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Abstract

The pOtential vegetation distribution shift in china caused by giObal clirllatic change、 vas

Predicted by the dttect transfer functiOn aPPrOach. Two types of statistical model,the discrirlli_
nant analysis mOdel and the multinornial logit mOdel,were applied tO exPlain the relatiOnshiP

between vegetation classification and climatic cOnditiOns. The 10git lnOdel resulted itrl a mOre

successful result than the discrilninant analysis lnodel. Thus,the effects Of giObal clilnatic change

、vere estirnated using the logit model under twO clilnatic change scenarios prOPOsed by Robock

Cr α′(1993):Scenario A,a2-degree increase of mean annualtcmperature and a 20%increase of

annual preciPitatiOn;Scenario B, a 4-degree increase of mean annual temperature and a 20%

increase of annual preciPitatiOn. It was predicted that(1)the cOnifer fOrest distributed in nOrth_

east China at the present tirrle may be deprived of its suitable habitat within the bOundary of

china,(2)the brOadleaf forest aistributed in east China may shift nOrthward by arOund 3 degrees

Of latitude for scenario A and 5 degrces fOr scenario B,and(3)thc deSert region in west China

may exPand and steppe and savanna may decrease,especially in the case Of ScenariO B.

Key words: Potential vegetation distribution, Cllmatic change, Statistical model, Impact

assessment,Chna.
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1.Introduction

HOw dOes global climatic change effect the vege_

tation distributiOn in China? our goalis tO answer

this question. For this PurPOSe,we have develoPed

statistical models for prediction of the POtential

vegetation distribution by the direct transfer func_

tion aPProaCh・

〃力αrなダοあ″r  c J ,確a rたc力″″gプ

The amOunts of some trace gases in the atlnos―

Phere, nOtably carbOn dloxide(co2), nitrOus

oxide(N20),methane(CH4),ChiOroFluOrocarbOns

(CFCs)and troposPheric Ozone(03), haVe been

increaslng aue to human activltles such as the

massive cOnsumption of fOssll fuels〕exhaust e■lis―

sions from factOries and automObiles,agricultural

activities, and sO on. All of these gases are trans―

Parent tO incoming short_wave radiatiOn from

SPaCeぅbut they absorb and ernit long wave radia―

tion and are thus able to inauence the Earth's
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chmate. This is called`g10bal climatic change'Or
`global warlning' and trace gases which cause this

`greenhOusc effect' are called `greenhOuse gases'.

Increased cOncentrations of co2 and Other

grcenhouse gases lead tO a、varIIling of the Earth's

surttce and the lower atmosPhere.As a result of

the increasing concentrations of greenhOuse gases,

it is nOw believed that in the First half ofthe next

century a rise of giObal mean temperature could

occur which will exceed any in man's history

(B01inタァα′, 1986).

A c c o r d i n g  t o  t h e  a s s e s s m e n t  b y  w O r k i n g  G r o u P

I Of the lntergovernmental Panel on climate

change, as a result Of the ``business as usual)'

sccnario, the average global tempcrature might

have increased by aPPrOXirnately one degree by

the year 2025 and by three degrees by the end of

the next century.  The sea level lnight have rise

approxilnately 20 crn by the year 2030 and 65 cm

by the end Ofthe ncxt century(IPC(ち 1990a).

″り S力0″″ W C  a s s c s s  t t C '純p a c r  o″ッになc t t rデ0ガ
`Global 、varrlling' would not Only be greater
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than recent natural auctuations, but it 、 vould

occur 15 to 40 tlllles faster than past natural

changes(Schneider, 1989). It has been stated by

many scientists that such a rate Of change may

exceed the ability of many sPeCies to adapt or

disperse into more favorable regions, and thus

many plant and anilnal species rnay become extinct

(IPCC,1990b).

Dale and Rauscher(1994 summarセed the mttOr

infOrmatlon needed for fOrest management.

1. Predictions Of expected changes in land use.

2,ComPilations of maps of forest type distribu_

t l o n .

3.Compilatlons Of maps of sPecies cOrnposition

changes.

4. Estiinates of changes in fOrest resOurce PrOduc―

tlVlty.

5。 Estilnates of exPccted changes in forcst hcalth.

6. Estiinates of POtential effect on biological

diversity,

7. Predictions of effects on wildlife habitat.

Our target corresPonds to the secOnd itern;
`Complations of maPs of fOrest type distribution.

where and、 vhen、 vlll forest type distributions be

altered in resPonSe to clirllate change?'。 Strictly

speaking, our target may be `compilations of

vegetation type maps of POtential distribution in

reSPOnse to chmate change'. This is expected to

be of critical irnPOrtanCe for P01icy makers and

land managers.

whノ roc″sο″Cれ'″α?

