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Running et al. (1994)
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Leaf longevity
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17 (Appendix <2>)

(Belward ed., 1996; Belward et al., 1999) AVHRR

“Permanent
wetland”
IGBP-DIS
Web USGS ( : United

States Geological Survey) GLCC (Global land cover
characteristics) IGBP-DIS
(USGS, 2001)

IGBP-DIS
(International Steering Committee for Global
Mapping: , )
( , 2000; , 2001)
(ISCGM, 1998) (
, 1999)
4. B ( <
> )
41 1GU
Stamp
( , 1994)
1949
(IGU: International Geographical Union)
van Valkenburg IGU

(WLUS: World Land Use Survey)

(van Valkenburg, 1950) 1/100

WLUS



IGU
Appendix <3> van Valkenburg
(1950)
WLUS
(Himiyama, 1986)
1976 WLUS
( , 1994)
42
(Appendix
<4>) LANDSAT TM 10m
( ,1997; , 1999)
( , 1999)
GLCC IGBP-DIS
43 LCCS
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and Agricultural Organization) Land Cover
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http:/Mmww.africover.org/LCCS.htm
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IHDP (International Human Dimensions Program
on Global Environmental Change)
LUCC (Land Use and Land Cover Change)
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LCCS

Committee LUCC

(McConnell, 2001)
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SiB2
Sellers et al. (1996) 211
GCM Water flux
Heat flux SiB2
Water flux  Heat flux
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Global Ecosystem Legend
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(Light utilization efficiency) IPAR
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16 Pg (1 Pg = 1x 1015 g)

Nam et al. (2000)
Alcamo et al. (1994a)
IMAGE (Integrated Model to Assess the Greenhouse
Effect)2.0
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Soil Loss Equation)
RUSLE
Nam et al. (2000)
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A=R KL SCP

A: Computed soil loss (

)

R: Rainfall-runoff erosivity factor ( )
K: Soil erodibility factor ( )
L: Slope length factor ( )
S: Slope steepness factor ( )
C: Cover-management factor ( )
P: Supporting practices factor ( )
( , 1998 ) USDA(

: United States Department of Agriculture)/NSERL
(National Soil Erosion Research Laboratory)

24 47 11,000
(NSERL, 2000)
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6.2.1 Terrestrial Vegetation
Terrestrial Vegetation

(Leemans and van den Born,
1994)
Leemans
and van den Born (1994)

Leemans and van den Born (1994)
Prentice et al. (1992)
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Kichlers Matthews
Melillo
Matthews
2 3
Olson
Olson
Grazing land  Pasture land
Olson IMAGE2.0
BIOME

Zuidema et al. (1994)

N

7.1



grassland Cs

Co ( )
3 2 Cs
Cs ( 1g
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250 350¢g Cs
Ca ( , 2000)
1
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[Appendix <1>] [Appendix <3>]

Running ® ; Running et al., 1994) IGU (16 ; van Valkenburg, 1950)
Evergreen needleleaf Settlements and associated non-agricultural lands
Evergreen broadleaf Horticulture
Deciduous needleleaf Tree and other perennial crops
Deciduous broadleaf Cropland
Broadleaf annual Continual and rotation cropping
Grasses Land rotation

Improved permanent

[Appendix <2>] Unimproved grazing land
IGBP-DIS (17 ; Belward ed., 1996) Used
Evergreen needleleaf forest Not used
Evergreen broadleaf forest Woodlands
Deciduous needleleaf forest Dense
Deciduous broadleaf forest Open
Mixed forest Scrub
Closed shrublands Swamp forests
Open shrublands Cut over or burnt over forest areas
Woody savannas Forest with subsidiary cultivation
Savannas Swamps and marshes
Grasslands Unproductive land
Permanent wetlands
Croplands [Appendix <4>]
Urban and built-up © ; ISCGM, 1998)
Cropland/Natural vegetation mosaic Forest
Snow and ice Mixture
Barren or sparsely vegetated Grassland/Shrub
Water bodies Agricultural area
Wetland

Barren area
Built-up area
Drainage/water
Ocean or Sea

14



[Appendix <5>] [Appendix <6>]

LCCS @ ; FAO, 2000) GLC2000 ( 107 ; Stibig, 2001)
Primary vegetated areas A. Primarily Vegetated Areas
Terrestrial Al. Terrestrial Primarily Vegetated Areas (46 )
Cultivated and managed terrestrial areas All. Cultivated and Managed Terrestrial Areas (veg. >
Natural and semi natural terrestrial vegetation 4%: 2 months)
Aquatic or regularly flooded Al12. Natural and Semi-Natural Terrestrial Vegetation
Cultivated aquatic or regularly flooded area Woody (7 -2 m)
Natural and semi natural aquatic regularly flooded Closed to open (>20/10 %)
vegetation Sparse (20/10 - 1%)
Primary non vegetated areas Trees (>30-3m)
Terrestrial Closed (>70/60 %)
Artificial surfaces associated areas Continuous
Bare areas Needleleaved
Aquatic or regularly flooded Evergreen
Artificial water bodies, snow and ice Deciduous
Natural water bodies, snow and ice Broadleaved
Evergreen
Deciduous
Fragmented with A12
(ditto 1)
Closed to open
(ditto 2)
Open (70/60 — 20/10%)
(ditto 2)
Sparse
Shrubs (5-0.3m)
Closed
(ditto 1)
Closed to open
(ditto 1)
Open
(ditto 1)
Sparse
Herbaceous (- 0.03 m)
Closed to open

