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Recall Recall -- Estimation of carbon stored in stem wood is Estimation of carbon stored in stem wood is 
a timber inventory/ growth and yield exercisea timber inventory/ growth and yield exercise
We need to obtain an estimate of the volume or We need to obtain an estimate of the volume or 
weight of stem wood and then convert this estimate weight of stem wood and then convert this estimate 
to tons of carbonto tons of carbon
NOTE NOTE –– approximately oneapproximately one--half of dry wood weight half of dry wood weight 
is carbon, hence if we can estimate dry weight of is carbon, hence if we can estimate dry weight of 
stem wood we can easily convert it to weight of stem wood we can easily convert it to weight of 
carbon by multiplying by ½carbon by multiplying by ½
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SGB = basic specific gravity

WD = dry weight of wood

VG = green volume of wood

DWater = density of water = 62.4 lbs/ ft3

We can use the following relationship to convert cubic 
volume of green wood to carbon weight in wood
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Example – we have 1000 cubic feet of loblolly pine 
wood per acre (green volume inside bark - VG)

Average SGB for loblolly pine is about 0.47, 
therefore we can estimate dry weight of wood as

WD = 62.4*0.47*1000 = 29,328 lbs 

WC = 14,664 lbs or about 7.3 tons



Basic Specific Gravity by Basic Specific Gravity by 
Species/ GroupSpecies/ Group

Species/Species Group Specific Gravity

 

Loblolly pine (Pinus taeda L.) 0.47 
Slash pine (Pinus elliottii) 0.54 
Longleaf pine (Pinus palustris)

 

0.54 
Other pines (Pinus spp.) 0.46 
Soft Hardwoods1 0.46 
Hard Hardwoods2 0.58 

 



Note Note –– we can estimate dry weight of wood from green we can estimate dry weight of wood from green 
weight of wood as:weight of wood as:

WWDD = (1 = (1 –– MCMCGG)* W)* WGG

Where:Where:
WWDD = dry weight of wood= dry weight of wood
WWGG = green weight of wood= green weight of wood
MCMCGG = moisture content of wood defined as:= moisture content of wood defined as:

MCMCGG = (W= (WGG –– WWDD)/ W)/ WGG



Suppose we have estimated 75 standing green tons of Suppose we have estimated 75 standing green tons of 
wood in a loblolly pine standwood in a loblolly pine stand
From the work of Clark and Daniels (2000) we can From the work of Clark and Daniels (2000) we can 
obtain an estimate of MCobtain an estimate of MCGG to be 53.5% or 0.535to be 53.5% or 0.535
Thus, we can estimate standing dry tons to be:Thus, we can estimate standing dry tons to be:

WWDD = (1 = (1 –– MCMCGG)* W)* WGG

= (1 = (1 –– 0.535)*75 = 34.875 tons0.535)*75 = 34.875 tons
Of course, carbon is then estimated to be Of course, carbon is then estimated to be 
approximately 17.4 tons (1/ 2 of Wapproximately 17.4 tons (1/ 2 of WDD))



Clark, A and R. Daniels.  2000.  Estimating Clark, A and R. Daniels.  2000.  Estimating 
moisture content of treemoisture content of tree--length length roundwoodroundwood.  .  
TAPPI TAPPI –– Pulping/ Process & Product Quality Pulping/ Process & Product Quality 
Conference Proceedings.Conference Proceedings.



Recall, to determine standing tons of carbon in a timber Recall, to determine standing tons of carbon in a timber 
stand we can follow normal cruising practices to obtain stand we can follow normal cruising practices to obtain 
one of the following:one of the following:

Inside bark green volume (Inside bark green volume (i.bi.b. cubic foot volume equation . cubic foot volume equation --
VVGG))

Inside bark green weight (Inside bark green weight (i.bi.b. green weight equation . green weight equation -- WWGG) in ) in 
conjunction with a legitimate estimate of moisture contentconjunction with a legitimate estimate of moisture content

Inside bark dry weight (Inside bark dry weight (i.bi.b. dry weight equation . dry weight equation -- WWDD))

Make the appropriate calculation to convert the Make the appropriate calculation to convert the 
available estimate to carbon weightavailable estimate to carbon weight