There are somc sPatial scalcs for understanding

the impact of clirllate change on vegetatiOn. The

ilnPlications of the ilnPactS and methodologies

fOr assessing them differ according to the sPatial

scale to be considered(Frederick,1994)。

Graham cr α ′.(1990)diVided sPatial scales intO

fOur categories;biosPhere, biome, ecosystem and

tree level,  The biosPhere's resPonSes to climate

change involve alterations lll the energy, carbOn,

or water auxes of vegetation(Henderson_Selers,

1993;Solomon and Shugart,1993;MacDonald and

Sertorio,1989)。 At the biome level,species re_

SPOnd tO Climate change thrOugh ev01ution,mttra_

tion,extinction,or adaptation tO new disturbance

regimes.The ecosystem's resPonseS tO Climate

change take years tO Centuries and occur via nutri―

cnt cycling,PrOduction,water use,successlon,com

competition, and resPonSe to changes in disturb―

ance regin■es(PartOn gナα′.,1994).The resPonSe of

individual trees to cllmate change Occurs through

Phen010gical,  reprOductive,  and  PhysiOlogical

processcs on time scales ranging frOm minutes to

decades and sPatial SCales ranghg frOm cels to that

Of a large tree.

The sPatial sc』 e of our study CorresPonds to

the biome level in Grahalll's claSSificatiOn. Its re―

SPOnSe to clllnatic changes take years to rnilennia,

and the human activities on this scale relate to

Plant breeding,land management and conservation.
we have chosen China because it is the largest

country in Asia, with an area of aPPrOxllnately

9.6 milliOn km2.It consists of a wide variety

Of climatic zones; tropical, sub_troPical, Warm_

temperate, cool―temperate, alpine,sub―alPine,arid

and serll―arid,and the vegetation is alsO diversified

according to environmental cOnditions(Editorial

Committee of Vegetation of Chilla,1980).Fur_

thermOre, China has a human POpulation of ap―

PrOXilnately l.2 billion, the largest in the world,

and thus its socioecorllic impact is very imPortant.

P/cガο″ssチ″がたSO″ :納pacrが scss″c″チ0メ6乃デ″容タ

ッタgc,αチデο″

ollta cr α′(1993)simulatcd changes in the net

primary productivity(NPP)of the natural vegeta―

tion of inonsOOn East Asia including China undcr

three,dOubled co2~Climate scenarios(GISS,GFDL

and UKMO).The gridded climatic data were used

together with the ChikugO model(Uchttima and

Seino, 1985)to asSess NPP under baseline and

C02~dOublillg climates.

chang and Yang(1993)analyZed climate―

vegetation interaction il■China. The distribution

and NPP of vegetation zones show a close relatiOn_

shiP with a series of climato10gic』illdices.Multi―

variate analysis for clirnate and vegetation zones in

china prOvides a quantitative envttonmental inter_

pretation fOr two significant eco10gical gradients.

T h e  f i r s t  g r a d i e n t  i s  m a i n l y  a  t h e r m a l  g r a d i e n t ,

which can be disPlayed by latitude,altitude,bio―

ternperature,and annual lnean terllperature.The

second gradient is basically a moisture gradient,

and is correlated highly with iongitudc and Poten_

tial evaPOtransPiration.

chang(1993)related vcgetation tドPCS and the士

distribution Patterns with ccrtain clinlatic tyPes in

a series of mathematical l‐_r illさ卜1 ■lcarlS Of quan_

titative analysis of vcgc〔tlよご■―c itrli、.モぜin〔Craction or
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digitized diagrams of biOclilnat010gy.  He applied

H o l d r i d g e ' s  l i f e  z o n e  s y s t e m  i n  O r d e r  t O  r e l a t e  v e g e―

tation and clirnate and Predicted the changing Pat―

tern of vegetation under doubled co2 COnditions.

Our study has some simll釘ity to that Of chang

(1993)in that bOth studies PrediCt imPactS Caused

by clilnate change with reFerence to vegetation

types in China.Chang(1993)used the H。 ldridge

life zOne classification which was Originally devel―

oped to exPlain the global vegetation distribution,

and the result showed some differences frOm the

actual vegetatiOn distribution. so we attempted to

aPPly statistical PredictiOn modcls fOcusing on the

chinese vegetation to improve the accuracy.

βhジ 飢比フ″ ルタd,recr rra″sferル ″Cガο″準proαご力?

The IPcc wOrking GrouP II Classified the meth_

odologies used for impact studies on ecOsysterns

intO fOur aPPrOaches;(1)the dttect transfer func―

tion aPProaCh,(2)the palaeorecOnstruction ap―

PrOaCh,(3)simulation modeling Of ecosystcms at

the stand level,and(4)reasOning from ec010gical

or ecophysiOlogical knOwledge(IPCC,1990b).

we take the first aPProaCh;the direct transfer

functiOn apprOach, which has been used by many

scientists in imPaCt assessinent studies, for exalll―

Ple, Emanuel で す α′ (1985a, 1985b)on a 310bal

scale,zabillski and Davis(1988)for the creat

Lakes region of the united States Of Arnerica,and

Tsunekawa cr α′(1993)for Japan.

This meth6d analyzes the current distributions

Of vegetation types and its biocllrnat01ogy and

Predicts their possible future distributions as

climatic Patterns using the suggested climate

change scenarios,  As a result of the analysis, it

can shOw arcas where currenし vcgetation rllight be

rePlaced by anOther type of vegetation in resPonSe

to clilnatic change.  In these areas it can be con―

sidered that the clirl■ate is no longer optiFnal fOr

the current vegetation type.  These areas, there_

fOre,are thOse which would be most vulnerable tO

disruPtion aS a result of PrtteCted climatic changes.

