7 52.0 
75 2,133 35.6 3.1 0.5 3.4 14.4 39.7 57.0 
85 2,443 39.0 3.2 0.5 3.7 15.2 39.7 61.6 
95 2,738 42.3 3.2 0.5 3.9 15.8 39.7 65.8 


105 3,017 45.3 3.3 0.5 4.2 16.4 39.7 69.7 
115 3,281 48.1 3.4 0.5 4.4 16.9 39.7 73.3 
125 3,532 50.7 3.4 0.5 4.7 17.4 39.7 76.7 
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A6.— Regional estimates of timber volume and carbon stocks for white-red-jack pine stands on 
forest land after clearcut harvest in the Northeast 


Mean carbon density 
Age Mean 


volume 
Live tree 


Standing 
dead tree 


Under-
story 


Down dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.1 20.4 13.8 78.1 36.3 
5 0.0 7.3 0.7 2.2 15.8 10.7 78.1 36.8 


15 30.0 28.6 2.9 1.8 10.4 9.4 78.1 53.1 
25 54.4 44.7 3.9 1.8 7.5 10.1 78.1 68.1 
35 77.9 57.7 4.3 1.7 6.1 11.2 78.1 81.0 
45 100.6 69.4 4.6 1.7 5.5 12.2 78.1 93.4 
55 122.5 78.7 4.8 1.6 5.3 13.1 78.1 103.4 
65 142.3 86.8 5.0 1.6 5.3 13.7 78.1 112.5 
75 160.9 94.3 5.2 1.6 5.5 14.2 78.1 120.8 
85 178.4 101.2 5.3 1.6 5.8 14.7 78.1 128.6 
95 194.7 107.6 5.4 1.6 6.0 15.0 78.1 135.7 


105 210.0 113.5 5.5 1.6 6.3 15.4 78.1 142.3 
115 224.1 118.9 5.6 1.6 6.6 15.6 78.1 148.3 
125 237.1 123.8 5.7 1.6 6.8 15.9 78.1 153.8 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 8.3 5.6 31.6 14.7 
5 0 3.0 0.3 0.9 6.4 4.3 31.6 14.9 


15 429 11.6 1.2 0.7 4.2 3.8 31.6 21.5 
25 777 18.1 1.6 0.7 3.0 4.1 31.6 27.5 
35 1,113 23.3 1.7 0.7 2.5 4.6 31.6 32.8 
45 1,438 28.1 1.9 0.7 2.2 5.0 31.6 37.8 
55 1,751 31.8 2.0 0.7 2.1 5.3 31.6 41.9 
65 2,034 35.1 2.0 0.7 2.2 5.5 31.6 45.5 
75 2,300 38.2 2.1 0.7 2.2 5.8 31.6 48.9 
85 2,550 41.0 2.1 0.6 2.3 5.9 31.6 52.0 
95 2,783 43.5 2.2 0.6 2.4 6.1 31.6 54.9 


105 3,001 45.9 2.2 0.6 2.6 6.2 31.6 57.6 
115 3,202 48.1 2.3 0.6 2.7 6.3 31.6 60.0 
125 3,389 50.1 2.3 0.6 2.8 6.4 31.6 62.2 
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A7.— Regional estimates of timber volume and carbon stocks for aspen-birch stands on forest land 
after clearcut harvest in the Northern Lake States  


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.0 13.4 10.2 146.1 25.6 
5 0.0 7.3 0.5 2.1 9.5 7.5 146.1 26.8 


15 2.9 13.9 1.4 2.1 5.0 6.0 146.1 28.4 
25 21.5 26.8 2.7 2.1 3.9 6.5 146.1 42.0 
35 47.2 40.8 4.1 2.0 4.0 7.5 146.1 58.4 
45 72.8 53.5 5.3 2.0 4.6 8.5 146.1 74.0 
55 97.1 64.9 6.1 2.0 5.4 9.3 146.1 87.7 
65 119.5 75.0 6.7 2.0 6.1 10.1 146.1 99.8 
75 139.7 83.8 7.1 2.0 6.8 10.7 146.1 110.4 
85 157.5 91.5 7.4 2.0 7.4 11.3 146.1 119.6 
95 173.0 98.0 7.7 2.0 7.9 11.8 146.1 127.4 


105 186.0 103.4 7.9 2.0 8.4 12.2 146.1 133.9 
115 196.4 107.7 8.1 2.0 8.7 12.5 146.1 139.1 
125 204.3 110.9 8.3 2.0 9.0 12.9 146.1 143.0 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 5.4 4.1 59.1 10.4 
5 0 3.0 0.2 0.8 3.8 3.0 59.1 10.9 


15 42 5.6 0.6 0.8 2.0 2.4 59.1 11.5 
25 307 10.9 1.1 0.8 1.6 2.6 59.1 17.0 
35 674 16.5 1.6 0.8 1.6 3.0 59.1 23.6 
45 1,041 21.6 2.2 0.8 1.9 3.4 59.1 29.9 
55 1,388 26.2 2.5 0.8 2.2 3.8 59.1 35.5 
65 1,708 30.3 2.7 0.8 2.5 4.1 59.1 40.4 
75 1,996 33.9 2.9 0.8 2.8 4.3 59.1 44.7 
85 2,251 37.0 3.0 0.8 3.0 4.6 59.1 48.4 
95 2,472 39.7 3.1 0.8 3.2 4.8 59.1 51.6 


105 2,658 41.8 3.2 0.8 3.4 4.9 59.1 54.2 
115 2,807 43.6 3.3 0.8 3.5 5.1 59.1 56.3 
125 2,920 44.9 3.3 0.8 3.6 5.2 59.1 57.9 
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A8.— Regional estimates of timber volume and carbon stocks for elm-ash-cottonwood stands on 
forest land after clearcut harvest in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.0 9.4 27.7 179.9 39.2 
5 0.0 3.9 0.4 1.9 6.5 20.3 179.9 33.0 


15 2.4 10.3 1.0 1.9 3.4 16.3 179.9 32.9 
25 13.2 20.1 2.0 1.9 2.4 17.6 179.9 44.1 
35 25.2 29.8 3.0 1.9 2.4 20.3 179.9 57.3 
45 37.4 38.7 3.9 1.9 2.6 23.0 179.9 70.1 
55 49.8 47.1 4.7 1.9 3.0 25.3 179.9 82.1 
65 62.3 55.6 5.3 1.9 3.5 27.4 179.9 93.8 
75 74.9 62.8 5.6 1.9 3.9 29.2 179.9 103.4 
85 87.5 69.9 5.8 1.9 4.3 30.7 179.9 112.6 
95 100.1 76.8 6.0 1.9 4.7 32.0 179.9 121.4 


105 112.9 83.6 6.2 1.9 5.1 33.1 179.9 130.0 
115 125.8 90.4 6.4 1.9 5.6 34.2 179.9 138.5 
125 139.2 97.4 6.5 1.9 6.0 35.1 179.9 147.0 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 3.8 11.2 72.8 15.8 
5 0 1.6 0.2 0.8 2.6 8.2 72.8 13.3 


15 35 4.2 0.4 0.8 1.4 6.6 72.8 13.3 
25 189 8.1 0.8 0.8 1.0 7.1 72.8 17.8 
35 360 12.0 1.2 0.8 1.0 8.2 72.8 23.2 
45 535 15.7 1.6 0.8 1.1 9.3 72.8 28.4 
55 712 19.1 1.9 0.8 1.2 10.3 72.8 33.2 
65 890 22.5 2.2 0.8 1.4 11.1 72.8 38.0 
75 1,070 25.4 2.3 0.8 1.6 11.8 72.8 41.8 
85 1,250 28.3 2.4 0.8 1.7 12.4 72.8 45.6 
95 1,431 31.1 2.4 0.8 1.9 12.9 72.8 49.1 


105 1,613 33.8 2.5 0.8 2.1 13.4 72.8 52.6 
115 1,798 36.6 2.6 0.8 2.2 13.8 72.8 56.0 
125 1,990 39.4 2.7 0.8 2.4 14.2 72.8 59.5 
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A9.— Regional estimates of timber volume and carbon stocks for maple-beech-birch stands on 
forest land after clearcut harvest in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ---------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.1 19.5 27.7 134.3 49.4 
5 0.0 5.1 0.5 2.0 13.3 20.3 134.3 41.2 


15 4.3 13.4 1.3 1.7 6.7 16.3 134.3 39.4 
25 24.6 30.3 3.0 1.6 4.8 17.6 134.3 57.3 
35 48.1 47.7 4.0 1.5 4.7 20.3 134.3 78.2 
45 72.5 62.9 4.4 1.4 5.2 23.0 134.3 96.9 
55 96.9 77.3 4.7 1.4 6.1 25.3 134.3 114.8 
65 121.3 91.1 4.9 1.4 7.0 27.4 134.3 131.8 
75 145.3 104.4 5.1 1.4 8.0 29.2 134.3 148.0 
85 168.9 117.1 5.3 1.3 8.9 30.7 134.3 163.3 
95 191.9 129.3 5.4 1.3 9.8 32.0 134.3 177.8 


105 214.4 140.9 5.6 1.3 10.7 33.1 134.3 191.6 
115 236.0 151.9 5.7 1.3 11.5 34.2 134.3 204.6 
125 256.9 162.4 5.8 1.3 12.3 35.1 134.3 216.9 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.9 7.9 11.2 54.3 20.0 
5 0 2.1 0.2 0.8 5.4 8.2 54.3 16.7 


15 62 5.4 0.5 0.7 2.7 6.6 54.3 16.0 
25 351 12.2 1.2 0.6 1.9 7.1 54.3 23.2 
35 688 19.3 1.6 0.6 1.9 8.2 54.3 31.7 
45 1,036 25.4 1.8 0.6 2.1 9.3 54.3 39.2 
55 1,385 31.3 1.9 0.6 2.5 10.3 54.3 46.5 
65 1,733 36.9 2.0 0.6 2.8 11.1 54.3 53.4 
75 2,076 42.2 2.1 0.6 3.2 11.8 54.3 59.9 
85 2,414 47.4 2.1 0.5 3.6 12.4 54.3 66.1 
95 2,743 52.3 2.2 0.5 4.0 12.9 54.3 72.0 


105 3,064 57.0 2.3 0.5 4.3 13.4 54.3 77.5 
115 3,373 61.5 2.3 0.5 4.7 13.8 54.3 82.8 
125 3,671 65.7 2.3 0.5 5.0 14.2 54.3 87.8 
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A10.— Regional estimates of timber volume and carbon stocks for oak-hickory stands on forest 
land after clearcut harvest in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.1 20.5 8.2 97.1 30.8 
5 0.0 6.7 0.7 2.2 14.1 5.7 97.1 29.3 


15 4.1 17.0 1.7 2.0 7.3 4.1 97.1 32.1 
25 21.9 33.6 3.1 1.9 5.2 4.5 97.1 48.2 
35 42.5 50.3 3.6 1.8 5.0 5.3 97.1 66.1 
45 64.9 66.7 3.9 1.8 5.7 6.3 97.1 84.4 
55 88.7 83.6 4.2 1.8 6.7 7.3 97.1 103.5 
65 113.4 99.1 4.5 1.7 7.8 8.1 97.1 121.2 
75 139.0 114.7 4.7 1.7 8.9 8.9 97.1 139.0 
85 165.2 130.3 4.9 1.7 10.1 9.7 97.1 156.7 
95 192.1 146.0 5.1 1.7 11.3 10.3 97.1 174.4 


105 219.2 161.6 5.3 1.7 12.5 10.9 97.1 192.0 
115 246.4 177.0 5.4 1.6 13.7 11.5 97.1 209.2 
125 272.5 191.6 5.5 1.6 14.8 12.0 97.1 225.6 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 8.3 3.3 39.3 12.5 
5 0 2.7 0.3 0.9 5.7 2.3 39.3 11.9 


15 58 6.9 0.7 0.8 2.9 1.7 39.3 13.0 
25 313 13.6 1.2 0.8 2.1 1.8 39.3 19.5 
35 608 20.4 1.4 0.7 2.0 2.2 39.3 26.7 
45 928 27.0 1.6 0.7 2.3 2.6 39.3 34.2 
55 1,267 33.8 1.7 0.7 2.7 2.9 39.3 41.9 
65 1,620 40.1 1.8 0.7 3.1 3.3 39.3 49.0 
75 1,986 46.4 1.9 0.7 3.6 3.6 39.3 56.2 
85 2,361 52.7 2.0 0.7 4.1 3.9 39.3 63.4 
95 2,745 59.1 2.1 0.7 4.6 4.2 39.3 70.6 


105 3,133 65.4 2.1 0.7 5.1 4.4 39.3 77.7 
115 3,521 71.6 2.2 0.7 5.5 4.7 39.3 84.7 
125 3,895 77.5 2.2 0.7 6.0 4.9 39.3 91.3 
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A11.— Regional estimates of timber volume and carbon stocks for spruce-balsam fir stands on 
forest land after clearcut harvest in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.1 16.0 33.7 261.8 51.9 
5 0.0 3.4 0.3 2.1 12.4 23.6 261.8 41.8 


15 3.0 9.3 0.9 2.6 7.7 18.6 261.8 39.1 
25 23.2 24.3 2.4 1.9 6.1 20.7 261.8 55.3 
35 51.1 41.2 4.1 1.6 5.8 24.2 261.8 77.0 
45 77.2 56.0 5.1 1.5 6.1 27.7 261.8 96.4 
55 100.7 67.4 5.8 1.4 6.6 30.7 261.8 111.9 
65 121.6 77.2 6.4 1.3 7.1 33.3 261.8 125.2 
75 140.2 85.5 6.8 1.3 7.6 35.5 261.8 136.8 
85 156.5 92.8 7.2 1.2 8.2 37.4 261.8 146.8 
95 170.9 99.0 7.5 1.2 8.6 39.1 261.8 155.4 


105 183.5 104.3 7.7 1.2 9.1 40.6 261.8 162.9 
115 194.4 109.0 7.9 1.2 9.5 41.9 261.8 169.4 
125 203.8 112.9 8.1 1.2 9.8 43.0 261.8 174.9 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.9 6.5 13.6 105.9 21.0 
5 0 1.4 0.1 0.9 5.0 9.5 105.9 16.9 


15 43 3.7 0.4 1.0 3.1 7.5 105.9 15.8 
25 332 9.8 1.0 0.8 2.5 8.4 105.9 22.4 
35 730 16.7 1.7 0.7 2.4 9.8 105.9 31.2 
45 1,103 22.7 2.1 0.6 2.5 11.2 105.9 39.0 
55 1,439 27.3 2.4 0.6 2.7 12.4 105.9 45.3 
65 1,738 31.2 2.6 0.5 2.9 13.5 105.9 50.7 
75 2,003 34.6 2.7 0.5 3.1 14.4 105.9 55.4 
85 2,237 37.5 2.9 0.5 3.3 15.2 105.9 59.4 
95 2,442 40.1 3.0 0.5 3.5 15.8 105.9 62.9 


105 2,622 42.2 3.1 0.5 3.7 16.4 105.9 65.9 
115 2,778 44.1 3.2 0.5 3.8 16.9 105.9 68.5 
125 2,912 45.7 3.3 0.5 4.0 17.4 105.9 70.8 
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A12.— Regional estimates of timber volume and carbon stocks for white-red-jack pine stands on 
forest land after clearcut harvest in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.0 25.5 13.8 120.8 41.3 
5 0.0 0.4 0.0 2.0 19.3 10.7 120.8 32.5 


15 6.6 8.0 0.8 2.0 11.6 9.4 120.8 31.8 
25 48.1 35.4 3.5 2.0 8.8 10.1 120.8 59.9 
35 104.7 62.9 4.9 2.0 8.1 11.2 120.8 89.1 
45 158.9 85.8 5.5 2.0 8.2 12.2 120.8 113.7 
55 209.1 105.3 5.9 2.0 8.8 13.1 120.8 135.0 
65 255.1 122.2 6.2 2.0 9.5 13.7 120.8 153.6 
75 297.4 137.1 6.5 2.0 10.3 14.2 120.8 170.0 
85 336.1 150.3 6.7 2.0 11.0 14.7 120.8 184.6 
95 371.7 162.0 6.9 2.0 11.8 15.0 120.8 197.7 


105 404.2 172.5 7.0 2.0 12.5 15.4 120.8 209.3 
115 434.0 182.0 7.2 2.0 13.1 15.6 120.8 219.8 
125 461.3 190.5 7.3 1.9 13.7 15.9 120.8 229.3 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 10.3 5.6 48.9 16.7 
5 0 0.2 0.0 0.8 7.8 4.3 48.9 13.2 


15 94 3.3 0.3 0.8 4.7 3.8 48.9 12.9 
25 688 14.3 1.4 0.8 3.6 4.1 48.9 24.2 
35 1,496 25.5 2.0 0.8 3.3 4.6 48.9 36.1 
45 2,271 34.7 2.2 0.8 3.3 5.0 48.9 46.0 
55 2,988 42.6 2.4 0.8 3.5 5.3 48.9 54.6 
65 3,646 49.5 2.5 0.8 3.8 5.5 48.9 62.2 
75 4,250 55.5 2.6 0.8 4.1 5.8 48.9 68.8 
85 4,804 60.8 2.7 0.8 4.5 5.9 48.9 74.7 
95 5,312 65.6 2.8 0.8 4.8 6.1 48.9 80.0 


105 5,777 69.8 2.8 0.8 5.1 6.2 48.9 84.7 
115 6,203 73.6 2.9 0.8 5.3 6.3 48.9 89.0 
125 6,593 77.1 2.9 0.8 5.6 6.4 48.9 92.8 
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A13.— Regional estimates of timber volume and carbon stocks for elm-ash-cottonwood stands on 
forest land after clearcut harvest in the Northern Prairie States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 2.1 11.3 27.7 84.8 41.0 
5 0.0 3.9 0.4 2.1 7.7 20.3 84.8 34.4 


15 0.0 8.7 0.9 2.7 3.9 16.3 84.8 32.4 
25 5.8 15.5 1.6 2.4 2.5 17.6 84.8 39.7 
35 21.8 27.7 2.8 2.2 2.5 20.3 84.8 55.5 
45 45.1 43.2 4.3 2.0 3.3 23.0 84.8 75.7 
55 73.0 60.2 5.6 1.9 4.3 25.3 84.8 97.2 
65 104.1 78.9 6.1 1.8 5.5 27.4 84.8 119.7 
75 137.4 96.5 6.5 1.8 6.7 29.2 84.8 140.6 
85 171.9 114.0 6.9 1.7 7.9 30.7 84.8 161.2 
95 206.8 131.3 7.2 1.7 9.1 32.0 84.8 181.3 


105 241.7 148.2 7.5 1.6 10.3 33.1 84.8 200.7 
115 275.8 164.3 7.8 1.6 11.4 34.2 84.8 219.2 
125 308.6 179.6 8.0 1.6 12.4 35.1 84.8 236.6 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 4.6 11.2 34.3 16.6 
5 0 1.6 0.2 0.8 3.1 8.2 34.3 13.9 


15 0 3.5 0.4 1.1 1.6 6.6 34.3 13.1 
25 83 6.3 0.6 1.0 1.0 7.1 34.3 16.1 
35 312 11.2 1.1 0.9 1.0 8.2 34.3 22.5 
45 644 17.5 1.7 0.8 1.3 9.3 34.3 30.6 
55 1,043 24.3 2.3 0.8 1.7 10.3 34.3 39.4 
65 1,488 31.9 2.5 0.7 2.2 11.1 34.3 48.5 
75 1,964 39.0 2.6 0.7 2.7 11.8 34.3 56.9 
85 2,456 46.1 2.8 0.7 3.2 12.4 34.3 65.2 
95 2,956 53.1 2.9 0.7 3.7 12.9 34.3 73.4 


105 3,454 60.0 3.0 0.7 4.2 13.4 34.3 81.2 
115 3,941 66.5 3.2 0.6 4.6 13.8 34.3 88.7 
125 4,410 72.7 3.2 0.6 5.0 14.2 34.3 95.8 
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A14.— Regional estimates of timber volume and carbon stocks for maple-beech-birch stands on 
forest land after clearcut harvest in the Northern Prairie States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 2.1 12.8 27.7 64.9 42.6 
5 0.0 5.1 0.5 2.2 8.8 20.3 64.9 37.0 


15 0.9 10.5 1.1 1.9 4.4 16.3 64.9 34.2 
25 8.2 18.5 1.8 1.7 2.8 17.6 64.9 42.5 
35 21.4 29.7 3.0 1.6 2.6 20.3 64.9 57.1 
45 38.2 41.3 3.8 1.5 2.9 23.0 64.9 72.4 
55 57.4 53.6 4.2 1.4 3.5 25.3 64.9 88.1 
65 78.6 66.5 4.5 1.3 4.3 27.4 64.9 104.0 
75 101.0 79.6 4.7 1.3 5.1 29.2 64.9 119.9 
85 124.4 92.9 4.9 1.2 5.9 30.7 64.9 135.7 
95 148.6 106.2 5.1 1.2 6.7 32.0 64.9 151.3 


105 173.1 119.4 5.3 1.2 7.6 33.1 64.9 166.6 
115 197.4 132.1 5.5 1.2 8.4 34.2 64.9 181.3 
125 220.5 144.0 5.6 1.1 9.1 35.1 64.9 195.0 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.9 5.2 11.2 26.2 17.3 
5 0 2.1 0.2 0.9 3.6 8.2 26.2 15.0 


15 13 4.3 0.4 0.8 1.8 6.6 26.2 13.8 
25 117 7.5 0.7 0.7 1.1 7.1 26.2 17.2 
35 306 12.0 1.2 0.6 1.0 8.2 26.2 23.1 
45 546 16.7 1.5 0.6 1.2 9.3 26.2 29.3 
55 821 21.7 1.7 0.6 1.4 10.3 26.2 35.6 
65 1,123 26.9 1.8 0.5 1.7 11.1 26.2 42.1 
75 1,443 32.2 1.9 0.5 2.1 11.8 26.2 48.5 
85 1,778 37.6 2.0 0.5 2.4 12.4 26.2 54.9 
95 2,123 43.0 2.1 0.5 2.7 12.9 26.2 61.2 


105 2,474 48.3 2.2 0.5 3.1 13.4 26.2 67.4 
115 2,821 53.5 2.2 0.5 3.4 13.8 26.2 73.4 
125 3,151 58.3 2.3 0.5 3.7 14.2 26.2 78.9 
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A15.— Regional estimates of timber volume and carbon stocks for oak-hickory stands on forest 
land after clearcut harvest in the Northern Prairie States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 2.1 14.1 8.2 45.9 24.4 
5 0.0 6.7 0.6 2.4 9.8 5.7 45.9 25.1 


15 2.1 15.6 1.6 2.1 5.2 4.1 45.9 28.6 
25 13.0 27.5 2.7 2.0 3.7 4.5 45.9 40.3 
35 27.4 40.0 3.2 1.9 3.5 5.3 45.9 53.9 
45 43.0 52.2 3.6 1.8 3.9 6.3 45.9 67.8 
55 59.1 64.3 3.9 1.8 4.5 7.3 45.9 81.7 
65 74.9 74.7 4.1 1.7 5.1 8.1 45.9 93.8 
75 90.2 84.6 4.3 1.7 5.7 8.9 45.9 105.2 
85 104.7 93.7 4.4 1.7 6.3 9.7 45.9 115.8 
95 118.3 102.1 4.5 1.6 6.9 10.3 45.9 125.6 


105 130.8 109.7 4.7 1.6 7.4 10.9 45.9 134.4 
115 142.0 116.5 4.7 1.6 7.9 11.5 45.9 142.3 
125 151.9 122.5 4.8 1.6 8.3 12.0 45.9 149.2 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 0.8 5.7 3.3 18.6 9.9 
5 0 2.7 0.2 1.0 4.0 2.3 18.6 10.2 


15 30 6.3 0.6 0.9 2.1 1.7 18.6 11.6 
25 186 11.1 1.1 0.8 1.5 1.8 18.6 16.3 
35 391 16.2 1.3 0.8 1.4 2.2 18.6 21.8 
45 615 21.1 1.4 0.7 1.6 2.6 18.6 27.4 
55 844 26.0 1.6 0.7 1.8 2.9 18.6 33.0 
65 1,070 30.2 1.7 0.7 2.1 3.3 18.6 37.9 
75 1,289 34.2 1.7 0.7 2.3 3.6 18.6 42.6 
85 1,497 37.9 1.8 0.7 2.6 3.9 18.6 46.9 
95 1,691 41.3 1.8 0.7 2.8 4.2 18.6 50.8 


105 1,869 44.4 1.9 0.7 3.0 4.4 18.6 54.4 
115 2,030 47.2 1.9 0.7 3.2 4.7 18.6 57.6 
125 2,171 49.6 2.0 0.7 3.3 4.9 18.6 60.4 


 


62







 


 


A16.— Regional estimates of timber volume and carbon stocks for oak-pine stands on forest land 
after clearcut harvest in the Northern Prairie States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ---------------------------------------- tonnes carbon/hectare ---------------------------------------
0 0.0 0.0 0.0 4.2 17.8 29.7 36.2 51.7 
5 0.0 5.1 0.4 4.2 13.8 20.2 36.2 43.8 


15 4.5 13.8 1.2 4.3 8.7 15.3 36.2 43.2 
25 28.4 29.8 2.6 3.6 6.5 17.1 36.2 59.5 
35 57.9 47.4 3.4 3.3 5.8 20.3 36.2 80.2 
45 86.7 63.3 4.0 3.1 5.8 23.6 36.2 99.8 
55 113.2 77.0 4.4 2.9 6.2 26.6 36.2 117.1 
65 137.1 89.4 4.7 2.9 6.7 29.3 36.2 132.9 
75 158.1 98.9 5.0 2.8 7.1 31.6 36.2 145.4 
85 176.0 106.8 5.2 2.7 7.5 33.6 36.2 155.9 
95 190.8 113.3 5.4 2.7 7.9 35.4 36.2 164.7 


105 202.4 118.3 5.5 2.7 8.2 37.0 36.2 171.7 
115 210.9 121.9 5.6 2.7 8.5 38.4 36.2 177.1 
125 216.1 124.1 5.7 2.7 8.6 39.7 36.2 180.8 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.7 7.2 12.0 14.6 20.9 
5 0 2.1 0.2 1.7 5.6 8.2 14.6 17.7 


15 65 5.6 0.5 1.7 3.5 6.2 14.6 17.5 
25 406 12.1 1.0 1.5 2.6 6.9 14.6 24.1 
35 828 19.2 1.4 1.3 2.3 8.2 14.6 32.5 
45 1,239 25.6 1.6 1.2 2.4 9.6 14.6 40.4 
55 1,618 31.2 1.8 1.2 2.5 10.8 14.6 47.4 
65 1,959 36.2 1.9 1.2 2.7 11.8 14.6 53.8 
75 2,259 40.0 2.0 1.1 2.9 12.8 14.6 58.8 
85 2,515 43.2 2.1 1.1 3.1 13.6 14.6 63.1 
95 2,727 45.8 2.2 1.1 3.2 14.3 14.6 66.6 


105 2,893 47.9 2.2 1.1 3.3 15.0 14.6 69.5 
115 3,014 49.3 2.3 1.1 3.4 15.6 14.6 71.7 
125 3,088 50.2 2.3 1.1 3.5 16.1 14.6 73.2 
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A17.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands on forest land 
after clearcut harvest in the Pacific Northwest, East 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare --------------------------------------- 
0 0.0 0.0 0.0 4.6 26.0 37.2 94.8 67.8 
5 0.0 2.7 0.3 4.4 22.5 35.4 94.8 65.2 


15 3.8 8.7 0.9 4.1 17.2 32.9 94.8 63.7 
25 47.7 38.3 3.8 3.7 15.9 31.8 94.8 93.5 
35 119.0 75.1 7.5 3.6 16.5 31.6 94.8 134.2 
45 184.7 104.0 10.0 3.5 17.1 32.0 94.8 166.5 
55 241.8 127.3 10.9 3.4 17.8 32.7 94.8 192.1 
65 290.9 146.4 11.5 3.4 18.5 33.6 94.8 213.5 
75 332.7 162.2 12.0 3.4 19.2 34.6 94.8 231.4 
85 368.3 175.3 12.4 3.4 19.8 35.6 94.8 246.5 
95 398.6 186.2 12.7 3.4 20.5 36.6 94.8 259.3 


105 424.4 195.4 13.0 3.3 21.0 37.5 94.8 270.2 
115 446.4 203.1 13.2 3.3 21.6 38.4 94.8 279.5 
125 465.2 209.6 13.3 3.3 22.0 39.2 94.8 287.5 
years ft3/acre -------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 1.9 10.5 15.1 38.3 27.4 
5 0 1.1 0.1 1.8 9.1 14.3 38.3 26.4 


15 54 3.5 0.4 1.7 7.0 13.3 38.3 25.8 
25 682 15.5 1.5 1.5 6.4 12.9 38.3 37.8 
35 1,701 30.4 3.0 1.4 6.7 12.8 38.3 54.3 
45 2,639 42.1 4.1 1.4 6.9 12.9 38.3 67.4 
55 3,456 51.5 4.4 1.4 7.2 13.2 38.3 77.8 
65 4,157 59.3 4.7 1.4 7.5 13.6 38.3 86.4 
75 4,755 65.6 4.9 1.4 7.8 14.0 38.3 93.6 
85 5,264 70.9 5.0 1.4 8.0 14.4 38.3 99.8 
95 5,697 75.4 5.1 1.4 8.3 14.8 38.3 104.9 


105 6,065 79.1 5.2 1.4 8.5 15.2 38.3 109.4 
115 6,379 82.2 5.3 1.4 8.7 15.5 38.3 113.1 
125 6,648 84.8 5.4 1.3 8.9 15.8 38.3 116.3 
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A18.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands on forest land after clearcut harvest in the Pacific Northwest, East 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.8 16.6 37.2 62.1 58.6 
5 0.0 3.1 0.3 4.1 14.5 35.4 62.1 57.4 


15 0.0 5.8 0.6 3.7 11.0 32.9 62.1 54.0 
25 15.2 15.5 1.6 3.2 9.3 31.8 62.1 61.3 
35 52.1 33.9 3.4 2.8 9.2 31.6 62.1 80.9 
45 97.4 53.0 5.3 2.6 9.7 32.0 62.1 102.6 
55 144.4 71.3 7.1 2.5 10.6 32.7 62.1 124.3 
65 189.7 88.3 8.8 2.4 11.6 33.6 62.1 144.7 
75 231.5 103.3 10.3 2.4 12.6 34.6 62.1 163.2 
85 268.7 116.4 11.6 2.3 13.6 35.6 62.1 179.6 
95 301.0 127.6 12.8 2.3 14.4 36.6 62.1 193.6 


105 328.2 136.9 13.7 2.3 15.2 37.5 62.1 205.5 
115 350.6 144.4 14.4 2.2 15.8 38.4 62.1 215.2 
125 368.3 150.3 15.0 2.2 16.3 39.2 62.1 223.0 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 1.9 6.7 15.1 25.1 23.7 
5 0 1.3 0.1 1.7 5.9 14.3 25.1 23.2 


15 0 2.3 0.2 1.5 4.5 13.3 25.1 21.9 
25 217 6.3 0.6 1.3 3.8 12.9 25.1 24.8 
35 745 13.7 1.4 1.1 3.7 12.8 25.1 32.8 
45 1,392 21.4 2.1 1.1 3.9 12.9 25.1 41.5 
55 2,063 28.9 2.9 1.0 4.3 13.2 25.1 50.3 
65 2,711 35.7 3.6 1.0 4.7 13.6 25.1 58.6 
75 3,308 41.8 4.2 1.0 5.1 14.0 25.1 66.1 
85 3,840 47.1 4.7 0.9 5.5 14.4 25.1 72.7 
95 4,302 51.6 5.2 0.9 5.8 14.8 25.1 78.4 


105 4,691 55.4 5.5 0.9 6.1 15.2 25.1 83.2 
115 5,010 58.4 5.8 0.9 6.4 15.5 25.1 87.1 
125 5,264 60.8 6.1 0.9 6.6 15.8 25.1 90.3 


 


65







 


 


A19.— Regional estimates of timber volume and carbon stocks for lodgepole pine stands on forest 
land after clearcut harvest in the Pacific Northwest, East 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.8 13.1 24.1 52.0 42.0 
5 0.0 1.9 0.2 4.8 11.4 22.0 52.0 40.2 


15 6.6 8.1 0.8 3.5 9.0 19.4 52.0 40.7 
25 40.8 24.3 2.4 2.6 8.3 18.3 52.0 56.0 
35 81.7 40.1 4.0 2.3 8.2 18.2 52.0 72.8 
45 120.5 54.0 5.4 2.2 8.3 18.7 52.0 88.5 
55 156.3 64.5 6.4 2.1 8.4 19.4 52.0 100.8 
65 189.3 73.6 7.4 2.0 8.6 20.4 52.0 111.9 
75 219.9 81.7 8.2 1.9 8.9 21.4 52.0 122.0 
85 248.0 88.9 8.9 1.9 9.2 22.4 52.0 131.2 
95 274.0 95.4 9.5 1.9 9.6 23.3 52.0 139.7 


105 298.2 101.2 10.1 1.8 9.9 24.3 52.0 147.4 
115 320.5 106.5 10.6 1.8 10.3 25.2 52.0 154.4 
125 341.2 111.4 10.9 1.8 10.6 26.0 52.0 160.7 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 2.0 5.3 9.8 21.1 17.0 
5 0 0.8 0.1 2.0 4.6 8.9 21.1 16.3 


15 95 3.3 0.3 1.4 3.6 7.8 21.1 16.5 
25 583 9.8 1.0 1.1 3.4 7.4 21.1 22.7 
35 1,168 16.2 1.6 0.9 3.3 7.4 21.1 29.5 
45 1,722 21.8 2.2 0.9 3.3 7.6 21.1 35.8 
55 2,234 26.1 2.6 0.8 3.4 7.9 21.1 40.8 
65 2,706 29.8 3.0 0.8 3.5 8.2 21.1 45.3 
75 3,142 33.1 3.3 0.8 3.6 8.6 21.1 49.4 
85 3,544 36.0 3.6 0.8 3.7 9.1 21.1 53.1 
95 3,916 38.6 3.9 0.8 3.9 9.4 21.1 56.5 


105 4,261 41.0 4.1 0.7 4.0 9.8 21.1 59.6 
115 4,580 43.1 4.3 0.7 4.2 10.2 21.1 62.5 
125 4,876 45.1 4.4 0.7 4.3 10.5 21.1 65.0 
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A20.— Regional estimates of timber volume and carbon stocks for ponderosa pine stands on forest 
land after clearcut harvest in the Pacific Northwest, East 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.8 9.6 24.1 50.7 38.5 
5 0.0 3.3 0.3 4.6 8.5 22.0 50.7 38.6 


15 4.1 7.9 0.8 3.8 6.8 19.4 50.7 38.7 
25 21.6 17.3 1.7 3.2 6.2 18.3 50.7 46.7 
35 40.8 26.2 2.6 2.9 5.9 18.2 50.7 55.9 
45 61.4 34.9 3.3 2.8 6.0 18.7 50.7 65.5 
55 83.3 43.6 3.7 2.6 6.3 19.4 50.7 75.7 
65 106.0 52.5 4.2 2.5 6.7 20.4 50.7 86.2 
75 129.3 61.3 4.6 2.4 7.3 21.4 50.7 96.9 
85 153.0 70.0 4.9 2.4 7.9 22.4 50.7 107.6 
95 176.8 78.6 5.3 2.3 8.6 23.3 50.7 118.1 


105 200.4 87.0 5.6 2.3 9.4 24.3 50.7 128.4 
115 223.6 95.1 5.9 2.2 10.1 25.2 50.7 138.4 
125 246.0 102.8 6.1 2.2 10.8 26.0 50.7 147.9 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 3.9 9.8 20.5 15.6 
5 0 1.3 0.1 1.8 3.5 8.9 20.5 15.6 


15 59 3.2 0.3 1.5 2.8 7.8 20.5 15.6 
25 309 7.0 0.7 1.3 2.5 7.4 20.5 18.9 
35 583 10.6 1.1 1.2 2.4 7.4 20.5 22.6 
45 878 14.1 1.3 1.1 2.4 7.6 20.5 26.5 
55 1,190 17.7 1.5 1.1 2.5 7.9 20.5 30.6 
65 1,515 21.2 1.7 1.0 2.7 8.2 20.5 34.9 
75 1,848 24.8 1.8 1.0 2.9 8.6 20.5 39.2 
85 2,187 28.3 2.0 1.0 3.2 9.1 20.5 43.5 
95 2,527 31.8 2.1 0.9 3.5 9.4 20.5 47.8 


105 2,864 35.2 2.3 0.9 3.8 9.8 20.5 52.0 
115 3,195 38.5 2.4 0.9 4.1 10.2 20.5 56.0 
125 3,515 41.6 2.5 0.9 4.4 10.5 20.5 59.8 
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A21.— Regional estimates of timber volume and carbon stocks for alder-maple stands on forest 
land after clearcut harvest in the Pacific Northwest, West 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.7 32.2 9.3 115.2 46.2 
5 0.0 8.0 0.8 4.7 22.0 3.9 115.2 39.5 


15 49.5 31.0 3.1 3.7 12.3 4.5 115.2 54.6 
25 229.7 99.4 9.9 2.8 13.5 6.2 115.2 131.9 
35 380.8 153.8 15.4 2.5 16.4 7.6 115.2 195.7 
45 513.7 200.8 20.1 2.4 19.8 8.6 115.2 251.7 
55 633.3 242.5 22.2 2.3 23.3 9.4 115.2 299.7 
65 742.1 280.1 23.9 2.2 26.7 10.1 115.2 343.0 
75 842.1 314.4 25.3 2.2 29.9 10.7 115.2 382.4 
85 934.5 346.0 26.6 2.1 32.8 11.1 115.2 418.6 
95 1,020.3 375.2 27.7 2.1 35.6 11.5 115.2 452.0 


105 1,100.3 402.2 28.7 2.0 38.1 11.9 115.2 483.0 
115 1,175.0 427.4 29.6 2.1 40.5 12.2 115.2 511.8 
125 1,244.9 450.9 30.4 2.3 42.7 12.4 115.2 538.7 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 1.9 13.0 3.8 46.6 18.7 
5 0 3.2 0.3 1.9 8.9 1.6 46.6 16.0 


15 708 12.6 1.3 1.5 5.0 1.8 46.6 22.1 
25 3,282 40.2 4.0 1.1 5.5 2.5 46.6 53.4 
35 5,442 62.3 6.2 1.0 6.6 3.1 46.6 79.2 
45 7,342 81.3 8.1 1.0 8.0 3.5 46.6 101.9 
55 9,050 98.1 9.0 0.9 9.4 3.8 46.6 121.3 
65 10,605 113.3 9.7 0.9 10.8 4.1 46.6 138.8 
75 12,034 127.2 10.3 0.9 12.1 4.3 46.6 154.8 
85 13,355 140.0 10.8 0.9 13.3 4.5 46.6 169.4 
95 14,582 151.8 11.2 0.8 14.4 4.7 46.6 182.9 


105 15,725 162.8 11.6 0.8 15.4 4.8 46.6 195.4 
115 16,792 173.0 12.0 0.9 16.4 4.9 46.6 207.1 
125 17,791 182.5 12.3 0.9 17.3 5.0 46.6 218.0 
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A22.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands on forest land 
after clearcut harvest in the Pacific Northwest, West 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.6 50.3 27.5 94.8 82.4 
5 0.0 8.4 0.8 4.5 43.9 23.7 94.8 81.3 


15 37.4 30.3 3.0 3.9 34.6 20.7 94.8 92.6 
25 208.9 107.1 10.7 3.4 33.9 21.2 94.8 176.3 
35 391.8 181.6 17.4 3.2 35.2 23.3 94.8 260.7 
45 554.7 246.1 21.2 3.1 37.1 26.0 94.8 333.5 
55 698.4 302.2 24.1 3.0 39.4 28.9 94.8 397.6 
65 826.0 351.4 26.4 3.0 41.8 31.8 94.8 454.4 
75 939.9 394.9 28.4 2.9 44.4 34.5 94.8 505.1 
85 1,042.1 433.7 30.1 2.9 47.0 37.0 94.8 550.7 
95 1,134.5 468.6 31.6 2.9 49.5 39.3 94.8 591.9 


105 1,218.3 500.1 32.9 2.9 51.9 41.5 94.8 629.2 
115 1,294.7 528.7 34.0 2.9 54.3 43.4 94.8 663.3 
125 1,364.7 554.8 35.0 2.8 56.5 45.3 94.8 694.4 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 1.9 20.3 11.1 38.3 33.3 
5 0 3.4 0.3 1.8 17.8 9.6 38.3 32.9 


15 535 12.3 1.2 1.6 14.0 8.4 38.3 37.5 
25 2,985 43.3 4.3 1.4 13.7 8.6 38.3 71.3 
35 5,600 73.5 7.1 1.3 14.2 9.4 38.3 105.5 
45 7,927 99.6 8.6 1.3 15.0 10.5 38.3 135.0 
55 9,981 122.3 9.7 1.2 15.9 11.7 38.3 160.9 
65 11,804 142.2 10.7 1.2 16.9 12.9 38.3 183.9 
75 13,432 159.8 11.5 1.2 18.0 14.0 38.3 204.4 
85 14,893 175.5 12.2 1.2 19.0 15.0 38.3 222.9 
95 16,213 189.6 12.8 1.2 20.0 15.9 38.3 239.5 


105 17,411 202.4 13.3 1.2 21.0 16.8 38.3 254.6 
115 18,503 213.9 13.8 1.2 22.0 17.6 38.3 268.4 
125 19,503 224.5 14.2 1.1 22.9 18.3 38.3 281.0 


 
 


69







 


 


A23.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands on forest land 
after clearcut harvest in the Pacific Northwest, West; volumes are for high-productivity sites 
(growth rate greater than 165 cubic feet wood per acre per year) with high-intensity management 
(replanting with genetically improved stock, fertilization, and precommercial thinning) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.6 49.3 27.5 94.8 81.4 
5 0.0 9.5 0.9 4.4 43.1 23.7 94.8 81.7 


15 19.8 23.4 2.3 4.0 33.3 20.7 94.8 83.8 
25 169.7 84.6 8.5 3.5 31.2 21.2 94.8 148.9 
35 445.7 187.4 10.0 3.2 35.4 23.3 94.8 259.3 
45 718.8 286.2 10.6 3.0 40.8 26.0 94.8 366.7 
55 924.1 359.4 10.9 3.0 44.9 28.9 94.8 447.0 
65 1,086.5 416.7 11.1 2.9 48.2 31.8 94.8 510.7 
75 1,225.8 465.6 11.2 2.9 51.4 34.5 94.8 565.5 
85 1,346.8 507.8 11.3 2.9 54.3 37.0 94.8 613.4 
95 1,452.4 544.6 11.4 2.8 57.0 39.3 94.8 655.2 


105 1,544.4 576.5 11.5 2.9 59.6 41.5 94.8 691.9 
115 1,544.4 576.5 11.5 2.9 59.0 43.4 94.8 693.4 
125 1,544.4 576.5 11.5 2.9 58.7 45.3 94.8 694.8 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------


0 0 0.0 0.0 1.9 19.9 11.1 38.3 32.9 
5 0 3.8 0.4 1.8 17.5 9.6 38.3 33.0 


15 283 9.5 0.9 1.6 13.5 8.4 38.3 33.9 
25 2,425 34.2 3.4 1.4 12.6 8.6 38.3 60.3 
35 6,370 75.9 4.1 1.3 14.3 9.4 38.3 104.9 
45 10,272 115.8 4.3 1.2 16.5 10.5 38.3 148.4 
55 13,207 145.4 4.4 1.2 18.2 11.7 38.3 180.9 
65 15,527 168.6 4.5 1.2 19.5 12.9 38.3 206.7 
75 17,518 188.4 4.5 1.2 20.8 14.0 38.3 228.9 
85 19,248 205.5 4.6 1.2 22.0 15.0 38.3 248.2 
95 20,756 220.4 4.6 1.2 23.1 15.9 38.3 265.2 


105 22,072 233.3 4.7 1.2 24.1 16.8 38.3 280.0 
115 22,072 233.3 4.7 1.2 23.9 17.6 38.3 280.6 
125 22,072 233.3 4.7 1.2 23.7 18.3 38.3 281.2 
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A24.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands on forest land after clearcut harvest in the Pacific Northwest, West 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.8 23.8 29.5 62.1 58.1 
5 0.0 3.2 0.3 4.8 20.7 27.0 62.1 56.0 


15 8.2 11.6 1.2 3.9 16.0 25.2 62.1 57.9 
25 62.3 42.5 4.3 3.2 14.8 25.6 62.1 90.3 
35 145.5 84.3 8.4 2.8 15.6 27.1 62.1 138.2 
45 238.7 128.7 12.9 2.6 17.4 28.9 62.1 190.6 
55 333.9 168.2 16.8 2.5 19.4 30.8 62.1 237.8 
65 427.0 205.1 20.5 2.5 21.6 32.6 62.1 282.2 
75 515.8 239.2 23.9 2.4 23.8 34.2 62.1 323.4 
85 599.0 270.3 27.0 2.3 25.9 35.6 62.1 361.2 
95 676.0 298.5 29.8 2.3 28.0 36.8 62.1 395.5 


105 746.6 323.9 32.4 2.3 29.9 37.9 62.1 426.5 
115 810.8 346.7 34.1 2.3 31.7 38.9 62.1 453.7 
125 869.1 367.2 35.1 2.2 33.4 39.8 62.1 477.7 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 1.9 9.6 11.9 25.1 23.5 
5 0 1.3 0.1 1.9 8.4 10.9 25.1 22.7 


15 117 4.7 0.5 1.6 6.5 10.2 25.1 23.4 
25 890 17.2 1.7 1.3 6.0 10.4 25.1 36.6 
35 2,080 34.1 3.4 1.1 6.3 11.0 25.1 55.9 
45 3,412 52.1 5.2 1.1 7.1 11.7 25.1 77.1 
55 4,772 68.1 6.8 1.0 7.9 12.5 25.1 96.2 
65 6,103 83.0 8.3 1.0 8.7 13.2 25.1 114.2 
75 7,371 96.8 9.7 1.0 9.6 13.8 25.1 130.9 
85 8,560 109.4 10.9 0.9 10.5 14.4 25.1 146.2 
95 9,661 120.8 12.1 0.9 11.3 14.9 25.1 160.0 


105 10,670 131.1 13.1 0.9 12.1 15.4 25.1 172.6 
115 11,588 140.3 13.8 0.9 12.8 15.8 25.1 183.6 
125 12,421 148.6 14.2 0.9 13.5 16.1 25.1 193.3 
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A25.— Regional estimates of timber volume and carbon stocks for hemlock-Sitka spruce stands on 
forest land after clearcut harvest in the Pacific Northwest, West 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.7 43.2 27.5 116.3 75.4 
5 0.0 5.9 0.6 4.7 37.6 23.7 116.3 72.5 


15 33.7 22.5 2.2 4.1 29.4 20.7 116.3 78.9 
25 184.1 78.0 7.8 3.1 27.6 21.2 116.3 137.7 
35 350.8 139.8 14.0 2.7 28.4 23.3 116.3 208.2 
45 516.7 201.6 20.2 2.5 30.6 26.0 116.3 280.9 
55 678.7 256.6 25.7 2.4 33.2 28.9 116.3 346.8 
65 835.1 309.1 30.9 2.3 36.2 31.8 116.3 410.4 
75 985.6 359.2 35.9 2.2 39.6 34.5 116.3 471.5 
85 1,129.8 406.7 40.1 2.2 43.2 37.0 116.3 529.2 
95 1,267.4 451.8 42.8 2.3 46.8 39.3 116.3 583.0 


105 1,398.3 494.4 45.2 2.5 50.4 41.5 116.3 634.0 
115 1,522.4 534.7 47.4 2.7 53.9 43.4 116.3 682.2 
125 1,639.6 572.6 49.4 2.9 57.3 45.3 116.3 727.5 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 1.9 17.5 11.1 47.1 30.5 
5 0 2.4 0.2 1.9 15.2 9.6 47.1 29.3 


15 482 9.1 0.9 1.6 11.9 8.4 47.1 31.9 
25 2,631 31.6 3.2 1.3 11.2 8.6 47.1 55.7 
35 5,013 56.6 5.7 1.1 11.5 9.4 47.1 84.2 
45 7,385 81.6 8.2 1.0 12.4 10.5 47.1 113.7 
55 9,699 103.9 10.4 1.0 13.4 11.7 47.1 140.3 
65 11,935 125.1 12.5 0.9 14.7 12.9 47.1 166.1 
75 14,086 145.4 14.5 0.9 16.0 14.0 47.1 190.8 
85 16,146 164.6 16.2 0.9 17.5 15.0 47.1 214.2 
95 18,113 182.8 17.3 0.9 18.9 15.9 47.1 235.9 


105 19,983 200.1 18.3 1.0 20.4 16.8 47.1 256.6 
115 21,757 216.4 19.2 1.1 21.8 17.6 47.1 276.1 
125 23,432 231.7 20.0 1.2 23.2 18.3 47.1 294.4 
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A26.— Regional estimates of timber volume and carbon stocks for hemlock-Sitka spruce stands on 
forest land after clearcut harvest in the Pacific Northwest, West; volumes are for high-productivity 
sites (growth rate greater than 225 cubic feet wood/acre/year) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.7 42.7 27.5 116.3 74.9 
5 0.0 5.9 0.6 4.7 37.1 23.7 116.3 72.0 


15 80.3 36.4 3.6 3.7 30.4 20.7 116.3 94.8 
25 221.7 90.4 9.0 3.0 28.6 21.2 116.3 152.3 
35 413.7 161.0 16.1 2.7 30.3 23.3 116.3 233.3 
45 669.6 253.6 25.4 2.4 35.6 26.0 116.3 342.9 
55 903.9 332.1 33.2 2.3 40.5 28.9 116.3 437.0 
65 1,119.3 403.3 39.9 2.2 45.5 31.8 116.3 522.6 
75 1,318.1 468.3 43.7 2.3 50.4 34.5 116.3 599.3 
85 1,502.0 528.1 47.1 2.6 55.1 37.0 116.3 669.9 
95 1,672.1 583.0 50.0 2.9 59.7 39.3 116.3 735.0 


105 1,829.1 633.5 52.6 3.2 64.1 41.5 116.3 794.8 
115 1,973.0 679.5 54.9 3.4 68.2 43.4 116.3 849.4 
125 2,103.3 721.0 56.9 3.6 72.0 45.3 116.3 898.7 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 1.9 17.3 11.1 47.1 30.3 
5 0 2.4 0.2 1.9 15.0 9.6 47.1 29.1 


15 1,148 14.7 1.5 1.5 12.3 8.4 47.1 38.4 
25 3,169 36.6 3.7 1.2 11.6 8.6 47.1 61.6 
35 5,912 65.1 6.5 1.1 12.3 9.4 47.1 94.4 
45 9,570 102.6 10.3 1.0 14.4 10.5 47.1 138.8 
55 12,918 134.4 13.4 0.9 16.4 11.7 47.1 176.8 
65 15,996 163.2 16.1 0.9 18.4 12.9 47.1 211.5 
75 18,837 189.5 17.7 0.9 20.4 14.0 47.1 242.5 
85 21,465 213.7 19.0 1.1 22.3 15.0 47.1 271.1 
95 23,896 235.9 20.2 1.2 24.2 15.9 47.1 297.4 


