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ABSTRACT! Long_terIII C02 X tenlperature experiments on rice using

Tc11lperature Gradicnt Chambcrs(TGCs)reVealed tllat neariy doubled C02

conccntration in thc atlllosphCrc incrcases crOp dEy lllattcr production by 24%

tllIOLigh the enhancemcnt of radiation converslon ettcicncy to biomass,but not

through the promotion of radiation intcrccption ratc  Although temperature

gをivc a negligibly small innuence On thc C02 enttCt on blomass production, it

siBIliflcantly arected the grain yield through spikclet fertility High temperaturcs

、、lcrc llloSt danlagillg ricc spikclcts at the nlonlcnt of thcir flo、vcring and nlade

thcill sterile The temperature(TP27ん)at WhiCh 50 ツ 6 spikelets are sterilc was

382°C for a high tcmperature―tolerant gcnottpe'Koshihikarit,and 36 6°C fOr a

SCilSitiVe genottpe'Akihikari'  Those flndings from TGC cxpcrimcnts were

pモlramCtrized and incorpOrated into ricc gro、、lh silllulation nlodel SIMERIW

llllpact asscssnlents of elevated CC)2 COnCCntration and giobal climate change

on rcgional rice yield in Japan 、vere nlade by using SIMRIW undcr various

cli!llate sccnarlos  The model predicted that a 100 1tmol rnol‐l incrcase in CC)2

C011ccntration alonc incrcascs rice yield in Japan by 7 ‐ 8 0/0, and that a 2°C

tClllperature rise signincantly reduccs this CC)2 CSLCt in thc most part of Japan

Thcn, the e3陀cts of 2 x C02 Climates on reglonal rice yteld、vere predicted for

iligh teinaperature,sensitivc and tolerant gcnotteS by using 2 、 C02 climate

SCCllariOS generated by GFDL,GISS and LIKMO general circulation models  lt

ヽヽ′tiS fOund out that the 1 6°C di宜lrence in thc spikelet sensitivity to high

tclllperature danlage bet、veell those t、vo genottpeS gives signiflcantly large

cFlects on the predicted rice yield in ccntral‐south (TOkai and South Kanto

districts)and sOuth―恥′estern Japan under 2、 CC)2 clinlates  Even、vith the high

ielllperaturc―tolerant gcnottpc, rice yicld in thosc rcgiOns was prcdictcd to

dccrease by O- 109る than the present under 2 x CC)3 climatcs except for GISS,

、vhile that in northcrn Japan、was prcdictcd to increasc by 10‐250/O dcpcnding

oll climate scenarios   Thc model also predicted that 2 x CC)2 Climates

signiflcantly increasc yearly yicld variability in the ccntral‐south and south―

vヽestcrn Japan, 、vhile they stabilize thc yteld auctuatlon in thc northern」apan.
ハ、lternations Of phenOlogical devclopment gcnoけ peS and cropping scasOns
f■lrthcrnlorc prolllotCd thc positivc efFects of 2 x COn clilmatcs in the northcrn

Japan. bllt did not signiflcantly nlitigatc the negativc cttects in the southcrn
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Japan  For lllitigをltillg the prcdictcd ncgativc cFrccts of 2 x C02 Clinlatcs in the

soutllcrll Japan, explorations for high tclllpcrature‐ resistant Bellot)'pes arc

necessarv

KttY WORDS: ricc、  clevated C02, tenlpcrature gradicllt challlber(TGC),

simulatioll model for ricc‐、veathcr(SIRTRIW),Japan

1.INTRODUCT10N

Although Japan rclies on i11lportcd grains frolll abroad for t、vo‐tllirds of thc total

consulllption, its stそlple food ricc is tlic oni)' crop that it sclf―supplies   Ricc

prodtictioll in Japan is under thc colitrol of thc govcrllnlent to producc approxi11lateぃ「

10 1111llion tolls allllually、vllich just nlcct tlle national dcmalld This productioli

plan of rice, ho、vevcr‐ is occt」siollally distllrbcd b)' clilllatic variations t Ovcr

prodtlction in favorablc chillatc ycars and shortagc in adverse climatc ycars  E、ccpt

fOr けpl1001ls 、vhich occasionaH)ア attack sollle district of Japan, variをltiOns tl〕

tempcraturc alld solar radiation during Hcc gro、vi1lg scasons are thc nl句or ttCtOrs

that bri1lg ycarl)'varintions or Japancsc ricc production(Yoshino rr β′、 1988)  Tllc

cool sullllllcr in 1993, for installcc, cauSCd 26 perccnt rcduction or Japancsc ricc

production alld forced Japan to inlport nlorc than t、vo lllilliOn tOns or ricc. rcsulti11思

inそibl■lpt lliBhCring of rice price in thc intcrnational Hlarket  Ho、、′evcr.unlike lllost

othcr co111ltrics in thc、vorid,、vater plをlys a llcgligibic rolesそls a)'ield rcducing最lctor

in Japallcsc rice prodilction,bccatisc alillost ali ricc rlclds in Japan arc rtl11),irrigatcd

Sillcc Jtipallesc ricc productioll ls sO scnsitive to tcnlpcratureそ1:ld solar radiati()11、

it is reqllcsted to assess thc illlpをlCtS Or ele、ァated COa COnccntratioll lll thc atnlosphcrc

alldとⅢllticipセited giobar、、ィlrnling(Hanscn`′r t7′, 198+)on rC3101lal ricc productioll in

JapFin TO FinSヽ Vcr this, 、 ve have becn collductillg various cxperill〕 ents on C02 x

tempcraturc cfFccts on ricC by using a Tclllperaturc Cradicllt Clla11lbcr(TGC)1lcWly

dcvelopcd(HOrie cr α′、1991;Kllllご′β′,1992) Tllc data rrolll TGC c、pcrilllc】lt、

、、crc ptlrとilllctriZed and incorporatcd i1lto SINTRIヽ/ヽor SInlulatioll Modci ror RIcc‐

WVcather rclationship to silコlulatc rice Bro、Vth and yield lll rctation to C02

COllCCntratioll令 tclllpcrそittlrc alld solar radiatioll conditlolls (HoriC‐ 1993)   By

`」l)plying SIMRIヽヽ
ア for Japan 、vith doliblcd C02 Climatc data prcdictcd b)′ gencrF】1

circtllation nlodcls for dynanlics or eartll's atmospllcre(GCMs),HOric cr β′(1995b)

prcdictcd that doubled C02 C01lCentration alld Blobal 、、′ar11ling 、、
'111 11lcrease ricc

yield in llortllern Japan by 10‐30 シ伍 but decreasc it in sotith―、、アestcrn Jをlparl by 10-

409/6 dependil13 011 Clilllatc scenarios  SiIIlilar results llavc also bccn prcdictcd for

rice vields in Asia under a dotibled CO.climate by Matthews cr α′(1995)by using

their ricc mode1 0RYZA l

Thcse prcdictions,howcvcr,had two mttor limitions First,currcnt cultivars

alld crOpping seasOns、ドere assumed for predicting rice yteld ulldcr changed clirnates,

thOLlgh these are likcly lo changc undcr doublcd CC)2 Cllmates  Second, a vallle

dcrivcd from experinlents only on'Akihikarit ricc ill thc TCC was utilized for a crop

parallleter rclated to high tcnlperature‐induced sterility of ricc splkclctsi desplte this

paranlctcr lllay givc a signiflcant e3陀ct on thc prcdictcd yicld uilder a 2 x C02

chlllate  Furtllermores it、vas found that a cuitivar direrence exists in the value of
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tllis para11letcr(MatSlli alld Horic, 1992) Thc ouicCtiVes of tllis silnulation studメ
arc threc folds  Thc flrst is to claritt the Cffect ofthc genetical dittercnce in spikelet
sellsiti′ヽiぃr t0 11lgh tcnlpcrature dalllage on regional ricc yield in Japan undcr doubled

COE clinlate  The second is to prcdict to、 vhat cxtent alternations of cultivars and

cropping seasOn can nlitigate or prolllotC negative or positivc cnLcts of doublcd C02

clilllatc on rcgional ricc production  On thc basis of thesc analyscs, thc third is to

predict nlost probable ettects of doubled C02 concentration and anticipated global
clinlate changc On rcglonal rice卜ricld in」apan

This paper brien),describes thc lllodel SIふ/1RどヽV、c、perilllental derivations of its

parをlnletcrs, alld thc lllodel pclforlllallce, and then rcprescnts the silllulatioll rcsults

Ol][llc cffccts of cleヽatcd CO]alld prcdictcd clilllatc change oll regiollal ricc)riclds lll

Jal)an

2,BASIC STRUCTURE OF THE MODEL SIluRIW

Since the dctails of SINERIW.thc nce modd applicd for ths stuい havc alrcaぃ been

rcpolted(HOrie, 19871 Horie gr α ′, 1992, 1995a), only a brief description is lllade

hcrc abollt the basic structllre of SIふ/1R」ヽV

SINrRI Vヽ collsists of thrce ll14ior parts that dcscribc thc proccsscs Of Ontogenctic

crop de、icloplllcllt、 bio11lass accLllllulatioll alld )アicld fornlatioll   Thc olltogenctic

dc、
reloplllcnt proccss of ricc fronl clller3cnCC tO hcading is rcprescntcd in SIふ

在R」ヽ V

by そl colltintlotis vをlriable, thc dcvcloplllelltal illdc、 (Dヽ■), thC ′ヽallle of、、′hicll ls

dcrllled to be zcro at clllergence, 1 0 at heを】dillB and 2()at lllaturih/  The、 アaluc of

Dヽ′l at an】  Bi、cll nlolllent Of crop dcvclopinent is given by integrating thc

de、feloplllelltal rate(DWT()、アith respect to tinle  Tlle DWR is givell by a nonlinear

fLinCtion of dally lRICan telllpcratLIre and day lcngth as described ill Horie and

Nakagawa(1990)

The dtt nlatter accunlulation process of the rice crop is silllulated using the idea

that crop d吟ア、veight at any nlonlent is proportiollal to the absorbcd solar radiation

acctlillulatcd tlp to tllat nlolllCllt(MOntcith, 1977)  This prOcess of blonlass

acctinlLllation is charactcrized b、ア olll、' onc crop paralllctcr, thc solar radiation

CO】1 アヽCrSion efttciellc)'(CS)  The CS iS assLinled to be collstant up to headlllg

( D W l = 1 )、al l d  t l l c l c a F t e r  i s  g i v e l l  b ) r  a  d c c r e a s i n g  f t 1 1 l c t i o n、vi t h  r e s p c c t  t o  D W T  t o

SinlLllate the lllattlratioll or senesccllce process   The leaf arca gro、、■h rate 、vhich

goverlls thc radiそ」tiorlそibsorptloll rate is illodcled asセl ulllqtlc nillctiO【l of telalperattarc

This is lll colltrast to the traditional approach in、vhich lcaf area gro、vth is calculated

frolll its 、′eight gro、、rth through nlultiplying by a sinlple convcrslon ttctor, the

spcciflc lcaf arca  The lcaf area grO、、th is nlodclcd illdcpendently of its 、veight

gro、、lh in this lllodcl、b)アtaking into account the largely indcpendent naturc Of cach

to tlle othcr,as described by Horic cr α/(1979).

Tllc grain 卜rield is sinltllated in SIふだRJ Vヽ fronl calcllated total blonlass by

lllilitiplylllg b)7 hanrest indcx  Hanrest inde、is givcn by a ttllction of DWl and the

steriliぃ'percelltage of spikelets  Thc hanrest illde、―DVl rclationslllp is cnlployed to

】11をikC tllc )Field forillatioll process dylla11lic and to silllulate prelllaturc ccssatioll of

gro、、lh 、vhen crops ellcoLIiltCr allttl11ln C001llcss   Tlle Stcrlllsr perCelltagc Of
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spikclcts is given by a ttnction of the cooling dcgrec―days(Uchttil■a)1976)during

sensitive period of spikelets to cool tcmperaturc(075<DWl<12)

SIM妊R」W gives a clilnatically potential yield of a given cultivar of irrigatcd rice

under optil■al cuitivation technologies  Horie(1987)sho、 Ved that a closc linear

relationship existed bet、veen the simulatcd potential yield(rp)and aCtual yield(Fa)

across rcspcctive locatlons in Japan and in thc USA  Thc rclationship could be

rcpresented by,

】物=【】タ

in、vhich【 is regardcd as an indcx of the ovcrall tcchnology level of rice cultivation

convcrtcd into the farmers'yield at thc prcsent day

3.EXPERIPIENT AND PARAMETRIZATION ON C02

AND HIGH TEMPERATURE EFFECTS ON RICE

For thc application of SIiV回ヽV for impact predictlon of doubled C02 Climatc on rice

yield,paralllctriZations of the e3拍cts of CC)2 concentration and high tcnlperature on

rice are indispensable  Ho、vcver「 information about this enttct based on lOng―tcrm

C02 X temperature treatments on ricc is vett limited to thosc of lmai cr β ′(1985)

and Baker θ r α′ (1990a, b) For this reason, wc conductcd long― term C02 X

tcmperaturc trcatIIlcnt experirllents on rice, using a newly developed tempcrature

gradient chamber(TGC)(Horie cr α ′, 1995c) The TGC is a 25 m‐ long plastic"

covered tunnel in、 vhich the air no、vs from one cnd to the other at a given rate to

crcate a temperaturc gradient along its longitudinal axis by solar cnergy in daytime

