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Measurement & Monitoring

The direct measurement guidelines within the Carbon Benefits Project provide general guidelines Carbon in Woody
for field, laboratory, and remote sensing measurements of carbon dioxide and other greenhouse Biomass
gases in GEF land based projects. These measurement efforts require extensive field sampling

inventories and remote sensing analysis to measure carbon stocks in soil and woody biomass Soil Organic Carbon & >
and then monitor their changes over time in the project area. Project measurement data can be Non-CO2 GHGs

displayed in an online Monitoring, Reporting, and Verification geographic information system to Project Planning

manage carbon measurement data in GEF land based projects. Project indicators based upon Guidelines

multiple date remote sensing analysis of the project area display a results framework of carbon
benefits within the lifetime of the project. The data derived from measurements can be used
directly for reporting GHG emissions or the measurement data may be used as inputs for CBP
modelling assessments.

* Version 1.0 is available now at www.goes.msu.edu/cbp

— First draft documents available for review and comments
— Online Geographic Information System for MRV under development

 Updated versions in Fall 2011 and Spring 2012


http://www.goes.msu.edu/cbp
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Objectives of the CBP Measurement System

Assist GEF sustainable land management projects in measuring landscape
carbon in forest, agriculture, and other land cover

— quantify tCO2e sequestered/avoided due to GEF activities

* Develop indicators to qualify carbon benefits in GEF projects
— indexes to assess impacts from project activities
— indexes to enable comparison between multiple projects

* Prepare for compliance or voluntary markets
— CBP seeks to conform to IPCC Guidelines in most cases
— CBP is not a methodology or standard for a voluntary carbon market
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Emphasis on Remote Sensing of Carbon in Woody Biomass

* Extensive remote sensing and GIS
— establish project boundaries and location of project activities
— stratification of land cover
— direct measurement of trees and their biomass outside forests
— fractional cover or disturbance index of forests to down calibrate biomass
— develop indexes to illustrate carbon benefits using remote sensing datasets

* Optimize and expand field sampling efforts
— measure attributes of individual trees (DBH, height, density, crown)
— measure forest attributes to determine carbon density of various forest types
— relate DBH, crown diameter, and percent canopy cover to biomass
— develop new allometric equations when required
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Components of the Carbon in Woody Biomass Measurement System

GEF Project Planning, Pre-Analysis

INPUT PARAMETERS . Project Design Document, Project Baseline M
Project Description  Documents to provide
Land Area Module 1 ! Ex Ante ‘ Expected . .
Carbon socks Corben Calester | [ Modelling tG0ye guidance for field
-IPCC, Mational, Project 4
measurements,

MEASUREMENTS Module 2
Tree Carbon Stock 1
TeeCabonsiods | proforasty laboratory analysis,
Project Area Trees Outside Forest .

GEF Project Reporting, External Carbon Markets a n d re m Ote Se n S I n g

Targeted Measurements and Monitoring

MEASUREMENTS

Forest Carbon Stocks Module 3 MRV Actual

Afforestation Area A/R System - Ca;tb:lsatro:kﬁ .. tC0,e

Reforestation Area ° Web based geographic

information system to

- GEF Evaluation & Assessments u p I Oa d’ Sto re' a n a Iyze,
- | c’“

MEASUREMENTS
Forest Carbon Stocks
Deforestation Rates
Degradation Rates

MEASUREMENTS
Landscape Carbon
Deforestation Rates

Landscape Surveillance .
monitor, report, and
Project Carbon Indicators |... o

e et EE| e verify data

Fire Risk Analysis
Economic Data
Environmental Indicators
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General Structure of the Carbon in Woody Biomass Measurement System

OBJECTIVES:

TOOLS:

Remote Sensing, Field Sampling
Geographic Information Systems

Online Geospatial Information
Management System for MRV

PROCESS:

STEP 1: Acquire
coarse,
moderate and
fine resolution
satellite data

STER 4:
Freliminary
analysis of
satellite data

STEP Z: Define
project
boundaries

STEP 3: Stratify
by landuse and
foresttype

STEP %
heasure carbon
in individual
trees to calibrate
remote sensing
analysis

STER 7: Full
landscape
analysis of land
coverchangein
project lifetime

STER 10: Online
data storage and
display

STEPR 8: Carbon
mapping based
on tree object
detection

Step 11: Repeat

measuremesnts at
fiveyear intervals
and at project end

STERP 12:
Zenerate reports
using UNFCCC
guidelinesfor
national
communications

STEP B Refine
allometric
equations for
crown attributes

STEP &
Determine
uncertainty of
carbon stock
estimate

Website archives
data and all
content can be
accessible ta third
parties for
transparent
verification
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Trees Outside Forest

Identify and measure individual trees in non-
forest land cover including trees on farms, trees
outside forest, grasslands, settlements, etc

Requires fine resolution (<1m) satellite imagery
(Quickbird, Worldview, etc)

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

(0.6 m PAN Quickbird image of Western Kenya)

Map carbon in all trees within area of interest

MICHIGAMN STATE
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Agricultural landscape with scattered trees
and small woodlots in western Kenya
~30 km NE of Kisumu
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Measurement & Monitoring