105 26,140 256.4 21.3 1.3 25.9 16.8 47.1 321.6 
115 28,197 275.0 22.2 1.4 27.6 17.6 47.1 343.7 
125 30,059 291.8 23.0 1.5 29.1 18.3 47.1 363.7 
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A27.— Regional estimates of timber volume and carbon stocks for mixed conifer stands on forest 
land after clearcut harvest in the Pacific Southwest 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.8 12.0 37.2 49.8 54.0 
5 0.0 4.2 0.3 4.8 10.7 35.4 49.8 55.4 


15 2.0 8.1 0.8 4.8 8.4 32.9 49.8 54.9 
25 11.1 14.6 1.5 6.9 7.0 31.8 49.8 61.7 
35 24.4 22.3 2.2 4.9 6.3 31.6 49.8 67.3 
45 44.5 32.9 3.3 3.6 6.3 32.0 49.8 78.1 
55 71.9 46.5 4.7 2.8 6.9 32.7 49.8 93.5 
65 106.6 62.8 6.3 2.2 7.9 33.6 49.8 112.8 
75 147.9 81.4 8.1 1.8 9.3 34.6 49.8 135.3 
85 195.4 102.0 10.2 1.5 11.1 35.6 49.8 160.4 
95 248.3 124.2 12.4 1.3 13.1 36.6 49.8 187.5 


105 305.6 147.5 14.8 1.1 15.3 37.5 49.8 216.2 
115 366.7 171.8 17.2 1.0 17.6 38.4 49.8 245.9 
125 430.5 196.6 19.7 1.0 20.0 39.2 49.8 276.4 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 4.9 15.1 20.2 21.9 
5 0 1.7 0.1 1.9 4.3 14.3 20.2 22.4 


15 29 3.3 0.3 1.9 3.4 13.3 20.2 22.2 
25 159 5.9 0.6 2.8 2.8 12.9 20.2 25.0 
35 349 9.0 0.9 2.0 2.6 12.8 20.2 27.2 
45 636 13.3 1.3 1.5 2.5 12.9 20.2 31.6 
55 1,028 18.8 1.9 1.1 2.8 13.2 20.2 37.9 
65 1,523 25.4 2.5 0.9 3.2 13.6 20.2 45.7 
75 2,114 33.0 3.3 0.7 3.8 14.0 20.2 54.8 
85 2,793 41.3 4.1 0.6 4.5 14.4 20.2 64.9 
95 3,548 50.2 5.0 0.5 5.3 14.8 20.2 75.9 


105 4,368 59.7 6.0 0.5 6.2 15.2 20.2 87.5 
115 5,240 69.5 7.0 0.4 7.1 15.5 20.2 99.5 
125 6,152 79.6 8.0 0.4 8.1 15.8 20.2 111.9 
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A28.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands on forest land after clearcut harvest in the Pacific Southwest 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.8 16.0 37.2 51.9 58.0 
5 0.0 3.2 0.3 4.8 14.0 35.4 51.9 57.7 


15 2.0 7.9 0.8 4.2 10.9 32.9 51.9 56.8 
25 13.7 17.3 1.7 3.4 9.3 31.8 51.9 63.5 
35 32.4 29.5 3.0 2.9 8.6 31.6 51.9 75.6 
45 58.8 45.2 4.5 2.6 8.9 32.0 51.9 93.2 
55 94.0 63.1 6.3 2.4 9.8 32.7 51.9 114.3 
65 136.7 83.5 8.4 2.2 11.2 33.6 51.9 138.9 
75 185.6 105.7 10.6 2.1 13.1 34.6 51.9 166.0 
85 239.2 128.9 12.9 2.0 15.2 35.6 51.9 194.6 
95 296.6 153.0 15.3 1.9 17.5 36.6 51.9 224.2 


105 356.8 177.4 17.7 1.8 19.9 37.5 51.9 254.4 
115 419.1 202.0 20.2 1.8 22.4 38.4 51.9 284.8 
125 482.7 226.6 22.7 1.7 25.0 39.2 51.9 315.1 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 6.5 15.1 21.0 23.5 
5 0 1.3 0.1 1.9 5.7 14.3 21.0 23.4 


15 28 3.2 0.3 1.7 4.4 13.3 21.0 23.0 
25 196 7.0 0.7 1.4 3.7 12.9 21.0 25.7 
35 463 11.9 1.2 1.2 3.5 12.8 21.0 30.6 
45 840 18.3 1.8 1.1 3.6 12.9 21.0 37.7 
55 1,343 25.5 2.6 1.0 4.0 13.2 21.0 46.3 
65 1,954 33.8 3.4 0.9 4.5 13.6 21.0 56.2 
75 2,652 42.8 4.3 0.8 5.3 14.0 21.0 67.2 
85 3,419 52.2 5.2 0.8 6.1 14.4 21.0 78.8 
95 4,239 61.9 6.2 0.8 7.1 14.8 21.0 90.7 


105 5,099 71.8 7.2 0.7 8.1 15.2 21.0 102.9 
115 5,989 81.8 8.2 0.7 9.1 15.5 21.0 115.2 
125 6,899 91.7 9.2 0.7 10.1 15.8 21.0 127.5 
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A29.— Regional estimates of timber volume and carbon stocks for western oak stands on forest 
land after clearcut harvest in the Pacific Southwest 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ----------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.7 13.3 31.7 27.6 49.7 
5 0.0 2.6 0.2 4.6 8.9 28.4 27.6 44.8 


15 0.0 5.7 0.6 4.5 4.1 24.6 27.6 39.5 
25 1.0 8.8 0.9 4.4 2.1 23.4 27.6 39.5 
35 25.9 30.6 3.1 4.2 2.0 23.5 27.6 63.4 
45 76.3 65.1 4.5 4.1 3.0 24.3 27.6 101.1 
55 127.8 98.3 5.4 4.0 4.2 25.5 27.6 137.5 
65 174.4 124.0 6.0 4.0 5.2 26.8 27.6 166.1 
75 215.0 145.3 6.5 4.0 6.1 28.1 27.6 189.9 
85 249.4 162.7 6.8 4.0 6.8 29.4 27.6 209.7 
95 278.4 177.1 7.1 4.0 7.4 30.6 27.6 226.1 


105 302.8 189.0 7.3 3.9 7.9 31.7 27.6 239.7 
115 323.3 198.8 7.4 3.9 8.3 32.6 27.6 251.1 
125 340.6 207.0 7.6 3.9 8.6 33.5 27.6 260.7 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 5.4 12.8 11.2 20.1 
5 0 1.1 0.1 1.9 3.6 11.5 11.2 18.1 


15 0 2.3 0.2 1.8 1.7 10.0 11.2 16.0 
25 15 3.6 0.4 1.8 0.8 9.5 11.2 16.0 
35 370 12.4 1.2 1.7 0.8 9.5 11.2 25.7 
45 1,090 26.3 1.8 1.7 1.2 9.8 11.2 40.9 
55 1,826 39.8 2.2 1.6 1.7 10.3 11.2 55.6 
65 2,493 50.2 2.4 1.6 2.1 10.9 11.2 67.2 
75 3,072 58.8 2.6 1.6 2.5 11.4 11.2 76.9 
85 3,564 65.9 2.8 1.6 2.7 11.9 11.2 84.9 
95 3,979 71.7 2.9 1.6 3.0 12.4 11.2 91.5 


105 4,328 76.5 2.9 1.6 3.2 12.8 11.2 97.0 
115 4,620 80.5 3.0 1.6 3.3 13.2 11.2 101.6 
125 4,868 83.8 3.1 1.6 3.5 13.6 11.2 105.5 


 
 


76







 


 


A30.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands on forest land 
after clearcut harvest in the Rocky Mountain, North 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.7 22.4 37.2 38.8 64.4 
5 0.0 2.7 0.3 4.7 20.2 35.4 38.8 63.2 


15 1.1 6.1 0.6 4.7 16.3 32.9 38.8 60.6 
25 19.7 21.5 2.2 3.4 14.0 31.8 38.8 72.8 
35 57.1 44.3 4.4 2.7 12.8 31.6 38.8 95.8 
45 100.9 66.5 6.7 2.3 12.1 32.0 38.8 119.5 
55 145.9 87.2 8.7 2.1 11.8 32.7 38.8 142.5 
65 189.3 105.9 10.1 1.9 11.6 33.6 38.8 163.1 
75 229.7 122.5 10.7 1.8 11.6 34.6 38.8 181.3 
85 266.3 137.0 11.2 1.8 11.7 35.6 38.8 197.3 
95 298.6 149.4 11.6 1.7 11.8 36.6 38.8 211.1 


105 326.6 159.9 12.0 1.7 12.0 37.5 38.8 223.0 
115 350.1 168.6 12.2 1.6 12.1 38.4 38.8 232.9 
125 369.5 175.7 12.4 1.6 12.2 39.2 38.8 241.1 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 9.1 15.1 15.7 26.0 
5 0 1.1 0.1 1.9 8.2 14.3 15.7 25.6 


15 16 2.5 0.2 1.9 6.6 13.3 15.7 24.5 
25 281 8.7 0.9 1.4 5.6 12.9 15.7 29.5 
35 816 17.9 1.8 1.1 5.2 12.8 15.7 38.8 
45 1,442 26.9 2.7 0.9 4.9 12.9 15.7 48.4 
55 2,085 35.3 3.5 0.8 4.8 13.2 15.7 57.7 
65 2,705 42.9 4.1 0.8 4.7 13.6 15.7 66.0 
75 3,283 49.6 4.3 0.7 4.7 14.0 15.7 73.4 
85 3,806 55.4 4.5 0.7 4.7 14.4 15.7 79.8 
95 4,268 60.5 4.7 0.7 4.8 14.8 15.7 85.4 


105 4,667 64.7 4.8 0.7 4.8 15.2 15.7 90.2 
115 5,003 68.2 4.9 0.7 4.9 15.5 15.7 94.3 
125 5,280 71.1 5.0 0.7 4.9 15.8 15.7 97.6 
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A31.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands on forest land after clearcut harvest in the Rocky Mountain, North  


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.7 25.7 37.2 44.1 67.7 
5 0.0 3.1 0.3 4.7 23.2 35.4 44.1 66.8 


15 0.0 5.8 0.6 4.7 18.8 32.9 44.1 62.8 
25 18.2 17.0 1.7 3.4 16.2 31.8 44.1 70.1 
35 61.6 38.1 3.8 2.7 15.3 31.6 44.1 91.4 
45 113.8 59.5 5.9 2.3 15.1 32.0 44.1 114.8 
55 167.2 80.0 8.0 2.1 15.3 32.7 44.1 138.1 
65 218.2 98.6 9.9 2.0 15.7 33.6 44.1 159.7 
75 264.6 115.0 11.5 1.9 16.1 34.6 44.1 179.1 
85 305.4 129.1 12.9 1.8 16.6 35.6 44.1 196.0 
95 340.2 140.9 14.1 1.8 17.0 36.6 44.1 210.4 


105 368.8 150.5 15.0 1.7 17.4 37.5 44.1 222.2 
115 391.6 158.0 15.8 1.7 17.7 38.4 44.1 231.6 
125 408.8 163.7 16.4 1.7 17.9 39.2 44.1 238.8 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 10.4 15.1 17.9 27.4 
5 0 1.3 0.1 1.9 9.4 14.3 17.9 27.0 


15 0 2.3 0.2 1.9 7.6 13.3 17.9 25.4 
25 260 6.9 0.7 1.4 6.5 12.9 17.9 28.4 
35 880 15.4 1.5 1.1 6.2 12.8 17.9 37.0 
45 1,626 24.1 2.4 0.9 6.1 12.9 17.9 46.5 
55 2,390 32.4 3.2 0.9 6.2 13.2 17.9 55.9 
65 3,118 39.9 4.0 0.8 6.3 13.6 17.9 64.6 
75 3,782 46.5 4.7 0.8 6.5 14.0 17.9 72.5 
85 4,365 52.2 5.2 0.7 6.7 14.4 17.9 79.3 
95 4,862 57.0 5.7 0.7 6.9 14.8 17.9 85.1 


105 5,271 60.9 6.1 0.7 7.0 15.2 17.9 89.9 
115 5,596 63.9 6.4 0.7 7.2 15.5 17.9 93.7 
125 5,842 66.2 6.6 0.7 7.2 15.8 17.9 96.6 
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A32.— Regional estimates of timber volume and carbon stocks for lodgepole pine stands on forest 
land after clearcut harvest in the Rocky Mountain, North 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.8 17.7 24.1 37.2 46.5 
5 0.0 1.9 0.1 4.8 15.9 22.0 37.2 44.6 


15 0.2 4.1 0.3 4.8 12.8 19.4 37.2 41.3 
25 15.9 14.3 1.4 3.5 10.8 18.3 37.2 48.3 
35 51.6 29.9 3.0 2.4 9.6 18.2 37.2 63.1 
45 94.3 45.8 4.6 1.9 8.9 18.7 37.2 79.9 
55 138.8 59.4 5.9 1.7 8.4 19.4 37.2 94.9 
65 182.1 71.6 7.2 1.5 8.1 20.4 37.2 108.8 
75 223.1 82.5 8.3 1.4 7.9 21.4 37.2 121.5 
85 261.0 92.1 9.2 1.4 7.8 22.4 37.2 132.9 
95 295.3 100.5 10.1 1.3 7.8 23.3 37.2 143.1 


105 325.9 107.8 10.7 1.3 7.8 24.3 37.2 151.9 
115 353.2 114.2 11.1 1.2 7.9 25.2 37.2 159.6 
125 377.3 119.7 11.5 1.2 7.9 26.0 37.2 166.3 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 7.2 9.8 15.0 18.8 
5 0 0.8 0.0 1.9 6.4 8.9 15.0 18.0 


15 3 1.7 0.1 1.9 5.2 7.8 15.0 16.7 
25 227 5.8 0.6 1.4 4.4 7.4 15.0 19.6 
35 737 12.1 1.2 1.0 3.9 7.4 15.0 25.5 
45 1,348 18.5 1.9 0.8 3.6 7.6 15.0 32.3 
55 1,983 24.0 2.4 0.7 3.4 7.9 15.0 38.4 
65 2,603 29.0 2.9 0.6 3.3 8.2 15.0 44.0 
75 3,189 33.4 3.3 0.6 3.2 8.6 15.0 49.2 
85 3,730 37.3 3.7 0.6 3.2 9.1 15.0 53.8 
95 4,220 40.7 4.1 0.5 3.2 9.4 15.0 57.9 


105 4,658 43.6 4.3 0.5 3.2 9.8 15.0 61.5 
115 5,048 46.2 4.5 0.5 3.2 10.2 15.0 64.6 
125 5,392 48.4 4.6 0.5 3.2 10.5 15.0 67.3 
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A33.— Regional estimates of timber volume and carbon stocks for ponderosa pine stands on forest 
land after clearcut harvest in the Rocky Mountain, North 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.8 18.8 24.1 34.3 47.7 
5 0.0 3.3 0.2 4.8 17.0 22.0 34.3 47.2 


15 1.3 6.3 0.6 4.3 13.9 19.4 34.3 44.5 
25 18.6 15.9 1.6 3.2 12.0 18.3 34.3 50.9 
35 51.8 30.9 3.0 2.5 11.1 18.2 34.3 65.7 
45 89.4 46.1 3.9 2.2 10.7 18.7 34.3 81.5 
55 127.1 60.4 4.5 2.0 10.6 19.4 34.3 96.9 
65 162.2 73.3 5.1 1.9 10.6 20.4 34.3 111.2 
75 193.8 84.6 5.5 1.8 10.7 21.4 34.3 124.0 
85 221.0 94.2 5.8 1.7 10.9 22.4 34.3 135.0 
95 243.7 102.0 6.1 1.7 11.0 23.3 34.3 144.1 


105 261.8 108.2 6.3 1.6 11.1 24.3 34.3 151.6 
115 275.6 112.9 6.4 1.6 11.2 25.2 34.3 157.3 
125 285.1 116.1 6.5 1.6 11.2 26.0 34.3 161.4 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 7.6 9.8 13.9 19.3 
5 0 1.3 0.1 1.9 6.9 8.9 13.9 19.1 


15 19 2.6 0.2 1.8 5.6 7.8 13.9 18.0 
25 266 6.4 0.6 1.3 4.8 7.4 13.9 20.6 
35 740 12.5 1.2 1.0 4.5 7.4 13.9 26.6 
45 1,278 18.6 1.6 0.9 4.3 7.6 13.9 33.0 
55 1,816 24.5 1.8 0.8 4.3 7.9 13.9 39.2 
65 2,318 29.7 2.0 0.8 4.3 8.2 13.9 45.0 
75 2,769 34.2 2.2 0.7 4.3 8.6 13.9 50.2 
85 3,159 38.1 2.4 0.7 4.4 9.1 13.9 54.6 
95 3,483 41.3 2.5 0.7 4.5 9.4 13.9 58.3 


105 3,742 43.8 2.5 0.7 4.5 9.8 13.9 61.3 
115 3,938 45.7 2.6 0.6 4.5 10.2 13.9 63.6 
125 4,075 47.0 2.6 0.6 4.5 10.5 13.9 65.3 
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A34.— Regional estimates of timber volume and carbon stocks for aspen-birch stands on forest 
land after clearcut harvest in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.7 11.6 31.7 58.8 48.1 
5 0.0 3.1 0.3 4.7 9.0 28.4 58.8 45.5 


15 0.0 6.4 0.6 4.7 5.5 24.6 58.8 41.9 
25 6.3 13.9 1.4 4.8 3.8 23.4 58.8 47.2 
35 22.7 25.7 2.6 4.5 3.3 23.5 58.8 59.6 
45 45.0 38.8 3.9 4.3 3.5 24.3 58.8 74.7 
55 70.7 52.3 5.2 4.2 3.9 25.5 58.8 91.1 
65 98.1 64.7 6.5 4.1 4.5 26.8 58.8 106.5 
75 126.5 76.6 7.7 4.0 5.1 28.1 58.8 121.5 
85 155.0 88.0 8.8 3.9 5.8 29.4 58.8 135.9 
95 183.1 98.8 9.9 3.9 6.4 30.6 58.8 149.5 


105 210.5 108.8 10.9 3.8 7.0 31.7 58.8 162.2 
115 236.8 118.3 11.8 3.8 7.6 32.6 58.8 174.1 
125 261.8 127.0 12.4 3.8 8.2 33.5 58.8 184.9 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 4.7 12.8 23.8 19.5 
5 0 1.2 0.1 1.9 3.6 11.5 23.8 18.4 


15 0 2.6 0.3 1.9 2.2 10.0 23.8 17.0 
25 90 5.6 0.6 1.9 1.5 9.5 23.8 19.1 
35 324 10.4 1.0 1.8 1.4 9.5 23.8 24.1 
45 643 15.7 1.6 1.7 1.4 9.8 23.8 30.2 
55 1,010 21.2 2.1 1.7 1.6 10.3 23.8 36.9 
65 1,402 26.2 2.6 1.6 1.8 10.9 23.8 43.1 
75 1,808 31.0 3.1 1.6 2.1 11.4 23.8 49.2 
85 2,215 35.6 3.6 1.6 2.3 11.9 23.8 55.0 
95 2,617 40.0 4.0 1.6 2.6 12.4 23.8 60.5 


105 3,008 44.0 4.4 1.6 2.8 12.8 23.8 65.7 
115 3,384 47.9 4.8 1.5 3.1 13.2 23.8 70.5 
125 3,741 51.4 5.0 1.5 3.3 13.6 23.8 74.8 
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A35.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands on forest land 
after clearcut harvest in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.8 17.0 37.2 30.9 59.0 
5 0.0 2.6 0.3 4.8 15.3 35.4 30.9 58.4 


15 1.6 7.2 0.7 4.8 12.6 32.9 30.9 58.3 
25 15.3 19.8 2.0 4.4 11.1 31.8 30.9 68.9 
35 39.1 37.2 3.7 2.0 10.4 31.6 30.9 84.9 
45 66.2 54.6 5.5 1.2 10.2 32.0 30.9 103.5 
55 93.9 71.6 7.2 0.9 10.3 32.7 30.9 122.7 
65 120.8 85.9 8.6 0.7 10.4 33.6 30.9 139.2 
75 146.1 98.8 9.9 0.6 10.6 34.6 30.9 154.5 
85 169.5 110.3 11.0 0.6 10.9 35.6 30.9 168.4 
95 190.7 120.6 12.1 0.6 11.1 36.6 30.9 180.9 


105 209.8 129.5 12.9 0.6 11.4 37.5 30.9 192.0 
115 227.0 137.5 13.3 0.7 11.7 38.4 30.9 201.6 
125 242.3 144.4 13.8 0.7 12.0 39.2 30.9 210.1 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 2.0 6.9 15.1 12.5 23.9 
5 0 1.1 0.1 2.0 6.2 14.3 12.5 23.6 


15 23 2.9 0.3 2.0 5.1 13.3 12.5 23.6 
25 219 8.0 0.8 1.8 4.5 12.9 12.5 27.9 
35 559 15.0 1.5 0.8 4.2 12.8 12.5 34.4 
45 946 22.1 2.2 0.5 4.1 12.9 12.5 41.9 
55 1,342 29.0 2.9 0.4 4.2 13.2 12.5 49.6 
65 1,726 34.8 3.5 0.3 4.2 13.6 12.5 56.3 
75 2,088 40.0 4.0 0.2 4.3 14.0 12.5 62.5 
85 2,422 44.7 4.5 0.2 4.4 14.4 12.5 68.1 
95 2,726 48.8 4.9 0.2 4.5 14.8 12.5 73.2 


105 2,999 52.4 5.2 0.3 4.6 15.2 12.5 77.7 
115 3,244 55.6 5.4 0.3 4.7 15.5 12.5 81.6 
125 3,463 58.5 5.6 0.3 4.9 15.8 12.5 85.0 
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A36.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands on forest land after clearcut harvest in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.8 11.3 37.2 31.5 53.3 
5 0.0 1.8 0.2 4.8 10.2 35.4 31.5 52.4 


15 0.0 4.0 0.4 4.8 8.3 32.9 31.5 50.4 
25 8.5 12.0 1.2 4.3 7.3 31.8 31.5 56.5 
35 27.7 24.4 2.4 2.8 7.0 31.6 31.5 68.3 
45 49.5 36.7 3.7 2.3 6.9 32.0 31.5 81.5 
55 71.9 48.7 4.9 1.9 7.0 32.7 31.5 95.2 
65 94.1 58.6 5.9 1.7 7.1 33.6 31.5 107.0 
75 115.7 67.8 6.8 1.6 7.3 34.6 31.5 118.1 
85 136.5 76.2 7.6 1.5 7.6 35.6 31.5 128.5 
95 156.4 84.0 8.4 1.4 7.9 36.6 31.5 138.2 


105 175.2 91.2 9.1 1.3 8.2 37.5 31.5 147.3 
115 193.0 97.8 9.8 1.3 8.5 38.4 31.5 155.7 
125 209.6 103.8 10.4 1.2 8.8 39.2 31.5 163.4 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 2.0 4.6 15.1 12.7 21.6 
5 0 0.7 0.1 2.0 4.1 14.3 12.7 21.2 


15 0 1.6 0.2 2.0 3.4 13.3 12.7 20.4 
25 122 4.8 0.5 1.7 3.0 12.9 12.7 22.9 
35 396 9.9 1.0 1.1 2.8 12.8 12.7 27.6 
45 708 14.8 1.5 0.9 2.8 12.9 12.7 33.0 
55 1,028 19.7 2.0 0.8 2.8 13.2 12.7 38.5 
65 1,345 23.7 2.4 0.7 2.9 13.6 12.7 43.3 
75 1,654 27.4 2.7 0.6 3.0 14.0 12.7 47.8 
85 1,951 30.8 3.1 0.6 3.1 14.4 12.7 52.0 
95 2,235 34.0 3.4 0.6 3.2 14.8 12.7 55.9 


105 2,504 36.9 3.7 0.5 3.3 15.2 12.7 59.6 
115 2,758 39.6 4.0 0.5 3.4 15.5 12.7 63.0 
125 2,995 42.0 4.2 0.5 3.6 15.8 12.7 66.1 
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A37.— Regional estimates of timber volume and carbon stocks for lodgepole pine stands on forest 
land after clearcut harvest in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.8 10.8 24.1 27.0 39.7 
5 0.0 2.1 0.2 4.8 9.8 22.0 27.0 38.9 


15 0.0 4.3 0.4 4.8 8.1 19.4 27.0 37.0 
25 5.0 9.2 0.9 4.8 7.0 18.3 27.0 40.1 
35 18.3 16.9 1.7 3.4 6.5 18.2 27.0 46.6 
45 37.0 25.9 2.6 2.5 6.4 18.7 27.0 56.0 
55 58.5 34.1 3.4 2.0 6.4 19.4 27.0 65.4 
65 81.2 42.0 4.2 1.7 6.6 20.4 27.0 74.9 
75 104.1 49.5 4.9 1.5 6.8 21.4 27.0 84.1 
85 126.7 56.4 5.6 1.4 7.1 22.4 27.0 92.9 
95 148.3 62.8 6.3 1.3 7.4 23.3 27.0 101.1 


105 168.6 68.6 6.9 1.2 7.7 24.3 27.0 108.6 
115 187.3 73.8 7.4 1.1 8.0 25.2 27.0 115.5 
125 204.1 78.3 7.8 1.1 8.3 26.0 27.0 121.5 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 1.9 4.4 9.8 10.9 16.1 
5 0 0.9 0.1 1.9 4.0 8.9 10.9 15.7 


15 0 1.7 0.2 1.9 3.3 7.8 10.9 15.0 
25 71 3.7 0.4 1.9 2.8 7.4 10.9 16.2 
35 262 6.8 0.7 1.4 2.6 7.4 10.9 18.9 
45 529 10.5 1.0 1.0 2.6 7.6 10.9 22.7 
55 836 13.8 1.4 0.8 2.6 7.9 10.9 26.5 
65 1,160 17.0 1.7 0.7 2.7 8.2 10.9 30.3 
75 1,488 20.0 2.0 0.6 2.7 8.6 10.9 34.0 
85 1,810 22.8 2.3 0.6 2.9 9.1 10.9 37.6 
95 2,120 25.4 2.5 0.5 3.0 9.4 10.9 40.9 


105 2,410 27.8 2.8 0.5 3.1 9.8 10.9 44.0 
115 2,677 29.8 3.0 0.5 3.2 10.2 10.9 46.7 
125 2,917 31.7 3.2 0.4 3.4 10.5 10.9 49.2 
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A38.— Regional estimates of timber volume and carbon stocks for ponderosa pine stands on forest 
land after clearcut harvest in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.8 9.7 24.1 24.1 38.6 
5 0.0 1.8 0.2 4.8 8.8 22.0 24.1 37.6 


15 0.0 3.7 0.4 4.8 7.1 19.4 24.1 35.4 
25 4.4 9.4 0.9 4.8 6.2 18.3 24.1 39.7 
35 16.2 18.6 1.9 2.9 5.8 18.2 24.1 47.4 
45 32.2 28.8 2.7 2.1 5.8 18.7 24.1 58.1 
55 50.3 38.2 3.0 1.7 5.9 19.4 24.1 68.3 
65 69.3 47.1 3.3 1.5 6.0 20.4 24.1 78.3 
75 88.4 55.5 3.6 1.3 6.3 21.4 24.1 88.0 
85 107.2 63.2 3.8 1.2 6.6 22.4 24.1 97.1 
95 125.5 70.4 4.0 1.1 6.9 23.3 24.1 105.7 


105 143.0 77.1 4.1 1.0 7.2 24.3 24.1 113.7 
115 159.5 83.2 4.3 1.0 7.5 25.2 24.1 121.1 
125 175.1 88.8 4.4 0.9 7.8 26.0 24.1 127.9 
years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 


0 0 0.0 0.0 2.0 3.9 9.8 9.8 15.6 
5 0 0.7 0.1 2.0 3.5 8.9 9.8 15.2 


15 0 1.5 0.1 2.0 2.9 7.8 9.8 14.3 
25 63 3.8 0.4 2.0 2.5 7.4 9.8 16.1 
35 231 7.5 0.8 1.2 2.4 7.4 9.8 19.2 
45 460 11.7 1.1 0.9 2.3 7.6 9.8 23.5 
55 719 15.5 1.2 0.7 2.4 7.9 9.8 27.6 
65 990 19.1 1.4 0.6 2.4 8.2 9.8 31.7 
75 1,263 22.4 1.5 0.5 2.5 8.6 9.8 35.6 
85 1,532 25.6 1.5 0.5 2.7 9.1 9.8 39.3 
95 1,793 28.5 1.6 0.4 2.8 9.4 9.8 42.8 


105 2,043 31.2 1.7 0.4 2.9 9.8 9.8 46.0 
115 2,280 33.7 1.7 0.4 3.0 10.2 9.8 49.0 
125 2,503 35.9 1.8 0.4 3.2 10.5 9.8 51.8 
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A39.— Regional estimates of timber volume and carbon stocks for loblolly-shortleaf pine stands on 
forest land after clearcut harvest in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.2 9.9 12.2 72.9 26.3 
5 0.0 11.1 0.7 4.0 8.4 6.5 72.9 30.6 


10 19.1 22.6 1.3 3.6 7.5 6.4 72.9 41.4 
15 36.7 31.3 1.6 3.4 6.8 7.5 72.9 50.7 
20 60.4 40.8 1.9 3.2 6.6 8.7 72.9 61.2 
25 85.5 50.3 2.1 3.1 6.5 9.8 72.9 71.9 
30 108.7 58.2 2.3 3.1 6.6 10.7 72.9 80.8 
35 131.2 65.6 2.4 3.0 6.7 11.5 72.9 89.3 
40 152.3 72.5 2.5 3.0 6.9 12.2 72.9 97.1 
45 172.3 78.9 2.7 2.9 7.2 12.7 72.9 104.4 
50 191.4 85.0 2.7 2.9 7.5 13.2 72.9 111.3 
55 208.4 90.3 2.8 2.9 7.8 13.7 72.9 117.4 
60 223.9 95.1 2.9 2.8 8.1 14.1 72.9 122.9 
65 238.4 99.6 2.9 2.8 8.3 14.4 72.9 128.1 
70 252.9 104.0 3.0 2.8 8.6 14.7 72.9 133.2 
75 264.6 107.6 3.0 2.8 8.9 15.0 72.9 137.3 
80 277.1 111.4 3.1 2.8 9.1 15.2 72.9 141.6 
85 289.5 115.1 3.1 2.8 9.4 15.5 72.9 145.9 
90 299.6 118.2 3.2 2.7 9.6 15.7 72.9 149.4 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 4.0 4.9 29.5 10.7 
5 0 4.5 0.3 1.6 3.4 2.6 29.5 12.4 


10 273 9.2 0.5 1.4 3.0 2.6 29.5 16.8 
15 525 12.7 0.7 1.4 2.8 3.0 29.5 20.5 
20 863 16.5 0.8 1.3 2.7 3.5 29.5 24.8 
25 1,222 20.4 0.9 1.3 2.6 4.0 29.5 29.1 
30 1,554 23.5 0.9 1.2 2.7 4.3 29.5 32.7 
35 1,875 26.6 1.0 1.2 2.7 4.7 29.5 36.1 
40 2,177 29.3 1.0 1.2 2.8 4.9 29.5 39.3 
45 2,462 31.9 1.1 1.2 2.9 5.2 29.5 42.3 
50 2,736 34.4 1.1 1.2 3.0 5.4 29.5 45.1 
55 2,978 36.5 1.1 1.2 3.1 5.5 29.5 47.5 
60 3,200 38.5 1.2 1.1 3.3 5.7 29.5 49.8 
65 3,407 40.3 1.2 1.1 3.4 5.8 29.5 51.8 
70 3,614 42.1 1.2 1.1 3.5 6.0 29.5 53.9 
75 3,782 43.5 1.2 1.1 3.6 6.1 29.5 55.6 
80 3,960 45.1 1.3 1.1 3.7 6.2 29.5 57.3 
85 4,138 46.6 1.3 1.1 3.8 6.3 29.5 59.1 
90 4,281 47.8 1.3 1.1 3.9 6.3 29.5 60.5 
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A40.— Regional estimates of timber volume and carbon stocks for loblolly-shortleaf pine stands on 
forest land after clearcut harvest in the Southeast; volumes are for high-productivity sites (growth 
rate greater than 85 cubic feet wood/acre/year) with high-intensity management (replanting with 
genetically improved stock) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.1 20.4 12.2 72.9 36.8 
5 0.0 11.0 0.7 4.0 15.9 6.5 72.9 38.0 


10 47.7 31.9 1.4 3.8 12.9 6.4 72.9 56.3 
15 146.5 67.4 1.9 3.7 11.4 7.5 72.9 91.9 
20 244.8 102.3 2.1 3.7 10.5 8.7 72.9 127.3 
25 315.2 124.2 2.3 3.7 9.7 9.8 72.9 149.7 
30 347.3 134.1 2.4 3.7 8.8 10.7 72.9 159.7 
35 351.5 135.4 2.4 3.7 8.0 11.5 72.9 160.9 
40 355.0 136.5 2.4 3.7 7.3 12.2 72.9 161.9 
45 358.5 137.5 2.4 3.6 6.8 12.7 72.9 163.1 
50 362.0 138.6 2.4 3.6 6.4 13.2 72.9 164.3 
55 362.0 138.6 2.4 3.6 6.1 13.7 72.9 164.4 
60 362.0 138.6 2.4 3.6 5.9 14.1 72.9 164.6 
65 362.0 138.6 2.4 3.6 5.7 14.4 72.9 164.8 
70 362.0 138.6 2.4 3.6 5.6 14.7 72.9 164.9 
75 362.0 138.6 2.4 3.6 5.5 15.0 72.9 165.1 
80 362.0 138.6 2.4 3.6 5.4 15.2 72.9 165.3 
85 362.0 138.6 2.4 3.6 5.4 15.5 72.9 165.5 
90 362.0 138.6 2.4 3.6 5.3 15.7 72.9 165.6 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 8.3 4.9 29.5 14.9 
5 0 4.5 0.3 1.6 6.4 2.6 29.5 15.4 


10 682 12.9 0.6 1.6 5.2 2.6 29.5 22.8 
15 2,094 27.3 0.8 1.5 4.6 3.0 29.5 37.2 
20 3,498 41.4 0.9 1.5 4.3 3.5 29.5 51.5 
25 4,504 50.3 0.9 1.5 3.9 4.0 29.5 60.6 
30 4,963 54.3 1.0 1.5 3.6 4.3 29.5 64.6 
35 5,024 54.8 1.0 1.5 3.2 4.7 29.5 65.1 
40 5,074 55.2 1.0 1.5 3.0 4.9 29.5 65.5 
45 5,124 55.7 1.0 1.5 2.8 5.2 29.5 66.0 
50 5,174 56.1 1.0 1.5 2.6 5.4 29.5 66.5 
55 5,174 56.1 1.0 1.5 2.5 5.5 29.5 66.5 
60 5,174 56.1 1.0 1.5 2.4 5.7 29.5 66.6 
65 5,174 56.1 1.0 1.5 2.3 5.8 29.5 66.7 
70 5,174 56.1 1.0 1.5 2.3 6.0 29.5 66.8 
75 5,174 56.1 1.0 1.5 2.2 6.1 29.5 66.8 
80 5,174 56.1 1.0 1.5 2.2 6.2 29.5 66.9 
85 5,174 56.1 1.0 1.5 2.2 6.3 29.5 67.0 
90 5,174 56.1 1.0 1.5 2.2 6.3 29.5 67.0 
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A41.— Regional estimates of timber volume and carbon stocks for longleaf-slash pine stands on 
forest land after clearcut harvest in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.2 9.7 12.2 110.0 26.1 
5 0.0 5.3 0.4 4.2 7.8 6.5 110.0 24.1 


10 19.1 14.1 0.9 3.8 6.7 6.4 110.0 31.8 
15 36.7 21.4 1.0 3.6 5.9 7.5 110.0 39.4 
20 60.4 30.4 1.1 3.4 5.6 8.7 110.0 49.2 
25 85.5 39.2 1.1 3.3 5.6 9.8 110.0 59.0 
30 108.7 47.2 1.2 3.2 5.6 10.7 110.0 67.9 
35 131.2 54.8 1.2 3.1 5.8 11.5 110.0 76.4 
40 152.3 61.9 1.3 3.0 6.0 12.2 110.0 84.4 
45 172.3 68.5 1.3 3.0 6.3 12.7 110.0 91.9 
50 191.4 74.8 1.3 2.9 6.7 13.2 110.0 99.0 
55 208.4 80.4 1.3 2.9 7.0 13.7 110.0 105.2 
60 223.9 85.4 1.3 2.9 7.3 14.1 110.0 111.0 
65 238.4 90.1 1.4 2.9 7.6 14.4 110.0 116.3 
70 252.9 94.8 1.4 2.8 7.9 14.7 110.0 121.6 
75 264.6 98.6 1.4 2.8 8.1 15.0 110.0 125.9 
80 277.1 102.6 1.4 2.8 8.4 15.2 110.0 130.5 
85 289.5 106.6 1.4 2.8 8.7 15.5 110.0 135.0 
90 299.6 109.8 1.4 2.8 9.0 15.7 110.0 138.6 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 3.9 4.9 44.5 10.5 
5 0 2.2 0.2 1.7 3.1 2.6 44.5 9.8 


10 273 5.7 0.3 1.5 2.7 2.6 44.5 12.9 
15 525 8.7 0.4 1.4 2.4 3.0 44.5 15.9 
20 863 12.3 0.4 1.4 2.3 3.5 44.5 19.9 
25 1,222 15.9 0.5 1.3 2.3 4.0 44.5 23.9 
30 1,554 19.1 0.5 1.3 2.3 4.3 44.5 27.5 
35 1,875 22.2 0.5 1.3 2.4 4.7 44.5 30.9 
40 2,177 25.0 0.5 1.2 2.4 4.9 44.5 34.2 
45 2,462 27.7 0.5 1.2 2.6 5.2 44.5 37.2 
50 2,736 30.3 0.5 1.2 2.7 5.4 44.5 40.1 
55 2,978 32.5 0.5 1.2 2.8 5.5 44.5 42.6 
60 3,200 34.6 0.5 1.2 2.9 5.7 44.5 44.9 
65 3,407 36.5 0.6 1.2 3.1 5.8 44.5 47.1 
70 3,614 38.4 0.6 1.1 3.2 6.0 44.5 49.2 
75 3,782 39.9 0.6 1.1 3.3 6.1 44.5 51.0 
80 3,960 41.5 0.6 1.1 3.4 6.2 44.5 52.8 
85 4,138 43.1 0.6 1.1 3.5 6.3 44.5 54.6 
90 4,281 44.4 0.6 1.1 3.6 6.3 44.5 56.1 
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A42.— Regional estimates of timber volume and carbon stocks for longleaf-slash pine stands on 
forest land after clearcut harvest in the Southeast; volumes are for high-productivity sites (growth 
rate greater than 85 cubic feet wood/acre/year) with high-intensity management (replanting with 
genetically improved stock) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.1 21.1 12.2 110.0 37.4 
5 0.0 8.8 0.4 4.0 16.3 6.5 110.0 36.0 


10 47.7 27.2 0.8 3.9 13.1 6.4 110.0 51.3 
15 146.5 60.1 0.8 3.8 11.4 7.5 110.0 83.5 
20 244.8 91.2 0.9 3.7 10.3 8.7 110.0 114.8 
25 315.2 113.5 0.9 3.7 9.5 9.8 110.0 137.3 
30 347.3 122.8 0.9 3.7 8.5 10.7 110.0 146.6 
35 351.5 124.0 0.9 3.7 7.6 11.5 110.0 147.7 
40 355.0 125.0 0.9 3.7 6.9 12.2 110.0 148.7 
45 358.5 126.0 0.9 3.7 6.4 12.7 110.0 149.8 
50 362.0 127.0 0.9 3.7 6.0 13.2 110.0 150.9 
55 362.0 127.0 0.9 3.7 5.7 13.7 110.0 151.0 
60 362.0 127.0 0.9 3.7 5.5 14.1 110.0 151.2 
65 362.0 127.0 0.9 3.7 5.3 14.4 110.0 151.3 
70 362.0 127.0 0.9 3.7 5.2 14.7 110.0 151.5 
75 362.0 127.0 0.9 3.7 5.1 15.0 110.0 151.7 
80 362.0 127.0 0.9 3.7 5.0 15.2 110.0 151.9 
85 362.0 127.0 0.9 3.7 4.9 15.5 110.0 152.0 
90 362.0 127.0 0.9 3.7 4.9 15.7 110.0 152.2 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 8.5 4.9 44.5 15.2 
5 0 3.6 0.2 1.6 6.6 2.6 44.5 14.6 


10 682 11.0 0.3 1.6 5.3 2.6 44.5 20.8 
15 2,094 24.3 0.3 1.5 4.6 3.0 44.5 33.8 
20 3,498 36.9 0.4 1.5 4.2 3.5 44.5 46.5 
25 4,504 45.9 0.4 1.5 3.8 4.0 44.5 55.6 
30 4,963 49.7 0.4 1.5 3.5 4.3 44.5 59.3 
35 5,024 50.2 0.4 1.5 3.1 4.7 44.5 59.8 
40 5,074 50.6 0.4 1.5 2.8 4.9 44.5 60.2 
45 5,124 51.0 0.4 1.5 2.6 5.2 44.5 60.6 
50 5,174 51.4 0.4 1.5 2.4 5.4 44.5 61.1 
55 5,174 51.4 0.4 1.5 2.3 5.5 44.5 61.1 
60 5,174 51.4 0.4 1.5 2.2 5.7 44.5 61.2 
65 5,174 51.4 0.4 1.5 2.2 5.8 44.5 61.2 
70 5,174 51.4 0.4 1.5 2.1 6.0 44.5 61.3 
75 5,174 51.4 0.4 1.5 2.1 6.1 44.5 61.4 
80 5,174 51.4 0.4 1.5 2.0 6.2 44.5 61.5 
85 5,174 51.4 0.4 1.5 2.0 6.3 44.5 61.5 
90 5,174 51.4 0.4 1.5 2.0 6.3 44.5 61.6 
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A43.— Regional estimates of timber volume and carbon stocks for oak-gum-cypress stands on 
forest land after clearcut harvest in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 1.8 10.2 6.0 158.0 18.1 
5 0.0 6.7 0.7 1.9 6.2 2.4 158.0 17.9 


10 9.8 18.8 1.9 1.8 4.5 2.4 158.0 29.3 
15 19.9 28.3 2.4 1.7 3.7 3.0 158.0 39.1 
20 32.7 38.0 2.8 1.7 3.5 3.8 158.0 49.7 
25 45.4 46.8 3.1 1.6 3.6 4.4 158.0 59.5 
30 58.1 54.0 3.4 1.6 3.8 5.0 158.0 67.8 
35 73.4 62.3 3.6 1.6 4.2 5.5 158.0 77.2 
40 92.2 71.9 3.9 1.6 4.7 6.0 158.0 88.1 
45 110.7 80.9 4.2 1.6 5.2 6.4 158.0 98.3 
50 128.1 89.0 4.4 1.5 5.7 6.8 158.0 107.5 
55 146.3 97.3 4.6 1.5 6.2 7.2 158.0 116.7 
60 166.1 105.9 4.7 1.5 6.7 7.5 158.0 126.5 
65 186.4 114.5 4.9 1.5 7.3 7.8 158.0 136.1 
70 205.7 122.5 5.1 1.5 7.8 8.1 158.0 145.0 
75 222.5 129.3 5.2 1.5 8.2 8.4 158.0 152.6 
80 237.9 135.4 5.3 1.5 8.6 8.6 158.0 159.4 
85 257.3 142.9 5.5 1.5 9.1 8.9 158.0 167.8 
90 278.9 151.2 5.6 1.5 9.6 9.1 158.0 177.0 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 0.7 4.1 2.4 63.9 7.3 
5 0 2.7 0.3 0.8 2.5 1.0 63.9 7.3 


10 140 7.6 0.8 0.7 1.8 1.0 63.9 11.9 
15 284 11.5 1.0 0.7 1.5 1.2 63.9 15.8 
20 467 15.4 1.1 0.7 1.4 1.5 63.9 20.1 
25 649 18.9 1.3 0.7 1.5 1.8 63.9 24.1 
30 830 21.9 1.4 0.7 1.5 2.0 63.9 27.4 
35 1,049 25.2 1.5 0.6 1.7 2.2 63.9 31.3 
40 1,318 29.1 1.6 0.6 1.9 2.4 63.9 35.7 
45 1,582 32.7 1.7 0.6 2.1 2.6 63.9 39.8 
50 1,830 36.0 1.8 0.6 2.3 2.8 63.9 43.5 
55 2,091 39.4 1.8 0.6 2.5 2.9 63.9 47.2 
60 2,374 42.9 1.9 0.6 2.7 3.1 63.9 51.2 
65 2,664 46.3 2.0 0.6 2.9 3.2 63.9 55.1 
70 2,940 49.6 2.1 0.6 3.2 3.3 63.9 58.7 
75 3,180 52.3 2.1 0.6 3.3 3.4 63.9 61.8 
80 3,400 54.8 2.2 0.6 3.5 3.5 63.9 64.5 
85 3,677 57.8 2.2 0.6 3.7 3.6 63.9 67.9 
90 3,986 61.2 2.3 0.6 3.9 3.7 63.9 71.6 
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A44.— Regional estimates of timber volume and carbon stocks for oak-hickory stands on forest 
land after clearcut harvest in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.2 10.8 6.0 45.3 21.0 
5 0.0 8.1 0.8 4.2 6.7 2.4 45.3 22.1 


10 11.7 21.0 2.1 3.8 4.8 2.4 45.3 34.0 
15 21.2 30.3 2.5 3.5 3.8 3.0 45.3 43.1 
20 33.8 40.0 2.8 3.3 3.5 3.8 45.3 53.4 
25 46.6 49.5 3.0 3.2 3.6 4.4 45.3 63.8 
30 60.2 57.5 3.2 3.1 3.8 5.0 45.3 72.6 
35 76.3 66.6 3.4 3.0 4.2 5.5 45.3 82.7 
40 94.3 76.2 3.6 2.9 4.6 6.0 45.3 93.5 
45 114.1 86.4 3.8 2.9 5.2 6.4 45.3 104.7 
50 133.0 95.8 4.0 2.8 5.7 6.8 45.3 115.2 
55 151.4 104.8 4.1 2.8 6.2 7.2 45.3 125.1 
60 168.9 113.0 4.2 2.7 6.7 7.5 45.3 134.2 
65 185.6 120.8 4.3 2.7 7.2 7.8 45.3 142.8 
70 201.5 128.0 4.4 2.7 7.6 8.1 45.3 150.8 
75 215.7 134.4 4.5 2.6 8.0 8.4 45.3 157.9 
80 229.4 140.5 4.6 2.6 8.3 8.6 45.3 164.6 
85 242.5 146.2 4.6 2.6 8.7 8.9 45.3 171.0 
90 254.1 151.3 4.7 2.6 9.0 9.1 45.3 176.6 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 4.4 2.4 18.3 8.5 
5 0 3.3 0.3 1.7 2.7 1.0 18.3 9.0 


10 167 8.5 0.8 1.5 1.9 1.0 18.3 13.8 
15 303 12.3 1.0 1.4 1.5 1.2 18.3 17.4 
20 483 16.2 1.1 1.3 1.4 1.5 18.3 21.6 
25 666 20.1 1.2 1.3 1.5 1.8 18.3 25.8 
30 860 23.3 1.3 1.3 1.5 2.0 18.3 29.4 
35 1,091 26.9 1.4 1.2 1.7 2.2 18.3 33.5 
40 1,348 30.8 1.5 1.2 1.9 2.4 18.3 37.8 
45 1,630 35.0 1.5 1.2 2.1 2.6 18.3 42.4 
50 1,901 38.8 1.6 1.1 2.3 2.8 18.3 46.6 
55 2,164 42.4 1.7 1.1 2.5 2.9 18.3 50.6 
60 2,414 45.7 1.7 1.1 2.7 3.1 18.3 54.3 
65 2,652 48.9 1.7 1.1 2.9 3.2 18.3 57.8 
70 2,880 51.8 1.8 1.1 3.1 3.3 18.3 61.0 
75 3,082 54.4 1.8 1.1 3.2 3.4 18.3 63.9 
80 3,278 56.8 1.8 1.1 3.4 3.5 18.3 66.6 
85 3,465 59.2 1.9 1.0 3.5 3.6 18.3 69.2 
90 3,632 61.2 1.9 1.0 3.6 3.7 18.3 71.5 
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A45.— Regional estimates of timber volume and carbon stocks for oak-pine stands on forest land 
after clearcut harvest in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.2 11.3 10.3 61.4 25.8 
5 0.0 7.4 0.6 4.1 9.0 5.8 61.4 26.9 


10 13.6 19.6 1.2 3.6 7.7 5.9 61.4 38.0 
15 27.8 29.3 1.6 3.5 6.7 6.8 61.4 47.9 
20 43.9 39.0 1.9 3.4 6.2 7.7 61.4 58.2 
25 59.3 46.8 2.1 3.3 5.8 8.6 61.4 66.5 
30 77.2 55.4 2.3 3.2 5.6 9.2 61.4 75.8 
35 96.8 64.4 2.5 3.2 5.7 9.8 61.4 85.5 
40 117.2 73.4 2.7 3.1 5.9 10.2 61.4 95.3 
45 136.4 81.6 2.8 3.1 6.1 10.6 61.4 104.2 
50 154.1 88.9 2.9 3.1 6.3 11.0 61.4 112.2 
55 171.4 96.0 3.0 3.0 6.6 11.3 61.4 119.9 
60 189.6 103.2 3.1 3.0 6.9 11.5 61.4 127.8 
65 204.5 109.1 3.2 3.0 7.2 11.8 61.4 134.3 
70 218.8 114.6 3.3 3.0 7.5 12.0 61.4 140.3 
75 234.5 120.6 3.4 2.9 7.8 12.1 61.4 146.9 
80 247.6 125.5 3.5 2.9 8.1 12.3 61.4 152.3 
85 259.4 129.9 3.5 2.9 8.3 12.5 61.4 157.2 
90 272.3 134.7 3.6 2.9 8.6 12.6 61.4 162.4 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 4.6 4.2 24.9 10.4 
5 0 3.0 0.3 1.7 3.6 2.4 24.9 10.9 


10 195 7.9 0.5 1.5 3.1 2.4 24.9 15.4 
15 397 11.9 0.6 1.4 2.7 2.7 24.9 19.4 
20 628 15.8 0.8 1.4 2.5 3.1 24.9 23.5 
25 848 19.0 0.8 1.3 2.3 3.5 24.9 26.9 
30 1,104 22.4 0.9 1.3 2.3 3.7 24.9 30.7 
35 1,384 26.1 1.0 1.3 2.3 4.0 24.9 34.6 
40 1,675 29.7 1.1 1.3 2.4 4.1 24.9 38.5 
45 1,950 33.0 1.1 1.2 2.5 4.3 24.9 42.2 
50 2,202 36.0 1.2 1.2 2.6 4.4 24.9 45.4 
55 2,450 38.8 1.2 1.2 2.7 4.6 24.9 48.5 
60 2,710 41.8 1.3 1.2 2.8 4.7 24.9 51.7 
65 2,923 44.1 1.3 1.2 2.9 4.8 24.9 54.3 
70 3,127 46.4 1.3 1.2 3.0 4.8 24.9 56.8 
75 3,352 48.8 1.4 1.2 3.2 4.9 24.9 59.5 
80 3,539 50.8 1.4 1.2 3.3 5.0 24.9 61.6 
85 3,707 52.6 1.4 1.2 3.4 5.0 24.9 63.6 
90 3,891 54.5 1.4 1.2 3.5 5.1 24.9 65.7 
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A46.— Regional estimates of timber volume and carbon stocks for elm-ash-cottonwood stands on 
forest land after clearcut harvest in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.2 11.2 6.0 49.9 21.4 
5 0.0 8.6 0.9 4.9 7.0 2.4 49.9 23.7 