(Fig l)  At night tinle, the direction of the air、vas reversed,and heated air by an

oll‐heater at thc davillne exhaust cnd 、 vas lcd into T(〕C to crcate a tcmpcraturc

gradient along the long―axis of TGC due to natural cooling  Two T(〉 Cs,onc、 vith

alld one without C02 enriChmcnt capabillけwCre cOnstructed Ratcs of airaow and

C02 releasc 、vere controlled by a computer to maintain the telllpcratllre diaおrence

bctwecn thc two ends of TGC at 5°C and C02 COnCCntration in TGC at 700 1tmol

lllol l   This systenl enabled ionghtcrm CC)2 X tCmperaturc trcatlncnts on rice undcr

fleld‐1lke conditions

A result of a long‐term C02 x temperature cxperiinent in the TGC is represented

ill Fig 2 in 、vhich d「/、veights of crop and paniclc of!Akihikari' ricc gro、vn undcr

ambient(350 μ mol mol‐
1)and elCVated C02(700 μ

mol moll)concentrations are

given as a nunct10n of average tcmperaturc ovcr thc gro、■h pcriod  The doubled

C02 COnCCntration increased total d呼 、veight of ricc by 25 0/O on averagc over thc

entire temperature rangc(27-32°C)  No consistent temperature cfFect could be seen

on thc total d甲 、veight in the tcmperature range of this experiIIncnt  Ho、vcver,

tclllpcraturc gavc a signiflcant caLct on thc panicle d甲 、veight both undcr thc

clevated and ambient C02 COnditions i the panicle dttrヽVeight decreascd sharply as

the average tempcrature exceeded 29°C irrcspective of CC)2 COnCCntrations.  This

sharp dCClinc in the panicle 、veight at the higher temperaturc 、vas due to high

temperature―induced sterilitt of riCC Spikelcts  A simllar rcsuit was also obtained
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Fig.1`Scllclllatic drそi、、/ti13 01｀TCillpcratilrc Gradieilt Cilalllber(TCC)Or co2 CnriClullcllt

いpC(bOtt0111)alld alllbicllt C02 typc(tOp)fOr tilc study oF tclllpcraturc x C02 CffeCt oll ricc

(HOrie 2r`7′, 1995c)  The lllllllbers oll tllc fl=tlre ShO｀v, 1 :oll llcater,2 i stovepipe of oll

heatcr,_R i air exllatist、Ⅳllldo‖′,4!variable sl)ced c hヽそlilst tall)5 i reversible cxllaust fall,6i

o、cillatillg 胸11, 7 i C02 colltroller)8 i C02 ilttectiOn plpe)alld 9 1 1iqilid C02 ta13〔s,

rcspcctivcly
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Crop d_w.700 μ mQl mol
‐1

CroP d,w.350 μ mol mol

Panicic dow,350 11mol mol

26 27   28   29   30   31   32

SeasOnal averagc tempcraturc(°C)

Fig。 2 1 o`tal crop tHld l)と11liCic dry 、veigilts()1｀riCC tlt illattirity gro、vll lllldcr cicvatcd (7()()

はmol moll)を11ld alllbicnt(350 μll101 11lol‐
l)C02C(】

C`Ciltratiolls in dlc′l CC as a tillictioll ol

scasollal lllcali tcillpcrそittirc(IIorie 2′“r)1995じ)

２
．
５

２

‐
・
５

１

０
・
５

ギ
日

的
も

あ
や「】ヨ
電
電

電

ゃ
β
的
卓Ｏ
み

ょ
官
０

●
【
ｏ
召

ｄ
ａ

Ｏ
宮
電

ａ
ｏ
】
０

0

Ambient C02



Horic,T2r ar

for ricc by Bake「ビrβ′(1990a)

Based on cxpcrilllcntal results in thc TGC and also on llfornlation froni Other

researchers(Imai?rβ ノ, 1985 t Br7た2/ですβブ., 1990a)、 it Vヽas concluded that doubled

COtt enhances crop d「r matter production of ricc by 24°/O than that under anlbicnt

CC)2‐ and that this cnhancenlcnt rate is fairly constant over a 、 vidc range O「

temperature  This flnding tOgetllcr with thc fact that doubled C02 giveS only a

ncgligibly small e鯨3ct on rice leaf area dcvelopmcnt(Imai夕ra′,1985;Bakcr 2′α′,
1990a;Kiln gr α′, 1992)indiCates thatthe cnhancement of dtt matter production Of

rice by clevated C02 COnCCntration is through the incrcasc in the radiatiOn

conversion ctttcicncy、 and that doubled C02 inCreascs the radiation conversion

enttcicncy of ricc by 24 0/。  Based on this, the C02 CffeCt on ricc dry mattcr

productlon、vas silllply parametrizcd in SIMRI Vヽ by giving the radiation convcrsion

cFiciency as a ttnction of C02 concentratlon(HOrie,1993)

Anlong ricc organs,high tcnlpcraturc is most damaging to spikelcts at anthesis

ヽヽ/hcn the tclllpcraturc at flo、vcring pcriod cxcccdS abOut 35°C,fallurc in pollination

results ill spikelct stcriliけ(Satake and Yoshidan 1978;ふ在atsui and Horic, 1992)

Since flo、vcring of rice is llsually in day timc, a dally nlaximunl tcnlpcrature is

considercd to be more closely rclated to high tempcrature‐induced spikelct stcrility or

ricc tllan thc avcragc tcmpcrature Fertilitt perCCntage(100‐Stcrilitt pcrCCntage)or

spikelcts、vas plotted against avcrage dally maxinluコn tempcrature ovcr 10 day‐period
around the heading stagc for'Akihikari'ricc gro、vn undcr the clevated and anlbient

C02C01lditlons ill TGC(Fig 3) The rCSults indicatc that C02 COnCCntration hを iS

llo eFcct on thc tcmpcraturc and fcrtility relationship Thc relation was

appro、lmated by(HOric,1993)

100
F=1+CXp{o853(島

′一島′力))       (2)

wllere F is the fertilitt pCrcentage,分"is the avcrage daily maximum tempcrature

during thc n。、vcring per10d,and Tr2Pヵis a parametcr to givc thc valuc of分"at、vhich

/becomcs 50 0/6

From a further investigation On high temperaturc‐ induccd spikelet stcrility by

using a phylotron under flxed day and night tenlperaturc conditions,it revealed that

a relatively large cultivar difcrencc cxists in thc scnsitivitlr of ricc spikclets to high

tenlpcraturc(Fig 4) 'Akihikari'suttectCd fOr the TGC experiment(Fig 3)was

found to bc lllorc scnsitivc to high tcnlpcrature at n。、vcring pc10d than'Koshihikari!

Thc value of岳"ヵof'Akihikari'rice、vas cstittlatcd to bc 36 6°C frolll thc rcsult

sho、vn in Fig +、 、vhich is、′ettr ciose to thc valuc estinlated froin Fi3 3   0n the

other hand,the島 ,,ヵ valuc of!Koshihikari'、vas cstilllatcd to bc 38 2°C from Fig 4,

indicating that ・Koshihikarit spikelcts arc more tolerant to high tenlperaturc strcss

during thc n。ぃァcring pcriod than'Akihikarit.  Based on thiss thc inlpact asscssments

of elcvated COa and climatc changc on ricc yicld by SINIRIW 、verc nladc for t、vo

gCnOttpes of high tcmpcraturensensitive(分 "ヵ=36.6° C)and t01erant one(分 "力=

382°C)
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4.WIODEL PERFORPItANCE

Figurc S dcmonstrates SINIIRIヽヽアoutputs Of rice yield as a nunction of input dally

mcan tenlperaturc, solar radiatiOn and atinosphere CC)2 concentration conditiOns

ln this scnsitivity analysis,those envirOnmental conditlons、vcre sct at constant and

diurnal telllperature rangc at 8°C ovcr the cntirc groぃ th scason   As crop

parameters ttr the phenological development,the values obtained for・ Nipponbare'

ricc 、vcrc uscd 、vith こ温ヵ value of 36 6°C   Undcr the constant cnvironmental

conditions,the optimum mean tcmperaturc for simulated yield was 22-23°C  Thc

Sharp dCCrcase ofthe yicld bclow 22°C rcflccts thc incrcasc oF sterilc spikelets from

cool tcmperaturc damage   As tcmperature increascd above thc optinlunl, yield

declined more or iess linearly up to abOut 30°C,which results from shortened total

gro、vth duration Sharp decline of yield above 30° C results fronl spikelct sterili呼

caused by high tcmperature damagc   lt should be noted that this thresh01d

temperature for high―temperature damage depcnds on 分 ″ヵvaluc,and that the r,,lヵ

valuc cmployed in this simulation is from high temperature― sensitive genoりpC
The ovcrall temperaturc responsc pattern of simulatcd ricc yield agrccs fairly wcH

with the results Of Munakata(1976)

The lllodcl predicts that ricc yiclds are prOportiOnal to solar radiatlon over thc

cntire tenlpcraturc range and that doubled C02 in the atIIlosphcre alonc incrcases

rice yield by 24 0/。 under each temperature and radiation condition   Thcsc

rcsponscs rcsultcd frolll thc modcl h),othcses describcd in the forcg01ng sections

20

30M」 /1n2 350 ppm

700 ppm

18     22     26     30     34     38

Air Temperature(°C)

Fig,5, Sinlulated yield rcsponses of the cultivar Nipponbare to daily nlean telmperattlrc)solar

radiation)and C02 C01lCentration, undcr constant enviroluncntal conditiolls(HOrie 2r α ′.,

1995a)Day lel13tll alld diumal telllpcraturc rangc wcre set at 12 h and 8°C in each casc,

respectivcly
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/ヽalidatlons of SIMRIW、 、′ere nladc bv using rice grouth and yield data obtained

at lnternational ttce Rescarch lnstitutc in Philippllles and rcgional farl■crst yield

data OVer Japan  Thosc、 アalldatlons indicated that the nlodel satisttctorily explained

dilfCrencc lll rice】rield alllong 10cations and cropping seasons bascd on difFerence in

cnviro1lmellts(HOrie gr ar,1995a,b)

S.EFFECTS OF ELEVATED C02 AND CLINItATE CHANGE

ON REG10NAL RICE YIELD

s.l lni〕ut data

For the assesslllent of inlpact of B10bal environlllent change (elevated C02 and

clilllate change)oll Japanese rice production, Japan isiands 、 vere divided into

fourteen agro‐ccological zones(AEZs)acCOrding to Ozawa(1962) Dally weathcr

datそi :or the t、vel、′e、cars froll1 1979 to 1990 in llinc、vcather statiolls、vcre selccted

Tlle covering ttd]Zs of thOse、、Icather stations are given in Table l Sincc 、veathcr

dそlta、ドcrc llot sIDccifled for AEZs)(alld)(III,thc crilllate cha1lgc cffOcts ori ricc yicld

in thosc AEZs 、 、clc estilllated br interpolation of  thc predicted yields in the

stirroulldillg AEZs

Table l  ヽ Veatller statiolls、 tllCir reprcselltil13 agro_ecological zollcS(AEZs), alld Ctlitivars

tidopted ttr thc predictioll of ricc )ield illlder 310bal ellvir01ullellt challBe scellarios ill cach

AEZ

Sitc ID    ヽ ′ヽeatller Iッatittldc Lol13ittlde  Reprcselltil13  Ctlltivars

配 Zs      adoptcdstatlon

l      Sapporo

2     ハ よita

3      Sclldat

4      ぶ/1acbashi

S    Toヽ そ1111そt

6    Nag()ya

7       1=iro、hillla

8      Kohchi

9     Mivazそ tki

43°03N

39°43N

38°16N

36 24'N

36▽12'N

35V it)'N

S4°22'N

33°33N

31°55N

141°20'E  I,II、口,IV    Islllkari

139°04'E   VII,VEEI      Kosllillikari

140°06'E  Wl

140'54'E  V

137°12'E  IX

136°58'E  XI

132°26'E  Xロ

133°32'E  XIV

131°25 E XIV

Sasallislllki

Sasalllshiki

Koslllllikari

Nippollbare

卜Fippollbare

Nippollbare

Mizullo

Frolll thc t、デel、e―)rear 、veather data, the ravcrage' clilllatc for cach locatioll 、vas

S卜1lthCSiZcd by averaging dallメ、vcathcr valucs over thc t、vclve ycars for cach location

This a、アcrage clilllate、vas thcll used as the basclillc to evaluatc the cffects oF clilllate

challgc on liceドiclds Five fllttlre climate sccnarios、Ncre CXanlined i 450 rtn101 11lol‐
1

COc collcentlムをitiOn 、、itll l10 cllallge lll clinlate、 450 11nlol mol‐
l CC)2 with a 2°

C

tclllperattlrc risc alld the 2、COi clilllate prcdictcd b】tllc GFDL、GISS and lttQv10

Gellcral Circtllatioll MOdels(GCMs)of the car[11'sをltinOsphcre  Thosc CCMs

predictcd chlllatc data 、vcrc supplied b)r tlle Data Support Section 、vithill thc

Scientiflc Compllting Divisloll of tllc Natiol預i Center for Atnlosplleric Research
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througll US EPA (Bachelet ビ rβ′‐ 1995) The ttture climate conditions werc

crcatcd bトアaddillg thc lllonthly tenlpcraturc changcs in each scenario to thc currcnt

dally nla、inlllnl and lllinilllulll telllpcratures of the sanlc lllonth,and by lllultiplyll18

relative challges ill nlonthly solar radiation b)アcurrent dally solar radiation values

As crop paranlcters for phenological dcvclopnlent of rice)the valucs derived frolll

ctlltivars llsted llp in Table l 、vcre used for each AEZ Although sonle of thosc

cとllti、′ars are llo lollger the predonlinallt cultivars in sollle AEZs at present, thosc

CLlltiアヽar、、lcre adoptcd for tlle sinlLllation by assullllllg that phellological dcveloplllcllt

trをlitS Of thc prcsent predonllllallt cllitivars in cacll AEZ are llot、アcr)アdi宜もrcnt frOlll

those   Rlce、'iclds tllldcr thc、ナariolls clilllate scenarios、vere silllLllated in each AEZ

for t、■o cases of tlle crop paramctcr(分 "ヵ)that rCprescllts tllc spikelct sensitiviw tO

hiBh tenlpcrature dalllage at flo、vering i ?吊"ヵ=366° C for sensitivc and 38 2°C roF

tolerallt gelloぃ′pcs to tlle high tcnlperature danlage

The potential rice viclds that SINItRIヽヽ/ silllulatcd 、vcre convcrted into actuそll

