Above-Ground Tree Carbon
Estimation Protocols
Georgia, USA

Bruce Borders
Warnell School of Forestry and Natura Resources

Carbon Sequestration Certification
June 5-6, 2007
UGA — Georgia Center for Continuing Education




Above Ground Protocol

m Recdl - Estimation of carbon stored in stem wood Is
atimber inventory/ growth and yield exercise

= \We need to obtan an estimate of the volume or
weight of ssem wood and then convert this estimate

to tons of carbon

x NO

E — approximately one-haf of dry wood weight

IS carbon, hence If we can estimate dry weight of
stem wood we can easlly convert it to weight of
carbon by multiplying by Y2




Above Ground Protocol

We can use the following relationship to convert cubic
volume of green wood to carbon weight in wood

SGIB :WD/VG
D

WElS

SGg = basic specific gravity
W, = dry weight of wood

Vs = green volume of wood

D\vae = density of water = 624 |bg/ ft*




Above Ground Protocol

WD — (SGB)(DWater)(VG) — 62-4(868)(\/(;)

W, = (0.5)W,

Example —we have 1000 cubic feet of loblolly pine
wood per acre (green volume inside bark - V)

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

W, = 62.4*0.47* 1000 = 29,328 Ibs
W, = 14,664 |bs or about 7.3 tons




Basic Specific Gravity by
Species/ Group

Species/Species Group Specific Gravity
Loblolly pine (PinustaedalL.) 0.47
Slash pine (Pinus dlliottii) 0.54
Longleaf pine (Pinus palustris) 0.54
Other pines (Pinus spp.) 0.46
Soft Hardwoods' 0.46
Hard Hardwoods’ 0.58




Above Ground Protocol

= Note—we can estimate dry weight of wood from green
weight of wood as.

Wy = (1-MCg)* W
Where:
Wy = dry weight of wood
W, = green weight of wood
MC; = moisture content of wood defined as.

MCg = (Wg —Wp)/ Wg




Above Ground Protocol

m Suppose we have estimated 75 standing green tons of
wood in aloblolly pine stand

= From the work of Clark and Daniels (2000) we can
obtain an estimate of MC, to be 53.5% or 0.535

m [hus, we can estimate sanding dry tons to be:

Wp = (1-MCg)* We
= (1-0.535)*75 = 34.875tons

m Of course, carbon Isthen estimated to be
approximately 17.4 tons (1/ 2 of W)




Above Ground Protocol

s Clark, A and R. Daniels. 2000. Estimating
moisture content of tree-length roundwood.
TAPPI — Pulping/ Process & Product Qudlity
Conference Proceedings.




Above Ground Protocol

= Recdl, to determine standing tons of carbon in atimber
stand we can follow norma cruising practices to obtan
one of the following:

= |nsde bark green volume (i.b. cubic foot volume equation -
V)
= Insde bark green weight (i.b. green weight equation - W) in
conjunction with alegitimate estimate of moisture content
= Insde bark dry weight (i.b. dry weight equation - W)
s Makethe appropriate caculation to convert the
avalable estimate to carbon weight




Entities With Reliable | nventory

s Sand leve probability samples avallable with
estimates of standing tree volume or weght

= Conducted by registered forester

= < 10yearsold

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

= Use converson procedures to obtan estimates of
carbon weight




Individual Tree Volume/ Weight
Equation Examples

= Harison, M. and B. Borders. 1996. Yied prediction
and growth projection for ste-prepared loblolly pine
plantations in the Carolinas, Georgia, Alabamaand
FHorida PMRC Technica Report 1996-1. The

University of Georgia. 59 pp.

m Penaar, L.V, e d. 1996. Yield prediction for
mechanicaly ste-prepared dash pine plantationsin
the Southeastern Coasta Plan. PMRC Technica
Report 1996-3. The University of Georgia. 57 pp.




| ndividual Tree Volume/ Weight
Equation Examples — Cutover Sash Pine

VOB, = .00456D*"*°H®*" - 00265(D,,>***/D***) (H - 4.5) (1.1)

VIB,, =.001735 D*®* H"*"*° - 00200 (D, **™/D"**)(H - 4.5)

VOB = cubic foot volume outside bark (ob)
VIB = cubic foot volumeinside bark (ib)

D =tree DBH (inches)

H =total tree height (feet)

Dm = merchantable top diameter (ob)




| ndividual Tree Volume/ Weight
Equation Examples — Cutover Sash Pine

GWIB,, = .1047D*P* 102210 0892 (D> 7/ D% (H — 4.5)
DWIB,, = .0373 D027 1 0458 (D> 741/ DY7%Y (H — 4.5)

DWIB,, =.0383 D "** H"** A . 0454 (D, /D™ H - 4.5)  (1.10)