Carbon Benefits Estis Social Index (CCBS)

» \
Hybrid Location Map

v Carbon Benefits Index

#

Draw Polygon

Carbon Benefits Project:

Modellmg,Measurement and Monltonng
e i e ".”;9
> — R

.f\

Measurement & Monitoring

» ‘Carbon Benefits Estimator Social Index (CCBS)

» Location Map

~ Carbon Benefits Index

Draw Polygon

Results
-
® °© w G &= A
w WWF P
~ Layers

Trees identified on Quickbird imagery (0.6m)
Tree crowns measured by computer algorithm » SocialIndex (CCBS)
Crown allometry to assign biomass to trees
Draw polygon over Area of Interest to sum the
carbon in trees outside forest within AOI by
® © ww &




Afforestation/Reforestation

This is the Carbon2Markets registry and management page for the Thailand small-holder agroforestry carbon sequestration project.
The map below shows the current registered project areas. Use the map navigation tools and links to access maore detailed site
inforrmation.

yeiol=

Satellite

S Korea |

Site ID  Area (Ha.) Owner More

IN-TH_021 0.36 Saisawang Ankao See details

IN-TH_001|  12.76 Thanakorn Promburom | See details

IN-TH_ 013|436 Nintha Chuni See details e
IN-TH_O14 1.01 Bunruam Thokaewkheaw |See details 0.- Termsiofilise
IN-TH_016 1.24 Kurm Thothurmphon See details

IN-TH_ 015  0.68 Reanthong Thokaewkheaw | See details

IN-TH_003| 027 San Lamkham See details

Projec Summary Data ” Project Carbon Offset

Location Thailand, SE Asia

Number of registered agroforestry areas: 114
Number of participating small-holders 89
Total registered area (hectares) 28467
Number of sample plots: 170
Baseline carbon stocqtCO2e) - 2009 44,808
Estimated annual sequestration rate ((CO2efhatyr): 10.62
Estimated total carbon sequestration - 15 years ({CO2e): 45,348

GIS for project boundaries

Fine resolution (<1m) imagery for
monitoring tree survival and
growth

Field sampling to determine
biomass growth rates

Online data management system
to allow project participants to
upload inventory data

System uses inventory data to
perform carbon calculations to
show carbon sequestration in each
forest stand and total project
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ldentify and measure extent of forest
land cover using 30 m Landsat imagery

Determine deforestation rates using
historical Landsat imagery

Apply biomass to forest types using IPCC
default values, national inventory data,
or field sampling data specific to the
project area

Downscale forest biomass using
fractional cover or disturbance index for
degradation estimates

Map carbon emissions in forest land

1984 — 2000 Landsat analysis of forest cover loss in western Kenya cover change areas
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Carbon Benefits Project: Mau Forest area in western Kenya

Modellifg/Measticement and Monitorin -
e o ™ SW of lake Nakuru
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Measurement & Monitoring

Carbon Benefits Estimator  Social Index (CCBS)

» Location Map

~ Carbon Benefits Index

Draw Polygon

Carbon Benefits Project:
Modelling;Meastirement and Monitoring
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Measurement & Monitoring

Carbon Benefits Estimator  Social Index (CCBS)
ey % » Location Map

~ Carbon Benefits Index

Draw Polygon
Delete Polygon

Results

~ Layers

Yellow = deforestation

Red =reforestation

Use fractional cover for degradation within forest
Assign carbon values using IPCC or local values
Draw polygon over Area of Interest to sum

carbon emissions in AOI ® S ame ﬁ
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Develop Carbon Benefits Indicators using Remote Sensing Datasets

* Land Cover Change Index
— deforestation or degradation

e Carbon Stock Index
— deforestation with carbon density

* Environmental Index
— deforestation with topography and watershed attributes

e Fire Risk Index
— fire occurrence in or near project area using MODIS data

MICHIGAMN STATE
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Measurement & Monitoring Yellow = deforeStat_lon
Red =regeneration

Carbon Benefits Estimator  Social Index (CCBS)

5 | » Location Map

Satelite Hybnd Terrain

~ Carbon Benefits Index

Draw Polygon
——————

Ik Carbon Benefits Project:
Modelling; Measu: ement and Monltonn

Measurement & Monitoring

Carbon Benefits Estimator  Social Index (CCBS)

% TG

S

» Location Map

~ Carbon Benefits Index

v

Draw Polygon
Delete Pclygon

Results
Carbon BeneNts index

Map data ©2011 Trac\sdA!rr:afseoqk - Terms of Use

» Layers

*» Social Index (CCBS)

Draw polygon around Area of Interest
CBP Index = 1 —[(Defor,, — Regen,,) / Forest,,]
Values <1 indicate C loss due to land cover change ® a @
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Thank You

www.goes.msu.edu/cbp

www.unep.org/climatechange/carbon-benefits/

Please send any comments or questions about
CBP Measurement of Carbon in Woody Biomass
to Mike Smalligan at smallig2@msu.edu
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