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The value of soil organic matterThe value of soil organic matter

•Soil Fertility
•Nutrient cycling
•Infiltration
•Water-holding capacity
•Cation exchange
•Aeration
•Tilth
•Structure
•Detoxification
•Soil biodiversity



Soils rich in organic matter are better able to Soils rich in organic matter are better able to 
withstand climate stresses withstand climate stresses 
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Extreme events
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Rebuilding Soil Organic MatterRebuilding Soil Organic MatterRebuilding Soil Organic Matter



Engaging agriculture in mitigating COEngaging agriculture in mitigating CO22
through rebuilding soil organic matter through rebuilding soil organic matter 

will strengthen adaptation and resilience will strengthen adaptation and resilience 
of agricultural systems to climate of agricultural systems to climate 

change.change.

Having our cake and eating it too



What and where are the potentials?What and where are the potentials?

5500 – 6000 Tg CO2_e yr-1

@$20/tonne:   1500-1600

@$50/tonne:   2500-2700

@$100/tonne: 4000-4300

(Smith et al. 2008)(Smith et al. 2008)



What are the perceived barriers to broad What are the perceived barriers to broad 
participation of land use activities in GHG participation of land use activities in GHG 

mitigation?mitigation?

Concern about whether they will weaken efforts Concern about whether they will weaken efforts 
to reduce FF emissions.to reduce FF emissions.
Concern about whether emission reductions will Concern about whether emission reductions will 
be be ‘‘realreal’’

Will they be additional ? (to BAU)Will they be additional ? (to BAU)
Will they be permanent?Will they be permanent?
Can they be effectively measured and monitored?Can they be effectively measured and monitored?



““We donWe don’’t know how to measure soil carbon!t know how to measure soil carbon!””

Anonymous UNFCCC-SUBSTA delegate (2000)



Soil C measurement Soil C measurement –– some factssome facts

The carbon (C) content of soil can be measured with a high degreThe carbon (C) content of soil can be measured with a high degree e 
of accuracy and precision.of accuracy and precision.

Instrument error < 0.1%; Overall lab measurement error < 1Instrument error < 0.1%; Overall lab measurement error < 1--2%2%
Equipment and protocols for soil sampling are well documented Equipment and protocols for soil sampling are well documented 
and have been applied throughout the world for decades.and have been applied throughout the world for decades.
The general response of soil C stocks to environmental variablesThe general response of soil C stocks to environmental variables
and management practices is relatively well known.and management practices is relatively well known.

100s of long100s of long--term field experiments globallyterm field experiments globally
Sophisticated models of soil carbon dynamics have existed for > Sophisticated models of soil carbon dynamics have existed for > 20 20 
years and are increasingly deployed for research, management andyears and are increasingly deployed for research, management and
policy applications.policy applications.



Soil C measurements Soil C measurements -- some challengessome challenges

Soil carbon contents can be highly variable within an individualSoil carbon contents can be highly variable within an individual
field.field.
Annual changes are usually small relative to existing C stocks, Annual changes are usually small relative to existing C stocks, e.g.,e.g.,

Typical C stocks       20Typical C stocks       20--80 80 tonnestonnes/ha/ha
Typical C changes     0.1Typical C changes     0.1--1 1 tonnestonnes/ha/yr/ha/yr

Multiple factors (e.g. soil type, climate, previous land use) inMultiple factors (e.g. soil type, climate, previous land use) influence fluence 
soil responses at a specific location.soil responses at a specific location.
Field experimental measurements are lacking for many crop, soil,Field experimental measurements are lacking for many crop, soil,
climate and management combinations.climate and management combinations.
There are virtually no There are virtually no ‘‘inventoryinventory’’ measurement systems for soil C measurement systems for soil C 
(e.g. compare with forest biomass)(e.g. compare with forest biomass)



Thus, the challenge is NOT with measuring Thus, the challenge is NOT with measuring 
soil C soil C per seper se, but rather designing an , but rather designing an 
efficient costefficient cost--effective SAMPLING and effective SAMPLING and 
soil C stock ESTIMATION system.soil C stock ESTIMATION system.