鯰riners' 卜'ierd at tllc prcsent day, by nlultiplying tllc sllllulatcd )アiclds by tllc

technological coefrlcient(【in Eq (1)) Since regional farlllers'yield in lllost AEZs

ill Japan arc i1lcreasing o、ving lo tecllnological advallcenlcnts, thc cocfrlcicnt,( in

cセlcll regloll ls a i11lction of tillle Based o11 11lultiple regressloll allalysis bct、veell thc

reported acttlal 卜ricld and silllulそlted potential トアield fOr t科デelve トアear period in each

rcgion‐ the tcchnoloBiCal coefrlciellt(ムtD at the present day、vas detcrnlined for each

rC310n(HOricごrβ/A1995b)

S.2 Climate chingc effects on rcgional l・ice yicid for high teHll)craturc―sensitive

tilld tolc:・ant genotドpes
Table 2 sllo、、「s thc prcdictcd changc in rice vicld llnder cach clinlatc scellario frolll

tilat oF the basc(cLlrrcnt average)clilllate for lligh telllperaturc‐sensitive and tolerant

Tをヽble 2. Predictcd challgc ill potelltiて1l rice yields fr0111 tllc ctirrellt vを1liles at various iocatiolls

u n d e r  d i l l L r c n t  C Oへal l d  c l i 1 1 l a t c  c o n d i t i o l l s

Sctidai 卜4acbaslll Tovatlla  Naqo、′n Hiroslllllla KOhclll イヽi

IIig】】1 c`Hlpernttil・e Se,lsiti、'c Gcnot〕ア
PCC (カ

p l ) 1 1 1

450  +010

450 +2CC

640 G「 DL

640  CISS

640 UKヽ 10

pplll

150 +0(C

4SO  +2CC

610 GFDL

640 GISS

640 tiKヽ10

■670o   ■ 80

-0795   ■ 62

‐2 8 0 0  ■ 1 2 )

・1 3 3。0  ■2 6 3

+8490  +240

十R0

+62

■124

■263

■240

+77    +77

+52    ‐ 24

■71   -105

■223   +185

■1 3 5   ■ 1 3 6

+77    +77

■53   +30

+85    _94

■219   ■ 185

■232   ■ 135

+77   +77     +78

■19   ■ 31      +73

-21 1  -153     +37

-174  -290      +12

‐471   ‐367     _lo o

+77

■39

-う1

+ 9 9

- 7 8

+77     +78

■57     +73

+02     ■ 60

■125     +220

-21    ■ 132

+78

+38

+73

■1 9 9

+ 1 7 7

- 7 7

‐6 8

-339

‐2 2

‐409

+77

+45

、9 1

■188

‐1 2

High TelllPel・atllle` Tolern31t CenotyPe

+7思

■38

+73

■1 9 8

・1 7 7
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どCi10いpcs ill thC llille locatiolls illvcstigをltCd  The rcstlits sho、vll ill Tablc 2 were

obtと11llCd bド をlSStl11111lg ctlrrcllt Ctllti、
'そlrs alld croppillg scasolls for all clinlatc

cOnditions lrrespccti、e of rice genos'peS、thc nlodel predicted tilatを1 100 Ftlllol lllol l

illcrease in COE concclltration ovcr tlle prcsent lc、rcl、、rill increase rice yield b)/7-89/6

をlt al1 locそltiolls ln conditio1ls 、、―herc a 2°C tclllperatilre risc 、アas addcd to the 100

1111101 11lol‐
l CO]elcvation)thc positivc cfFect of thc clc、rated CO↑decreascd in all thc

locatiolls  、、「ith iargcst reductiolls for high tenlperaturc― scnsiti、rc genottpC in

sOutherll Japan  Thc ncgative cffects oF thc 2°C tenlperature rise rcsultcd froni the

facts that highcr tenlperature accelcrates rice phcnological development and shortens

3rO｀`■h dLlration, and, in southcrn Japan, causes spikclct stcriliら
ア fOr thc high

telllperature―sensitl、re genoぃrpe

Thc prcdicted rclati、アe changes of ricc yield for thc respective locations llnder 640

1tll101 11lol l C02 alld GFDL、GISS alld L100 chnlatc conditiolls、 VCre plotted on the

lllap for ll13h tenlpcratilrc―scnsiti、/c(Fig 6)and tOlerant(Fig 7)genottpes  The

predicted cniects of 2 、COtt clinlatcs on ricc)アield ill Japan dcpend signiflcalltly on

clilllatc sccnarios,adopted ricc gcnottpes and regions  Positivc cttccts of 2 x C02

clilllatcsrヽanging flolll ca 10 9‰(GFDL)to ca 25 9‰ (GISS alld UK臣 10)yiCld

increasc、 、vcrc predicted in northcrn Japan、  irrcspecti、re of ricc genoけpeS adoptcd
Tlle prcdictcd cnLcts of 2、 COO clilllates on rice yicld in thc ccntral‐south(AEZ XI)

and sollth…、vesterll Japan strong呼 depend 01l adopted rice genottpcs  For the lligh

tcnlperamre sensltl、ヤc genotypcs,severc ylcld redLiCtiO1ls by ca 10 0/0(GFDL),20%

(GISS)and ca 40° /。(Ⅸ MO)frolll thc prcsclltヽ 下Crc predictcd in thosc regions

Vヽhen thc lligh tclllperをiture―tolcrallt gc1lotype、、イそェs adOpted、 those llegative enおcts of

2、 COE ctinlそites in tlle cclltral―South(AEZ XI)alld SOutll―、vesterll Japall dccrcascd

to lcss thを1111()(‰(GFDL alld UKMO)orヽ
'ヽCrc rc、'crsed illto positi、アe(GISS) Notc

tllセlt tllc tellll)eratilrc(7',′ヵ)そ】tヽヽhich 50 9名OF spikclctsそlre stcrile difGcred ollly 1 6°C

bct、、「cen tlle t、、'o BcnOt)pcs   lt turlled otlt tllそlt the sillをill diffcrcllcc lll thc spikclct

SCllSitiViぃ' to high tcnlperatLlrC dalllagc gi、/cs signiflcallti】
 large cnセ cts on tile

predictもd Japanese rice prOdLICtiOn tinder 2、CO,clilllates

Slllcc it is、rcA likcl、r that、 ulldcr a 2 、 COtt clilllatc、 rice ctlitivars in sollthcrll

Japan 、、ア11l bc cndo、、'cd 、vith tolcrance to high telllperaturc dalllage of spikelcts at

itto、、rcrillg, thc prediction for the high tenlperature―tolerant gcnottpC VヽOuld be a

better cstilllate of probablc ettccts of ttturc clillnatcs  Bascd on this, thc prcdictcd

ricc)ield change lll Japall ullder cacl1 2 、CO^clilllate sccnario lllav be sullllllariZed

をls follo、、!s i dotiblcd CO、、、fith GISS chlllate、、'ill illcrcasc rice yield in lllost rcgions

ill Jそlpall b)- 10 - 25 (%)i tllそ】t 、、,iti、 GFDL clinlate 、 vill increase the yield by

al)l)rO、1111をltclド 10(/)11l thc llortllcrll Jをipan alld rcducc it b、ア5‐ 10シ6 in thc southcrn

J〔Ⅲl)【l】l : thそ1〔、、ith UKトン10 clinlをitC Vヽill incrcase the yicid bメappro、1111をltel)20ウ 名in

thc llortllcrll Japaェ1を11ld rcducc it b)S°/O ill the sotitherll Japall  The largcst positive

cttect ill GISS scellarlo restlltcd fronl the ttct that GISS lllodel predicts the slllそ11lest

tcnlpcrattlrc risc and all increase oF solar radiatioll undcr doubled C02 C01lditiolls in

Japall卜、111lc thc slllallCSt positive effect ill GFDL sccnario resulted fronl GFDL

lllodcl prcdictillg a rcductioll lll solar radiatioll lll lllost part of Japan
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tC0 2】=640 1anloVinol
6FDL ClirTLltc

tC02〕こ640 Pmo1/mol
CISS Climal●

Horie,T2rα ′.

1002〕=640 μmoymol・
UKMO Clirljalt

〔C021■640 μmoymol
U樹 O CbrrLate

/。

SapporO Sapporc

ぜ
｀
も,

Fig.6.Ettcts of2 x CC)2 and aSsociated climate change predicted by threc GCMs on regiollal

rice yicld in Japan(prediCtioll by SIMRIW for high temperature‐ sensitive Benotype)(adapted

f r o m  H o r i e  c r  α′. , 1 9 9 5 b )

iC0 2〕=640 PmoVmol

G I S S  C l i n l a t e

Sappo「0

Fig.7,EfFects of 2 x CC)2 and aSsociated clittate change predicted by threc GCMs on reBlonal

rice yield in Japan(prediCtion by SIMRIW for hiBll temperatllre‐tolerant genotン肝 ).

tC02〕■640 μn〕olんDoJ

GFDIフClimaに

Kぬ

TOyaFna
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5。3 Pl・obabilit)i anAl)'Sis on efFects of GCPI cliinates On rice yield

PrObabilitw analyses、 vcre nlade oll cttccts of doublcd CC)2 and Clilllatc changc on ricc

vicld for representative locations, by using daily 、 veather data in the 1979 ‐  1990

periOd at Sapporo(_AEZ Ito IWり,Sclldai(AEZ Wつ,Nagoya(AEZ XI)and MIiyazaki

(AEZ XIVl aS base climates,and climatc change scenarios by GFDL,GISS and
酌 10 GCヽ 在s  ttce gcnowpe ヽ Vith tolerance to high tenlpcraturc danlage of

splkelets、vas adopted for thc probabilitt analysis at each iocatlon  Figure 8 gives

thc rcsults of the probability analysis bv SIMRIヽアヽ、vherc the sllllulated rice vield in

each Of tVヽeivc vears undcr thc thrcc dil斎crent clilllatc scenarios 、vas plottcd as

culllulativc probabilitv distributions

At Sapporo in HOkkaido(AEZ I to Iや り, the average predicted yield undcr thc

ctlrrcnt clilllate、アas 5 27 yha、、rith a coefrlcient of variation(Cアヽ)Of97 0/O Yield

increascs of+46レ 6、+215核 6 and+ 1750/0、 vcre prcdictcd for thc 2、C02 Clilllatc

ofthe GFDLs GISS and LIKMO,respectively  The GISS gave the largest yiclds of

thc thrcc(3(〕IVIs duc to thc smallcst tcnlpcraturc risc and to incrcased solar radiation

levels   Since cool sulllnler danlages of rice, 、vhich causc a largc year‐ to―year
variation of rice yicld in HokkaidoP hardly occurred under the 2 、 C02 Clinlatcs,

signiflcant rcductions of thc yield variabillty、verc predicted there

4        6        8

Yield(xlげkg/71.a)
4        6        8

Yteld(X103 kg/11a)

2        4        6

Yicld(Xlげkgnla)
0 2 4 6

Yicld(Xlげkg/11a)

Fig. 8、 Ctlllllllative distribtltioll 血lllctiolls ttr rice yield at ibtir rcpreselltativc locatiolls in

Fapan undcr 2、 C02 and tttee sccllarlos of 3bbal Clねllatc dlangc(predicion by S酌 剛 V for

higil telllpcratttrc―[olcralit gc1lot小!pe)             _
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The largest positive enttct Of 2 x CC)]clinlates、vas prcdicted in Tohoku district

(AEZ V and Wl)  At Scndai‐ the 2 x CC)2 Climatcs not only increased the averagc

〉
'leld b)ア 125ウ 6to 24 3 レ6,depending On GCMs‐ it also reduced thc yicld variability

flolll thc current 1 5レ6 to less than l10/。

Tlに largcst negative enにct of a 2、CO]clilllatc、vas predicted at NagO)アa in Aichi

(ァ生EZ XI)、 VヽllCrc challgcs ill thc avcragc yicld wcrc‐166レ 6,+1040/O and‐ 99(‰

for GFDL,GISS alld UKWIO climates  The yield、 ′ariabilitt Was also predicted tO

siglliflcantly incrcasc fronl the currcnt CV of 7 % to bctwecn ll % and 32 9てぃ

Thcse negativc cttccts arc duc to NagOya having the highest dally maxillltinl

tclllpcrature during current conditions of all the locatlons investigated, so that、

的rthcr warming in ycars、vith hot summcr increases tllc possibihtt of high

telllperaturcぃinduced spikelet sterili中

At Miyazをよi in Miyazaki prefccturc(AEZ XIや り,between+380/O and+158て /)

increasc of avcrage yield、vas predicted Ho、 vever, yicld variability、vas predicted tO

slightly increasc there undcr 2 x C02 clinlatcs  Thc average yield and its variabilit),

predicted for NagOya and Miyazaki arc nOt sO catastrophic as those reported ill tilc

previous rcport(HOrie θ r β′、 1995b)  ThiS iS due to thc prcvious report employirlg

thc lllgh tenlpcrature―sensitive genottpe for the predictioll,、vhile the present anal卜'sis

enlploying the tolerant gcnottpc  Again、 it shon/s that oniv 1 6°C ditterence in thc

乃"ヵvaluc of cultivar gives signiflcant ittllence on the prcdicted rice yield in Japt、1】

1ln d e r  2、CO↑cli n l a t e s

S.4 Effect of culti、アar and crol)1〕ing senson niternations on rice )'icld undcr

doublcd CC)2 Climate

lt is realistic to assunle that. under a 2 x C02 clilllate、 rice production tcchnologics

