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Background

= Carbon dioxide isaminor atmospheric gas that
IS associated with aprocessthat Is generdly
known as the “ Greenhouse Effect”

s Ove the past century the concentration of
Carbon Dioxide in the amosphere has been
risng (from somewhere around 280 ppm In the
late 1800's to about 370 ppm today)

= One source of the increase in CO,, IS burning of
fossl fuels




Background

= Nevertheless— today we find oursealves in the Stuation
where various organizations want to purchase “carbon
offsats’ to help mitigate climate change

= |t redly does not matter if such carbon offsets can or
will have an Impact on temperature patterns around the
globe

= All that mattersisthat there isa percelved economic value
In these carbon offsets and therefore individuals and
organizations that own various types of carbon offsets may
realize an economic gain from their sale




Georgia Carbon Registry

m [t iswell known In the forestry professon that
growth of timber results in the storage of carbon
(I.e. astrees grow they make use of CO,, from
the aamosphere and store C in various ways):

= Sem wood and stem bark

= Branch wood and branch bark
= Foliage

= Roots

x Soil




Georgia Carbon Registry

m Georgalsone of the largest timber growing
centersin the country and the world — hence, If
thereisinterest in purchasing carbon offsats —
Georgiatimber growers are well positioned to
benefit economicaly from their sae (assuming
that conditions of purchase do not impede
routine timber management economics)




Georgia Carbon Registry

= \We divide carbon sequestered in forests into:
= Above ground carbon
= Below ground carbon

= | will discuss Above ground carbon estimation
protocol — Dan Markewitz will discuss Below
ground estimation protocol




Above Ground Protocol

m Gods of the Protocol
= Objective methods
= Rdiable (well tested) methods
= Low cost methods

= [oday, carbon is alow vaued commodity and hence
any procedure(s) used to obtain carbon estimates
must be low cost while, hopefully, objective and
reliable




Above Ground Protocol

= Above ground carbon estimates are limited to stem
wood only (no stem bark, branch wood/ bark or
foliage). WHY?
= Many well sudied/ tested, relatively smple methods
avalable for estimation of stem wood in timber stands

= Sem wood sequesters carbon for much longer periods of
time than stem bark, branch wood/ bark and foliage




Above Ground Protocol

= Estimation of carbon stored in stem wood s essentidly a
timber inventory/ growth and yield exercise

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

m NOTE — approximately one-haf of dry wood weight is
carbon, hence If we can estimate dry weight of stem wood
we can easly convert it to weight of carbon by multiplying
by %2




Above Ground Protocol

In general we define:

SG =

D
Dy,

ater

SG = gpecific gravity
D = density of liquid or solid
D\vae = dengity of water = 624 |bg/ ft3




Above Ground Protocol

For wood we typically use

g;B :WD/VG
D

Water

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,

W, = weight of carbon,

all else as previoudy defined




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




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

m Clearly, to determine standing tons of carbon in a
timber stand we can follow norma cruisng practicesto
obtain 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




Above Ground Protocol

= Many eguations have been developed to estimate these
various quantities from typica cruise data (DBH and
some measure of height)

m \We arein the process of compiling alist of acceptable
eguations— however, the bottom line will be that any
eguation (table) that has been developed based on
sound mensurationa methods and published in a
scientific journd or by avalid research unit (Universty,
USDA Forest Sarvice, private companies) will be

acceptable.
= NOTE —the equation/ table must be region and species
specific




Above Ground Protocol

= Clearly, the implication from the discusson
aoove Isthat vaid timber inventory data can be
used to obtan estimates of carbon tons (usng
aopropriate unit conversions)

= However, timber inventory operations can be
relatively expensive ($4-5/ acre and up
depending on type and intensity of
measurement)




Above Ground Protocol

 |tisquitelikdy that some timberland owners who are
Interested in salling carbon offsets will not want to pay
for such an inventory If thelr proceeds will not justify
the cost of the inventory
Thus, in addition to obtaning estimates directly from
Inventory operations — estimates can aso be obtaned
Indirectly using carbon tables produced for stand types
In Georgiaor from a scientificaly defensible Growth
and Yield System for the stand types of interest




Above Ground Protocol

= To dlow for participation from the largest possible

number of timberland owners, separate sets of protocols
have been developed for:

= Entitieswith reiaole inventory information
= Entitieswithout reliable inventory information

m All contracts for sale/ purchase of carbon will most likely

contan stipulations for some type of verification of
estimates

= Thisveificaion can take many different forms depending on
who the buyer is and what purpose the carbon offsets will be
used for (e.g. meeting government mandated carbon emission

reductions may reguire more rigorous verification than carbon
offsets purchased for a PR purpose)




Carbon Tables

m Carbon tables developed for:
= Major timber typesin Georgia
= Tables present tons of carbon by fiber and solid wood products (only two

categories—fiber isdl sems<= 11.5” DBH to 3” top, solid wood is al
stems> 11.5” DBH to 6” top — with 15% degrade of solid wood stems into

fiber category)
m Bottomline —we tried to be conservative in our estimates of solid wood carbon
m Thesetableswill be used for both types of entities consdered in
the Above Ground Protocol

m A regstered forester (aso certified in Carbon Sequestration
Protocol) must determine the appropriate information for the
timberland in question so asto identify the correct carbon
table/ software to use for estimating sequestered. carbon tons




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 <= 20% estimated Allowable Error
(AE) (note — draft protocol indicates <= 15%)




Entities With Reliable | nventory

m Procedure for caculaing tree carbon from inventory
= Cleaxly, it isstraght forward to determine tons of carbon from

timber inventory data
m Estimate volume i.b., green tonsi.b. or dry tonsi.b. using appropriate
volume or weight eguation/table
m Use the appropriate conversion process outlined above

= NOTE — avalable inventory data may be from up to 10 yearsin
the padt, therefore it may be necessary to update the carbon
estimates to present or to the year in which the carbon contract

will begin




Entities With Reliable | nventory

= Procedure for updating carbon estimate to start of contract period
(may be current year) — two generd approaches (use of Carbon
Tablesand use of Growth and Yidd (G & Y) software with
appropriate conversions)

= 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 carbbon contract — add the carbon accumulation
from the table to the inventory estimate

Growth and yield software — enter starting inventory information into growth
and yield software, obtain estimate of carbon at inventory point (based on G
& Y system) — obtain estimate of carbon at start of carbon contract) (based on
G & Y system) — take the difference and add this amount to the carbon
estimate obtained from the inventory to obtain carbon at start of carbon
contract.




Entities With Reliable | nventory

m Procedure for determining carbon accumulation during contract
period — two generd approaches (use of Carbon Tables and use of
Growth and Yield software with gopropriate conversions)

= Carbon tables — determine starting carbon level as described above, use the
appropriate carbon table to estimate standing carbon at end of carbon
contract — take the difference to determine net accumulation (NOTE —
harvested volume/tons must be deducted if any thinning/loss has taken place)

Growth and yield software — determine starting carbon level as described
above, enter starting inventory information into growth and yield software,
obtain estimate of carbon at start of carbon contract (based on G & Y system)
and at end of carbon contract (allowing for any thinning operations that will
take place) — take the difference — this is the carbon accumulation over the
contract period




Entities Without Reliable | nventory

= Registered forester examines the stand and identifies
= Major species
= Sand origin (planted cutover Ste, planted ag. fidd, natural)
= Stand age
= Ste qudity (low 52, medium 62, high 72 a 25 for pine)
= Sand dengity (low, high)
= Thinning condition (pine stands only)
= Management intensity (planted pine only)
= | evel of genetic improvement




Entities Without Reliable | nventory

m Use gopropriate carbon table to assess carbon a start of
contract period

= Use gopropriae carbon table to assess carbon at end of

contract period
= Takethe difference between end of period and start of period
(on astand by stand basis) and determine the carbon
accumulation over the contract period
® NOTE — it should be understood by both buyer and
sdler that carbon accumulation estimates determined
from regiona tables will not be as accurate/ precise as

those starting from inventory data




Example Carbon Table

Loblolly, Naturd, S Low, Low Intensity Mngt, Unimproved genetics, Regional avg., No Thinning

Age Pulp Wood C  Saw Timber C




Questions/Comments?

To know that you do not
know is the best. To
pretend to know when you
do not know is a disease —
Lao Tzu, The Way of Lao-
Tzu, Chinese Philosopher
604 — 531 BC
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