10 11.7 18.3 1.8 4.1 4.9 2.4 49.9 31.5 
15 21.2 27.0 2.7 3.7 3.9 3.0 49.9 40.3 
20 33.8 36.3 3.3 3.5 3.6 3.8 49.9 50.3 
25 46.6 45.1 3.6 3.3 3.7 4.4 49.9 60.0 
30 60.2 53.8 3.8 3.2 4.0 5.0 49.9 69.7 
35 76.3 63.3 4.1 3.1 4.4 5.5 49.9 80.4 
40 94.3 73.3 4.4 2.9 5.0 6.0 49.9 91.6 
45 114.1 83.8 4.6 2.9 5.6 6.4 49.9 103.4 
50 133.0 95.1 4.8 2.8 6.4 6.8 49.9 115.9 
55 151.4 104.2 5.0 2.7 7.0 7.2 49.9 126.0 
60 168.9 112.7 5.1 2.7 7.5 7.5 49.9 135.5 
65 185.6 120.7 5.3 2.6 8.0 7.8 49.9 144.5 
70 201.5 128.4 5.4 2.6 8.5 8.1 49.9 153.0 
75 215.7 135.1 5.5 2.6 9.0 8.4 49.9 160.6 
80 229.4 141.6 5.6 2.5 9.4 8.6 49.9 167.8 
85 242.5 147.8 5.7 2.5 9.8 8.9 49.9 174.7 
90 254.1 153.4 5.8 2.5 10.2 9.1 49.9 180.9 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 4.5 2.4 20.2 8.7 
5 0 3.5 0.3 2.0 2.8 1.0 20.2 9.6 


10 167 7.4 0.7 1.7 2.0 1.0 20.2 12.7 
15 303 10.9 1.1 1.5 1.6 1.2 20.2 16.3 
20 483 14.7 1.3 1.4 1.5 1.5 20.2 20.4 
25 666 18.3 1.4 1.3 1.5 1.8 20.2 24.3 
30 860 21.8 1.6 1.3 1.6 2.0 20.2 28.2 
35 1,091 25.6 1.7 1.2 1.8 2.2 20.2 32.5 
40 1,348 29.7 1.8 1.2 2.0 2.4 20.2 37.1 
45 1,630 33.9 1.9 1.2 2.3 2.6 20.2 41.8 
50 1,901 38.5 1.9 1.1 2.6 2.8 20.2 46.9 
55 2,164 42.2 2.0 1.1 2.8 2.9 20.2 51.0 
60 2,414 45.6 2.1 1.1 3.0 3.1 20.2 54.8 
65 2,652 48.9 2.1 1.1 3.3 3.2 20.2 58.5 
70 2,880 52.0 2.2 1.0 3.5 3.3 20.2 61.9 
75 3,082 54.7 2.2 1.0 3.6 3.4 20.2 65.0 
80 3,278 57.3 2.3 1.0 3.8 3.5 20.2 67.9 
85 3,465 59.8 2.3 1.0 4.0 3.6 20.2 70.7 
90 3,632 62.1 2.3 1.0 4.1 3.7 20.2 73.2 
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A47.— Regional estimates of timber volume and carbon stocks for loblolly-shortleaf pine stands on 
forest land after clearcut harvest in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.2 9.2 12.2 41.9 25.6 
5 0.0 10.8 0.7 4.7 7.7 6.5 41.9 30.3 


10 19.1 23.1 1.3 3.9 6.8 6.4 41.9 41.5 
15 36.7 32.4 1.6 3.5 6.2 7.5 41.9 51.2 
20 60.4 42.2 1.8 3.3 5.9 8.7 41.9 61.9 
25 85.5 52.0 2.0 3.1 5.8 9.8 41.9 72.8 
30 108.7 59.6 2.1 3.0 5.8 10.7 41.9 81.2 
35 131.2 66.6 2.3 2.9 5.9 11.5 41.9 89.1 
40 152.3 73.1 2.3 2.9 6.0 12.2 41.9 96.4 
45 172.3 79.0 2.4 2.8 6.1 12.7 41.9 103.1 
50 191.4 84.7 2.5 2.8 6.4 13.2 41.9 109.5 
55 208.4 89.6 2.6 2.7 6.5 13.7 41.9 115.1 
60 223.9 94.0 2.6 2.7 6.7 14.1 41.9 120.1 
65 238.4 98.1 2.7 2.6 7.0 14.4 41.9 124.8 
70 252.9 102.2 2.7 2.6 7.2 14.7 41.9 129.4 
75 264.6 105.5 2.7 2.6 7.3 15.0 41.9 133.1 
80 277.1 108.9 2.8 2.6 7.6 15.2 41.9 137.0 
85 289.5 112.3 2.8 2.6 7.8 15.5 41.9 140.9 
90 299.6 115.1 2.8 2.5 7.9 15.7 41.9 144.0 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 3.7 4.9 17.0 10.4 
5 0 4.4 0.3 1.9 3.1 2.6 17.0 12.3 


10 273 9.4 0.5 1.6 2.8 2.6 17.0 16.8 
15 525 13.1 0.6 1.4 2.5 3.0 17.0 20.7 
20 863 17.1 0.7 1.3 2.4 3.5 17.0 25.1 
25 1,222 21.1 0.8 1.3 2.4 4.0 17.0 29.5 
30 1,554 24.1 0.9 1.2 2.3 4.3 17.0 32.9 
35 1,875 27.0 0.9 1.2 2.4 4.7 17.0 36.1 
40 2,177 29.6 0.9 1.2 2.4 4.9 17.0 39.0 
45 2,462 32.0 1.0 1.1 2.5 5.2 17.0 41.7 
50 2,736 34.3 1.0 1.1 2.6 5.4 17.0 44.3 
55 2,978 36.3 1.0 1.1 2.7 5.5 17.0 46.6 
60 3,200 38.1 1.1 1.1 2.7 5.7 17.0 48.6 
65 3,407 39.7 1.1 1.1 2.8 5.8 17.0 50.5 
70 3,614 41.4 1.1 1.1 2.9 6.0 17.0 52.4 
75 3,782 42.7 1.1 1.1 3.0 6.1 17.0 53.9 
80 3,960 44.1 1.1 1.0 3.1 6.2 17.0 55.5 
85 4,138 45.5 1.1 1.0 3.1 6.3 17.0 57.0 
90 4,281 46.6 1.1 1.0 3.2 6.3 17.0 58.3 
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A48.— Regional estimates of timber volume and carbon stocks for loblolly-shortleaf pine stands on 
forest land after clearcut harvest in the South Central; volumes are for high-productivity sites 
(growth rate greater than 120 cubic feet wood/acre/year) with high-intensity management 
(replanting with genetically improved stock) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ----------------------------------------
0 0.0 0.0 0.0 4.1 20.4 12.2 41.9 36.7 
5 0.0 10.8 0.4 4.1 15.8 6.5 41.9 37.6 


10 47.7 34.2 0.9 3.9 13.0 6.4 41.9 58.3 
15 146.5 68.7 1.0 3.8 11.5 7.5 41.9 92.5 
20 244.8 99.2 1.1 3.7 10.5 8.7 41.9 123.2 
25 315.2 118.3 1.1 3.7 9.6 9.8 41.9 142.6 
30 347.3 126.8 1.1 3.7 8.7 10.7 41.9 151.1 
35 351.5 127.9 1.1 3.7 7.8 11.5 41.9 152.1 
40 355.0 128.8 1.1 3.7 7.2 12.2 41.9 153.0 
45 358.5 129.8 1.1 3.7 6.7 12.7 41.9 154.0 
50 362.0 130.7 1.1 3.7 6.3 13.2 41.9 155.0 
55 362.0 130.7 1.1 3.7 6.0 13.7 41.9 155.2 
60 362.0 130.7 1.1 3.7 5.8 14.1 41.9 155.3 
65 362.0 130.7 1.1 3.7 5.6 14.4 41.9 155.5 
70 362.0 130.7 1.1 3.7 5.5 14.7 41.9 155.7 
75 362.0 130.7 1.1 3.7 5.4 15.0 41.9 155.9 
80 362.0 130.7 1.1 3.7 5.3 15.2 41.9 156.0 
85 362.0 130.7 1.1 3.7 5.2 15.5 41.9 156.2 
90 362.0 130.7 1.1 3.7 5.2 15.7 41.9 156.4 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 8.2 4.9 17.0 14.9 
5 0 4.4 0.2 1.6 6.4 2.6 17.0 15.2 


10 682 13.8 0.3 1.6 5.2 2.6 17.0 23.6 
15 2,094 27.8 0.4 1.5 4.6 3.0 17.0 37.4 
20 3,498 40.1 0.4 1.5 4.2 3.5 17.0 49.9 
25 4,504 47.9 0.4 1.5 3.9 4.0 17.0 57.7 
30 4,963 51.3 0.5 1.5 3.5 4.3 17.0 61.1 
35 5,024 51.8 0.5 1.5 3.2 4.7 17.0 61.6 
40 5,074 52.1 0.5 1.5 2.9 4.9 17.0 61.9 
45 5,124 52.5 0.5 1.5 2.7 5.2 17.0 62.3 
50 5,174 52.9 0.5 1.5 2.6 5.4 17.0 62.7 
55 5,174 52.9 0.5 1.5 2.4 5.5 17.0 62.8 
60 5,174 52.9 0.5 1.5 2.3 5.7 17.0 62.9 
65 5,174 52.9 0.5 1.5 2.3 5.8 17.0 62.9 
70 5,174 52.9 0.5 1.5 2.2 6.0 17.0 63.0 
75 5,174 52.9 0.5 1.5 2.2 6.1 17.0 63.1 
80 5,174 52.9 0.5 1.5 2.1 6.2 17.0 63.1 
85 5,174 52.9 0.5 1.5 2.1 6.3 17.0 63.2 
90 5,174 52.9 0.5 1.5 2.1 6.3 17.0 63.3 
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A49.— Regional estimates of timber volume and carbon stocks for oak-gum-cypress stands on 
forest land after clearcut harvest in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 1.8 10.8 6.0 52.8 18.6 
5 0.0 5.4 0.5 2.1 6.5 2.4 52.8 16.9 


10 9.8 17.8 1.8 1.8 4.6 2.4 52.8 28.4 
15 19.9 28.4 2.8 1.7 3.8 3.0 52.8 39.8 
20 32.7 39.3 3.2 1.7 3.6 3.8 52.8 51.6 
25 45.4 48.8 3.4 1.6 3.7 4.4 52.8 61.9 
30 58.1 57.2 3.5 1.6 4.0 5.0 52.8 71.2 
35 73.4 66.9 3.6 1.6 4.4 5.5 52.8 82.1 
40 92.2 76.9 3.7 1.6 5.0 6.0 52.8 93.1 
45 110.7 86.1 3.7 1.5 5.5 6.4 52.8 103.4 
50 128.1 94.4 3.8 1.5 6.0 6.8 52.8 112.6 
55 146.3 102.8 3.9 1.5 6.5 7.2 52.8 121.9 
60 166.1 111.6 3.9 1.5 7.1 7.5 52.8 131.6 
65 186.4 120.3 4.0 1.5 7.6 7.8 52.8 141.2 
70 205.7 128.3 4.0 1.5 8.1 8.1 52.8 150.1 
75 222.5 135.1 4.1 1.5 8.5 8.4 52.8 157.6 
80 237.9 141.2 4.1 1.5 8.9 8.6 52.8 164.4 
85 257.3 148.8 4.1 1.5 9.4 8.9 52.8 172.6 
90 278.9 157.0 4.2 1.4 9.9 9.1 52.8 181.6 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 0.7 4.4 2.4 21.4 7.5 
5 0 2.2 0.2 0.8 2.6 1.0 21.4 6.9 


10 140 7.2 0.7 0.7 1.9 1.0 21.4 11.5 
15 284 11.5 1.1 0.7 1.5 1.2 21.4 16.1 
20 467 15.9 1.3 0.7 1.5 1.5 21.4 20.9 
25 649 19.7 1.4 0.7 1.5 1.8 21.4 25.1 
30 830 23.1 1.4 0.7 1.6 2.0 21.4 28.8 
35 1,049 27.1 1.4 0.6 1.8 2.2 21.4 33.2 
40 1,318 31.1 1.5 0.6 2.0 2.4 21.4 37.7 
45 1,582 34.9 1.5 0.6 2.2 2.6 21.4 41.8 
50 1,830 38.2 1.5 0.6 2.4 2.8 21.4 45.6 
55 2,091 41.6 1.6 0.6 2.6 2.9 21.4 49.3 
60 2,374 45.2 1.6 0.6 2.9 3.1 21.4 53.3 
65 2,664 48.7 1.6 0.6 3.1 3.2 21.4 57.1 
70 2,940 51.9 1.6 0.6 3.3 3.3 21.4 60.7 
75 3,180 54.7 1.6 0.6 3.5 3.4 21.4 63.8 
80 3,400 57.2 1.7 0.6 3.6 3.5 21.4 66.5 
85 3,677 60.2 1.7 0.6 3.8 3.6 21.4 69.9 
90 3,986 63.5 1.7 0.6 4.0 3.7 21.4 73.5 
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A50.— Regional estimates of timber volume and carbon stocks for oak-hickory stands on forest 
land after clearcut harvest in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.2 11.7 6.0 38.6 21.8 
5 0.0 9.7 0.9 4.7 7.3 2.4 38.6 25.0 


10 11.7 20.9 1.9 4.0 5.2 2.4 38.6 34.3 
15 21.2 30.1 2.1 3.6 4.2 3.0 38.6 43.0 
20 33.8 39.5 2.3 3.4 3.9 3.8 38.6 52.9 
25 46.6 48.2 2.4 3.3 3.9 4.4 38.6 62.2 
30 60.2 56.6 2.6 3.1 4.2 5.0 38.6 71.4 
35 76.3 65.6 2.7 3.0 4.6 5.5 38.6 81.4 
40 94.3 76.2 2.8 2.9 5.2 6.0 38.6 93.1 
45 114.1 85.7 2.9 2.8 5.8 6.4 38.6 103.7 
50 133.0 94.7 3.0 2.8 6.3 6.8 38.6 113.6 
55 151.4 103.3 3.0 2.7 6.9 7.2 38.6 123.1 
60 168.9 111.3 3.1 2.7 7.4 7.5 38.6 132.0 
65 185.6 118.8 3.2 2.6 7.9 7.8 38.6 140.4 
70 201.5 126.0 3.2 2.6 8.4 8.1 38.6 148.3 
75 215.7 132.3 3.2 2.6 8.8 8.4 38.6 155.3 
80 229.4 138.3 3.3 2.5 9.2 8.6 38.6 162.0 
85 242.5 144.0 3.3 2.5 9.6 8.9 38.6 168.3 
90 254.1 149.1 3.3 2.5 9.9 9.1 38.6 174.0 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 4.7 2.4 15.6 8.8 
5 0 3.9 0.4 1.9 2.9 1.0 15.6 10.1 


10 167 8.5 0.8 1.6 2.1 1.0 15.6 13.9 
15 303 12.2 0.9 1.5 1.7 1.2 15.6 17.4 
20 483 16.0 0.9 1.4 1.6 1.5 15.6 21.4 
25 666 19.5 1.0 1.3 1.6 1.8 15.6 25.2 
30 860 22.9 1.0 1.3 1.7 2.0 15.6 28.9 
35 1,091 26.6 1.1 1.2 1.9 2.2 15.6 33.0 
40 1,348 30.8 1.1 1.2 2.1 2.4 15.6 37.7 
45 1,630 34.7 1.2 1.2 2.3 2.6 15.6 41.9 
50 1,901 38.3 1.2 1.1 2.6 2.8 15.6 46.0 
55 2,164 41.8 1.2 1.1 2.8 2.9 15.6 49.8 
60 2,414 45.0 1.3 1.1 3.0 3.1 15.6 53.4 
65 2,652 48.1 1.3 1.1 3.2 3.2 15.6 56.8 
70 2,880 51.0 1.3 1.1 3.4 3.3 15.6 60.0 
75 3,082 53.5 1.3 1.0 3.6 3.4 15.6 62.8 
80 3,278 56.0 1.3 1.0 3.7 3.5 15.6 65.6 
85 3,465 58.3 1.3 1.0 3.9 3.6 15.6 68.1 
90 3,632 60.3 1.4 1.0 4.0 3.7 15.6 70.4 
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A51.— Regional estimates of timber volume and carbon stocks for oak-pine stands on forest land 
after clearcut harvest in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ---------------------------------------- 
0 0.0 0.0 0.0 4.2 12.4 10.3 41.7 26.9 
5 0.0 8.7 0.7 4.4 10.0 5.8 41.7 29.6 


10 13.6 21.4 1.4 3.7 8.6 5.9 41.7 41.0 
15 27.8 31.9 1.7 3.5 7.7 6.8 41.7 51.5 
20 43.9 41.8 2.0 3.3 7.1 7.7 41.7 61.9 
25 59.3 50.9 2.2 3.2 6.7 8.6 41.7 71.6 
30 77.2 59.2 2.5 3.1 6.6 9.2 41.7 80.6 
35 96.8 67.9 2.6 3.0 6.7 9.8 41.7 90.0 
40 117.2 76.5 2.8 2.9 6.9 10.2 41.7 99.4 
45 136.4 84.4 3.0 2.9 7.1 10.6 41.7 108.0 
50 154.1 91.4 3.1 2.8 7.4 11.0 41.7 115.7 
55 171.4 98.2 3.2 2.8 7.7 11.3 41.7 123.2 
60 189.6 105.2 3.3 2.8 8.0 11.5 41.7 130.8 
65 204.5 110.7 3.4 2.7 8.3 11.8 41.7 137.0 
70 218.8 116.0 3.5 2.7 8.6 12.0 41.7 142.8 
75 234.5 121.8 3.6 2.7 9.0 12.1 41.7 149.2 
80 247.6 126.5 3.6 2.7 9.3 12.3 41.7 154.4 
85 259.4 130.7 3.7 2.7 9.6 12.5 41.7 159.0 
90 272.3 135.2 3.8 2.6 9.9 12.6 41.7 164.1 


years ft3/acre --------------------------------------- tonnes carbon/acre ------------------------------------------- 
0 0 0.0 0.0 1.7 5.0 4.2 16.9 10.9 
5 0 3.5 0.3 1.8 4.0 2.4 16.9 12.0 


10 195 8.6 0.6 1.5 3.5 2.4 16.9 16.6 
15 397 12.9 0.7 1.4 3.1 2.7 16.9 20.9 
20 628 16.9 0.8 1.3 2.9 3.1 16.9 25.0 
25 848 20.6 0.9 1.3 2.7 3.5 16.9 29.0 
30 1,104 24.0 1.0 1.2 2.7 3.7 16.9 32.6 
35 1,384 27.5 1.1 1.2 2.7 4.0 16.9 36.4 
40 1,675 31.0 1.1 1.2 2.8 4.1 16.9 40.2 
45 1,950 34.2 1.2 1.2 2.9 4.3 16.9 43.7 
50 2,202 37.0 1.3 1.2 3.0 4.4 16.9 46.8 
55 2,450 39.7 1.3 1.1 3.1 4.6 16.9 49.9 
60 2,710 42.6 1.3 1.1 3.3 4.7 16.9 52.9 
65 2,923 44.8 1.4 1.1 3.4 4.8 16.9 55.4 
70 3,127 47.0 1.4 1.1 3.5 4.8 16.9 57.8 
75 3,352 49.3 1.4 1.1 3.6 4.9 16.9 60.4 
80 3,539 51.2 1.5 1.1 3.8 5.0 16.9 62.5 
85 3,707 52.9 1.5 1.1 3.9 5.0 16.9 64.4 
90 3,891 54.7 1.5 1.1 4.0 5.1 16.9 66.4 
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APPENDIX B 
Forest Ecosystem Yield Tables for Afforestation (Establishment on Nonforest Land)2 
 
Carbon Stocks with Afforestation of Land 
 
B1. Aspen-birch, Northeast  
B2. Maple-beech-birch, Northeast 
B3. Oak-hickory, Northeast 
B4. Oak-pine, Northeast 
B5. Spruce-balsam fir, Northeast 
B6. White-red-jack pine, Northeast 
B7. Aspen-birch, Northern Lake States  
B8. Elm-ash-cottonwood, Northern Lake 


States 
B9. Maple-beech-birch, Northern Lake 


States 
B10. Oak-hickory, Northern Lake States 
B11. Spruce-balsam fir, Northern Lake 


States 
B12. White-red-jack pine, Northern Lake 


States 
B13. Elm-ash-cottonwood, Northern Prairie 


States 
B14. Maple-beech-birch, Northern Prairie 


States 
B15. Oak-hickory, Northern Prairie States 
B16. Oak-pine, Northern Prairie States 
B17. Douglas-fir, Pacific Northwest, East 
B18. Fir-spruce-mountain hemlock, Pacific 


Northwest, East 
B19. Lodgepole pine, Pacific Northwest, 


East 
B20. Ponderosa pine, Pacific Northwest, 


East 
B21. Alder-maple, Pacific Northwest, West 
B22. Douglas-fir, Pacific Northwest, West 
B23. Douglas-fir, high productivity and 


management intensity, Pacific 
Northwest, West 


B24. Fir-spruce-mountain hemlock, Pacific 
Northwest, West 


B25. Hemlock-Sitka spruce, Pacific 
Northwest, West 


 


B26. Hemlock-Sitka spruce, high 
productivity and management 
intensity, Pacific Northwest, West 


B27. Mixed conifer, Pacific Southwest 
B28. Fir-spruce-mountain hemlock, Pacific 


Southwest 
B29. Western oak, Pacific Southwest 
B30. Douglas-fir, Rocky Mountain, North 
B31. Fir-spruce-mountain hemlock, Rocky 


Mountain, North  
B32. Lodgepole pine, Rocky Mountain, 


North 
B33. Ponderosa pine, Rocky Mountain, 


North 
B34. Aspen-birch, Rocky Mountain, South 
B35. Douglas-fir, Rocky Mountain, South 
B36. Fir-spruce-mountain hemlock, Rocky 


Mountain, South 
B37. Lodgepole pine, Rocky Mountain, 


South 
B38. Ponderosa pine, Rocky Mountain, 


South 
B39. Loblolly-shortleaf pine, Southeast 
B40. Loblolly-shortleaf pine, high 


productivity and management 
intensity, Southeast 


B41. Longleaf-slash pine, Southeast 
B42. Longleaf-slash pine, high productivity 


and management intensity, Southeast 
B43. Oak-gum-cypress, Southeast 
B44. Oak-hickory, Southeast 
B45. Oak-pine, Southeast 
B46. Elm-ash-cottonwood, South Central 
B47. Loblolly-shortleaf pine, South Central 
B48. Loblolly-shortleaf pine, high 


productivity and management 
intensity, South Central 


B49. Oak-gum-cypress, South Central 
B50. Oak-hickory, South Central 
B51. Oak-pine, South Central 
 


 
 
 


                                                 
2 Note carbon mass is in metric tons (tonnes) in all tables. 
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B1.— Regional estimates of timber volume and carbon stocks for aspen-birch stands with 
afforestation of land in the Northeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.0 0.0 0.0 65.6 2.0 
5 0.0 6.6 0.6 2.2 0.5 1.6 65.8 11.5 


15 12.9 21.3 1.8 2.1 1.7 4.0 67.4 30.9 
25 33.8 36.0 2.9 2.1 2.8 5.8 70.4 49.6 
35 58.4 50.1 3.8 2.1 3.9 7.3 74.0 67.1 
45 84.7 62.7 4.6 2.1 4.9 8.4 77.7 82.6 
55 112.4 75.1 5.3 2.0 5.8 9.3 80.9 97.6 
65 141.7 87.5 5.9 2.0 6.8 10.1 83.4 112.3 
75 172.6 100.0 6.5 2.0 7.8 10.7 85.1 127.1 
85 205.0 112.7 7.1 2.0 8.8 11.3 86.2 141.9 
95 238.9 125.5 7.7 2.0 9.8 11.8 86.8 156.7 


105 274.4 138.5 8.2 2.0 10.8 12.2 87.1 171.7 
115 311.4 151.7 8.8 2.0 11.8 12.5 87.3 186.8 
125 349.9 165.0 9.3 2.0 12.8 12.9 87.4 202.0 
years ft3/acre ----------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 0.8 0.0 0.0 26.5 0.8 
5 0 2.7 0.2 0.9 0.2 0.6 26.6 4.7 


15 184 8.6 0.7 0.9 0.7 1.6 27.3 12.5 
25 483 14.6 1.2 0.8 1.1 2.4 28.5 20.1 
35 835 20.3 1.5 0.8 1.6 2.9 30.0 27.2 
45 1,210 25.4 1.9 0.8 2.0 3.4 31.4 33.4 
55 1,607 30.4 2.1 0.8 2.4 3.8 32.7 39.5 
65 2,025 35.4 2.4 0.8 2.8 4.1 33.7 45.5 
75 2,466 40.5 2.6 0.8 3.1 4.3 34.4 51.4 
85 2,929 45.6 2.9 0.8 3.5 4.6 34.9 57.4 
95 3,414 50.8 3.1 0.8 3.9 4.8 35.1 63.4 


105 3,921 56.0 3.3 0.8 4.4 4.9 35.3 69.5 
115 4,450 61.4 3.5 0.8 4.8 5.1 35.3 75.6 
125 5,001 66.8 3.8 0.8 5.2 5.2 35.4 81.8 
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B2.— Regional estimates of timber volume and carbon stocks for maple-beech-birch stands with 
afforestation of land in the Northeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 52.2 2.1 
5 0.0 7.4 0.7 2.1 0.5 4.2 52.3 15.0 


15 28.0 31.8 3.2 1.9 2.3 10.8 53.7 50.0 
25 58.1 53.2 5.3 1.8 3.8 15.8 56.0 79.8 
35 89.6 72.8 6.0 1.7 5.2 19.7 58.9 105.4 
45 119.1 87.8 6.6 1.7 6.2 22.7 61.8 125.0 
55 146.6 101.1 7.0 1.7 7.2 25.3 64.4 142.3 
65 172.1 113.1 7.4 1.7 8.0 27.4 66.3 157.5 
75 195.6 123.8 7.7 1.7 8.8 29.1 67.7 171.1 
85 217.1 133.5 7.9 1.7 9.5 30.7 68.6 183.2 
95 236.6 142.1 8.1 1.7 10.1 32.0 69.1 193.9 


105 254.1 149.7 8.3 1.6 10.6 33.1 69.3 203.4 
115 269.7 156.3 8.5 1.6 11.1 34.2 69.5 211.7 
125 283.2 162.1 8.6 1.6 11.5 35.1 69.5 218.8 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 21.1 0.8 
5 0 3.0 0.3 0.8 0.2 1.7 21.2 6.1 


15 400 12.9 1.3 0.8 0.9 4.4 21.7 20.2 
25 830 21.5 2.1 0.7 1.5 6.4 22.7 32.3 
35 1,280 29.5 2.4 0.7 2.1 8.0 23.8 42.7 
45 1,702 35.5 2.7 0.7 2.5 9.2 25.0 50.6 
55 2,095 40.9 2.8 0.7 2.9 10.2 26.0 57.6 
65 2,460 45.8 3.0 0.7 3.2 11.1 26.8 63.7 
75 2,796 50.1 3.1 0.7 3.5 11.8 27.4 69.2 
85 3,103 54.0 3.2 0.7 3.8 12.4 27.8 74.1 
95 3,382 57.5 3.3 0.7 4.1 12.9 28.0 78.5 


105 3,632 60.6 3.4 0.7 4.3 13.4 28.1 82.3 
115 3,854 63.3 3.4 0.7 4.5 13.8 28.1 85.7 
125 4,047 65.6 3.5 0.7 4.6 14.2 28.1 88.6 
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B3.— Regional estimates of timber volume and carbon stocks for oak-hickory stands with 
afforestation of land in the Northeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 39.8 2.1 
5 0.0 6.9 0.7 2.1 0.5 0.9 39.9 11.0 


15 54.5 43.0 3.6 1.9 2.9 2.5 40.9 54.0 
25 95.7 71.9 4.0 1.9 4.9 3.9 42.7 86.6 
35 135.3 96.2 4.2 1.8 6.6 5.2 44.9 114.0 
45 173.3 118.2 4.5 1.8 8.1 6.3 47.2 138.8 
55 209.6 136.8 4.6 1.8 9.4 7.2 49.1 159.8 
65 244.3 154.3 4.8 1.8 10.6 8.1 50.6 179.5 
75 277.4 170.6 4.9 1.8 11.7 8.9 51.7 197.9 
85 308.9 186.0 5.0 1.8 12.7 9.7 52.3 215.1 
95 338.8 200.4 5.1 1.8 13.7 10.3 52.7 231.3 


105 367.1 213.9 5.1 1.7 14.6 10.9 52.9 246.4 
115 393.7 226.5 5.2 1.7 15.5 11.5 53.0 260.5 
125 418.6 238.2 5.3 1.7 16.3 12.0 53.1 273.6 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 16.1 0.8 
5 0 2.8 0.3 0.8 0.2 0.4 16.2 4.5 


15 779 17.4 1.4 0.8 1.2 1.0 16.6 21.8 
25 1,904 29.1 1.6 0.7 2.0 1.6 17.3 35.0 
35 1,934 38.9 1.7 0.7 2.7 2.1 18.2 46.1 
45 2,477 47.8 1.8 0.7 3.3 2.5 19.1 56.2 
55 2,996 55.4 1.9 0.7 3.8 2.9 19.9 64.7 
65 3,492 62.4 1.9 0.7 4.3 3.3 20.5 72.6 
75 3,965 69.1 2.0 0.7 4.7 3.6 20.9 80.1 
85 4,415 75.3 2.0 0.7 5.1 3.9 21.2 87.1 
95 4,842 81.1 2.0 0.7 5.5 4.2 21.3 93.6 


105 5,246 86.6 2.1 0.7 5.9 4.4 21.4 99.7 
115 5,626 91.7 2.1 0.7 6.3 4.7 21.5 105.4 
125 5,983 96.4 2.1 0.7 6.6 4.9 21.5 110.7 
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B4.— Regional estimates of timber volume and carbon stocks for oak-pine stands with afforestation 
of land in the Northeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.2 0.0 0.0 50.2 4.2 
5 0.0 6.2 0.6 4.2 0.4 3.8 50.3 15.2 


15 36.5 27.0 2.6 3.3 1.7 10.3 51.6 44.9 
25 70.9 48.6 3.2 2.9 3.0 15.6 53.9 73.3 
35 103.1 67.9 3.7 2.6 4.2 19.9 56.6 98.3 
45 133.1 84.7 4.0 2.5 5.2 23.5 59.5 119.8 
55 160.9 99.1 4.2 2.4 6.1 26.6 61.9 138.4 
65 186.7 113.0 4.4 2.3 6.9 29.2 63.8 155.8 
75 210.2 123.6 4.6 2.3 7.6 31.6 65.1 169.5 
85 231.5 133.1 4.7 2.3 8.1 33.6 66.0 181.8 
95 250.8 141.7 4.8 2.2 8.7 35.4 66.4 192.8 


105 267.9 149.2 4.9 2.2 9.1 37.0 66.7 202.4 
115 282.7 155.7 5.0 2.2 9.5 38.4 66.8 210.9 
125 295.4 161.3 5.1 2.2 9.9 39.7 66.9 218.1 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 1.7 0.0 0.0 20.3 1.7 
5 0 2.5 0.3 1.7 0.2 1.6 20.4 6.2 


15 522 10.9 1.1 1.3 0.7 4.2 20.9 18.2 
25 1,013 19.7 1.3 1.2 1.2 6.3 21.8 29.6 
35 1,473 27.5 1.5 1.1 1.7 8.0 22.9 39.8 
45 1,902 34.3 1.6 1.0 2.1 9.5 24.1 48.5 
55 2,300 40.1 1.7 1.0 2.5 10.8 25.1 56.0 
65 2,668 45.7 1.8 0.9 2.8 11.8 25.8 63.1 
75 3,004 50.0 1.8 0.9 3.1 12.8 26.4 68.6 
85 3,309 53.9 1.9 0.9 3.3 13.6 26.7 73.6 
95 3,584 57.3 1.9 0.9 3.5 14.3 26.9 78.0 


105 3,828 60.4 2.0 0.9 3.7 15.0 27.0 81.9 
115 4,040 63.0 2.0 0.9 3.9 15.6 27.0 85.3 
125 4,222 65.3 2.1 0.9 4.0 16.1 27.1 88.3 
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B5.— Regional estimates of timber volume and carbon stocks for spruce-balsam fir stands with 
afforestation of land in the Northeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 73.5 2.1 
5 0.0 7.0 0.7 1.8 0.6 5.0 73.7 15.1 


15 11.5 20.1 2.0 1.6 1.9 13.0 75.6 38.5 
25 29.1 32.5 3.3 1.5 3.0 19.0 78.9 59.3 
35 51.6 45.7 4.6 1.4 4.2 23.7 83.0 79.7 
45 76.9 57.4 5.7 1.4 5.3 27.5 87.1 97.4 
55 102.6 68.7 6.9 1.4 6.3 30.7 90.7 113.9 
65 126.4 78.6 7.4 1.3 7.3 33.3 93.5 127.9 
75 149.3 87.9 7.6 1.3 8.1 35.5 95.4 140.5 
85 170.9 96.5 7.8 1.3 8.9 37.4 96.6 152.0 
95 191.6 104.5 8.0 1.3 9.6 39.1 97.3 162.5 


105 211.1 111.9 8.2 1.3 10.3 40.6 97.7 172.2 
115 229.6 118.8 8.3 1.3 11.0 41.9 97.9 181.2 
125 247.1 125.3 8.4 1.3 11.6 43.0 97.9 189.6 
years ft3/acre ---------------------------------------- tonnes carbon/acre -------------------------------------------


0 0 0.0 0.0 0.9 0.0 0.0 29.7 0.9 
5 0 2.8 0.3 0.7 0.3 2.0 29.8 6.1 


15 164 8.1 0.8 0.6 0.8 5.2 30.6 15.6 
25 416 13.2 1.3 0.6 1.2 7.7 31.9 24.0 
35 738 18.5 1.9 0.6 1.7 9.6 33.6 32.2 
45 1,099 23.2 2.3 0.6 2.1 11.1 35.2 39.4 
55 1,466 27.8 2.8 0.6 2.6 12.4 36.7 46.1 
65 1,807 31.8 3.0 0.5 2.9 13.5 37.8 51.8 
75 2,133 35.6 3.1 0.5 3.3 14.4 38.6 56.9 
85 2,443 39.0 3.2 0.5 3.6 15.2 39.1 61.5 
95 2,738 42.3 3.2 0.5 3.9 15.8 39.4 65.8 


105 3,017 45.3 3.3 0.5 4.2 16.4 39.5 69.7 
115 3,281 48.1 3.4 0.5 4.4 16.9 39.6 73.3 
125 3,532 50.7 3.4 0.5 4.7 17.4 39.6 76.7 
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B6.— Regional estimates of timber volume and carbon stocks for white-red-jack pine stands with 
afforestation of land in the Northeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 58.6 2.1 
5 0.0 7.3 0.7 2.2 0.4 3.1 58.8 13.8 


15 30.0 28.6 2.9 1.8 1.6 7.1 60.3 41.9 
25 54.4 44.7 3.9 1.8 2.5 9.4 62.9 62.3 
35 77.9 57.7 4.3 1.7 3.2 11.0 66.2 77.9 
45 100.6 69.4 4.6 1.7 3.8 12.2 69.4 91.7 
55 122.5 78.7 4.8 1.6 4.3 13.0 72.3 102.5 
65 142.3 86.8 5.0 1.6 4.8 13.7 74.5 111.9 
75 160.9 94.3 5.2 1.6 5.2 14.2 76.1 120.5 
85 178.4 101.2 5.3 1.6 5.6 14.7 77.0 128.4 
95 194.7 107.6 5.4 1.6 5.9 15.0 77.6 135.6 


105 210.0 113.5 5.5 1.6 6.3 15.4 77.9 142.2 
115 224.1 118.9 5.6 1.6 6.6 15.6 78.0 148.2 
125 237.1 123.8 5.7 1.6 6.8 15.9 78.1 153.8 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 23.7 0.8 
5 0 3.0 0.3 0.9 0.2 1.3 23.8 5.6 


15 429 11.6 1.2 0.7 0.6 2.9 24.4 17.0 
25 777 18.1 1.6 0.7 1.0 3.8 25.5 25.2 
35 1,113 23.3 1.7 0.7 1.3 4.5 26.8 31.5 
45 1,438 28.1 1.9 0.7 1.5 4.9 28.1 37.1 
55 1,751 31.8 2.0 0.7 1.8 5.3 29.3 41.5 
65 2,034 35.1 2.0 0.7 1.9 5.5 30.2 45.3 
75 2,300 38.2 2.1 0.7 2.1 5.8 30.8 48.8 
85 2,550 41.0 2.1 0.6 2.3 5.9 31.2 52.0 
95 2,783 43.5 2.2 0.6 2.4 6.1 31.4 54.9 


105 3,001 45.9 2.2 0.6 2.5 6.2 31.5 57.6 
115 3,202 48.1 2.3 0.6 2.7 6.3 31.6 60.0 
125 3,389 50.1 2.3 0.6 2.8 6.4 31.6 62.2 
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B7.— Regional estimates of timber volume and carbon stocks for aspen-birch stands with 
afforestation of land in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.0 0.0 0.0 109.6 2.0 
5 0.0 7.3 0.5 2.1 0.6 1.6 109.9 12.1 


15 2.9 13.9 1.4 2.1 1.1 4.0 112.7 22.5 
25 21.5 26.8 2.7 2.1 2.2 5.8 117.6 39.6 
35 47.2 40.8 4.1 2.0 3.3 7.3 123.7 57.4 
45 72.8 53.5 5.3 2.0 4.3 8.4 129.8 73.6 
55 97.1 64.9 6.1 2.0 5.2 9.3 135.2 87.6 
65 119.5 75.0 6.7 2.0 6.1 10.1 139.4 99.8 
75 139.7 83.8 7.1 2.0 6.8 10.7 142.2 110.4 
85 157.5 91.5 7.4 2.0 7.4 11.3 144.1 119.6 
95 173.0 98.0 7.7 2.0 7.9 11.8 145.1 127.4 


105 186.0 103.4 7.9 2.0 8.4 12.2 145.6 133.9 
115 196.4 107.7 8.1 2.0 8.7 12.5 145.9 139.1 
125 204.3 110.9 8.3 2.0 9.0 12.9 146.0 143.0 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 44.3 0.8 
5 0 3.0 0.2 0.8 0.2 0.6 44.5 4.9 


15 42 5.6 0.6 0.8 0.5 1.6 45.6 9.1 
25 307 10.9 1.1 0.8 0.9 2.4 47.6 16.0 
35 674 16.5 1.6 0.8 1.3 2.9 50.1 23.2 
45 1,041 21.6 2.2 0.8 1.7 3.4 52.5 29.8 
55 1,388 26.2 2.5 0.8 2.1 3.8 54.7 35.4 
65 1,708 30.3 2.7 0.8 2.5 4.1 56.4 40.4 
75 1,996 33.9 2.9 0.8 2.7 4.3 57.6 44.7 
85 2,251 37.0 3.0 0.8 3.0 4.6 58.3 48.4 
95 2,472 39.7 3.1 0.8 3.2 4.8 58.7 51.5 


105 2,658 41.8 3.2 0.8 3.4 4.9 58.9 54.2 
115 2,807 43.6 3.3 0.8 3.5 5.1 59.0 56.3 
125 2,920 44.9 3.3 0.8 3.6 5.2 59.1 57.9 
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B8.— Regional estimates of timber volume and carbon stocks for elm-ash-cottonwood stands with 
afforestation of land in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.0 0.0 0.0 134.9 2.0 
5 0.0 3.9 0.4 1.9 0.2 4.2 135.4 10.7 


15 2.4 10.3 1.0 1.9 0.6 10.8 138.8 24.7 
25 13.2 20.1 2.0 1.9 1.2 15.8 144.9 41.1 
35 25.2 29.8 3.0 1.9 1.8 19.7 152.4 56.2 
45 37.4 38.7 3.9 1.9 2.4 22.7 159.9 69.7 
55 49.8 47.1 4.7 1.9 2.9 25.3 166.5 81.9 
65 62.3 55.6 5.3 1.9 3.4 27.4 171.6 93.7 
75 74.9 62.8 5.6 1.9 3.9 29.1 175.2 103.4 
85 87.5 69.9 5.8 1.9 4.3 30.7 177.4 112.6 
95 100.1 76.8 6.0 1.9 4.7 32.0 178.7 121.4 


105 112.9 83.6 6.2 1.9 5.1 33.1 179.4 130.0 
115 125.8 90.4 6.4 1.9 5.6 34.2 179.7 138.5 
125 139.2 97.4 6.5 1.9 6.0 35.1 179.8 147.0 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 54.6 0.8 
5 0 1.6 0.2 0.8 0.1 1.7 54.8 4.3 


15 35 4.2 0.4 0.8 0.3 4.4 56.2 10.0 
25 189 8.1 0.8 0.8 0.5 6.4 58.6 16.6 
35 360 12.0 1.2 0.8 0.7 8.0 61.7 22.7 
45 535 15.7 1.6 0.8 1.0 9.2 64.7 28.2 
55 712 19.1 1.9 0.8 1.2 10.2 67.4 33.1 
65 890 22.5 2.2 0.8 1.4 11.1 69.5 37.9 
75 1,070 25.4 2.3 0.8 1.6 11.8 70.9 41.8 
85 1,250 28.3 2.4 0.8 1.7 12.4 71.8 45.6 
95 1,431 31.1 2.4 0.8 1.9 12.9 72.3 49.1 


105 1,613 33.8 2.5 0.8 2.1 13.4 72.6 52.6 
115 1,798 36.6 2.6 0.8 2.2 13.8 72.7 56.0 
125 1,990 39.4 2.7 0.8 2.4 14.2 72.8 59.5 
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B9.— Regional estimates of timber volume and carbon stocks for maple-beech-birch stands with 
afforestation of land in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 100.7 2.1 
5 0.0 5.1 0.5 2.0 0.4 4.2 101.0 12.2 


15 4.3 13.4 1.3 1.7 1.0 10.8 103.6 28.3 
25 24.6 30.3 3.0 1.6 2.3 15.8 108.1 53.0 
35 48.1 47.7 4.0 1.5 3.6 19.7 113.7 76.5 
45 72.5 62.9 4.4 1.4 4.8 22.7 119.3 96.2 
55 96.9 77.3 4.7 1.4 5.9 25.3 124.3 114.5 
65 121.3 91.1 4.9 1.4 6.9 27.4 128.1 131.7 
75 145.3 104.4 5.1 1.4 7.9 29.1 130.7 147.9 
85 168.9 117.1 5.3 1.3 8.9 30.7 132.4 163.3 
95 191.9 129.3 5.4 1.3 9.8 32.0 133.4 177.8 


105 214.4 140.9 5.6 1.3 10.7 33.1 133.9 191.6 
115 236.0 151.9 5.7 1.3 11.5 34.2 134.1 204.6 
125 256.9 162.4 5.8 1.3 12.3 35.1 134.2 216.9 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.9 0.0 0.0 40.8 0.9 
5 0 2.1 0.2 0.8 0.2 1.7 40.9 4.9 


15 62 5.4 0.5 0.7 0.4 4.4 41.9 11.5 
25 351 12.2 1.2 0.6 0.9 6.4 43.8 21.4 
35 688 19.3 1.6 0.6 1.5 8.0 46.0 31.0 
45 1,036 25.4 1.8 0.6 1.9 9.2 48.3 38.9 
55 1,385 31.3 1.9 0.6 2.4 10.2 50.3 46.3 
65 1,733 36.9 2.0 0.6 2.8 11.1 51.8 53.3 
75 2,076 42.2 2.1 0.6 3.2 11.8 52.9 59.9 
85 2,414 47.4 2.1 0.5 3.6 12.4 53.6 66.1 
95 2,743 52.3 2.2 0.5 4.0 12.9 54.0 72.0 


105 3,064 57.0 2.3 0.5 4.3 13.4 54.2 77.5 
115 3,373 61.5 2.3 0.5 4.7 13.8 54.3 82.8 
125 3,671 65.7 2.3 0.5 5.0 14.2 54.3 87.8 


 


108







 


 


B10.— Regional estimates of timber volume and carbon stocks for oak-hickory stands with 
afforestation of land in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 72.8 2.1 
5 0.0 6.7 0.7 2.2 0.5 0.9 73.1 11.0 


15 4.1 17.0 1.7 2.0 1.3 2.5 74.9 24.5 
25 21.9 33.6 3.1 1.9 2.6 3.9 78.2 45.0 
35 42.5 50.3 3.6 1.8 3.9 5.2 82.2 64.8 
45 64.9 66.7 3.9 1.8 5.2 6.3 86.3 83.9 
55 88.7 83.6 4.2 1.8 6.5 7.2 89.9 103.3 
65 113.4 99.1 4.5 1.7 7.7 8.1 92.6 121.1 
75 139.0 114.7 4.7 1.7 8.9 8.9 94.5 138.9 
85 165.2 130.3 4.9 1.7 10.1 9.7 95.8 156.7 
95 192.1 146.0 5.1 1.7 11.3 10.3 96.4 174.4 


105 219.2 161.6 5.3 1.7 12.5 10.9 96.8 192.0 
115 246.4 177.0 5.4 1.6 13.7 11.5 97.0 209.2 
125 272.5 191.6 5.5 1.6 14.8 12.0 97.1 225.6 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 29.5 0.8 
5 0 2.7 0.3 0.9 0.2 0.4 29.6 4.4 


15 58 6.9 0.7 0.8 0.5 1.0 30.3 9.9 
25 313 13.6 1.2 0.8 1.0 1.6 31.6 18.2 
35 608 20.4 1.4 0.7 1.6 2.1 33.3 26.2 
45 928 27.0 1.6 0.7 2.1 2.5 34.9 33.9 
55 1,267 33.8 1.7 0.7 2.6 2.9 36.4 41.8 
65 1,620 40.1 1.8 0.7 3.1 3.3 37.5 49.0 
75 1,986 46.4 1.9 0.7 3.6 3.6 38.3 56.2 
85 2,361 52.7 2.0 0.7 4.1 3.9 38.7 63.4 
95 2,745 59.1 2.1 0.7 4.6 4.2 39.0 70.6 


105 3,133 65.4 2.1 0.7 5.1 4.4 39.2 77.7 
115 3,521 71.6 2.2 0.7 5.5 4.7 39.2 84.7 
125 3,895 77.5 2.2 0.7 6.0 4.9 39.3 91.3 
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B11.— Regional estimates of timber volume and carbon stocks for spruce-balsam fir stands with 
afforestation of land in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 196.4 2.1 
5 0.0 3.4 0.3 2.1 0.3 5.0 197.0 11.1 


15 3.0 9.3 0.9 2.6 0.8 13.0 202.0 26.5 
25 23.2 24.3 2.4 1.9 2.1 19.0 210.8 49.7 
35 51.1 41.2 4.1 1.6 3.6 23.7 221.7 74.2 
45 77.2 56.0 5.1 1.5 4.8 27.5 232.7 94.9 
55 100.7 67.4 5.8 1.4 5.8 30.7 242.3 111.1 
65 121.6 77.2 6.4 1.3 6.7 33.3 249.7 124.8 
75 140.2 85.5 6.8 1.3 7.4 35.5 254.9 136.5 
85 156.5 92.8 7.2 1.2 8.0 37.4 258.2 146.6 
95 170.9 99.0 7.5 1.2 8.6 39.1 260.0 155.3 


105 183.5 104.3 7.7 1.2 9.0 40.6 261.0 162.9 
115 194.4 109.0 7.9 1.2 9.4 41.9 261.5 169.3 
125 203.8 112.9 8.1 1.2 9.8 43.0 261.7 174.9 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.9 0.0 0.0 79.5 0.9 
5 0 1.4 0.1 0.9 0.1 2.0 79.7 4.5 


15 43 3.7 0.4 1.0 0.3 5.2 81.7 10.7 
25 332 9.8 1.0 0.8 0.8 7.7 85.3 20.1 
35 730 16.7 1.7 0.7 1.4 9.6 89.7 30.0 
45 1,103 22.7 2.1 0.6 2.0 11.1 94.2 38.4 
55 1,439 27.3 2.4 0.6 2.4 12.4 98.0 45.0 
65 1,738 31.2 2.6 0.5 2.7 13.5 101.1 50.5 
75 2,003 34.6 2.7 0.5 3.0 14.4 103.2 55.3 
85 2,237 37.5 2.9 0.5 3.2 15.2 104.5 59.3 
95 2,442 40.1 3.0 0.5 3.5 15.8 105.2 62.9 


105 2,622 42.2 3.1 0.5 3.7 16.4 105.6 65.9 
115 2,778 44.1 3.2 0.5 3.8 16.9 105.8 68.5 
125 2,912 45.7 3.3 0.5 4.0 17.4 105.9 70.8 
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B12.— Regional estimates of timber volume and carbon stocks for white-red-jack pine stands with 
afforestation of land in the Northern Lake States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.0 0.0 0.0 90.6 2.0 
5 0.0 0.4 0.0 2.0 0.0 3.1 90.9 5.7 


15 6.6 8.0 0.8 2.0 0.6 7.1 93.2 18.5 
25 48.1 35.4 3.5 2.0 2.5 9.4 97.3 52.9 
35 104.7 62.9 4.9 2.0 4.5 11.0 102.3 85.3 
45 158.9 85.8 5.5 2.0 6.2 12.2 107.4 111.6 
55 209.1 105.3 5.9 2.0 7.6 13.0 111.8 133.8 
65 255.1 122.2 6.2 2.0 8.8 13.7 115.2 152.9 
75 297.4 137.1 6.5 2.0 9.9 14.2 117.6 169.6 
85 336.1 150.3 6.7 2.0 10.8 14.7 119.1 184.4 
95 371.7 162.0 6.9 2.0 11.7 15.0 120.0 197.5 


105 404.2 172.5 7.0 2.0 12.4 15.4 120.5 209.3 
115 434.0 182.0 7.2 2.0 13.1 15.6 120.7 219.8 
125 461.3 190.5 7.3 1.9 13.7 15.9 120.8 229.2 
years ft3/acre ---------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 36.7 0.8 
5 0 0.2 0.0 0.8 0.0 1.3 36.8 2.3 


15 94 3.3 0.3 0.8 0.2 2.9 37.7 7.5 
25 688 14.3 1.4 0.8 1.0 3.8 39.4 21.4 
35 1,496 25.5 2.0 0.8 1.8 4.5 41.4 34.5 
45 2,271 34.7 2.2 0.8 2.5 4.9 43.5 45.2 
55 2,988 42.6 2.4 0.8 3.1 5.3 45.3 54.2 
65 3,646 49.5 2.5 0.8 3.6 5.5 46.6 61.9 
75 4,250 55.5 2.6 0.8 4.0 5.8 47.6 68.6 
85 4,804 60.8 2.7 0.8 4.4 5.9 48.2 74.6 
95 5,312 65.6 2.8 0.8 4.7 6.1 48.6 79.9 