Entities With Reliable InventoryEntities With Reliable Inventory

Stand level probability samples available with Stand level probability samples available with 
estimates of standing tree volume or weightestimates of standing tree volume or weight

Conducted by registered foresterConducted by registered forester

< 10 years old < 10 years old 

Sample precision <= 15% estimated Allowable Error Sample precision <= 15% estimated Allowable Error 
(AE) (AE) 

Use conversion procedures to obtain estimates of Use conversion procedures to obtain estimates of 
carbon weightcarbon weight



Individual Tree Volume/ Weight Individual Tree Volume/ Weight 
Equation ExamplesEquation Examples

Harrison, M. and B. Borders.  1996.  Yield prediction Harrison, M. and B. Borders.  1996.  Yield prediction 
and growth projection for siteand growth projection for site--prepared loblolly pine prepared loblolly pine 
plantations in the Carolinas, Georgia, Alabama and plantations in the Carolinas, Georgia, Alabama and 
Florida.  PMRC Technical Report 1996Florida.  PMRC Technical Report 1996--1.  The 1.  The 
University of Georgia.  59 pp.University of Georgia.  59 pp.

PienaarPienaar, L.V., et al.  1996.  Yield prediction for , L.V., et al.  1996.  Yield prediction for 
mechanically sitemechanically site--prepared slash pine plantations in prepared slash pine plantations in 
the Southeastern Coastal Plain.  PMRC Technical the Southeastern Coastal Plain.  PMRC Technical 
Report 1996Report 1996--3.  The University of Georgia.  57 pp.3.  The University of Georgia.  57 pp.



Individual Tree Volume/ Weight Individual Tree Volume/ Weight 
Equation Examples Equation Examples –– Cutover Slash PineCutover Slash Pine

Where:

VOB = cubic foot volume outside bark (ob)

VIB = cubic foot volume inside bark (ib)

D = tree DBH (inches)

H = total tree height (feet)

Dm = merchantable top diameter (ob)



Individual Tree Volume/ Weight Individual Tree Volume/ Weight 
Equation Examples Equation Examples –– Cutover Slash PineCutover Slash Pine

Where:

GWIB = green weight inside bark (ib) (lbs)

DWIB = dry weight inside bark (ib) (lbs)

D = tree DBH (inches)

H = total tree height (feet)

Dm = merchantable top diameter (ob)

A = stem age 



Individual Tree Volume/ Weight Individual Tree Volume/ Weight 
Equation Examples Equation Examples –– Cutover Slash PineCutover Slash Pine

NOTE – VOB = 14.52 ft3 is for a 4 inch top not 0 inch top.



Individual Tree Volume/ Weight Individual Tree Volume/ Weight 
Equation Examples Equation Examples –– Cutover Slash PineCutover Slash Pine
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For slash pine average basic specific gravity is 0.54

So for VIB4 = 11.67 ft3 we can estimate dry weight of wood as:

WD = 62.4(0.54)(11.67) = 393.2 pounds

Hence our estimate of sequestered carbon is 0.5(393.2) =  196.6 
pounds



Individual Tree Volume/ Weight Individual Tree Volume/ Weight 
Equation Examples Equation Examples –– Cutover Slash PineCutover Slash Pine

Recall Recall -- WWDD = (1 = (1 –– MCMCGG)* W)* WGG

If we assume average MCIf we assume average MCGG for slash pine is about 50% (0.50) we findfor slash pine is about 50% (0.50) we find

For GWIBFor GWIB44 we find Wwe find WDD = (1= (1--0.5)*(755.8) = 377.9 lbs and Carbon = 189 lbs0.5)*(755.8) = 377.9 lbs and Carbon = 189 lbs



Individual Tree Volume/ Weight Individual Tree Volume/ Weight 
Equation Examples Equation Examples –– Cutover Slash PineCutover Slash Pine

Clearly, it is very straight forward to estimate carbon if you are calculating dry 
weight of wood – simply multiply by 0.5 to estimate carbon to 4 inch top to be 191 
lbs



Entities With Reliable InventoryEntities With Reliable Inventory
Carbon TablesCarbon Tables