Second layer absent
Second layer present
Trees
Sparse
Shrubs
Sparse
Sparse
Lichens/Mosses
Closed to open

15



A2. Aquatic or Regularly Flooded Primarily \Vegetated Areas
G0 )
A23. Cultivated Aquatic or Regularly Flooded Areas (veg. >
4%: 2 months)
A24. Natural and Semi-Natural Aquatic or Regularly
Flooded Vegetation
Woody
Closed to open
Trees
Closed
Flooded > 4 months
(ditto 1)
Flooded 2 < months <4
Broadleaved
Evergreen
Closed to open
(ditto 3)
Open
(ditto 3)
Shrubs
Closed
Flooded > 4 months
(ditto 1)
Flooded 2 < months <4
(ditto 1)
Closed to open
(ditto 4)
Open
(ditto 4)
Herbaceous
Closed to open
Flooded > 4 months
Second layer absent
Second layer present
Trees
Sparse
Shrubs
Sparse
Flooded 2 < months < 4
(ditto 5)
Waterlogged
(ditto 5)

16

B. Primarily Non-Vegetated Areas (11 )
B1. Terrestrial Primarily Non-Vegetated Areas
B15. Artificial Surfaces and Associated Areas (veg. < 4%: 10
months)
B16. Bare Areas
Consolidated ( 2 )
Bare Rock
Hardpan
Unconsolidatad ( 2 )
Bare soil
Loose and shifting sand
B2. Aquatic or Regularly Flooded Primarily Non-Vegetated
Areas
B27. Artificial Waterbodies, Snow and Ice (veg. < 4%: 10
months)
B28. Natural Waterbodies, Snow and Ice
Water
Snow
Ice

1
ditto 1 Needleleaved
Evergreen
Deciduous
Broadleaved
Evergreen
Deciduous
ditto 2 Continuous
(ditto 1)
Fragmented with A12
(ditto 1)
Flooded > 4 months
(ditto 1)
Flooded 2 < months <4
Broadleaved

ditto 3

Evergreen
Flooded > 4 months
(ditto 1)
Flooded 2 < months < 4
(ditto 1)
Second layer absent

ditto 4

ditto 5
Second layer present
Trees
Sparse
Shrubs
Sparse



SiB

[Appendex <7>]
(13
Needleleaf-evergreen trees

; Dorman and Sellers, 1989)

Broadleaf-evergreen trees (tropical forest)
Needleleaf-deciduous trees (larch)
Broadleaf-deciduous trees

Broadleaf and needleleaf trees (mixed forest)
Broadleaf shrubs with perennial groundcover
Broadleaf trees with groundcover (savanna)
Groundcover only (perennial)

Dwarf trees and shrubs with groundcover (tundra)
Broadleaf shrubs with bare soil

Winter wheat and broadleaf deciduous trees
Bare soil

Perpetual ice

[Appendix <8>]
Kichler (32
Broadleaf evergreen trees

; Klichler, 1983)

Broadleaf evergreen, shrubform, minimum height 3 feet

Broadleaf evergreen, shrubform, minimum height 3 feet,
growth singly or in groups or patches

Broadleaf evergreen, dwarf shrubform, maximum height 3
feet, plants sufficiently far apart that they frequently do not
touch

Broadleaf deciduous trees

Broadleaf deciduous trees, plants sufficiently far apart that
they frequently do not touch

Broadleaf deciduous, shrubform, minimum height 3 feet

Broadleaf deciduous, shrubform, minimum height 3 feet,
plants sufficiently far apart that they frequently do not
touch

Broadleaf deciduous, shrubform, minimum height 3 feet
growth singly or in groups or patches

Broadleaf deciduous, dwarf shrubform, maximum height 3
feet/Grass and other herbaceous plants

Broadleaf deciduous, shrubform, minimum height 3
feet/Grass and other herbaceous plants

Broadleaf deciduous trees/Grass and other herbaceous plants

Broadleaf deciduous trees/Broadleaf evergreen, shrubform,
minimum height 3 feet

Needleleaf evergreen trees

Needleleaf evergreen trees, growth singly or in groups or
patches

Grass and other herbaceous plants

Grass and other herbaceous plants, growth singly or in

groups or patches

Grass and other herbaceous plants/Broadleaf evergreen trees,

growth singly or in groups or patches
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Grass and other herbaceous plants/Broadleaf deciduous trees

Grass and other herbaceous plants/Broadleaf deciduous trees,
growth singly or in groups or patches

Grass and other herbaceous plants/Broadleaf deciduous,
shrubform, minimum height 3 feet, growth singly or in
groups or patcehs

Grass and other herbaceous plants/Semideciduous: broadleaf
evergreen and broadleaf deciduous trees, growth singly or in
groups or patches