105 5,777 69.8 2.8 0.8 5.0 6.2 48.7 84.7 
115 6,203 73.6 2.9 0.8 5.3 6.3 48.8 88.9 
125 6,593 77.1 2.9 0.8 5.5 6.4 48.9 92.8 
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B13.— Regional estimates of timber volume and carbon stocks for elm-ash-cottonwood stands with 
afforestation of land in the Northern Prairie States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 63.6 2.1 
5 0.0 3.9 0.4 2.1 0.3 4.2 63.8 10.8 


15 0.0 8.7 0.9 2.7 0.6 10.8 65.4 23.7 
25 5.8 15.5 1.6 2.4 1.1 15.8 68.3 36.4 
35 21.8 27.7 2.8 2.2 1.9 19.7 71.8 54.3 
45 45.1 43.2 4.3 2.0 3.0 22.7 75.4 75.3 
55 73.0 60.2 5.6 1.9 4.2 25.3 78.5 97.1 
65 104.1 78.9 6.1 1.8 5.5 27.4 80.9 119.7 
75 137.4 96.5 6.5 1.8 6.7 29.1 82.6 140.6 
85 171.9 114.0 6.9 1.7 7.9 30.7 83.6 161.2 
95 206.8 131.3 7.2 1.7 9.1 32.0 84.2 181.3 


105 241.7 148.2 7.5 1.6 10.3 33.1 84.5 200.7 
115 275.8 164.3 7.8 1.6 11.4 34.2 84.7 219.2 
125 308.6 179.6 8.0 1.6 12.4 35.1 84.7 236.6 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 25.7 0.8 
5 0 1.6 0.2 0.8 0.1 1.7 25.8 4.4 


15 0 3.5 0.4 1.1 0.2 4.4 26.5 9.6 
25 83 6.3 0.6 1.0 0.4 6.4 27.6 14.7 
35 312 11.2 1.1 0.9 0.8 8.0 29.1 22.0 
45 644 17.5 1.7 0.8 1.2 9.2 30.5 30.5 
55 1,043 24.3 2.3 0.8 1.7 10.2 31.8 39.3 
65 1,488 31.9 2.5 0.7 2.2 11.1 32.7 48.4 
75 1,964 39.0 2.6 0.7 2.7 11.8 33.4 56.9 
85 2,456 46.1 2.8 0.7 3.2 12.4 33.8 65.2 
95 2,956 53.1 2.9 0.7 3.7 12.9 34.1 73.4 


105 3,454 60.0 3.0 0.7 4.2 13.4 34.2 81.2 
115 3,941 66.5 3.2 0.6 4.6 13.8 34.3 88.7 
125 4,410 72.7 3.2 0.6 5.0 14.2 34.3 95.8 
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B14.— Regional estimates of timber volume and carbon stocks for maple-beech-birch stands with 
afforestation of land in the Northern Prairie States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 48.6 2.1 
5 0.0 5.1 0.5 2.2 0.3 4.2 48.8 12.4 


15 0.9 10.5 1.1 1.9 0.7 10.8 50.0 25.0 
25 8.2 18.5 1.8 1.7 1.2 15.8 52.2 39.0 
35 21.4 29.7 3.0 1.6 1.9 19.7 54.9 55.7 
45 38.2 41.3 3.8 1.5 2.6 22.7 57.7 71.9 
55 57.4 53.6 4.2 1.4 3.4 25.3 60.0 87.9 
65 78.6 66.5 4.5 1.3 4.2 27.4 61.9 103.9 
75 101.0 79.6 4.7 1.3 5.1 29.1 63.2 119.8 
85 124.4 92.9 4.9 1.2 5.9 30.7 64.0 135.7 
95 148.6 106.2 5.1 1.2 6.7 32.0 64.4 151.2 


105 173.1 119.4 5.3 1.2 7.6 33.1 64.7 166.6 
115 197.4 132.1 5.5 1.2 8.4 34.2 64.8 181.3 
125 220.5 144.0 5.6 1.1 9.1 35.1 64.8 195.0 
years ft3/acre ---------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 0.9 0.0 0.0 19.7 0.9 
5 0 2.1 0.2 0.9 0.1 1.7 19.8 5.0 


15 13 4.3 0.4 0.8 0.3 4.4 20.3 10.1 
25 117 7.5 0.7 0.7 0.5 6.4 21.1 15.8 
35 306 12.0 1.2 0.6 0.8 8.0 22.2 22.6 
45 546 16.7 1.5 0.6 1.1 9.2 23.3 29.1 
55 821 21.7 1.7 0.6 1.4 10.2 24.3 35.6 
65 1,123 26.9 1.8 0.5 1.7 11.1 25.0 42.1 
75 1,443 32.2 1.9 0.5 2.0 11.8 25.6 48.5 
85 1,778 37.6 2.0 0.5 2.4 12.4 25.9 54.9 
95 2,123 43.0 2.1 0.5 2.7 12.9 26.1 61.2 


105 2,474 48.3 2.2 0.5 3.1 13.4 26.2 67.4 
115 2,821 53.5 2.2 0.5 3.4 13.8 26.2 73.4 
125 3,151 58.3 2.3 0.5 3.7 14.2 26.2 78.9 
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B15.— Regional estimates of timber volume and carbon stocks for oak-hickory stands with 
afforestation of land in the Northern Prairie States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 2.1 0.0 0.0 34.5 2.1 
5 0.0 6.7 0.6 2.4 0.5 0.9 34.6 11.0 


15 2.1 15.6 1.6 2.1 1.1 2.5 35.4 22.9 
25 13.0 27.5 2.7 2.0 1.9 3.9 37.0 37.9 
35 27.4 40.0 3.2 1.9 2.7 5.2 38.9 53.0 
45 43.0 52.2 3.6 1.8 3.5 6.3 40.8 67.4 
55 59.1 64.3 3.9 1.8 4.3 7.2 42.5 81.5 
65 74.9 74.7 4.1 1.7 5.0 8.1 43.8 93.7 
75 90.2 84.6 4.3 1.7 5.7 8.9 44.7 105.2 
85 104.7 93.7 4.4 1.7 6.3 9.7 45.3 115.8 
95 118.3 102.1 4.5 1.6 6.9 10.3 45.6 125.5 


105 130.8 109.7 4.7 1.6 7.4 10.9 45.8 134.4 
115 142.0 116.5 4.7 1.6 7.9 11.5 45.9 142.3 
125 151.9 122.5 4.8 1.6 8.3 12.0 45.9 149.2 
years ft3/acre ----------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 0.8 0.0 0.0 13.9 0.8 
5 0 2.7 0.2 1.0 0.2 0.4 14.0 4.5 


15 30 6.3 0.6 0.9 0.4 1.0 14.3 9.3 
25 186 11.1 1.1 0.8 0.8 1.6 15.0 15.3 
35 391 16.2 1.3 0.8 1.1 2.1 15.7 21.4 
45 615 21.1 1.4 0.7 1.4 2.5 16.5 27.3 
55 844 26.0 1.6 0.7 1.8 2.9 17.2 33.0 
65 1,070 30.2 1.7 0.7 2.0 3.3 17.7 37.9 
75 1,289 34.2 1.7 0.7 2.3 3.6 18.1 42.6 
85 1,497 37.9 1.8 0.7 2.6 3.9 18.3 46.9 
95 1,691 41.3 1.8 0.7 2.8 4.2 18.5 50.8 


105 1,869 44.4 1.9 0.7 3.0 4.4 18.5 54.4 
115 2,030 47.2 1.9 0.7 3.2 4.7 18.6 57.6 
125 2,171 49.6 2.0 0.7 3.3 4.9 18.6 60.4 
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B16.— Regional estimates of timber volume and carbon stocks for oak-pine stands with 
afforestation of land in the Northern Prairie States 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.2 0.0 0.0 27.1 4.2 
5 0.0 5.1 0.4 4.2 0.4 3.8 27.2 13.9 


15 4.5 13.8 1.2 4.3 1.0 10.3 27.9 30.6 
25 28.4 29.8 2.6 3.6 2.1 15.6 29.1 53.6 
35 57.9 47.4 3.4 3.3 3.3 19.9 30.6 77.2 
45 86.7 63.3 4.0 3.1 4.4 23.5 32.1 98.2 
55 113.2 77.0 4.4 2.9 5.3 26.6 33.5 116.2 
65 137.1 89.4 4.7 2.9 6.2 29.2 34.5 132.5 
75 158.1 98.9 5.0 2.8 6.8 31.6 35.2 145.1 
85 176.0 106.8 5.2 2.7 7.4 33.6 35.7 155.7 
95 190.8 113.3 5.4 2.7 7.8 35.4 35.9 164.6 


105 202.4 118.3 5.5 2.7 8.2 37.0 36.0 171.7 
115 210.9 121.9 5.6 2.7 8.4 38.4 36.1 177.1 
125 216.1 124.1 5.7 2.7 8.6 39.7 36.1 180.8 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 1.7 0.0 0.0 11.0 1.7 
5 0 2.1 0.2 1.7 0.1 1.6 11.0 5.6 


15 65 5.6 0.5 1.7 0.4 4.2 11.3 12.4 
25 406 12.1 1.0 1.5 0.8 6.3 11.8 21.7 
35 828 19.2 1.4 1.3 1.3 8.0 12.4 31.3 
45 1,239 25.6 1.6 1.2 1.8 9.5 13.0 39.7 
55 1,618 31.2 1.8 1.2 2.2 10.8 13.5 47.0 
65 1,959 36.2 1.9 1.2 2.5 11.8 14.0 53.6 
75 2,259 40.0 2.0 1.1 2.8 12.8 14.2 58.7 
85 2,515 43.2 2.1 1.1 3.0 13.6 14.4 63.0 
95 2,727 45.8 2.2 1.1 3.2 14.3 14.5 66.6 


105 2,893 47.9 2.2 1.1 3.3 15.0 14.6 69.5 
115 3,014 49.3 2.3 1.1 3.4 15.6 14.6 71.7 
125 3,088 50.2 2.3 1.1 3.5 16.1 14.6 73.2 
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B17.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands with 
afforestation of land in the Pacific Northwest, East 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.6 0.0 0.0 71.1 4.6 
5 0.0 2.7 0.3 4.4 0.3 5.2 71.3 12.7 


15 3.8 8.7 0.9 4.1 0.9 13.0 73.1 27.5 
25 47.7 38.3 3.8 3.7 3.9 18.6 76.3 68.3 
35 119.0 75.1 7.5 3.6 7.7 22.9 80.2 116.7 
45 184.7 104.0 10.0 3.5 10.7 26.2 84.2 154.3 
55 241.8 127.3 10.9 3.4 13.1 28.9 87.7 183.6 
65 290.9 146.4 11.5 3.4 15.0 31.1 90.4 207.5 
75 332.7 162.2 12.0 3.4 16.6 33.0 92.3 227.2 
85 368.3 175.3 12.4 3.4 18.0 34.5 93.4 243.6 
95 398.6 186.2 12.7 3.4 19.1 35.9 94.1 257.2 


105 424.4 195.4 13.0 3.3 20.0 37.0 94.5 268.7 
115 446.4 203.1 13.2 3.3 20.8 38.0 94.6 278.4 
125 465.2 209.6 13.3 3.3 21.5 39.0 94.7 286.7 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 28.8 1.9 
5 0 1.1 0.1 1.8 0.1 2.1 28.9 5.2 


15 54 3.5 0.4 1.7 0.4 5.2 29.6 11.1 
25 682 15.5 1.5 1.5 1.6 7.5 30.9 27.7 
35 1,701 30.4 3.0 1.4 3.1 9.3 32.5 47.2 
45 2,639 42.1 4.1 1.4 4.3 10.6 34.1 62.5 
55 3,456 51.5 4.4 1.4 5.3 11.7 35.5 74.3 
65 4,157 59.3 4.7 1.4 6.1 12.6 36.6 84.0 
75 4,755 65.6 4.9 1.4 6.7 13.3 37.3 91.9 
85 5,264 70.9 5.0 1.4 7.3 14.0 37.8 98.6 
95 5,697 75.4 5.1 1.4 7.7 14.5 38.1 104.1 


105 6,065 79.1 5.2 1.4 8.1 15.0 38.2 108.8 
115 6,379 82.2 5.3 1.4 8.4 15.4 38.3 112.7 
125 6,648 84.8 5.4 1.3 8.7 15.8 38.3 116.0 
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B18.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands with afforestation of land in the Pacific Northwest, East 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare -------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 46.6 4.8 
5 0.0 3.1 0.3 4.1 0.3 5.2 46.8 13.0 


15 0.0 5.8 0.6 3.7 0.6 13.0 47.9 23.7 
25 15.2 15.5 1.6 3.2 1.6 18.6 50.0 40.5 
35 52.1 33.9 3.4 2.8 3.6 22.9 52.6 66.6 
45 97.4 53.0 5.3 2.6 5.6 26.2 55.2 92.7 
55 144.4 71.3 7.1 2.5 7.6 28.9 57.5 117.5 
65 189.7 88.3 8.8 2.4 9.4 31.1 59.3 140.0 
75 231.5 103.3 10.3 2.4 11.0 33.0 60.5 160.0 
85 268.7 116.4 11.6 2.3 12.4 34.5 61.3 177.3 
95 301.0 127.6 12.8 2.3 13.6 35.9 61.7 192.0 


105 328.2 136.9 13.7 2.3 14.5 37.0 62.0 204.4 
115 350.6 144.4 14.4 2.2 15.3 38.0 62.1 214.4 
125 368.3 150.3 15.0 2.2 16.0 39.0 62.1 222.5 
years ft3/acre ---------------------------------------- tonnes carbon/acre ----------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 18.9 1.9 
5 0 1.3 0.1 1.7 0.1 2.1 18.9 5.3 


15 0 2.3 0.2 1.5 0.2 5.2 19.4 9.6 
25 217 6.3 0.6 1.3 0.7 7.5 20.3 16.4 
35 745 13.7 1.4 1.1 1.5 9.3 21.3 27.0 
45 1,392 21.4 2.1 1.1 2.3 10.6 22.4 37.5 
55 2,063 28.9 2.9 1.0 3.1 11.7 23.3 47.5 
65 2,711 35.7 3.6 1.0 3.8 12.6 24.0 56.7 
75 3,308 41.8 4.2 1.0 4.4 13.3 24.5 64.7 
85 3,840 47.1 4.7 0.9 5.0 14.0 24.8 71.7 
95 4,302 51.6 5.2 0.9 5.5 14.5 25.0 77.7 


105 4,691 55.4 5.5 0.9 5.9 15.0 25.1 82.7 
115 5,010 58.4 5.8 0.9 6.2 15.4 25.1 86.8 
125 5,264 60.8 6.1 0.9 6.5 15.8 25.1 90.0 
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B19.— Regional estimates of timber volume and carbon stocks for lodgepole pine stands with 
afforestation of land in the Pacific Northwest, East 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 39.0 4.8 
5 0.0 1.9 0.2 4.8 0.2 2.4 39.1 9.5 


15 6.6 8.1 0.8 3.5 0.8 6.4 40.1 19.6 
25 40.8 24.3 2.4 2.6 2.3 9.8 41.9 41.4 
35 81.7 40.1 4.0 2.3 3.7 12.6 44.1 62.8 
45 120.5 54.0 5.4 2.2 5.0 14.9 46.2 81.5 
55 156.3 64.5 6.4 2.1 6.0 17.0 48.1 95.9 
65 189.3 73.6 7.4 2.0 6.9 18.7 49.6 108.5 
75 219.9 81.7 8.2 1.9 7.6 20.3 50.7 119.7 
85 248.0 88.9 8.9 1.9 8.3 21.7 51.3 129.6 
95 274.0 95.4 9.5 1.9 8.9 22.9 51.7 138.5 


105 298.2 101.2 10.1 1.8 9.4 24.0 51.9 146.6 
115 320.5 106.5 10.6 1.8 9.9 25.0 52.0 153.8 
125 341.2 111.4 10.9 1.8 10.4 25.8 52.0 160.3 
years ft3/acre ---------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 2.0 0.0 0.0 15.8 2.0 
5 0 0.8 0.1 2.0 0.1 1.0 15.8 3.8 


15 95 3.3 0.3 1.4 0.3 2.6 16.2 7.9 
25 583 9.8 1.0 1.1 0.9 4.0 17.0 16.8 
35 1,168 16.2 1.6 0.9 1.5 5.1 17.8 25.4 
45 1,722 21.8 2.2 0.9 2.0 6.0 18.7 33.0 
55 2,234 26.1 2.6 0.8 2.4 6.9 19.5 38.8 
65 2,706 29.8 3.0 0.8 2.8 7.6 20.1 43.9 
75 3,142 33.1 3.3 0.8 3.1 8.2 20.5 48.4 
85 3,544 36.0 3.6 0.8 3.3 8.8 20.8 52.4 
95 3,916 38.6 3.9 0.8 3.6 9.3 20.9 56.1 


105 4,261 41.0 4.1 0.7 3.8 9.7 21.0 59.3 
115 4,580 43.1 4.3 0.7 4.0 10.1 21.0 62.2 
125 4,876 45.1 4.4 0.7 4.2 10.5 21.0 64.9 
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B20.— Regional estimates of timber volume and carbon stocks for ponderosa pine stands with 
afforestation of land in the Pacific Northwest, East 


Mean carbon density 


Age Mean 
volume 


Live Tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 38.0 4.8 
5 0.0 3.3 0.3 4.6 0.3 2.4 38.1 10.8 


15 4.1 7.9 0.8 3.8 0.8 6.4 39.1 19.7 
25 21.6 17.3 1.7 3.2 1.8 9.8 40.8 33.7 
35 40.8 26.2 2.6 2.9 2.7 12.6 42.9 47.0 
45 61.4 34.9 3.3 2.8 3.6 14.9 45.1 59.4 
55 83.3 43.6 3.7 2.6 4.5 17.0 46.9 71.5 
65 106.0 52.5 4.2 2.5 5.4 18.7 48.4 83.3 
75 129.3 61.3 4.6 2.4 6.3 20.3 49.4 94.9 
85 153.0 70.0 4.9 2.4 7.2 21.7 50.0 106.2 
95 176.8 78.6 5.3 2.3 8.1 22.9 50.3 117.2 


105 200.4 87.0 5.6 2.3 9.0 24.0 50.5 127.7 
115 223.6 95.1 5.9 2.2 9.8 25.0 50.6 137.9 
125 246.0 102.8 6.1 2.2 10.6 25.8 50.7 147.6 
years ft3/acre -------------------------------------- tonnes carbon/acre ------------------------------------------ 


0 0 0.0 0.0 1.9 0.0 0.0 15.4 1.9 
5 0 1.3 0.1 1.8 0.1 1.0 15.4 4.4 


15 59 3.2 0.3 1.5 0.3 2.6 15.8 8.0 
25 309 7.0 0.7 1.3 0.7 4.0 16.5 13.7 
35 583 10.6 1.1 1.2 1.1 5.1 17.4 19.0 
45 878 14.1 1.3 1.1 1.5 6.0 18.2 24.0 
55 1,190 17.7 1.5 1.1 1.8 6.9 19.0 28.9 
65 1,515 21.2 1.7 1.0 2.2 7.6 19.6 33.7 
75 1,848 24.8 1.8 1.0 2.6 8.2 20.0 38.4 
85 2,187 28.3 2.0 1.0 2.9 8.8 20.2 43.0 
95 2,527 31.8 2.1 0.9 3.3 9.3 20.4 47.4 


105 2,864 35.2 2.3 0.9 3.6 9.7 20.5 51.7 
115 3,195 38.5 2.4 0.9 4.0 10.1 20.5 55.8 
125 3,515 41.6 2.5 0.9 4.3 10.5 20.5 59.7 
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B21.— Regional estimates of timber volume and carbon stocks for alder-maple stands with 
afforestation of land in the Pacific Northwest, West 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.7 0.0 0.0 86.4 4.7 
5 0.0 8.0 0.8 4.7 0.8 1.8 86.7 16.1 


15 49.5 31.0 3.1 3.7 2.9 4.4 88.9 45.2 
25 229.7 99.4 9.9 2.8 9.4 6.2 92.8 127.8 
35 380.8 153.8 15.4 2.5 14.6 7.6 97.6 193.9 
45 513.7 200.8 20.1 2.4 19.0 8.6 102.4 250.9 
55 633.3 242.5 22.2 2.3 23.0 9.4 106.7 299.4 
65 742.1 280.1 23.9 2.2 26.5 10.1 109.9 342.8 
75 842.1 314.4 25.3 2.2 29.8 10.7 112.2 382.4 
85 934.5 346.0 26.6 2.1 32.8 11.1 113.6 418.6 
95 1,020.3 375.2 27.7 2.1 35.5 11.5 114.5 452.0 


105 1,100.3 402.2 28.7 2.0 38.1 11.9 114.9 483.0 
115 1,175.0 427.4 29.6 2.1 40.5 12.2 115.1 511.8 
125 1,244.9 450.9 30.4 2.3 42.7 12.4 115.2 538.7 
years ft3/acre --------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 35.0 1.9 
5 0 3.2 0.3 1.9 0.3 0.7 35.1 6.5 


15 708 12.6 1.3 1.5 1.2 1.8 36.0 18.3 
25 3,282 40.2 4.0 1.1 3.8 2.5 37.6 51.7 
35 5,442 62.3 6.2 1.0 5.9 3.1 39.5 78.5 
45 7,342 81.3 8.1 1.0 7.7 3.5 41.5 101.5 
55 9,050 98.1 9.0 0.9 9.3 3.8 43.2 121.1 
65 10,605 113.3 9.7 0.9 10.7 4.1 44.5 138.7 
75 12,034 127.2 10.3 0.9 12.1 4.3 45.4 154.7 
85 13,355 140.0 10.8 0.9 13.3 4.5 46.0 169.4 
95 14,582 151.8 11.2 0.8 14.4 4.7 46.3 182.9 


105 15,725 162.8 11.6 0.8 15.4 4.8 46.5 195.4 
115 16,792 173.0 12.0 0.9 16.4 4.9 46.6 207.1 
125 17,791 182.5 12.3 0.9 17.3 5.0 46.6 218.0 
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B22.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands with 
afforestation of land in the Pacific Northwest, West 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.6 0.0 0.0 71.1 4.6 
5 0.0 8.4 0.8 4.5 0.8 3.6 71.3 18.1 


15 37.4 30.3 3.0 3.9 3.0 10.0 73.1 50.3 
25 208.9 107.1 10.7 3.4 10.7 15.4 76.3 147.3 
35 391.8 181.6 17.4 3.2 18.2 20.2 80.2 240.6 
45 554.7 246.1 21.2 3.1 24.6 24.4 84.2 319.4 
55 698.4 302.2 24.1 3.0 30.2 28.0 87.7 387.5 
65 826.0 351.4 26.4 3.0 35.1 31.3 90.4 447.2 
75 939.9 394.9 28.4 2.9 39.5 34.2 92.3 500.0 
85 1,042.1 433.7 30.1 2.9 43.4 36.9 93.4 547.0 
95 1,134.5 468.6 31.6 2.9 46.9 39.3 94.1 589.1 


105 1,218.3 500.1 32.9 2.9 50.0 41.4 94.5 627.2 
115 1,294.7 528.7 34.0 2.9 52.9 43.4 94.6 661.8 
125 1,364.7 554.8 35.0 2.8 55.5 45.3 94.7 693.4 
years ft3/acre --------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 28.8 1.9 
5 0 3.4 0.3 1.8 0.3 1.5 28.9 7.3 


15 535 12.3 1.2 1.6 1.2 4.0 29.6 20.3 
25 2,985 43.3 4.3 1.4 4.3 6.2 30.9 59.6 
35 5,600 73.5 7.1 1.3 7.3 8.2 32.5 97.4 
45 7,927 99.6 8.6 1.3 10.0 9.9 34.1 129.2 
55 9,981 122.3 9.7 1.2 12.2 11.3 35.5 156.8 
65 11,804 142.2 10.7 1.2 14.2 12.7 36.6 181.0 
75 13,432 159.8 11.5 1.2 16.0 13.9 37.3 202.3 
85 14,893 175.5 12.2 1.2 17.6 14.9 37.8 221.3 
95 16,213 189.6 12.8 1.2 19.0 15.9 38.1 238.4 


105 17,411 202.4 13.3 1.2 20.2 16.8 38.2 253.8 
115 18,503 213.9 13.8 1.2 21.4 17.6 38.3 267.8 
125 19,503 224.5 14.2 1.1 22.5 18.3 38.3 280.6 
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B23.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands with 
afforestation of land in the Pacific Northwest, West; volumes are for high-productivity sites 
(growth rate greater than 165 cubic feet wood/acre/year) with high-intensity management 
(replanting with genetically improved stock, fertilization, and precommercial thinning) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ----------------------------------- 
0 0.0 0.0 0.0 4.6 0.0 0.0 71.1 4.6 
5 0.0 9.5 0.9 4.4 0.9 3.6 71.3 19.3 


15 19.8 23.4 2.3 4.0 2.3 10.0 73.1 42.0 
25 169.7 84.6 8.5 3.5 8.5 15.4 76.3 120.5 
35 445.7 187.4 10.0 3.2 18.7 20.2 80.2 239.6 
45 718.8 286.2 10.6 3.0 28.6 24.4 84.2 352.8 
55 924.1 359.4 10.9 3.0 35.9 28.0 87.7 437.2 
65 1,086.5 416.7 11.1 2.9 41.7 31.3 90.4 503.6 
75 1,225.8 465.6 11.2 2.9 46.6 34.2 92.3 560.5 
85 1,346.8 507.8 11.3 2.9 50.8 36.9 93.4 609.7 
95 1,452.4 544.6 11.4 2.8 54.5 39.3 94.1 652.5 


105 1,544.4 576.5 11.5 2.9 57.6 41.4 94.5 690.0 
115 1,544.4 576.5 11.5 2.9 57.6 43.4 94.6 692.0 
125 1,544.4 576.5 11.5 2.9 57.6 45.3 94.7 693.8 
years ft3/acre ---------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 28.8 1.9 
5 0 3.8 0.4 1.8 0.4 1.5 28.9 7.8 


15 283 9.5 0.9 1.6 0.9 4.0 29.6 17.0 
25 2,425 34.2 3.4 1.4 3.4 6.2 30.9 48.8 
35 6,370 75.9 4.1 1.3 7.6 8.2 32.5 97.0 
45 10,272 115.8 4.3 1.2 11.6 9.9 34.1 142.8 
55 13,207 145.4 4.4 1.2 14.5 11.3 35.5 176.9 
65 15,527 168.6 4.5 1.2 16.9 12.7 36.6 203.8 
75 17,518 188.4 4.5 1.2 18.8 13.9 37.3 226.8 
85 19,248 205.5 4.6 1.2 20.6 14.9 37.8 246.7 
95 20,756 220.4 4.6 1.2 22.0 15.9 38.1 264.1 


105 22,072 233.3 4.7 1.2 23.3 16.8 38.2 279.2 
115 22,072 233.3 4.7 1.2 23.3 17.6 38.3 280.0 
125 22,072 233.3 4.7 1.2 23.3 18.3 38.3 280.8 
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B24.— Regional estimates of timber volume, and carbon stocks for fir-spruce-mountain hemlock 
stands with afforestation of land in the Pacific Northwest, West 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 46.6 4.8 
5 0.0 3.2 0.3 4.8 0.3 5.5 46.8 14.0 


15 8.2 11.6 1.2 3.9 1.0 13.6 47.9 31.4 
25 62.3 42.5 4.3 3.2 3.8 19.4 50.0 73.2 
35 145.5 84.3 8.4 2.8 7.6 23.8 52.6 126.9 
45 238.7 128.7 12.9 2.6 11.5 27.2 55.2 183.0 
55 333.9 168.2 16.8 2.5 15.1 29.9 57.5 232.5 
65 427.0 205.1 20.5 2.5 18.4 32.1 59.3 278.5 
75 515.8 239.2 23.9 2.4 21.4 33.9 60.5 320.8 
85 599.0 270.3 27.0 2.3 24.2 35.4 61.3 359.3 
95 676.0 298.5 29.8 2.3 26.8 36.8 61.7 394.2 


105 746.6 323.9 32.4 2.3 29.0 37.9 62.0 425.5 
115 810.8 346.7 34.1 2.3 31.1 38.9 62.1 453.0 
125 869.1 367.2 35.1 2.2 32.9 39.8 62.1 477.2 
years ft3/acre -------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 18.9 1.9 
5 0 1.3 0.1 1.9 0.1 2.2 18.9 5.7 


15 117 4.7 0.5 1.6 0.4 5.5 19.4 12.7 
25 890 17.2 1.7 1.3 1.5 7.9 20.3 29.6 
35 2,080 34.1 3.4 1.1 3.1 9.6 21.3 51.3 
45 3,412 52.1 5.2 1.1 4.7 11.0 22.4 74.0 
55 4,772 68.1 6.8 1.0 6.1 12.1 23.3 94.1 
65 6,103 83.0 8.3 1.0 7.4 13.0 24.0 112.7 
75 7,371 96.8 9.7 1.0 8.7 13.7 24.5 129.8 
85 8,560 109.4 10.9 0.9 9.8 14.3 24.8 145.4 
95 9,661 120.8 12.1 0.9 10.8 14.9 25.0 159.5 


105 10,670 131.1 13.1 0.9 11.7 15.3 25.1 172.2 
115 11,588 140.3 13.8 0.9 12.6 15.7 25.1 183.3 
125 12,421 148.6 14.2 0.9 13.3 16.1 25.1 193.1 
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B25.— Regional estimates of timber volume and carbon stocks for hemlock-Sitka spruce stands 
with afforestation of land in the Pacific Northwest, West 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.7 0.0 0.0 87.3 4.7 
5 0.0 5.9 0.6 4.7 0.6 3.6 87.6 15.3 


15 33.7 22.5 2.2 4.1 2.2 10.0 89.8 41.0 
25 184.1 78.0 7.8 3.1 7.7 15.4 93.7 112.1 
35 350.8 139.8 14.0 2.7 13.8 20.2 98.5 190.5 
45 516.7 201.6 20.2 2.5 19.9 24.4 103.4 268.5 
55 678.7 256.6 25.7 2.4 25.3 28.0 107.7 338.0 
65 835.1 309.1 30.9 2.3 30.5 31.3 111.0 404.1 
75 985.6 359.2 35.9 2.2 35.4 34.2 113.3 467.0 
85 1,129.8 406.7 40.1 2.2 40.1 36.9 114.7 526.0 
95 1,267.4 451.8 42.8 2.3 44.5 39.3 115.6 580.7 


105 1,398.3 494.4 45.2 2.5 48.7 41.4 116.0 632.3 
115 1,522.4 534.7 47.4 2.7 52.7 43.4 116.2 680.9 
125 1,639.6 572.6 49.4 2.9 56.4 45.3 116.3 726.6 
years ft3/acre ------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 35.3 1.9 
5 0 2.4 0.2 1.9 0.2 1.5 35.4 6.2 


15 482 9.1 0.9 1.6 0.9 4.0 36.3 16.6 
25 2,631 31.6 3.2 1.3 3.1 6.2 37.9 45.3 
35 5,013 56.6 5.7 1.1 5.6 8.2 39.9 77.1 
45 7,385 81.6 8.2 1.0 8.0 9.9 41.8 108.7 
55 9,699 103.9 10.4 1.0 10.2 11.3 43.6 136.8 
65 11,935 125.1 12.5 0.9 12.3 12.7 44.9 163.6 
75 14,086 145.4 14.5 0.9 14.3 13.9 45.8 189.0 
85 16,146 164.6 16.2 0.9 16.2 14.9 46.4 212.8 
95 18,113 182.8 17.3 0.9 18.0 15.9 46.8 235.0 


105 19,983 200.1 18.3 1.0 19.7 16.8 46.9 255.9 
115 21,757 216.4 19.2 1.1 21.3 17.6 47.0 275.6 
125 23,432 231.7 20.0 1.2 22.8 18.3 47.1 294.0 
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B26.— Regional estimates of timber volume and carbon stocks for hemlock-Sitka spruce stands 
with afforestation of land in the Pacific Northwest, West; volumes are for high productivity sites 
(growth rate greater than 225 cubic feet wood/acre/year) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.7 0.0 0.0 87.3 4.7 
5 0.0 5.9 0.6 4.7 0.6 3.6 87.6 15.3 


15 80.3 36.4 3.6 3.7 3.6 10.0 89.8 57.2 
25 221.7 90.4 9.0 3.0 8.9 15.4 93.7 126.8 
35 413.7 161.0 16.1 2.7 15.9 20.2 98.5 215.8 
45 669.6 253.6 25.4 2.4 25.0 24.4 103.4 330.7 
55 903.9 332.1 33.2 2.3 32.7 28.0 107.7 428.3 
65 1,119.3 403.3 39.9 2.2 39.8 31.3 111.0 516.4 
75 1,318.1 468.3 43.7 2.3 46.2 34.2 113.3 594.8 
85 1,502.0 528.1 47.1 2.6 52.1 36.9 114.7 666.7 
95 1,672.1 583.0 50.0 2.9 57.5 39.3 115.6 732.7 


105 1,829.1 633.5 52.6 3.2 62.5 41.4 116.0 793.1 
115 1,973.0 679.5 54.9 3.4 67.0 43.4 116.2 848.2 
125 2,103.3 721.0 56.9 3.6 71.1 45.3 116.3 897.8 
years ft3/acre -------------------------------------- tonnes carbon/acre ---------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 35.3 1.9 
5 0 2.4 0.2 1.9 0.2 1.5 35.4 6.2 


15 1,148 14.7 1.5 1.5 1.5 4.0 36.3 23.2 
25 3,169 36.6 3.7 1.2 3.6 6.2 37.9 51.3 
35 5,912 65.1 6.5 1.1 6.4 8.2 39.9 87.3 
45 9,570 102.6 10.3 1.0 10.1 9.9 41.8 133.8 
55 12,918 134.4 13.4 0.9 13.2 11.3 43.6 173.3 
65 15,996 163.2 16.1 0.9 16.1 12.7 44.9 209.0 
75 18,837 189.5 17.7 0.9 18.7 13.9 45.8 240.7 
85 21,465 213.7 19.0 1.1 21.1 14.9 46.4 269.8 
95 23,896 235.9 20.2 1.2 23.3 15.9 46.8 296.5 


105 26,140 256.4 21.3 1.3 25.3 16.8 46.9 321.0 
115 28,197 275.0 22.2 1.4 27.1 17.6 47.0 343.2 
125 30,059 291.8 23.0 1.5 28.8 18.3 47.1 363.3 
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B27.— Regional estimates of timber volume and carbon stocks for mixed conifer stands with 
afforestation of land in the Pacific Southwest 


Mean carbon density 


Age Mean 
volume 


Live Tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 37.4 4.8 
5 0.0 4.2 0.3 4.8 0.4 5.2 37.5 14.8 


15 2.0 8.1 0.8 4.8 0.8 13.0 38.4 27.4 
25 11.1 14.6 1.5 6.9 1.5 18.6 40.1 43.0 
35 24.4 22.3 2.2 4.9 2.2 22.9 42.2 54.5 
45 44.5 32.9 3.3 3.6 3.3 26.2 44.3 69.4 
55 71.9 46.5 4.7 2.8 4.7 28.9 46.1 87.5 
65 106.6 62.8 6.3 2.2 6.3 31.1 47.5 108.7 
75 147.9 81.4 8.1 1.8 8.2 33.0 48.5 132.5 
85 195.4 102.0 10.2 1.5 10.2 34.5 49.1 158.5 
95 248.3 124.2 12.4 1.3 12.4 35.9 49.5 186.2 


105 305.6 147.5 14.8 1.1 14.8 37.0 49.7 215.2 
115 366.7 171.8 17.2 1.0 17.2 38.0 49.7 245.2 
125 430.5 196.6 19.7 1.0 19.7 39.0 49.8 275.9 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 15.1 1.9 
5 0 1.7 0.1 1.9 0.2 2.1 15.2 6.0 


15 29 3.3 0.3 1.9 0.3 5.2 15.5 11.1 
25 159 5.9 0.6 2.8 0.6 7.5 16.2 17.4 
35 349 9.0 0.9 2.0 0.9 9.3 17.1 22.1 
45 636 13.3 1.3 1.5 1.3 10.6 17.9 28.1 
55 1,028 18.8 1.9 1.1 1.9 11.7 18.7 35.4 
65 1,523 25.4 2.5 0.9 2.6 12.6 19.2 44.0 
75 2,114 33.0 3.3 0.7 3.3 13.3 19.6 53.6 
85 2,793 41.3 4.1 0.6 4.1 14.0 19.9 64.1 
95 3,548 50.2 5.0 0.5 5.0 14.5 20.0 75.3 


105 4,368 59.7 6.0 0.5 6.0 15.0 20.1 87.1 
115 5,240 69.5 7.0 0.4 7.0 15.4 20.1 99.2 
125 6,152 79.6 8.0 0.4 8.0 15.8 20.1 111.7 
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B28.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands with afforestation of land in the Pacific Southwest 


Mean carbon density 


Age Mean 
volume 


Live Tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 38.9 4.8 
5 0.0 3.2 0.3 4.8 0.3 5.2 39.1 13.8 


15 2.0 7.9 0.8 4.2 0.9 13.0 40.0 26.7 
25 13.7 17.3 1.7 3.4 1.9 18.6 41.8 43.0 
35 32.4 29.5 3.0 2.9 3.2 22.9 43.9 61.5 
45 58.8 45.2 4.5 2.6 4.9 26.2 46.1 83.5 
55 94.0 63.1 6.3 2.4 6.9 28.9 48.0 107.6 
65 136.7 83.5 8.4 2.2 9.1 31.1 49.5 134.3 
75 185.6 105.7 10.6 2.1 11.5 33.0 50.5 162.7 
85 239.2 128.9 12.9 2.0 14.0 34.5 51.2 192.4 
95 296.6 153.0 15.3 1.9 16.6 35.9 51.5 222.6 


105 356.8 177.4 17.7 1.8 19.3 37.0 51.7 253.3 
115 419.1 202.0 20.2 1.8 22.0 38.0 51.8 284.0 
125 482.7 226.6 22.7 1.7 24.6 39.0 51.9 314.6 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 15.8 1.9 
5 0 1.3 0.1 1.9 0.1 2.1 15.8 5.6 


15 28 3.2 0.3 1.7 0.3 5.2 16.2 10.8 
25 196 7.0 0.7 1.4 0.8 7.5 16.9 17.4 
35 463 11.9 1.2 1.2 1.3 9.3 17.8 24.9 
45 840 18.3 1.8 1.1 2.0 10.6 18.7 33.8 
55 1,343 25.5 2.6 1.0 2.8 11.7 19.4 43.5 
65 1,954 33.8 3.4 0.9 3.7 12.6 20.0 54.3 
75 2,652 42.8 4.3 0.8 4.6 13.3 20.4 65.9 
85 3,419 52.2 5.2 0.8 5.7 14.0 20.7 77.8 
95 4,239 61.9 6.2 0.8 6.7 14.5 20.9 90.1 


105 5,099 71.8 7.2 0.7 7.8 15.0 20.9 102.5 
115 5,989 81.8 8.2 0.7 8.9 15.4 21.0 114.9 
125 6,899 91.7 9.2 0.7 10.0 15.8 21.0 127.3 
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B29.— Regional estimates of timber volume and carbon stocks for western oak stands with 
afforestation of land in the Pacific Southwest 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ----------------------------------- 
0 0.0 0.0 0.0 4.7 0.0 0.0 20.7 4.7 
5 0.0 2.6 0.2 4.6 0.1 3.7 20.8 11.3 


15 0.0 5.7 0.6 4.5 0.2 9.8 21.3 20.8 
25 1.0 8.8 0.9 4.4 0.4 14.4 22.2 28.8 
35 25.9 30.6 3.1 4.2 1.3 18.1 23.4 57.3 
45 76.3 65.1 4.5 4.1 2.7 21.1 24.5 97.5 
55 127.8 98.3 5.4 4.0 4.1 23.6 25.5 135.3 
65 174.4 124.0 6.0 4.0 5.1 25.6 26.3 164.8 
75 215.0 145.3 6.5 4.0 6.0 27.4 26.9 189.2 
85 249.4 162.7 6.8 4.0 6.8 29.0 27.2 209.2 
95 278.4 177.1 7.1 4.0 7.4 30.3 27.4 225.8 


105 302.8 189.0 7.3 3.9 7.8 31.5 27.5 239.6 
115 323.3 198.8 7.4 3.9 8.3 32.6 27.5 251.0 
125 340.6 207.0 7.6 3.9 8.6 33.5 27.6 260.6 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 8.4 1.9 
5 0 1.1 0.1 1.9 0.0 1.5 8.4 4.6 


15 0 2.3 0.2 1.8 0.1 3.9 8.6 8.4 
25 15 3.6 0.4 1.8 0.1 5.8 9.0 11.7 
35 370 12.4 1.2 1.7 0.5 7.3 9.5 23.2 
45 1,090 26.3 1.8 1.7 1.1 8.5 9.9 39.4 
55 1,826 39.8 2.2 1.6 1.7 9.5 10.3 54.8 
65 2,493 50.2 2.4 1.6 2.1 10.4 10.6 66.7 
75 3,072 58.8 2.6 1.6 2.4 11.1 10.9 76.6 
85 3,564 65.9 2.8 1.6 2.7 11.7 11.0 84.7 
95 3,979 71.7 2.9 1.6 3.0 12.3 11.1 91.4 


105 4,328 76.5 2.9 1.6 3.2 12.7 11.1 97.0 
115 4,620 80.5 3.0 1.6 3.3 13.2 11.1 101.6 
125 4,868 83.8 3.1 1.6 3.5 13.6 11.2 105.5 
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B30.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands with 
afforestation of land in the Rocky Mountain, North 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.7 0.0 0.0 29.1 4.7 
5 0.0 2.7 0.3 4.7 0.2 5.2 29.2 13.0 


15 1.1 6.1 0.6 4.7 0.4 13.0 30.0 24.8 
25 19.7 21.5 2.2 3.4 1.3 18.6 31.3 47.0 
35 57.1 44.3 4.4 2.7 2.8 22.9 32.9 77.0 
45 100.9 66.5 6.7 2.3 4.1 26.2 34.5 105.8 
55 145.9 87.2 8.7 2.1 5.4 28.9 35.9 132.3 
65 189.3 105.9 10.1 1.9 6.6 31.1 37.1 155.6 
75 229.7 122.5 10.7 1.8 7.6 33.0 37.8 175.6 
85 266.3 137.0 11.2 1.8 8.5 34.5 38.3 193.0 
95 298.6 149.4 11.6 1.7 9.3 35.9 38.6 207.9 


105 326.6 159.9 12.0 1.7 9.9 37.0 38.7 220.5 
115 350.1 168.6 12.2 1.6 10.5 38.0 38.8 231.0 
125 369.5 175.7 12.4 1.6 10.9 39.0 38.8 239.6 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 11.8 1.9 
5 0 1.1 0.1 1.9 0.1 2.1 11.8 5.2 


15 16 2.5 0.2 1.9 0.2 5.2 12.1 10.0 
25 281 8.7 0.9 1.4 0.5 7.5 12.7 19.0 
35 816 17.9 1.8 1.1 1.1 9.3 13.3 31.2 
45 1,442 26.9 2.7 0.9 1.7 10.6 14.0 42.8 
55 2,085 35.3 3.5 0.8 2.2 11.7 14.5 53.6 
65 2,705 42.9 4.1 0.8 2.7 12.6 15.0 63.0 
75 3,283 49.6 4.3 0.7 3.1 13.3 15.3 71.1 
85 3,806 55.4 4.5 0.7 3.4 14.0 15.5 78.1 
95 4,268 60.5 4.7 0.7 3.8 14.5 15.6 84.1 


105 4,667 64.7 4.8 0.7 4.0 15.0 15.7 89.2 
115 5,003 68.2 4.9 0.7 4.2 15.4 15.7 93.5 
125 5,280 71.1 5.0 0.7 4.4 15.8 15.7 97.0 
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B31.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands with afforestation of land in the Rocky Mountain, North 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ----------------------------------- 
0 0.0 0.0 0.0 4.7 0.0 0.0 33.1 4.7 
5 0.0 3.1 0.3 4.7 0.3 5.2 33.2 13.6 


15 0.0 5.8 0.6 4.7 0.6 13.0 34.0 24.7 
25 18.2 17.0 1.7 3.4 1.7 18.6 35.5 42.4 
35 61.6 38.1 3.8 2.7 3.8 22.9 37.4 71.2 
45 113.8 59.5 5.9 2.3 6.0 26.2 39.2 100.0 
55 167.2 80.0 8.0 2.1 8.0 28.9 40.8 127.0 
65 218.2 98.6 9.9 2.0 9.9 31.1 42.1 151.4 
75 264.6 115.0 11.5 1.9 11.6 33.0 43.0 172.9 
85 305.4 129.1 12.9 1.8 13.0 34.5 43.5 191.3 
95 340.2 140.9 14.1 1.8 14.2 35.9 43.8 206.8 


105 368.8 150.5 15.0 1.7 15.1 37.0 44.0 219.4 
115 391.6 158.0 15.8 1.7 15.9 38.0 44.1 229.4 
125 408.8 163.7 16.4 1.7 16.4 39.0 44.1 237.1 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 13.4 1.9 
5 0 1.3 0.1 1.9 0.1 2.1 13.4 5.5 


15 0 2.3 0.2 1.9 0.2 5.2 13.8 10.0 
25 260 6.9 0.7 1.4 0.7 7.5 14.4 17.2 
35 880 15.4 1.5 1.1 1.5 9.3 15.1 28.8 
45 1,626 24.1 2.4 0.9 2.4 10.6 15.9 40.4 
55 2,390 32.4 3.2 0.9 3.3 11.7 16.5 51.4 
65 3,118 39.9 4.0 0.8 4.0 12.6 17.0 61.3 
75 3,782 46.5 4.7 0.8 4.7 13.3 17.4 70.0 
85 4,365 52.2 5.2 0.7 5.2 14.0 17.6 77.4 
95 4,862 57.0 5.7 0.7 5.7 14.5 17.7 83.7 


105 5,271 60.9 6.1 0.7 6.1 15.0 17.8 88.8 
115 5,596 63.9 6.4 0.7 6.4 15.4 17.8 92.8 
125 5,842 66.2 6.6 0.7 6.7 15.8 17.8 95.9 
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B32.— Regional estimates of timber volume and carbon stocks for lodgepole pine stands with 
afforestation of land in the Rocky Mountain, North 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 27.9 4.8 
5 0.0 1.9 0.1 4.8 0.1 2.4 28.0 9.2 


15 0.2 4.1 0.3 4.8 0.2 6.4 28.7 15.9 
25 15.9 14.3 1.4 3.5 0.8 9.8 29.9 29.8 
35 51.6 29.9 3.0 2.4 1.7 12.6 31.5 49.6 
45 94.3 45.8 4.6 1.9 2.7 14.9 33.0 69.9 
55 138.8 59.4 5.9 1.7 3.4 17.0 34.4 87.5 
65 182.1 71.6 7.2 1.5 4.2 18.7 35.5 103.2 
75 223.1 82.5 8.3 1.4 4.8 20.3 36.2 117.3 
85 261.0 92.1 9.2 1.4 5.3 21.7 36.7 129.7 
95 295.3 100.5 10.1 1.3 5.8 22.9 36.9 140.6 


105 325.9 107.8 10.7 1.3 6.3 24.0 37.1 150.0 
115 353.2 114.2 11.1 1.2 6.6 25.0 37.1 158.1 
125 377.3 119.7 11.5 1.2 6.9 25.8 37.2 165.2 
years ft3/acre ------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 11.3 1.9 
5 0 0.8 0.0 1.9 0.0 1.0 11.3 3.7 


15 3 1.7 0.1 1.9 0.1 2.6 11.6 6.4 
25 227 5.8 0.6 1.4 0.3 4.0 12.1 12.1 
35 737 12.1 1.2 1.0 0.7 5.1 12.7 20.1 
45 1,348 18.5 1.9 0.8 1.1 6.0 13.4 28.3 
55 1,983 24.0 2.4 0.7 1.4 6.9 13.9 35.4 
65 2,603 29.0 2.9 0.6 1.7 7.6 14.4 41.8 
75 3,189 33.4 3.3 0.6 1.9 8.2 14.6 47.5 
85 3,730 37.3 3.7 0.6 2.2 8.8 14.8 52.5 
95 4,220 40.7 4.1 0.5 2.4 9.3 14.9 56.9 


105 4,658 43.6 4.3 0.5 2.5 9.7 15.0 60.7 
115 5,048 46.2 4.5 0.5 2.7 10.1 15.0 64.0 
125 5,392 48.4 4.6 0.5 2.8 10.5 15.0 66.8 
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B33.— Regional estimates of timber volume and carbon stocks for ponderosa pine stands with 
afforestation of land in the Rocky Mountain, North 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 25.7 4.8 
5 0.0 3.3 0.2 4.8 0.3 2.4 25.8 10.9 


15 1.3 6.3 0.6 4.3 0.6 6.4 26.5 18.2 
25 18.6 15.9 1.6 3.2 1.4 9.8 27.6 31.8 
35 51.8 30.9 3.0 2.5 2.7 12.6 29.0 51.6 
45 89.4 46.1 3.9 2.2 4.0 14.9 30.5 71.1 
55 127.1 60.4 4.5 2.0 5.3 17.0 31.7 89.2 
65 162.2 73.3 5.1 1.9 6.4 18.7 32.7 105.4 
75 193.8 84.6 5.5 1.8 7.4 20.3 33.4 119.6 
85 221.0 94.2 5.8 1.7 8.2 21.7 33.8 131.6 
95 243.7 102.0 6.1 1.7 8.9 22.9 34.1 141.6 


105 261.8 108.2 6.3 1.6 9.5 24.0 34.2 149.6 
115 275.6 112.9 6.4 1.6 9.9 25.0 34.3 155.7 
125 285.1 116.1 6.5 1.6 10.1 25.8 34.3 160.2 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 10.4 1.9 
5 0 1.3 0.1 1.9 0.1 1.0 10.4 4.4 


15 19 2.6 0.2 1.8 0.2 2.6 10.7 7.4 
25 266 6.4 0.6 1.3 0.6 4.0 11.2 12.9 
35 740 12.5 1.2 1.0 1.1 5.1 11.8 20.9 
45 1,278 18.6 1.6 0.9 1.6 6.0 12.3 28.8 
55 1,816 24.5 1.8 0.8 2.1 6.9 12.8 36.1 
65 2,318 29.7 2.0 0.8 2.6 7.6 13.2 42.7 
75 2,769 34.2 2.2 0.7 3.0 8.2 13.5 48.4 
85 3,159 38.1 2.4 0.7 3.3 8.8 13.7 53.3 
95 3,483 41.3 2.5 0.7 3.6 9.3 13.8 57.3 


105 3,742 43.8 2.5 0.7 3.8 9.7 13.8 60.5 
115 3,938 45.7 2.6 0.6 4.0 10.1 13.9 63.0 
125 4,075 47.0 2.6 0.6 4.1 10.5 13.9 64.8 
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B34.— Regional estimates of timber volume and carbon stocks for aspen-birch stands with 
afforestation of land in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.7 0.0 0.0 44.1 4.7 
5 0.0 3.1 0.3 4.7 0.2 3.7 44.2 12.1 