As such, cOnsidcrablc care shOula be givcn to

development of management strategies for these

areas(IPCC,1990b).

2. Materials and「Methods

2.l Models

Dなcrlimttα″″九″arysなノy。旋′

Discriminant analysis is a multivariate statistical

methOd,wllich classifies observations whose grOup

is unknOwn into one or more grouPs(nOminally

mcasured variables)On the basis Of Onc Or more

numeric variables.

For the sake of simplicity)if we wish tO discrim―

inatc a new sample(cg,caCh grid cell in the case

Of this stuay)intO One oftwo grOuPs(2g.,Vegeta―

tion classificatiOn), Gl and G2, and if we can

assume that β illdependent variables have a multi_

variate nOrrllal distribution and the β x β variance―

covariancc matrix of the independent variables in

each Of the twO groups are the same,then letting

メp be the β
―th variable(Cg,climatic Parameter),

σ:ブ the varlance―covarlance matrlx, and メ比: andメ比:

the mean Ofヌ F andヌブ, thc MahttanObis distance

can be written as

D2=呂だlσ
すは'μj)しμF)・

If the variance,covariance matrix of Gl and G2 is

the same and we may deine

σ=(σげ)and乃 ,こ(μF(1)十μ,(2))/2,

thcn

D22_D12=2{αlは1-″F)十α2は2~″2)+・…
+αβ(メβ一″p)}・

The linear discriltFlinant Function z is

Z=αl(メ1-″F)十α2(ヌ2~″2)十...+αβ(メβ
_″
β).

If z>o,thcn we can assign the samplc tO Gl,and

if z<o then we can assign it to G2.

The study used the DISCRIM procedure of
``Statistical Analysis system)'(SAS rclease 5。18

at Tokyo University),A likelihoOd ratio test of

the hOmogencity of the within_grOuP covariancc

matrices was PerfOrmed,and if the test statistic

w a s  s i g n i f i c a n t , t h e  w i t l■i n…g r O u p  m a t r i x  w a s  u s e d ;

otherwise the pooled covariance matrじてwas used.

んれ∽r Mttr'″ο″筋′んοglir zOど夕′

Thc multinOmial 10git model is one of several

randOm utility mOdels, which assumes that the

dOer selects an alternat市 e that has the htthest

utility and that the utility itself is nOt constant,

but randOlll(sugiura, 1989). Generally sPeaking,

thc relationshiP bctween a land and thc vegetation

on it includes sorne uncertainty, since the fOr_

mation prOcess of a plant cOrllnunity involves

uncertain elements, fOr example, cOmpetition at

the individual level, seed disPersal etc. and also

there are sOme environmental cOnditiOns which are

tOO difFicult tO measure or too complex tO be lll_

cluded in the analysis.TherefOre the randOnl utility
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model)which assumes the existence of an unknOwn

Part fOr the analysts,、voula be apphcable.

In the case Of the linear multinorlial logit

model, the prObabllity Of selecting an alternative

is explained to be in prOPortiOn to the exPOnential

Of the linear cOmbination of the exPlanatOry vari―

ables(IkeguChi Cr α′, 1991)。

The multinOmial10git model can be shown as

判キメ嵐“rη十釧/

嵯leXPl着1は潮十釧

盤群1驚)メ絆幣::路鮎予転縦背i
解糖Li:f歓品開登

atty温
☆詳綻

■潜鞘
nあ
m郎使d he selectbn F乱施y

艦i露品群宅岳猟attottoli盟桃l
:路生止岳i是韮器『貫e品亀|十

ear funttbn by

礼貯&e aranged h the ttrm of a gnd syttem
covering the whole Of china lll the area of nOrth

latitude 18°to 52°and east longitude 73°to 135°.

Each grid cell ls 150 Fllin fOr the latitudinal drec_

tion and 225 rnin fOr the lOngitudinal dttectiOn,

corresPonding  とo  aPProXirnately  5kmx5km

around central China.

Att the data were deve10ped by the lnstitute Of

Botany, Acadenlia sinica.  The vegetation data

were digitized frOm the``Actual vegetation map of

china(sctte l:4,000,000)ルmade in 1979 by the

lnstitute Of Botany. Plant cOmmunities were

selected and reOrdered ttltO nine grouPs COrre_

sPOnding to physiOgnOmy level(Table l).

We used two climatic variables;mean annual

temperature and annual preciPitatiOn,which were

derived frOm averages frOm the period 1951 to

1980 and interP01ated frOm station data (POint

data)tO area data.

The database cOntains around 370,000 grid

cells, among、vhich 331,302 grid cels were used,

since the rest had values missing for One or more

variables.

2.3 Doubled C02‐ Climate Scenarios

ln studies on climate irnPact aSSessment, the

output frOm general circulatiOn models(GCMs)of

the climate system is often used.However,the use

of GCM output for regional level imPact aSSess―

ment has twO serious Problems(ROboCkゼ ナα′.,

Table l  Vegetation classificatiOn and their characteristics.