Direct measurements on each farmDirect measurements on each farm
Need Need ‘‘practicedpracticed--basedbased’’ approaches that:approaches that:

integrate effects of multiple practices (e.g. rotation, tillage,integrate effects of multiple practices (e.g. rotation, tillage, N N 
management) and land use historymanagement) and land use history
are soilare soil-- and climateand climate--specificspecific
utilize direct measurements to produced unbiased estimates with utilize direct measurements to produced unbiased estimates with 
known uncertaintyknown uncertainty

ModelModel--based systems supported by a based systems supported by a 
coordinated measurement systemcoordinated measurement system

Measurement, Monitoring & VerificationMeasurement, Monitoring & Verification



COMETCOMET--VR (VR (CarbOnCarbOn Management and Management and 
Evaluation Tool Evaluation Tool –– Voluntary Reporting)Voluntary Reporting)

• First developed for cropland/grassland soil C & fuel use
• New version will include:

• N2O emissions
• Agroforestry
• Orchards and vineyards



COMET-VR model
(www.cometvr.colostate.edu)



Select state and county

Select soil type and 
drainage condition



Select management
sequences

Select tillage management
sequence





CAALU/ALU – Integrated DSS for AFOLU



Integrates spatial data into assessment framework

Land use areas from GIS data incorporated directly into program



Incorporates QA/QC, documentation, calculation and 
reporting functions

Equation
Factors and Result

Select Computation

Opens a window with strata, factors, units



Project Description
Module

Guidance Module

Reporting Module

Calculation Module
IPCC models

GEFSOC models

Activity Data
Module

Socioeconomic
Module

Data
Models

Measurement Data
Module

Remote Sensing
Ground-based

Measurement Protocol
Module

GEF-funded Carbon Benefits: Modelling, 
Measurement and Monitoring Project



Integrating soil measurements with Integrating soil measurements with 
modelmodel--based estimation systemsbased estimation systems

Improving modelImproving model--based systems requires integration based systems requires integration 
with nationalwith national-- or regional scale measurement or regional scale measurement 
networksnetworks
Should represent all major land use and management Should represent all major land use and management 
systems, climatic regions and soil typessystems, climatic regions and soil types
Should represent Should represent ‘‘onon--farmfarm’’ conditionsconditions
Needs to include data on land management practicesNeeds to include data on land management practices
Provide for precise reProvide for precise re--measurement procedures and measurement procedures and 
sampling protocolssampling protocols



Attributes of a measurement networkAttributes of a measurement network

Repeated measurements at permanent monitoring Repeated measurements at permanent monitoring 
locations in farmer fieldslocations in farmer fields

55--7 yr sampling intervals provides sufficient time for 7 yr sampling intervals provides sufficient time for 
detectable changesdetectable changes
RemeasurementRemeasurement at permanent inventory plots reduces at permanent inventory plots reduces 
effects of spatial variability effects of spatial variability 
Potential to leverage with soil mapping activitiesPotential to leverage with soil mapping activities
Great advantages in pooling data from pilot projects, Great advantages in pooling data from pilot projects, 
to reduce overall measurement.to reduce overall measurement.



Concluding remarksConcluding remarks
Improving soil organic matter stocks help buffer impacts of Improving soil organic matter stocks help buffer impacts of 
climate change.climate change.
Inclusion of agriculture in GHG mitigation policies can provide Inclusion of agriculture in GHG mitigation policies can provide 
impetus for achieving more sustainable practices. impetus for achieving more sustainable practices. 
Acceptance of agricultural sinks require that they can pass the Acceptance of agricultural sinks require that they can pass the 
‘‘environmental integrityenvironmental integrity’’ test. test. 
While direct measurement at fieldWhile direct measurement at field--scale scale –– for individual projects for individual projects ––
is possible, in most cases it will not be practical, costis possible, in most cases it will not be practical, cost--effective, nor effective, nor 
necessary.necessary.
Integrated Integrated modellingmodelling--measurement systems can provide reliable, measurement systems can provide reliable, 
costcost--effective quantification to support agricultural GHG effective quantification to support agricultural GHG 
mitigation policies.mitigation policies.
Efforts are needed to establish broadEfforts are needed to establish broad--scale, regional networks of scale, regional networks of 
soil C monitoring locations (via national efforts or soil C monitoring locations (via national efforts or ‘‘data poolingdata pooling’’
from pilot projects).from pilot projects).
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