15 0.0 6.4 0.6 4.7 0.4 9.8 45.4 22.0 
25 6.3 13.9 1.4 4.8 0.9 14.4 47.4 35.3 
35 22.7 25.7 2.6 4.5 1.7 18.1 49.8 52.5 
45 45.0 38.8 3.9 4.3 2.5 21.1 52.3 70.5 
55 70.7 52.3 5.2 4.2 3.4 23.6 54.4 88.6 
65 98.1 64.7 6.5 4.1 4.2 25.6 56.1 105.0 
75 126.5 76.6 7.7 4.0 4.9 27.4 57.3 120.6 
85 155.0 88.0 8.8 3.9 5.7 29.0 58.0 135.3 
95 183.1 98.8 9.9 3.9 6.3 30.3 58.4 149.2 


105 210.5 108.8 10.9 3.8 7.0 31.5 58.6 162.1 
115 236.8 118.3 11.8 3.8 7.6 32.6 58.7 174.0 
125 261.8 127.0 12.4 3.8 8.2 33.5 58.8 184.8 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 17.8 1.9 
5 0 1.2 0.1 1.9 0.1 1.5 17.9 4.9 


15 0 2.6 0.3 1.9 0.2 3.9 18.4 8.9 
25 90 5.6 0.6 1.9 0.4 5.8 19.2 14.3 
35 324 10.4 1.0 1.8 0.7 7.3 20.2 21.3 
45 643 15.7 1.6 1.7 1.0 8.5 21.1 28.5 
55 1,010 21.2 2.1 1.7 1.4 9.5 22.0 35.9 
65 1,402 26.2 2.6 1.6 1.7 10.4 22.7 42.5 
75 1,808 31.0 3.1 1.6 2.0 11.1 23.2 48.8 
85 2,215 35.6 3.6 1.6 2.3 11.7 23.5 54.8 
95 2,617 40.0 4.0 1.6 2.6 12.3 23.6 60.4 


105 3,008 44.0 4.4 1.6 2.8 12.7 23.7 65.6 
115 3,384 47.9 4.8 1.5 3.1 13.2 23.8 70.4 
125 3,741 51.4 5.0 1.5 3.3 13.6 23.8 74.8 
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B35.— Regional estimates of timber volume and carbon stocks for Douglas-fir stands with 
afforestation of land in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 23.2 4.8 
5 0.0 2.6 0.3 4.8 0.2 5.2 23.3 13.1 


15 1.6 7.2 0.7 4.8 0.6 13.0 23.8 26.3 
25 15.3 19.8 2.0 4.4 1.5 18.6 24.9 46.2 
35 39.1 37.2 3.7 2.0 2.8 22.9 26.2 68.6 
45 66.2 54.6 5.5 1.2 4.2 26.2 27.5 91.7 
55 93.9 71.6 7.2 0.9 5.5 28.9 28.6 114.1 
65 120.8 85.9 8.6 0.7 6.6 31.1 29.5 132.9 
75 146.1 98.8 9.9 0.6 7.6 33.0 30.1 149.8 
85 169.5 110.3 11.0 0.6 8.5 34.5 30.5 164.9 
95 190.7 120.6 12.1 0.6 9.2 35.9 30.7 178.3 


105 209.8 129.5 12.9 0.6 9.9 37.0 30.8 190.0 
115 227.0 137.5 13.3 0.7 10.5 38.0 30.9 200.1 
125 242.3 144.4 13.8 0.7 11.1 39.0 30.9 208.9 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 2.0 0.0 0.0 9.4 2.0 
5 0 1.1 0.1 2.0 0.1 2.1 9.4 5.3 


15 23 2.9 0.3 2.0 0.2 5.2 9.7 10.6 
25 219 8.0 0.8 1.8 0.6 7.5 10.1 18.7 
35 559 15.0 1.5 0.8 1.2 9.3 10.6 27.8 
45 946 22.1 2.2 0.5 1.7 10.6 11.1 37.1 
55 1,342 29.0 2.9 0.4 2.2 11.7 11.6 46.2 
65 1,726 34.8 3.5 0.3 2.7 12.6 11.9 53.8 
75 2,088 40.0 4.0 0.2 3.1 13.3 12.2 60.6 
85 2,422 44.7 4.5 0.2 3.4 14.0 12.3 66.7 
95 2,726 48.8 4.9 0.2 3.7 14.5 12.4 72.2 


105 2,999 52.4 5.2 0.3 4.0 15.0 12.5 76.9 
115 3,244 55.6 5.4 0.3 4.3 15.4 12.5 81.0 
125 3,463 58.5 5.6 0.3 4.5 15.8 12.5 84.6 
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B36.— Regional estimates of timber volume and carbon stocks for fir-spruce-mountain hemlock 
stands with afforestation of land in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 23.6 4.8 
5 0.0 1.8 0.2 4.8 0.1 5.2 23.7 12.1 


15 0.0 4.0 0.4 4.8 0.3 13.0 24.3 22.5 
25 8.5 12.0 1.2 4.3 0.9 18.6 25.3 37.0 
35 27.7 24.4 2.4 2.8 1.9 22.9 26.7 54.5 
45 49.5 36.7 3.7 2.3 2.9 26.2 28.0 71.7 
55 71.9 48.7 4.9 1.9 3.8 28.9 29.1 88.2 
65 94.1 58.6 5.9 1.7 4.6 31.1 30.0 101.9 
75 115.7 67.8 6.8 1.6 5.3 33.0 30.6 114.4 
85 136.5 76.2 7.6 1.5 6.0 34.5 31.0 125.8 
95 156.4 84.0 8.4 1.4 6.6 35.9 31.3 136.3 


105 175.2 91.2 9.1 1.3 7.2 37.0 31.4 145.8 
115 193.0 97.8 9.8 1.3 7.7 38.0 31.4 154.6 
125 209.6 103.8 10.4 1.2 8.2 39.0 31.5 162.6 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 2.0 0.0 0.0 9.6 2.0 
5 0 0.7 0.1 2.0 0.1 2.1 9.6 4.9 


15 0 1.6 0.2 2.0 0.1 5.2 9.8 9.1 
25 122 4.8 0.5 1.7 0.4 7.5 10.3 15.0 
35 396 9.9 1.0 1.1 0.8 9.3 10.8 22.1 
45 708 14.8 1.5 0.9 1.2 10.6 11.3 29.0 
55 1,028 19.7 2.0 0.8 1.6 11.7 11.8 35.7 
65 1,345 23.7 2.4 0.7 1.9 12.6 12.1 41.2 
75 1,654 27.4 2.7 0.6 2.2 13.3 12.4 46.3 
85 1,951 30.8 3.1 0.6 2.4 14.0 12.6 50.9 
95 2,235 34.0 3.4 0.6 2.7 14.5 12.7 55.1 


105 2,504 36.9 3.7 0.5 2.9 15.0 12.7 59.0 
115 2,758 39.6 4.0 0.5 3.1 15.4 12.7 62.6 
125 2,995 42.0 4.2 0.5 3.3 15.8 12.7 65.8 
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B37.— Regional estimates of timber volume and carbon stocks for lodgepole pine stands with 
afforestation of land in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare ------------------------------------- tonnes carbon/hectare ----------------------------------- 
0 0.0 0.0 0.0 4.8 0.0 0.0 20.2 4.8 
5 0.0 2.1 0.2 4.8 0.2 2.4 20.3 9.7 


15 0.0 4.3 0.4 4.8 0.4 6.4 20.8 16.4 
25 5.0 9.2 0.9 4.8 0.9 9.8 21.7 25.5 
35 18.3 16.9 1.7 3.4 1.7 12.6 22.8 36.2 
45 37.0 25.9 2.6 2.5 2.5 14.9 24.0 48.4 
55 58.5 34.1 3.4 2.0 3.4 17.0 25.0 59.9 
65 81.2 42.0 4.2 1.7 4.1 18.7 25.7 70.8 
75 104.1 49.5 4.9 1.5 4.9 20.3 26.3 81.1 
85 126.7 56.4 5.6 1.4 5.6 21.7 26.6 90.7 
95 148.3 62.8 6.3 1.3 6.2 22.9 26.8 99.4 


105 168.6 68.6 6.9 1.2 6.8 24.0 26.9 107.4 
115 187.3 73.8 7.4 1.1 7.3 25.0 26.9 114.5 
125 204.1 78.3 7.8 1.1 7.7 25.8 27.0 120.8 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 1.9 0.0 0.0 8.2 1.9 
5 0 0.9 0.1 1.9 0.1 1.0 8.2 3.9 


15 0 1.7 0.2 1.9 0.2 2.6 8.4 6.6 
25 71 3.7 0.4 1.9 0.4 4.0 8.8 10.3 
35 262 6.8 0.7 1.4 0.7 5.1 9.2 14.6 
45 529 10.5 1.0 1.0 1.0 6.0 9.7 19.6 
55 836 13.8 1.4 0.8 1.4 6.9 10.1 24.2 
65 1,160 17.0 1.7 0.7 1.7 7.6 10.4 28.7 
75 1,488 20.0 2.0 0.6 2.0 8.2 10.6 32.8 
85 1,810 22.8 2.3 0.6 2.2 8.8 10.8 36.7 
95 2,120 25.4 2.5 0.5 2.5 9.3 10.8 40.2 


105 2,410 27.8 2.8 0.5 2.7 9.7 10.9 43.5 
115 2,677 29.8 3.0 0.5 2.9 10.1 10.9 46.3 
125 2,917 31.7 3.2 0.4 3.1 10.5 10.9 48.9 
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B38.— Regional estimates of timber volume and carbon stocks for ponderosa pine stands with 
afforestation of land in the Rocky Mountain, South 


Mean carbon density 


Age Mean 
volume 


Live Tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.8 0.0 0.0 18.1 4.8 
5 0.0 1.8 0.2 4.8 0.2 2.4 18.1 9.4 


15 0.0 3.7 0.4 4.8 0.3 6.4 18.6 15.6 
25 4.4 9.4 0.9 4.8 0.8 9.8 19.4 25.7 
35 16.2 18.6 1.9 2.9 1.5 12.6 20.4 37.5 
45 32.2 28.8 2.7 2.1 2.4 14.9 21.4 50.9 
55 50.3 38.2 3.0 1.7 3.1 17.0 22.3 63.1 
65 69.3 47.1 3.3 1.5 3.9 18.7 23.0 74.5 
75 88.4 55.5 3.6 1.3 4.6 20.3 23.5 85.2 
85 107.2 63.2 3.8 1.2 5.2 21.7 23.8 95.1 
95 125.5 70.4 4.0 1.1 5.8 22.9 24.0 104.2 


105 143.0 77.1 4.1 1.0 6.3 24.0 24.0 112.5 
115 159.5 83.2 4.3 1.0 6.8 25.0 24.1 120.2 
125 175.1 88.8 4.4 0.9 7.3 25.8 24.1 127.2 
years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 


0 0 0.0 0.0 2.0 0.0 0.0 7.3 2.0 
5 0 0.7 0.1 2.0 0.1 1.0 7.3 3.8 


15 0 1.5 0.1 2.0 0.1 2.6 7.5 6.3 
25 63 3.8 0.4 2.0 0.3 4.0 7.9 10.4 
35 231 7.5 0.8 1.2 0.6 5.1 8.3 15.2 
45 460 11.7 1.1 0.9 1.0 6.0 8.7 20.6 
55 719 15.5 1.2 0.7 1.3 6.9 9.0 25.5 
65 990 19.1 1.4 0.6 1.6 7.6 9.3 30.2 
75 1,263 22.4 1.5 0.5 1.8 8.2 9.5 34.5 
85 1,532 25.6 1.5 0.5 2.1 8.8 9.6 38.5 
95 1,793 28.5 1.6 0.4 2.3 9.3 9.7 42.2 


105 2,043 31.2 1.7 0.4 2.6 9.7 9.7 45.5 
115 2,280 33.7 1.7 0.4 2.8 10.1 9.7 48.6 
125 2,503 35.9 1.8 0.4 3.0 10.5 9.8 51.5 
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B39.— Regional estimates of timber volume and carbon stocks for loblolly-shortleaf pine stands 
with afforestation of land in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.2 0.0 0.0 54.7 4.2 
5 0.0 11.1 0.7 4.0 0.9 3.2 54.9 19.8 


10 19.1 22.6 1.3 3.6 1.8 5.5 55.4 34.8 
15 36.7 31.3 1.6 3.4 2.5 7.3 56.3 46.1 
20 60.4 40.8 1.9 3.2 3.3 8.7 57.4 57.9 
25 85.5 50.3 2.1 3.1 4.1 9.8 58.7 69.4 
30 108.7 58.2 2.3 3.1 4.7 10.7 60.2 79.0 
35 131.2 65.6 2.4 3.0 5.3 11.5 61.8 87.9 
40 152.3 72.5 2.5 3.0 5.9 12.2 63.3 96.1 
45 172.3 78.9 2.7 2.9 6.4 12.7 64.8 103.6 
50 191.4 85.0 2.7 2.9 6.9 13.2 66.2 110.7 
55 208.4 90.3 2.8 2.9 7.3 13.7 67.5 116.9 
60 223.9 95.1 2.9 2.8 7.7 14.1 68.6 122.6 
65 238.4 99.6 2.9 2.8 8.1 14.4 69.6 127.8 
70 252.9 104.0 3.0 2.8 8.4 14.7 70.4 133.0 
75 264.6 107.6 3.0 2.8 8.7 15.0 71.0 137.1 
80 277.1 111.4 3.1 2.8 9.0 15.2 71.5 141.5 
85 289.5 115.1 3.1 2.8 9.3 15.5 71.9 145.8 
90 299.6 118.2 3.2 2.7 9.6 15.7 72.2 149.3 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 22.1 1.7 
5 0 4.5 0.3 1.6 0.4 1.3 22.2 8.0 


10 273 9.2 0.5 1.4 0.7 2.2 22.4 14.1 
15 525 12.7 0.7 1.4 1.0 2.9 22.8 18.7 
20 863 16.5 0.8 1.3 1.3 3.5 23.2 23.4 
25 1,222 20.4 0.9 1.3 1.6 4.0 23.8 28.1 
30 1,554 23.5 0.9 1.2 1.9 4.3 24.4 32.0 
35 1,875 26.6 1.0 1.2 2.2 4.7 25.0 35.6 
40 2,177 29.3 1.0 1.2 2.4 4.9 25.6 38.9 
45 2,462 31.9 1.1 1.2 2.6 5.2 26.2 41.9 
50 2,736 34.4 1.1 1.2 2.8 5.4 26.8 44.8 
55 2,978 36.5 1.1 1.2 3.0 5.5 27.3 47.3 
60 3,200 38.5 1.2 1.1 3.1 5.7 27.8 49.6 
65 3,407 40.3 1.2 1.1 3.3 5.8 28.2 51.7 
70 3,614 42.1 1.2 1.1 3.4 6.0 28.5 53.8 
75 3,782 43.5 1.2 1.1 3.5 6.1 28.7 55.5 
80 3,960 45.1 1.3 1.1 3.7 6.2 28.9 57.3 
85 4,138 46.6 1.3 1.1 3.8 6.3 29.1 59.0 
90 4,281 47.8 1.3 1.1 3.9 6.3 29.2 60.4 
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B40.— Regional estimates of timber volume and carbon stocks for loblolly-shortleaf pine stands 
with afforestation of land in the Southeast; volumes are for high productivity sites (growth rate 
greater than 85 cubic feet wood/acre/year) with high intensity management (replanting with 
genetically improved stock) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.1 0.0 0.0 54.7 4.1 
5 0.0 11.0 0.7 4.0 0.4 3.2 54.9 19.3 


10 47.7 31.9 1.4 3.8 1.2 5.5 55.4 43.8 
15 146.5 67.4 1.9 3.7 2.5 7.3 56.3 82.9 
20 244.8 102.3 2.1 3.7 3.8 8.7 57.4 120.6 
25 315.2 124.2 2.3 3.7 4.7 9.8 58.7 144.6 
30 347.3 134.1 2.4 3.7 5.0 10.7 60.2 155.8 
35 351.5 135.4 2.4 3.7 5.1 11.5 61.8 158.0 
40 355.0 136.5 2.4 3.7 5.1 12.2 63.3 159.8 
45 358.5 137.5 2.4 3.6 5.2 12.7 64.8 161.4 
50 362.0 138.6 2.4 3.6 5.2 13.2 66.2 163.1 
55 362.0 138.6 2.4 3.6 5.2 13.7 67.5 163.5 
60 362.0 138.6 2.4 3.6 5.2 14.1 68.6 163.9 
65 362.0 138.6 2.4 3.6 5.2 14.4 69.6 164.2 
70 362.0 138.6 2.4 3.6 5.2 14.7 70.4 164.5 
75 362.0 138.6 2.4 3.6 5.2 15.0 71.0 164.8 
80 362.0 138.6 2.4 3.6 5.2 15.2 71.5 165.1 
85 362.0 138.6 2.4 3.6 5.2 15.5 71.9 165.3 
90 362.0 138.6 2.4 3.6 5.2 15.7 72.2 165.5 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 22.1 1.7 
5 0 4.5 0.3 1.6 0.2 1.3 22.2 7.8 


10 682 12.9 0.6 1.6 0.5 2.2 22.4 17.7 
15 2,094 27.3 0.8 1.5 1.0 2.9 22.8 33.5 
20 3,498 41.4 0.9 1.5 1.5 3.5 23.2 48.8 
25 4,504 50.3 0.9 1.5 1.9 4.0 23.8 58.5 
30 4,963 54.3 1.0 1.5 2.0 4.3 24.4 63.1 
35 5,024 54.8 1.0 1.5 2.1 4.7 25.0 63.9 
40 5,074 55.2 1.0 1.5 2.1 4.9 25.6 64.7 
45 5,124 55.7 1.0 1.5 2.1 5.2 26.2 65.3 
50 5,174 56.1 1.0 1.5 2.1 5.4 26.8 66.0 
55 5,174 56.1 1.0 1.5 2.1 5.5 27.3 66.2 
60 5,174 56.1 1.0 1.5 2.1 5.7 27.8 66.3 
65 5,174 56.1 1.0 1.5 2.1 5.8 28.2 66.5 
70 5,174 56.1 1.0 1.5 2.1 6.0 28.5 66.6 
75 5,174 56.1 1.0 1.5 2.1 6.1 28.7 66.7 
80 5,174 56.1 1.0 1.5 2.1 6.2 28.9 66.8 
85 5,174 56.1 1.0 1.5 2.1 6.3 29.1 66.9 
90 5,174 56.1 1.0 1.5 2.1 6.3 29.2 67.0 
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B41.— Regional estimates of timber volume and carbon stocks for longleaf-slash pine stands with 
afforestation of land in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.2 0.0 0.0 82.5 4.2 
5 0.0 5.3 0.4 4.2 0.4 3.2 82.8 13.6 


10 19.1 14.1 0.9 3.8 1.1 5.5 83.6 25.4 
15 36.7 21.4 1.0 3.6 1.7 7.3 84.9 34.9 
20 60.4 30.4 1.1 3.4 2.5 8.7 86.6 46.0 
25 85.5 39.2 1.1 3.3 3.2 9.8 88.6 56.6 
30 108.7 47.2 1.2 3.2 3.8 10.7 90.9 66.1 
35 131.2 54.8 1.2 3.1 4.4 11.5 93.2 75.1 
40 152.3 61.9 1.3 3.0 5.0 12.2 95.5 83.4 
45 172.3 68.5 1.3 3.0 5.6 12.7 97.8 91.1 
50 191.4 74.8 1.3 2.9 6.1 13.2 99.9 98.4 
55 208.4 80.4 1.3 2.9 6.5 13.7 101.8 104.8 
60 223.9 85.4 1.3 2.9 6.9 14.1 103.5 110.6 
65 238.4 90.1 1.4 2.9 7.3 14.4 105.0 116.1 
70 252.9 94.8 1.4 2.8 7.7 14.7 106.2 121.4 
75 264.6 98.6 1.4 2.8 8.0 15.0 107.1 125.8 
80 277.1 102.6 1.4 2.8 8.3 15.2 107.9 130.3 
85 289.5 106.6 1.4 2.8 8.6 15.5 108.5 134.9 
90 299.6 109.8 1.4 2.8 8.9 15.7 109.0 138.5 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 33.4 1.7 
5 0 2.2 0.2 1.7 0.2 1.3 33.5 5.5 


10 273 5.7 0.3 1.5 0.5 2.2 33.8 10.3 
15 525 8.7 0.4 1.4 0.7 2.9 34.4 14.1 
20 863 12.3 0.4 1.4 1.0 3.5 35.0 18.6 
25 1,222 15.9 0.5 1.3 1.3 4.0 35.9 22.9 
30 1,554 19.1 0.5 1.3 1.5 4.3 36.8 26.7 
35 1,875 22.2 0.5 1.3 1.8 4.7 37.7 30.4 
40 2,177 25.0 0.5 1.2 2.0 4.9 38.7 33.7 
45 2,462 27.7 0.5 1.2 2.2 5.2 39.6 36.9 
50 2,736 30.3 0.5 1.2 2.5 5.4 40.4 39.8 
55 2,978 32.5 0.5 1.2 2.6 5.5 41.2 42.4 
60 3,200 34.6 0.5 1.2 2.8 5.7 41.9 44.8 
65 3,407 36.5 0.6 1.2 3.0 5.8 42.5 47.0 
70 3,614 38.4 0.6 1.1 3.1 6.0 43.0 49.1 
75 3,782 39.9 0.6 1.1 3.2 6.1 43.4 50.9 
80 3,960 41.5 0.6 1.1 3.4 6.2 43.7 52.7 
85 4,138 43.1 0.6 1.1 3.5 6.3 43.9 54.6 
90 4,281 44.4 0.6 1.1 3.6 6.3 44.1 56.1 
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B42.— Regional estimates of timber volume and carbon stocks for longleaf-slash pine stands with 
afforestation of land in the Southeast; volumes are for high productivity sites (growth rate greater 
than 85 cubic feet wood/acre/year) with high intensity management (replanting with genetically 
improved stock) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.1 0.0 0.0 82.5 4.1 
5 0.0 8.8 0.4 4.0 0.3 3.2 82.8 16.7 


10 47.7 27.2 0.8 3.9 1.0 5.5 83.6 38.4 
15 146.5 60.1 0.8 3.8 2.2 7.3 84.9 74.2 
20 244.8 91.2 0.9 3.7 3.4 8.7 86.6 107.9 
25 315.2 113.5 0.9 3.7 4.2 9.8 88.6 132.1 
30 347.3 122.8 0.9 3.7 4.6 10.7 90.9 142.7 
35 351.5 124.0 0.9 3.7 4.6 11.5 93.2 144.8 
40 355.0 125.0 0.9 3.7 4.7 12.2 95.5 146.5 
45 358.5 126.0 0.9 3.7 4.7 12.7 97.8 148.1 
50 362.0 127.0 0.9 3.7 4.8 13.2 99.9 149.6 
55 362.0 127.0 0.9 3.7 4.8 13.7 101.8 150.1 
60 362.0 127.0 0.9 3.7 4.8 14.1 103.5 150.4 
65 362.0 127.0 0.9 3.7 4.8 14.4 105.0 150.8 
70 362.0 127.0 0.9 3.7 4.8 14.7 106.2 151.1 
75 362.0 127.0 0.9 3.7 4.8 15.0 107.1 151.4 
80 362.0 127.0 0.9 3.7 4.8 15.2 107.9 151.6 
85 362.0 127.0 0.9 3.7 4.8 15.5 108.5 151.9 
90 362.0 127.0 0.9 3.7 4.8 15.7 109.0 152.1 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 33.4 1.7 
5 0 3.6 0.2 1.6 0.1 1.3 33.5 6.8 


10 682 11.0 0.3 1.6 0.4 2.2 33.8 15.5 
15 2,094 24.3 0.3 1.5 0.9 2.9 34.4 30.0 
20 3,498 36.9 0.4 1.5 1.4 3.5 35.0 43.6 
25 4,504 45.9 0.4 1.5 1.7 4.0 35.9 53.5 
30 4,963 49.7 0.4 1.5 1.9 4.3 36.8 57.7 
35 5,024 50.2 0.4 1.5 1.9 4.7 37.7 58.6 
40 5,074 50.6 0.4 1.5 1.9 4.9 38.7 59.3 
45 5,124 51.0 0.4 1.5 1.9 5.2 39.6 59.9 
50 5,174 51.4 0.4 1.5 1.9 5.4 40.4 60.6 
55 5,174 51.4 0.4 1.5 1.9 5.5 41.2 60.7 
60 5,174 51.4 0.4 1.5 1.9 5.7 41.9 60.9 
65 5,174 51.4 0.4 1.5 1.9 5.8 42.5 61.0 
70 5,174 51.4 0.4 1.5 1.9 6.0 43.0 61.1 
75 5,174 51.4 0.4 1.5 1.9 6.1 43.4 61.3 
80 5,174 51.4 0.4 1.5 1.9 6.2 43.7 61.4 
85 5,174 51.4 0.4 1.5 1.9 6.3 43.9 61.5 
90 5,174 51.4 0.4 1.5 1.9 6.3 44.1 61.5 
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B43.— Regional estimates of timber volume and carbon stocks for oak-gum-cypress stands with 
afforestation of land in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------- 
0 0.0 0.0 0.0 1.8 0.0 0.0 118.5 1.8 
5 0.0 6.7 0.7 1.9 0.4 1.1 118.9 10.9 


10 9.8 18.8 1.9 1.8 1.2 2.1 120.1 25.8 
15 19.9 28.3 2.4 1.7 1.8 3.0 121.9 37.2 
20 32.7 38.0 2.8 1.7 2.4 3.7 124.4 48.6 
25 45.4 46.8 3.1 1.6 3.0 4.4 127.2 58.9 
30 58.1 54.0 3.4 1.6 3.4 5.0 130.5 67.5 
35 73.4 62.3 3.6 1.6 4.0 5.5 133.8 77.0 
40 92.2 71.9 3.9 1.6 4.6 6.0 137.2 88.0 
45 110.7 80.9 4.2 1.6 5.1 6.4 140.4 98.2 
50 128.1 89.0 4.4 1.5 5.7 6.8 143.5 107.4 
55 146.3 97.3 4.6 1.5 6.2 7.2 146.2 116.7 
60 166.1 105.9 4.7 1.5 6.7 7.5 148.7 126.4 
65 186.4 114.5 4.9 1.5 7.3 7.8 150.7 136.1 
70 205.7 122.5 5.1 1.5 7.8 8.1 152.4 145.0 
75 222.5 129.3 5.2 1.5 8.2 8.4 153.8 152.6 
80 237.9 135.4 5.3 1.5 8.6 8.6 155.0 159.4 
85 257.3 142.9 5.5 1.5 9.1 8.9 155.8 167.8 
90 278.9 151.2 5.6 1.5 9.6 9.1 156.5 177.0 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 0.7 0.0 0.0 48.0 0.7 
5 0 2.7 0.3 0.8 0.2 0.5 48.1 4.4 


10 140 7.6 0.8 0.7 0.5 0.9 48.6 10.4 
15 284 11.5 1.0 0.7 0.7 1.2 49.3 15.1 
20 467 15.4 1.1 0.7 1.0 1.5 50.3 19.7 
25 649 18.9 1.3 0.7 1.2 1.8 51.5 23.8 
30 830 21.9 1.4 0.7 1.4 2.0 52.8 27.3 
35 1,049 25.2 1.5 0.6 1.6 2.2 54.2 31.2 
40 1,318 29.1 1.6 0.6 1.9 2.4 55.5 35.6 
45 1,582 32.7 1.7 0.6 2.1 2.6 56.8 39.7 
50 1,830 36.0 1.8 0.6 2.3 2.8 58.1 43.5 
55 2,091 39.4 1.8 0.6 2.5 2.9 59.2 47.2 
60 2,374 42.9 1.9 0.6 2.7 3.1 60.2 51.2 
65 2,664 46.3 2.0 0.6 2.9 3.2 61.0 55.1 
70 2,940 49.6 2.1 0.6 3.2 3.3 61.7 58.7 
75 3,180 52.3 2.1 0.6 3.3 3.4 62.3 61.8 
80 3,400 54.8 2.2 0.6 3.5 3.5 62.7 64.5 
85 3,677 57.8 2.2 0.6 3.7 3.6 63.1 67.9 
90 3,986 61.2 2.3 0.6 3.9 3.7 63.3 71.6 
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B44.—Regional estimates of timber volume and carbon stocks for oak-hickory stands with 
afforestation of land in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare -------------------------------------- 
0 0.0 0.0 0.0 4.2 0.0 0.0 33.9 4.2 
5 0.0 8.1 0.8 4.2 0.5 1.1 34.1 14.7 


10 11.7 21.0 2.1 3.8 1.2 2.1 34.4 30.2 
15 21.2 30.3 2.5 3.5 1.8 3.0 34.9 41.0 
20 33.8 40.0 2.8 3.3 2.4 3.7 35.6 52.2 
25 46.6 49.5 3.0 3.2 2.9 4.4 36.4 63.1 
30 60.2 57.5 3.2 3.1 3.4 5.0 37.4 72.3 
35 76.3 66.6 3.4 3.0 4.0 5.5 38.3 82.5 
40 94.3 76.2 3.6 2.9 4.5 6.0 39.3 93.3 
45 114.1 86.4 3.8 2.9 5.1 6.4 40.2 104.6 
50 133.0 95.8 4.0 2.8 5.7 6.8 41.1 115.1 
55 151.4 104.8 4.1 2.8 6.2 7.2 41.9 125.0 
60 168.9 113.0 4.2 2.7 6.7 7.5 42.6 134.2 
65 185.6 120.8 4.3 2.7 7.2 7.8 43.2 142.8 
70 201.5 128.0 4.4 2.7 7.6 8.1 43.7 150.8 
75 215.7 134.4 4.5 2.6 8.0 8.4 44.1 157.9 
80 229.4 140.5 4.6 2.6 8.3 8.6 44.4 164.6 
85 242.5 146.2 4.6 2.6 8.7 8.9 44.6 171.0 
90 254.1 151.3 4.7 2.6 9.0 9.1 44.8 176.6 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 13.7 1.7 
5 0 3.3 0.3 1.7 0.2 0.5 13.8 6.0 


10 167 8.5 0.8 1.5 0.5 0.9 13.9 12.2 
15 303 12.3 1.0 1.4 0.7 1.2 14.1 16.6 
20 483 16.2 1.1 1.3 1.0 1.5 14.4 21.1 
25 666 20.1 1.2 1.3 1.2 1.8 14.7 25.5 
30 860 23.3 1.3 1.3 1.4 2.0 15.1 29.3 
35 1,091 26.9 1.4 1.2 1.6 2.2 15.5 33.4 
40 1,348 30.8 1.5 1.2 1.8 2.4 15.9 37.8 
45 1,630 35.0 1.5 1.2 2.1 2.6 16.3 42.4 
50 1,901 38.8 1.6 1.1 2.3 2.8 16.6 46.6 
55 2,164 42.4 1.7 1.1 2.5 2.9 16.9 50.6 
60 2,414 45.7 1.7 1.1 2.7 3.1 17.2 54.3 
65 2,652 48.9 1.7 1.1 2.9 3.2 17.5 57.8 
70 2,880 51.8 1.8 1.1 3.1 3.3 17.7 61.0 
75 3,082 54.4 1.8 1.1 3.2 3.4 17.8 63.9 
80 3,278 56.8 1.8 1.1 3.4 3.5 18.0 66.6 
85 3,465 59.2 1.9 1.0 3.5 3.6 18.1 69.2 
90 3,632 61.2 1.9 1.0 3.6 3.7 18.1 71.5 
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B45.— Regional estimates of timber volume and carbon stocks for oak-pine stands with 
afforestation of land in the Southeast 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------- 
0 0.0 0.0 0.0 4.2 0.0 0.0 46.1 4.2 
5 0.0 7.4 0.6 4.1 0.5 3.1 46.2 15.6 


10 13.6 19.6 1.2 3.6 1.2 5.1 46.7 30.8 
15 27.8 29.3 1.6 3.5 1.9 6.6 47.4 42.8 
20 43.9 39.0 1.9 3.4 2.5 7.7 48.3 54.5 
25 59.3 46.8 2.1 3.3 3.0 8.5 49.5 63.7 
30 77.2 55.4 2.3 3.2 3.5 9.2 50.7 73.7 
35 96.8 64.4 2.5 3.2 4.1 9.8 52.0 83.9 
40 117.2 73.4 2.7 3.1 4.7 10.2 53.3 94.1 
45 136.4 81.6 2.8 3.1 5.2 10.6 54.6 103.3 
50 154.1 88.9 2.9 3.1 5.6 11.0 55.8 111.5 
55 171.4 96.0 3.0 3.0 6.1 11.3 56.8 119.4 
60 189.6 103.2 3.1 3.0 6.6 11.5 57.8 127.4 
65 204.5 109.1 3.2 3.0 6.9 11.8 58.6 134.0 
70 218.8 114.6 3.3 3.0 7.3 12.0 59.2 140.1 
75 234.5 120.6 3.4 2.9 7.7 12.1 59.8 146.7 
80 247.6 125.5 3.5 2.9 8.0 12.3 60.2 152.2 
85 259.4 129.9 3.5 2.9 8.2 12.5 60.6 157.1 
90 272.3 134.7 3.6 2.9 8.5 12.6 60.8 162.3 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 18.6 1.7 
5 0 3.0 0.3 1.7 0.2 1.2 18.7 6.3 


10 195 7.9 0.5 1.5 0.5 2.1 18.9 12.5 
15 397 11.9 0.6 1.4 0.8 2.7 19.2 17.3 
20 628 15.8 0.8 1.4 1.0 3.1 19.6 22.0 
25 848 19.0 0.8 1.3 1.2 3.5 20.0 25.8 
30 1,104 22.4 0.9 1.3 1.4 3.7 20.5 29.8 
35 1,384 26.1 1.0 1.3 1.7 4.0 21.0 34.0 
40 1,675 29.7 1.1 1.3 1.9 4.1 21.6 38.1 
45 1,950 33.0 1.1 1.2 2.1 4.3 22.1 41.8 
50 2,202 36.0 1.2 1.2 2.3 4.4 22.6 45.1 
55 2,450 38.8 1.2 1.2 2.5 4.6 23.0 48.3 
60 2,710 41.8 1.3 1.2 2.7 4.7 23.4 51.6 
65 2,923 44.1 1.3 1.2 2.8 4.8 23.7 54.2 
70 3,127 46.4 1.3 1.2 2.9 4.8 24.0 56.7 
75 3,352 48.8 1.4 1.2 3.1 4.9 24.2 59.4 
80 3,539 50.8 1.4 1.2 3.2 5.0 24.4 61.6 
85 3,707 52.6 1.4 1.2 3.3 5.0 24.5 63.6 
90 3,891 54.5 1.4 1.2 3.5 5.1 24.6 65.7 
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B46.— Regional estimates of timber volume and carbon stocks for elm-ash-cottonwood stands with 
afforestation of land in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------- 
0 0.0 0.0 0.0 4.2 0.0 0.0 37.4 4.2 
5 0.0 8.6 0.9 4.9 0.6 1.1 37.5 16.0 


10 11.7 18.3 1.8 4.1 1.2 2.1 37.9 27.6 
15 21.2 27.0 2.7 3.7 1.8 3.0 38.5 38.2 
20 33.8 36.3 3.3 3.5 2.4 3.7 39.2 49.1 
25 46.6 45.1 3.6 3.3 3.0 4.4 40.2 59.4 
30 60.2 53.8 3.8 3.2 3.6 5.0 41.2 69.4 
35 76.3 63.3 4.1 3.1 4.2 5.5 42.2 80.2 
40 94.3 73.3 4.4 2.9 4.9 6.0 43.3 91.5 
45 114.1 83.8 4.6 2.9 5.6 6.4 44.3 103.3 
50 133.0 95.1 4.8 2.8 6.3 6.8 45.3 115.9 
55 151.4 104.2 5.0 2.7 6.9 7.2 46.2 126.0 
60 168.9 112.7 5.1 2.7 7.5 7.5 46.9 135.5 
65 185.6 120.7 5.3 2.6 8.0 7.8 47.6 144.5 
70 201.5 128.4 5.4 2.6 8.5 8.1 48.1 153.0 
75 215.7 135.1 5.5 2.6 9.0 8.4 48.6 160.6 
80 229.4 141.6 5.6 2.5 9.4 8.6 48.9 167.8 
85 242.5 147.8 5.7 2.5 9.8 8.9 49.2 174.7 
90 254.1 153.4 5.8 2.5 10.2 9.1 49.4 180.9 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 15.1 1.7 
5 0 3.5 0.3 2.0 0.2 0.5 15.2 6.5 


10 167 7.4 0.7 1.7 0.5 0.9 15.3 11.2 
15 303 10.9 1.1 1.5 0.7 1.2 15.6 15.5 
20 483 14.7 1.3 1.4 1.0 1.5 15.9 19.9 
25 666 18.3 1.4 1.3 1.2 1.8 16.3 24.0 
30 860 21.8 1.6 1.3 1.4 2.0 16.7 28.1 
35 1,091 25.6 1.7 1.2 1.7 2.2 17.1 32.4 
40 1,348 29.7 1.8 1.2 2.0 2.4 17.5 37.0 
45 1,630 33.9 1.9 1.2 2.3 2.6 17.9 41.8 
50 1,901 38.5 1.9 1.1 2.6 2.8 18.3 46.9 
55 2,164 42.2 2.0 1.1 2.8 2.9 18.7 51.0 
60 2,414 45.6 2.1 1.1 3.0 3.1 19.0 54.8 
65 2,652 48.9 2.1 1.1 3.2 3.2 19.3 58.5 
70 2,880 52.0 2.2 1.0 3.5 3.3 19.5 61.9 
75 3,082 54.7 2.2 1.0 3.6 3.4 19.7 65.0 
80 3,278 57.3 2.3 1.0 3.8 3.5 19.8 67.9 
85 3,465 59.8 2.3 1.0 4.0 3.6 19.9 70.7 
90 3,632 62.1 2.3 1.0 4.1 3.7 20.0 73.2 
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B47.— Regional estimates of timber volume and carbon stocks for loblolly-shortleaf pine stands 
with afforestation of land in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------- 
0 0.0 0.0 0.0 4.2 0.0 0.0 31.4 4.2 
5 0.0 10.8 0.7 4.7 0.7 3.2 31.5 20.1 


10 19.1 23.1 1.3 3.9 1.6 5.5 31.8 35.4 
15 36.7 32.4 1.6 3.5 2.2 7.3 32.3 47.0 
20 60.4 42.2 1.8 3.3 2.9 8.7 33.0 58.9 
25 85.5 52.0 2.0 3.1 3.6 9.8 33.7 70.5 
30 108.7 59.6 2.1 3.0 4.1 10.7 34.6 79.5 
35 131.2 66.6 2.3 2.9 4.6 11.5 35.5 87.8 
40 152.3 73.1 2.3 2.9 5.0 12.2 36.4 95.4 
45 172.3 79.0 2.4 2.8 5.4 12.7 37.2 102.4 
50 191.4 84.7 2.5 2.8 5.8 13.2 38.0 108.9 
55 208.4 89.6 2.6 2.7 6.1 13.7 38.8 114.6 
60 223.9 94.0 2.6 2.7 6.4 14.1 39.4 119.8 
65 238.4 98.1 2.7 2.6 6.7 14.4 40.0 124.5 
70 252.9 102.2 2.7 2.6 7.0 14.7 40.4 129.2 
75 264.6 105.5 2.7 2.6 7.2 15.0 40.8 133.0 
80 277.1 108.9 2.8 2.6 7.4 15.2 41.1 136.9 
85 289.5 112.3 2.8 2.6 7.7 15.5 41.3 140.8 
90 299.6 115.1 2.8 2.5 7.9 15.7 41.5 144.0 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 12.7 1.7 
5 0 4.4 0.3 1.9 0.3 1.3 12.8 8.1 


10 273 9.4 0.5 1.6 0.6 2.2 12.9 14.3 
15 525 13.1 0.6 1.4 0.9 2.9 13.1 19.0 
20 863 17.1 0.7 1.3 1.2 3.5 13.3 23.8 
25 1,222 21.1 0.8 1.3 1.4 4.0 13.7 28.5 
30 1,554 24.1 0.9 1.2 1.6 4.3 14.0 32.2 
35 1,875 27.0 0.9 1.2 1.8 4.7 14.4 35.5 
40 2,177 29.6 0.9 1.2 2.0 4.9 14.7 38.6 
45 2,462 32.0 1.0 1.1 2.2 5.2 15.1 41.4 
50 2,736 34.3 1.0 1.1 2.3 5.4 15.4 44.1 
55 2,978 36.3 1.0 1.1 2.5 5.5 15.7 46.4 
60 3,200 38.1 1.1 1.1 2.6 5.7 16.0 48.5 
65 3,407 39.7 1.1 1.1 2.7 5.8 16.2 50.4 
70 3,614 41.4 1.1 1.1 2.8 6.0 16.4 52.3 
75 3,782 42.7 1.1 1.1 2.9 6.1 16.5 53.8 
80 3,960 44.1 1.1 1.0 3.0 6.2 16.6 55.4 
85 4,138 45.5 1.1 1.0 3.1 6.3 16.7 57.0 
90 4,281 46.6 1.1 1.0 3.2 6.3 16.8 58.3 
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B48.— Regional estimates of timber volume and carbon stocks for loblolly-shortleaf pine stands 
with afforestation of land in the South Central; volumes are for high-productivity sites (growth rate 
greater than 120 cubic feet wood/acre/year) with high-intensity management (replanting with 
genetically improved stock) 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------- 
0 0.0 0.0 0.0 4.1 0.0 0.0 31.4 4.1 
5 0.0 10.8 0.4 4.1 0.4 3.2 31.5 18.9 


10 47.7 34.2 0.9 3.9 1.3 5.5 31.8 45.7 
15 146.5 68.7 1.0 3.8 2.7 7.3 32.3 83.4 
20 244.8 99.2 1.1 3.7 3.8 8.7 33.0 116.5 
25 315.2 118.3 1.1 3.7 4.6 9.8 33.7 137.6 
30 347.3 126.8 1.1 3.7 4.9 10.7 34.6 147.3 
35 351.5 127.9 1.1 3.7 5.0 11.5 35.5 149.2 
40 355.0 128.8 1.1 3.7 5.0 12.2 36.4 150.8 
45 358.5 129.8 1.1 3.7 5.0 12.7 37.2 152.4 
50 362.0 130.7 1.1 3.7 5.1 13.2 38.0 153.8 
55 362.0 130.7 1.1 3.7 5.1 13.7 38.8 154.2 
60 362.0 130.7 1.1 3.7 5.1 14.1 39.4 154.6 
65 362.0 130.7 1.1 3.7 5.1 14.4 40.0 155.0 
70 362.0 130.7 1.1 3.7 5.1 14.7 40.4 155.3 
75 362.0 130.7 1.1 3.7 5.1 15.0 40.8 155.6 
80 362.0 130.7 1.1 3.7 5.1 15.2 41.1 155.8 
85 362.0 130.7 1.1 3.7 5.1 15.5 41.3 156.0 
90 362.0 130.7 1.1 3.7 5.1 15.7 41.5 156.2 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 12.7 1.7 
5 0 4.4 0.2 1.6 0.2 1.3 12.8 7.6 


10 682 13.8 0.3 1.6 0.5 2.2 12.9 18.5 
15 2,094 27.8 0.4 1.5 1.1 2.9 13.1 33.8 
20 3,498 40.1 0.4 1.5 1.6 3.5 13.3 47.1 
25 4,504 47.9 0.4 1.5 1.9 4.0 13.7 55.7 
30 4,963 51.3 0.5 1.5 2.0 4.3 14.0 59.6 
35 5,024 51.8 0.5 1.5 2.0 4.7 14.4 60.4 
40 5,074 52.1 0.5 1.5 2.0 4.9 14.7 61.0 
45 5,124 52.5 0.5 1.5 2.0 5.2 15.1 61.7 
50 5,174 52.9 0.5 1.5 2.0 5.4 15.4 62.2 
55 5,174 52.9 0.5 1.5 2.0 5.5 15.7 62.4 
60 5,174 52.9 0.5 1.5 2.0 5.7 16.0 62.6 
65 5,174 52.9 0.5 1.5 2.0 5.8 16.2 62.7 
70 5,174 52.9 0.5 1.5 2.0 6.0 16.4 62.8 
75 5,174 52.9 0.5 1.5 2.0 6.1 16.5 63.0 
80 5,174 52.9 0.5 1.5 2.0 6.2 16.6 63.1 
85 5,174 52.9 0.5 1.5 2.0 6.3 16.7 63.1 
90 5,174 52.9 0.5 1.5 2.0 6.3 16.8 63.2 
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B49.— Regional estimates of timber volume and carbon stocks for oak-gum-cypress stands with 
afforestation of land in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------- 
0 0.0 0.0 0.0 1.8 0.0 0.0 39.6 1.8 
5 0.0 5.4 0.5 2.1 0.3 1.1 39.7 9.5 


10 9.8 17.8 1.8 1.8 1.1 2.1 40.1 24.7 
15 19.9 28.4 2.8 1.7 1.8 3.0 40.7 37.8 
20 32.7 39.3 3.2 1.7 2.5 3.7 41.5 50.4 
25 45.4 48.8 3.4 1.6 3.1 4.4 42.5 61.3 
30 58.1 57.2 3.5 1.6 3.6 5.0 43.6 70.9 
35 73.4 66.9 3.6 1.6 4.2 5.5 44.7 81.8 
40 92.2 76.9 3.7 1.6 4.9 6.0 45.8 93.0 
45 110.7 86.1 3.7 1.5 5.4 6.4 46.9 103.3 
50 128.1 94.4 3.8 1.5 6.0 6.8 47.9 112.6 
55 146.3 102.8 3.9 1.5 6.5 7.2 48.8 121.9 
60 166.1 111.6 3.9 1.5 7.0 7.5 49.7 131.6 
65 186.4 120.3 4.0 1.5 7.6 7.8 50.3 141.2 
70 205.7 128.3 4.0 1.5 8.1 8.1 50.9 150.0 
75 222.5 135.1 4.1 1.5 8.5 8.4 51.4 157.6 
80 237.9 141.2 4.1 1.5 8.9 8.6 51.8 164.4 
85 257.3 148.8 4.1 1.5 9.4 8.9 52.0 172.6 
90 278.9 157.0 4.2 1.4 9.9 9.1 52.3 181.6 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 0.7 0.0 0.0 16.0 0.7 
5 0 2.2 0.2 0.8 0.1 0.5 16.1 3.9 


10 140 7.2 0.7 0.7 0.5 0.9 16.2 10.0 
15 284 11.5 1.1 0.7 0.7 1.2 16.5 15.3 
20 467 15.9 1.3 0.7 1.0 1.5 16.8 20.4 
25 649 19.7 1.4 0.7 1.2 1.8 17.2 24.8 
30 830 23.1 1.4 0.7 1.5 2.0 17.6 28.7 
35 1,049 27.1 1.4 0.6 1.7 2.2 18.1 33.1 
40 1,318 31.1 1.5 0.6 2.0 2.4 18.5 37.6 
45 1,582 34.9 1.5 0.6 2.2 2.6 19.0 41.8 
50 1,830 38.2 1.5 0.6 2.4 2.8 19.4 45.6 
55 2,091 41.6 1.6 0.6 2.6 2.9 19.8 49.3 
60 2,374 45.2 1.6 0.6 2.9 3.1 20.1 53.3 
65 2,664 48.7 1.6 0.6 3.1 3.2 20.4 57.1 
70 2,940 51.9 1.6 0.6 3.3 3.3 20.6 60.7 
75 3,180 54.7 1.6 0.6 3.5 3.4 20.8 63.8 
80 3,400 57.2 1.7 0.6 3.6 3.5 20.9 66.5 
85 3,677 60.2 1.7 0.6 3.8 3.6 21.1 69.9 
90 3,986 63.5 1.7 0.6 4.0 3.7 21.1 73.5 
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B50.— Regional estimates of timber volume and carbon stocks for oak-hickory stands with 
afforestation of land in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.2 0.0 0.0 29.0 4.2 
5 0.0 9.7 0.9 4.7 0.6 1.1 29.1 17.1 


10 11.7 20.9 1.9 4.0 1.4 2.1 29.4 30.3 
15 21.2 30.1 2.1 3.6 2.0 3.0 29.8 40.8 
20 33.8 39.5 2.3 3.4 2.6 3.7 30.4 51.6 
25 46.6 48.2 2.4 3.3 3.2 4.4 31.1 61.5 
30 60.2 56.6 2.6 3.1 3.8 5.0 31.9 71.0 
35 76.3 65.6 2.7 3.0 4.4 5.5 32.7 81.2 
40 94.3 76.2 2.8 2.9 5.1 6.0 33.5 92.9 
45 114.1 85.7 2.9 2.8 5.7 6.4 34.3 103.6 
50 133.0 94.7 3.0 2.8 6.3 6.8 35.1 113.6 
55 151.4 103.3 3.0 2.7 6.9 7.2 35.8 123.1 
60 168.9 111.3 3.1 2.7 7.4 7.5 36.4 132.0 
65 185.6 118.8 3.2 2.6 7.9 7.8 36.9 140.4 
70 201.5 126.0 3.2 2.6 8.4 8.1 37.3 148.3 
75 215.7 132.3 3.2 2.6 8.8 8.4 37.6 155.3 
80 229.4 138.3 3.3 2.5 9.2 8.6 37.9 162.0 
85 242.5 144.0 3.3 2.5 9.6 8.9 38.1 168.3 
90 254.1 149.1 3.3 2.5 9.9 9.1 38.3 174.0 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 11.7 1.7 
5 0 3.9 0.4 1.9 0.3 0.5 11.8 6.9 


10 167 8.5 0.8 1.6 0.6 0.9 11.9 12.2 
15 303 12.2 0.9 1.5 0.8 1.2 12.1 16.5 
20 483 16.0 0.9 1.4 1.1 1.5 12.3 20.9 
25 666 19.5 1.0 1.3 1.3 1.8 12.6 24.9 
30 860 22.9 1.0 1.3 1.5 2.0 12.9 28.7 
35 1,091 26.6 1.1 1.2 1.8 2.2 13.2 32.9 
40 1,348 30.8 1.1 1.2 2.0 2.4 13.6 37.6 
45 1,630 34.7 1.2 1.2 2.3 2.6 13.9 41.9 
50 1,901 38.3 1.2 1.1 2.5 2.8 14.2 46.0 
55 2,164 41.8 1.2 1.1 2.8 2.9 14.5 49.8 
60 2,414 45.0 1.3 1.1 3.0 3.1 14.7 53.4 
65 2,652 48.1 1.3 1.1 3.2 3.2 14.9 56.8 
70 2,880 51.0 1.3 1.1 3.4 3.3 15.1 60.0 
75 3,082 53.5 1.3 1.0 3.6 3.4 15.2 62.8 
80 3,278 56.0 1.3 1.0 3.7 3.5 15.3 65.5 
85 3,465 58.3 1.3 1.0 3.9 3.6 15.4 68.1 
90 3,632 60.3 1.4 1.0 4.0 3.7 15.5 70.4 
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B51.— Regional estimates of timber volume and carbon stocks for oak-pine stands with 
afforestation of land in the South Central 


Mean carbon density 


Age Mean 
volume 


Live tree 
Standing 
dead tree 


Under-
story 


Down 
dead 
wood 


Forest 
floor 


Soil 
organic 


Total 
nonsoil 


years m3/hectare --------------------------------------- tonnes carbon/hectare ------------------------------------ 
0 0.0 0.0 0.0 4.2 0.0 0.0 31.3 4.2 
5 0.0 8.7 0.7 4.4 0.6 3.1 31.4 17.5 


10 13.6 21.4 1.4 3.7 1.5 5.1 31.7 33.1 
15 27.8 31.9 1.7 3.5 2.3 6.6 32.2 46.0 
20 43.9 41.8 2.0 3.3 3.0 7.7 32.8 57.8 
25 59.3 50.9 2.2 3.2 3.7 8.5 33.6 68.5 
30 77.2 59.2 2.5 3.1 4.3 9.2 34.4 78.2 
35 96.8 67.9 2.6 3.0 4.9 9.8 35.3 88.2 
40 117.2 76.5 2.8 2.9 5.5 10.2 36.2 98.1 
45 136.4 84.4 3.0 2.9 6.1 10.6 37.0 107.0 
50 154.1 91.4 3.1 2.8 6.6 11.0 37.9 115.0 
55 171.4 98.2 3.2 2.8 7.1 11.3 38.6 122.6 
60 189.6 105.2 3.3 2.8 7.6 11.5 39.2 130.4 
65 204.5 110.7 3.4 2.7 8.0 11.8 39.8 136.7 
70 218.8 116.0 3.5 2.7 8.4 12.0 40.2 142.6 
75 234.5 121.8 3.6 2.7 8.8 12.1 40.6 149.0 
80 247.6 126.5 3.6 2.7 9.2 12.3 40.9 154.2 
85 259.4 130.7 3.7 2.7 9.5 12.5 41.1 158.9 
90 272.3 135.2 3.8 2.6 9.8 12.6 41.3 164.0 


years ft3/acre -------------------------------------- tonnes carbon/acre --------------------------------------- 
0 0 0.0 0.0 1.7 0.0 0.0 12.7 1.7 
5 0 3.5 0.3 1.8 0.3 1.2 12.7 7.1 


10 195 8.6 0.6 1.5 0.6 2.1 12.8 13.4 
15 397 12.9 0.7 1.4 0.9 2.7 13.0 18.6 
20 628 16.9 0.8 1.3 1.2 3.1 13.3 23.4 
25 848 20.6 0.9 1.3 1.5 3.5 13.6 27.7 
30 1,104 24.0 1.0 1.2 1.7 3.7 13.9 31.7 
35 1,384 27.5 1.1 1.2 2.0 4.0 14.3 35.7 
40 1,675 31.0 1.1 1.2 2.2 4.1 14.6 39.7 
45 1,950 34.2 1.2 1.2 2.5 4.3 15.0 43.3 
50 2,202 37.0 1.3 1.2 2.7 4.4 15.3 46.5 
55 2,450 39.7 1.3 1.1 2.9 4.6 15.6 49.6 
60 2,710 42.6 1.3 1.1 3.1 4.7 15.9 52.8 
65 2,923 44.8 1.4 1.1 3.2 4.8 16.1 55.3 
70 3,127 47.0 1.4 1.1 3.4 4.8 16.3 57.7 
75 3,352 49.3 1.4 1.1 3.6 4.9 16.4 60.3 
80 3,539 51.2 1.5 1.1 3.7 5.0 16.5 62.4 
85 3,707 52.9 1.5 1.1 3.8 5.0 16.6 64.3 
90 3,891 54.7 1.5 1.1 4.0 5.1 16.7 66.4 
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APPENDIX C 


Scenarios of Harvest and Carbon Accumulation in Harvested Wood Products3,4 
 
Carbon Stocks on Forest Land and in Harvested Wood Products After Clearcut Harvest 
 
 
C1. Maple-beech-birch, Northeast 
C2. Oak-hickory, Northeast 
C3. Spruce-balsam fir, Northeast 
C4. Aspen-birch, Northern Lake States 
C5. Maple-beech-birch, Northern Lake 


States 
C6. White-red-jack pine, Northern Lake 


States 
C7. Elm-ash-cottonwood, Northern Prairie 


States 
C8. Oak-hickory, Northern Prairie States 
C9. Douglas-fir, Pacific Northwest, East 
C10. Ponderosa pine, Pacific Northwest, East 
C11. Alder-maple, Pacific Northwest, West 
C12. Douglas-fir, high productivity and 


management intensity, Pacific 
Northwest, West 


C13. Hemlock-Sitka spruce, high 
productivity, Pacific Northwest, West 


 


C14. Mixed conifer, Pacific Southwest 
C15. Western oak, Pacific Southwest 
C16. Douglas-fir, Rocky Mountain, North 
C17. Lodgepole pine, Rocky Mountain, North 
C18. Fir-spruce-mountain hemlock, Rocky 


Mountain, South 
C19. Ponderosa pine, Rocky Mountain, South 
C20. Loblolly-shortleaf pine, high 


productivity and management intensity, 
Southeast  


C21. Oak-gum-cypress, Southeast 
C22. Oak-hickory, Southeast 
C23. Oak-pine, Southeast 
C24. Loblolly-shortleaf pine, high 


productivity and management intensity, 
South Central 


C25. Oak-gum-cypress, South Central 
C26. Oak-hickory, South Central 
C27. Oak-pine, South Central 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


                                                 
3 Note carbon mass is in metric tons (tonnes) in all tables, and age refers to stand age. 
4 These tables are example harvest scenarios; they are not recommendations for timing of harvest. 
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Appendix D
Detailed Information on Development and Use of Tables for Calculating Carbon in Harvested 
Wood Products (Tables 4 through 9)


This appendix features detailed information on the source of coeffi cients for Tables 4 through 9. This 
will help users in adapting carbon calculations to specifi c needs. Information is organized by the three 
starting points: primary wood products (Tables D1 through D5), industrial roundwood (principally 
Tables D6 and D7), and forest ecosystems (principally Tables D8 through D12).


