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ENCOFOR-LSM

ENCOFOR LAND SUITABILITY MODELING TOOL:

ENCOFOR-LSM

ENCOFOR LAND SUITABILITY MODELING TOOL:

• Spatially Explicit 

• Flexible Multi-Scale Tool 

• Evaluates Multi-Species 
Combinations

• Applications from regional to 
local scales:
– National and Regional Level 

Planning

– Project Planning and Design

– Project Evaluation

– Basis for Project Monitoring 
• Development of a Project 

GeoDatabase

• Allows for input from expert 
users, community groups, local 
knowledge
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Enter the optimal carbon 
sequestration potential possible to 
achieve on a site for each species

Output file locations: 
- maximum carbon map
- species distribution map
- statistics on carbon sequestration 
potential of project in tabular 
formatRUN

Suitability map of each species, 
how it grows - where.

Graphical interface
Easy to use menu-driven tool

Flexible, allowing user input for
multiple diverse situations 

Especially designed for data
sparse environments

Interface to ENCOFOR AR-DSS



Matches tree Matches tree 
performance with site performance with site 
characteristicscharacteristics

SOIL TEXTURESOIL TEXTURE

90%90% of optimal growthof optimal growth
Very heavy Very heavy 
texturetexture

90%90% of optimal growthof optimal growthHeavy textureHeavy texture

100%100% of optimal of optimal 
growthgrowthMedium textureMedium texture

100%100% of optimal of optimal 
growthgrowthLight textureLight texture

80%80% of optimal growthof optimal growthSuperficial RockSuperficial Rock

0%0% of optimal growthof optimal growthRiver BedRiver Bed

0%0% of optimal growthof optimal growth>4500>4500

20%20% of optimal growthof optimal growth44004400--45004500

40%40% of optimal growthof optimal growth43004300--44004400

60%60% of optimal growthof optimal growth42004200--43004300

80%80% of optimal growthof optimal growth41004100--42004200

100%100% of optimal of optimal 
growthgrowth< 4100< 4100

ALTITUDEALTITUDE

0%0% of optimal growthof optimal growth>80%>80%

20%20% of optimal growthof optimal growth75 75 -- 80%80%

40%40% of optimal growthof optimal growth70 70 -- 75%75%

60%60% of optimal growthof optimal growth65 65 -- 70%70%

80%80% of optimal growthof optimal growth60 60 -- 65%65%

100%100% of optimal of optimal 
growthgrowth0 0 -- 60%60%

SLOPESLOPE



Suitability map for each speciesSuitability map for each species

Species 1: Polylepis besseri

Species 2: Schinus molle

Species 
distribution 
map based 
on suitability
modeling, 
using expert 
sources,
literature, 
and/or field 
dataSpecies 3: Acacia macracantha



12,111 ha12,111 ha

Not 
plantable

20,053 ha20,053 ha

Total 
plantable

12,200 ha12,200 ha

Polylepis
besseri

32,164 ha32,164 ha4,934 ha4,934 ha2,919 ha2,919 ha

Total size of 
study area

Schinus
molle

Acacia
macracantha

Spatial Spatial optimatization optimatization of species distribution based on criteriaof species distribution based on criteria

e.g. biomass production, carbon sequestration, or revenue maximie.g. biomass production, carbon sequestration, or revenue maximizationzation

Acacia macracantha
Schinus molle
Polylepis besseri



Average Carbon Stock

Biomass at Reference Age

Rotations over 100 Years

or project period

Multiple Biomass and Carbon Accounting Options

Acacia macracantha growth curve

Schinus molle growth curve

Polylepis besseri growth curve

Average Carbon Stock Present on Site for Project Duration: Acacia macrantha

Average Carbon Stock Present on Site for Project Duration: Schinus molle
Average Carbon Stock Present on Site for Project Duration: Polylepis besseri



Baseline evaluation – landuse carbon trend 
evaluation

Baseline evaluation – landuse carbon trend 
evaluation

Subsistence agriculture
A cultivation cycle of potatoes (1 year), beans 
(1 year), and fallow (3 years)