Herbaceous plants other than grass

Mixed: broadleaf deciduous and needleleaf evergreen trees

Needleleaf deciduous trees

Needleleaf deciduous trees/Broadleaf deciduous trees

Semideciduous: broadleaf evergreen and broadleaf deciduous
trees

Semideciduous: broadleaf evergreen and broadleaf deciduous,
shrubform, minimum height 3 feet

Semideciduous: broadleaf evergreen and broadleaf deciduous,
shrubform, minimum height 3 feet/Grass and other
herbaceous plants

Semideciduous: broadleaf evergreen and broadleaf deciduous,
dwarf shrubform, maximum height 3 feet, growth singly or
in groups or patches

Semideciduous: broadleaf evergreen and broadleaf deciduous
trees/Needleleaf evergreen trees

Vegetation largely or entirely absent



[Appendix <9>]

Matthews (32 ; Matthews, 1983)

Tropical evergreen rainforest, mangrove forest

Tropical/subtropical evergreen seasonal broad-leaved forest

Subtropical evergreen rainforest

Temperate/subpolar evergreen rainforest

Temperate evergreen seasonal broadleaved forest, summer
rain

Evergreen broadleaved selecrophyllous forest, winter rain

Tropical/subtropical evergreen needleleaved forest

Temperate/subpolar evergreen needleleaved forest

Tropical/subtropical drought-decidious forest

Cold-deciduous forest, with evergreens

Cold-deciduous forest, without evergreens

Xeromorphic forestiwoodland

Evergreen broadleaved sclerophyllous woodland

Evergreen needleleaved woodland

Tropical/subtropical drought-deciduous woodland

Cold-deciduous woodland

Evergreen broadleaved shrubland/thicket, evergreen dwarf

Evergreen needleleaved or microphyllous shrubland/thicket

Drought-deciduous shrubland/thicket

Cold-deciduous subalpine/subpolar shrubland, cold-deciduous
dwarf shrubland

Xenomorphic shrubland/dwarf shrubland

Arctic/alpine tundra, mossy bog

Tall/medium/short grassland with 10-40% woody tree cover

Tall/medium/short grassland with < 10% woody tree cover or
tuft-plant cover

Tall/medium/short grassland with shrub cover

Tall grassland, no woody cover

Medium grassland, no woody cover

Meadow, short grassland, no woody cover

Forb formations

Desert

Ice

Cultivation

[Appendix <10>]

BATS (18
Evergreen needleleaf tree
Evergreen broadleaf tree
Deciduous needleleaf tree
Deciduous broadleaf tree
Mixed woodland
Evergreen shrub
Deciduous shrub
Tundra
Tall grass
Short grass
Bog or marsh
Crops/mixed farming
Irrigated crop
Ice caps/glacier
Desert
Semi-desert
Inland water
Ocean

[Appendix <11>]

SiB2 ©
Broadleaf evergreen trees
Broadleaf deciduous trees
Broadleaf and needleleaf trees
Needleleaf evergreen trees
Needleleaf deciduous trees
Short vegetation/C4 grassland
Broadleaf shrubs with bare soil
Dwarf trees and shrubs
Agriculture/C3 grassland

[Appendix <12>]
Myneni 6
Broadleaf Forest
Needleleaf forest
Shrubs
Savanna
Broadleaf crops
Grasses and cereal crops

; Dickinson et al., 1993)

; Sellers et al., 1996)

; Myneni et al., 1997)



[Appendix <13>]
Olson 7 ; Olson et al., 1983)
Forest and woodland
Interrupted woods
Grass and shrub complexes
Mainly cropped, residual, commercial, park
Tundra and desert
Major wetlands
Other coastal, aquatic, and miscellaneous
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[Appendix <14>]
Global Ecosystem Legend ©4
1994a; Loveland et al., 2000)
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Urban
Low Sparse Grassland
Coniferous Forest
Deciduous Conifer Forest
Deciduous Broadleaf Forest
Evergreen Broadleaf Forest
Tall Grasses and Shrubs
Bare desert
Upland Tundra
Irrigated Grassland
Semi Desert
Glacier Ice
Wooded Wet Swamp
Inland Water
Sea Water
Shrub Evergreen
Shrub Deciduous
Mixed Forest and Field
Evergreen Forest and Fields
Cool Rain Forest
Conifer Boreal Forest
Cool Conifer Forest
Cool Mixed Forest
Mixed Forest
Cool Broadleaf Forest
Deciduous Broadleaf Forest
Conifer Forest
Montane Tropical Forests
Seasonal Tropical Forest
Cool Crops and Towns
Crops and Town
Dry Tropical Woods
Tropical Rainforest
Tropical Degraded Forest
Corn and Beans Cropland
Rice Paddy and Field
Hot Irrigated Cropland
Cool Irrigated Cropland
Cold Irrigated Cropland
Cool Grasses and Shrubs
Hot and Mild Grasses and Shrubs
Cold Grassland
Savanna (Woods)
Mire, Bog, Fen
Marsh Wetland
Mediterranean Scrub

