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• Coar se and f ine r oot s

• Soil Car bon
– Or ganic car bon wit hin miner al soils

• Also, or ganic soils (mucks, peat s) 
• And, Spodosols (or ganic accumulat ions at dept h)

– For est Floor (i.e., t he soil O hor izon)
– Coar se woody debr is



Longleaf pine stump 14” (35 
cm) diameter at a depth of 
10 ft (3 m) in the ground.  
Stump at ground line 24” 
(61 cm) diameter. George 
County, MS.



Coarse Woody Debris

Forest Floor (O Horizon)

Mineral Soil (A,E,B Horizon)



Organic rich 
spodic horizon 
(Bh designation) 
at 12” (30 cm) 
depth.



• Dif f icult f or r oot s and soil due t o visual 
impair ment 
– (i.e., it s belowgr ound)

• Dif f icult f or soil car bon change because 
t her e is alr eady a lar ge backgr ound



• I ncludes
– Coar se r oot s

• Fine roots excluded

– Miner al soil or ganic car bon
• Mineral soil includes organic soils (i.e., Histosol)
• Excludes f or est f loor and coar se woody debr is

• Tier I and I I
– Abovegr ound: Wit h/ Wit hout Reliable I nvent or y
– Belowgr ound: Assume no invent or ies exist ,  Tier I 

and I I dist inguish bet ween levels of complexit y and 
cost in making est imat es.



• Tier I appr oach
– St udies of t r ee gr owt h physiology indicat e a 

r elat ively const ant r at io bet ween above and 
belowgr ound t r ee biomass 

• (i.e., shoot :r oot r at io)

– Rat io is ~4:1 or 20% of t ot al t r ee biomass is 
belowgr ound



– As such
Belowgr ound coar se r oot car bon (Cb) =    

Abovegr ound mer chant able C (Ca) x 0.25

Cb = Ca x 0.25

And Ca + Cb = t ot al mer chant able t r ee C



• Par t icipant s in t he GCSR will be 
expect ed t o ut ilize t he dat a gener at ed 
f r om t he abovegr ound account ing 
scheme f or belowgr ound est imat ion.

• Thus, abovegr ound C r egist r at ion is 
r equir ed f or belowgr ound coar se r oot C 
r egist r at ion.



• Tier I I
– Dir ect ly st imat ing belowgr ound coar se r oot 

C is ext r emely dif f icult , cost ly, has high 
uncer t aint y, and lacks a st andar d 
pr ocedur e.

– No dir ect measur es will be accept ed



• Ver if icat ion
– Pr ocedur es out lined f or abovegr ound f or est 

car bon will be ut ilized f or ver if icat ion of 
belowgr ound C

– No dir ect measur es will be r equir ed f or 
ver if icait on



• Ther e is much int er est and opt imism in t he 
abilit y of f or est soils t o sequest er C

• This der ives f r om 
– The lar ge amount of soil C in f or est 

ecosyst ems, and
– The lar ge losses (~40%) of sur f ace soil car bon 

loss dur ing conver sion t o agr icult ur e t hat , 
t heor et ically, should be r ecover able



Mg ha-1

8480Soil C

353For est Floor C

14080Tr ee C

Loblolly Pine
34-yr -old

SC

Tulip Poplar
50-yr -old

TNComponent



Miner al Soil C loss 
dur ing f or est conver sion t o agr icult ur e

Davidson and Ackerman

% change 
of g-C/m2

% change of 
g-soil/m2

% change of 
g-C/kg soil

n=18-27.2+0.2-25.9All data

n=5-30.5-9.8-14.7Entire Solum

n=7*-38.1-3.6-36.8A and B horizons

n=7*-42.7-0.6-43.3A horizons

C contentSoil massC 
concentration



• Despit e t his opt imism t her e is uncer t aint y about 
t he quant it at ive r at e of soil car bon accumulat ion 
under af f or est at ion or f or est management

• Regar dless of t his uncer t aint y t her e is gener al 
agr eement t hat dur ing af f or est at ion (i.e., sit e 
plant ed t o t r ees af t er >10 yr of agr icult ur e) soils  
will sequest er C

• Similar ly, t her e is gener al agr eement t hat f or est 
f er t ilizat ion will lead t o incr eased soil C 
sequest r at ion