Dominant plant spcthlcs 酬酷継性)|「ei酬蜘

協 ァ放 wみ      |       I  Nonhcttt Chha

A″れ緒法糀r施 I Dw何  1 瞑 撚3科播|

Mcadow/BroadicaF deciduous ttrcM

―
     |      |

湯陥鞠  十 Dwtt X縦盟瀧 伊
|      |   ~

1  2 1 ± 3 3  1  5 1 0 ±
1 8 0

1        1

SteppacscH

”の
BS IH猟器猫猷柑歓B | … 6 1 1 9 3 ■ l ∞

|     |

Step匹7Scrub

cθげr″sルrタロβヵメJα,
θJrヮ?βJIFどαッ,″力″,

y,rをメれ̀g″虚oッarんマ′マopカメ′ね,
下
―|

Nonh Chha
(Gansu,Hcbcゅ

|

DescH 辮肝 |〒橘 蘇 再 可
2″̀可"SギP′,

研“″"s spp

|
|
酌
柵 開
岬…7"″

annually P14″s spp s:岳岳辞1者昔tiど甘品|!キ‖楊路り 158士

Ollc or double cropphg nce

cりcrοぅα′αれθ7sis Spp,
Cα∫rα″οクs,S Spp, 淵 靴盟 S 17St獅 聞 使妙9

1       1|

BroadlcaF evergreen foresy Varlcα αsrァο″ltn脇,
Dウrで″Caヮメざ筋ッl」Jα4α Cfa

S o u t h  C h l l l a ( G u a n g d o n g ) /

Soulhwest Chha(Yunnan)
198± 20 1588± 382
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1 9 9 3 ) ;

(1)BeCause current state― oユthe_art GCMs are

unable tO simulate accurately even the current

seasonal cycle Of cllrllate On a regional basis, the

reliability Of GCM output is not high.

(2)The sPatial resolutiOn Of ccMs(tyPiCal grid

SPaCing of 500 x 500 km)iS tOO coarse for regional

level studies.

TherefOre,RObOck tt αス(1993)have develOped

a new prOcedure fOr cOmbining GCM outPut with

CliFnatiC infOrrnation in order tO PrOduce scenarios.

They prOvided three regional scenarios as case

s t u d i e s ; C h i n a , S u b―S a h a r a n  A f r i c a  a n d  v e n e z u e l a .

They shOwed ttl the Chinese case study that a

warrning Of 2-4 degrees and an increase of PreciPl_

tation of abOut 20%would seem the mOst likely

result of an equivalent doubling of co2・

On the basis of their results,we assume two

scenarios, Scenario A invOlving a warrning of 2

degrees and a 20ワ う increase of PreciPitatiOn)and

Scenario B ttvolving a warFning Of 4 degrees and

a20%increasc of precipitation.

3.Results

3,l Estimation by Discrlminant Analysis Model

The hit ratio of the discrilninant analysis lnodel

WaS aPPrOx,66.1%. The hit ratiOs of each vegeta_

tion classificaじiOn were(a)77.7%,(b)54.1%,(C)

64.570,(d)55。 4%,(e)79.6%,(f)66.9%,(g)69.4%,

(h)45。3%and(1)67.1%.The hit ratios of(e)and

(a)Were relatively high and that of(h)waS relチ

ti■7ely low.cOmparison of the estimated natural

vegeta[ion map by the discrirninant analysis model

and the actual vegetation maP ShOWed that the

vegetation of(b)Was underestimated(number of

estimated gria cells,actual grid cells=74%),and

the vegetation of(c)overestimated(estimated/

actual=158%).

3.2 Estimation by Logit rttodel

The Pが ameters of the 10git mOdel are shOwn in

Table 2.  For examPle, the Probability that one

grid ccll with a mean annutt tcmperature Of T℃

and annu』  precipitation of P rn■ l is assigned to

vegetation(a)is;

P(a)={exP(『x(-0。292x10)+PX(-0・145x10~1)
+0。459x102)}/{eXP(rx(_o。292x10)+PX(-0・145
x 1 0 ~ 1 ) + 0 , 4 5 9 x 1 0 2 ) + e X P (『X ( - 0 , 2 6 3 x 1 0 )十P x

(-0。059x10~1)+0,429x102)+...十 eXP(TX(0・ 0)

十P x ( 0 . 0 ) + 0 , 0 ) |

Table 2 Parameters and hit ratios of multinOrllial

10git rl10del.

T E M P : M c a n  t t n u a l  t c m p c r a t uに(つC )、P R E C : A n n u a l  p r c c t p i t a 8 0 n ( m m ) , C O n S i , C O n s t a l l i

The estiinated vegetation classification can be

determined vegetation as(I)WhiCh has the httheSt

P r o b a b i l i t y  a m o n g  P ( a ) t O  P ( 1 )・
The hit ratio Of the 10git model 、vas apprOx.

68.7%(227,547/331,302).The hit ratiOs Of each

vegetation classincation were(a)72.9%,(b)69.2%,

(c)54.9%,(d)43.1%,(e)85。 9%,(f)70,2%,(3)

81.8%,(h)47.α ろand(1)67.5%(Table 2).The hit

ratios of(e)and(g)Were relatively high and those

Of(d)and(h)Were relatively low.cOmparison Of

the estirllated natural vegetation map by the 10git

model(Fig,2)and the actutt vegetation maP(Fig.

1)ShOWed that the bOundary bet、veen(a)and(b)

in the estimated map was greatly simpll丘 ed in the

south_east area of the Tibetan Plateau where lnany

valleys run,compared to the actu』 vegetation map

which shOws a very comPhcated distributiOn re_

sembling a mosaic.Vegetation(d)waS under_

estirnated, and esPecially the distribution around

west Tashinganling coula nOt be estirllated.