; Olson,



47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

Dry Woody Scrub

Dry Evergreen Woods
\olcanic Rock

Sand Desert

Semi Desert Shrubs
Semi Desert Sage
Barren Tundra

Cool Southern Hemisphere Mixed Forests

Cool Fields and Woods

Forest and Field

Cool Forest and Field

Fields and Woody Savanna
Succulent and Thorn Scrub

Small Leaf Mixed Woods
Deciduous and Mixed Boreal Forest
Narrow Conifers

Wooded Tundra

Heath Scrub

Coastal Wetland, NW

Coastal Wetland, NE

Coastal Wetland, SE

Coastal Wetland, SW

Polar and Alpine Desert

Glacier Rock

Salt Playas

Mangrove

Water and Island Fringe

Land, Water, and Shore (see Note 1)
Land and Water, Rivers (see Note 1)
Crop and Water Mixtures

Southern Hemisphere Conifers
Southern Hemisphere Mixed Forest
Wet Sclerophylic Forest

Coastline Fringe

Beaches and Dunes

Sparse Dunes and Ridges

Bare Coastal Dunes

Residual Dunes and Beaches
Compound Coastlines

Rocky Cliffs and Slopes

Sandy Grassland and Shrubs
Bamboo

Moist Eucalyptus

Rain Green Tropical Forest

Woody Savanna

Broadleaf Crops

Grass Crops

Crops, Grass, Shrubs
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[Appendix <15>]
Lin 65 ;Linetal., 1999)

Tropical forest
Temperate forest
Boreal forest
no-vegetation
crop/grass-land

[Appendix <16>]
Nam (

Forest
Grassland/Shrub
Agriculture
Paddy field
Mixture

Built up area
Barren area
Wetland

Water bodies

[Appendix <17>]
USGS (24  ;USGS, 2001)

Deciduous broadleaf forest
Deciduous needleleaf forest
Evergreen broadleaf forest
Evergreen needleleaf forest
Mixed forest

Shrubland

Mixed shrubland/grassland
Grassland

Savanna

Dryland cropland and pasture
Irrigated cropland and pasture
Mixed dryland/irrigated cropland and pasture
Cropland/grassland mosaic
Cropland/woodland mosaic
Wooded wetland

Wooded tundra

Mixed tundra

Herbaceous tundra

Bare ground tundra

Barren or sparsely vegetated
Herbaceous wetland

Water bodies

Snow or ice

Urban and built-up land

; Nam et al., 2000)



[Appendix <18>]
IMAGE2.0
Agricultural land

a7 ; Alcamo et al., 1994a)
Ice

Cool (semi)desert

Hot desert

Tundra

Cool grass/shrub

Warm grass/shrub

Xerophytic woods/shurb

Taiga

Cool conifer forest

Cool mixed forest

Temperate deciduous forest
Broad leaves/iwarm mixed forest
Tropical dry/savanna

Tropical seasonal forest

Tropical rain forest

Wetlands

[Appendix <19>]
BIOME
Tropical rain forest

@7 ; Prentice et al., 1992)
Tropical seasonal forest

Tropical dry forest/savanna

Broad-leaved evergreen/warm mixed forest
Temperate deciduous forest

Cool mixed forest

Cool conifer forest

Taiga

Cold mixed forest

Cold deciduous forest

Xenophytic woods/scrub

Warm grass/shrub

Cool grass/shrub

Tundra

Hot desert

Semidesert

Ice/polar desert
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[Appendix <20>]
Melillo
Boreal forest

(20 ; Melillo et al., 1993)
Boreal woodlands

Wet moist tundra

Polar desert

Ice

Wetlands

Tropical evergreen forest

Tropical deciduous forest

Tropical savanna

Temperate broadleaf evergreen forest
Temperate mixed forest

Temperate deciduous forest
Temperate coniferous forest

Short grassland

Tall grassland

Mediterranean shrubland

Arid shrubland

Temperate savanna

Xenomorphic woodland

Desert

[Appendix <21>]
(20 ; ISCGM, 1998)
Tropical rainforest
Hydrotropic forest
Grassland in tropical or sub-tropical zone
Semi desert in tropical or sub-tropical zone
Desert in tropical or sub-tropical zone
Evergreen thick-leaved forest
Evergreen broad-leaved forest
Deciduous broad-leaved forest
Grassland in temperate zone
Semi-desert in temperate zone
Desert in temperate zone
Northern coniferous forest
Tundra
Water body
Ice and snow
Wetland
Mixed forest
Mixed land
Non natural
Unclassified



[Appendix <22>] [Appendix <23>]
Schmithiisen (30 ; Schmithisen, 1976) Walter ( 19 ; Walter and Box, 1976)

Tropische Regenwalder Zonobiome (9 )