、vlll be adapted to changed clinlate  Of the technological adaptation,alternations ol｀

cultivars and cropplllg scasons arc llloSt likcly to occur undcr a clinlatc changc

Apart frolll the tolcrance to high tenlperaturc dalllagc of spikelets, rice cuitivそlr

adaptatioll、、′11l bc nlade nlainlトアthrOugh changes in phenological dcveloplllcnt traits

The ottectiVC Of tllls sectlon is to predict the ettcts of change in phenological

dc、′eloplllelll parallleters of cultivars and in cropping scasons on rice yield at selcctcd

locations under a 2、CC)っclirFlatC

FigLlre 9 sho、vs thc sinlulated rice yields as a ttnction of transplanting date ror

current and adaptcd cuitivars under current and GFDL climate condition at Sapporo、

Sendai and Nagoya  The ta、 'eragc'daily clirllate ovcr t、vcivc―ycar period、vas uscd

for this analysis at cach iocation   At Sapporo, phcnological developmcnt

paralllctcrs fronl 'Koshihikari' and 'Ishikari' 、vcrc uscd for the adapted and currelit

culti、fars、 respectivcly  Since Sapporo is closc to northern lirnit of rice cultivation

lll Japa11、 its currcllt clilllatc providcs potential transplanting period of olll)ア ol,c

ll101lth fOr'Ishikari'、 a veぃr ShOrt scason ricc,and nonc for'Koshihikaritn a lllediulll

lllaturillg cLlltiVar   The prcdictcd GFDL clinlatc 、 vill cxtcnd thc potentiセ11

trallsplanting seasoll of'Ishikarit to three nlollth)and increasc the yield by abotit

209/6b、アits one‐lllonth carlicr trallspla1lting  WVhell the mediunl lllaturing cultivそir
'Koshihikarit is adoptcd、rith onc month earller transplanting under GFDL clinlatcsとi

50 0/。 incrcasc in potential ricc yteld is predicted by SIMRIヽ V   Silllilarly it is

predicted for Sendai that GFDL ctinl汀 te 、'11l enable a half nlonth carlicr
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trallsplanting of'Nipponbare・,a later rnaturing cultivar thall the current'Sasanishiki・,
、、rith 13 0/O incrcase in the potential yield.

At NagOya、 汀herc a negative erect of GFDL clinlate、vas predicted,it is predicted

that alternation of crOpping season Hた1l nOt lllitigate the ncgative effect,despite the

clinlate change signiflcantly extends the cropping season, Replacement of the

ctlrrent cultivar'Nipponbare'、、′ith'IR 36',an indica type rice,、vlll increase the yield
bOth under the current and GFDL climate collditions,but not lllitigate the negative

ettct Of GFDL climate on ricc、アield thcrct

（ざ
）
買
ｏ
中ン
掌
電
【ｏ宮
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100

150

II III IV V WI Ⅵ I VIII Ix

Transplanting Datc

II III IV V ｀ な れ`I 江`II IX

Transplanting Date
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Fig.9.Relativc yield cllallge as a的1lcti01l of trallsplalltillg date ttr curreェlt alld pllenologically
adapted rice cLlltiVars i11lder currellt alld GFDL 2 x C02 Climate c01lditiolls for tllree

rcprcselltative locatiolls(prediCti01l by SIIMRIW) Tlle CLlrrellt cllitivars Lised for silllulations

、ヽイere'Ishikari', 'Sasalllshiki'alld fNippollbarel lbr SapporO, Selldai alld Nagoya, respectively,

そ11ld tllc phcllolo3icall)′ adapted cLlitiVars 、′cre 'Kosllllllkari', 小rippollbare' aェld 'IR 36' lbr
Sapporo)Sclldaiを11ld Nago)′a)rcspcctivcly, All the ctlltivars Llscd、vcre assLlllled to llave thc
sallle tolerallcc to lllgh tclllperatLire dalllage of spikelets at tlo、veril13 as that of fKoshihikari'
Tlle dollble circlc oll thc flgllre dellotes the cilrrent trallsplalltillg date

Sapporo
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Theをlbo、e anaぃ/siS Stlggests that adoption of adaptcd cultivars in phcnology and

altcrnation of cropplllg scasollsヽヽ111l nュrtllerlllorc incrcase rice yield in those regiOns

、、hcrc a positi、アc ettcct of 2、CO]is prcdictcd for currcnt cultivation conditions.but

、vill not siglliflcalltly nlitigate rice yield in those reglons、vherc negativc effects are

prcdictcd  in hottcr rcgions、/herc a negative enおct of 2 x C02 Cli11late is predicted

on riceA the ollly、、'a)i to lllitigate it、vould be adoption of llluch rcsistallt genottpCS tO

high telllpcraturctindilced spikclet sterility, cithcr 、vith higher tolerance to high

telllperattire at aO、ドcring tillle or 、アith capabllitv to no、vcr early lll the lllornlllg

before telllperatLlrC rise as rcported by 111laki cr β′(1987)

6.CONCLUS10NS

Probable erfccts of elewated CO命 concelltration in the atnlosphere and anticipated

310bal clllllatc change on regiOnal ricc yicld in Japan、vcre predicted by using thc ricc

grO、、th sinlulatioll niodcl SI卜/[R」ヽV in、vhich expcrilllental data froll1 long‐terlal CC)2

x tenlperattlre trcatnlents on ricc、vcrc incorporated  lnlportant concluslons derived

fronl this stLldヽ 11la、
アbe sullllllarizcd as follo、vst

l A 100 1tlllol lllol‐
l incrcase in COc conccntration alonc、

vill lllcrcasc ricc vield in

Japan b)‐7-8ウ 6‐alld that a 2J C telllperature risc、vlll signiflcantly rcducc this CC)2

cFfccts ill l1lost」apall

2 Efrects of 2、 COE clilllatc on rcgiollal rice yield dcpcnd signiflcantly on rcglons,

ctliti、アa rsそldopted alld oll clilllatc chそingc scellarlos

3 Thc lllost scllsiti、ic crop paranlctcr that givcs signiflcant ettccts on predicted ricc

、アicld tllldcr 2、CO、 clllllate scellarios is the splkelct sensitivittt to high tenlperaturc

dalllage at flo、verillg pcriod   For a high tclllpcraturc‐scnsitive gcnotypc, scverc

)'leld rcdtlctiolls ill the soLltheril Japall by ca 10ツ6, 2()ウ6 and ca 40 0/。 fronl the

prcscllt、、
rcrc prcdicted undcr 2、COc clinlatcs from GFDL、 GISS and LIKMO

gelleral circulatioll nlodels, respectivclぃ
′, 、vhilc‐ for a high telllpcraturc‐tolcrant

gcllo与
―
pcⅢ thC )ricld reductloll lll thc southern Japan 、vas icss than 100/O  In thc

northern Japをln,positive ettccts Of 2 x C02 climates〕ranging frolll ca 10 0/。(GFDL)

to ca 25%(GISS alld trKMo))riCld incrcase、 下cre predictcd,lrrcspcctivc of cultivar

scnsiti、‐ihr to high tcnlperaturc danlagc

4  T h c  2、 CO E  c l i l l l a t e s  w i l l  s i g n i f l c a n t l y  i n c r c a s c  y c a r l y  y i c l d  v a r i a b i l i呼11 l  t h e

sOtltllerll Japall、、vlllle they stをlbilize the variabilitv in the northern Japan

5 7へltcrllatiolls of l〕hel101oBical dCVeloplllent gclloりpCS and cropping scasons 、 vill

ftll'thcrinorc prolllotc the positivc ettccts of 2、CC)2 clilllates in thc northcrn Japan,

bLlt‖rill not signiflcantl)アlllitigatc the negative eiects in thc southern Japan

6 For nlitigをltillg thc predicted negativc eFfccts of 2 x CC)2 Clinlates ill thc southerll

Japan,exploratiolls for nlore resistant rice genottpcs tO the high telllperaturc danlagc

at aO、′ering arc ncccssaEy
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PREDICT10N OF JAPANESE POTENTllAL VEGETAT10N

DISTRIBUTION IN ttШ ,SPONSE

TO CLIWItATIC CHANGE

Atsuslll Tsunekaw■1,Hitoshi lkegucll12 and Kenji Omas■1

ABSTRACT  Potelltial shifl of llatural 、アeBetatiOn in Japan causcd by global

clilllatic change、、ras predicted b)'thc directtransfcr ilnction approach T、vo ttpes

of、アcgetation distribLltiOn lllodel,的zzy ll10del and lllultinollllal logit illodel,ぃ′ere

applied to e、plain the relationship bet、、すeen veBetatiOn classiflcation of renlaining

natural、rcgctatioll and clinlatic collditions  The logit niodel indicated a lllorc

SllCCCSSflll rcsLlit than thc ftlzz、' 1110dCI  Thell, the cttects of illcrease in lllcan

annual telllperature、 vere predicted llsing the logit lllodel lt、vas indicated that the

perccntagc of grid―cclls ill all of 」apan 、Thich sho、ved diffcrcnt prcdictcd

、rcgetation classiflcations frolll tlle presclll ones arc approxinlately 23レ6 for a l―

degrec increase、449/6 for a 2-dcgree increasc,and 62レ61br a 3-degree increase

KEYヽ VORDSi 310bal clinlatic change、 natural、′egetation、potential shirt, direct
trallsfer ftillctiollそ】pproach,vegetatioll distribution lllodel

1.INTRODUCT10N

Ho、、「does giobal clilllatic cllallgc arect the、/cgetatioll distributio11 11l Japall? Our goal

is to ans、vcr this qLICStion For this ptlrljosen｀VC llavc de、アclopcd statistica1 11lodcls ttor

prcdictioll of thc potcntial 、
reBetation distributioll bv the direct transfcr 的1lction

appl‐oach T、 、oぃア
pes of vegetatioll distribution lllodcl、Suztt niodel and lllultillolllial

10Bit lllOdel,、、'ere c、anlined

「r/7ar,`gゞた,あβ/c/r〃′βr,cc/7β′?gθ7

TllCを11110tllits of solllc trace gそises lll the at11losphere、especially carbon dioxidc(C02))

nitrotis o、ldC(NEO)4 111Cthalle(CHl),Ch10ronuorocarbolls(CFCs)and trOpospheric

OZ01le (03)、 ha ヤヽC becn increasillg due to hulllan acti、rities such as the massivc

consunlptloll of fossll fLIClSi c、halist cllllssiolls frolll iactorics and autonlobilcs)

agricultural activitics、 and so oll(Japan Environillcnt Agency, 1993) All of thcsc

gascs arc tra1lsparcnt to incollling sholl_、vave radiation frolll the sun,but they absorb

and elllit iolag‐‖rave radiation alld are thlls ablc to lllnuence the Earth's clilllate This is

|卜
rati。1lal lllstitiltc for Ellvirolullelltal Stlldies、Tsilkuba,Ibaraki 305,Japall

2 Milsclll11 0fNattlre and Hl11llallノ
ヘctivities,Sallda)Hyogo,669-13,Japall

Tllis article、/as c、palldcd ilolll・
(Eば

ects 01c`lilllatic chal13c oll thc vegetatioll distributioll ill

Japall‐b】Tsi11lekaヽ'ヽa、A)IIRcgtlcili、Hぅ Kailllulla,M,Tobc)K alld 011lasa)K,111ユ″g,々
! /ヽtィビθ′θ′、48(5)、867-87()1993



Tsullckawa、 A夕 rα′

callcd'giObal clilllatic change'or'global、varHling'and trace gases、vhich cause this
'grccnhouse cfrcct'are callcd'grccnhollsc gascs'

Increased concentrations of C02 and Other greenhousc gascs iead to a、varnling Of

the Earthis su対 ace and thc lo、 ver atillosphcre  As a rcsult of thc increasing

concelltrations of grcenhousc gascs,it is no、v belicved that in the flrst half ofthc next

ccnttl「r a rise in giobal lllean tcillperattlre could occllr、アhich、vill e、cccd any in lllanis

histo牢ア(Bolill θr β/、1986)

According to the assessnlcllt bトアヽVorking(3roup l of the lntergoverlllllental Panel

on Clinlate〈ごhallge,as a result of thc ttbllsiness as usual''sccnario.thc avcrage global

tclllpcrature nlight ha、rc incrcased by approximatcly one dcgrec b)rthe ycar 2025 ancl

b)lthrec dcgrecs b)'thc cnd ofthe ncxt ccntu■昨 The sca lcvci nllght rise approxll■ately

20 clll b)'the year 2030 and 65 cnl by the cnd ofthe ncxi ccllturv(IPCC,1990a)

I呼1,夕sんθ2ィ′〃wg βisesF rカビ ,ァ,lrワaCr θブ?トブて,さ42rar,ο′ノ
'C}lobal 、

varllling' 、、デOLlld nOt only be greater than reccnt natural nuctuat10ns、 but it

ヽヽiOllld OCcur 15 to 40 tinlcs faster than past nattlral changes(Schneider,1989) It hそlS

becn stated b、l nlan、'scientists that such a rate ofchange lllay excccd the abilitv oflllany

species to adapt or dispersc into lle、v regiolls,and tllus lllally plant and anllllal specics

lllay bccomc c、tinct(IPCC,1990b) Thus‐ rcscarches on thc illlpact assessHlcnt of

clilllatic change on ccosystellls arc belllg prolllotcd all over thc、vorld(Goudriaall cr α′)

1990,Pall,19931 Peters and Lovttoy‐ 1992i Rotmans,19901 Solomon and Shugart‐
19931 UK Climate Changc lmpacts Revicw Group,1991)

