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Biomass outside of forests

A 1) regeneration systems on managed landscapes
where biomass recovery occurs as plantations,
orchards agroforestry and widelyspaced tree
complexes associated with agriculture.

A 2) open woodlands such as therradoand the
chacoecosystems in South America, woodlands
of East and West Africa, and other open forest
ecosystems in the tropics and sub tropics,



AgroForestry and Carbon

A Observations of reforestation and biomass
accumulation in trees on agricultural land is important
because these data are needed to understand the
global magnitude and capacity for carbon
sequestration,

A Considerable uncertainty on land area in woody
perennials on farms in developing countries and the
global potential for managing carbon sequestration in
tree-based agriculture.

A Some estimates from international organizations
suggest there Is a large amount of carbon
sequestration already occurring in these managed
landscapes\{erchotand Singh 2009).



AgroForestry and Carbon

A Forested area is declining in developing countries, tree
cover on farms is increasing, as farmers substitute annual
cropland for the tree products which have formerly been
available in local forests.

A As well farmers are increasingly seizing specific market
opportunities to sell highevalue tree products (e.qg.
natural rubber, biefuels, biechemicals, timber).

A For example, remote sensing in 64 rural locations in Africa:

I forested area declined 50%, agricultural area increased 23%,
and the proportion of agricultural land under tree cover
Increased 22% (Place 2001).

I Agricultural land now accounts for over double the area of
forested land in Africa (FAO 2006), giving justification to the
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Poor adoption rates

A Although preferred for economic and
environmental benefits, not widely adopted

A The problem of delayed benefits

A The Carbon2Markets model
I Natural Products + carbon benefits and returns



Simplified Traditional West African Farming
System (cont.)

A Total system income:

240 USD/halyr Cereal
36 USD/halyr  Shea Oll
24  USD/halyr  JatrophaOill

350 USD/halyr NeemOill
78 USD/halyr Carbon
728 USD/halyr

X 2.4 ha (per capita average) = 1747 USD

Nearly double the average annual income for those
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Carbon Can Bodtrap AgreForestry

Carbon payments can

fill the 6gapbé until ot he
income streams come

on-line

Income from
secondary
products ensures
protection of
carbon
sequestered
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General Structure of the Carbon in Woody Biomass Measurement Syst

OBJECTIVES:

TOOLSs:

Remote Sensing, Field Sampling
Geographic Information Systems

Online Geospatial Information
Management System for MRV

PROCESS:

STEP 1 Acquire
coarse,
moderate and
fineresolution
satellite data

STERP 4:
Preliminary
analysis of
satellite data

STEP 2 Define
project
boundaries

STEP 3: Stratify
by land use and
foresttype

STEP &
hWeasure carbon
in individual
trees to calibrate
remote sensing
analysis

STEF 7. Full
landscape
analysis of land
cover changein
project lifetime

STEP 10: Online
data storage and
display

STEFR 8: Carbon
mapping based
on tree object
detection

Step 11 Repeat

measurements at
fiveyearinter/als
and at project end

STERP12:

Gen erate reports
using UNFCCC
guidelines for
national
cammunications

STEP G Refine
allometric
equations for
crowin attributes

STERP 9
Determine
uncertainty of
carbon stock
estimate

Website archives
dataand all
contentcan be
accessible to third
parties far
transparent
verification
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Activity 1- Monitoring, Reporting and Verification System

INPUT PARAMETERS

Project Description
Land Area

Carbon Stocks

-IPCC, Mational, Project

MEASUREMENTS
Tree Carbon Stocks
Crown Allometry
Project Area

MEASUREMENTS
Forest Carbon Stocks
Afforestation Area
Reforestation Area

MEASUREMENTS
Forest Carbon Stocks
Deforestation Rates
Degradation Rates

MEASUREMENTS
Landscape Carbon
Deforestation Rates

Fire Risk Analysis
Economic Data
Environmental Indicators

Module 1

Carbon Calculator

Module 2
Agroforestry &
Trees Outside Forest

Module 3
A/R

Ex Ante
Modelling

MRV
System

Project
Assessment

=

=

—

GEF Project Planning, Pre-Analysis

Project Design Document, Project Baseline

Expected
tC0,e

GEF Project Reporting, External Carbon Markets

Targeted Measurements and Monitoring

Carbon Stocks
at Year1

GEF Evaluation & Assessments

Landscape Surveillance

Carbon Indicators ...
at Yearl

Actual
tCO.e

Carbon
Benefit
Index

METHODS
Documents to provide
guidance for field
measurements, lab
analysis, and remote
sensing analysis

TOOLS

MRYV Info Systemweb
based geographic
information system to
upload, store, analyze,
monitor, report, and
verify data
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Trees OutS|de of Forests | o
and Open Woodlands

A Identify and measure individu&dees in non
forest land cover includingdes on farms, trees
outside forest, grasslandsettlements, etc

A Requires modifiedllometry to relate crown
attributes (crown projection area, crown
diameter) to stem DBH or directly to AGB

A48 A Map carbon in all trees within area of interest
(0.6 m PANchkblrdlmage of Western Kenya)
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Forest / Forest Change
Pixel Prob. Dec. Tree
Hansen et al. 2009

Forest Degradation
Fractional CovelC
~ Skoleet al. 2004, -
Matricardiet al. 2010

~ Forest Degradation
Healy Disturbance Index |

MSU 2010

Crown Object Detect
— GEOBIA —
Kastenet al 2011

Tier 1: IPCC Default
Down calibrated Carbon
Stock and change

Tier 3: Field Plots
Stand StenAllometry
Down calibrated Carbon
Stock and change

Tier 3: Field Plots
Whole TreeAllometry
Crown Geometry
Stock and change



