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Global
Carbon Cycle 
Biogeochemical cycle 
by which C is 
exchanged between 
the biosphere, 
geosphere 
(lithosphere), 
hydrosphere, and 
atmosphere



Global
Carbon Cycle 
Sources (Gt C/year)

ÁOcean release = 90

ÁRespiration = 60

ÁDecomposition = 60

ÁFossil fuel = 9.3

ÁDeforestation = 1.0

ÁTOTAL SOURCES = 220.3

Sinks (Gt C/year)

ÁPhotosynthesis = 120

ÁOcean uptake = 92.7

ÁSoil = 0

ÁTOTAL SINKS = 212.7

SOURCESïSINKS = 7.6 Gt C 
added to atmosphere annually Source: FAO



Global Carbon Cycle 
ÁSOURCESïSINKS = 220.3 ï212.7 = 7.6 Gt C added to atmosphere annually

ÁAtmospheric pool increases by 4.5 Gt C annually

May 2021:419.13 ppm

May 2020:417.31 ppm



Global Carbon Cycle 
ÁSoil is a major C reservoir, but it could have (may 

be) the potential to be a sink

ÁSink is accumulating C 
(e.g., ocean or atmosphere)

ÁReservoir (soil) is not actively accumulating C

Photosynthesis (120 Gt C/year) = 

Respiration (60 Gt C/year) 
+ 

Decomposition (60 Gt C/year)

ÁSoil organic C (OC) = 1500 Gt C

ÁMore C than the atmosphere 
(800 Gt C) and terrestrial vegetation (500 Gt C) 
combined

Source: FAO



Source: FAO

Particulate 

OC

Physical 

stabilization of 

C within 

aggregates and 

attachment to 

minerals

ÁDynamic reservoir ï
constantly changing due to 
microbial cycling of soil 
organic matter

ÁPools are not created 
equally
ÁParticulate OC (checking 

account ïquick to change)

ÁMineral-associated OM 
(saving account ïslower to 
change)

Soil OC ðCycling



Soil OC ðManaging to Increase Stocks
ÁAnthropogenic impacts on soil can turn it into either a net sink or net source 

(lost as gas)

ÁC Source: greenhouse gases (GHG) including CO2 and CH4

ÁCO2 is most abundant C gas in atmosphere

ÁAutotrophic and heterotrophic respiration of CO2 is second largest terrestrial C flux

ÁCH4 is a 28x more potent GHG than CO2

ÁReleased during decomposition of OM under anaerobic conditions (methanogensis)

ÁSink or SOC storage in soil involves three stages:
1. Removal of CO2 from the atmosphere via plant photosynthesis

2. Transfer of C from CO2 to plant biomass

3. Transfer of C from plant biomass to soil where it is stored as SOC in the most labile pool

ÁManaging to increase SOC stocks requires looking beyond just capturing 
atmospheric CO2ïmust find ways to retain C in the slow SOC pool



ÁSoils depleted of 
SOC have greatest 
potential to gain C

ÁMost soils are far 
from C saturation 
threshold

ÁPotential for 
increased C inputs 
and management 
that protects C 
stocks to maximize C 
storage

Soil OC ðManaging to Increase Stocks



Soil OC ðMeasuring, Reporting and Verifying

ÁC cycling and storage is more active in topsoil

ÁStabilized C with longer turnover times makes up a greater proportion 
of SOC found deep in soil

ÁSoils at deeper depths have greater capacity of storing additional C

ÁTo more accurately determine C stocks, deep cores will be required

ÁReporting systems need to ensure that data collected are: 
ÁTransparent ïdocumentation is sufficient and clear to allow any stakeholder to 

understand how data was collected 

ÁConsistent ïmethodologies differences should not exist

ÁComparable ïone country, state, county, or farm to another

ÁAccurate ïneither over- or underestimated



Soil OC ðAdditional Thoughts on C Budgeting

ÁAdditionality ïpotential to penalize early adopters of conservation 
practices; this cannot happen, early adopters must be credited for C

ÁVerification ïmodeling or actual C measurementsé balance between 
the two, possibly paid for C capture rather than C stock increases

ÁData collection ï
ÁWho is responsible?
ÁTime required to collect samples/data on that scale
ÁMethods to determine OC (e.g. dry combustion vs. loss on ignition OM)

ÁDesignated labs

ÁStability of C ïwhat happens if field is accidentally plowed (e.g. new 
tractor driver), and farmer has already been paid for the CO2
sequestered?
ÁN2O and CH4 are much more stable than CO2ïcould be paid for emissions 

that were never released
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