Miner al Soil C gain
dur ing agr icult ur e conver sion t o f or est

3640

kg ha-1 yr-1

25570

122Average rate of soil C gain

24850Old field to planted pine

59110

11850-70

28250

2940-60Old field to natural pine 

45120-180

24200Old field to pine to hardwood

Avg rate of changeYears since Ag

Post and Kwon



Johnson and Curtis



• Tier I appr oach
– Landowner s t hat ar e af f or est ing f ields 

t hat have spent >10 yr in convent ional 
agr icult ur e can use look-up t ables t o 
r egist er soil C sequest r at ion

– To use t hese t ables a land owner would look 
up t he appr opr iat e st and t ype and age and 
mult iply by t he annual r at e by t he number 
of year s.



• For example, if a landowner has a 5-yr -
old loblolly pine plant at ion and t hey want 
t o est imat e pot ent ial sequest r at ion 
t hr ough age 15

• Look-up t able 3.3.1



Table 3.3.1. Regional est imat es of soil C accumulat ion r at es f or
loblolly-shor t leaf pine st ands wit h af f or est at ion of land.

Mg/ acr e

0.1345-50

0.1341-45

0.1336-40

0.1331-35

0.1326-30

0.1321-25

0.0916-20

0.0911-15

0.046-10

0.020-5

Accumulat ion r at eAge



• For t his example, t he landowner would use 
t he 0-5 age r at e f or 1 yr , t he 6-10 age 
r at e f or 5 yr , and t he 11-15 age r at e f or 4 
yr
– Soil C sequest r at ion per acr e f r om age 5 t o 15 

= (1x0.02 Mg-C/ac) + (5x0.04 Mg-C/ac) + (4x0.09 Mg-C/ac)
=0.62 Mg-C/ac

• Then mult iply by t he number of acr es



• To ut ilize t ier I , land owner s must 
demonst r at e >10 yr of agr icult ur al 
act ivit y (i.e., t ax r ecor ds, aer ial phot os) 
and t he appr opr iat e f or est t ype.



• Tier I I
– Landowner s may believe t heir management 

act ivit ies have t he pot ent ial t o sequest er soil 
C at r at es exceeding t hose in t ier I t ables or 
may believe soil C sequest r at ion is likely in 
scenar ios ot her t han af f or est at ion

– The r egist r y will accept ot her est imat ions of 
soil C sequest r at ion (i.e., model est imat ions) 
but will r equir e on t he gr ound invent or ies f or 
init ial and cont r act t er minat ion C cont ent s. 



A diagramatic representation of the Century Model is below



• Soil C invent or y can be 
pair ed wit h abovegr ound 
mer chant able t r ee C 
invent or y but will r equir e 
a separ at e est imat e of 
var iance (and pot ent ially a 
dif f er ent sampling 
int ensit y) t o achieve a 
similar =20% est imat ed 
Allowable Error

• The t able r epor t s t he 
aver age coef f icient of 
var iat ion f or C cont ent 
est imat es of dif f er ent 
forest components

%

1724Soil

749Coarse Woody 
Debris

2339Forest Floor

1815Aboveground

# of 
studies

Coefficient 
of Variation



Sample number s r equir ed t o est imat e a 10 or 20% change in any 
f or est C pool wit h a 95% level of conf idence given a 10 t o 50% CV 

in the estimation of that pool

2510050

93630

2410

20%10%

Per cent Change

95% 

Pr obabilit y of det ect ing changeCoef f icient of 
Var iat ion



• Two Met hodological Ref er ences f r om 
ot her pr ot ocols ar e pr ovided in your 
packet

• I t is assumed at pr esent t hat t he cost 
of soil C invent or y gr eat ly exceeds t he 
income pot ent ial f r om C t r ading, if t his 
sit uat ion changes so t o will t he GCSR 
pr ot ocols f or soil C



At t empt ing t o hoar d as much or ganic 
matter as possible in the soil, like a 

miser hoarding gold, is not the 
correct answer. Organic matter 

functions mainly as it is decayed and 
destroyed. Its value lies in its 
dynamic nature. 

William Albr echt (1938)

.. soil organic matter is far more than 
a potential tank for impounding 

excess CO2; it is a relentless flow of 
C atoms, through a myriad of 

streams—some fast, some slow—
wending their way through the 

ecosystem, driving biotic processes 
along the way.

H.H. Janzen (2006)
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