Mangrove
Tropische Gebirgsregenwalder

Tropische halbimmergriine Regenwélder und regengrine

Monsunwalder
Temperierte Regenwalder
Gebirgsnadelwalder
Immergriine bereale Nadelwalder
Lorbeerwalder und subtropische Regenwalder
Hartlaubvegetation
Koniferentrockengeholze und
Strauchformationen
Dornbaum und Sukkulentenwélder
Tropische Trockenwalder und Campos cerrados
Sommergrine Laubwalder
Sommergriine Laubwalder mit Nadelholz
Sommergriine Baumsteppen
Sommergriune Nadelwalder
Dornstrauch und Sukkulenformationen
Feuchtsavannen
Trockensavannen
Dornsavannen
Schwarzerde und Ubergangssteppen
Subpolare Wiesen und sommergriine Gestrauche
Trockensteppen und Hartpolsterformationen
Paramoheiden und feuchte Puna
Gebirgsvegetation jenseits der Baumgrenze
Tundren
Subantarktische Heiden
Halbwusten
Trockenwtisten
Kaltewisten
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I: Equatorial with diurnal climate

11: Tropical with summer rains

111: Subtropical arid (desert climate)

IV: Mediterranean, with winter rain and summer drought

V: Warm-temperature (maritime)

VI: Typical temperature with a short cold period in winter
(nemoral)

VII: Arid-temperate (continental)

VIII: Cold-temperate (boreal)

IX: Arctic (including antarctic)

Zono-ecotone (10 )

I/11: Tropical semi-evergreen forest
1I/111: Climatic savanna on deep, sandy soil with some loam
HI/IV: Mostly arid plain  with isolated low trees
(canopy-cover under 10%)
IV/V: Hardly appears and occurs as a macro-mosaic at the
southern tip of Africa
IV/VI: Deciduous submediterranean forest
VIVI: Semi-evergreen temperate forest
VINII: Forest-steppe or grove-belt mosaic
VINIII: Mixed hardwood and coniferous forest
VINIILE: Aspen (N. America) or birch-aspen (W. Siberia)
forests in continental climates
VII/IX: Forest-tundra mosaic



—1

Global
Environmental Study field Studies selected for this review
Study
Atype Land cover classification system Running land cover classification (Running et al., 1994)
(for global physical environmental study) IGBP-DIS land cover classification (Belward ed., 1996)
B type Land classification system IGU land use classification (van Valkenburg, 1950)
(for global physical and social Global Map land use classification (ISCGM, 1998)
environmental studies) LCCS land classification (FAO, 2000)
GLC2000 land classification (Stibig, 2001)
Ctype Atmospheric circulation SiB (Dorman and Sellers, 1989)
BATS (Dickinson et al., 1993)
SiB2 (Sellers et al., 1996)
LAl & FPAR estimation (Myneni et al., 1997)
Hydrological cycle Global water balance (Oki, 1995)
Biogeochemical cycle Olson land classification (Olson et al., 1983)
Global Ecosystem Legend land classification (Olson, 1994a)
CASA (Potter et al., 1993)
Nitrogen storage estimation (Lin et al., 1999)
D type Land degradation Soil loss estimation (Nam et al., 2000)
Prediction of land cover transformation IMAGEZ2.0 (Alcamo et al., 1994a)
E type Plant ecology C4/C, plant classification (Ito and Oikawa, 1999)
Plant geography Kuchler vegetation classification (Kiichler, 1949, 1983)
Walter vegetation classification (Walter and Box, 1976)
Schmithiisen vegetation classification (Schmithiisen, 1976)
Ftype Hydrological cycle Soil moisture estimation (Oki and Musiake, 2000)
Biogeochemical cycle CENTURY (Parton et al., 1993)
1. Acronyms:

BATS (Biosphere-Atmosphere Transfer Scheme) model, CASA (Carnegie-Ames-Stanford Approach) model
FAO (Food and Agricultural Organization), GLC (Global Land Cover) 2000 Project

IGBP-DIS (International Geosphere-Biosphere Programme’s Data and Information System)

IGU (International Geographical Union), IMAGEZ2.0 (Integrated Model to Assess the Greenhouse Effect 2.0) model
LCCS (Land Cover Classification System), SiB (Simple Biosphere) model, SiB2 (Simple Biosphere 2) model
USLE (Universal Sail Loss Equation) model, RUSLE (Revised Universal Soil Loss Equation) model
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—2. C,D

l. Global water balance ( , 1995)
Hydrological cycle
~ GCM

Il. SiB2 (Sellers et al., 1996)
Atmosphetic circulation
~ GCM
« Water flux + Heat flux
~ FPAR
~ SR
~ Satellite data, Land classification data
~ Total LAI
~ Dead LAI, Stem area index
~ Green LAI
~ FPAR
~ Surface reflectance
~Total LAI
~Land classification data
Roughness length
~ Total LA
~ Canopy height

N

~ Land classification data
Canopy PAR use parameter
~ FPAR
~ Time-mean extinction coefficient for PAR
~ Land classification data

1

lll. CASA (Potter et al., 1993)
Biogeochemical cycle (Carbon cycle)

~ NPP
~ IPAR
— FPAR
€
- W,
— EET
~ SOILM
— WPT,FC

~ Soil texture, Land classification data
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—2. ()

