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Projects can have different MRV needs

« Climate change mitigation: strict C and GHG reporting needs
(e.g., CDM, REDD*...)

- SLM projects = generate co-benefits: food security, human
livelihood/well-being, resilience and biodiversity

Green Water Credits

Regular compensation by water users to water providers
for specified water management services
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Various options, with varying costs ...
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Evaluate socio-economic implications of alternative

management options
Consider |mpacts on human livelihood
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- Many different SWC measures to protect/improve soil quality and
productivity

- Net GHG effects of many of such practices are not known .

- Requires measurement, monitoring and/or modelling tools

Case studies of soil and water conservation initiatives worldwide i/

42 technologies and 28 approaches il
documented under the WOCAT methology of degraded rangeland

by lacal contributors WOCAT

73 WOCAT g whara tha land is graanar Caza studias w WOCAT 2007 (%]



Numerous factors and processes affect SOM turnover

- Climate

« Land use history (antecedent SOC pool)

 Land use management

Soil type:

- depth of sail

- clay content & mineralogy
- internal drainage/aeration
- soil nutrient status (N, P, K)

Socio-economic conditions,
Incentives

¥ Climate change; N-deposition; CO2 fertilization *
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Changes in SOC mass
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Judicious SLM interventions
can improve SOC mass

SOC dynamics:
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Well-designed field sampling
can help quantifying how
SOC dynamics change upon
changes in land use
management climate, and
atmospheric CO,
concentration




Changes in SOC pools
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~ Schematic example of SOC mass and pool changes under changing land use
(Source: Bell and Lawrence 2009)




Measuring SOC changes

« Compared with Cin biomass, SOC changes must be
monitored over longer periods

« Changes in SOC are small compared to the large mass
present in a given soil

« Changes can be difficult to measure even within a given
stratum, considering the inherent variation

- Many replicates needed for each stratum to ensure
that SOC changes can be detected consistently (known
accuracy, within defined permissible error) across
complex landscapes
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Measurement methods

- Standard methods of soil analysis are often too
expensive to provide the bulk of data for continuous
monitoring

- New proximal sensing techniques offer perspectives for
rapid and cost-effective measurements:

- Vis-NIR, MIR reflectance spectrometry
- Inelastic neutron scattering (up to 30 cm depth)
- Laser-induced breakdown spectroscopy (LIBS)
- Gamma-ray-spectroscopy (SOC, bulk density)
« Airborne imaging spectroscopy for SOC (‘bare soils’)

« Still require calibration against “standard methods” of

soil analysis (need for reference collections)




Measurement methods

- Remote sensing provides a.o. improved estimates of
area/land cover changes, crop LAl and phenology thereby
increasing the accuracy of SOC change predictions

- Operational RS assessment of SOC stocks is not yet possible
(TcG, 2010)

« New RS techniques may permit routine monitoring of
changes in selected chemical and physical soil properties
(to a limited depth)

- The accuracy and precision of such methods is improving as
more experience is gained

8 (ISRIC. World Soil Information

= ... towards a global soil data infrastructure



Presenter
Presentation Notes

>> Other presentations today, by Tristram West 


Monitoring changes

- Relationships between environmental & management factors
and SOC dynamics can be studied using:
- Experimental field-trials
- Chronosequence studies
- Monitoring networks
« Soil monitoring networks can provide:

- Direct changes of SOC stocks through repeated measurements at geo-
located sites/points

- Data to parametrise and test biophysical models at plot scale

- Point observations that represent the variation in climate/soil/land use
management at national scale, allowing for upscaling

« Most SMNs are in the planning or early stages (pLos 2011:247-259; JRC-IES
2011)

.. towards a global soil data infrastructure



Many different procedures and

European soil monitoring and
assessment framework

SOURCEBOOK FOR
- LAND USE, LAND-USE

' CHANGE AND
- FORESTRY PROJECTS

EIONET workshop proceadings

INTEGRATING CARBON

protocols are used

Monitoring Soil Change

Principles and practices for Australian
conditions

BENEFIT ESTIMATES
INTO GEF PROJECTS

Toluntary Carbon Standard
Proposed Methodsiogy: Adoption gf russainable agviculnoral land managemens (L4ALM).

SOIL SAMPLING PROTOCOL
TO CERTIFY THE CHANGES OF

Voluntary Carbon Standard
Proposed Methodology
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Soil quality — Sampling —

Part 2
Guidance on sampling techniques

Qualité du sol — Echantilonnage — Soil lit s li
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Part 1:

Guidance on the design of sampling

Single observation at centre
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Figure 1. Tillage-induced changes in soil horizonation, bulk dengom

sity and mass: tillage increases the thickness per unit area (i.e. volgh

ume) occupied by the same mass of soil and organic C, thus mis
interpretations are inevitable for calculations based on the fixed 0
to 150 mm layer (indicated by the double arrow) and quite ]1kel:.