Dale and Rauscher(1994)suinmarized the mttor il■fOrnlation needed for fOrest

lllanagclllent

l Predictions of expected changcs in land use

2 Colllpllatiolls ofnlaps offorest type distribution

3 Conlpllations Of lllaps of specics colllpOSition changes

4 Estilllates of changcs in forest rcsoLlrCe prodLICtiVithr

S Estilllates of c、pected cllangcs ill forest healtll

6 Estilllates of potclltial effect oll biological diversit、ア

7 Predictiolls of eflects on、、アildlife habitat

OLlr target corrcspollds to thc secolld itcmi'Compllations of maps of forcst ttpc

distribLition  ヽVherc and、vhcll、、rill forcst trpc diStributions be altered in response to

clinlatc changc?' Strictly spcaking,otlr target lllay bc'conlpllatiolls of、rcgetation typc

lllaps of potential distribtltion in response to clilllate changc' This is cxpectcd to bc of

critical illlpolta,lce for policy lllakers and land lllanagcrs

P′で、力θ〃.ダ!Fr〃rF′θざο′7)Qp。′7ビsビッθgerβr,ο,7

Gcneralぃr spCakll13・ thC l1lost illlportallt factors lillliting vcgetation distributlon arc

tllerlalal and nlolstlirc conditions   Ho、vever, because the Japanese islands have

abundant prccipitation of appro、lIRlatCl)子 1、500 111llb/vear、 tllernlal conditions linlit

、cgctatioll lllore Strollgl)r than llloistllrc(Kira,1974、Yalllanaka, 1979) CollSequcntly,

plallt ccologists lla、
fe al、アa)s illallltaillcd that Japanese vegctation sho、vs ordination

fro111 1lorth to sotlth llorizolltall、―. and fronl high to lo、、r altitildillall)ア、 according to

tllermal conditions(HOnda、 1922)

To llltcrprct thc distribution Of Japancscヌcgetation zoncs、、!hiCh is clearly related
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tO thcrnlal conditions,Xllra(1949)dcviSed t、vo cttectivc indiccs, `thc、varlllth index'

( VヽI) VヽhiCh indicates thc positivc il■nuencc of、varlllth and the ncgativc il■nucnce of

cxcessivc heat,and`the coldness indcx'(CI)、VhiCh indicates the negative illlluence of

io、ヽ′tenlpcrature The fornlulation of thcse indices is as follo、vsi

wI=Σ (t‐5)for mOnths t>5°C

CI=Σ (5‐t)for mOnths t<5°C

、vherc t is the lllonthly lllcan tclllpcraturc

Using the、 varmth index,Uchttima cr α ′ (1992)cxamined which tree species in

JapanヽVOuld be nlost sensitive to a probable clllllatic、varllling

rrれッβが?βrrカビrFF,セCr r,々47771yぁ々ノヵ?cr,οヵapp/ο,c力7

The IPCCヽ Vorking Group II classifled the lllethodologics uscd for illlpact studics on

ecosystenls into four approaches,(1)thC direct trallsfer function approach,(2)the

palaeoreconstrtlction approach,(3)sinlulation nlodeling of ccosystenls at the stand
lcvcl, and (4)rcasOning frolll ecological or ccophysiological kno、 vlcdgc (IPCC‐

1990b)

Vヽe take tlle flrst approachl the direct transfer ttnction approach,、vhich has been

uscd by lllany scicntists in llllpact assessmcnt studics, for cxalllple, Emanucl cr α′

(1985a, 1985b)oll a 310bal scale,and Zabinski and Davis(1988)for thC Grcat Lakcs

rcgion of thc Unitcd States of Anlerica

This nlcthod anal、 !zcs thC Ctlrrcnt distribLltiOns of vcgctation ,pCS and its

bioclimatolo掛'(BO 卜ヽ19811 Dettardins cr β′,1992)and predicts their possible future
distributiolls as clil1latic pattcrns ilsing the suggested clinlatc change sccnarios As a

rcsult ofthe anal、アsis、it call sho、v arcas、vhcre currcnt vcgetatlon lllight be replaccd by

another ttpC Of VCgctation ill rcspollsc tO Clinlatic change  ln these areas it can be

considered that thc clilllate is no longer optilllal for thc cLlrrcnt vcgctation tttpe These

arcasA thereforcs arc thosc、vhich、vould be lllost l‐tlinerablc to disruptioll as a result of

l〕rqiected clilllatic changes As such,considerable care should be given to dcvclopnlent

of nlanagelllcnt stratcgics for tllese arcas(IPCC,1990b)

2.MATERIALS AND ttIETHODS

21 出 lodeis

2プ プF玲′z_―ッ″′θ̀′ビ′

The ilzz、「 ll10del e、presses the relationship bct、veen vcgctation classiflcation and

c l i n l a t i c  c o l l d i t i o n s  b、十fi】ztt  r l l l e s  w i t h  c e r t a i n t t  m e a s u r e s  E a c h  r t l l e  f o r  e s t i n l a t i o n  o f

、rcgetation classiflcation can bc dcscribcd asi

RLlle′々t ifA予々thcl1 44′力r v`itll C′力、

、、アherc,1'力is a ftlzz、'SCt Of Clilllatic collditiOns sucll as anllual lllean te11lpcrature,etc,

Hブ4,is a Subset of、rcgetatlon classiflcation.and C■is a ccrtain呼11lCasurc of each rtllc
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Temperature oF the coldest

Fig.1. Telllperatilre of tlle coldcst lllolltll alld relative

classittcatioll

Tsulleka、va)A gr`′′
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Table l Exalllples of ilzzy rules

If T`clllperaturc oftllc coldest i1lolltll lS cxtrelllcly lo、v

tllell(アヽeeetatioll ciassiticatioll ls a)、vitll(1 0'

11 T`elllperatilrc of tllc coldest l1lolltil is very loM′
'

ぃ型ェy,揮lⅢ蝉ュ叫母sFllゃⅢ叫,いや_lHいIQi母i_……
11｀

｀
「relllperattとrc of the coldest lllollth is lo、vう

!!!P!!Y緊 ■,ぞH?!ュ立13F車卓,41lqt!い豊_lwlll ll'H… ……

If〔ヽVarnith illdcx c、trelllely lo、v)

中型 iYP擬 !母H?1翌 ?F単4P41興 やnivI単 iq191 … …

lf｀ヽVaniltll llldc、 is ven‐low'

tllcll t Vettetatioll classincati。11 ls b'、vith.08〉

The combination of each rulc is computcd using thc probabili呼 ―theOtt Of Dempstcr

and Shattr(Kainullla cr α′,1991)

Figtlrc l sho、YS tllC rclativc donlinance of each vegetation classiflcation for thc

telllperature ofthc coldest nlonth Cr was dctcrnlined using such relative donlinances

Ftlzz、'rLIlcs cotlld bC dcscribed as sho、′ll ill Tablc l  Figurc 2 sho、vs thc strtlcturc of

nilcs to estilllate、regetation classiflcation

272と ルクcαァ・′,7,〃r力?θ〃21α′′Og′す′71θガθ′

Thc multinomial iogit model is one of sevcral random utiliけmOdels,which assunles

that thc docr selccts an alterllativc that has thc highcst utllitv and that thc utility itscif

is llot constant,but ralldoln (Sugiura, 1989)` Gcnerally spcaking, the rclationship

bet、、'een a land and the vegetation on itincludes sollle uncertainも、sincc the formatiori

proccss ofa plant coninlurlisrinvolvcs unccrtain clcmcnts,for cxamplc,compctitionセit

thc individLlal level, seed dispcrsal ctc and also there are solllC CnVironnlental
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Fig.2.Strticttlrc of ilzzトアriliCs br ve3ctation classincatiOll

conditions、 ′hich arc too di3伍cult to llleasure or too complex to be includcd in the

analysis Thercfore thc random utlll呼 modCl,Which assumes thc existence of an

tlnkno、▼n part for the analysts)、vould be applicable

ln thc case of thc linear nlultinonllal logit nlodcl,thc probability of selccting an

altcrnati、アe is eNplained to be in proportion to the exponential oftlle linear c011lbination

ofthe c、planatorv、
″ariablcs(Ikcguchi θr β′, 1991)

The lllultinolllial logit nlodel can be sho、vn as

P(')=le、 pl】

J(Aサ
 xVブ )十

C,|1///1】

ieXpl】 i(A, ×

や1)十 C,||

wherc P(r)l prObabilitt Of the r‐th vegetatlon ciassttcation,半i theブーth explanato呼
、rariablc, Ar′! paralllcter of the ブ‐th explanatott variable of thc r‐th vcgctation
crassiflcatioll,C,i constallt of thc′‐th vcgetatlon

Thc stud)アcolllputed thc selection probability under each condition from data on

vcgctation classiflcation and clilllatic conditlons,and thcn conlputed thc paranleters of

lillear fi11lction bv thc nla、inlulll likclihood lllethod

2.2 Data

Data arc arranged in the forn1 0f a lklllを grid Systclll coverillg thCヽvhole of Japan

′Ｏ

(c),(d),Or(e)

(d)Or(C)

(d),(C),Or(D

！中萌
(D or e)
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Vcgctation data 、、アere pro、′idcd by the 」 apan Environnlent Agency   Natural

CO11111ltlllities、、crc selcctcd and reordcred into 8 groups correspo】lding to Wordcr'1 0r
Ⅲ
を11lianccⅢ le、rel(h4tivawakl,1983,Tablc 2)Clinlatic data were nlerged into a databをlsc

frolll dataflles supplied by the lVictcorological Agcnc)r Tllc databasc contains 386,950

grid cells‐and all10ng thclll,59,786 grid celis arc thosc of rcnlaining llatural vcgctatiOn

and thc rcst arc those of substitution vegctatioll and valuc-11liSSillg(CO10r Plate 16)

The stud卜子nlade a lllodcl using data on rclllaining natural vegctation and thcn predictcd

、regetation classiflcation for the、vhole of Japan using the nlodel

Tとはblc 2 卜fattiral vegctatioll classiflcatioll alld the lllllilber ol｀grid―cclls

Code Ph、lo、ociolo3ical

classittcatloll

Characteristics No ol｀grid_cells

|力てか,′ο―P,,7●2rrrFlrr

ノrr''ガ′。で

Hb,マr丁_P′ご2ビrrrrla

y2__θで,パrs

Sι7SO―戸セrg′ο′′c,でヵarttβ(1)

Sr′sθ―万力g'θ″ご′で,′々r“β(2)

S`′ざθ″′θ′ぅゃんo,メ乾′【,θ′′

ご,ど′′rrr`′ぜ

F′′,ごイο_`'7r?,C′r♂′た′rrご″rrrrゼ

A rrrFs。プrrpο′'メ̀コ2-

Crrsra,′?βS′ο''S,cbοたカデ

Pilて'力οr,fθ_Cttsrrr,,9βsrθ,′

S,♂bοFrFr′

Alplllc grassialld,ctc

Sllbalpllle colll危r lorest

Cool‐tclllpcratc、′cgctatioll

typical ill Hokaido

Cool―tenlperate vcgetatioll

typical ill thc Japall Sca side

Cool‐telllperate vcgetatio】1

typical ill thc Paciic side

Vヽanil_tclllperate、'cBctatiOn

t)′pical oll llllls

Vヽan11_tellll)crate ve3etatiOll

t)'pical oll lo、「lallds

SllbtrOpical vegetatioll

1,158

15,345

24,541

13,542

lA 920

1)726

657

897

3,RESULTS

3.l Estirllntion b、fuzz、 ino(lcl

Thc llit ratio of tlle ftlzzドll10dCl、vas appro、 70.30/0(42、002/59、786) The hit ratios or

cach、アcgctatioll classincation、、crc a)1770/。,b)497%、 c)825%Ad)782%、 e)394ン )、

o735ウ 6.g)659%、 h)994ツ 6、and thcir a、rcragc、、アas63 2レ6 Thc hitratios of h)and C)

、、cre relati、fel卜, high and thosc of a)and e)、raS relativcぃ'lo、ヽ'  C011lparisOn Of thc

cstilllatcd natitral、rcgctation nlap b)r thc ttzz、ア11lodCl(C010r Platc 17)and the actual

、rcgctation nlap(cO10r Platc 16)sho、Ved that thc bollndatt bet、vccn cool―tclllpcratc

、rcgetatloll and 、varlll‐tcnlpcratc vegctatioll of the cstimated mlap 、vas iocatcd

soutll、、アard to that ofthc actual lllap
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3。2 Estirnation b)'10git inodel

Thc hit ratio ofthe loBit nlodel、vas appro、 7589イる(45、320/59,786)The hit ratios of

each Vegctation classiflcation、vere a)288ツ 6,b)617ウ 6,c)786レ 6,d)914レ 6,c)7729名 ,

o831レ6A g)6969名、h)5449る,and their average、vas 68 1レ6 The hit ratios of d)andう

、、ere relativcly high and those of a)and h)Were relatively lo、 v Conlparison of the

cstilllated natllral、regctation illap by thc iogit nlodcl(Co10r Plate 18)and thC actual

、cgetatioll lllap sho、、デed tllat cool―tclllperate vegetをitioll of the Paciflc sidc 、vas

は1ldercstinlated

3、3 Coml)arison of fuzzy model and logit model

Conlparison ofthc fuzzy modcl and thc logit rnodcl sho、ved that both total hit ratio and

average llit ratio ofthe logit lTlodclヽvere higherthan thosc ofthe fuzzy nlodel From the

vic、vpolllt of gcOgrapllical distribution,those ofthe logit nlodcl、vere stlpcrlor to those

of the ttzz)'nlodel.especially for the discrinlination of the Pacirlc side vegetation and

the Japan sca side、′cgctation for cool‐telllperatc vcgctation

3.4 Prediction of I)otential shift using thc logit modcl

B卜 varHlllg thc clllllをltiC parそlllleters oftllc logit lllodel,potential shin i11lder tile、varincd

clilllそltcヽヽas predicted Tllrec sccllそiriOS oF i‐dcgrce,2-dcgrec.alld 3-degrec increases in

