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ABSTRACT

To offer the basic information for sustainable production of forest resources and conservation of the
global environment, change in potential natural vegetation (PNV) associated with climate change due to
doubling atmospheric carbon dioxide (2:<CQ») was estimated with the global natural vegetation mapping
system based on Koppen scheme. The system interpolates climate data spherically to each grid cell,
determines the vegetation types onto the grid cell, and produces potential vegetation map and area on
the globe and continents. The climate data consist of the current (1% CQs2) climate prior to AD 1958
observed at some 2,000 stations and the doubling (2x<CQOg) climate estimated from Meteorological
Research Institute of Japan. The vegetation zone under the 2xCQO: climate scenario expanded mainly
toward the poles due to the rise in temperature. The changed PNV area on the globe amounts to 1/3
(4.91 billion (G) ha) of the total land area (15.04 Gha). Kappa statistic for judging agreement between
the patterns of vegetation distribution under 1~ CQOy climate and 2xCQ» climates shows good agreement
(0.63) for the globe as a whole. The most stable areas are desert and ice. The potential forest area
(PFA) was estimated at 6.82 Gha of the land area in 2xCQ; climate scenario. In terms of continental
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changes in PFA, North America and Asis are increased under the 2XCO; climate. However, the
potential forest areas of the other continents are decreased by the climate. Europe has no change in the
PFA. Especially, the expansion of desert area in Oceania would be accelerated by the 2xCQOz climate,

Key words : Climate change, GNVM system, Koppen scheme, Potential forest avea.
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Fig. 1. Flow for determining potential vegetation on the globe under the 1% CO; and 2xCOQ: climates.
World Monthly Surface Station Climatology(WMSSC) is one of the datasets contained in the
World WeatherDisc{WeatherDisc Assoc. Inc,m 1990) and the climate scenario has been projected
by global circulation model(GCM) at Meteorlogical Research Institute(MRI) of Japan.
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Table 1. Changes in global vegetation area (G ha) based on Koéppen scheme,

2xCOy

Total Changed
A B C D E
Af Am Aw BS BW Cf Cw Cs Df Dw ET EF 1XC0:2xC0O. Abs. %
Af 0.45 0.15 0.07 0.67 0.60 -0.07 -10.45
Am 0.10 0.27 0.18 0.55 0.61 0.06 10.91
Aw 0.01 0.11 1.64 0.08 0.01 1.85 2.32  0.47 25.41
BS 0.07 1.040.33 0.03 0.12 0.20 0.02 1.81 1.62 -0.19 -10.50
I pw 0.191.29 1.48 1.64 0.16 10.81
X Cf 0.03 0.04 0.11 0.12 0.91 0.17 0.17 1.55 1.41 -0.14 -9.03
CO, CW 0.04 0.25 0.08 0.01 0.30 0.01 0.69 0.52 -0.17 -24.64
Cs 0.01 0.030.01 0.06 0.01 0.31 0.43 0.73  0.30 69.77
Df 0.08 0.35 0.01 0.12 2.11 0.30 2.97 3.03 0.06 2.02
Dw 0.01 0.03 0.210.15 0.40 0.65 0.25 62.50
ET 0.04 0.510.18 0.42 1.15 0.66 -0.49 -42.61
Ef 0.241.25 1.49 1.25 -0.24 -16.11

A : tropical zone, B : Arid zone, C :temperate zone, D : subpolar zone, E : polar zone, Af : tropical
rain forest, Am : tropical monsoon forest, Aw : savanna, BS : steppe, BW : desert, Cf : broad-leaved
forest, Cw : dry forest or mixed forest, Cs : mediterranean vegetation, Df and Dw : coniferous forest,

ET : tundra, EF : ice.
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A, 1xCO; fEel 27CO: FETAA v
ehube Al E Y Zhzhe] AR glelAM
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elirbs Kappa$ Az (K= AMAE % 74zhe
Algezke] oA ARE vrebied, Monserud
9} Leemans(1992)el ol&fl 2 A=A ol ok Wl
97F Aet=gich, AL dAAHxe] Wele, K
7} 0.05¢18b No, 0.20°13+d Very poor, 0.40
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Table 2. Kappa statistic for assessing agreement: between vegetation area corresponding to the 1xCOy

and 2xCQOz climates

Area comparison (units = hllhon ha)

1%CO; 2xCOy » Kappa

climate climate Stable % Stable stat?slf):is
tropical rain forest (Af) 0.67 0.60 0.45 67.16 0.70
tropical monsoon forest (Am) 0.55 0.61 0.27 49.09 0.4
savanna (Aw) 1.85 2.32 1.64 88.65 0.75
steppe (BS) 1.81 1.62 1.04 57.46 0.56
desert (BW) 1.48 1.64 1.29 87.16 0.81
broad-leaved forest (Cf) 1.55 1.41 0.91 58.71 0.57
dry forest or mixed forest (Cw) 0.69 0.52 0.30 43.48 0.48
mediterranean vegetation (Cs) 0.43 0.73 0.31 72.09 0.52
coniferous forest (Df) 2.97 3.03 2.11 71.04 0.63
coniferous forest (Dw) 0.40 0.65 0.15 37.50 0.26
tundra (ET) 1.15 0.66 0.42 36.52 0.43
ice (EF) 1.49 1.25 1.25 83.89 0.90
Forest (Af, Am, Cf, Cw, Df, Dw) 6.83 6.82 4.19 61.35 0.29
Total 15.04 15.04 10.14 67.42 0.63
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Table 3. Continental vegetation area(billion ha) based on Koppen scheme under the 1XCO: and 2XCO2

climates
Vegetation North America South America  Europe Africa Asia Oceania
type 1xC0z 2xC0; 1%C0; 2%COz 1xC022xC0; 1xC022%xC0p 1XC0; 2%C0z 1xC0,2xCO,
Af 0.00 0.04 03 0.28 0.09 0.12 0.17 0.15 0.07 0.03
Am 0.08 0.07 0.22 0.21 0.14 0.15 0.09 0.15 0.02 0.02
Aw 0.06 0.08 0.50 0.69 0.93 1.07 0.26 0.41 0.08 0.07
BS 0.18 0.07 0.04 0.07 0.001 0.63 0.75 0.64 051 0.31 0.21
BW 0.02 0.09 0.01 0.01 0.82 0.72 0.37 0.31 0.27 0.50
Ct 0.31 0.51 0,50 0.3 0.33 0.38 0.1 0.02 0.17 0.16 0.13 0.04
Cw 0.03 0.04 0.04 0.10 0.22 0.09 0.38 0.27 0.03 0.03
Cs 0.08 0.27 0.06 0.06 0.09 0.13 0.06 0.08 0.15 0.18 0.01
Df 1.07  0.94 0.60 0.49 1.29 1.60
Dw 0.01 0.04 0.40 0.61
ET 0.49 -0.24 0.08 0.08 0.04 0.0 0.48 0.05
EF 0.4 011 0.01 0.0t 0.01
Forest area(%) 60.73 65.18 61.67 49.44 87.74 85.85 18.67 12.67 56.69 66.67 27.47 13.19
Total area 2.47 1.80 1.06 3.00 4.41 0.91
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