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ENCOFOR-LSM

LAND SUITABILITY MODELING TOOL:

Spatially Explicit
Flexible Multi-Scale T

Evaluates Multi-Specie
Combinations

Applications from regional to
local scales:

- National and Regional Level
Planning

Project Planning and Design
Project Evaluation

Basis for Project Monitoring

e Development of a Project
GeoDatabase

e Allows for input from expert
users, community groups, locs
knowledge




#% Carbon sequestration suitability analysis tool
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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




ALTTTUDE

10020 of optimal

Matches tree

performance with site < 4100 growth
characteristics

4100-4200 809%bo of optimal growth
4200-4300 60%0 of optimall growth
4300-4400 409%o of optimal growth
4400-4500 20%b of optimal growth

>4500 0% of optimal growth

SLOPE

10020 of optimal
0 - 60% growth

60 - 65% 809%bo of optimal growth
65 - 70% 60%b of optimal growth
70 - 75% 409%o of optimal growth
75 - 80% 20%b of optimal growth

>80% 0% of optimal growth

SOIL TEXTURE

Not Suitable

10% of optimum growth potential River Bed 0% of optimal growth

20% of optimum growth potential

Superficial Rock 80% of optimal growth

30% of optimum growth potential

40% of optimum growth potential . 100% of: optimal
Light texture growth

50% of optimum growth potential

60% of optimum growth potential 100% of optimal

70% of optimum growth potential Medium texture growth

80% of optimum growth potential Heavy texture 909%bo of optimal growth
90% of optimum growth potential

Very heavy

100% of optimum growth potential texture 90%b of optimal growth




Suitability map for each species

Species 1: Polylepis besseri

Species 3: Acacia macracantha

Species
distribution
map based
on suitability
modeling,
using expert
sources,
literature,
and/or field
data




Spatial optimatization of species distribution based on criteria

e.g. biomass production, carbon sequestration, or revenue maximization

- Acacia macracantha .

- Schinus molle

I Polylepis besseri

12,200'ha

20,053 ha

12,111 ‘ha

32,164 ha




Multiple Biomass and Carbon Accounting Options

Tons of Carbon (T/ha)

Year of proiect
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

Average Carbon Stock

Biomass at Reference Age

Rotations over 100 Years

or project period




Baseline evaluation — /anduse carbon trend
evaluation

Subsistence agriculture
A cultivation cycle of potatoes (1 yee
(1 year), and fallow (3 years)
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Table 5: Carbon Accounting, Biomass, Wood Volume, and Revenue at First Harvest, based upon the Maximum

= E:;ias'r"( ‘: ';: i"’"“’”s y Carbon spatial optimization, and where Net Carbon > 0.
g e Bl Folyiepis besseri <1
b Spatial Optimization: Maximum Carbon Criteria: Net Carbon> 0
Eucalyptus Pinus Polylepis Total
period (1) 25 25 40
0 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
Ty Agro-silvo-pastoral  (ha) 223 28 481 732.6
Pastoral (ha) 580 335 2,538 3453
Protected -(ha) - - 812 812
Without Use (ha) 25 86 2224 2,335
Area Availble for CDM-AR by Elevation Zone
2800-3200 (m) 59 0 7 676
3200-3600  (m) 1,697 0 391 2,088
P ) 3600-4000  (m) 498 2,023 818 3339
g X fo = gg : 23 (?*3- 4000- 4400 (m) 0 37 8377 8414
10-15 [l 30- 35 f:g Pyt .
0 15-20 | 35- 40 2o Boa Carbon Accounting
. " Average Project Carbon  (tC/ha) 27 2 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) 317,112 440,901 882,604 1,640,677
Wood Price  (USD/m3) $6 $19 $7
Sl Average Revenue  (USD/ha) $636 $3,959 $639 $1,110
-&. * Revenue (USD) $1,775,829 $8,156,671 $6,178,647 $16,111,147
- »
A i ’T”; Lot Average Plantation Cost ~ (USD/ha) $844 $844 $844 $844
o [ -81000--500 [ $ 2000 - 3000 bl Total Plantation Costs  (USD) $2,357.444 $1,738,127 $8,152,415 $12,247,986
: [ ]-%500-0 [ § 3000 - 4000
[ 1%0-1000 [N $ 4000 - 5000 Average NetRevenue  (USD/ha) -$208 $3,116 -$204 $266