Two general approaches (use of Carbon Tables and use of Two general approaches (use of Carbon Tables and use of 
Growth and Yield (G & Y) software with appropriate Growth and Yield (G & Y) software with appropriate 
conversions)conversions)

Carbon tables Carbon tables –– find appropriate carbon table for stand type/ age find appropriate carbon table for stand type/ age 
of inventory of inventory –– determine average annual carbon accumulation determine average annual carbon accumulation 
from table for ages between inventory age and start of carbon from table for ages between inventory age and start of carbon 
contract contract –– add the carbon accumulation from the table to the add the carbon accumulation from the table to the 
inventory estimateinventory estimate

Determine carbon accumulation during contract period and add Determine carbon accumulation during contract period and add 
this to the carbon present at start of contract period to obtainthis to the carbon present at start of contract period to obtain
final standing carbonfinal standing carbon



Entities With Reliable InventoryEntities With Reliable Inventory
Carbon TablesCarbon Tables

Carbon Tables developed for major stand types Carbon Tables developed for major stand types 
found in Georgiafound in Georgia

Each table presents tons of carbon by age and Each table presents tons of carbon by age and 
product (pulp DBH <= 11.5” plus 15% degrade product (pulp DBH <= 11.5” plus 15% degrade 
from stems with DBH > 11.5” and sawtimber from stems with DBH > 11.5” and sawtimber 
DBH > 11.5” minus 15% degrade to pulp)DBH > 11.5” minus 15% degrade to pulp)



Entities With Reliable InventoryEntities With Reliable Inventory
Carbon TablesCarbon Tables

Many factors impact growth and yield of timber stands:Many factors impact growth and yield of timber stands:
Species/Species MixSpecies/Species Mix

Site quality (site index)Site quality (site index)

Stand origin (planted cutover, planted old field, natural Stand origin (planted cutover, planted old field, natural 
regeneration)regeneration)

Stand density (trees/ acre, basal area/ acre)Stand density (trees/ acre, basal area/ acre)

Thinning condition (unthinned, one or more thins)Thinning condition (unthinned, one or more thins)

Management IntensityManagement Intensity

Level of Genetic Improvement (if planted stand)Level of Genetic Improvement (if planted stand)



Entities With Reliable InventoryEntities With Reliable Inventory
Carbon TablesCarbon Tables

Tables developed for all combinations of the Tables developed for all combinations of the 
following categories:following categories:

Species Species –– Loblolly pine, Slash pine, Longleaf pine, Loblolly pine, Slash pine, Longleaf pine, 
HardwoodHardwood

Origin Origin –– Planted cutover site, Planted Planted cutover site, Planted agag field (CRP), field (CRP), 
Natural regenerationNatural regeneration

Site Index Class (base age 25 for planted stands, base Site Index Class (base age 25 for planted stands, base 
age 50 for natural stands)age 50 for natural stands)

Low, Medium, High (classes vary by species Low, Medium, High (classes vary by species –– see protocol)see protocol)



Entities With Reliable InventoryEntities With Reliable Inventory
Carbon TablesCarbon Tables

Tables developed for all combinations of the Tables developed for all combinations of the 
following categories:following categories:

Stand density at planting Stand density at planting –– Low (<=575 trees/ acre) and Low (<=575 trees/ acre) and 
High (> 575 trees/ acre)High (> 575 trees/ acre)

Stand density for natural regeneration Stand density for natural regeneration –– Low and High Low and High 
(class limits vary by species (class limits vary by species –– no density classes for no density classes for 
hardwood stands)hardwood stands)

Thin History Thin History –– Unthinned or Thinned Unthinned or Thinned 



Entities With Reliable InventoryEntities With Reliable Inventory
Carbon TablesCarbon Tables

Tables developed for all combinations of the Tables developed for all combinations of the 
following categories:following categories:

Management Intensity (planted stands only)Management Intensity (planted stands only)
ExtensiveExtensive

No vegetation control via herbicidesNo vegetation control via herbicides

No fertilizationNo fertilization

IntensiveIntensive
Successful woody vegetation control at site preparationSuccessful woody vegetation control at site preparation

Herbaceous weed control in year of plantingHerbaceous weed control in year of planting

Fertilization following thinning operationsFertilization following thinning operations