AfS_I_S == Sentinel Site based on the

Land Degradation Surveillance Framework

Sentinel site (100 km?2)

16 CluExample from
AfSISsters (1 km?)

10 Plots (1000 m?)

4 Sub-Plots (100 m?)

Randomization te minimize local biases that



GEF expressed needs (cer 2009)

- Standard measurement protocol applicable to all
projects involving interventions in natural resources
management in a wide range of climate zones,
landscapes, and soll types

- Modelling tools that are scientifically rigorous and
cost-effective to establish the net carbon benefits of
SLM interventions in terms of protected or enhanced
carbon stocks and reduced GHG emissions
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... towards a global soil data infrastructure



CBP online toolset

project information
module

measurement i_'_l[l'.'_]!lj'juff_';ll toolkit project description
module advisor module

guidance module
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Figure 6: The concept behind the Carbon Benefits Project online toolset.
Source: CBP (2012)



http://www.unep.org/ClimateChange/carbon-benefits/cbp_pim/
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Modelling,Measurement and Monitoring
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Select Modelling or Measurement Tools

Simple Assessment of the impact of a project on carbon stock
and greenhouse gas emissions. Requires information on land
use changes and/or livestock production in the project area.
Suitable for a quick assessment at any stage including
proposals. Uses standard information on greenhouse gas
emission rates.
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Detailed Assessment of the impact projects have on carbon
stocks and greenhouse gas emissions. Requires information on
land use changes and/or livestock production in the project
area plus can utilize local and project specific field
measurements and other local datasets. Suitable for detailed
reporting in projects with a reasonable focus on climate
change mitigation.

Direct Measurement provides a general protocol and specific
methodologies for field, laboratory and remote sensing
measurements of carbon stocks and greenhouse gases.
Requires extensive field measurements and remote sensing
analysis to measure carbon stocks in soil and biomass and
monitor their changes over time in the project area. Displays
project spatial information in an online information system to
manage measurement data in carbon and greenhouse gas
projects. Project indicators display a results framewaork of
social, biodiversity and environmental indicators of carbon and
greenhouse gas benefits in the project area. The data derived
from measurements can be used directly for reporting changes
in the carbon and greenhouse gas balance or the
measurement data may be used as inputs for CBP modelling
assessments.

Dvnamic Modelling utilizes the Century Model to assess soil
and biomass carbon stock changes. For users with a scientific
background who wish to model carbon stock changes in
projects with a carbon focus.

Project Planning Tools provide supporting information for
project managers during the development phase of landscape
carbon and other sustainable land management projects. The
information provided is useful for making decisions on which
trees to plant based on a large database of agroforestry trees,
to estimate the economic benefits that can be expected from
participating in the carbon markets by planting trees and
support in setting up project boundaries using available maps.

http://www.unep.org/ClimateChange/carbon-benefits/cbp_pim
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Differences in methodological complexity &

data needs

Soil carbon

reference C stocks &
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Linking soil information to policy

Methods and
infrastructure

DATA ENTRY
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Policy domain

User interaction and agenda setting

i Food security

i Climate change

Biofuels

Water scarcity

i Meat production

Land evaluation
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Global Soil Partnership

Global Soil Information
Facilities (GSIF)

GlobalSoiMap.net
GEOSS; ICSU-WDS




Remote sensing
imagery
(MODIS)

Geology / land cover,
climatology
products...

Legacy soil data
(reports, documents
and data sets)

Soil polygon maps
with mapping units

Paper maps
(soil delineations)

New soil profile
records

WorldMorphometry
(DEM-derivatives)
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World Soil Profiles (soilprofiles.org) Soil covariate layers (worldgrids.org) Area class maps

Global Continental scale
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5.6 km /1 km repository 250/100 m repositories

WOSIS

Soil observations /records Soil mapping units

Sail site info

Components

Soil analytical data Dominant taxcnomic class

Descriptive properties Associated soil properties

GSIF software toolbox l l
Spatial analysis and prediction

« Spatial analysis
Data import module
H ization

« Data visualization / export

= Data reformatting / export

=  WMS (large datasets)

servers / cyber infrastructure
(automated mapping)

= Parsingto KM

|
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Spatially predicted
soil properties

Spatially predicted
soil classes
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... towards a global soil data infrastructure

(Under development)

Global Soil Partnership
GlobalSoilMap.net
GEOSS

ICSU-WDS


https://webmail.wur.nl/owa/redir.aspx?C=KPjLsaZsw0al9eu4yNyiBolNM8APY88ICMpkXhdubROv3a7I_qQQP-14Tf4lKqHXkYuUmpiI8Qk.&URL=http://www.isric.org/projects/global-soil-information-facilities-gsif
https://webmail.wur.nl/owa/redir.aspx?C=KPjLsaZsw0al9eu4yNyiBolNM8APY88ICMpkXhdubROv3a7I_qQQP-14Tf4lKqHXkYuUmpiI8Qk.&URL=http://www.isric.org/projects/global-soil-information-facilities-gsif

Derived soil property maps (SOC)
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Concluding remarks

- SLM and SOC management require an integrated, landscape scale
approach

« Cost-effective techniques to measure all C pools (and GHGs) to
reduce need for “traditional” laboratory analyses

« Long-term support for national scale MRV systems
- Model development plus validation across varying agro-ecosystems

- Global, spatial data infrastructure with driving variables and tools--
at relevant scales; ideally open-access

« Capacity building

worise World Soil Information

... towards a global soil data infrastructure
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Think globally — Act locally

We can do this — through collaboration and sharing of

World Soil Information
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