[ ]$1000- 2000 [ $ 5000 - 6000 Net revenue _(USD) -$581,615 $6,418,544 -$1,973,769 $3,863,161




ENCOFOR-LSM Scenario Analysis
Tool

» Spatially Explicit Productivity and
Revenue Analysis

» Spatially Explicit Baseline Estimation

= [ anduse Baselines

= Change Analysis
» Trends

» Predicted Landuse Change Trajectories

» Spatially Explicit Environmental
Assessment

= regional biodiversity
= water use

= watershed management




Mixed Species Scenario Analysis:
Chapare Case Study — Bolivian Amazon

Community Based Agroforestry

Total Area (ha)

Suitable Area (ha)

Adoption Rate (%) 40
Avg Area per Farm (%) 25
Planted Area (ha) 1942

Species Mix Percent
Dipteryx odorata 20
Schlizobium amazonicum 20
Centrolobium tomentosum 40

Terminalia amazonica 20

Average C Stocks maintained per ha
over project duration

Total Carbon Sequestration Potential

Tons of C
37
53
76
32

55
106,416




Hydrologic Modeling: Water Use Change

i

Water Excess ; = - e Based on
1993 -1 - methodology
o developed in the

After25 W S A g~ relevant for
years of MelSicry T A | spatially explicit

piged analysis of water

use by trees at the

: 30m - 1 km scale
Difference

w/ or w/o
project




obal Analysis of CDM-AR

Question:

— Where is the |aie
projects and whak
characteristics of

What is the link w.th fhe H20 cycle?

Purpose:

— Explore at global, regidi@l, national and local level
e Potential and opportunigi€s for development
e Food and environmentdl@$ecurity issues
e Determine impacts on Water cycle

— Tools for planning

— Scenario developmentifor GHG mitigation potential




=Global Analysis of CDM-AR
impaclsY@g, water related issues

e Questions:
- Where is the land available for these CDM-AR projects
e What is there now (curgént landuse)
e What kind of land is it (€i€vation, slope, NPP, degradation)
e Who is there now (popul&ion density)
— How much land is actually@&€quired to meet the CDM-AR
cap (1% of total CO, reducg®ns)?
— If those sites were convert@e to trees, what would be the
Impact on water cycles
e Globally, regionally, locally




Area available for CDM-AR: Globally

* Bio-physical SuligaRility
- Climate, waterva\@lilability, tree line, landuse, population

CDM-AR Guidelines
— Not currently forestéet

~ Was not forested on Deck31, 1989
e No incentive of recent restation

- 'No negative impact on f

Spatially.modeled using:
— Landuse / Landcover (US 993)

— Forest = Canopy cover den (MODIS 2001)
e Definition of forest?

Aridity index ( PET/P)

Global treeline model (max altitude)
e Temp, Elevation

Protected Areas (includ@d/excluded)




Global Datasets Used in the Spatial
ARalysi

MODIS Vegetation Conti

MODIS Vegetation ContinuousyField - Bare soil cover Percentage
Topography — SRTM-GTOPO 30Rarc seconds DEM

World Database of Protected Ar&es (IUCN/UNEP)

Mean Monthly Average Temperattlg€ (WorldClim)

Mean Monthly Minimum Temperaglre (WorldClim)

Mean Monthly Maximum Temperattge (WorldClim)

Mean Monthly Precipitation (Worl

Easily Available Soil Water (FAO - B®ligital Soil Map of the World)
Maximum Available Soil Water (FA® - Digital Soil Map of the World)
Soil Depth (FAO - Digital Soil Map'of the World)

Climate Station Dataset (FAOCEIM)

Gridded Population of the Wogld in year 2000 - GPW3, CIESIN




ADat is a Forest?

Under the KyotalBiQtocol and the CDM, each country can
choose their ownYe&aRition of “forest”.

There are hundredstgRe&finitions of forest currently in use.