3.3 Comparison of Discriminant Analysis Model

and Logit「にodel

COmParisOn of the discriminant analysis mOdel

and the 10git model showed that the tOtal hit ratio

Of the latter was higller than that Of the fOrmer.

FrOHl the viewPOint Of geOgraPhiCal distribution,

thOse Of the 10git ll10del、vere superiOr to those Of

the discrirninant analysis model, especially fOr the

discrilnination of(a)and (b)around the sOuth_

eastern Part Of the Tibetan Plateau. TherefOre,the

10git model was selected fOr use in the follOwing

predictions.

3.4 Prediction of Potential Vegetation Distribu―

tion using the Logit WIodel under Scerlario A

By vttying the chmatic Parameters of the 10git

model, the POtential shift under the changed

c l l m a t e、v a s  P r e d i c t e d .  F i r s t , S c e n a r i o  A  i n v o l v i n g

a 2-degree increase of mean annual temperature

and a 20% increase of annual preciPitation was

Hi rato(%)
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used, As a result,it was indicated that the PrOPOr―

tion of grid cells in all Of china which shOwed

estimated vegetation classificatiOns different frOm

the Present ones was approx.3370(Table 3). The

percentage of gria cclls assigned tO classificatiOns

Other than Present one was relativelγ high in vege_

tation(h)(68%),(d)(53%)and(a)(51%).The

number Of grid cells assigned tO other classifica_

tions is high in vegetation(a)(26,595),(g)(21,310)

and(f)(15,258). From the viewPoint Of geo_

graPhical distribution(Fig.3),the COnifer fOrest

distributed in nOrtheast china at the present tilne

may be deprived Of its suitable habitat、 vithin the

boundary of china. The brOadleaF fOrest distrib_

uted in east China(vegetatiOn f,g,h,1)may Shift

nOrthward by arOund 3 degrees oflatitude.

3.5 Prediction of Potential Vegetation Distribu―

tion using the Logit Model under Scenario B

Next, Scenario B involving a 4-degiee increase

Of mean annual temperature and a 20%increase

Of annual preciPitation was used. As a result, it

was indicated that the prOportion Of grid cells

Table 3 PredictiOn of vegetatiOn classification under scenario A,a2-degree

increase of mean annual temperature and a 20%increase of annual PreciPl_

t a t l o n ,

Upper rowilhe frequency of gnd_ceus(apprOX 5kIIh x 5km)Lowerrow;its rado in each row(%)

Table 4 PredictiOn of vegetatiOn classificatiOn under scenario B,a4…degree

increase of mean annualtemperature and a 2070 increase of annual PreciPi―

t a t l o n .

Esthale〈
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; 0‖1 0
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(%) 00 998

(%)
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ｇ

％
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0 0 1     0 0 淵棚
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(%) 。‖ 985野
(%)

0

0 0 測 0‖諾
1 8 , 9 1 ど

llXl(

(%)

25,590

225 64 54 160

39ど
; 41督: 19'T;11[ llXl(

重ld
デ L玉翌坐

昌あ

16,9271  21,717

淵 。樹 諾

4 4 1 7 6 2 1    0 1    0

llX1 0   00   0

Upper row;lbc frequency of g五d‐ccns(apprOX 5km x 5虹 n)Lowcrrow;its ratlo in each row(%)
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Fig.1. Actual vegetation distributiOn Of china.

The raster_type data were digitized from the
``Actual vegetation map of china(scale l:

4,000,000)" made in 1979 by the lnstitute of

Botany,Acade■ lia Sinica.
穐麟を導鞭輪郭

F号
を課糠軽靭繰鮮羅
and a 2070 increase of annual preciPitation.
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tllrOughout china which shOwed estimated vegeta_

tion classifications difFerent from the present Oncs

WaS aPprox. 53% (TablC 4).The perccntage of

grid_cclls assigned tO Othcr classificatiOns is rela_

tively higll in vcgetatioll(h)(98%),(d)(89%)

alld(C)(77%).The number Of grid cells assigned

to Other classifications is high in vegetation (a)

(35,258),(g)(31,893)and(b)(27,023).FrOm tlle

VieWPOint Of geographical distributiOn(Fig.4),tllc

cOnittr fOrest distributed in nOrtheast china mav

be deprived Of its suitable llabitat,as in the casc Of

Scenario A.  The brOadleaf fOrest distributcd irl

east Chilla(vcgetation i g,h,1)may Shift nOrtil

ward by arOund 5 degrees Of latitude, MoreOver

the descrt regiOn, vcgetation(c), Illay exPand itS

area,and vcgctation(c),StCPPC,may decrcase.

4. Discusslon

4.1  沖質Odeling of Vegetat10n DistributiOn

As a rcsutt of tlle 10git nlodcl,the tOtal hit ratiO

is 68.7%.Thc total hit ratiOs Of」apanCSe vegeta‐

tion tlistributiOn lllodcls devc10Pcd by tllc authOrs

werc 85,4%in thc case of tllc fOur grOuP ciassittca_

tion cOrresPondillg to vegctation zOnc lcvels

(Takeucili cr α′,1991)and 75.8%for thc cight_

grouP classificatiOn cOrresPonding to t｀orderい Or
t`a11larlceⅢ

 levcls(TSunekawaで rαよ,1993).