IV. Nitrogen storage estimation (Lin et al., 1999)
Biogeochemical cycle (Nitrogen cycle)
— Nitrate leaching
~ Nitrogen uptake
~ Biogeochemical cycle (Carbon cycle)
~ Nitrification
~ Denitrification
~ Ammonia volatalization
~ Biological Nitrogen fixation
~ Temperature, Area, Land classification data
~ Nitrogen deposition
~ Deposition of ammonium and nitrate
~ Wet deposition of ammonium and nitrate
~ Precipitation
~ Quantity of wet ammonium and nitrate in precipitation
~ Land classification data

V. Soil loss estimation (Nam et al., 2000)
Land degradation (Annual average soil loss estimation by RUSLE)
~ Rainfall-runoff erosivity factor
~ Monthly rainfall data
~ Soil erodibility factor
~ Sail property
~ Slope length factor, slope steepness factor
~ Elevation
~ Cover-management factor, Supporting practices factor
~ Land classification data

VI. IMAGE 2.0 (Alcamo et al., 1994a)
Prediction of land classification transformation
~ Cropland demand
Grassland demand

1

Forest demand
Distribution of potential vegetation and crop
~ Land classification data

1

1

1. Acronyms and Parameters: € (Light Utilization Efficiency), EET (Estimated Evapotranspiration), FAO (Food and Agricultural
Organization), FC (Field Capacity), FPAR (Fraction of Photosynthetically Active Radiation), GCM (General Circulation Model), IPAR
(Intercepted Photosynthetically Active Radiation), LAI (Leaf Area Index), NPP (Net Primary Production), RUSLE (Revised Universal Soil
Loss Equation) model, SOILM (Soil Maisture), SR (Simple Ratio), W, (Water Stress Factor), WPT (Wilting Point)
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—3. IGBP-DIS
Global Map land usedassfication system IGBP-DISland cover dassfication sysem
Evergreen needldedf forest
Evergreen broad ef forest
Forest Dediduous neadldlesf forest
Deciduous broedlesf forest
Mixed forest
Closed shrublands
Open shrublands
Grasdand/shrub Woody savannes
Savannas
Grasdands
Wetland Permanent wetlands
Agriculturd area Croplands
Built-up area Urban and Built-up
Mixture Cropland/Natura vegetation mosaic
Barenaea Show andice
Barren or sparsdly vegetated
Drainagelwater Water bodies
Ocean Weter bodies
1 (1997), (1999)

— . SB

SiB2

SB2land cover dassfication sysem

SB land cover dassfication sysem
(except “ Perpetud ice)

Broadresf evergreentrees Broadleaf-evergrean trees (tropicd foredt)
Broadledf deciduoustrees Broadlegf-deciduoustrees
Broadledf and nesdldledf trees Broadleaf and nesdldesf trees (mixed forest)
Needldesf evergreen trees Need dlesf-evergreen trees
Needldedf deciduoustress Nead desf-deciduoustrees (larch)
Broadledf treeswith groundcover (Savanna)
. Groundcover only (perennid)
Short vegetation/CA grassland Broadedt driioswith perennial groundoover
Baresoll
Broadlesf shrubswith bare soll Broadlesf shrubswith baresoll
Dwarf treesand shrubs Dwarf treesand shrubswith groundcover (tundra)
AgricultureC3 grasdand Winter wheat and broadledf deciduoustress

1. Sellers et al. (1996)
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— . USGS GLCC

Global Ecosystem Legend

| GBP-DI Sland cover dassfication sysem

Global Ecosysem L egend land dassfication sysem

IGBP-DIS

Evergreen needldedf forest 3,20,21, 22,27, 77
Evergreen broad ef forest 6,28, 29, 33, 34,48, 79,
Deciduous needldlesf forest 4
Deciduous broadl esf forest 5,25, 26, 32,90
Mixed forest 18, 23, 24,54, 60, 61, 62, 78
Closed shrublands 16, 17,46, 47,59, 64, 83
Open shrublands 11,51,52
\Woody savannas 63,91
Savannas 43
Grasdands 2,7,40,41,42,87
Permanent wetlands 9,13,44,45,53,72
Croplands 30,31, 35,36,37,38,39,76,92,93
Urban and built-up 1
Cropland/Naturd vegetation mosaic 10, 19, 55, 56, 57, 58, %4
Show andice 12,70
Barren or sparsdly vepetated 8,49,50, 69, 71
Weater bodies 14, 15, 65, 66, 67, 68, 73, 74, 75, 80, 81, 82, 83, 84, 85, 86
1. Olson (1994b)
2. Global Ecosystem Legend Code Appendix <14>
— . USGS Nam
Nam land cover dassfication sysem USGSland cover dassfication
Sygem
Deciduous broadlesf forest
Deciduous needle lesf forest
Forest Evergreen broad eef forest
Evergreen needlelesf forest
Mixed forest
Shrubland
Mixed grasdand/shrub
Grasdand/shrub Creedand
Savanna
Dryland cropland and pesture
Agriculture Cropland/grassland mosaic
Croplandwoodland mosaic
i Irrigeted cropland and pesture
Peddy field Mixed crylandiinigeted cropland and peetire
Herbaceouswetland
Wetland Wooded wetiand
Herbaceoustundra
. \Wooded tundra
Mixture Mixed tundra
Bareground tundra
Barenaea Barren or sparsdly vegetated
i Weater bodies
Water bodies Somoie
Builtuparea Urban and Built-up Land