Under the UNFCCC (KP) orest is defined as:

- 0.05-1.0 hectares (minirmium size)

- 10% to 30% canopy coveémdensity

~ trees with the potential tol§€ach a min. ht. of 2-5m

Canopy cover is most signifi@nt variable in definition
— Definition has a large impad®on land availability
— Many agricultural areas hav€ tree cover above 10%

— Want to avoid perverse incéntives, .e.g. conversion of low
cover dryland forests to @ifee plantations

Only a few countries ha@e decided on a definition yet




Encofor Case Study Analysis:

Implications of the Definition of Forests
moliand Area Eligible fox: Afforestation and
ReiPrestation Activities in the CDV

Four countries: KenyamBlsahda; Ecuador, and/ Bolivia (ENCOEOR project)

Method

levation Tundra Zonee Urban Areas
(SIS5500 meters) ([Excluded) (r‘/alllfl—‘fl)

- ) \l A s » M D \/ S
Warv—rr .—rfhay ﬂ Protected area (IUCN)

Country-specific Datasets
500 m resolution

len Scenarios:

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

Urban areas CDM-AR Projects

Wetlands (10 scenarios
National parks and protected areas

Areas higher than 3500 m above sea level
Areas with excessively steep slopes (>45%)
Ice covered areas

Projections: UTM (500 meters)




Major Exclusion Criteria

Bolivia
Protected areas (18%o)
*Elevation (16%0)
*SWamps (1490)
sllow’rainfall (1590)

Ecuador
*Protected areasi(16%o)
*Steep slopes’ (11%)

Country.

other

CC 10%

CC30%

Kenya

58%

79%

61%

Uganda

36%

90%

50%

Bolivia

489%0

959%

87%

Ecuador

23%

95%

78%

Light yellow area is suitable for CDM-




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

Online Interactive Web Site

Global Analy
Available/S

_ CDM-AR P
llen Scenarios (10 Scena

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

P23

Geographic (15 arc seconds) for layout purpgses
Sinusoidal (500 meters) for tabulating areas

Projections:




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

Impact 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 Areas

China, Venezuela, Tanzania,
Uzbekistan, Mongolia

36 countries > 1000 sq. km.

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://csi.cgiar.org/encofor/forest/
CDM-AR Search
3 hetp:/ fwwaw. i iwmi.org:82 /CSIind ex_res.asa?mytable=Pepulation&AnrlD=1&Cover| D=2 0&ArcalD=pnad&iesiD=&CountryCodc &) ~ t'l.- Co

& e 8

[« -] <]

1 Apple(175)~ Amazon
CDM-AR Search

Outlook Web  Yahoo! WM Intranet Excite MNews (1215)v CSI 5ites ¥ Moksha Nivas Site

Search Criteria :| 5ri Lanka +)+ 20 3!+ rotected Areanotavailable 5 | [ Search )

Country : 5ri Lanka
&ri Lanka F Tulal area in U counlry : 66,581.3 km?
Implications of Forest Definition on Land Area Eligible for COM-AR \ Tatal =q km availabie : 6,585.8 km?

Percentage available : 9.89 %
Within the Kyota Protocal, cauntries have significant laticude to define what Arra ‘l‘;al'““ g

comnsitutes a ‘orest. The most important paremeter affecting area P——

designated as forest is the minimum crown density which can be set “mwm"on.:nfuqm"aﬂo" -,
between 10 and 30 percent. This choice has imolicetions for the amoun: of COM-LR Guidelives ef —F
land available in a counary for afforestatien and reforestation (AR) Kyste Frotocol ’

activties within the Clean Developrent Mechamsm (CLM). | s interactive
tonl is hazed on A glehal geaspatial analysis (Fomer st al, 70085) which "
madels the suitabilicy of land for CDOM-AR based on biodimatic, biophysical, 5 E

Tulal area available (%)

and legal criteria, and Investigated the Implications of the cholce o' crown -Mvailshle area

cover density on tomal land area awvailable for afforestation and

referestation activities within the CDM. The spatial analyses shows nat enly 0

Uhwe efTecls of e choice of Lhe oo cover Urestoddy bul defirecles U “::;;:g:::f"&omrmr_ 204 Crcluded ares-

locztions where land is suitable for CDM zctivties within each country at b ’

the differert threshold levels. In additon, this analysis describes some to | | Protectd Aas:

the socio-ecological cheracteristics of thess arsas. Results are given on a Het Aeailabbe for CON-AR

country by country basis. The search taol allows the user to spedfiy the

country, crown cover density threshold, and whether ornot to include I Fovilabile for COMAAR P

protocted @reas (which includas national parks and other bio reserwes) i 1 X -

within the area deemed suitable for afforestation and reforestation. A3 o E Hi-Resalution image of Sri Lanka

G 30 G Hdemetes
L]

The methodology and data smrees used for the global analysis are E Low-Resolution image of Sii Lanka

described in a s2parate document, available here.