を1111lLla1 11lcそ11l telllpcrを1[Lire、vcre tised Asをl rCSult,it、本デas illdicatcd thatthe percelltagc of

grid―cells in all of Japan、、
′hich shol1/ed diI百crcnt predicted vcBetatiOn classiflcatlons

frolll thc prcscnt ciassi「lcations、verc appro、 23ウ6 for a l dcgrec increase、44レ6 for a 2

dcgrcc illcreasc_and 62ツ6 for a 3 dcgrcc i】〕crcasc Moreo、 ′cr,tllc alpinc and subalpinc

、デegctatioll、vhich is distributed separatcly in tllc ll10untaillous rcglolls at the prescnt

tillle lllay be deprived or its stlitablc habitat(Co10r Piate19-21)

4.DISCUSSXON

Frolll thc rcstllts of thc allalysis, it is illdicatcd thそit evell ollly a l degrec lllcreasc ill

a111lLlal 】1lcall tcnlperattire lll13ht callsc potelltiそ1l sllift to another vegetation

ciassiflcセitiO1l for appro、 239/6 of tile total grid‐cells(apprO、inlatcぃ' l knl、 l klll)in

Jを】pそln

Vヽhそit does the potclltial shift illdicated by the stLldy lllca11?First,as lor the accuracy,

slllcc thc llit ratio of thc n10del is appro、 76レ6ぅit lllllSt be noted tllat a correspolldillg

error llla)アbc lllcludcd Nc、 L as fOr the ecological lllcallil13 0f the potcntial shi魚, as

illa n)r cco10gists llave pointed out, tlle shiftillg speed of plant species nlay be slo、vcr

thall that of a habitat by global、varllllllg Besides,it diStrs dcpendillg on each spccics

Thereforeハit cをinllot bc considcrcd that all plant collllllullitics shill to llabitats、vith tllc

samc specics conlpositioll alld the ttllle forest stttcture

lll thc rcgiolls 、VhCrC shiftil13 of pla1lt spccics canllot catch up、vith that of thc

hそibitat、 solllc Chそ11lge lllight bc callsed ill the ecosystcnl Ho、vevcr.tllc lllethodology

tlscd ill the sttld)r hそls lilllitatiolls in prcdictillg 、、′hether tllc chan3e nlight be
Ⅲ
CO11lpetiti、,c displacclllclltH or'icatastrophic dcchllcⅢ(Ncilsoll alld Kll13, 1991)

Wlorco、′er. thc nlodel doesll't include all envirol111lclltal chanBcs ill the f■lturc

Espccialい「A nertihzatioll efrects cそ1モiSCd direclly by そin illcrcasc ofそltlllosplleric COO
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111lght challge plant response to tclllperature, precipitation, and other clinlatic

collditiolls
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CLI出IATIC CHANGE AND ITSIttIPACTS ON THE

VEGETAT10N DISTRIBUT10N IN CHINA

A t s u s h i  T s u n e l t a w n l , X i n s h i  Z h a n g 2 , G u a n g s h e n g  Z h o u 2

and Kenj1 0mas■1

ABSTRACT,Thc potclltial、cgctをltioll distributioll sllift ill Cllina catised b)r global

clilllatic changc、、as prcdictcd by tllc dircct trallsfer f■lnction approach T、voぃ′
pcs

of statistical lllodcl, the discrilllinant analysis lllodCl and the lllultinolllial logit

lllodel,、vere applicd to cxplain thc relationship bct、vccll vcgCtation classiflcation

and clinlatic conditions i「hc logit nlodcl rcsultcd in a lllorc successill result than

the discrinlinant analysis lllodel Thtis,the cttccts of giobal clinlatic changc、vere

cstinlated llsing thc logit nlodcl undcr t、vo clinlatic changc sccnarios proposcd by

Robock θr a′(1993)i SccnariO A,a2-degrce increase in annuai nlcan tclllperature

を11ld a 209/6 illcrcase in annual prccipitationi Scenario B, a4,dcgrec incrcase in

allnuai nlcan tclllperatLlrc and a 20レ6 incrcasc in annual prccipitation  lt was

predicted thそIt(1)thC C01lifcr forest distributcd in nOrtheast China at thc prcscnt

ti11lc lllをぃ
r be dcpri、ed of its habitat 、vithin the boundatt of China、 (2)the

brOをidiCa、rcd forest distribtited iェl cast Cllina lllav shili nordl、vard bv aroLllld 3

deBrces oflモ↓tittldc for Sccllario A and 5 degrces For Scenario B、and(3)the deSCrt

region in、、fcst Cllina lllar eヽpand and stcppc and savanna lllay dccrcasc,espccially
lll tlle case of Scellario B

KEY WORDSi pOtential vegetation distributioll、 clinlate change,statistical lllodcl,

111lpact assessmellt.China

1.INTRODUCT10N

It is nccessar、′to carAアotlt Sttldies frolll a、′ariety ofapproaches to e、allllllc thc ettcts of

31obをll chlllそltic chをillgc on ecosystcl1ls One stichをlpprOach is to lllodel the rclationship

bet、、een ctirlellt clilllatic conditiolls and acttlal、アegetatiOn alld LiSe it to predict potential

C`8etatioll distribiltioll rcsultillg frolll a cllallgc ill clinlそitic para11lctcrs  l｀1lis kllld of

approach is called the tdirect transfcr filnction approach',and in the prevlous section

ぃ7c uSCd it to prcdict tilc Japallcsc potential、fcgctatioll ln this scctiOn,、ve attelllpt thc

sallle approach,this tillle focusing on Chinese vcgetation Hcre,t、vo tvpes oflnodel,a

discrillllllant analvsis nlodcl and a linear lllllltinonllal logit lllodel,arc exainincd

l National Llstitilte ttr Ellvirolullelltal Studics,Tstlkllba,Ibaraki 305)Japall

]Llstitute of Botally)Clllllese Acadenly or Sciellce,14 1 Xizllinlcllwai Avellile,Bc葛
1113,PR

Cililla

This articic 、、′as e、pallded frolll ttPredictil13 respollses to clilllatic cllallgc of tilc potelltial
、アcg c t a t i o l l  d i s t r i b l l t i o l l  l l l  C l l i l l aやbドT s t 1 1 l C ( aヽW a ) A , Z l l a l l g、X〉Z l l o t l , G  a l l d  O l l l a s a , K , 1 1 l  y

Jg′iA/42r20′θ′,51,245‐257,1995
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Thcre arc sOllle spatial scales for undcrstanding thc inlpact of clinlate changc 011

vegetatioll  The llllphcations of the inlpacts and lllethodologics for asscssing tilclil

di:西er according to thc spatial scalc to bc considered(Fredcric, 1994)

Grahalllビ″α′(1990)diVidCd Spatial scalcs into four catcgories:biosphere,bl。11lc

ccosystcnl alld tree lcvel  Thc blosphcrc's rcsponscs to clilllatc changc in、01、c
altcrations ill thc energy, carbon, or、watcr auxes Of vcgctation (HcndCrsOn_scitcrsA

1993i Sololllon and Shugart, 1993;IVIacDonald and Sertorio)1989) か 【t the biOnlc

levcl,spccics rcspond to climatc changc through evolution,Inigration,cxtinct1011 。r

adaptation to ne温′disturbance regiines Thc ecosystenl's rcsponses to clilllatc chを、118c

takc vcars to ccntLlrics and occur via nutrient cycling, prodLICtiOn, 、 vater tisc

StiCCeSSiO11,colllpctitiolls and responsc to changes in disttlrbance rcginlcs(Partoll(4r口′、
1994)   The reSpollsc of individual trecs to clinlate change occurs till・ 0(lgh

pllenological、rcproductive,and physiological proccsseS On tinlc scalcs ranging rrOnl

nlintltes to dccadcs and spatial scalcs ranging fronl cclls to that of a large trcc

The spatial scalc of our stLldy corresponds to the biollle level in Crahそ 】11ドs

ciassiflcation lts response to clilllatic changcs takc years to lnillennia,and tilc ll〔Hllセlil

activities on this scale relate to plant breeding,land nlanagement and conse「kltiO11

WVc ha、アc choscll China because it is the largest countEy in Asia)、vith an arcをlo「

appro、llnatclメ9 6 111illion kllll lt consists of a、vide varies′ofclinlatic zones;tropicとil

stib―tropical‐warm―temperate,cool―tclllperatc,alpinc,sub―alpillc,arid alld scnli‐そ、1ld

をind thc、アegctation is also diversittcd according to environnlental conditlons(Edlloritil

Collllllittec of Vegetation of Chilla‐ 1980)  Furthcrlllorc、 China has a ll[111ltil〕

pOpLllatioll of appro、111latcly 1 2 bllllon, thc largcst ill tllc 、中orid, and tlitis its

SOCiOeCOnOnllc llllpact is verv llllpoltant

P′
カ
ビ1夕′θ2rs srιrttgsて )′力 ′′ヮβcr α∬ ビN′,'C'7r rP/Cん 力?CSで 、ブ隼チCttrブθ″

Ohta gr β/(1993)simulated changcs in thc nct primatt productivi呼 (llPP)Or tilC

natural vcgetation of lllonsoon East Asia including china undcr three,doubled C10:―

clilllatc sccnarios(GISS、GFDL and LIKMO)The gridded climatic data wcre uscd

tOgethcr、 vitll the ChikLlgo lllodel developcd by LTchttillla and Scino(1985)toそ lSSCSS

NPP Llnder basclillc and C02-dOubling clinlates

Chang F11ldヽ
ア
al13(1993)analyZed clinlatc,vegetatiOn intcraction in China. Thc

distribLitiOn alld WP of vcgetatiOll zolles sho鞘′a ciose relatiollship、vith a serics or

clilllatological illdiccs  Multivariatc allalysis for clilllatc and vegetatlon zoncs lll

(]hina pro、アidcs a qLlantitative cllvironlllcntal interpretatiOn for t、vo sigl111lctillt

ccological gradicnts  Thc flrst gradicnt is lllainly a thcrnlal gradicnt)、vhich ctin bc

displa)アed bトアlatitude、 altitude‐biotemperaturc, and annuai nlcan tenlperaturc  Thc

sccond gradicnt is basically a llloisturc gradicnt)and is corrclatcd hi3hiy 、 vith

iongitudc and potential ewapotranspiration

Chang(1993)relatCd Vegetation与 'pCS and thcir distribution patterns、vith ccrtセ11ll

clinlaticぃ'pes in a series of nlathelllatical fornls by nleans of quantitativc anモ1lysis Or

r`e3etatioll―clilllate llltcraction Or digitized diagranls of bloclilllatology  Heを】pplicd

Holdridgets life zolle s)「stClll in order to rclatc vcgctation and clilllatc and predictcd thC

challBlllg pattcrn of、regetatloll ulldcr doublcd C02 COnditions

Our sttldメhas sollle silllilariらrtO that of Cじang(1993)in tllat both studics predict
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111lpacts causcd by clinlate change、vith refcrcnce to vegctation,peSin Chilla Chang

(1993)used the I=oldridgc lifc zOnc classiflcation、vhich、vas originally dcveloped to

c、plain the global vegetation distribution,alld the rcsult sho、ved sonlc differenccs fronl

tile actllal vegetatioll distribution  So 、ve attelllpted to apply statistical prediction

nlodels focusillg on the Chinese vegetation to improve thc accuracy

This study attelllpts to ans、vcr the question tHow does global clinlatic change cttect

thc VCgetatioll distribution in China?う For this purpose,、、デe havc developed statistical

nlodels for predicting the potcntial vcgctation distribution by the transfer ttnction

apprOach ln Section 2,、vc exalllillc thc climatic trends in Chilla during this centu甲

l hcn, llsing thc data and l■ethods described in Scction 3)the results of modcl

de、アcloplllent and prediction are presented in Section 4 An ovcrall discussion follo、ws

ill Scctiol1 5,and flnally thc conclus10ns and ttture steps are dcscribcd in Section 6

2.CLINIATIC TR工 NDS IN CMINA ttURING TIIE 20TII CENTURY

2。l Dttta nnd lnethods

ヽヽ′c allal、アzcd chlllatic trellds ill China dLlring the 20th ccntll=y LISing｀Global Historical

ClinlをltO10gy Net、vork(GHCN)data'COmplled by Voseで ′β′,which is a digital

database  lllcluding  iclng―ternl  clilllatological  data  on  nlonthly  tclllperature,

precipitation,station lcvcl air prcsstire and sca levcl air prcssurc(ヽ
/osC 2r夕′, 1992)

We allalvzed tlle data as follo、vs

l)｀`′Ce、tracted telllperatilre and precipitation data for all of Cllina llslllg thc cOullt甲

codc for Chillそl(230) The number of stations、 vas 477 for tellRperature alld 251 for

prccipitatioll P【11long thenlラthe nulコbcr of stations for、vllicll both telllperature and

precipitation data、、
′ere available、vas 202  To calculate thc avcragc values bct、vecn

1961 and 1990、、vc scarched stations for、vhich both tclllperaturc and prccipitation data

宝or this period、、rcre avallablc Thc nulllbcr of these、vas 123

2)Bト ア referrillg to tVegetation of China(1980)' etC, ヽ VC SeleCted l l rcprescntative

stations alllollg thCSe 1 23,and calculated the FnOnthly lllean values lor telllperature and

prccipitation The resuits、vere sho、vn as a clinlatc‐diagra11l nlap

3)Ne、 t,、、アe searcllcd stations for Ⅵ′hich older data、vere avallablc Vヽe、vcrc able to flnd

17 stations for、vhich both telIIpcratllrc and precipitatlon data H'cre available sincc