Average carbon 
stock 
maintained = 5 
tC/ha

Linked spatially to 
the landuse 
polygons

Incorporating known biomass trends to calculate the 
average biomass maintained within each landuse type 

fa
llo

w



Estimated carbon sequestration potential for Tunari 
Project Area

Estimated carbon sequestration potential for Tunari 
Project Area

214,990 tons

Total project carbon 
sequestration potential (tons of 

C)

6.68 tons / ha

Average Carbon sequestration 
potential per hectare



a.  Optimized Distribution of Proposed Tree Species 
 

 
 
b.   Map of Predicted Average Net Carbon (Sequestration) 
 

 
 
 
c.  Map of Predicted Net Revenue at First Harvest 
 
 

 
 

Eucalyptus Pinus Polylepis Total
Rotation period (yr) 25 25 40

        Total Area Available for CDM-AR (ha) 2,794 2,060 9,663 14,517

        Area Availble for CDM-AR by Landuse Type
Subsistence agriculture (ha) 689                    198                         610                         1,498

Agro-pastoral (ha) 334                    641                         1,976                      2,951
Silvo-pastoral (ha) 942                    772                         1,023                      2,736

Agro-silvo-pastoral (ha) 223                    28                           481                         732.6
Pastoral (ha) 580                    335                         2,538                      3,453

Protected -(ha) -                     -                          812                         812
Without Use (ha) 25                      86                           2,224                      2,335

        Area Availble for CDM-AR by Elevation Zone
2800 - 3200 (m) 599 0 77 676
3200 - 3600 (m) 1,697 0 391 2,088
3600 - 4000 (m) 498 2,023 818 3,339
4000 - 4400 (m) 0 37 8,377 8,414

        Carbon Accounting
Average Project Carbon (tC/ha) 27 22 12 17

Total Project Carbon (tC) 76,575 44,561 119,117 240,254

Average Baseline Carbon (tC/ha) 2 2 1 2
Baseline Carbon (tC) 5,705 4,106 14,326 24,137

Average Net Carbon (tC/ha) 25 20 11 15
Net Carbon (tC) 70,870 40,455 104,829 216,154

        Biomass, wood volume, and revenue at first harvest
Average Biomass (t/ha) 127 128 69 88

Total Biomass (t) 356,751 264,541 661,998 1,283,290

Average Wood Volume (m3/ha) 113 214 91 113
Total Wood Volume (m3) 317,112 440,901 882,664 1,640,677

Wood Price (USD/m3) $6 $19 $7

Average Revenue (USD/ha) $636 $3,959 $639 $1,110
Revenue (USD) $1,775,829 $8,156,671 $6,178,647 $16,111,147

Average Plantation Cost (USD/ha) $844 $844 $844 $844
Total Plantation Costs (USD) $2,357,444 $1,738,127 $8,152,415 $12,247,986

Average Net Revenue (USD/ha) -$208 $3,116 -$204 $266
Net revenue (USD) -$581,615 $6,418,544 -$1,973,769 $3,863,161

Table 5:  Carbon Accounting, Biomass, Wood Volume, and Revenue at First Harvest, based upon the Maximum 
Carbon spatial optimization, and where Net Carbon > 0.

Spatial Optimization:   Maximum Carbon     Criteria:   Net Carbon > 0

Spatial and Tabular Output
From ENCOFOR LSM



ENCOFORENCOFOR--LSM Scenario Analysis LSM Scenario Analysis 
ToolTool

►► Spatially Explicit Productivity and Spatially Explicit Productivity and 

Revenue AnalysisRevenue Analysis

►► Spatially Explicit Baseline EstimationSpatially Explicit Baseline Estimation

Landuse Landuse BaselinesBaselines

Change AnalysisChange Analysis

►► TrendsTrends

►► Predicted Predicted Landuse Landuse Change TrajectoriesChange Trajectories

►► Spatially Explicit Environmental Spatially Explicit Environmental 

AssessmentAssessment

regional biodiversityregional biodiversity

water use water use 

watershed managementwatershed management



106,416106,416Total Carbon Sequestration PotentialTotal Carbon Sequestration Potential