The choice of starting points depends on the available wood products information. For example, 
a landowner may want to know potential carbon sequestration for a given area of forest. This is 
addressed by the principally land-based estimate that starts from a measure of trees in a forest, 
specifi cally growing-stock volume. Alternatively, a measure of wood removed at harvest, such 
as logs transported to mills for processing, volume or mass of industrial roundwood, is another 
starting point. Finally, a starting point with relatively precise information is based on quantities of 
primary wood products. These latter two starting points can be considered product-based. Data on 
roundwood and primary products are often available as State-level or regional statistics.


The methods for these three starting points will result in identical core results, if consistent data 
are available corresponding to the starting points. This is because estimates of the disposition—or 
fate—of carbon in products over time are based on likely uses and longevity of primary wood 
products. Thus, the data and assumptions on primary wood products serve as the model for the 
disposition of carbon over time. These data and assumptions are discussed below in the section on 
primary wood products. All additional calculations associated with the other two starting points 
(industrial roundwood or forest ecosystem) are based on linking inputs to the disposition of these 
primary wood products. If industrial roundwood is the starting point, or input quantity, then the 
disposition of carbon is calculated by linking carbon in roundwood to the separate primary wood 
product classifi cations. Similarly, volume of merchantable wood in forests is linked to quantities of 
roundwood before calculating the disposition of carbon over time. These links can include some 
additional output estimates which are not associated with all three starting points, such as the fraction 
of emitted carbon associated with energy recapture. Data and assumptions used to link the different 
inputs to a common quantity of harvested wood are presented below in the section on industrial 
roundwood and the section on forest ecosystem.


Primary Wood Products
Primary wood products are the initial results of processing at mills; examples of primary products 
include lumber, panels, and paper. These primary products are usually incorporated into end-use 
products with the long-term disposition of carbon classifi ed as remaining in use, in landfi lls, or 
emitted to the atmosphere following burning or decomposition. Calculations are in three parts: 1) 
converting quantity of primary product to quantity of carbon, 2) determining the fraction of carbon 
in primary product in use as a function of time since production, and 3) determining the fraction of 
carbon in primary product in landfi lls as a function of time since production. These steps correspond 
to Tables 7, 8, and 9, respectively. Total carbon emissions to the atmosphere for a given year are the 
difference between the initial quantity of carbon in primary wood products and the sum of carbon in 
use or in landfi lls.
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Carbon in primary wood products is based on conversion factors in Table 7, which were computed 
using data in Table D1. Specifi c carbon content of wood fi ber in solid wood products (those in Table 
D1) is 50 percent, and the carbon content of air dry weight paper is 45 percent. Table D1 includes 
factors to convert the customary units used for each primary product to a standard mass and volume 
for calculating carbon mass of the wood fi bers. 


The fractions of primary wood products remaining in use for a given number of years after 
production in Table 8 were developed by fi rst allocating the primary product to a number of end-uses 
and then determining the fraction remaining in each end use over time. The allocation of primary 
products to end uses is presented in Table D2. The fraction remaining in use over time is determined 
using fi rst-order decay functions and the half-lives presented in Table D3. The fraction of primary 
products (and thus the fraction of carbon) remaining in use can be calculated by the following:


[Equation D1]


Fraction of carbon in solid wood products remaining in use in year n 
= (fraction used in single family houses) × e (- n × ln(2)/ half-life for sf houses)


+ (fraction used in multifamily houses) × e (- n×ln(2)/ half-life for mf houses)


+ (fraction used in mobile homes) × e (– n×ln(2)/ half-life mobile homes)


+ (fraction used in repair and alteration) × e (– n×ln(2)/ half-life repair)


+ (fraction used in nonresidential except railroads) × e (– n×ln(2)/ half-life non res ex rr)


+ (fraction used in railroad ties) × e (– n×ln(2)/ half-life rr ties)


+ (fraction used in railroad cars) × e (– n×ln(2)/ half-life rr cars)


+ (fraction used in household furniture) × e (– n×ln(2)/ half-life hh furn)


+ (fraction used in commercial furniture) × e (– n×ln(2)/ half-life com furn)


+ (fraction used in other manufacturing) × e (– n×ln(2)/ half-life oth manf )


+ (fraction used in wood containers) × e (– n×ln(2)/ half-life wood cont)


+ (fraction used in pallets) × e (– n×ln(2)/ half-life pallets)


+ (fraction used in dunnage) × e (– n×ln(2)/ half-life dunnage)


+ (fraction used in other uses) × e (– n×ln(2)/ half-life other uses)


+ (fraction used in exports) × e (– n×ln(2)/ half-life exports)


[Equation D2]


Fraction of paper products remaining in use in year n
= e (- n×ln(2)/ half-life for paper)


The fractions of paper in use, as provided in Table 8, are based on Equation D2 and the assumption 
that some paper is recycled. To include the effects of recycling in these calculations, the following 
general assumptions are necessary: an average half-life of paper products, a rate of paper recovery 
and recycling, and the effi ciency of reuse of paper fi bers (Skog and Nicholson 1998, Row and Phelps 
1996). We use a half-life of 2.6 years, a paper recovery rate of 0.48, and an effi ciency of reuse of 
0.70.5


The difference between a fraction of paper in use calculated by Equation D2 for a particular year 
and the fraction from the previous year represents the amount of paper discarded during that year. 


5Klungness, J. 2005. Personal communication.Chemical Engineer, USDA Forest Service, Forest Products Lab, 
One Gifford Pinchot Drive, Madison, WI 53726-2398. 
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We assume that 48 percent of the discarded paper is recycled and 70 percent of the fi bers in recycled 
paper are recovered and incorporated into new paper products. This represents a net recovery of 
33.6 percent of fi bers from discarded paper. The fraction of these recycled fi bers remaining in use 
in subsequent years also is determined according to Equation D2. This sequence of calculations can 
be repeated for the fraction of paper discarded each year. Thus, the summed remaining fractions of 
the original paper and all subsequently recycled fractions are included in Table 8. All these successive 
calculations pertain to the original paper fi bers produced from wood at the beginning of the fi rst 
year, yet none of the fi ber from the original paper production is expected to remain in paper products 
beyond fi ve rounds of recycling.5 Therefore, the estimates provided in Table 8 are based on fi ve 
rounds of recycling, because beyond this point the effects of additional rounds are negligible. Thus, 
each fi ber has the potential to be included in the recycling process up to fi ve times. However, if the 
fi ber is in the 66.4 percent (1- 0.336) of discarded paper that is lost during recycling, there is no 
potential for additional recycling because it is no longer in the system.


The fractions of primary wood product remaining in landfi lls for a given number of years after 
production in Table 9 were developed by determining the fraction discarded to landfi lls each year and 
then determining the part of those fractions remaining in landfi lls over subsequent years. Thus, Table 
9 is based on years since production but accounts for both rate of disposal to landfi lls and cumulative 
effect of residence times in landfi lls. Allocation to landfi lls occurs in two parts: 1) the fraction 
discarded at year n after production is the difference in the in-use fractions between two successive 
years from Table 8, that is, fraction at year n minus fraction at year n-1; and 2) the part of the 
discarded fraction that is placed in landfi lls is determined by fractions in Table D4 (the fractions for 
the year 2002). The fraction going to landfi lls is further divided into nondegradable and degradable 
pools, which are supplied in Table D5. The nondegradable pool is sequestered permanently. The 
fraction of the degradable pool remaining in subsequent years is determined by fi rst-order decay, that 
is,  fraction remaining=exp(-years×ln(2)/half-life), and the half-life is shown in Table D5.


Example calculations and applications of selected factors in Tables 7, 8, and 9—disposition 
from primary wood products


This set of example calculations determines the disposition of carbon in a primary wood product at 
3 and 100 years after production. The product for this example is 320,000 ft2 of ⅜-inch softwood 
plywood. These calculations are possible with factors from Tables 7, 8, and 9, but this example 
illustrates the foundation for those factors by using Tables D1 through D5. Note that some of these 
calculations are spreadsheet-intensive, so we show only enough work to illustrate the basic process.


Specifi cally, we calculate:


1) Initial quantity of carbon in the primary wood product (Table D1, used to make Table 7)


2) Amount of this carbon in single-family houses at years 3 and 100 (Equation D1 and Tables 
D2 and D3; this is an applications example)


3) Amount of this carbon in use in all end-use products at years 3 and 100 (Equation D1 and 
Tables D2 and D3; resulting fractions presented in Table 8)


4) Amount of this carbon in landfi lls from all end-use products at years 3 and 100 (Tables 8, 
D4, and D5; resulting fractions presented in Table 9)
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Part 1: Initial quantity of carbon, from Table D1:


320,000 ft2 × 31.25 ft3/1,000 ft2 × 35.0 lb/ft2 × 0.95 = 332,500 lb of wood fi ber
332,500 lb × 0.5 × (1 short ton / 2000 lb) = 83.13 tons of carbon
332,500 lb × 0.5 × (1 metric ton / 2204.62 lb) = 75.41 t of carbon
Note this is the only table that includes non-metric units.


Part 2: Amount of softwood plywood carbon in single-family houses at years 3 and 100, from 
Equation D1 and Tables D2 and D3:


In single-family houses at 3 years 
= 75.41 × 0.334 × exp(-3×ln(2)/100) = 24.67 t 
In single-family houses at 100 years 
= 75.41 × 0.334 × exp(-100×ln(2)/100) = 12.59 t 


Part 3: Amount of softwood plywood carbon in use in all end-use products at years 3 and 100, from 
Equation D1 and Tables D2 and D3:


Amount of carbon in use at 3 years (showing the 15 terms from Equation D1)
= 75.41 × (0.327 + 0.032 + 0.029 + 0.227 + 0.087 + 0.000 + 0.001 + 0.043 + 0.047 + 0.070 
+ 0.006 + 0.018 + 0.000 + 0.008 + 0.036) = 75.41 × 0.930 = 70.1 t 


Amount of carbon in use at 100 years (showing the 15 terms from Equation D1)
= 75.41 × (0.167 + 0.012 + 0.000 + 0.024 + 0.032 + 0.000 + 0.000 + 0.005 + 0.005 + 0.000 
+ 0.000 + 0.000 + 0.000 + 0.000 + 0.000) = 75.41 × 0.245 = 18.5 t 


Note that the sum of terms from equation D1 is the fraction remaining in use at the end of 
a given year. These fractions are calculated and provided in Table 8, for example the fractions 
0.930 and 0.245, which are for years 3 and 100, respectively.


Part 4: Amount of carbon in landfi lls from all end-use products at years 3 and 100, from Tables 8, 
D4, and D5:


Note that the amount of carbon in landfi lls at the end of year 3 is a sum from material 
discarded in each of the years, that is: from year 1, the nondegradable fraction of carbon 
discarded in year 1 plus the remaining part of the degradable fraction after two years of 
decay; from year 2, the nondegradable fraction of carbon discarded in year 2 plus the 
remaining part of the degradable fraction after one year of decay; and from year 3, the carbon 
discarded to landfi lls in year 3.


Coeffi cients from Table 8 are necessary because the amount discarded each year is based on 
the difference between the amounts in use at the start and end of each year. By multiplying 
75.41 by the fi rst four softwood plywood coeffi cients in Table 8, we obtain in-use stocks 
of 75.41, 73.60, 71.79, and 70.13 t carbon, which represent the time of processing (the 
beginning of year 1) and the ends of years 1, 2, and 3, respectively.


Nondegradable fraction from year 1 
= (75.41-73.60) × 0.67 × 0.77 = 0.9337 t
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Degradable fraction from year 1 remaining at year 3
= (75.41-73.60) × 0.67 × (1-0.77) × exp(-2×ln(2)/14) = 0.2526 t
Nondegradable fraction from year 2 
= (73.60-71.79) × 0.67 × 0.77 = 0.9337 t
Degradable fraction from year 2 remaining at year 3
= (73.60-71.79) × 0.67 × (1-0.77) × exp(-1×ln(2)/14) = 0.2654 t
Nondegradable fraction from year 3 
= (71.79-70.13) × 0.67 × 0.77 = 0.8559 t
Degradable fraction from year 3 remaining at year 3
= (71.79-70.13) × 0.67 × (1-0.77) × exp(-0×ln(2)/14) = 0.2557 t


Thus, total carbon in landfi lls at the end of the third year = 3.5 t.


Note that the fraction of softwood plywood in landfi lls at the end of year 3 in Table 9 can be 
determined from the previous series of calculations by changing the fi rst factor in each line 
to represent the relative amount discarded each year rather than the absolute amount. The 
calculations are:


Nondegradable fraction from year 1
= (1-0.976) × 0.67 × 0.77 = 0.0124
Degradable fraction from year 1 remaining at year 3 
= (1-0.976) × 0.67 × (1-0.77) × exp(-2×ln(2)/14) = 0.0034
Nondegradable fraction from year 2 
= (0.976-0.952) × 0.67 × 0.77 = 0.0124
Degradable fraction from year 2 remaining at year 3 
= (0.976-0.952) × 0.67 × (1-0.77) × exp(-1×ln(2)/14) = 0.0035
Nondegradable fraction from year 3 
= (0.952-0.930) × 0.67 × 0.77 = 0.0114
Degradable fraction from year 3 remaining at year 3 
= (0.952-0.930) × 0.67 × (1-0.77) × exp(-0×ln(2)/14) = 0.0034


Thus, total fraction in landfi lls at year the end of the third year = 0.047. The difference 
between this value and the 0.046 in Table 9 is due to rounding. 


Net fl ux of carbon to landfi lls at year 3 is the difference between the previous values and 
similar calculations for year 2, or more simply from Table 9:


75.41 × (0.046 - 0.032) = 1.06 t in year 3


A similar series of calculations can be repeated for year 100, or more simply from Tables 8 
and 9: the amount of carbon in landfi lls at 100 years = 75.41 × 0.400 = 3.2 t, and the fl ux of 
carbon in landfi lls at 100 years = 75.41 × (0.400-0.394)/5 = 0.09 t in year 100.
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Industrial Roundwood 
Industrial roundwood is basically harvested logs brought to mills for processing. Roundwood, as used 
here, refers to wood that is processed to primary wood products; it excludes bark or roundwood that 
is identifi ed as fuelwood. Input values for calculations from this starting point are carbon mass of 
roundwood logs grouped by categories defi ned for Table 6. The links between these inputs and the 
disposition of carbon in primary wood products are the allocation patterns described in Tables D6 
and D7. 


Carbon mass of industrial roundwood logs is categorized as softwood or hardwood and saw logs 
or pulpwood. However, if roundwood data are not classifi ed according to type or size of logs, this 
appendix includes factors for distributing roundwood to appropriate categories according to regional 
averages. Additionally, roundwood data in the form of volume of wood can be converted to carbon 
with average values for specifi c gravity of softwood or hardwood species. These factors are included in 
Tables 4 or D8. See additional discussion of their use in the section on Forest Ecosystem.


Average disposition patterns of industrial roundwood carbon by region and roundwood category 
are presented in Table 6. These values were developed from regional average allocation of industrial 
roundwood to primary wood products in Table D6. Disposition of carbon allocated to primary 
wood products then follows the patterns described above by Tables 8 and 9, which allocate carbon to 
in-use or landfi ll classifi cations. The balance of carbon originally in roundwood but no longer in use 
or in landfi lls is emitted to the atmosphere. The fraction emitted to the atmosphere that occurs with 
energy recapture is calculated using Table D7 (Birdsey 1996). These fractions for primary products 
are pooled within regions to allocate industrial roundwood carbon for up to four categories per 
region. These fractional values are displayed in Table 6, which is the resulting net effect of linking 
information in Tables D6, 8, 9, and D7.


Example calculations related to constructing and applying Table 6—disposition from industrial 
roundwood 


This example calculates the disposition of carbon in industrial roundwood. We calculate the 
disposition of carbon at 15 years after harvest and the processing of 10,000 m3 of hardwood saw 
logs from a maple-beech-birch forest in the Northeast. The example demonstrates the basic set of 
calculations used to develop and apply Table 6. It is limited in scope because factorial combinations 
of year, roundwood categories, and classifi cations for the disposition of carbon in harvested wood 
products can require a sequence of many repeated spreadsheet calculations.


We calculate:
1) Carbon mass based on volume of saw logs


2) The allocation of carbon from saw logs at year 15—the allocation values in Table 6


3) The disposition of carbon—apply the allocation factors from Table 6 to carbon mass from 
step 1


Part 1: The carbon mass of roundwood can be determined using the volume. The product of volume 
of roundwood and specifi c gravity (from Tables 4 or D8) is mass; 50 percent of this is carbon mass. 
Based on specifi c gravity from Table 4, total carbon for this example is:


= 10,000 × 0.518 × 0.5 = 2,590 t
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Part 2: The allocation of industrial roundwood logs to primary wood products according to region 
and category are provided in Table D6. The fractions of primary products remaining in use or in 
landfi lls at a given year are provided in Tables 8 and 9, respectively. The fraction of emitted carbon 
associated with energy recapture is from Table D7. The calculations for hardwood saw logs from the 
Northeast at 15 years are:


Fraction of carbon in products in use (summed products from Table D6 and Table 8)
= (0 × 0.698) + (0.492 × 0.456) + (0 × 0.724) + (0 × 0.799) + ((0.005 + 0.022) × 0.647)
  + (0.038 × 0.420) + (0.058 × 0.040)
= 0 + 0.224 + 0 + 0 + 0.017 + 0.016 + 0.002 = 0.260


Fraction of carbon in landfi lls (summed products from Table D6 and Table 9)
= (0 × 0.187) + (0.492 × 0.334) + (0 × 0.171) + (0 × 0.124) + ((0.005 + 0.022) × 0.218)
  + (0.038 × 0.357) + (0.058 × 0.253)
= 0 + 0.164 + 0 + 0 + 0.006 + 0.014 + 0.015 = 0.198


Fraction of carbon emitted by year 15 (one minus the fractions in use or in landfi lls)   
= 1 – 0.260 – 0.198 = 0.542
Fraction of carbon emitted with energy recapture (from Table D7)
= 0.542 × 0.6143 × exp(-((15/6812)0.5953)) = 0.324
Fraction of carbon emitted without energy recapture
= 0.542 – 0.324 = 0.218


These fractions allocate the disposition of carbon at year 15 after harvest for hardwood saw 
logs in the Northeast (see Table 6).


Part 3: The application of the factors from Table 6 (calculated in Step 2) to carbon in industrial 
roundwood (calculated in Step 1) determines the disposition of carbon at year 15, which is:


In use    = 0.260 × 2,590 = 673 t
Landfi lls   = 0.198 × 2,590 = 513 t
Emitted with energy  = 0.324 × 2,590 = 839 t
Emitted without energy  = 0.218 × 2,590 = 565 t


Forest Ecosystems 
Wood in trees in a forest is often characterized according to the total volume of merchantable wood. 
Merchantable volume can be expressed per unit of forest area; in this case, we use the volume of 
growing stock of live trees as defi ned by the USDA Forest Service, Forest Inventory and Analysis 
Database (FIADB; Alerich and others 2005). Merchantable volume must be linked to amount of 
roundwood carbon to calculate the expected disposition of carbon in harvested wood products (as 
described above for industrial roundwood and primary wood products). 


A set of regional average factors (Tables D8 through D12) is used for the calculations to transform 
growing-stock volume to carbon in industrial roundwood, which is then allocated to the expected 
disposition of carbon in primary wood products. This land-based approach for calculating the 
disposition of carbon in harvested wood products differs from the previously described product-based 
approaches in two important respects: the disposition of carbon is expressed as mass per area of forest 
rather than as an absolute mass, and additional carbon pools must be considered such as ecosystem 
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carbon and carbon removed at harvest but not incorporated into wood products. Calculations 
can include carbon in roundwood removed as fuelwood as well as carbon in bark on roundwood. 
Furthermore, estimates of forest carbon at the time of harvest place constraints on quantities 
harvested. For instance, total carbon mass allocated to harvest, as in Table 3, is calculated from 
volume but is limited to a portion of live tree biomass.


The starting variable for the forest ecosystem calculation is volume at harvest (for example, 172.1 
m3/ha in Table 3). Carbon in growing-stock volume is allocated to the four categories of roundwood 
using the factors in Table 4. The fi rst three factors allocate growing stock based on two separate 
divisions among trees contributing to stand-level growing-stock volume: fi rst, to hardwood or 
softwood types, and second, to sawtimber diameter- or less-than-sawtimber diameter trees. These 
factors were developed from the most recent forest inventory data for each State in the FIADB and 
are summarized according to region and forest type. Data from the FIADB were compiled to refl ect 
types and sizes of trees in stands that are likely to be harvested; thus, trees are classifi ed as growing 
stock and stands are identifi ed as medium- or large-diameter (Alerich and others 2005). Finally, 
volumes of wood are converted to carbon mass according to the specifi c gravity of wood. Values for 
specifi c gravity (Jenkins and others 2004) were summarized from the FIADB with the same criteria as 
the other factors in Table 4. Table D8 contains regional averages for the factors in Table 4. Thus, the 
product of growing-stock volume and the fi rst, second, and fourth columns of factors (in Tables 4 or 
D8) is the average dry weight of softwood sawtimber in that growing-stock volume. To convert dry 
weight to carbon mass, multiply by 0.5.


The next step in the process is to calculate carbon in industrial roundwood from the previously 
calculated values of carbon in growing-stock volume. The defi nition of industrial roundwood is the 
same as elsewhere in this text; as such, it excludes bark and the portion of roundwood identifi ed 
as fuelwood. Not all roundwood is from growing-stock volume. Similarly, not all of growing-stock 
volume is removed from the site of harvest as roundwood, some remains as logging residue, for 
example. Table 5 includes the fraction of growing-stock volume that is removed as roundwood and 
the ratio of industrial roundwood to growing-stock volume removed as roundwood. These factors are 
from Johnson (2001) and are also in Tables D9 and D10. The product of carbon in growing-stock 
volume and these two factors from Table 5 is the mass of carbon in industrial roundwood for each of 
the roundwood categories.


Fuelwood and bark on roundwood are also carbon pools removed from site at harvest. These are 
calculated separately because they are not part of the industrial roundwood carbon pool allocated 
according to Table 6. Fuelwood, as used here, is a portion of total roundwood as defi ned in Johnson 
(2001). For the harvest scenario tables (Appendix C), we assume that carbon from these pools is 
emitted the same year as harvest. Thus, the carbon is added to the two emitted categories at the time 
of harvest; all of the fuelwood and a portion of the bark on roundwood are emitted with energy 
capture. Tables 5 and D11 provide ratios of carbon in bark to carbon in wood summarized according 
to region. The ratios apply to roundwood logs and are based on biomass component equations of 
Jenkins and others (2003); they are summaries from the FIADB by types and sizes of stem wood and 
bark in stands that are likely to be harvested (as described above for Table 4). The product of carbon 
in roundwood and the bark ratio (from Tables 5 or D11) is carbon in bark on roundwood. Fuelwood 
is estimated from the ratio of fuelwood to growing-stock volume removed as roundwood (Johnson 
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2001), which is summarized in Tables 5 and D12. Thus, total carbon in fuelwood is the product of 
carbon in growing-stock volume removed as roundwood, the fuelwood ratio, and one plus the bark 
ratio.


Ecosystem carbon is removed, emitted, or remains on site at harvest. Thus, total non-soil carbon 
at the time of harvest in the Appendix C tables (the harvest scenarios) equals the non-soil carbon 
in the corresponding year of the Appendix B tables (afforestation). Similarly, total non-soil forest 
ecosystem carbon at the time of harvest in the Appendix C tables (the harvest scenarios) equals the 
non-soil carbon at age zero of the Appendix A tables (reforestation). The pools of carbon in down 
dead wood and forest fl oor at the time of harvest refl ect logging residue. These decay over time even 
as new material accumulates in these pools with stand regrowth (Turner and others 1995, Johnson 
2001, Smith and Heath 2002, Smith and others 2004b). The pool of carbon removed at harvest is 
based on regional average values and calculated as described above. The residual carbon—not on-site 
or removed—is assigned to the “emitted at harvest” column in Appendix C. While site disturbance 
associated with harvest likely results in carbon emissions, this pool is also likely to include carbon in 
wood removed but not classifi ed as roundwood. The use of regional averages to allocate ecosystem 
and harvested carbon also suggests that values in the fi nal column (in Appendix C) may be larger or 
smaller, depending on actual forests or harvests. The Appendix C tables are examples of how forest 
carbon stocks can include carbon in harvested wood; these are not recommendations for rotation 
length or timing of harvest.


The use of regional fractions or ratios to allocate carbon for a number of forest types within the 
region has potential for occasional extreme or unrealistic values. That is, the sum of carbon in 
industrial roundwood, fuelwood, and bark is limited by live tree carbon density. To avoid extreme 
values, some limits are set for the use of these regional averages. The fuelwood ratios used for 
calculating the fuelwood components of the harvest scenario tables (Appendix C) are averages by type 
but not size (that is, columns 3 and 6 in Table D12). We also limit the proportion of live tree carbon 
allocated to industrial roundwood plus bark to 66 percent, and the limit for total carbon removed 
(industrial roundwood, bark, and fuelwood) is 78 percent of live tree carbon. These limits are based 
on generalized tree biomass component equations from Jenkins and others (2003). Calculated values 
for carbon removed at harvest (such as for Appendix C) seldom exceed these limits, but one of the 
exceptions is included in the example below.


Example calculations of carbon in harvested wood products for Table 3—disposition from 
forest ecosystems


This example illustrates the calculations to determine the disposition of carbon in wood products for 
the harvest scenario tables in Appendix C. We calculate the disposition of carbon at 15 years after 
harvest from a maple-beech-birch forest in the Northeast (see Table 3). Most of the following example 
can be completed with factors in Tables 4 through 6 (as opposed to tables in this section), but it is 
included here because it illustrates the above discussion.


We calculate:
1) Carbon in growing-stock volume according to the industrial roundwood categories (Table 4)


2) Carbon in industrial roundwood from carbon in growing-stock volume removed as 
roundwood (Table 5)
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3) The additional pools of carbon in fuelwood and bark on roundwood, which are assumed 
emitted with or without energy capture soon after harvest


4) Modifi cations to totals for industrial roundwood or fuelwood if necessary


5) The disposition of carbon at 15 years after harvest (Table 6)


Part 1: Carbon in growing-stock volume is calculated with the factors in Table 4, which allocates 
volume to four categories based on wood type and log size. The example growing-stock volume 
harvested in Table 3 is 172.1 m3/ha. Three steps are needed to calculate total carbon in growing-stock 
volume: growing stock is allocated to softwood or hardwood; volumes are partitioned to saw logs and 
pulpwood; and fi nally, carbon mass is determined from specifi c gravity of wood, which is 50 percent 
carbon by dry weight. Thus, the softwood saw log part of growing stock = (growing-stock volume) 
× (softwood fraction) × (sawtimber-size fraction) × (softwood specifi c gravity) × (carbon fraction of 
wood). The calculated values from growing-stock volume are:


Softwood sawtimber carbon
= 172.1 × 0.132 × 0.604 × 0.369 × 0.5 = 2.53 t/ha
Softwood poletimber carbon
= 172.1 × 0.132 × (1 – 0.604) × 0.369 × 0.5 = 1.66 t/ha
Hardwood sawtimber carbon 
= 172.1 × (1 – 0.132) × 0.526 × 0.518 × 0.5 = 20.35 t/ha
Hardwood poletimber carbon
= 172.1 × (1 – 0.132) × (1 – 0.526) × 0.518 × 0.5 = 18.34 t/ha


Total carbon stock in 172.1 m3/ha of growing-stock volume is 42.88 t/ha.


Part 2: Carbon in roundwood, which excludes bark and fuelwood, is determined from factors in 
Table 5. The two factors are the fraction of growing-stock volume that is removed as roundwood, 
and the ratio of total industrial roundwood to growing-stock volume removed as roundwood. The 
calculated values for industrial roundwood are:


Softwood saw log carbon 
= 2.53 × 0.948 × 0.991 = 2.38 t/ha
Softwood pulpwood carbon 
= 1.66 × 0. 948 × 3.079 = 4.84 t/ha
Hardwood saw log carbon 
= 20.35 × 0.879 × 0.927 = 16.58 t/ha
Hardwood pulpwood carbon 
= 18.34 × 0. 879 × 2.177 = 35.09 t/ha


Thus, total carbon in industrial roundwood is 58.90 t/ha.


Part 3: Pools of carbon in bark on roundwood are based on ratios in Table 5; these are also applied to 
calculate bark on fuelwood. The portion of bark on industrial roundwood allocated to emitted with 
energy capture is according to coeffi cient A from Table D7. Carbon in fuelwood is calculated from 
factors in Table 5. The calculations are:


Softwood saw log bark carbon = 2.38 × 0.182 = 0.43 t/ha
Softwood pulpwood bark carbon = 4.84 × 0. 185 = 0.90 t/ha
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Hardwood saw log bark carbon = 16.58 × 0.199 = 3.30 t/ha
Hardwood pulpwood bark carbon = 35.09 × 0. 218 = 7.65 t/ha


Thus, total carbon in bark on industrial roundwood is 12.28 t/ha.


Part of carbon in bark on industrial roundwood emitted with energy capture is
= (0.43 × 0.5582) + (0.90 × 0.6289) + (3.30 × 0.6143) + (7.65 × 0.5272) 
= 6.87 t/ha
Part of carbon in bark on industrial roundwood emitted without energy capture is
= 12.28 – 6.87 = 5.41 t/ha 


Softwood saw log carbon in fuelwood with bark
= 2.53 × 0.948 × 0.136 × (1 + 0.182) = 0.39 t/ha
Softwood pulpwood carbon in fuelwood with bark 
= 1.66 × 0. 948 × 0.136 × (1 + 0.185) = 0.25 t/ha
Hardwood saw log carbon in fuelwood with bark 
= 20.35 × 0.879 × 0.547 × (1 + 0.199) = 11.73 t/ha
Hardwood pulpwood carbon in fuelwood with bark 
= 18.34 × 0. 879 × 0.547 × (1 + 0.218) = 10.74 t/ha


Thus, total carbon in fuelwood with bark is 23.11 t/ha.


Part 4: Limits are placed on values calculated for industrial roundwood and fuelwood where the 
regional average factors result in extreme values for some forest types (as discussed above). Based 
on biomass component equations, total carbon in industrial roundwood with bark is limited to 66 
percent of live tree carbon density, and the sum of industrial roundwood, fuelwood, and bark is 
limited to 78 percent. Live tree carbon density at harvest is 113.1 t/ha (from Table B2).


The sum of industrial roundwood and bark is less than 66 percent of live tree carbon
(58.90 + 12.28) / 113.1 = 0.629


However, the sum of industrial roundwood, fuelwood, and bark is greater than 78 percent of 
live tree carbon
(58.90 + 12.28 + 23.11) / 113.1 = 0.834


Therefore, the seven carbon pools are reduced by the factor 0.78/0.834=0.935
Industrial roundwood softwood saw log = 2.38 × 0. 935 = 2.22 t/ha
Industrial roundwood softwood pulpwood = 4.84 × 0. 935 = 4.53 t/ha
Industrial roundwood hardwood saw log = 16.58 × 0. 935 = 15.50 t/ha
Industrial roundwood hardwood pulpwood = 35.09 × 0. 935 = 32.81 t/ha


Industrial roundwood bark emitted with energy capture = 6.87 × 0. 935 = 6.42 t/ha
Industrial roundwood bark emitted without energy capture = 5.41 × 0. 935 = 5.06 t/ha


Fuelwood with bark = 23.11 × 0. 935 = 21.61 t/ha
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These modifi ed values are used in subsequent calculations and are applied to the harvest 
scenario tables. Such modifi cations occur infrequently with the tables presented in Appendix 
C.


Part 5: The four pools of industrial roundwood carbon are each allocated to the four disposition 
categories for carbon in wood products according to Table 6. Totals are the summed products of 
industrial roundwood carbon and allocation at year 15. Carbon in fuelwood and bark are one-time 
additions to the emitted columns (in Appendix C). Thus the disposition of carbon at year 15 is 
calculated as:


Total industrial roundwood carbon in use 
= (2.22 × 0.326) + (4.53 × 0.037) + (15.50 × 0.260) + (32.81 × 0.252) = 13.19 t/ha
Total industrial roundwood carbon in landfi lls 
= (2.22 × 0.126) + (4.53 × 0.128) + (15.50 × 0.198) + (32.81 × 0.127) = 8.10 t/ha
Total industrial roundwood carbon emitted with energy recapture 
= (2.22 × 0.296) + (4.53 × 0.497) + (15.50 × 0.324) + (32.81 × 0.310) = 18.10 t/ha
Total industrial roundwood carbon emitted without energy recapture 
= (2.22 × 0.252) + (4.53 × 0.338) + (15.50 × 0.218) + (32.81 × 0.311) = 15.67 t/ha


Total carbon emitted with energy recapture is the sum of industrial roundwood, bark, and 
fuelwood
= 18.10 + 6.42 + 21.61 = 46.13 t/ha


Total carbon emitted without energy recapture is the sum of industrial roundwood and bark
= 15.67 + 5.06 = 20.73 t/ha


These are the carbon density values for the four harvested wood classifi cations at 15 years 
after harvest in Table 3 (that is, 13.2, 8.1, 46.1, and 20.7). The differences between values in 
this example and those in the table are due to rounding subtotals in this example.







 


Table D1.—Factors to convert solid wood products in customary units to carbona  


Solid wood product Unit Cubic 
feet per 


unit 


Pounds/ 
cubic 
foot 


Fraction 
of 


product 
that is 
wood 
fiber 


Factor to 
convert 
units to 


tons (2000 
lb) carbon 


Factor to 
convert 
units to 
tonnes 
carbon 


Softwood lumber/ 
laminated veneer lumber/ 
glulam lumber/ I-joists 


thousand board 
feet 59.17 33.0 1.00 0.488 0.443 


Hardwood lumber thousand board 
feet 83.33 40.5 1.00 0.844 0.765 


Softwood plywood 
thousand 


square feet, 
3/8-inch basis 


31.25 35.0 0.95 0.260 0.236 


Oriented strandboard  
thousand 


square feet, 
3/8-inch basis 


31.25 40.0 0.97 0.303 0.275 


Nonstructural panels 
(average) 


thousand 
square feet, 


3/8- inch basis 
31.25 -- -- 0.319 0.289 


  Hardwood veneer/ 
plywood 


thousand 
square feet, 


3/8- inch basis 
31.25 42.0 0.96 0.315 0.286 


  Particleboard / Medium 
density fiberboard 


thousand 
square feet, 


3/4-inch basis 
62.50 45.0 0.92 0.647 0.587 


  Hardboard 
thousand 


square feet,  
1/8-inch basis 


10.42 60.0 0.97 0.152 0.138 


  Insulation board 
thousand 


square feet, 
1/2-inch basis 


41.67 23.5 0.99 0.242 0.220 


Other industrial products thousand cubic 
feet 1.00 33.0 1.00 8.250 7.484 


-- = not applicable. 
aFactors in the last two columns are calculated by multiplying the previous three columns to provide the 
mass of product in pounds, the fraction of carbon in wood (assumed to be 0.5), and converting mass to 
tons or tonnes. 
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Table D2.—Fraction of solid wood product production used for various end uses in the United 
States, and used for export, 1998  


Product 
Lumbera Structural panelsb 


End use 
Softwood Hardwood Softwood 


plywood 
Oriented 


strandboard 


Non- 
structural 
panelsc 


New residential construction    
 Single family 0.332 0.039 0.334 0.578 0.130 
 Multifamily 0.031 0.004 0.033 0.047 0.019 
 Mobile homes 0.039 0.002 0.035 0.060 0.037 
      
Residential upkeep 
and improvement 0.253 0.039 0.243 0.164 0.112 


      
New nonresidential construction    
  All except railroads 0.079 0.028 0.090 0.071 0.053 
  Railroad ties 0.001 0.047 0.000 0.000 0.000 
  Railcar repair 0.000 0.008 0.001 0.000 0.000 
      
Manufacturing     
 Household furniture 0.023 0.235 0.046 0.002 0.138 
 Commercial furniture 0.004 0.048 0.050 0.006 0.218 
 Other products 0.035 0.095 0.083 0.021 0.094 
      
Shipping      
 Wooden containers 0.006 0.008 0.008 0.000 0.005 
 Pallets 0.037 0.349 0.025 0.001 0.001 
 Dunnage etc 0.002 0.007 0.000 0.000 0.000 
      
Other usesd 0.126 0.007 0.009 0.041 0.139 
      
Total domestic use 0.967 0.917 0.957 0.991 0.946 
      
Export 0.033 0.083 0.043 0.009 0.054 
aIncludes hardwood and softwood dimension and boards, glulam, and lumber I-joist flanges.  
bIncludes softwood plywood, OSB, structural composite lumber, and I-joist webs. 
cIncludes hardwood plywood, particleboard, medium-density fiberboard, hardboard, and insulation 
board. 
dOther uses for lumber and panels include: 1) upkeep and improvement of nonresidential structures, 2) 
roof supports and other construction in mines, 3) made-at-home projects such as furniture, boats, and 
picnic tables, 4) made-on-the-job products such as advertising and display structures, and 5) any other 
uses. 
Source: Calculated from tables in McKeever (2002). 
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Table D3.—Half-life for products by end use 


End use or product Half-life  
 years 
New residential construction  
 Single family 100 
 Multifamily 70 
 Mobile homes 12 
  
Residential upkeep and improvement 30 
  
New nonresidential construction  
  All except railroads 67 
  Railroad ties 12 
  Railcar repair 12 
  
Manufacturing  
 Household furniture 30 
 Commercial furniture 30 
 Other products 12 
  
Shipping  
 Wooden containers 6 
 Pallets 6 
 Dunnage etc 6 
  
Other uses for lumber and panels 12 
  
Solid wood exports 12 
  
Paper 2.6 


Sources: Skog and Nicholson (1998), Row and Phelps (1996), 
Klungness, J. 2005. Personal communication. Chemical 
Engineer, USDA Forest Service, Forest Products Lab, One 
Gifford Pinchot Drive, Madison, WI 53726-2398.  
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Table D4.—Fraction of discarded wood and paper placed in landfills 


Year Wood to 
landfills 


Paper to 
landfills 


 Year 
(continued)


Wood to 
landfills  


Paper to 
landfills 


1950 0.05 0.05  1977 0.49 0.38 
1951 0.06 0.05  1978 0.55 0.43 
1952 0.06 0.06  1979 0.62 0.48 
1953 0.07 0.06  1980 0.68 0.52 
1954 0.07 0.06  1981 0.69 0.53 
1955 0.08 0.06  1982 0.71 0.53 
1956 0.08 0.07  1983 0.72 0.53 
1957 0.09 0.07  1984 0.73 0.54 
1958 0.09 0.07  1985 0.74 0.54 
1959 0.10 0.07  1986 0.76 0.54 
1960 0.11 0.09  1987 0.77 0.54 
1961 0.12 0.09  1988 0.78 0.54 
1962 0.13 0.10  1989 0.79 0.54 
1963 0.13 0.10  1990 0.74 0.54 
1964 0.14 0.11  1991 0.79 0.50 
1965 0.15 0.11  1992 0.71 0.48 
1966 0.17 0.13  1993 0.70 0.48 
1967 0.19 0.15  1994 0.70 0.44 
1968 0.22 0.17  1995 0.73 0.39 
1969 0.24 0.19  1996 0.71 0.37 
1970 0.26 0.21  1997 0.69 0.38 
1971 0.29 0.23  1998 0.68 0.39 
1972 0.32 0.25  1999 0.68 0.39 
1973 0.35 0.27  2000 0.67 0.37 
1974 0.37 0.29  2001 0.67 0.35 
1975 0.40 0.32  2002 0.67 0.34 
1976 0.43 0.34     
Source: Freed, R. 2004. Personal communication. Environmental Scientist, 
ICF Consulting, 9300 Lee Highway, Fairfax, VA 22031. 
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Table D5.—Nondegradable fraction of wood 
and paper in landfills and half-life for 
degradable fraction 
Nondegradable fraction in landfillsa  
  wood   0.77 
  paper   0.44 


Half-life of degradable fraction (yr)b 14 
a Source: Freed, R. and C. Mintz. 2003 (29 Aug). 
Letter to H. Ferland (EPA), K. Skog (USDA), T. 
Wirth (EPA) and E. Scheehle (EPA). Revised 
input data for WOODCARB. On file with: Forest 
Products Laboratory, One Gifford Pinchot Drive, 
Madison, WI 53726-2398 
b Source: de Silva Alves and others (2000). 
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Table D7.—Coefficients for estimating fraction of emitted carbon 
associated with energy recapture with emission for industrial roundwood 


Roundwood 
categorya  Coefficientsb Region 


SW/HW SL/PW  a b c 
SL  0.5582 2594 0.6557 SW PW  0.6289 3062 0.5432 
SL  0.6143 6812 0.5953 Northeast 


HW PW  0.5272 3483 0.5364 
SL  0.6728 2162 0.6550 SW PW  0.6284 3494 0.5117 
SL  0.6097 5144 0.6236 North Central 


HW PW  0.5243 3399 0.5451 
Pacific Northwest, East SW All  0.5421 1144 0.7958 


SL  0.4823 823 0.8561 SW PW  0.7040 2376 0.5184 Pacific Northwest, West  
HW All  0.6147 4746 0.6306 


Pacific Southwest SW All  0.5216 1278 0.8061 
Rocky Mountain SW All  0.7072 992 0.7353 


SL  0.7149 1313 0.6051 SW PW  0.6179 3630 0.5054 
SL  0.5749 4574 0.5954 Southeast 


HW PW  0.5490 3731 0.5025 
SL  0.6136 1264 0.6634 SW PW  0.6190 3455 0.5148 
SL  0.5744 4541 0.6070 South Central 


HW PW  0.5449 3239 0.5324 
Westc HW All  0.5917 6433 0.6054 
aApplicable to industrial roundwood without bark or fuelwood, which is classified as: 
SW/HW=Softwood/Hardwood, SL/PW=Saw log/Pulpwood. 


bEstimates are calculated according to: fraction =a×exp(-((year/b)c)), based on 
proportions in Table 1.7 of Birdsey (1996). We assume that values in the Birdsey 
(1996) table are that portion of the growing-stock volume harvested and removed 
from the forest, so that the values are generally accurate when applied to roundwood 
categories.  


cWest includes hardwoods in Pacific Northwest, East; Pacific Southwest; Rocky 
Mountain, North; and Rocky Mountain, South. 
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Table D8.—Average regional factors to calculate carbon in growing-stock volume: 
softwood fraction, sawtimber-size fraction, and specific gravitya,b  


Region 


Fraction of 
growing-


stock 
volume that 
is softwoodc


Fraction of 
softwood 
growing-


stock 
volume that 


is 
sawtimber-


sized 


Fraction of 
hardwood 
growing-


stock 
volume that 


is 
sawtimber-


sized 


Specific 
gravitye of 
softwoods 


Specific 
gravitye of 
hardwoods 


Northeast 0.226 0.647 0.579 0.371 0.518 
Northern Lake States 0.292 0.556 0.407 0.360 0.473 
Northern Prairie States 0.093 0.622 0.511 0.434 0.537 
Pacific Northwest, East 0.980 0.865 0.501 0.396 0.424 
Pacific Northwest, West 0.890 0.911 0.538 0.426 0.415 
Pacific Southwest 0.829 0.925 0.308 0.399 0.510 
Rocky Mountain, North 0.983 0.734 0.442 0.394 0.389 
Rocky Mountain, South 0.865 0.742 0.337 0.369 0.353 
Southeast 0.423 0.612 0.512 0.462 0.508 
South Central 0.358 0.693 0.523 0.463 0.529 


aThese factors correspond to the values in Table 4.  
bEstimates based on survey data for the conterminous United States from USDA Forest Service, Forest 
Inventory and Analysis Program’s database of forest surveys (FIADB; USDA For. Serv. 2005) and 
include growing-stock on timberland stands classified as medium- or large-diameter stands. Fractions are 
based on volumes of growing-stock trees. 
cTo calculate fraction in hardwood, subtract fraction in softwood from 1. 
dSoftwood sawtimber are trees at least 22.9 cm (9 in) d.b.h., hardwood sawtimber is at least 27.9 cm (11 
in) d.b.h. To calculate fraction in less-than-sawtimber-size trees, subtract fraction in sawtimber from 1. 
Trees less than sawtimber-size are at least 12.7 cm (5 in) d.b.h. 
eAverage wood specific gravity is the density of wood divided by the density of water based on wood dry 
mass associated with green tree volume. 
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Table D9.—Fraction of growing-stock volume that is removed as roundwood and ratio  
of volume of logging residue to growing-stock volume by region and wood typea  


Fraction of growing-stock 
volume removed as roundwood 


 Ratio of volume of logging residue 
to growing-stock volumec Regionb 


Softwood Hardwood All Softwood Hardwood All 
Northeast 0.948 0.879 0.901  0.471 0.602 0.560 
North Central  0.931 0.831 0.848  0.384 0.441 0.431 
Pacific Coast 0.929 0.947 0.930  0.133 0.081 0.131 
Rocky Mountain 0.907 0.755 0.899  0.305 0.246 0.301 
South 0.891 0.752 0.840  0.090 0.254 0.149 
aValues and classifications are based on data in Tables 2.9, 3.9, 4.9, 5.9, and 6.9 of Johnson (2001). 
bNorth Central includes the Northern Prairie States and the Northern Lake States; Pacific Coast 
includes the Pacific Northwest (West and East) and the Pacific Southwest; Rocky Mountain includes 
Rocky Mountain, North and South; and South includes the Southeast and South Central. 


cRatios used as part of estimates of down dead wood following harvest in Appendix A and C. 
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Table D10.—Ratios of industrial roundwood (without fuelwood) to growing-stock volume 
that is removed as roundwood by categorya  


 Industrial roundwood:growing-stock volume removed as hardwoodb 
Softwood  Hardwood 


Regionc Sawtimber-
size 


Less than 
sawtimber-size All Sawtimber-


size 
Less than 


sawtimber-size All 


Northeast 0.991 3.079 1.253 0.927 2.177 1.076 
North Central  0.985 1.285 1.077 0.960 1.387 1.071 
Pacific Coast 0.965 1.099 1.005 0.721 0.324 0.606 
Rocky Mountain 0.994 2.413 1.089 0.832 1.336 0.862 
South 0.990 1.246 1.047 0.832 1.191 0.933 
aValues and classifications are based on data in Tables 2.2, 3.2, 4.2, 5.2, and 6.2 of Johnson (2001). 
bRatios are to calculate industrial roundwood (that is, without fuelwood) and are based on volumes. The 
denominators are portions of growing-stock volume removed as roundwood according to wood type and 
size. Numerators for “less than sawtimber-size” include poletimber and nongrowing-stock sources. We 
assume the ratios do not include bark and use these values as a step in determining the allocation of carbon 
for Table 5 and Appendix C, based on growing stock. 


cNorth Central includes the Northern Prairie States and the Northern Lake States; Pacific Coast includes the 
Pacific Northwest (West and East) and the Pacific Southwest; Rocky Mountain includes Rocky Mountain, 
North and South; and South includes the Southeast and South Central. 
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Table D11.—Regional average ratios of carbon in bark to carbon in wood according to 
wood type and size 


 Ratio of carbon in bark to carbon in wooda 
Softwoodc  Hardwoodd 


Regionb Sawtimber-
sizee 


Poletimber-
sizee All Sawtimber-


size 
Poletimber-


size All 


Northeast 0.182 0.185 0.183 0.199 0.218 0.205 
North Central  0.182 0.185 0.183 0.199 0.218 0.206 
Pacific Coast 0.181 0.185 0.181 0.197 0.219 0.203 
Rocky Mountain 0.181 0.185 0.182 0.201 0.219 0.210 
South 0.182 0.185 0.183 0.198 0.218 0.204 


aRatios are calculated from carbon mass based on biomass component equations in Jenkins and others 
(2003) applied to all live trees identified as growing stock on timberland stands classified as medium- or 
large-diameter stands in the survey data for the conterminous United States from USDA Forest Service, 
Forest Inventory and Analysis Program’s database of forest surveys (FIADB; USDA For. Serv. 2005, 
Alerich and others 2005). Note that “sawtimber trees” and “poletimber trees” are not stand-level 
classifications as used here; these terms apply to individual trees. Carbon mass is calculated for boles 
from stump to 4-inch top, outside diameter. 


bNorth Central includes the Northern Prairie States and the Northern Lake States; Pacific Coast includes 
the Pacific Northwest (West and East) and the Pacific Southwest; Rocky Mountain includes Rocky 
Mountain, North and South; and South includes the Southeast and South Central. 


cSoftwood sawtimber-size are trees at least 22.9 cm (9 in) d.b.h., and softwood poletimber-size trees are 
12.7 to 22.6 cm (5.0 to 8.9 in) d.b.h. 


dHardwood sawtimber-size is at least 27.9 cm (11 in) d.b.h., and hardwood poletimber-size trees are 12.7 
to 27.7 cm (5.0 to 10.9 in) d.b.h. 


eWhen applying these ratios to roundwood, we assume that ratios based on sawtimber-size trees and ratios 
based on poletimber-size trees in the forest apply to saw log roundwood and pulpwood roundwood, 
respectively.
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Table D12.—Ratios of total fuelwood (both growing-stock and nongrowing-stock sources) 
to corresponding portion of growing-stock volume that is removed as roundwooda 
 Fuelwood:growing-stock volume removed as hardwoodb 


 Softwood    Hardwood  


Regionc 
Sawtimber-


size 


Less than 
sawtimber-


size All  
Sawtimber-


size 


Less than 
sawtimber-


size All 
Northeast 0.009 1.017 0.136  0.073 4.051 0.547 
North Central  0.015 0.180 0.066  0.040 1.230 0.348 
Pacific Coast 0.035 0.242 0.096  0.279 2.627 0.957 
Rocky Mountain 0.006 3.145 0.217  0.168 50.200 3.165 
South 0.010 0.049 0.019  0.168 0.644 0.301 
aValues and classifications are based on data in Tables 2.2, 3.2, 4.2, 5.2, and 6.2 of Johnson (2001). 
bRatios are to calculate fuelwood and are based on volumes. The denominators are portions of growing-
stock volume removed as roundwood according to size. Numerators for “less than sawtimber-size” 
include poletimber and nongrowing-stock sources. We assume the ratios do not include bark and use these 
values as a step in determining the allocation of carbon for Table 5 and Appendix C, based on growing 
stock. 


cNorth Central includes the Northern Prairie States and the Northern Lake States; Pacific Coast includes 
the Pacific Northwest (West and East) and the Pacific Southwest; Rocky Mountain includes Rocky 
Mountain, North and South; and South includes the Southeast and South Central. 
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United States Tree Species
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ABSTRACT.  Estimates of national-scale forest carbon (C) stocks and fluxes are typically
based on allometric regression equations developed using dimensional analysis techniques.
However, the literature is inconsistent and incomplete with respect to large-scale forest C
estimation. We compiled all available diameter-based allometric regression equations for
estimating total aboveground and component biomass, defined in dry weight terms, for trees
in the United States. We then implemented a modified meta-analysis based on the published
equations to develop a set of consistent, national-scale aboveground biomass regression
equations for U.S. species. Equations for predicting biomass of tree components were
developed as proportions of total aboveground biomass for hardwood and softwood groups.
A comparison with recent equations used to develop large-scale biomass estimates from U.S.
forest inventory data for eastern U.S. species suggests general agreement (±30%) between
biomass estimates. The comparison also shows that differences in equation forms and species
groupings may cause differences at small scales depending on tree size and forest species
composition. This analysis represents the first major effort to compile and analyze all available
biomass literature in a consistent national-scale framework. The equations developed here are
used to compute the biomass estimates used by the model FORCARB to develop the U.S. C
budget. FOR. SCI. 49(1):12–35.
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R ESEARCHERS IN VARIOUS COUNTRIES have developed
national-scale forest carbon (C) budgets to increase
understanding of forest-atmosphere C exchange at


large scales and to support policy analysis regarding green-
house gas reductions (Birdsey and Heath 1995, Turner et al.
1995, Kauppi et al. 1997, Nabuurs et al. 1997, Kurz and Apps
1999, Nilsson et al. 2000). These C budgets have been based
primarily on regional forest inventory data, which provide a
good representation of forest conditions and trends when the
data are based on extensive networks of sample plots that are
remeasured periodically. In the United States, the USDA


Forest Service’s Forest Inventory and Analysis (FIA) sam-
pling design includes a network of plots chosen to represent
conditions across the landscape. In the past, the plots were
periodically measured; however, an annualized design was
recently adopted. In either design, plot-level information is
computed directly from individual tree characteristics, such
as diameter at breast height (dbh) and species, which are
measured during the inventory. Plot statistics may then be
aggregated to provide information about forest populations
of interest, provided those populations are adequately sampled
by the inventory.
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Biomass Estimation


In this article, we define biomass in dry weight terms.
“Aboveground tree biomass,” for example, refers to the
weight of that portion of the tree found above the ground
surface, when oven-dried until a constant weight is reached.
Plot-level biomass estimates are typically expressed on a
per-unit-area basis (for example, Mg ha–1 or kg m–2), and
are made by summing the biomass values for the indi-
vidual trees on a plot, then standardizing for the land area
covered by that plot.