191l at tlle latest. and alllong thcse 4 stations had data dating back to 1901

UnFortunatcl〕r, as sho、vn in Fig l, thcsc obsettation stations 、vcrc collccntratcd in

easterll China  Tllerefore, the results of the follo、ving allalysis should be taken as

represcntative of thc clilllatic trends for castcrn China

We calculatcd the annual nlean tenlperature and total annual precipitation ill eacll

vcar for each statioll Ho、、,evcr,vears in、vllich stations、verc lacking data,even for one

ll101lth、い′crc processed as llllssing)アcars

4)Wc suuiCCted the temperaturc and precipitation data for cach station by lincar
regressioll allaぃ'sis and then calctllated the nucttlations of tenlperature and

prccipitatioll for cacll decade
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Fig. 1.Tlle distribiltioll of observatioll stations ttr、、11lch long―tenil clllllatological data are

avallablc

2,2 Climate dingrim

For understallding the clilllatic conditions arccting plants at a giancc,it is convcnielit

to usc a clilllatc diagralll dcvelopcd byヽValtcr t2r,′(、valter and Licth,1960‐67; Vヽaltcr

cr a′, 1975) In thC diagralll,thc horizontal axis is changcd according to、vhcthcr thc

data arc fOr the nOrthcrn or southcrn hemisphcrc,in ordcr to letthe ccntcr ofthe fIBtirc

correspond to the sulllnler  On the vcrtical axis, thc scale of tcmperaturc and

precipitation is adJustcd to let 10°C correspond to 20 mm The period whcn thc

prccipitatiotl ctltte lies bclo、v thc tenlpcrature cuNe is considered to be a relativc dら′

perlod
Anlong ll stations rcpresentillg a varieh′of Chinesc clilllatic zones,the lo、vest oF

alllltla1 11lcall telllperattire、、―as2 7°C at Suihenfc(44ャ38°N,13115° E)and the highest

、vas 21 8°C at Guangzhou(2313° N,11332° E)Thc highcst annual prccipitatioll wをlS

1 7 0 0  n l l l l  a t  G u a n g z h O u  a n d  t h e  l o w e s t  w a s  2 3 5  m m  a t  U r u m q l ( 4 3 7 8°N,8 7 6 2°E)

Taking a general vic、v of Fig 2, 、vc call See a north to south tcndcncy for

tcnlperature (north iS cold, south is 、アarln)and an cast to wcst tendcncy for

precipitation(eaSt iS moist,wcst iS arid)

2,3 Telnl)erature trends

As shoH/n in Tablc l.stations、vhich had an inclination ofthc rcgrcss10n linc oflnorc

than 0 01,indicating nlorc than a l°C increase per hundred years and a signiflcancc

i c、el o f i n o r c  t h a n  5 % w c r c  M u d a l l」ian g ( 2 3ずC/c e n t u呼))S h e t t a n g ( 1 9°C/c ) , H a l l a r
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Tをヽble l Clilllatic trellds lll thc castenl Cllllla dilring the 20th celltury

十人 |

Latitude  Longitudc        Tclllperaturc              Prccipitation

(N)      (E)    Avelage  Trend   Si夢 lifl‐  Average  Trelld   SiglliFl‐

(°C)    (° C/    Callce   (11■ 11)   (lmly   Callce

Cユituly) leVel       celltu甲 ) level

: 1 と、1 l a r

Q i q i l l a r
r iと、ェb l l l

卜1、ldttll,141ng

ChallBch、ln

Shせ【1)tu13

Bcl11113

Ttalllill

D a l i n n

ヽ
ア
と11 l t a i

QlllgdaO
NalJHle

shanglai

Vヽtihall

HangzhOll

Cllal、gsila
Ftizhoti

0000      315

0608      370

0000      555

0000      516

0001      631

0000      685

0827      606

0935      527

0084      592

0004      661

0205      701

0702     1003

0000     1158

0000     1194

0589     1458

0000     1356

0000     1409

37    0318

130    0070

-45    0396

-3    0955

-128    0045

70    0333

18    0876

103    0.154

45    0598

121    0088

171    0130

70    0547

‐29    074う

88    0464

‐191   0118
‐67    0613

‐361    0018

4922

4738

4575

4457

4390

4177

3993

3910

3890

3753

3607

3200

31 17

3062

3023

2823

2608

11975

12392

12677

12960

12S22

12343

11628

11717

12163

12140

12033

11880

12143

11413

12017

11287

11928

‐2 1

3 3

3 5

3 2

4 8

7 6

1 1 8

1 2 4

1 0 3

1 2 4

1 2 1

1 5 4

1 5 5

166

1 6 3

1 7 3

200

1 4

0 2

1 1

2 3

1 0

1 9
-00

‐0 0

0 4

0 6

0 3

‐0 0

0 9

‐0 8

- 0 1

‐0 9
- 1 5

(1+°C/C)、Harblll(1 1°C/C)and Changchun(10° C/C)

Thc olll、アstation 、ヽ-1lich had an illchllation of the regression line of lcss than‐001,

indicatillg nlore thall a l °C decrcase per hundred years,alld a signiflcance levcl of

morc thal1 5%、vas Fuzhou(‐15°C/ccntu呼)
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Thc lllcreasing tendency 、、イas rclllarkable in northcrn China, 、vhcreas southern

China had a dccrcasing tendellcド(Table l)

Figllrc S shO、vs the trends of temperature and precipitation fOr each decade, iri

、vhich overall tenlperatllrc incrcascd during 19 11‐1940, then droppcd around 1941_

1950,alld again illcrcascd froHl 195 1

2.4 Precil)itation trends

As sho、vll in Tablc l, therc 、vcre only t、vO stations 、vhich had more than a 50/。

signiflcance lcvcli Fuzhou(-361 1nHyccntun′ )and Changchun(-128 111ryc)

Figure 3 sho、vs nlorc complcx trends than those oftcmperature  A drop during

1921-1930 and a peak during 1951‐ 1960 can be sccn

3.DATA AND ttIETHODS

3 1 BItodels

jノ FDお cガ″",7♂,Pr rr77″んどデ̀,″′ὸ7t2′

Discrinlillant allalvsis is a  nlultivariatc statistical lllcthod,  、vhich ciassiflcs

obscttatlons、vhose group is unkno、vn into onc or l■ore groups(nO■linally lneasurcd

、rariables)on the basis of one or lnore numeric variables(E)11lon and Goldstein,1984)

For the sakc of sinlplici呼,if wC WiSh to discriminatc a ncw sample(Cg,cach grid

ccll in the case ofthis study)into Onc oft、vO groups(¢gⅢ、′egetation classiflcatiOn),Gl
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alnd G2.alld if、vc cをin aSSLlnle that β indepcndelll、アariablcs llave a nlultivariate norlllal

diStribtltion alld thc β × β varialicc―coVariance lllatri、ofthc llldepcndellt variablcs ill

eaCh Of thC tttro groLlps are the salllc,then lctting IP be theノーth variable(2g,Clilllatic

parallletcr),(〕
ヴ the、Farianceとcovariance lllatrix,alld 卜, and ぃブ the lllean ofメデand rrl,

thc iVIahalanobis distancc call bc、vritten as

D2=

If tlle、ャllialicc―co、
'ariallce lllatri、of G l and G2 isthe sainc and、 ve lllav dcrlnc

σ=侍ウ)仙d両=(μP ttμPル        の

thell

一DF=2{βl(xl一万す)+α2は2~

The lincar discrilllinant fbnction z is

″=βl付1-万1)十'2は2- ―
戸 ノ)

If=>(),then、、ccとin assiBll the sを111lple to Gl,and ifz<O thell、vc can assign itto G2

Tlle sttld)アtlscd thC DISCRIM piocedurc of Ⅲ Statistical Analysis Systcm‖(SAS
rclcase 5 18 at Toも'O Universit)r)A likelih00d ratio test of the homogenelけof the

、、′ithin‐groLlp covセlrianCe lllatriccs 、、′as pcrforlllcd, and if thc test statistic 、vas

signiflcant,thc、vitllin―grollp lllatrix、、
′as uscdi Othcr、、′ise thc pooled covariance lllatrix

、vas tlsed

」プPとル??r7′力〃′冴′rル?θ〃PFα′′9gブr〃′οが2′

The lllultillonlial logit nlodel is otten used in the fleld of econometrics to relate

environnlental conditions to the purchasing bchavlor of consunlcrs ln the casc ofthc

lillcar nlultillollllal logit lllodel,prObability to sclcct an alternative is explained to be in

proportlo,l to tlle c、ponclltial of lillear conlbinatioll of the explallatott variables

(lkeguchiビrβ/、1991) ThC Studメ colllputcd sclcction probabllity undcr cach condition

frolll data oll 、/egetation classiflcation and clllnatic conditions, and thcn colllputcd

parallleters of linear ft11lction by the IIla、1lnum likclihood method

3.2 Data

Data are arranged in the fornl ofa grid systenl cOvcring thc、vhole ofChina in thc arca

of north iatitudc 18°to 52°and castiongitudc 73°to 135° Each grid ccllis 150 min for

thc latitLldillal direction alld 225 111ill for the longitudinal direction、corresponding lo

approxlIIlatelメ5 klll、5 knl around ccntral China

Ali thc data、、rcrc dcvelopcd by thc lnsti峰Ite of Botany,Acadelllia Sinica  The

Ｏ
ノい＞
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／々
Ｈ
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VegCtをltioll data、vcrc di3itiZCd ttom tllc ⅢActtlal vcgctatioll nlap of Cililla(scale l!

+、()0()、()0())Ⅲ lllをldC lll 1979 b)rthc lnstittitc ofBotan)I Plant collllllunitics、verc sclcctcd

and rcOrdered illto llinc groups corresponding to physiogn0111y level(Table 2)

Vヽc used t、 、'o cliinatic variablesi annual nlcan tcnlpcrature and anntlモ 】1

precipitatiOn、、、アhich、vere derived fronl averages frolll the period 1951 to 1980 alld

illterlj01atCd frolll stをltiOn data(poillt data)tO arca data

Thc databasc colltainS around 370.000 grid cclls,alllong、 vhich 331.302 grid cclls

ヽヽアere LISed卜sillce thc rcst had vallles llllssillg for one or n10re variablcs

3 . 3  D o u b l e d  C 0 2 - C l i H l n t e  s c e n a l・l o s

11l studies on clinlセitc llllpact asscssnlelll, the output fronl gencral circulation nlodels

(GCMls)Of the clilllatc system is ottcll uscd Ho、vcverミthe usc of GCM output for

regiollal lc、/cl inlpact assessnlcnt has t、、′o scrious problcllls(Robock θr β′, 1993);

(1)BeCをluSe Ctlrrellt statc―of‐tllc―art GCMs are unablc to silllulate accurately even tlle

ctirrcnt scasollal c)'cle of clilllatc on a rcgional basis,thc rcllabilitt Of GCM output is

not lllBh

(2)Thc spatial resollltion of GCMs(母piCal grid spacing Of 500× 500 klll)is tOo

coarse for regional ic、!cl studies

Tllereforc.Robockビ′β′(1993)havc dCVCloped a lle、v proccdurc for co11lbinlllg

GCM otitput、 vith clilllatic il■fornlation in ordcr to produce scenarios Thcy providcd

thrce rcglonal scenそirios as casc studies:(]hina, Sub―Saharan Africa and Vcllczuclそ1

The、アshO、、rcd in thc Chillese case studv that a、varllling of 2-4 dcgrces and an incrcasc

ill prccipitそ】tioll ofをlbOLlt 20(ク6 、、'oLlld Seelll the lllost likcly resLlit Of an cquivalent

doubling of C02

C)1l thc basis of thcir rcsults、 、、′e aSsunle t、vo scenarios、 Scenario A involvin3 a

ヽヽ|を】rnlin3 0F2 deBrcCS alld a 209るincrcasc in prccipitatioll、and SccnariO B lllvoiving a

、、そlrnlil13 of+dcBrccSセ】1ld a 20レ6 increasc in prccipitatioll

4.RESULTS

4。l Estimation bJ discl・imintRnt an■lysis modcl

Thc hit ratio of the discrinllllant analysis lllodel、vas appro、 66 1°/O Thc llit ratios of

cacil、icgctatioll classirlcatiOn、、アcrc、rcspcctivcly,(a)77,7レ6,(b)541°/0、(c)6450/0,(d)
554レ6.(c)796レ6,(o669レ6,(g)694°/On(h)4530/O and(1)6710/O Thc hit ratios of(c)
を11ld(そ1) VヽCrc relativcly lli3h alld that of(h)、Vas rclatively low  Colllparisoll of tiヽC

cstinlそitcd llをltural、′cgctatioll lllap by thc discrilllinallt allalysis nlodcl and thc actual

、アcgetation lllap sho、vcd that thc 、′cgctation of(b)ヽVas L11ldCrcstinlatcd (nulllber of

estilllatcd Brid cclis/acttlal grid ccils=74レ6),alld thC Ve3etatioll of(c)OVCrcstilllated

(CStilllatcd/actual= 158ツ6)

4 . 2  E s t i m a t i o n  bメ1( )慧it  m o d c l

Thc para11lctcrs ofthc 103it nlodci arc sho、′n in Tablc 3 Forc、alllpic,tllc probabilitv

that ollc Brid CCll、、′ithを、1l anntlai nlcan tenlperaturc of T°C alld anllLlal prccipitation of

″nllll is assigncd to、'cBctatiOn(a)isi
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Tとlble 2 VcgctatiOll classittcation and thcir charactcristics
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Vcgetatioll

code

Physio摯 10111)

of、regetati011
Dolllinallt

Ctitllatic type

by Kbppell

classincati。11

E)isti ibtitioll

Allllttal lllcall

tclllperatul‐e

(°C)

Allllllal

precipitatioll

( 1 l u l l )