55
Average C Stocks maintained per ha 

over project duration

3220Terminalia amazonica

7640Centrolobium tomentosum

5320Schlizobium amazonicum

3720Dipteryx odorata

Tons of CTons of CPercentPercentSpecies MixSpecies Mix

1942Planted Area (ha)

25Avg Area per Farm (%)

40Adoption Rate (%)

19419Suitable Area (ha)

31499Total Area (ha)

Mixed Species Scenario Analysis: 
Chapare Case Study – Bolivian Amazon

Community Based Agroforestry



Hydrologic Modeling: Water Use ChangeHydrologic Modeling: Water Use Change
WATER SURPLUS 
 
Water surplus in 1993 

 
Water surplus after 15 years  

 
 
Change in water surplus with vs. without project 

WATER SURPLUS 
 
Water surplus in 1993 

 
Water surplus after 15 years  

 
 
Change in water surplus with vs. without project 

Based on 
methodology
developed in the 
global study,

relevant for
spatially explicit 
analysis of water 
use by trees at the 
30m - 1 km scale

Water Excess

1993

After 25 
years of 
project

Difference 
w/ or w/o 
project



Global Analysis of CDM-ARGlobal Analysis of CDM-AR

• Question:
– Where is the land available for these CDM-AR 

projects and what are the socio-ecological 
characteristics of these areas?

– What is the link with the H20 cycle?

• Purpose:
– Explore at global, regional, national and local level

• Potential and opportunities for development
• Food and environmental security issues
• Determine impacts on water cycle

– Tools for planning
– Scenario development for GHG mitigation potential
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Global Analysis of CDM-AR 
impacts on water related issues

Global Analysis of CDM-AR 
impacts on water related issues

• Questions:
– Where is the land available for these CDM-AR projects?

• What is there now (current landuse)

• What kind of land is it (elevation, slope, NPP, degradation)

• Who is there now (population density)

– How much land is actually required to meet the CDM-AR 
cap (1% of total CO2 reductions)?

– If those sites were converted to trees, what would be the 
impact on water cycles

• Globally, regionally, locally
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Area available for CDM-AR:  GloballyArea available for CDM-AR:  Globally

• Bio-physical suitability
– Climate, water availability, tree line, landuse, population

• CDM-AR Guidelines
– Not currently forested
– Was not forested on Dec 31, 1989

• No incentive of recent deforestation
– No negative impact on food security

• Spatially modeled using:
– Landuse / Landcover  (USGS 1993)
– Forest = Canopy cover density (MODIS 2001)

• Definition of forest?
– Aridity index ( PET/P)
– Global treeline model (max altitude)

• Temp, Elevation
– Protected Areas (included/excluded)
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Global Datasets Used in the Spatial 
Analysis
Global Datasets Used in the Spatial 
Analysis

• Country Boundaries (VMAP1)
• Land Use  (USGS, year 1993)
• MODIS Vegetation Continuous Field – Tree cover Percentage
• MODIS Vegetation Continuous Field – Herbaceous cover Percentage
• MODIS Vegetation Continuous Field – Bare soil cover Percentage
• Topography – SRTM-GTOPO 30 arc seconds DEM
• World Database of Protected Areas (IUCN/UNEP)
• Mean Monthly Average Temperature (WorldClim)
• Mean Monthly Minimum Temperature (WorldClim)
• Mean Monthly Maximum Temperature (WorldClim)
• Mean Monthly Precipitation (WorldClim)
• Easily Available Soil Water (FAO - Digital Soil Map of the World) 
• Maximum Available Soil Water (FAO - Digital Soil Map of the World)
• Soil Depth (FAO - Digital Soil Map of the World)
• Climate Station Dataset (FAOCLIM)
• Gridded Population of the World in year 2000 – GPW3, CIESIN
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What is a Forest?What is a Forest?