“Dimensional analysis,” as described by Whittaker and
Woodwell (1968), is the method most often used by
foresters and ecologists to predict individual tree biomass.
This method relies on the consistency of an allometric
relationship between plant dimensions (usually dbh and/
or height) and biomass for a given species, group of
species, or growth form. In the biological sciences, the
study of size-correlated variations in organic form and
process is traditionally called “allometry” (Greek allos,
“other” and metron, “measure”) (Niklas 1994). Using the
dimensional analysis approach, a researcher samples many
stems spanning the diameter and/or height range of inter-
est, then uses a regression model to estimate the relation-
ship between one or more tree dimensions (as independent
variables) and tree component weights (as dependent vari-
ables). “Tree components,” as defined here, refer to the
different portions of a tree such as foliage, merchantable
stem, roots, or branches.


Most published biomass equations were developed us-
ing trees sampled from isolated study sites or from very
small regions. As a result, it is difficult to use existing
biomass equations with forest inventory datasets at large
spatial scales because the literature is site-specific, often
disorganized, and sometimes inconsistent. Existing com-
pilations of equations (Tritton and Hornbeck 1982, Ter-
Mikaelian and Korzukhin 1997), for example, are incom-
plete or ignore differences in tree component definitions.
Furthermore, unless an equation was developed exclu-
sively for the species and study region of interest, and in
conditions typical of the study site, it is impossible to
know which of several potentially applicable equations to
choose for a particular species and site.


For biomass estimation at large scales, one would use a set
of biomass equations that applies equally well to every stem
across the region of interest. These equations would be
“generalizable,” in that they would be applicable, for the
purposes of broad-scale biomass estimation, to trees growing
anywhere in the region. They would also be consistent in
terms of component definitions, equation forms, and input
data requirements. Because these consistent and generaliz-
able equations have not been available for biomass estima-
tion in the United States to date, regional FIA program units
have applied published equations to each region on a species-
specific basis, using equations that appear to be most appro-
priate for that geographic area [e.g., Wharton et al. (1997),
Wharton and Griffith (1998)]. This method can be cumber-
some and difficult to comprehend. In addition, because the
approach has been implemented independently in different


regions of the United States, it has resulted in some inconsis-
tency in methodology and probable inconsistency in results
(Birdsey and Schreuder 1992).


Objective


In this analysis, we sought to develop consistent and
generalizable biomass regression equations for use in large-
scale inventory-based forest C budgets. Forest C budgets
include C in several ecosystem components: live biomass,
detritus, and soil. Of these, C in live biomass is most directly
tied to inventory measurements and is most affected by
human activities and natural disturbances. The equations
presented here should provide a consistent basis for evaluat-
ing forest biomass across regional boundaries, thereby help-
ing to reduce uncertainty in analysis of forest-atmosphere C
exchange.


The equations developed for this study are also used by the
USDA Forest Service to develop the U.S. C budget using the
model FORCARB (Heath and Birdsey 1993, Plantinga and
Birdsey 1993, Birdsey and Heath 1995, Heath et al. 1996).
For use with FORCARB, biomass estimates developed from
diameter for individual trees are incorporated into forest-
type-specific volume: biomass ratios using FIA data—which
are then used to estimate forest biomass based on volume
projections. The biomass estimates for individual trees are
thus the foundation for the volume-based biomass projec-
tions in the model.


Sources of Uncertainty in Large-Scale
Biomass Estimation


Ideally, to develop consistent national-scale biomass equa-
tions, one would sample hundreds, if not thousands, of trees
of different sizes from a representative sample of species,
regions, and sites across the nation. This would ensure an
unbiased sample of trees, but it would be very expensive and
time-consuming. Alternatively, one could attempt to collect
sample data for reanalysis from all available sources of tree
mensurational data in as many species and regions as pos-
sible. This approach is also prohibitively difficult: most
scientists have not published the raw data from which their
biomass equations were developed, and even if the raw data
were available, many scientists do not keep adequate metadata
from studies completed decades before. Even if this approach
were adopted, however, it would still be impossible to be
certain that the accumulated biomass data from mensurational
studies represent all conditions across the United States in
proportion to occurrence. Instead, to accomplish our goal of
consistent and generalizable biomass equations for U.S. tree
species, we undertook a comprehensive analysis and synthe-
sis of the existing dimensional analysis literature.


Though applying equations developed via dimensional
analysis is the only reasonable method to estimate tree
biomass without destructive sampling, some potential errors
are inherent in estimating forest biomass at large scales using
published biomass equations (Wharton and Cunia 1986).
These include: (1) application of coefficients developed for
one species (or group of species) to another species (or group
of species); (2) sample trees and wood density samples not
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representative of the target population because of factors
such as size range of sample trees and stand conditions; (3)
statistical error associated with estimated coefficients and
form of selected equation; (4) inconsistent standards, defini-
tions, and methodology; (5) use of indirect estimation meth-
ods that compound errors; and (6) measurement and data
processing errors. It may be nearly impossible to quantify all
of these errors in a practical application (Phillips et al. 2000).
Indeed, inconsistencies in methods, analyses, and reporting
among the numerous published biomass studies were sub-
stantial obstacles in this analysis.


Despite these inconsistencies, or perhaps because of them,
the need is clear for a consistent method for forest biomass
estimation for application in large-scale studies. To accom-
plish this goal with our synthesis of the existing literature, we
incorporated data from published studies into new biomass
estimation equations. Variations on this technique have been
applied successfully in the past by other researchers wishing
to combine measured or modeled data points into new, more
general, equations (Schmitt and Grigal 1981, Pastor et al.
1984, Schroeder et al. 1997).


Methods


Overview
The formal statistical method for compiling information


from many studies is meta-analysis (Hedges and Olkin 1985).
This method was devised to summarize studies on the same
topic by different investigators, generally to obtain a com-
bined significance level for an overall mean among studies.
Simply stated, meta-analysis is: (1) identification of a prob-
lem; (2) retrieval of relevant studies; (3) extraction of appro-
priate data; and (4) formulation of a statistical model for
combining data (Iyengar 1991).


Unfortunately, an accepted statistical model for combin-
ing diverse regression equations has not yet been developed.
For example, a recent paper by Peña (1997) describes an
approach for combining regression estimates from indepen-
dent samples, but formal meta-analytic approaches like this
one do not apply to the current situation because: (1) formal
meta-analysis requires an estimate of regression errors, which
are rarely published in an appropriate format for existing
biomass equations; (2) all equations used in such a meta-
analysis must have identical forms and identical variable
transformations; and (3) there is no clear method for combin-
ing estimates from three or more regression equations. Appli-
cation of formal meta-analytic techniques for combining
regression coefficients would not work in our study, with its
goal of developing generalizable biomass equations based on
all available published literature. Application of published
formal meta-analytic techniques would have limited the
number of available equations (by requiring identical model
forms and variable transformations, as well as specific infor-
mation on regression errors) to the point where the resulting
biomass equations would have been internally consistent, but
not at all generalizable.


Therefore, we chose for our analysis a modified version of
a type of meta-analysis used by Pastor et al. (1984). Pastor
followed the first three steps in Iyengar’s definition of meta-


analysis, but refitting of regression predictions was used in
place of a formal statistical model for combining the regres-
sion results. Because development of new statistical methods
is beyond the scope of this study, we based our approach on
Pastor’s “modified meta-analysis” to develop new diameter-
based regression equations from predictions by equations in
the literature.


We grouped species across taxonomic and geographic
bounds. We did this because all species were not represented
by published biomass equations, and because equations were
not always available throughout the entire range for a species.
For each species group, we sought a pool of regression
equations that adequately captured trends in the diameter-to-
biomass relationship. Using systematic graphing of pub-
lished species-specific equations for total aboveground bio-
mass, we found that within-species variation (i.e., variation
among biomass regressions published by different authors
for the same species) often exceeded variation between
different species. Regional differences might account for this
phenomenon, but we found no apparent regional pattern in
the published data. Most likely, noise in biomass measure-
ments due to differences in methodology, together with some
site-level variability in biomass values and the relatively
small sample size, are the main contributors to this within-
species variability.


Theoretical literature on plant allometry (West et al. 1997,
Enquist et al. 2000) groups the diameter-to-total aboveground
biomass correlation in a family of allometric scaling relation-
ships that view plants as fractal-like networks, which can be
described by the same model regardless of species or size.
Whether a single allometric equation can adequately describe
all tree species needs to be rigorously tested, but the apparent
similarity in the diameter-to-total aboveground biomass rela-
tionship across species in our data encourages such investi-
gation.  For this study, species were grouped into six soft-
wood and four hardwood categories based on a combination
of taxonomic relationships, wood specific gravity, and diam-
eter-to-aboveground biomass relationships. The woodland
“softwood” group includes some hardwood mesquite, aca-
cia, and oak species; these woodland species are all from
dryland forests and are measured for diameter at ground line
(see below for procedure used to transform diameters from
ground line to breast height). In addition to the ten species-
group equations for predicting total aboveground biomass,
we also developed equations to predict the relative biomass
of tree components for hardwood and softwood types.


Literature Search
The first step in this analysis was to compile all available


published biomass equations for U.S. tree species from the
literature. Because many tree species common in the United
States have also been studied intensively by Canadian re-
searchers, we included all applicable information from stud-
ies conducted in Canada. In some cases, we also included
biomass information for U.S. genera growing on other con-
tinents.


While many researchers have reported that dbh is ad-
equate for local or regional biomass estimation, others have
suggested that both dbh and height must be included for
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larger scale application (Honer 1971, Crow 1978). We ex-
cluded biomass equations that required tree height as an
independent variable because tree height is more difficult to
measure accurately in closed-canopy stands than dbh and
because we wished to make our equations as accessible to all
researchers as possible. Furthermore, currently the publicly
accessible version of the USDA Forest Service FIA Data
Base includes height data only for western states (Hansen et
al. 1992, Woudenberg and Farrenkopf 1995), and even for
those states the height data are a mixture of true measure-
ments and values estimated ocularly or predicted from dbh.
Given that the FIA Data Base is the major source of large-
scale forest inventory data for the United States, it is most
appropriate to use dbh only as the basis for equations meant
to develop large-scale biomass and C estimates for the entire
country. Finally, there is evidence that including height as an
additional dependent variable adds only a marginal amount
to the predictive capacity of a diameter-based regression
(Madgwick and Satoo 1975, Wiant et al. 1979).


Because site level measurements other than dbh may be
defined differently from site to site and from study to study,
we also excluded from our compilation any equation that
required additional site-level variables (such as site index or
soil texture). In this first phase of the analysis, we compiled
2,456 equations for 64 eastern U.S. species and 40 western
U.S. species. An additional 170 equations for western species
were obtained from the “BIOPAK” compilation of Means et
al. (1994). All of these equations use diameter as the single
independent variable, with biomass (of any tree component
or combination, for example “total aboveground biomass,”
“stem,” “foliage,” or another as defined by the author) as the
single dependent variable. The full compilation of diameter-
based equations from the literature, together with metadata
describing methods used by the original authors, geographic
origin, component definitions, and other information rel-
evant for potential users of the equations, will be published by
these authors as a USDA Forest Service General Technical
Report. For this analysis, we assembled 318 total biomass
equations (Tables 1, 2, and 3), and selected 389 component
equations (Table 7) for over 100 species from 104 sources.
The remaining equations were excluded primarily because
component definitions did not correspond with the compo-
nents identified as critical for this analysis, as described
below.


Identifying Equations for Inclusion
To standardize component definitions for our consistent


national-scale equations, and to provide the most flexible set
of components for researchers wishing to estimate the biom-
ass of portions of the tree, we developed estimation methods
for the following five tree components: total aboveground
(above the root collar), foliage, merchantable stem wood
[from 12 in. (30.48 cm) stump height to 4 in. (10.16 cm) top
diameter outside bark (dob)], merchantable stem bark, and
coarse roots. We did not develop separate branch biomass
equations because this component can be obtained by sub-
traction. Equations that were not consistent (with some
transformations as described below) with these component
definitions were excluded from the analysis.


When an author presented equations based on indepen-
dent tree samples from different sites, we included all of
the published equations in this analysis. However, if the
same author also presented one equation based on “pooled”
data from all sites sampled, we used the pooled equation
only. Where a researcher presented a group of equations
for different components that added together to total
aboveground biomass, we used the additive equations for
this analysis. However, if the same author also presented
one equation for total aboveground biomass, we used that
equation only.


If merchantable stem biomass was presented along with
a description of limiting top diameter close to 4 in. (8 to 12
cm), then we used that equation directly in this analysis,
with modifications to account for stump height as neces-
sary (see section on stump calculations). No modifications
were made for top diameter: if an author did not report the
limiting top diameter for a stem biomass equation, that
equation was excluded from this analysis. For some wood-
land species, the only equations available were based on
diameter at the root collar (drc), rather than dbh. For these
species, dbh was predicted from drc using algorithms as
published in Chojnacky and Rogers (1999), and biomass
was related to dbh as for all other species.


Stump Calculations
Many authors describe their equations as representing


aboveground totals, when in fact the sampled trees were
felled leaving a stump some height above ground level.
Stump biomass can be an important source of error, espe-
cially if each measured tree represents tens or hundreds of
trees per unit area. For example, in an analysis of forest
biomass and productivity based on the USDA Forest
Inventory and Analysis data for the mid-Atlantic region of
the United States, stumps 6 in. (15.24 cm) tall comprised
approximately 2.5% of aboveground biomass (Jenkins et
al. 2001). To develop equations representing total
aboveground biomass for this analysis, we added stump
biomass to the aboveground totals presented by individual
authors where appropriate. To develop merchantable stem
equations for this analysis, it was more common to sub-
tract the biomass of that portion of the stump between
stump height and 12 in. (30.48 cm).


If the original authors reported stump height, it was
used in the analysis. If no stump height was given, we
assumed that the stump was 6 in. (15.24 cm) tall. Stump
height was assumed to be zero if any one of the following
were true: (1) the methods of Whittaker and Woodwell
(1968) or Whittaker and Marks (1975) were used for
sampling (these authors were very explicit about felling
the trees at groundline); (2) the authors state that trees
were “felled at groundline”; (3) the stump is described as
“as short as possible”; (4) the same authors also report an
equation for root biomass only (as opposed to stump plus
root biomass); or (5) the authors discuss that they esti-
mated (using their own method) that portion of the stump
not included when the trees were felled.


To find stump biomass, tree diameters inside and outside
bark were estimated from dbh at a height corresponding to the
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midpoint of the stump portion to be analyzed, using species-
specific equations as described by Raile (1982). From these
diameters, we computed total stump volume (outside bark)
and stump wood volume (inside bark) assuming the stump
was cylindrical. Stump bark volume was found by difference.
Stump wood and bark volume were multiplied by specific
gravity values appropriate for each species and component,
and added together to find total stump biomass.


Aboveground Biomass
“Pseudodata” from published equations.—The first


step in the Pastor et al. (1984) method was generation of
“pseudodata” from published equations. Biomass values
were calculated for each of five diameters equally spaced
within the diameter range of the trees used to develop each
published equation. The diameter and biomass values
were log-transformed to linearize the dbh/biomass rela-


Table 1.  Hardwood species groups for the diameter-based aboveground biomass equations.


Species group
No. of


eqs. Genus Species
Wood-specific


gravity* Literature reference †


Aspen/alder/ 36 Alnus rubra 0.37 7,8,44,55
cottonwood/ sinuata 7
willow spp. 0.37 71,83,101


Populus balsamifera 0.31 90
deltoides 0.37 2,3,19,59
grandidentata 0.36 32,54,100
spp. 0.37 45,65,101
tremuloides 0.35 16,32,47,51,58,61,72,74,76,78,83,85,90,96


Salix spp. 0.36 83,101
Soft maple/ 47 Acer macrophyllum 0.44 33
birch pensylvanicum 0.44 101


rubrum 0.49 12,22,23,25,26,32,45,51,53,61,63,65,77,81,83,100,101
spicatum 0.44 14,60,79,101


Betula alleghaniensis 0.55 32,65,67,81,83,89,101
lenta 0.60 15,45,63
papyrifera 0.48 6,25,45,48,51,61,81,83,101
populifolia 0.45 32,45,51,83,101


Mixed 40 Aesculus octandra 0.33 15
hardwood Castanopsis chrysophylla 0.42 33


Cornus florida 0.64 10,63,77
Fraxinus americana 0.55 65,100,101


nigra 0.45 71,81,101
pennsylvanica 0.53 22


Liquidambar styraciflua 0.46 22,23,77
Liriodendron tulipifera 0.40 15,22,23,63,77,100
Nyssa aquatica 0.46 22


sylvatica 0.46 22,77,100
Oxydendrum arboreum 0.50 63,77
Platanus occidentalis 0.46 23
Prunus pensylvanica 0.36 15,61,83,101


serotina 0.47 100
virginiana 0.36 83,101


Sassafras albidum 0.42 100
Tilia americana 0.32 45,101


heterophylla 0.32 15
Ulmus americana 0.46 81


spp. 0.50 23
Hard maple/ 49 Acer saccharum 0.56 15,20,25,32,45,65,67,72,83,89,100,101
oak/hickory Carya spp. 0.62 22,23,63,77
beech Fagus grandifolia 0.56 15,45,65,83,89,101


Quercus alba 0.60 22,23,63,77,81,98
coccinea 0.60 23,63,98
ellipsoidalis 0.56 81
falcata 0.52 23,77
laurifolia 0.56 22
nigra 0.56 22
prinus 0.57 23,63,77
rubra 0.56 15,20,36,45,53,63,65,101
stellata 0.60 23,77
velutina 0.56 100


* US Forest Products Laboratory. 1974. Wood handbook:  Wood as an engineering material.  USDA Agric. Handb. 72, rev.
† Reference numbers are matched to authors in Table 2.  Reference number 32 for Freedman’s combined species equation is also included in


each species group.
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Table 2.  Key to reference numbers in Tables 1 and 3.


Ref. no. Author reference Ref. no. Author reference
1 Acker and Easter (1994) 52 Ker and van Raalte (1981)
2 Anurag et al. (1989) 53 Kinerson and Bartholomew (1977)
3 Bajrang et al. (1996) 54 Koerper and Richardson (1980)
4 Barclay et al. (1986) 55 Koerper (1994)
5 Barney et al. (1978) 56 Krumlik (1974)
6 Baskerville (1965) 57 Landis (1975)
7 Binkley (1983) 58 Lieffers and Campbell (1984)
8 Binkley and Graham (1981) 59 Lodhiyal et al. (1995)
9 Bockheim and Lee (1984) 60 Lovenstein and Berliner (1993)
10 Boerner and Kost (1986) 61 MacLean and Wein (1976)
11 Bormann (1990) 62 Marshall and Wang (1995)
12 Briggs et al. (1989) 63 Martin et al. (1998)
13 Brown (1978) 64 Miller et al. (1981)
14 Bunyavejchewin and Kiratiprayoon (1989) 65 Monteith (1979)
15 Busing et al. (1993) 66 Moore and Verspoor (1973)
16 Campbell et al. (1985) 67 Morrison (1990)
17 Carlyle and Malcolm (1986) 68 Naidu et al. (1998)
18 Carpenter (1983) 69 Nelson and Switzer (1975)
19 Carter and White (1971) 70 Ouellet (1983)
20 Chapman and Gower (1991) 71 Parker and Schneider (1975)
21 Chojnacky (1984) 72 Pastor and Bockheim (1981)
22 Clark et al. (1985) 73 Pearson et al. (1984)
23 Clark et al. (1986) 74 Perala and Alban (1982)
24 Clary and Tiedemann (1987) 75 Perala and Alban (1994)
25 Crow (1976) 76 Peterson et al. (1970)
26 Crow (1983) 77 Phillips (1981)
27 Darling (1967) 78 Pollard (1972)
28 Dudley and Fownes (1992) 79 Rajeev (1998)
29 Felker et al. (1982) 80 Ralston (1973)
30 Feller (1992) 81 Reiners (1972)
31 Freedman (1984) 82 Rencz and Auclair (1980)
32 Freedman et al. (1982) 83 Ribe (1973)
33 Gholz et al. (1979) 84 Ross and Walstad (1986)
34 Gower et al. (1987) 85 Ruark and Bockheim (1988)
35 Gower et al. (1992) 86 Sachs (1984)
36 Gower et al. (1993) 87 Schnell (1976)
37 Green and Grigal (1978) 88 Schubert et al. (1988)
38 Grier et al. (1984) 89 Siccama et al. (1994)
39 Grier et al. (1992) 90 Singh (1984)
40 Grigal and Kernik (1984) 91 St. Clair (1993)
41 Harding and Grigal (1985) 92 Swank and Schreuder (1974)
42 Harmon (1994) 93 Teller (1988)
43 Hegyi (1972) 94 Van Lear et al. (1984)
44 Helgerson et al. (1988) 95 Vertanen et al. (1993)
45 Hocker and Earley (1978) 96 Wang et al. (1995)
46 Honer (1971) 97 Westman (1987)
47 Johnston and Bartos (1977) 98 Whittaker and Woodwell (1968)
48 Jokela et al. (1981) 99 Whittaker and Niering (1975)
49 Jokela et al. (1986) 100 Williams and McClenahen (1984)
50 Ker (1980a) 101 Young et al. (1980)
51 Ker (1980b)


tionship, so that it could be fitted with simple linear
regression rather than a more complicated nonlinear model.
Finally, a new linear equation was fitted from the
pseudodata. In this way, the new regression was a synthe-
sis of the original published regressions.


We modified this approach slightly. In our analysis, if the
range between the minimum and maximum diameters of the
original equations was wider than 25 cm, the diameter range
was divided by 5 to obtain (to the nearest integer) the number
of diameter values included for that equation, spaced at 5 cm
intervals. If the upper diameter limit for a given equation was


larger than 100 cm, we spaced the diameter values larger than
100 cm at 10 cm intervals to moderate the influence of the
these few large-tree equations. The median number of
pseudodata points per equation was 8, but 10% of the
equations spanned diameter ranges that exceeded 100 cm;
these large-tree equations were all developed for softwood
species and represented between 20 and 50 pseudodata
predictions each.


Generalized regression for total aboveground biom-
ass.—The pseudodata developed from the published equa-
tions were used to predict the relationships between tree dbh
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Table 3.  Softwood and woodland species groups for the diameter-based aboveground biomass equations.


Species group No. of eqs Genus Species Wood-specific gravity Literature reference*
Cedar/larch 21 Calocedrus decurrens 0.37 42


Chamaecyparis nootkatensis 0.42 42,56
Chamaecyparis/ Thuja spp. 33
Juniperus virginiana 0.44 87
Larix laricina 0.49 18,51,90,101


occidentalis 0.48 13,34
spp. 0.44 36


Sequoiadendron giganteum 0.34 42
Thuja occidentalis 0.29 50,75,81,101


plicata 0.31 1,13,30,42
Douglas-fir 11 Pseudotsuga menziesii 0.45 4,13,30,33,34,35,38,42,44,62,91
True fir/ 32 Abies amabilis 0.40 33,42,56
hemlock balsamea 0.34 6,32,46,51,61,101


concolor 0.37 42,97
grandis 0.35 13
lasiocarpa 0.31 13,42
magnifica 0.36 42,97
procera 0.37 33,42
spp. 0.34 33


Tsuga canadensis 0.38 15,45,65,101
heterophylla 0.42 1,13,33,42,56,86
mertensiana 0.42 33,42,56


Pine 43 Pinus albicaulis 0.37 13
banksiana 0.40 37,43,51,61,90
contorta 0.38 13,17,33,34,42,73,84
discolor 0.50 99
edulis 0.50 27,39
jeffreyi 0.37 42
lambertiana 0.34 33,42
monophylla 0.50 64
monticola 0.35 13
ponderosa 0.38 13,33,36,42,84
resinosa 0.41 9,36,51,101
rigida 0.47 98
strobus 0.34 36,45,53,61,65,92,101
taeda 0.47 68,69,80,94


Spruce 28 Picea abies 0.38 36,49,93
engelmannii 0.33 13,42,57
glauca 0.37 6,32,41,51,52,90
mariana 0.38 5,32,40,51,66,70,82,90
rubens 0.38 32,61,89
sitchensis 0.37 11,42
spp. 0.38 65,101


Woodland 11 Acacia spp. 0.60 28,60,88
Cercocarpus ledifolius 0.81 21
Juniperus monosperma 0.45 39


osteosperma 0.44 27,64
Prosopis spp. 0.58 29,95
Quercus gambelii 0.64 24


hypoleucoides 0.70 99
* Reference numbers are matched to authors in Table 2.


(as the independent variable) and aboveground biomass for
each species group. The logarithmic model form, common in
biomass studies, was used:


bm Exp dbh= +( ln )β β0 1 (1)


where


bm


dbh


dbh


=


=
=
=


total aboveground biomass (kg dry weight)


  for trees 2.5 cm  and larger


diameter at breast height (cm) 


Exp exponential function


ln log base e (2.718282)


Species groups.—Species were assigned to 10 groups (Tables
1 and 3) for developing the generalized total aboveground
biomass regressions. Specific factors considered in assigning
groups were (in approximate order of importance): (1) phyloge-
netic relationships; (2) similarity of pseudodata; (3) adequate
numbers of equations per species group; (4) ease of applying the
equations for species not represented in the published literature;
(5) adequate diameter range of pseudodata; and (6) similarity of
wood specific gravity. Though we recognize that wood specific
gravity is an important determinant of tree biomass, we chose not
to emphasize this parameter as a primary means of assigning
species to groups because specific gravity was rarely reported
with the published equations, and when reported it often varied
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among different portions of an individual tree. Instead, we
grouped species primarily according to similarities in tree mor-
phology, which are reflected in taxonomic affiliations. Where
very few equations existed for species in a particular taxonomic
group, pseudodata were examined and species were assigned to
groups with similar dbh/biomass relationships.


Large trees.—In addition to ensuring that the species
group equations were developed from adequate numbers of
pseudodata, came from populations with reasonably similar
dbh/biomass relationships and were appropriate for use with
species not represented by a biomass equation, we ensured
that each of the equations will be applicable for the entire dbh
range of stems growing in the United States. Inclusion of
large-tree equations for each group was especially critical
because logistic regression equations may not extrapolate
well beyond the range of data. Based on the full set of
Eastwide and Westwide FIA data (Hansen et al. 1992,
Woudenberg et al. 1995), the largest softwood and hardwood
trees measured in the most recent inventory sample in the
United States were 250 and 230 cm, respectively. Ample
softwood pseudodata included trees as large as 250 cm dbh,
such that we were able to include one equation with a dbh
limit close to 250 cm in each of the softwood species groups.


However, published hardwood equations have upper dbh
limits ranging only from 56 to 73 cm. To ensure that our
generalized hardwood equations would be applicable at di-
ameters substantially larger than this, the generalized hard-
wood equation published by Freedman (1984) was used to
predict biomass values for diameters between 100 and 230
cm for each hardwood species group. This equation’s stated
upper limit is 31.3 cm, so we were concerned that it might bias
biomass estimates at large dbh values. We plotted the gener-
alized Freedman (1984) hardwood equation together with the
pseudodata from the softwood equations based on measured
data to 250 cm that were used to develop the generalized
regressions in this analysis. The Freedman (1984) equation
matched the large-tree softwood equations closely at all
values of dbh, suggesting that this equation does not contrib-
ute to substantial bias at large dbh values.


While this solution is clearly not ideal, we re-emphasize
that there are no published hardwood regression equations
available for use in this analysis that were developed using
hardwood trees as large as the largest trees in the inventory
sample. Furthermore, we assert that: (1) it is important for our
equations to be applicable at the large dbh values observed in
nature; (2) equations developed without this correction were
quite clearly biased upward at large diameters; (3) available
mensurational datasets (e.g., Baker 1971, Sollins and Ander-
son 1971, Crow 1976, Briggs et al. 1989) do not include trees
at diameters approaching 230 cm; and (4) the only other
approach to estimate biomass for hardwood trees with very
large diameters would have been to use pseudodata from
equations developed for softwoods.


Correction factors.—Logarithmic regressions are reported
to result in a slight downward bias when data are back-trans-
formed to arithmetic units (Baskerville 1972, Beauchamp and
Olson 1973, Sprugel 1983). To remedy this problem, it has been
proposed that the back-transformed results (from natural loga-


rithmic units) be multiplied by a correction factor (CF), defined
as exp(MSE/2) (Sprugel 1983), where MSE refers to the mean
squared error of a line fit by least-squares regression. Because
MSE varies inversely with sample size, however, the CF also
varies with sample size. This does not necessarily result in more
accurate estimates, and the correction itself might be biased for
small sample sizes (Flewelling and Pienaar 1981). To avoid the
bias potentially introduced by using such CFs, we uncorrected
any equation coefficients that were presented by the original
authors as having been corrected, and we did not use CFs when
they were presented separately. In addition, though our regres-
sions are presented in logarithmic form, we do not include CFs
for the reader to use after back-transformation. The root mean
squared error (RMSE) for each regression is included in Table
4, however, for the reader who wishes to calculate CF values.


Goodness-of-fit.—Because our generalized regressions were
refit from published equations without using a technique that
included a measure of the variability of the equations, it was
difficult to calculate confidence intervals or other standard
regression statistics to assess prediction error. However, we
examined regression residuals in terms of percentage of pre-
dicted value. The residuals (pseudodata minus predicted value)
from the generalized regressions were first expressed in terms of
“percent of the predicted value,” and these percentage values
were ranked. Table 5 lists the 10th and 90th percentiles of the
residual distribution (expressed as percent of predicted value)
for each species group, which is an upper and lower bound for
80% of the pseudodata. These results indicated that 80% of the
pseudodata fell within about 20 to 35% of our generalized
regression equations.


Comparison with other datasets.—As stated above, there
is no available, representative, and complete set of tree
mensurational data against which to compare our generalized
biomass equations at the national scale. As a test of our equa-
tions, then, we compared our equations against other equations
that were developed to be reasonably generalizable, and which
have also been used to develop large-scale biomass estimates.
While this comparison cannot determine unequivocally whether
any of these equations truly represent the conditions observed in
nature, it can point out areas of disagreement and suggest topics
for further study.


We predicted biomass for dbh values between 5 and 80 cm
using our equations and equations for northeastern species,
which have also been applied to the USDA Forest Service
FIA dataset for large-scale biomass estimation, published by
Schroeder et al. (1997) and Brown et al. (1999). For this
comparison, our four hardwood species group equations
were compared with the general hardwood equation pub-
lished by Schroeder et al. (1997); our spruce and true fir/
hemlock equations were compared with the spruce/fir equa-
tion published by Brown and Schroeder (1999); and our pine
equation was compared directly with the equation for pine
published by Brown and Schroeder (1999). Three of our
species groups—Douglas-fir, woodland, and cedar/larch—
were excluded from this analysis because trees in these
groups were not represented in the dataset used by Schroeder
et al. (1997) and Brown and Schroeder (1999) to develop
their equations.
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Component Biomass
We could not determine if the species groups used for total


aboveground biomass were appropriate for grouping compo-
nents because adequate numbers of equations were not avail-
able to predict the biomass of each component in each of the
species groups. Attempts to devise new species groupings
raised suspicions that dbh-based allometric relationships for
tree components are much more complex than for total
aboveground biomass. As a result, equations were pooled
into hardwood and softwood groups for component biomass
estimation.


Merchantable stem and bark were defined from a 12 in.
(30.48 cm) stump height to a 4 in. (10.16 cm) top (dob).
Foliage estimates exclude twigs and include the current
year’s foliage and petioles plus any previous year’s foliage
still on the tree. Due to the scarcity of root biomass equations,
we included all equations describing root biomass, regardless


of the author’s definition of roots. While some authors did not
specify a root definition, most equations limited roots to a
minimum diameter ranging from 0.15 to 5 cm. Where an
author specified that an equation referred to stump plus roots,
the biomass of the stump portion was calculated as described
above and then subtracted to find root biomass only.


Where allometric equations were available for each com-
ponent of interest [coarse roots, merchantable stem (wood
and bark computed separately), and foliage], biomass esti-
mates of component biomass were made and expressed as
proportions of aboveground total biomass.  The logarithms of
these proportions were modeled as functions of inverse
diameter so that the ratios reach an asymptote for large trees:


ratio
dbh


= +








Exp β


β
0


1
(2)


Table 4.  Parameters and equations* for estimating total aboveground biomass for all hardwood and softwood
species in the United States.


Parameters
Species group β0 β1


Data
points†


Max ††dbh
cm


RMSE §


log units R2


Hardwood Aspen/alder/cottonwood/willow –2.2094 2.3867 230 70 0.507441 0.953
Soft maple/birch –1.9123 2.3651 316 66 0.491685 0.958
Mixed hardwood –2.4800 2.4835 289 56 0.360458 0.980
Hard maple/oak/hickory/beech –2.0127 2.4342 485 73 0.236483 0.988


Softwood Cedar/larch –2.0336 2.2592 196 250 0.294574 0.981
Douglas-fir –2.2304 2.4435 165 210 0.218712 0.992
True fir/hemlock –2.5384 2.4814 395 230 0.182329 0.992
Pine –2.5356 2.4349 331 180 0.253781 0.987
Spruce –2.0773 2.3323 212 250 0.250424 0.988


Woodland || Juniper/oak/mesquite –0.7152 1.7029 61 78 0.384331 0.938
* Biomass equation:


bm dbh


bm


dbh


= +


=
=
=
=


Exp


where      


total aboveground biomass (kg) for trees 2.5cm dbh and larger


diameter at breast height (cm) 


Exp exponential function


ln natural log base  "e"  (2.718282)


( ln )β β0 1


† Number of data points generated from published equations (generally at 5 cm dbh intervals) for parameter estimation.
†† Maximum dbh of trees measured in published equations.
§ Root mean squared error or estimate of the standard deviation of the regression error term in natural log units.
|| Woodland group includes both hardwood and softwood species from dryland forests.


Table 5. Distribution percentiles of regression residuals—expressed as a percentage of predicted value—for
aboveground biomass equations (Table 4) for all hardwood and softwood species in United States.


Percent of predicted biomass
Species group Data points* 10th percentile 90th percentile


Hardwood Aspen/alder/cottonwood/willow 230 –35.2 31.4
Soft maple/birch 316 –23.8 28.5
Mixed hardwood 289 –24.7 34.8
Hard maple/oak/hickory/beech 485 –19.2 22.3


Softwood Cedar/larch 196 –33.7 35.7
Douglas-fir 165 –23.0 27.2
True fir/hemlock 395 –18.3 20.0
Pine 331 –24.0 33.7
Spruce 212 –24.4 28.7


Woodland † Juniper/oak/mesquite 61 –32.2 38.5
* Number of data points generated from published equations (generally at 5 cm dbh intervals) for parameter estimation.
† Woodland group includes both hardwood and softwood species from dryland forests.
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where


 ratio of component to total aboveground


biomass (dry weight) for trees


2.5 cm  and larger


diameter at breast height (cm) 


Exp exponential function


ln log base e (2.718282)


ratio


dbh


dbh


=


=
=
=


Due to the scarcity of component biomass equations and the
substantial variation in component estimates, no attempt was
made to quantify variability among published estimates.


Results and Discussion


Aboveground Biomass Regressions
Aboveground biomass regression equations were devel-


oped for four hardwood and six softwood species groups
(Table 4). In general, the hardwood species had greater
biomass at a given dbh than did the softwood species (Figure
1). Two hardwood species groups—hard maple/oak/hickory/
beech, and soft maple/birch—had the greatest biomass at a
given dbh. The woodland species had the lowest biomass
values for a given diameter, and three of the softwood species
groups had the next-lowest biomass values: cedar/larch, pine,
and spruce. The Douglas-fir species group had the largest of
the softwood biomass values, while the aspen/alder/cotton-
wood/willow group had the smallest of the hardwood biom-
ass values.


Hardwood species groups.—The aspen/alder/cotton-
wood/willow group, the lightest of the hardwood groups at a
given dbh, is comprised of species belonging to the Salicaceae


(Populus and Salix spp.) and Betulaceae (Alnus spp.) families.
Though specific gravity was not used as the primary determi-
nant of species grouping, these fast-growing species do have
similar small bole wood specific gravity values (Table 1).
Additional representatives of the Betulaceae family (Betula
spp.) occur in the soft maple/birch species group. These
species were grouped with the soft maple species separate
from the members of the Betulaceae family in the aspen/
alder/cottonwood/willow group. The pseudodata developed
from published equations for Betula species indicated that
they were heavier at a given dbh than the Alnus species, and
that they were more similar to the soft maple species than to
the other members of their taxonomic group.


Sugar maple (Acer saccharum) was grouped with the hard
maple/oak/hickory/beech group, apart from the other mem-
bers of its family Aceraceae. This split reflects the different
dbh/biomass relationships in the soft and hard maple species,
as well as the higher bole wood specific gravity in sugar
maple compared to other species in the Aceraceae family.
Species in the family Fagaceae, including oak (Quercus spp.)
and American beech (Fagus grandifolia), had pseudodata
that matched sugar maple closely and were thus included in
this group, as were members of the Juglandaceae family
(Carya spp.).


Forty equations were included in the mixed hardwood
group, compared with 36 in aspen/alder/cottonwood, 47 in
soft maple/birch, and 49 in the hard maple/oak/hickory/beech
group. However, more species and families are represented in
the mixed hardwood group—21 and 14, compared with 8
species and 2 families in both the aspen/alder/cottonwood/
willow and soft maple/birch groups, and 13 species in 3 families
in the hard maple/oak/beech/hickory group. Because the
pseudodata for different species and families, especially the
species of intermediate bole wood specific gravity found in the
mixed hardwood group, often overlapped with one another, we
grouped the mixed hardwoods together unless it was clear that
they belonged in one of the other three groups. This grouping
was consistent with the pseudodata distribution, resulted in
reasonable prediction intervals about each of the groups, and
allowed for more systematic group assignment of species not
represented in the published literature.


Softwood and woodland species groups.—Many of the
softwood species in this analysis belong to the family Pinaceae.
However, within the family, four genus groups—Douglas-
fir, fir/hemlock, pine, and spruce—display distinct patterns
of dbh/biomass relationships.  The relative biomass of the
groups [Douglas-fir is the heaviest at a given dbh, followed
by fir/hemlock, then spruce and pine (Figure 1)] reflects
roughly the mean bole wood specific gravities of the different
groups, with the exception of pine, which has a higher mean
specific gravity than the spruce and fir/hemlock groups.
Several members of the Pinaceae family, particularly of the
genus Taxodiaceae, are included with members of the genus
Cupressaceae in the cedar/larch group. Despite the general
agreement about the shape of the dbh/biomass relationship
within all of the species groups, there was as much variation
within a single species as between different species in a group
(this is illustrated for the genus Pinus in Figure 2).


Figure 1. Graphs of ten equations for predicting total
aboveground biomass by species group. Hardwoods are
represented by dashed lines, softwoods by solid lines.
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The woodland group includes both softwood and hard-
wood species with very low biomass values at a given dbh;
these species come from the Leguminoseae, Rosaceae,
Cupressaceae, Betulaceae, and Fagaceae families. The mean
bole wood specific gravity for this group is higher than for
any of the other groups (hardwood or softwood). Several
factors may contribute to the low biomass of woodland
species at a given dbh: (1) increased proportions of biomass
in branches and foliage (Grier et al. 1992), putting greater
emphasis on accurate measurement of these hard-to-measure
components; (2) increased proportions of dead wood in live
trees (Chojnacky 1994), potentially altering the allometric
relationship for these species; and (3) potential errors in
applying the drc to dbh conversion, which was based on a
small sample of stems from western Colorado.


Prediction intervals.—For the hardwood species group
equations, the regression residuals (expressed as a percent-
age of the predicted value) in the 10th percentile fell, on
average, 25.7% below the predicted values (Table 5). The
regression residuals in the 90th percentile fell, on average,
29.3% higher than the predicted values (Table 5). For the
softwood species groups, on average the regression residuals
falling in the 10th and 90th percentiles fell, respectively,
24.7% below and 29.1% above the predicted values (Table
5). The group with the smallest prediction interval (i.e., 80%
of the standardized residuals fell the closest to the predicted
values) was the true fir/hemlock group, and the groups with
the largest intervals were the woodland and the cedar/larch
groups. These prediction intervals are a tool for evaluating
the variability among the pseudodata relative to the predicted
values; while they are a guide for interpreting our results, they
are not meant to be quantitative estimators of uncertainty.


Comparison with other datasets.—Our results sug-
gest that softwood biomass is, on average, lower than
hardwood biomass for a given tree diameter. This result is
consistent with that of Schroeder et al. (1997) and Brown
and Schroeder (1999), who developed generalized equa-
tions from a combination of measured data and predicted
data points from other equations. They found that soft-
wood biomass (including pine, spruce, and fir species)
was slightly lower than hardwood biomass in the north-
eastern maple-beech-birch forest. This result is also con-
sistent with that of Freedman (1984), who developed
generalized softwood and hardwood biomass equations
from 285 measured trees in Nova Scotia and found that
hardwood biomass was slightly higher than softwood
biomass over all dbh values.


For hardwood species, there is general (± 30%) agreement
between biomass predictions made for individual trees using
our species-group equations and the general hardwood equa-
tion of Schroeder et al. (1997) (Figure 3). While the mean
difference between approaches is not excessively large, our
equations predict lower biomass for the aspen/alder/cotton-
wood/willow group, and higher biomass for the hard maple/
oak/hickory/beech group than the Schroeder et al. (1997)
equation at dbh values smaller than 110 cm. This difference
is to be expected, as our equations are split by species group
according to general trends in the dbh/biomass relationship,
in contrast to the single hardwood equation published by
Schroeder et al. (1997).


For softwood species, the mean difference between ap-
proaches was again less than 40%. However, our equation for
pine biomass predicted lower biomass values for pine species
in these four states than the Brown and Schroeder (1999)


Figure 3. Our equations differ by up to 30% from regional
equations developed by Brown and Schroeder (1999) and
Schroeder et al. (1997). Difference is represented by our equation
minus the Brown/Schroeder equation divided by the mean of
the two sets of predictions.


Figure 2. Example of pseudodata for Pinus species. Loblolly
(gray square), lodgepole (large dot), and pinyon (star) species
are highlighted. Smaller dots represent 11 other pine species.
Dashed lines include 80% of the pseudo-data closest to regression
equation (solid line).
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equation. The rapidly increasing and decreasing shape of the
difference between the two pine datasets suggests that the
discrepancy is likely due more to equation-form differences
than to actual differences in the overall biomass relationships
represented by the two equations. We limited this compari-
son to the diameter range of the trees used to develop the
Schroeder et al. (1997) and Brown and Schroeder (1999)
equations; inclusion of additional large tree diameters show
the Brown and Schroeder equations approach an asymptote
while ours continue to increase (Figure 4).


Overall, the shape of the differences between the two ap-
proaches is due to different equation forms. The Schroeder et al.
(1997) and Brown and Schroeder (1999) equations follow a log-
transformed, nonlinear half-saturation shape with two inflection
points, so that they increase quickly and begin to flatten out at
dbh values above roughly 120 cm. The Schroeder et al. (1997)
and Brown and Schroeder (1999) equations are based on trees
with maximum diameter of 85.1 and 71.6 cm dbh for hardwoods
and softwoods, respectively. Our analysis, which included pre-
dictions from equations developed using trees as large as 250
cm, suggests that the log-log equation form is more appropriate
for very large trees.


While there is general agreement between our broad conclu-
sions and those of other researchers, a similar comparison using
these equations to predict biomass at the individual site level or
at a local scale is problematic. Our equations were developed for
application at regional to continental spatial scales and are
designed to provide biomass estimates for regions containing a
variety of site types. The most appropriate evaluation of our
equations would be to compare against a large, representative,
continental-scale set of biomass data taken from sites that span
the observed range for each species. Such a large, unbiased, and
representative data set does not exist, to our knowledge. If it


could be developed, however, it would be immeasurably useful
for endeavors like this one—indeed, this is absolutely the only
way the accuracy of our equations (or of any set of generalized
biomass equations) can be verified with certainty.


Component Biomass
We developed equations representing the average propor-


tion of aboveground biomass in foliage, stem bark, stem
wood, and coarse roots for hardwood and softwood species as
a function of dbh (Tables 6 and 7, Figures 5 and 6). Branch
(bark and wood) biomass was found by difference. Because
our equations represent many species over a large variety of
sites, we expect a larger range in component biomass than
those equations from studies of smaller scope.