The llit ratio depends strOngly on thc llunlber

Of classified grOuPsi tlle ll10rc classined,the lower

thc hit ratio. TherefOrc thc accuracy of the 10git

modcl,with a hit rati0 0f 68,7%偽 r ninc vegeta_

tion grOuPs,Can bc judgcd as satisttctOry.

As silowll in tlle rcsults,tllere arc manv discrimi_

nation errors bct、vecn vegctation(a)and(b)・ If

we comPare F屯,l and Fig.2,it is fOund that there

is a big diffcrcncc in distributiOn pattern arOund

cast Xizang. T11ls rcgioll corrCSPOnds tO thc sOuth_

wcst part Of thc Tibetan Platcauぅ、vhich is scvercl)′

dissected by tilc Jinslla」ian3 RiVCr,Lancang Jiang

River(Mekong RiVer)and Nu Jiarlg River(salWeell

River)・Becausc tile vcgetation is affected by thc

clevatiOn and tilc directiOn Of siOpc,the vcgetation

distributiOns Of(a)alld(b)arc sPatially mixcd like

Also, the cstiIIlatcd distributiOn Of vegctation

(11)iS rather simpllned in comparison with tllat Of

the actual vegetation. In thc reglons、vhcre vcgcta―

tiOn(1)iS diStributcd,10、v lnOuntains,hilis,valleys

and Plains are spatially lllixed, thus creating a

mOsまic_likc distributiOn Of vcgetation(11)。

There are two main reasons why the actual

vegetation of thesc regions could nOt be estilllated

wcll. Thc first is that the sPatial rcs01utiOn and

accuracy of clinlatic data uscd by the study are

not good cnOugh to reaect the vcry ane and cOrll―

Plex chmatic sPatial pattern of the severely dis_

sected Piateau. Thc sccOnd is that the vcgetation

distributiOn in this rcgiOn dcpends nOt Only on

temperature and PrcciPitation, but alsO Othcr

environmental factOrs such as sOlar radiatiOn,wind,

snow and soll PrOperties.However,environmcntal

factOrs Other than telmperature and PrccIPitatiOn

wcrc notincluded in the mOdel.

ThereSOre it is exPected that the modcl cOuld

be illlprOved greatly by using more sPatially

dctalled and accurate daじa and includil■g Other
cnvirOnmental factOrs such as sOlar radiatiOn,、villd,

sno、v and soil prOPertieS・

4.2 Prediction of Potential Vegetation Distribu―

tion

As described in results, it 、vas Predicted undcr

climatic cllangc sccnarios that(1)the cOnifer ttrest

distributcd ill nOrtllcast Cllina at the present tiinle

lnay bc dcPrived Of its suitablc llabitat within tllc

bOundary of china,(2)the brOadleaf fOrest distrib_

utcd in cast China(vegctatiOn i g,h,1)may Slllft

nOrthward by arOund 3 degrees Of latitude for

S C e F l a r i o  A  a n d  5  d c g r e c s  t t r  s c c n a r i o  B , a n d ( 3 )

the desert regloll,vegetatioll(c)may eXPand its

arca, and vcgetation (c), StCpPC, Illay dccrease、

especially in the case Of ScenariO B.

Ftturc 5 1Hustrates the climatic cOrlditiolls ttr

cach vcgctation classificatiOn taking the rllean all―

nual teinperaturc as thc hOrizOntal axis and annual

prccipitation as the vertical axis, Each rcctangular

cllipse llas its ccnter at the averagc Of ternPeraturc

and Prccipitati01l fOr each vcgctation, and the

radiuscs rcPrcsellt thcir standard deviatiOns. T、vO

arrows starting frOm the center indicatc tlle shifts

undcr sccllariOs A and B.vcgetation(a),(b),(C),

(d)and(e)1lavc rectangular clllPses and vcgetation

(f),(g),(h)and(1)have Ob10ng ellipses,indicating

that tlle for■lcr vcgetation llas a relativcl)r smaller

standard dcviation for precipitation and the latter

a rclatively snlallcr standard deviatiOn fOr tempera―

turc.  This inay llldicatc that the tcmpcraturc

increase afSects the latter vegctatiorl mOrc than

the fOrmer vegetation,and may bc〔 hc rcason、vhy
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the distributiOn of broadleaf forest in east China

may move rnore than that of Other vegetation.

As shown in F七 ・6,which illustrates the geO_

graPhical pattern of clirnate diagrams, southeast
china seems to have enOugh PreciPitatiOn in su■1-

mer due tO monsoon cttculation,whereas west

china has a very lilnited suPPly Of water useful fOr

Fig.6.Climate diagram of Chha

α αユ(1992),whiCh iS a digital
ture,preciPitatiOn and so on.

Plants. This fact suggests that thermal cOndition

may be more imPortant fOr plant growth in the

east,whereas mOisture conditiOns may be impor_

tant in the west.