For further information, concact Robert Zomer.
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Distributien within Pepulation Density : Sri Lanka (in km?)

0 0{0.0%) Distribution within Population Density - Sri Lanka (in sq km)
1-5 0(0.0%) 3000
6- 10 0(0.0%)
Distribution by: 11-35 79 (1.2%) 2500
# Clevation 26-50 B46 (12.8%)
- 2,000
» Aridty Index 51- 100 1,014 {15.4%) c
& Land Use 101 - 200 2,647 (#0.2%) T,'-‘T 1,500
201 - 300 681 (10.3%)
+ Population Density 1,000
301 - 400 436 (6.6%) :
& Net Frimary Froouctivity 401 - 500 286 (4.3%)
- . =00
501 - 750 267 (4.1%)
751 - 1000 103 (1.6%) 0 ]
u] 1-0 3-1C 11-20 26-00 S1-100  1M-200 201-200 200 -400 409-500 S0O1-720 7#1-100C ~4000
Greater than 1000 227 (34%) - 3 - - N




How much land is available and where is it?

Mha biophysically available
¢ 46% Is T SoutsAmerica
27% is in SS ATRIGE

More than 75% of biguMsIcally
available lands in AsicisiiSRelassified
as under agricultural [GNENUSE.

o

Land Suitable for CDM-AR by Existing Landuse Type
350
300 +— jetated
250 — : sland
- -
200 - M Barren or & T . |
Savanna px
150 M Mixed Shri S
M Cropland , it f
& . J,'n:' A5 _' iz
100 - & i l'f‘.':. ; \ s ._':\._.;.\_ : 5
Land Use 1993 i ol e
[] Barren or Sparsaly Vegetated
50 B Cropland
[ ] Mixed Shrubland/Grassland
o ‘ ‘ ‘ =jon b
South Subsahara  South Asia  SouthEast East Asia 5 Bxchuded *
America Africa Asia

Region




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

Population Density [T 301 - 400
L (B 401 - 500
- [ 50 - 750
E -0 . 75 - 1000
125 . - 1000
-5 1 Mot Avaitable
%100

] 101-200

Land Suitable for CDM-AR by Population Density
— E— B
] 201300

M East Asia
South-east Asia

M South Asia

M Sub-Sahara Africa

W South America

s ey ' . 3 v C;\’ \9’\/ (19'\
909“';“‘-'“ Density [] 301 - 400 . i . " Population Density
- [ 401 - 500 | 2

-5 [ 501 - 750 Sy

B s- 10 I 751 - 1000
[ 11-25 B > 1000
[ 26-50 [ Mot Available
[I51-100

101 - 200
—]201-300

[ a0t - 500
I 501 -T50
. 751 - 1000
- 1000

! | Exchudea




Are the available lands uplands or
flatlands?

o Globally 60% of T
below 500 m in eleVEisl®

e 80% below 1000m

Land Suitable for CDM-AR by Elevation

Elevation (m)

B 0 - 500

[ 500 - 1000
- ] 1000 - 1500
M East Asia | 1 1s00-2000

[ 2000 - 2500
SouthEas | — 20-30m

M South Asi 53@;5‘”
M Sub-Sahe
1 South America

Elevation (meter asl)




What is the productive potential of these lands?

Net primary productivity

Total NPP tons C/Ha [l 15.0-17.5 | B East Asia

- - SouthEast Asia
Blo-25 B 17.5-20.0 | m South Asia
Bl 25-50 B 20.0-225 B Sub-Sahara Africa
N s50-75 Bl 225-250 = South America
[075-100 [ Excluded |
[ 1]100-125

B 125-15.0

Humidity Index




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

e 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 ; AR

Kilometers




Prediction of Water Cycle
Impihgations of CDM-AR

e Spatial AnalysISTOf change in water use
with CDM-AR

— global and local acts

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

Location: Room 1




ENCOFOR Project

e Suite"ofiifools Developed to support
CDM A/R

e Results can B&xapplied to optimize
planning and mitigate impact

e Local Impact of M-AR Can Be
Significant
— Communities, Foo@ Security, Ecosystem

e H20 Dimension of Multilateral

Treaties /
— Needs to be agficulated




Thank You...

For further information:

Robert Zomer
r.zomer@cgiar.org