GWIB = green weight inside bark (ib) (I1bs)
DWIB = dry weight inside bark (ib) (lbs)
D =tree DBH (inches)

H =total tree height (feet)

Dm = merchantable top diameter (ob)

A = stem age




| ndividual Tree Volume/ Weight
Equation Examples — Cutover Sash Pine

[Hlustrative Example

Use of the volume, taper and weight equations are 1illustrated below for a tree with
D = 10 inches and H = 60 ft. The equation used to obtain the estimate 1s given in
parentheses.
Volume:

VOB, = 1494t  (1.1) VIB, = 12.04 ft’

VOB, = 1452  (1.1) VIB, = 11.67 ft’

VOBg = 8.76 ft° (1.1) VIBg =7.18 ft’

NOTE — VOB =14.52 ft3isfor a4 inch top not O inch top.




| ndividual Tree Volume/ Weight
Equation Examples — Cutover Sash Pine

Wy = (g ) (Dyarer )V ) = 62.4(SG5) (V)

For slash pine average basic specific gravity is 0.54
Sofor VIB, = 1167 ft3 we can estimate dry weight of wood as:
Wy = 62.4(0.54)(11.67) = 393.2 pounds

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




| ndividual Tree Volume/ Weight
Equation Examples — Cutover Sash Pine

Green Weight:
GWOB; = 875.6 lbs (1.7) GWIB; = 780.4 1bs (1.8)
GWOB, = 846.8 lbs (1.7) GWIB, = 755.8 Ibs (1.8)

GWOBg = 515.4 Ibs (1.7) GWIBg = 467.1 1bs (1.8)

Recall - Wy = (1-MCy)* W
|f we assume average M C, for slash pine is about 50% (0.50) we find

For GWIB, we find Wy = (1-0.5)*(755.8) = 377.9 Ibs and Carbon = 189 Ibs




| ndividual Tree Volume/ Weight
Equation Examples — Cutover Sash Pine

Dry Weight:
Age 15 Age 25
DWIB, = 384.5 1bs (1.9) 376.9 1bs (1.10) 392.51bs (1.10)

DWIB4 =374.9 1bs (1.9) 367.2 1bs (1.10) 382.8 1bs (1.10)

DWIBg = 236.6 1bs (1.9) 228.7 1bs (1.10) 244.3 1bs (1.10)

Clearly, it isvery 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

Ibs




Entities With Reliable | nventory
Carbon Tables

= Two genera goproaches (use of Carbon Tables and use of
Growth and Yidd (G & Y) software with appropriate
conversons)

= Carbon tables — find appropriate carbon table for stand type/ age

of Inventory — determine average annual carbon accumulation

from table for ages between inventory age and start of carbon
contract — add the carbon accumulation from the table to the
Inventory estimate

= Determine carbon accumulation during contract period and add

thisto the carbon present at start of contract period to obtain
final standing carbon




Entities With Reliable | nventory
Carbon Tables

m Carbon Tables developed for mgor stand types
found in Georga

= Each table presentstons of carbon by age and

product (pulp DBH <= 11.5" plus 15% degrade
from sscemswith DBH > 11.5” and sawtimber
DBH > 11.5” minus 15% degrade to pulp)




Entities With Reliable | nventory
Carbon Tables

s Many factors impact growth and yield of timber stands:
m Species/Species Mix
= Site quality (site index)
= Sand origin (planted cutover, planted old field, natura

regeneration)
= Sand dengity (trees/ acre, basd aredl acre)
= Thinning condition (unthinned, one or more thins)
= Management Intensity
= Levd of Genetic Improvement (if planted stand)




Entities With Reliable | nventory
Carbon Tables

m [ablesdeveloped for dl combinations of the
following categories:

= Joecies— Loblolly pine, Sash pine, Longleaf pine,
Hardwood

= Origin — Planted cutover Ste, Planted ag field (CRP),
Naturd regeneraion

= 3te Index Class (base age 25 for planted stands, base
age 50 for naturd stands)

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




Entities With Reliable | nventory
Carbon Tables

m [ablesdeveloped for dl combinations of the
following categories:

= Sand density a planting— Low (<=5/5 trees acre) and
High (> 575 treed acre)

= Sand dengty for natura regeneration — Low and High
(class limits vary by species— no dengity classes for
hardwood stands)

= Thin History — Unthinned or Thinned




Entities With Reliable | nventory
Carbon Tables

m [ablesdeveloped for dl combinations of the
following categories:
= Management Intensity (planted stands only)
m Extensive

= No vegetation control via herbicides
= No fertilization

m [ntensive
= Successful woody vegetation control at Site preparation

s Herbaceous weed control in year of planting
= Fertilization following thinning operations