The mOst distinctive feature oF scenario B com―

Parcd tO A is that the desert region,vcgetation(c),

may exPand its area,and the area of vegetation(C),

steppe, may be rcduced. This may be due to the

島ct that in scenario B,、vith a 4_degree increase,

even if the precipitation increases by 20%,``dryhg

upめ of plants may occur. Fron■ the viewPOint Of

Plant PhysiO10gy, the biggest Factors lllniting the

growth of Plants are lo、v temperature and dryness.

The increase of temperature is related tO bOth

PhenOmena,but has a PositiVe effect On the fOr_

mer)and a negative one on the latter.  It is esti_

mated a 4_degree increase of temperature and a

20ワう i」lcrease of PreciPitatiOn may have a negative

effect On Plants through arying uP.

4.3 Speed of Shift

lt was predicted in the study that the brOadleaf

fOrest distributed in east china(vegetation i g,h,

1)might Shift nOrthward by around 3 dettees of

latitude(arOund 350 krn)under scenario A and by

around 5 degrees(arOund 600 kln)under SCenario

B.If we can assume thtt Co2 dOubling will have

occurred by the year 2030,as shown in the busl―

ness as usual scenariO by the IPcc,then this wll

be 50 years frOm nOw at the latest.TheretOre,the

一 k m       印 打E C d  C X a r nメc  O r  d _に d a g _ _ N s m D g _

using Global Historical cllmatOlogy NetwOrk data cOmPiled by Vose

database including long_term climatO10gic』data on monthly tempera―
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sPeed of shift Of suitable habitats would be 7 kln/

year under Scenario A and 12 krn/year under
Scenario B.

on the Other hand,InaPs based″on fOssll P01len

data for EurOpe O-13,000 years tto show the

f0110wing migration rates of mttOr tree species

(Huntley and Bttks,1983):

9タタ/C″C(deCiduOus)0。075-0.5km/year

/1cc/

P′脅″s

研初夕s

0 . 5 - 1 . O  k m l y e a r

l.5km/year

O.1-1.Okm/year

Therefore, if 、ve take the deciduous genus

C夕C/C″S as a main tree sPCCies in east China,the

speed Of shift Of suitable habitats would be 14

tilnes and 24 tilnes faster than the rnigration sPeed

recorded over the Past 13,000 years in Europe

under Scenarios A and B resPectiVely. At the same

tllne,、ve should also Pay attentiOn to the Fact that

the speed of shift wOuld differ amOng sPecies.

4.4 Limitations of the Prediction

FroFn the results of this analysis,it was indicated

that a clinate changc under scenario A,a2-degree

increase of mean annual temperature and a 20%

increase of annutt preciPitatiOn,mttht Cause a

POtential shift tO Other vegetation classificatiOns h

approx, 33%of the total grid cells in china,and

that under scenario B〕a4_degree increase of rnean

annual temperature and a 20%increase of annu』

PreCiPitatiOn, a Potential shift tO Other vegetation

classificatiOns for approx.53%of total grid cells

wOuld occur.

what dOes the potential shift indicated by our

study lnean?

F t t s t ,  w i t h  r e s P e c t  t O  a c c u r a c y , s r l c e  t h e  h i t

r a t i o  o f  t h e  m O d e l i s  a p p r o x , 6 9 % , i t  m u s t  b e  n O t e d

that a cOrresPonding error may be included. In

PartiCular,the prediction fOr east Xizttlg may nOt

be accurate due to the discrlrninant errors of the

mOdel.

Next,as for ec010gical significance of the Poten―

tial shift,as POinted out abOve,the actutt speed of

shift Of Plant sPeCies may be slOwer than that for

a suitablc habitat due to clilllate change. Further_

more, it would differ accOrding to the Plant

species. TherefOre, it aPpearS that all Plant conl_

munities would not be able to shift tO suitable

habitats with the same species composition and

the same forest structure.  In regions where the

shift Of Plant sPeCies cannot catch uP with that Of

the suitable habitat, some change would occur in

the ecOsystemo However,the methOdology used

in this study has lllmitations in PrediCting whether

the change might be ``competitive disPlacement"

or``catastrophic decline"(Nellson and King,1991).

Moreover, the model does nOt include all envi_

ronmental changes in the future.   EsPecially,

fertllizatiOn effects caused directly by an inCrease

Of atmOsPheric co2 might change the plant re―

SPOnSes to temperature, PreciPitatiOn, and other

cllrnatic conditiOns.

5. Conclusions and next st9ps

As we described in the tttrOductiOn,our final

gOal is tO answer the question `How dOes g10bal

clirnatic change effect the vegetation distribution

in china?'through cOmPllatiOns Of lnaPs Of Vegeta_

tion type distribution. In this study,we were able

tO identify regions where climatic change might

have a serious impact on the actual vegetation, We

can summarize the results of the study as f0110ws.

(1)As a result of cOmPariSOn between the discrim―

inant analysis mOdel and the multinornial logit

mOdel to exPlain the actual vegetation distribution

in china by mean annual temperature and annual

preciPitatiOn, the logit model prOved superior to

the discrllllinant analysis model in terms of the hit

ratios and geographical distribution Of estiinated

actual vegetation.