Comparisons with other datasets.—The range in soft-
wood stem wood biomass reported here, roughly 30 to
60% of aboveground biomass, corresponds to the range
(44 to 66% for softwoods larger than 8 cm dbh) reported
by Freedman et al. (1982). For hardwood stem wood
biomass, the same authors report a range from 45 to 71%
of aboveground tree biomass for stems larger than 8 cm;
this corresponds to the range we report for hardwoods
larger than 10 cm, from 40 to 60% of aboveground bio-
mass. Ker (1980a) reported that 67% of aboveground dry
weight was contained in the merchantable stem for soft-
woods and 70% for hardwoods. Other authors have thus
reported somewhat larger percentages of biomass in stem
wood than we found in this study. However, this direct
comparison may be misleading: the studies appropriate for
this comparison include species such as birch, aspen, and
sugar maple, which have the largest stem wood percent-
ages in our dataset (Table 7). In addition, our approach
emphasizes the change in these percentages with tree
diameter, while the studies cited lump together a number
of medium to large trees to develop one estimate across all
diameters. Finally, most of these authors give little indica-
tion of potential variability in their ratio estimates.


Freedman et al. (1982) reported that the percentage of
biomass in merchantable stem bark varied from 8 to 11%
for softwoods, and from 8 to 19% for hardwoods. Ker
(1980b) reported that stem bark comprised 8 and 12% of
softwood and hardwood biomass, respectively. These data
fall roughly within the bounds reported from this analysis
of 8 to 14% for softwoods and 10 to 15% for hardwoods.


Freedman et al. (1982) report that foliage comprises
from 7 to 19% of aboveground biomass for softwoods, and
from 2 to 6% for hardwoods, while Ker (1980b) reported
8% for softwoods and 2% for hardwoods. Our results, that
foliage makes up between 10 and 30% of aboveground
biomass for softwoods and from 3 to 12% for hardwoods,
were somewhat larger (at the upper end) than the mean
published values. However, the upper portion of the per-
centage range in our data is based on very small trees,
while the data from the studies cited include predomi-
nantly larger trees.


Freedman et al. (1982) report that softwood branch
biomass comprises between 7 and 20% of aboveground
biomass for softwoods, and between 15 and 96% for
hardwoods (where branches comprise a larger proportion


Figure 4. Our equations predict higher biomass for large trees
than do those from Brown and Schroeder (1999) and Schroeder
et al. (1997). Hardwoods are represented by dashed lines,
softwoods by solid lines.
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Table 6. Parameters and equations* for estimating component ratios of total
aboveground biomass for all hardwood and softwood species in the United States.


Parameters
Species class Biomass component β0 β1 Data points † R2


Hardwood Foliage –4.0813 5.8816 632 0.256
Coarse roots –1.6911 0.8160 121 0.029
Stem bark –2.0129 –1.6805 63 0.017
Stem wood –0.3065 –5.4240 264 0.247


Softwood Foliage –2.9584 4.4766 777 0.133
Coarse roots –1.5619 0.6614 137 0.018
Stem bark –2.0980 –1.1432 799 0.006
Stem wood –0.3737 –1.8055 781 0.155


* Biomass ratio equation:
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ratio of component to total aboveground biomass  for trees


2.5 cm dbh and larger
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ln log base e (2.718282)
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† Number of data points generated from published equations (generally at 5 cm dbh intervals) for parameter
estimation.


of aboveground biomass in smaller trees). Ker (1980b)
writes that branch biomass comprises, on average, 17% of
aboveground biomass for both hardwoods and softwoods.
These figures are somewhat lower than the results from
this study, which suggest branches comprise between 20
and 70% of aboveground biomass for hardwoods and
between 20 and 30% for softwoods. However, Freedman
et al. (1982) separated dead from live branches, while all
branches were treated together in our study. In addition,
both Freedman et al. (1982) and Ker (1980b) treated


branches separately from the top of the stem (i.e., smaller
than the minimum top diameter), while our method of
finding branch biomass by subtraction lumps the unmer-
chantable stem portion together with the branches.


There is substantial within-species-group variability among
the data used to develop our component ratio estimates
(Table 7). We hypothesize that C allocation strategies may
differ among individuals belonging to the same species (or
species groups). The proportion of bio-mass in foliage, for
example, might be different for an open-grown tree versus a


Figure 5. Proportion of aboveground biomass calculated from
our generalized component ratio equations for hardwood foliage,
stem bark, stem wood, branches, and roots.


Figure 6. Proportion of aboveground biomass calculated from
our generalized component ratio equations for softwood foliage,
stem bark, stem wood, branches, and roots.
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Table 7. Data ranges for biomass component ratios expressed as the ratio of total aboveground biomass) for all
hardwood and softwood species in the United States.


Biomass Ratio percentiles dbh range
component Species group 5th 95th k* min max


.............(cm) .............
Hardwood Foliage Aspen/alder/cottonwood/willow 0.01 0.20 23 3 51


Soft maple/birch 0.01 0.10 32 3 66
Mixed hardwood 0.01 0.09 17 3 56
Hard maple/oak/hickory/ beech 0.01 0.07 27 3 73


Coarse roots Aspen/alder/cottonwood/willow 0.16 0.33 6 3 51
Soft maple/birch 0.10 0.29 7 3 66
Mixed hardwood 0.21 0.37 5 3 23
Hard maple/oak/hickory/ beech 0.13 0.30 4 3 66


Stem bark Aspen/alder/cottonwood/willow 0.09 0.21 7 11 50
Soft maple/birch 0.08 0.14 4 12 42
Mixed hardwood 0.10 0.20 1 6 36
Hard maple/oak/hickory/ beech 0.07 0.10 1 14 34


Stem wood Aspen/alder/cottonwood/willow 0.49 0.74 6 12 50
Soft maple/birch 0.44 0.80 5 12 42
Mixed hardwood 0.44 0.75 8 6 53
Hard maple/oak/hickory/ beech 0.39 0.64 9 11 56


Softwood Foliage Cedar/larch 0.02 0.18 14 3 61
Douglas-fir 0.01 0.18 10 3 190
True fir/hemlock 0.02 0.16 19 3 111
Pine 0.02 0.20 29 3 99
Spruce 0.06 0.20 17 3 78
Woodland 0.02 0.46 7 3 78


Coarse roots Cedar/larch 0.15 0.34 3 3 51
Douglas-fir 0.16 0.29 2 7 135
True fir/hemlock 0.16 0.29 4 3 51
Pine 0.08 0.23 3 3 66
Spruce 0.20 0.33 4 3 66


Stem bark Cedar/larch 0.05 0.31 12 4 615
Douglas-fir 0.09 0.20 8 3 215
True fir/hemlock 0.07 0.29 19 7 235
Pine 0.01 0.24 8 4 180
Spruce 0.02 0.16 10 3 285


Stem wood Cedar/larch 0.54 0.84 12 4 615
Douglas-fir 0.55 0.83 9 3 215
True fir/hemlock 0.51 0.82 19 7 235
Pine 0.43 0.76 8 4 180
Spruce 0.37 0.87 10 3 285


* Number of dbh-based biomass component equations in literature used to develop ratio equations for each species group. All references
included in Table 2 except for Baldwin (1989), McCain (1994), and Thies and Cunningham (1996).


tree growing in a dense stand, and the proportion of biomass
in the stem might change with variables such as wind expo-
sure or water availability. These differences appear as noise
in component ratios, but they are most likely the predictable
results of site-level variability in abiotic conditions.


Applying These Equations
Aboveground biomass.—Equation parameters for to-


tal aboveground biomass prediction for each of the species
groups are presented in Table 4. For future use, species
represented in the dataset used to develop these equations
should be assigned to the groups shown in Tables 1 and 3.
For species not included in this dataset, we suggest that the
species key in Appendix A be used as a guideline for
species group assignment.


Component biomass.—The proportion of total aboveground
biomass in a given biomass component can be calculated from
dbh as a ratio, using the parameters for hardwood and softwood
species given in Table 6. To find total biomass in a particular


component, multiply the total aboveground biomass (found as
described above) by the proportion in that component. Total
biomass in branches and treetops may be found by difference.
Note that stem bark and stem wood are defined from a 12 in.
(30.48 cm) stump height to a 4 in. (10.16 cm) dob top.


Large-scale biomass estimation.—The equations pre-
sented here are applicable to individual trees on a stem-by-
stem basis. To estimate forest biomass at large scales
using these equations, several approaches based on ground
data are possible. For example, one might apply these
equations directly to measured tree diameters from a
large-scale forest mensuration dataset such as the FIA
dataset. Alternatively, measured tree parameters from FIA
plots could be used with biomass and volume prediction
equations to develop ratios between merchantable volume
and biomass; these ratios could then be used to estimate
plot biomass given its volume, as the approach used in the
FORCARB model.
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Table 8.  Potential sources of error in allometric biomass estimation at large scales using species- and region-
specific equations versus the generalized equations developed in this study.


Type of application Potential source of error
Species- and site-specific equations


applied to national scale
(a)  Coefficients developed for one species (or species group) may not apply to another species


(or species group).
(b)  Coefficients developed for one site may not apply to another site.
(c)  Sample trees and wood density samples may not be representative of the target population


because of factors such as size range of sample trees and stand conditions.
(d)  Relationship of trees used to develop specific regression to the target population (i.e., all


trees) is unknown.
(e)  Statistical error may be associated with estimated coefficients and form of selected equation.
(f)  Inconsistent standards, definitions, and methodology.
(g)  Use of indirect estimation methods may compound errors.
(h)  Measurement and data processing errors.
(i)  Regional boundaries may be sharply delineated due to differences in methodology.


(a)  Generalized equations may be biased in favor of species for which published equations exist.Generalized equations (this study)
applied to national scale (b)  Relationship of trees used to develop generalized regression to the target population (i.e. all


trees) is unknown.
(c)  Potential bias in applying generalized equations to species where no published equations


exist.
(d)  No obvious way to estimate uncertainty or variability.
(e)  Generalized equations may inherit shortcomings of published equations, including:


(i) statistical error associated with estimated coefficients and form of selected equation,
(ii) inconsistent standards, definitions, and methodology,
(iii) use of indirect estimation methods that compound errors, and
(iv) measurement and data processing errors.


There is potential error in using these equations. For
clarity, we provide a summary of the potential errors
inherent in using two different methods for large-scale
biomass estimation (Table 8). For this purpose, we have
compared errors potentially introduced in using individual
species- and site-specific equations as they currently exist
in the literature with the errors potentially introduced by
using the generalized regression equations presented here.
We emphasize, however, that: (1) errors are potentially
introduced whenever an allometric method is used to
estimate biomass, no matter what method and at what
spatial scale; (2) it may not be feasible to ascertain whether
any of these errors is actually introduced; and (3) our
generalized equations represent the most comprehensive
effort to date to develop consistent, accurate biomass
equations for application all across the United States.


Conclusions


In this analysis, we performed a thorough review of
available biomass literature and a rigorous analysis of a
subset of pseudodata derived from that literature. We found
that many of the published equations were unusable for large-
scale application because of inconsistencies in methodology
and definitions, incomplete reporting of methods, lack of
access to original data, and sampling from narrow segments
of the population of trees of the United States. Our equations
may be applied for large-scale analyses of biomass or carbon
stocks and trends, but should be used cautiously at very small
scales where local equations may be more appropriate.


The clear variability in tree C allocation from site to site
and from study to study suggests that more information is
needed about the differences in biomass and allocation
among different tree species and sites. This variability


makes it difficult to estimate tree biomass accurately even
when a site-specific regression equation is used. Develop-
ment of continental-scale regressions of known accuracy
requires a continental-scale measurement campaign, in
which individuals of all species and sizes are measured,
over the entire range of site conditions typical of each
species. This would be a formidable task.


In future work, we strongly suggest that a consistent set of
measurement and reporting protocols be adopted for biomass
measurement studies (Clark 1979, Crow 1983) and that
researchers publish the raw data from which their regressions
were developed in addition to the equations themselves. This
would facilitate future efforts to synthesize the biomass
literature. We suggest that an effort be made to sample trees
across the entire diameter range of a species, as well; any
analysis of available biomass equations suffers from the clear
lack of biomass equations for predicting biomass (especially
for hardwoods) at large diameters.
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APPENDIX A.  Species groups (SG*) identified for Forest Inventory and Analysis (FIA†) species list.


SG Genus Species FIA Common name
aa Alnus rhombifolia 352 White alder
aa rubra 351 Red alder
aa rugosa Speckled alder
aa Populus alba 752 Silver poplar
aa angustifolia 753 Narrowleaf cottonwood
aa balsamifera 741 Balsam poplar
aa deltoides 742 Eastern cottonwood
aa fremontii 748 Fremont cottonwood
aa grandidentata 743 Bigtooth aspen
aa heterophylla 744 Swamp cottonwood
aa sargentii 745 Plains cottonwood
aa spp. 740 Cottonwood
aa tremuloides 746 Quaking aspen
aa trichocarpa 747 Black cottonwood
aa Salix amygdaloides 921 Peachleaf willow
aa eriocephala 923 Diamond willow
aa nigra 922 Black willow
aa spp. 920 Willow
mo Acer nigrum 314 Black maple
mo saccharum 318 Sugar maple
mo Carya aquatica 401 Water hickory
mo cordiformis 402 Bitternut hickory
mo glabra 403 Pignut hickory
mo illinoensis 404 Pecan
mo laciniosa 405 Shellbark hickory
mo ovata 407 Shagbark hickory
mo spp. 400 Hickory spp.
mo texana 408 Black hickory
mo tomentosa 409 Mockernut hickory
mo Fagus grandifolia 531 American beech
mo Quercus agrifolia 801 California live oak
mo alba 802 White oak
mo bicolor 804 Swamp white oak
mo chrysolepis 805 Canyon live oak
mo coccinea 806 Scarlet oak
mo douglasii 807 Blue oak
mo durandii 808 Durand oak
mo ellipsoidalis 809 Northern pin oak
mo engelmannii 811 Engelmann oak
mo falcata var. falcata 812 Southern red oak
mo falcata var. pagodaefolia 813 Cherrybark oak, swamp red oak
mo garryana 815 Oregon white oak
mo ilicifolia 816 Bear oak, scrub oak
mo imbricaria 817 Shingle oak
mo incana 840 Bluejack oak
mo kelloggii 818 California black oak
mo laevis 819 Turkey oak
mo laurifolia 820 Laurel oak
mo lobata 821 California white oak
mo lyrata 822 Overcup oak
mo macrocarpa 823 Bur oak
mo marilandica 824 Blackjack oak
mo michauxii 825 Swamp chestnut oak
mo muehlenbergii 826 Chinkapin oak
mo nigra 827 Water oak
mo Quercus nuttalii 828 Nuttall oak
mo palustris 830 Pin oak
mo phellos 831 Willow oak
mo prinus 832 Chestnut oak
mo rubra 833 Northern red oak
mo shumardii 834 Shumard oak
mo spp. 899 Scrub oak
mo stellata 835 Post oak







32 Forest Science 49(1) 2003


APPENDIX A.  (continued)
SG Genus Species FIA Common name
mo Quercus stellata var. mississippiensis 836 Delta post oak
mo velutina 837 Black oak
mo virginiana 838 Live oak
mo wislizeni 839 Interior live oak
mh Aesculus californica 330 California buckeye
mh glabra 331 Ohio buckeye
mh octandra 332 Yellow buckeye
mh spp. 330 Buckeye, horsechestnut
mh spp. 333 Buckeye (except 331, 332)
mh Ailanthus altissima 341 Ailanthus
mh fordii 980 Tung-oil tree
mh Amelanchier spp. 355 Serviceberry
mh Arbutus menziesii 361 Pacific madrone
mh Asimina triloba 367 Pawpaw
mh Bumelia lanuginosa 381 Chittamwood, gum bumelia
mh Carpinus caroliniana 391 American hornbeam, musclewood
mh Castanea dentata 421 American chestnut
mh ozarkensis 423 Ozark chinkapin
mh pumila 422 Allegheny chinkapin
mh Castanopsis chrysophylla 431 Golden chinkapin
mh spp. 430 Chinkapin
mh Catalpa bignonioides 451 Southern catalpa
mh speciosa 452 Northern catalpa
mh spp. 450 Catalpa
mh Celtis laevigata 461 Sugarberry
mh occidentalis 462 Hackberry
mh spp. 460 Hackberry spp.
mh Ceriss canadensis 471 Eastern redbud
mh Cornus florida 491 Flowering dogwood
mh nuttallii 492 Pacific dogwood
mh Cotinus obovatus 985 Smoketree
mh Crataegus spp. 500 Hawthorn
mh Diospyros virginiana 521 Common persimmon
mh Eucalyptus spp. 510 Eucalyptus
mh Fraxinus americana 541 White ash
mh latifolia 542 Oregon ash
mh nigra 543 Black ash
mh pennsylvanica 544 Green ash
mh profunda 545 Pumpkin ash
mh quadrangulata 546 Blue ash
mh spp. 540 Ash
mh Gleditsia aquatica 551 Waterlocust
mh triacanthos 552 Honeylocust
mh Gordonia lasianthus 555 Loblolly-bay
mh Gymnocladus dioicus 571 Kentucky coffeetree
mh Halesia spp. 580 Silverbell
mh Hardwood spp. 1000 Hardwoods (general)
mh Ilex opaca 591 American holly
mh Juglans cinerea 601 Butternut
mh nigra 602 Black walnut
mh spp. 600 Walnut
mh Liquidambar styraciflua 611 Sweetgum
mh Liriodendron tulipifera 621 Yellow-poplar
mh Lithocarpus densiflorus 631 Tanoak
mh Maclura pomifera 641 Osage-orange
mh Magnolia acuminata 651 Cucumbertree
mh grandiflora 652 Southern magnolia
mh macrophylla 654 Bigleaf magnolia
mh spp. 650 Magnolia spp.
mh virginiana 653 Sweetbay
mh Malus spp. 660 Apple
mh Melia azedarach 983 Chinaberry
mh Morus alba 681 White mulberry
mh rubra 682 Red mulberry







Forest Science 49(1) 2003 33


APPENDIX A.  (continued)
SG Genus Species FIA Common name
mh Morus spp. 680 Mulberry spp.
mh Nyssa aquatica 691 Water tupelo
mh ogeche 692 Ogeechee tupelo
mh sylvatica 693 Blackgum
mh sylvatica var. biflora 694 Swamp tupelo
mh Ostrya virginiana 701 Eastern hophornbeam, ironwood
mh Oxydendrum arboreum 711 Sourwood
mh Paulownia tomentosa 712 Paulownia, Empress tree
mh Persea borbonia 721 Redbay
mh Planera aquatica 984 Water-elm
mh Platanus occidentalis 731 Sycamore
mh racemosa 730 California sycamore
mh Prunus americana 766 Wild plum
mh nigra 765 Canada plum
mh pensylvanica 761 Pin cherry
mh serotina 762 Black cherry
mh spp. 760 Cherry, plum spp.
mh spp. 764 Plums, cherries, except 762
mh virginiana 763 Chokecherry
mh Robinia psuedoacacia 901 Black locust
mh Sapium sebiferum 925 Chinese tallowtree
mh Sassafras albidum 931 Sassafras
mh Sorbus americana 935 American mountain-ash
mh aucuparia 936 European mountain-ash
mh Tilia americana 951 American basswood
mh heterophylla 952 White basswood
mh spp. 950 Basswood
mh Ulmus alata 971 Winged elm
mh americana 972 American elm
mh crassifolia 973 Cedar elm
mh pumila 974 Siberian elm
mh rubra 975 Slippery elm
mh serotina 976 September elm
mh spp. 970 Elm
mh thomasii 977 Rock elm
mh Umbellularia californica 981 California-laurel
mh Vaccinium arboreum 981 Sparkleberry
mb Acer barbatum 311 Florida maple
mb Acer macrophyllum 312 Bigleaf maple
mb negundo 313 Boxelder
mb pensylvanicum 315 Striped maple
mb rubrum 316 Red maple
mb saccharinum 317 Silver maple
mb spicatum 319 Mountain maple
mb Betula alleghaniensis 371 Yellow birch
mb lenta 372 Sweet birch
mb nigra 373 River birch
mb occidentalis 374 Water birch
mb papyrifera 375 Paper birch
mb papyrifera var. commutata 376 Western paper birch
mb populifolia 379 Gray birch
mb spp. 370 Birch spp.
cl Calocedrus decurrens 81 Incense-cedar
cl Chamaecyparis lawsoniana 41 Port-Orford-cedar
cl nootkatensis 42 Alaska-cedar
cl thyoides 43 Atlantic white-cedar
cl Juniperus silicicola 67 Southern redcedar
cl virginiana 68 Eastern redcedar
cl Larix laricina 71 Tamarack (native)
cl lyallii 72 Subalpine larch
cl occidentalis 73 Western larch
cl spp. 70 Larch (introduced)
cl Sequoia sempervirens 211 Redwood
cl Sequoiadendron giganteum 212 Giant sequoia
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APPENDIX A.  (continued)
SG Genus Species FIA Common name
cl Softwood spp. 0 Softwoods (general)
cl Taxodium distichum 221 Baldcypress
cl distichum var. nutans 222 Pondcypress
cl Thuja occidentalis 241 White-cedar
cl plicata 242 Western redcedar
df Pseudotsuga macrocarpa 201 Bigcone Douglas-fir
df menziesii 202 Douglas-fir
pi Pinus albicaulis 101 Whitebark pine
pi aristata 102 Bristlecone pine
pi arizonica 135 Arizona pine
pi attenuata 103 Knobcone pine
pi balfouriana 104 Foxtail pine
pi banksiana 105 Jack pine
pi clausa 107 Sand pine
pi contorta 108 Lodgepole pine
pi coulteri 109 Coulter pine
pi discolor 134 Border pinyon
pi echinata 110 Shortleaf pine
pi edulis 106 Pinyon pine
pi elliottii 111 Slash pine
pi engelmannii 112 Apache pine
pi flexilis 113 Limber pine
pi glabra 115 Spruce pine
pi jeffreyi 116 Jeffrey pine
pi lambertiana 117 Sugar pine
pi leiophylla 118 Chihuahuan pine
pi monophylla 133 Singleleaf pinyon
pi monticola 119 Western white pine
pi muricata 120 Bishop pine
pi Pinus nigra 133 Austrian pine
pi palustris 121 Longleaf pine
pi ponderosa 122 Ponderosa pine
pi pungens 123 Table Mountain pine
pi radiata 124 Monterey pine
pi resinosa 125 Red pine
pi rigida 126 Pitch pine
pi sabiniana 127 California foothill pine
pi serotina 128 Pond pine
pi strobiformis 114 Southwestern white pine
pi strobus 129 Eastern white pine
pi sylvestris 130 Scotch pine
pi taeda 131 Loblolly pine
pi virginiana 132 Virginia pine
sp Picea abies 91 Norway spruce
sp breweriana 92 Brewer spruce
sp engelmannii 93 Engelmann spruce
sp glauca 94 White spruce
sp mariana 95 Black spruce
sp pungens 96 Blue spruce
sp rubens 97 Red spruce
sp sitchensis 98 Sitka spruce
sp spp. 90 Spruce
tf Abies amabilis 11 Pacific silver fir
tf balsamea 12 Balsam fir
tf bracteata 14 Bristlecone fir
tf concolor 15 White fir
tf fraseri 16 Fraser fir
tf grandis 17 Grand fir
tf lasiocarpa 19 Subalpine fir
tf lasiocarpa var. arizonica 18 Corkbark fir
tf magnifica 20 California red fir
tf magnifica var. shastensis 21 Shasta red fir
tf procera 22 Noble fir
tf spp. 10 Abies







Forest Science 49(1) 2003 35


APPENDIX A.  (continued)
SG Genus Species FIA Common name
tf Taxus brevifolia 231 Pacific yew
tf Torreya californica 251 California nutmeg
tf Tsuga canadensis 261 Eastern hemlock
tf caroliniana 262 Carolina hemlock
tf heterophylla 263 Western hemlock
tf mertensiana 264 Mountain hemlock
tf spp. 260 Hemlock
wo Acacia spp. 300 Acacia
wo Acer glabrum 321 Rocky Mountain maple
wo grandidentatum 322 Bigtooth maple
wo Cercocarpus intricatus 479 Littleleaf mountain-mahogany
wo ledifolius 475 Curlleaf mountain-mahogany
wo montanus 476 True mountain-mahogany
wo montanus var. glaber 478 Birchleaf mountain-mahogany
wo montanus var. pauciden 477 Hairy mountain-mahogany
wo Cupressus arizonica 51 Arizona cypress
wo spp. 50 Cypress
wo Juniperus californica 62 California juniper
wo communis 60 Common juniper
wo deppeana 63 Alligator juniper
wo erythrocarpa 59 Redberry juniper
wo monosperma 69 Oneseed juniper
wo occidentalis 64 Western juniper
wo osteosperma 65 Utah juniper
wo pinchotti 58 Pinchot juniper
wo scopulorum 66 Rocky Mountain juniper
wo Olneya tesota 990 Tesota (Arizona ironwood)
wo Prosopis spp. 986 Mesquite
wo Prunus emarginata 764 Bitter cherry
wo Quercus arizonica, grisea 803 Arizona white oak, Gray oak
wo emoryi 810 Emory oak
wo gambelii 814 Gambel oak
wo hypoleucoides 843 Silverleaf oak
wo oblongifolia 829 Mexican blue oak
wo spp. 800 Deciduous oak spp.
wo spp. 850 Evergreen oak spp.
wo Robinia neomexicana 902 New Mexico locust
* Species groups (SG) include aspen/alder/cottonwood/willow (aa), hard maple/oak/hickory/beech (mo), mixed


hardwood (mh), soft maple/birch (mb), cedar/larch (cl), Douglas-fir (df), true fir/hemlock (tf), pine (pi), spruce (sp), and
woodland conifer and softwood (wo).


† FIA species codes.
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				Winrock Terrestrial Sampling Calculator

				Walker, S.M., Pearson, T., Brown, S. 2007

				This excel file can be used to calculate sampling size for terrestrial sampling and estimate the costs of conducting sampling. It can be used for both baseline and monitoring measurements.

				Instructions: Fill in required data into green shaded cells. Use 'tab' or 'enter' to move between cells. All other cells are locked and cannot be selected. When finished with sheet, move to next sheet by clicking on worksheet tab

				This excel file is to be used as a companion to:

								Sourcebook for Land Use, Land Use Change, and Forestry Projectsa

				Please reference the above manual for methods to obtain information required for calculations in this excel file. This manual along with others can be found at: www.winrock.org

				If you have obtained this file 'unlocked', e.g. cells other than green cells can be selected, do not use as changes in formulas may have inadvertently occurred. The most recent version of this file can be downloaded for free at: http://www.winrock.org/Ecosystems/tools.asp

				Send an email to: carbonservices@winrock.org with any questions you may have.

				a. Pearson, T., Walker, S.M., Brown, S., 2006 Sourcebook for Land Use, Land Use Change, and Forestry Projects. BioCarbonFund, Winrock International





Aboveground C - Plots

		Plot Quantity - Aboveground Carbon

		Enter values into the green cells.  Use the "Tab" or "Enter" key to jump to the next green cell.

		REQUIRED ERROR AND CONFIDENCE LEVEL

		e - level of error (%)				10.0%				0

		Error level (decimal)				0.1

		Z(1-a) - Confidence level				95.0%				0

		Sample statistic Z(1-a)				1.96				0

		Total project area size				428		hectares		0

		SIZE AND VARIANCE OF EACH STRATA														INTERMEDIATE CALCULATIONS																Intermediate Calculations for AR-AM0003, AM0004, AM0007

		Stratum		Stratum Name		Area (ha)		Mean C/ha (tonnes)		Standard Deviation (tonnes C/ha)		Plot size (ha)		Cost Ch  If no cost, put Ch =1		Variance (tonnes C/ha)		Coefficient of Variation		Nh		Wh		Wh * sh * sqrt Ch		(Wh * sh) /sqrt Ch		Nh*s		Nh*s2		Ni		Ni*sti*sqrt Ci		N		(N*E/z)^2		Ni*sti^2		(Ni*sti)/sqrt(Ci)

		stratum 1		ex. 1 Lowland forest		0								1		0		0%		0		0		0		0		0		0		0		0		10700		4044818718.37654		0		0

		stratum 2		ex. 2 Degraded land		0								1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 3		ex. 3 Upland forest		428		116.4989		66.727		0.04		1		4452.492529		57%		10700		1		66.727		66.727		713978.9		47641670.0603		10700		713978.9						47641670.0603		713978.9

		stratum 4												1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 5												1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 6												1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 7												1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 8												1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 9												1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 10												1		0		0%		0		0		0		0		0		0		0		0						0		0

		INTERMEDIATE CALCULATIONS																						AR-AM001, AM0005, AM0006 Equationsa:

		N = sum Nh				10700

		Total Area				428		hectares		0

		Weighted Mean C				116.4989		tonnes/ha

		Weighted Plot Size				0.04		ha

		Weighted SD				66.727

		Weighted Total Variance				4452.492529

		Results - Aboveground Carbon - Number of plots to be used

						Sourcebook for LULUCF Projects				AR-AM0001, AM0005, AM0006				AR-AM0003, AM0004, AM0007

		Stratum		Stratum Name		Plot Quantity		Rounded Plot Quantity		Plot Quantity		Rounded Plot Quantity		Plot Quantity		Rounded Plot Quantity								Sourcebook for Land Use, Land Use Change, and Forestry Projectsb

		Total Sample Size				124.56		144		126.03		145		124.56		144

		stratum 1		ex. 1 Lowland forest		0.00		0		0.00		0		- 0		0

		stratum 2		ex. 2 Degraded land		0.00		0		0.00		0		- 0		0

		stratum 3		ex. 3 Upland forest		124.56		144		126.03		145		124.56		144

		stratum 4		0		0.00		0		0.00		0		- 0		0

		stratum 5		0		0.00		0		0.00		0		- 0		0

		stratum 6		0		0.00		0		0.00		0		- 0		0

		stratum 7		0		0.00		0		0.00		0		- 0		0								E  = allowable error or the desired half-width of the confidence interval. Calculated by multiplying the mean carbon stock by the desired precision (i.e. mean carbon stock * 0.1 (for 10 % precision) or 0.2 (for 20 % precision)

		stratum 8		0		0.00		0		0.00		0		- 0		0

		stratum 9		0		0.00		0		0.00		0		- 0		0								Ch = Cost to select a plot of the stratum h

		stratum 10		0		0.00		0		0.00		0		- 0		0								t  = the sample statistic from the t-distribution for the 95 % confidence level.

		TOTAL NUMBER OF PLOTS						144				145				144								Nh = number of sampling units for stratum h (= area of the stratum in hectares / area of the plot in hectares)

																								N = number of sampling units in the population

																								sh = standard deviation of stratum h

																								Wh = Nh/N

																								a. Wenger, K.F. (ed). 1984 Forestry handbook,= (2nd edition), New York: John Wiley and Sons

		Copyright 2006 ©																						b. Avery T.E. and H.E. Burkhart (eds.). 1994.  Forest Measurements, 4th edition. McGraw-Hill, New York

		Please do not alter excel file without permission from Winrock International:

		www.winrock.org																						AR-AM0003, AM0004, AM0007 Equations:

		CarbonServices@winrock.org

																								A = total size of all strata, eg total project area;ha

																								Ai = size of each stratum; ha

																								AP = sample plot size; ha

																								sti = standard deviation for each stratum i; dimensionless

																								Ci = cost of establishment of a sample plot for each stratum i; eg US$

																								Q = approximate avearge value of estimated quantity Q (eg tree biomass; m3/ha)

																								p = desired level of precision (eg 10%); dimensionless

																								N = max possile number of sample plots in the project area

																								Ni = maximum possible number of sample plots in stratum i

																								E = allowable error

																								n = sample size - total number of sample plots required in the project area

																								ni =sample size for stratum i

																								zα/2 = value of the statistic z (normal probability density function), for α = 0.05 (implying a 95% confidence level)



Allowable entries are 99, 95 or 90 percent.

If no cost information exists, then leave  Ch =1

CarbonServices@winrock.org

www.winrock.org



 Soil C - Plots

		Plot Quantity - Soil Carbon

		Enter values into the green cells.  Use the "Tab" or "Enter" key to jump to the next green cell.

		REQUIRED ERROR AND CONFIDENCE LEVEL

		e - level of error (%)				10.0%				0

		Error level (decimal)				0.1

		Z(1-a) - Confidence level				95.0%				0

		Sample statistic Z(1-a)				1.96				0

		Total project area size				5000		hectares		0

		SIZE AND VARIANCE OF EACH STRATA														INTERMEDIATE CALCULATIONS																Intermediate Calculations for AR-AM0003, AM0004, AM0007

		Stratum		Stratum Name		Area (ha)		Mean C/ha (tonnes)		Standard Deviation (tonnes C/ha)		Plot size (ha)		Cost Ch  If no cost, put Ch =1		Variance (tonnes C/ha)		Coefficient of Variation		Nh		Wh		Wh * sh * sqrt Ch		(Wh * sh) /sqrt Ch		Nh*s		Nh*s2		Ni		Ni*sti*sqrt Ci		N		(N*E/z)^2		Ni*sti^2		(Ni*sti)/sqrt(Ci)

		stratum 1		ex. 1 Lowland forest		3400		50		15		0.00000005		1		225		30%		6.8E++10		0.68		10.2		10.2		1.02E++12		15300000000000		68000000000		1.02E++12		1E++11		6.22451582673886E+22		15300000000000		1.02E++12

		stratum 2		ex. 2 Degraded land		900		40		14		0.00000005		1		196		35%		1.8E++10		0.18		2.52		2.52		2.52E++11		3528000000000		18000000000		2.52E++11						3528000000000		2.52E++11

		stratum 3		ex. 3 Upland forest		700		55		8.2		0.00000005		1		67.24		15%		1.4E++10		0.14		1.148		1.148		1.148E++11		941360000000		14000000000		1.148E++11						941360000000		1.148E++11

		stratum 4										0.00000005		1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 5										0.00000005		1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 6										0.00000005		1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 7										0.00000005		1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 8										0.00000005		1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 9										0.00000005		1		0		0%		0		0		0		0		0		0		0		0						0		0

		stratum 10										0.00000005		1		0		0%		0		0		0		0		0		0		0		0						0		0

		INTERMEDIATE CALCULATIONS																						AR-AM001, AM0005, AM0006 Equationsa:

		N = sum Nh				488.24

		Total Area				5000		hectares		0

		Weighted Mean C				48.9		tonnes/ha

		Weighted Plot Size				0.00000005		ha

		Weighted SD				13.868

		Weighted Total Variance				7.55032E++11

		Soil Carbon - Number of plots to be used

						Sourcebook for LULUCF Projects				AR-AM0001, AM0005, AM0006				AR-AM0003, AM0004, AM0007

		Stratum		Stratum Name		Plot Quantity		Rounded Plot Quantity		Plot Quantity		Rounded Plot Quantity		Plot Quantity		Rounded Plot Quantity								Sourcebook for Land Use, Land Use Change, and Forestry Projectsb

		Total Sample Size				30.90		36		30.90		36		30.90		36

		stratum 1		ex. 1 Lowland forest		22.73		27		22.73		27		22.73		27

		stratum 2		ex. 2 Degraded land		5.61		7		5.61		7		5.61		7

		stratum 3		ex. 3 Upland forest		2.56		3		2.56		3		2.56		3

		stratum 4		0		0.00		0		0.00		0		- 0		0

		stratum 5		0		0.00		0		0.00		0		- 0		0

		stratum 6		0		0.00		0		0.00		0		- 0		0

		stratum 7		0		0.00		0		0.00		0		- 0		0								E  = allowable error or the desired half-width of the confidence interval. Calculated by multiplying the mean carbon stock by the desired precision (i.e. mean carbon stock * 0.1 (for 10 % precision) or 0.2 (for 20 % precision)

		stratum 8		0		0.00		0		0.00		0		- 0		0

		stratum 9		0		0.00		0		0.00		0		- 0		0								Ch = Cost to select a plot of the stratum h

		stratum 10		0		0.00		0		0.00		0		- 0		0								t  = the sample statistic from the t-distribution for the 95 % confidence level.

		TOTAL NUMBER OF PLOTS						37				37				37								Nh = number of sampling units for stratum h (= area of the stratum in hectares / area of the plot in hectares)

																								N = number of sampling units in the population

																								sh = standard deviation of stratum h

																								Wh = Nh/N

																								a. Wenger, K.F. (ed). 1984 Forestry handbook,= (2nd edition), New York: John Wiley and Sons

		Copyright 2006 ©																						b. Avery T.E. and H.E. Burkhart (eds.). 1994.  Forest Measurements, 4th edition. McGraw-Hill, New York

		Please do not alter excel file without permission from Winrock International:

		www.winrock.org																						AR-AM0003, AM0004, AM0007 Equations:

		CarbonServices@winrock.org

																								A = total size of all strata, eg total project area;ha

																								Ai = size of each stratum; ha

																								AP = sample plot size; ha

																								sti = standard deviation for each stratum i; dimensionless

																								Ci = cost of establishment of a sample plot for each stratum i; eg US$

																								Q = approximate avearge value of estimated quantity Q (eg tree biomass; m3/ha)

																								p = desired level of precision (eg 10%); dimensionless

																								N = max possile number of sample plots in the project area

																								Ni = maximum possible number of sample plots in stratum i

																								E = allowable error

																								n = sample size - total number of sample plots required in the project area

																								ni =sample size for stratum i

																								zα/2 = value of the statistic z (normal probability density function), for α = 0.05 (implying a 95% confidence level)



Allowable entries are 99, 95 or 90 percent.

If no cost information exists, then leave  Ch =1

CarbonServices@winrock.org
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Unit Costs

		Cost Parameters - Fixed and Variable Costs

		Single Sampling Event								Time to Complete Sample Tasks (Estimates)

		Assumed risk factor		10		percent		0

										TIME ESTIMATES		Mean		+1SD		-1SD		UNITS

		FIXED COSTS		Cost ($)		UNITS				Travel time between plots		10		2		2		minutes		0

		Travel to sample area		$15,000.00		$/Project		0		Time spent at plot - Aboveground biomass		40		5		5		minutes		0

		Other		$0.00		$/Project		0		Plot Establishment time		10		2		2		minutes		0

		TOTAL FIXED COST OF PROJECT		$15,000.00		$/Project				Time spent at plot - Soil Carbon		10		1		1		minutes		0

		VARIABLE COSTS/UNIT		Cost ($)		UNITS				TOTAL TIME REQUIRED TO VISIT ALL PLOTS

		Labor								Total number of plots - Aboveground biomass		145						plots

		Crew Manager		$20.00		$/hour		0		Total time per plot - Aboveground biomass		40		5		5		minutes

		Second Crew Member		$15.00		$/hour		0		Total plot sample time - Aboveground biomass		97		13		13		hours

		Total Labor Cost		$35.00		$/hour				Total number of plots - Soil carbon		37						plots

		Living Expenses								Total plot sample time - Soil Carbon		7		1		1		hours

		Accommodation (Crew Manager)		$20.00		$/day		0		Total Plot Establish time		25		5		5		hours

		Accommodation (Second Crew Member)		$20.00		$/day		0		Total time- all project sampling (aboveground biomass and soil carbon)		154		24		24		hours

		Total Accommodation		$40.00		$/day

		Per Diem (Crew Manager)		$5.00		$/day		0		ESTIMATED LENGTH OF WORK DAY

		Per Diem (Second Crew Member)		$5.00		$/day		0		Short day		5		hours		0

		Total Per Diem		$10.00		$/day				Average day		8		hours		0

		Total Living Expenses		$50.00		$/day				Long day		10		hours		0

		Equipment hire/use

		Truck		$100.00		$/day		0		ESTIMATED SAMPLING TIME PERIOD FOR PROJECT

		ATV		$0.00		$/day		0		Includes plot establishment		Mean		+1SD		-1SD		UNITS

		Communication		$1.00		$/day		0		Short day		31		5		5		days

		Computer/laptop		$5.00		$/day		0		Average day		20		3		3		days

		GPS units		$2.00		$/day		0		Long day		16		3		3		days

		Other		$0.00		$/day		0		Excludes plot establishment

		Total Equipment Costs		$108.00		$/day				Short day		26		4		4		days

		Supplies								Average day		17		3		3		days

		Field supplies		$8.00		$/plot		0		Long day		13		2		2		days

		Other		$3.00		$/plot		0

		Total Cost Supplies		$11.00		$/plot				TRAVEL TIME TO PROJECT LOCATION

		Analysis								Estimated travel and set up time		4		days		0

		Soil carbon analysis		$20.00		$/plot		0

		Shipping for soil carbon analysis		$3.00		$/plot		0		TOTAL WORK DAYS REQUIRED TO COMPLETE PROJECT

		Bulk density analysis		$15.00		$/plot		0		Includes plot establishment		Mean		+1SD		-1SD		UNITS

		Shipping for bulk density analysis		$3.00		$/plot		0		Short day		35		9		9		days

		Analysis Sub-Total		$41.00		$/plot		0		Average day		24		7		7		days

		Other		$0.00		$/plot		0		Long day		20		7		7		days

		Shipping for "other"		$0.00		$/plot				Excludes plot establishment

		Other Sub-Total		$0.00		$/plot				Short day		30		8		8		days

		Total Cost of Sample Analysis		$41.00		$/plot		0		Average day		21		7		7		days

		Miscellaneous costs						0		Long day		17		6		6		days

		Fuel (truck)		$3.00		$/gallon

		Fuel (ATV)		$0.00		$/gallon

		Copyright 2006 ©

		Please do not alter excel file without permission from Winrock International:

		www.winrock.org
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Fixed costs: these do not vary with sample size; that is, they are fixed for a given project.

Variable costs: these costs vary with sample size for a given project.

Total cost of airfare, and/or ground transportation for entire crew to travel from "base"location to project location.

If sample crew members share a hotel room, allocate half the nightly cost to each crew member.

Total living expenses = total accommodation + total per diem.

Total labor cost/hour = hourly rate of crew manager + hourly rate of second crew member.

Use an approximate rental/hire rate. This is assumed to include depreciation, maintenance and all other use costs.

Use an approximate rental/hire rate. This is assumed to include depreciation, maintenance and all other use costs.

Phone/walkie talkie - other communication equipment.

Use an approximate rental/hire rate. This is assumed to include depreciation, maintenance and all other use costs.

Use an approximate rental/hire rate. This is assumed to include depreciation, maintenance and all other use costs.

Include cost of oll materials used for any samples taken on each plot, for example cost of rebar, PVC pipe, Tyvek bags and tree tags.

Cost of soil carbon analysis per plot. This variable equals zero if only above ground biomass is measured.

Per sample estimate of $1.50.

Per sample estmate of $2.00.

Estimate of $1.50 per sample.

Sum of all previous "Analysis" costs.

Sum of all previous "Supply" costs.

Sum of all previous "Equipment" costs.

Assumption: each crew member is paid for eight hours on travel days.

Recommended value: 10% for contiguous projects, 15% for non-contiguous. An additional cost factor is added to the project to account for unforseen risks such as losing samples, error in plot location, client unsatisfied with report among other factors. In geneal we expect that the risks associated with sampling plots in non-contigous areas are greater than the risks associated with sampling plots in contigous areas.

Other fixed travel related costs.

Total number of aboveground biomass plots * plot establishment time

Enter expected number of work hours in a day

Excludes plot establishment time.

Plot establishment time + Total travel and sampling time for aboveground biomass + Total plot sample time for soil carbon.

Average estimated time.

Average estimated time +  one standard deviation

Average estimated time - one standard deviation

Sum of soil carbon and bulk density analyses and shipping costs.

Sum of other and associated shipping.

CarbonServices@winrock.org
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Cost w. establishment

		Measurement Cost

		(Includes cost of establishing the plots in first year)

		Cost category		Dollars								Total project measurement cost- absence of any risk factors ($)

		Labor cost		Mean		+1SD		-1SD				Short day		$31,625.00		$21,147.00		$21,147.00

		Short day		$6,125.00		$1,575.00		$1,575.00				cost/ha		$73.89		$49.41		$49.41

		Average day		$6,300.00		$1,540.00		$1,540.00				Average day		$29,292.00		$20,656.00		$20,656.00

		Long day		$6,300.00		$1,750.00		$1,750.00				cost/ha		$68.44		$48.26		$48.26

												Long day		$28,380.00		$20,866.00		$20,866.00

		Living Expenses										cost/ha		$66.31		$48.75		$48.75

		Per diem

		Short day		$1,750.00		$450.00		$450.00				Total project measurement cost accounting for risky events ($)

		Average day		$1,200.00		$350.00		$350.00				Short day		$34,787.50		$23,261.70		$23,261.70

		Long day		$1,000.00		$350.00		$350.00				cost/ha		$81.28		$54.35		$54.35

		Accomodation										Average day		$32,221.20		$22,721.60		$22,721.60

		Short day		$1,360.00		$320.00		$320.00				cost/ha		$75.28		$53.09		$53.09

		Average day		$920.00		$240.00		$240.00				Long day		$31,218.00		$22,952.60		$22,952.60

		Long day		$760.00		$240.00		$240.00				cost/ha		$72.94		$53.63		$53.63

		Equipment and Supplies

		Total Equipment costs

		Short day		$3,348.00		$540.00		$540.00

		Average day		$2,160.00		$324.00		$324.00

		Long day		$1,728.00		$324.00		$324.00

		Supplies		$1,595.00								Copyright 2006 ©

												www.winrock.org

		Analysis Costs		$1,517.00								CarbonServices@winrock.org

		Fuel cost 10 gallons/day

		Short day		$930.00		$150.00		$150.00

		Average day		$600.00		$90.00		$90.00

		Long day		$480.00		$90.00		$90.00

		Fixed costs of travel		$15,000.00



Total number of days for project minus 1 day (to account only for nights in hotel)

An additional cost factor is added to the project to account for unforseen risks such as losing samples, error in plot location, client unsatisfied with report among other factors. In geneal we expect that the risks associated with sampling plots n non-contigous areas are greater than the risks associated with sampling plots in contigous areas. The risk factor was entered in the previous sheet "Unit Measurement Costs".

We assume the truck and ATV use a total of 10 gallons of fuel a day. This is a simplifying assumption. If shorter days (thus more days) are used to complete the project sampling, fuel costs will rise. The distance between plots and number of plots will obviously remain constant but the amount of travel from the accommodation to the sites each day will increase.

CarbonServices@winrock.org
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Cost wout. establishment

		Measurement Cost

		(Excludes cost of establishing the plots)

		Cost category		Dollars								Total project measurement cost- absence of any risk factors

		Labor cost		Mean		+1SD		-1SD				Short day		$29,610.00		$20,744.00		$20,744.00

		Short day		$5,250.00		$1,400.00		$1,400.00				cost/ha		$69.18		$48.47		$48.47

		Average day		$5,460.00		$1,540.00		$1,540.00				Average day		$27,768.00		$20,656.00		$20,656.00

		Long day		$5,250.00		$1,400.00		$1,400.00				cost/ha		$64.88		$48.26		$48.26

												Long day		$26,646.00		$20,288.00		$20,288.00

		Living Expenses		Dollars								cost/ha		$62.26		$47.40		$47.40

		Per diem		Mean		+1SD		-1SD

		Short day		$1,500.00		$400.00		$400.00				Total project measurement cost accounting for risky events

		Average day		$1,050.00		$350.00		$350.00				Short day		$32,571.00		$22,818.40		$22,818.40

		Long day		$850.00		$300.00		$300.00				cost/ha		$76.10		$53.31		$53.31

		Accomodation										Average day		$30,544.80		$22,721.60		$22,721.60

		Short day		$1,160.00		$280.00		$280.00				cost/ha		$71.37		$53.09		$53.09

		Average day		$800.00		$240.00		$240.00				Long day		$29,310.60		$22,316.80		$22,316.80

		Long day		$640.00		$200.00		$200.00				cost/ha		$68.48		$52.14		$52.14

		Equipment and Supplies		Dollars

		Total Equipment costs		Mean		+1SD		-1SD

		Short day		$2,808.00		$432.00		$432.00

		Average day		$1,836.00		$324.00		$324.00

		Long day		$1,404.00		$216.00		$216.00

		Supplies		$1,595.00								Copyright 2006 ©

												www.winrock.org

		Analysis Costs		$1,517.00								CarbonServices@winrock.org

		Fuel cost 10 gallons/day		Mean		+1SD		-1SD

		Short day		$780.00		$120.00		$120.00

		Average day		$510.00		$90.00		$90.00

		Long day		$390.00		$60.00		$60.00

		Fixed costs of travel		$15,000.00



Total number of days for project minus 1 day (to account only for nights in hotel)

We assume the truck and ATV use a total of 10 gallons of fuel a day. This is a simplifying assumption. If shorter days (thus more days) are used to complete the project sampling, fuel costs will rise. The distance between plots and number of plots will obviously remain constant but the amount of travel from the accommodation to the sites each day will increase.

An additional cost factor is added to the project to account for unforseen risks such as losing samples, error in plot location, client unsatisfied with report among other factors. In geneal we expect that the risks associated with sampling plots n non-contigous areas are greater than the risks associated with sampling plots in contigous areas. The risk factor was entered in the previous sheet "Unit Measurement Costs".

CarbonServices@winrock.org
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PV cost over time

		Discounted Present Value of Cost

		Interest rate (percent)		3.0%				0

		(Decimal)		0.03

		Inflation rate (percent)		3.0%				0

		(Decimal)		0.03

		Monitoring events (after initial project set up)						Present Value of Monitoring Costs ($)

		Years                    (Enter Measurement Year or Zero)								Mean		+1SD		-1SD

		5		0				Short day		$209,285.00		$145,611.00		$145,611.00

		10		0				cost/ha		$41.86		$29.12		$29.12

		15		0				Average day		$195,900.00		$144,592.00		$144,592.00

		20		0				cost/ha		$39.18		$28.92		$28.92

		25		0				Long day		$188,256.00		$142,594.00		$142,594.00

		30		0				cost/ha		$37.65		$28.52		$28.52

		0		0

		0		0				Present Value of Monitoring Costs Assuming Risk ($)

		0		0						Mean		+1SD		-1SD

								Short day		$230,213.50		$160,172.10		$160,172.10

								cost/ha		$46.04		$32.03		$32.03

								Average day		$215,490.00		$159,051.20		$159,051.20

								cost/ha		$43.10		$31.81		$31.81

								Long day		$207,081.60		$156,853.40		$156,853.40

								cost/ha		$41.42		$31.37		$31.37

		Copyright 2006 ©

		www.winrock.org

		CarbonServices@winrock.org



Choose an interest rate that reflects your expected return on investment if you were to invest the funds rather than spend them.

Expected rate of inflation.

Enter each time period that the project will be measured e.g. if the first re-measurement takes place five years after project establishment the first row should read 5.

CarbonServices@winrock.org
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MBD000AC2F3.unknown



MBD0016C4E3.unknown



MBD00171816.unknown



MBD0018B2B3.unknown



MBD00172EE1.unknown



MBD00170D8E.unknown



MBD00147EBF.unknown



MBD0014EA55.unknown



MBD0016503F.unknown



MBD001485F4.unknown



MBD000AC2F5.unknown



MBD000AC2F6.unknown



MBD00141D40.unknown



MBD000AC2F4.unknown



MBD000AC2EF.unknown



MBD000AC2F1.unknown



MBD000AC2F2.unknown



MBD000AC2F0.unknown



MBD000AC2ED.unknown



MBD000AC2EE.unknown