• Under the Kyoto Protocol and the CDM, each country can 
choose their own definition of “forest”.

• There are hundreds of definitions of forest currently in use.

• Under the UNFCCC (KP) forest is defined as:
– 0.05-1.0 hectares (minimum size)
– 10% to 30% canopy cover density
– trees with the potential to reach a min. ht. of 2-5m

• Canopy cover is most significant variable in definition
– Definition has a large impact on land availability
– Many agricultural areas have tree cover above 10%
– Want to avoid perverse incentives, .e.g. conversion of low 

cover dryland forests to tree plantations

• Only a few countries have decided on a definition yet
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Water BodiesWater Bodies
(Excluded)(Excluded)

Urban AreasUrban Areas
(Excluded)(Excluded)

Protected Areas
(Either excluded or not)

Canopy Cover %
( <10,15,20,25 or 30)

ElevationElevation
(< 3500 meters)(< 3500 meters)

PrecipitationPrecipitation
(> 500mm)(> 500mm)

Tundra ZonesTundra Zones
(Excluded)(Excluded)

Area Area BiophysicallyBiophysically
Suitable  forSuitable  for

CDMCDM--AR AR ProjectsProjects
(10 (10 scenariosscenarios))

Encofor Case Study Analysis:

Implications of Implications of the the Definition of Forests Definition of Forests 
for Land Area Eligible for Afforestation andfor Land Area Eligible for Afforestation and

Reforestation Activities Reforestation Activities inin the CDMthe CDM
Four countriesFour countries: Kenya, Uganda, Ecuador, and Bolivia (ENCOFOR project): Kenya, Uganda, Ecuador, and Bolivia (ENCOFOR project)

Projections:    UTM (500 meters)

Ten Ten ScenariosScenarios::

Areas with low rainfall (< 500 mm y-1)

Urban areas

Wetlands

National parks and protected areas

Areas higher than 3500 m above sea level

Areas with excessively steep slopes (>45%)

Ice covered areas

Areas excludedAreas excluded

GIS Analysis (Overlay)
MODIS Tree Cover 
NASA SRTM DEM’s
Protected area (IUCN)
Country-specific Datasets
500 m resolution

MethodMethod



LightLight yellow area is suitable for CDMyellow area is suitable for CDM--ARAR

Kenya Kenya 
••Low rainfallLow rainfall (50%)(50%)

UgandaUganda
••Water bodiesWater bodies (15%)(15%)
••Protected areas (12%)Protected areas (12%)

Bolivia Bolivia 
••Protected areas (18%) Protected areas (18%) 
••ElevationElevation (16%) (16%) 
••SwampsSwamps (14%) (14%) 
••Low rainfallLow rainfall (15%) (15%) 

Ecuador Ecuador 
••Protected areas (16%) Protected areas (16%) 
••Steep slopesSteep slopes (11%)(11%)

Major Exclusion CriteriaMajor Exclusion Criteria

78%95%23%Ecuador

87%95%48%Bolivia

50%90%36%Uganda

61%79%58%Kenya

CC30%CC30%CC 10%CC 10%OtherOtherCountryCountry



Water Bodies
(Excluded)

Urban Areas
(Excluded)

Protected Areas
(Either excluded or not)

Canopy Cover %
( <10,15,20,25 or 30)

Timberline
(Average Temp. 