LNam( )
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— . Global Ecosystem Legend

Global Map vegetation dassfication sysem

Global Ecosysem L egend land dassfication sysem

Tropicd ranforest

28,29,3334,72

Hydrotropic forest (Deciduousin dry season) 26,32,90

Grasdandintropica or sub-tropica zone 2,7,16,41,43,48,87,88,91

Semi desatintropica or sub-tropicd zone 11,51, 59

Desatintropica or sub-tropicd zone 8,49,50, 71, 81, 82, 83, 84, 86
Evergreen thick-leaved forest 46, 47,48

Evergreen broacHeaved forest 6,79,89

Deciduous broadH eaved forest 5,25,26

Grasdandintemperate zone 2,7,16,17,40,41,42,43,87,88,91
Semi-desart intemperate zone 11,51,52,59

Desatintemperate zone

8,49,50, 71, 81, 82, 83, 84, 86

Northern coniferousforest 3,4,20,21,22,27,62, 77
Tundra 9,52,53, 63, 64, 69
Weter body 14, 15, 65, 66, 67, 68, 73, 74, 75, 80, 85
lceand snow 12,70
Wetland 13,44, 45
Mixed forest 18, 23, 24,54, 60, 61, 78
Mixedland 10,19,55,56,57,58, A
Non naturd 1,30,31, 35,36,37,38,39,76,92,93
Undassfied 3,4,27,77
1. Global Ecosystem Legend 2
2. (1997), (1999)
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— . IGBP-DIS  GLC2000, Running, SiB, BATS, Nam, IGU