( 2 ) T h e  t O t a l  h i t  r a t i o  f o r  1 0 g i t  m o d e l  w a s  6 8 . 7 % )

which indicates that for nine classes of Chinese

vegetation, around 70%of it can be exPlained by

mean annual temperature and annual preciPitatiOn,

The residuals are thought to be caused by the

SPatial accuracy of the clirnatic data used in the

study,and the vegetation dis↓ributiOn is considered

tO depend Pttrtially on other envttonmental factOrs

such as solar radiation,wind,snOw,soll PropertiCS,

and s10pe gradient.

(3)The pOtential vegetatiOn under the climatic

change was estimated using the 10git model.Two

scenarios PrOPOSed by Robock夕 rα′(1993)were

aPPliedt Scenario A, a 2Jegrec increase of tem―

perature and a 207ケ increase of PreciPitation,and

Scenario B,a4-degree increase of temperature and

a20%increase of preciPitatiOn. As a rcsult,it was

Predicted under the climatic change scenarios that

(1)the conifer forest distributed in nOrtheast

China at the present time may be deprived of its
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suitable habitat、within the bOundary of china,(2)

the broadleaf fOrest distributed in east China may

shift nOrthward by arOund 3 degrees Of latitude

fOr scenario A and 5 degrees fOr scenario B, and

(3)the deSert region may exPand its area,and

stcppe and savanna may decrease)cspectally in the

case of ScenariO B.

ェf we summarセ e the imPact Of Climatic change

On chinese vegetation, the suitable habitat fOr

fOrests rnight shift raPidly tOwara the norとh in east

china, and stepPc and meadOw ttlight be rePlaced

by descrt thrOugh drying uP in West china. There_

fOrc, future rcsearch shOuld take ttltO account

tllese results and Place PriOri[y on the f0110wing

t V`O POlnts.

(1)In east china,the fOrest zone might shift in a

nOrtherly dttection. Ho、vever,because oFthe very

large POPulat10n concentration lll this region and

the predOminant useヽ of land in this region for

paddy Or wheat fields,the mttOrity of forests are

isOlatcd geOgraPhiCally,  For the fOrestns smooth

shifし, nexible disPersa1 0f Plant seeds is necessary,

Howcvcr, geographical isOlation may prevent the

fOrest frOm shifting smoothly. Therefore it is

urgent PriOrity to deve10P a `landscaPe transition

mOdel)based On sPatial rules Or neighborhOOd

interactions, which can exallline the Potential for

shifting in the face Of changing landscape Patterns

fOr the purPose of aPprOPriate fOrest management

(Dale and Rauscher,1994).

(2)In weSt China,especially the areas surrounding

deserts, the change in moisture conditions duc tO

increasing temperature and drying― uP may Cause
tdesertificatiOn' of steppe and savanna.  Then

desertificatiOn accompanied by reduction of vege_

tation may accelerate the cliinatic change thrOugh

an increase of albedO, reduction Of sOil moisture

and evaPOtransPiration, and decrease Of surface

rOughness, 1.e, a PositiVe feeaback of cllrnatic

change.  TherefOre it is necessary to deve10p a
`grassland model' that can sirnulate the regional

Patterns Of ecOsystem proPerties including Plant

production and s01l prOperties,taking accOunt of

fertilization effects by incrcased C02, eXtreme

events such as drOught and severe heat, and live―

stOck management for apprOPriate grassland man→

agement so as not to cause desertificatiOn(Conner,

1994).The CENTURY model(PartOn夕 ″α′,1987)

or EPIC model(Williamsで すα′, 1984)may be

instructive for develoPment Of Such a rnOdel,
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気候変化が中国の本直生分布に及ぼす影響の予測

恒川篤史
*・
張 新 時■ 周 庁 性■ 大政謙次

ネ

(半:澪奮岳里溌摺栃群究肇)

要

二酸化炭素等のいわゆる温室効果ガスの大気中の濃度

が人間活動により上昇し,地 表面気温の上昇等の地球規

模の気候変化がもたらされるのではないかと憂慮されて

いる。本研究では,こ のような地球規模の気候変化によ

って引き起こされる中国における植生分布のシフトを直

接転移関数法アプローチによって予測した。植生分布と

気候条件との関係を説明するために, 2種類の統計モデ

ル(判別分析モデルおよび多項ロジットモデル)を試みた。

その結果,ロ ジットモデルの方が判別分析モデルよりも

良い結果を示 した。そこで植生の分布シフトをロボック

ら(1993)によって提唱された気候変化シナリオにもとづ

き,こ のロジットモデルを用いて推定した。

ロボックらのシナリオは,大 気中の等価二酸化炭素濃

約

度が産業革命前の2倍の水準になる時期の地域的な気候

条件を2種類の状況で考えるもので,シ ナリオAは 年平

均気温2度上昇,降水量20%増 加,シ ナリオBは年平均

気温4度上昇,降水量20%増 加となっている。

その結果,以 下のことが予測された。(1)中国東北部

に分布する針葉樹林域は,最適生息地が北方に移動する

のにともない,中 国内では大幅に減少する,(2)東 部に

分布する広葉樹林域はシナリオAで 約 3度 ,シ ナリオB

で約 5度 ,北 方にシフトする,(3)西 部に分布する砂漠

地域が拡大し,ス テップおよびサバンナが減少する。と

くにシナリオBの とき,こ のことが顕著である。

キーワード:潜在的植生分布,気 候変化,統 計モデル,

影響評価,中 国
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