Growing Season > 6.5 C)

Elevation
(< 3500 meters)

Aridity Index
(> 0.65)

Tundra Zones
(Excluded)

Global Analysis Global Analysis of of AreasAreas
Available/Suitable  forAvailable/Suitable  for

CDMCDM--AR AR ProjectsProjects
(10 (10 ScenariosScenarios))

Global Analysis of the Implications of the Definition of Forests 
for Land Area Eligible for Afforestation and

Reforestation Activities in the CDM

OnlineOnline Interactive Web SiteInteractive Web Site
To be announced at
UNFCCC COP 11
Montreal, Montreal

For use by country delegations
in defining forest definition 

Currently Online

http://csi.cgiar.org/encofor/forest

Intensive Ag
(Excluded)

ProjectionsProjections: : 
Geographic Geographic (15 (15 arc secondsarc seconds) ) for for layout layout purposespurposes
Sinusoidal Sinusoidal (500 (500 metersmeters) ) for tabulating areasfor tabulating areas

Landuse Elevation Population Degradation

Ten ScenariosTen Scenarios



Global Analysis of the Implications of the Definition of Forests for Land Area Eligible 
for Afforestation and Reforestation Activities in the CDM

Impact ClassesImpact Classes

13 countries > 100,000 sq. km.

China, India

26 countries > 50,000 sq. km.

50 countries > 10,000 sq. km.

89 countries > 1000 sq. km.

Protected AreasProtected Areas

China, Venezuela, Tanzania,
Uzbekistan, Mongolia

36 countries > 1000 sq. km.

Conclusion:Conclusion:

For countries interested in
AR projects, some advantage
in setting threshold at 30%

Based on this, we used 30%
for the further steps of the
global analysis



Global Analysis of the Implications of the Forest Definition
http:http://csi//csi..cgiarcgiar..org/encofor/forest/org/encofor/forest/



How much land is available and where is it?How much land is available and where is it?
• 725 Mha biophysically available 
• 46% is in South America
• 27% is in SS Africa

• More than 75% of biophysically 
available lands in Asia are classified 
as under agricultural land use.

• 725 Mha biophysically available 
• 46% is in South America
• 27% is in SS Africa

• More than 75% of biophysically 
available lands in Asia are classified 
as under agricultural land use.

Land Suitable for CDM-AR by Existing Landuse Type
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How many people live on that land?How many people live on that land?

Almost all of the biophysically suitable  
land with low population density is 
found in Africa and South America

Land Suitable for CDM-AR by Population Density
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Are the available lands uplands or 
flatlands?

Are the available lands uplands or 
flatlands?

• Globally 60% of land is 
below 500 m in elevation

• 80% below 1000m

• Globally 60% of land is 
below 500 m in elevation

• 80% below 1000m

Land Suitable for CDM-AR by Elevation
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Humidity indexHumidity index

Net primary productivityNet primary productivity

Land Suitable for CDM-AR by Humidity Index
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What is the productive potential of these lands?What is the productive potential of these lands?

Aridity Index



What is the potential of CDM AR projects 
to mitigate land degradation?

What is the potential of CDM AR projects 
to mitigate land degradation?

• Only 1 - 2 % of 
eligible lands are 
required to meet 
the current CDM 
sink cap.

• Globally CDM-AR 
is a ‘drop in the 
bucket’ to help 
address land 
degradation
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Prediction of Water Cycle 
Implications of CDM-AR

Prediction of Water Cycle 
Implications of CDM-AR

• Spatial Analysis of change in water use 
with CDM-AR
– global and local impacts

• Spatial Analysis of change in water use 
with CDM-AR
– global and local impacts

Organising Institution: IWMI
Subject: CDM AR and WaterUse
Date: Monday, 5 December 2005, 18-19.30
Location: Room 1



ENCOFOR ProjectENCOFOR Project
• Suite of Tools Developed to support 

CDM A/R

• Results can be applied to optimize 

planning and mitigate impact

• Local Impact of CDM-AR Can Be 

Significant

– Communities, Food Security, Ecosystem

• H2O Dimension of Multilateral 

Treaties

– Needs to be articulated

• Suite of Tools Developed to support 

CDM A/R

• Results can be applied to optimize 

planning and mitigate impact

• Local Impact of CDM-AR Can Be 

Significant

– Communities, Food Security, Ecosystem

• H2O Dimension of Multilateral 

Treaties

– Needs to be articulated



Thank YouThank You……

For further information:

Robert Zomer
r.zomer@cgiar.org