IGBP-DIS GLC2000 Running SB BATS Nam IGU
EveG. Al EverG. Needlel. EveG. Forest Woodlands
Needlel. Al12 Needlel. EverG. Tress Needlel. Tree (Den)
Forets Trees[Height: >30—3m]
[Woody height: Closad [Cover: >70/60%] Tree & Other
>2m, Corttinuous Perennid Crops
Canopy cover: Nesdlel.
>60%) EveG.
Fragmented with A12
(not Trees)
(ditto A)
EveG. Al EverG. BroadL. EveG. Forest Woodlands
BroadL. Al2 BroadL. EverG. Tress BroadL. Tree (Den)
Forests Trees
[>2m, >60%0)] Closd Tree & Other
Continuous Perennid Crops
BroadL.
EverG.
Fragmented with A12
(not Trees)
(dittoB)
A24
Trees
Closd
Hooded 2 < months< 4
(dittoB)
Ded. Nedlel. | A1l Dedi. Nesdlel. | Neasdlel. Dedi. | Ded. Needel. | Forest Woodlands
Foregs Al2 Trees Tree (Den)
[>2m, >60%)] Tress
Closd Tree & Other
Continuous Perennid Crops
NeedL.
Ded.
Fragmented with A12
(not Trees)
(dittoC)
Ded. Broadl. | A1l Dedi. BroadL BroadL. Ded. | Ded. Broadl. | Forest Woodlands
Foregts AL2 Trees Tree (Den)
[>2m, >60%) Tress
Closd Tree & Other
Continuous Perennid Crops
BroadL.
Ded.
Fragmented with A12
(not Trees)
(dittoD)
MixedForets | A1l (ue  rdevat | BroedL. & | Mixed Forest Woodlands
[>2m, >60%) A12 forest type) Needlel. Tress | Woodand (Den)
Trees
Closd Tree & Other
Fragmented with A12 Perennid Crops
(Trees)
Necdlel.
EverG.
Ded.
BroadL.
EverG.
Dedi.
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Clod All (ue rdevat | Broadl. Shrubs | EverG. Shrub Grasdand/ Woodands
Shrublands A2 forest type) with Perennid Shrub (Scrub)
[<2m, >60%) Shrubs[5-0.3m] Groundcover Ded. Shrub
Closd Tree & Other
(dittoE) Dwarf Trees & | Mixed Perennid Crops
A24 Shrubs  with | Woodland
Shrubs Groundoover
Closd
Hooded 2 < months< 4
(dittoE)
Open A1l (ue rdevat | BroadlL. EverG.Srub | Grasdand/ Woodlands
Shrublands A2 forest type) Shrubs  with Shrub (Scrub)
[<2m, 60 Shrubs Bare Sail. Ded. Shrub
10%] Closed to open [>20/10%] Mixture Tree & Other
(dittoE) Broad Shrubs | Mixed Perennid Crops
Open[70/60 - 20/10%] with Perennid | Woodland
(dittoE) Groundcover
LichendMosss Tundra
Closedtoopen Dwaf Ts &
A24 Shrubs  with
Shrubs Groundoover
Closedtoopen
Hooded 2 < months< 4
(ditoE)
Open
Hooded 2 < months< 4
(dittoE)
Woody All (ue rdevat | BroedL. Trees | Mixed Grasdand/ Woodands
Savannas A2 forest type) with Ground- Woodland Shrub (Open)
[>2m Woody [7-2m] cover
(Herbaceous Clossdtoopen Tree & Other
ad Trees Perennid Crops
undergory), Closedtoopen
60—30%) Continuous
(ditto E)
Fragmented with A12
(ditoE)
A24
(dittoF)
Tress
Closedtoopen
Hooded 2 < months< 4
(dittoB)
Savannas A2 Grasss BroadL. Trees | Mixed Grasdand/ Unimproved
[>2m Trees with Ground- Woodland Shrub Grazing Land
(Herbaceous Open cover (Usd)
ad Continuous
undergory), (ditoE) Unimproved
30-10%] Fragmented with A12 Grazing Land
(ditoE) (Not Used)
Herbaceous[0.3- 0.03m)
Closad to open Tree & Other
Second layer present Perennid Crops
Tress
Sarse[20/10- 1%]
A24
Trees
Open
Hooded 2 < months< 4
(ditoB)
Herbaceous
Closedtoopen
Hooded 2 < months< 4
(dittoG)
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Grasdands A2 Grases Groundcover Tdl Grass Grasdand/ Improved
[<2m Herbaceous only Shrub Permanent
(Herbaceous), Closedtoopen Short Grass Pesture
<10%] Second layer absent
Second layer present Unimproved
Shrubs Grazing Land
Spare (Used)
A24
Herbaceous Unimproved
Closdtoopen Grazing Lad
Flooded 2 < months< 4 (not Used)
(dittoH)
Permanent A12 (grases o | NA Bogs & | Wetlad Svamps &
Wetlands LichendMossss forest types) Marshes Marshes
[<2m or >2m, Closedtoopen
Herbeceous or | A24 Woodands
woody (dittoF) (Swamp
vegetation Trees Forets)
cover extendve Closd
ared] Hooded > 4 months
(dittoE)
Closedtoopen
Hooded >4 months
(ditoE)
Open
Hooded > 4 months
(dittoE)
Shrubs
(dittol)
Herbaceous
Closdtoopen
Hooded > 4 months
Second layer absant
Second layer present
Trees
Sarse
Shrubs
Sarse
Weterlogged
(dittoJ)
Croplands Al BroedL. Winter Wheat | CropgMixed Agriculture Horticulture
[(Hebaceous) | A23 Annud & BroadL. | Farming
type of aops Dedi. Trees Paddy Hdd Cropland
cover theland] Grasss Irrigated Crop (Continud &
Rotation
Cropping)
Cropland (Land
Rotation)
Urban & | B15 N/A N/A N/A BuildUpArea | Sdtlement &
Built-up Asodaed
[From DCW] Non-
Agriculturd
Lands
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Cropland/ ALVAL2 N/A Winter Wheat | N/A Agriculture Woodands
Naturd ALUA24 & BroadL. (Forez  with
Vegetation Ded. Trees Subgdiary
Mosac A23/A12 Cultivetion)
[No one | A23A24
componat > Horticulture
60% of | A1UA23A12
landscape] A1/A23A24 Cropland
(Continud &
ALAL2IA24 Rotation
A23/A12/A24 Cropping)
ALA2IAI2IA24 Cropland (Land
Rotation)
Show & lce B28 N/A Perpetud Ice lce capd | Water Bodies Unproductive
Show Glecier Land
lce
Barren A2 N/A Bare Soll Desart Barren Area Unproductive
[Sall, sand, Woody Land
rocks  andor Sase Semi-Desart
ice Nevar has Tress Satlements &
more than 10% Sase Asodiaed
vepetated] Shrubs Non-
Soarse Agriculturd
Herbeosous Lands
B16
Consolidated
BareRock
Hardpan
Unconsolidatad
Baresoll
Looseand shifting sand
Water Bodies B27 N/A N/A Inland Water Water Bodies N/A
[Seariver...] B28
Weter Oceen
N/A N/A N/A N/A N/A N/A Woodlands
(Cut Over o
Buned Over
Forest Aress)
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1. Belward ed., 1996

2. EverG: Evergreen, Deci.: Deciduous, NeedleL.: Needleleaf, BroadL.: Broadleaf

3. All: Cultivated and managed, A12: Natural and Semi-Natural Terrestrial Vegetation, A23: Cultivated Aquatic or Regularly
Flooded Areas, A24: Natural and Semi-Natural Aquatic or Regularly Flooded, B15: Artificial Surfaces and Associated Areas,
B16: Bare Areas

4. dittoA J
ditto A NeedleL. ditto E  NeedleL. ditto | Closed
EverG. EverG. Flooded > 4 months
dittoB  BroadL. Deci. (ditto E)
EverG. BroadL. Closed to open
dittoC  NeedleL. EverG. Flooded > 4 months
Deci. Deci. (ditto E)
dittoD  BroadL. ditto F  Woody Open
Deci. Closed to open Flooded > 4 months
ditto G Second layer present (ditto E)
Trees ditto J Second layer absent
Sparse Second layer present
dittoH  Second layer absent Trees

Second layer present
Shrubs
Sparse
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Sparse
Shrubs
Sparse