Colllた1・/steppe

卜Icado、v/

Bloadicaved

decldilotis

おrest

Steppe/Desell

Steppe/Scl■lb

Desell

Bl o`adleaved

decldtlo、ls

brest/

Tllle`c cIOps t()1

1 vヽo vears or

tヽヽ!o crops

allllilnil、′

E、lel・31teil alld
deCldLiOtiS

SCl・tib/

T 、`vo crops

collta11lH13

uplalld alld ricc

alultlallY

Bl・oadica、アed

e、アel‐31 eell
forest/

E、rel・31・ecll

colll免r/

()1le or dollbic

cl・oppll13 rice

Bl o`adleaved

e、'erttreeil

偽rest/

Do、ェble―

ci oppll13 rice

aluluall、す

plant species

Lαァ・アメsppり

P,ヵ"s spp,

24,マ″,ァtr,

ア"″ざ4つ′・ア"お

Cθ′セメspp,

Koうァ・ゼsrtF

spp

Stipβ sppっ

C,′・タガspp

Cο′メFrな

ん夕rθメのリザ′9,

θSrり々 βSな

プθ、ィブ,α″,,

レ/子rタメ

河θg′ィヵプθ

var

力2rσ′̀?β
メ々′′',

Tα′,′4r′・′ドspp

シ″ヮ宅朋α

メ宅 277ぇ

`4打,うθ」′ざ

」θ′ざθ

O"2,crrざ

spp,

.4び夕′'spp,

しアんで,,,′どざSpp

尺んοゴο〃ビ′々メ″

θ″spp,

A/夕′,srο′,,どr

spp,

P,ヵ′rs spp

の で′οbtr′コ′?ο

ノざrざSpp.,

C,sraヵ ?βs,s

spp…

と,′ィ′,ごタクθ

spp

F/竹r′σα

,sr′・οr′・icみa,

Dウ rσ′つ。御ノ
rてざ冴コ、デrプ′a″白

D、v/H     Noltlleast

Cllllla

(Daxlllgallllllg)
/Xizal13(Tibet)

D、v/H   Xizal13(Tibet)/

Nolllleast

C h i l l a

(HCll011自iallg)

BS     Nei Mollgol

( C l l i l i l l ,
Helloll百iallg)

べ巧ねng

BS     Nolth Cllilla

(Gallsu,Hebel)

BW     Xllulallg

(Takelalllagall
Desert)

C、v     Nolth Cllilla

(Shalld0113)/
Celltl‐al Cllina

(灼」lul,H朝1側1)

Cttl    cellti・al Chilla

(Hllbel)/
Soutll、vest

Cllllla

(Guizlloモ1)

C t t    S O L i d l  C i l i l l a

(Fttiall)/
Cellti｀al Cllllla

(Jiallgパ1)

Ctt    SOLith Cllilla

(Glla113dol13)/

SOLltllヽvest

Cililla

(Y【llulall)

74± 23 77± 58

112± 27 720± 322

15.8± 19 1090± 227

175± 27 1486± 299

‐2 . 9±3 4

2 1± 3 . 3

3 . 6±2 6

5 . 7±2 . 7

248± 179

510± 180

193± 106

415土 126

19.8± 2.0 1588± 382
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Tをlble 3 Paralllctcrs calld llit ratios ol｀1lllliti1lolllial lo3it i1lodel

Tstillckawa,Aど F“′

/ヽcgetation

Code

TENEP PREC Collst Hit/Origillal Hit

grid―cells   ratio(%)

盆

b

C

d

e

f

g

h

i

T O Iセ8 1

-0292× 10

ャ0 26S X 10

- 0 2 2 7× 1 0

- 0 2 1 4× 1 0

_ 0 1 7 4 X 1 0

‐0 1 7 2× l t )

- 0 1 0 2 X 1 0

_()079×l lJ

()

‐0115X10〕

-0059X101

-0221× 101

‐0 1 3 3 X 1 0‐
1

‐0 3 3 6 X 1 0 1

‐0 0 6 8× 1 0 1

‐0042X101

‐0001X101

()

0 4 5 9× 1 0 2

0  4 2 9  X  lげ

0469X102

0436× 102

0 4 5 6× 1 0 2

0367× 10:

0249× 102

0 1 5 2 X 1 0 2

0

37,463/51,420    729

41〕896/60,520    692

16、811/30、598    549

11)798/27,369    43 1

36)149/42,092    859

25,971/36,999    702

35,164/42)995    81 8

9,725/20,686     470

12,570/18,623    675

227,547/331,302   687

Tlt lヽP ttulunllllean ten、Pcrよtuic(°C),PRECtrも uluni nlcal〕precipitation(■ll〕1),COnst i constallt

呵

ポ
槻　　陀

∩
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十

十
　
　
、
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げ
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仲

＋
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ｆ
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/

Thc cstilllated vegetation classincation call be deterlllined as(メ)WhiCh has thc

llighest probabilitv among P(θ)to r〈′)                   “
The llit ratio of the logit illodel、Tas appro、 687°/。(227ぅ547/331.302) Thc llit

rをitiOS of each vcgctation classiflcati011 、verc(a)729° /0,(b)692レ 6、(c)5499る 。(d)

431%‐ (e)859%,(う 702%,(g)818%″ (h)4700/Oand(i)675%,respcctivcly The hit
ratios of(e)and(3) V`Cre relativcly high and those of(d)and(h)ヽVCrc rclativcly lo、v

Conlparisoll of the estllllated llatural vcgctatioll lllap by thc logit n10dcl(CO10r Piate

23)and the actLlal Vegetation lllap(CO10r Plate 22)sho、 VCd thatthe bounda「 F bet、vcerl

(をi)をi1ld(b)in thC CStilllatcd nlap、vas greatly silllpliflcd in thc south―east arca of tllc

Tibetall plそltcatl、vhcre lllany valleys rtlll,colllparcd to the actual vegetatioll nlap、vhich

shows a vett complicatcd distributlon rcscinblil13 a lllosaic  VcBetatioll(d)was

tindcrestilllatcd,alld cspcciall)'the distribution aroulld、、′est Tashinganlillg could llol

be estilllatcd

4.3 Cornl)arison Of discrilminant nnnlysis inodcl and logit model

Colllparison of tlle discrilllinallt analysis lllodCl and the logit lllodcl shO、ved that the

total hit ratio of thc lattcr、vas highcr than that Ofthc lもrmer Froln thc viettpoint of

geographical distribution, thosc of thc logtt nlodel 、vcre supcriOr to thOse Of thc
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d i S C r i l l l i n a n t  a n a l y s i s  m o d c l , c s p e c i a 1 1 )′fo r  t h c  d i s c r i m i n a t i o n  o f ( a ) a n d  t b ) a r O u n d  t h e

soLitll‐eastern part oftlle Tibetan Plateatl Thercfore,tllc logit lllodel、vas selected for

tlse in the follo、ving prcdictions

4.4 Predictioll of i)otential vegetation distributiOn using the logit model under

scenarlo 7へ

B)'Vatting the climatic parameters of the logit model,the potential shitt under the

changed clinlate H'as predictcd  First‐ Scenario A involving a 2-degrcc increase in

annllal lnean temperature and a 20°/O increasc in annual prccipitation、vas uscd As a

rcstllt,it、vas indicatcd that thc proportion of grid cclls in all of China、vhich sho、ved

estilllated vcgetation classiflcatiolls difFcrcnt fronl thc prcscllt 01lCs、vas approx 330/0

The percenta3e of grid cclls assigned to classiflcations other than prcsent onc 、 vas

rclativcl)アhigh in、rcgctation(h)(68物
め、(d)(53°/。)alld(a)(510/0) The numbcr Of grid

cells assigned to othcr ciassiflcatiolls is lligh in vegctatioll(a)(26,595),(g)(21,310)and

(fl(15‐258) Fronl thc vic、 vpoilll of geographical distribution(C010r Platc 24)、 the

conifcr forest distributcd in northcast China at thc prcsent tillle nlay be deprived ofits

habitat、、アithin the boundatt of China  Thc broadleaf forcst distributed in east(3hina

(ヽ
regetation i g,h,i)may shitt northward by around 3 degrees oflatitude

l.5 Prediction of i〕otentini vegetation distributiOn using the logit mOdel under

Sccnal・Po B

Next‐Sccnario B involving a 4‐degree increase in allnua1 11lean telllperature and a 200/。

11lcreasc in allnual precipitation 、、7aS uSCd  As a result、 it 、vas illdicated that the

p】
‐
oportioll of grid cells tllrotlBhoLlt Chilla 、vhich sho、ved estilllated vegctation

classiflcatiolls diI覇crent frolll the present ones、vas apprO、 539/6  Thc percentage of

grid―ccHs assi3ned to other classi「lcatiolls is rclati、/ely high in vcgctation(h)(980/。),

(d)(89ウ6)alld(C)(77ウ6) The ilulllber of grid cells assigned t0 0ther classiflcations is

high in vegetation(a)(35,258),(3)(31‐893)and lb)(27ぅ023) Fr011l the vic、,point of

geographical distribtitioll(Co10r Plate 25),the brOadleaved forest distributed in east

Cllllla(、regctatioll二 g, h, 1)11lay shitt north、vard by around 5 degrces of latitudc

W4toreover the desert region,vegetation(C)、ma)′expand its area、and、アegetation(c),

stcppe,nla)アdccrcasc

S.DISCUSSXON

S。l Clil13をltO'Ogical trcnds in Chilla dil:・illg thc 20th ccnturメ

Thc tendcnc、r for cli11latic trends sllo、vn in Section 2,,ビ,a telldency for tenlperature to

be illcreased i1l thc llo■1l and decreascd ill the soutll.alld all unclcar lillcar tendellcv for

prccipitation,ls consistent with the restllts of prcvious studies(ビg,Chell gr βF,19921

Yatagai and Yastlllari、1994)

Our allal),sis illdicates tllat tllc telllperature illclination durillg tllls celltury llaS becll

bct、、Ieen‐1 5and 2 3°C/centlH、アatthe 50/。signiflcance level,dependillg on thc reglon

The predictcd global、varnling ratc is approxllllatcly 3°C/ccntuttr TherCfOre thc ratc of

past、
「arllling in Chilla is iess than that ror prcdictcd global、varllllllg,and it shOuld be

noted dlat thc regioll ‖ブ1lere telllperattlre has bccn increasing does not cOver all of
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China

Therefore,there is a possibilitt that in the next centutt when the temperaturc

increasc of 3°C is expected,the ecosystcnlin China nlay change lllorc than thatin thc

past centu即.

5。2 Modeling of、 アcgetition distribution

As a result of tlle logit lllodel, the total hit ratio is 68`70/。.The total hit ratlos Or

Japancsc、′Cgctation distribution lllodels devcloped by thc authors、vcre,rcspectivel)r)

85.4°/。in the case of the four口group classiflcation corresponding to vegctation zonc

lcvcls (Takeuchi cr α ′., 1991) and 75.80/。  for the eightagroup classiflcatiOn

corresponding to''ordcr''or''alllanccP'levels(TSuneka、va θ′α′., 1993).

The hit ratio depends strongly on the number of classifled groupsi the ll10rc

classiflcdn thc loH′er thc hit ratio.Therefore the accllracy ofthe logit illodel,、vith a hit

r a t i o  o f  6 8 . 7 0 /。fo r  n i n e  v e g c t a t i o n  g r o u p s , c a n  b e j u d g e d  a s  s a t i s f a c t o呼.

As sho、vn in the results,there are lllally discrinllllation errors beい内reen vegetation

(a)and●).If We cO】mparc Color Plate 22 and Color Plate 23,itis found that there is a

big difFerence in distriblltion pattern around east Xizang`This reglon corresponds to

the solltll、、′est palt of the Tibetan Plateau〕、vhich is sevcrely dissected by the Jinsllセ、

Jial18 Ri、アcr、Lallcang Jiallg Ri、′er( 在ヽekOng River)and Nu Jiang River(Salweell

River).BecatlSe the、regetation is anttcted by the elevation and thc direction of slope,

thc vegetをiti01l distribLitiOns of(a)alld(1))are spatially nllNed like a nlosaic.

Also,the cstimated distributlon ofvegetation(h)is rather simplifled in comparison

、vith that ofthe actual vcgetation.11l the reglons、vhere vegctation(h)is diStributcd,lo、v

ll10LIntains,hills,valleys and plains are spatially llllxed,thus creating a lllosaic‐1lkc

distriblltioll of vcgetation(h).

There are t、vo lllain reasons、vhv the actual vegetation ofthese reglons could not bc

cstilllatcd、′cll. The flrst is that thc spatial resolution and accuracy of clinlatic datそ1

LISed by the study are not good enough to reflect thc ve弓′丘ne and conlplex clilllatic

spatial patterll of the severely dissected Plateau. The secolld is that the vegetatioll

distributioll lll this reglon dcpends not only on tcnlperatLlre and precipitation)but also

otller ellvirolllllental ractors such as solar radiation,、vind,sno、v alld soll properties

Ho、vevers environlllental ttctors other than telllperature alld prccipitation、vere llot

illClLided ill the lllodel`

Therefore it is expected that the nlodcl could be inlproved greatly by using lllore

spatiall)′detalled and accurate data and including other eRlvironlllelltal fhctors such as

solar radiation,、vind,sno、/and soll properties.

5.3 Pl・etlictioll of potentini vegctation distribution

As described in results,it、vas predicted under clilllatic change sccllariOs that(1)thc

conifer forest distribllted in llortheast China at the present tinle nlay be deprived ofits

habitat、vithill the boLlllda尋′ of China,(2)the brOadlcaved forest distributed in cast

Cllilla(、′egetation i g‐h‐1)lllay Shift north恥′ard by around 3 degrees of latitudc ibr

Scenario A alld 5 dcgrces for Scellarlo B,and(3)the deSert reglon,vegctation(e)11lay

expand its area、 and、アegetatioll(C), Steppe‐ nlay decrease, especially in the case of

Scenario B,

Figllre 4 11ltlstrates the clinlatic conditionhfor each vegetation ciassiflcatlon taking
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the annual lllean tenlperature as the horizontal a、is and annual precipitation as the

vertiCal a、is Each rcctangalar elllpsc has its centcr at the averagc oftelllperaturc and

preCipitation Sor each vegctation,and the radiuses reprcsent their standard deviations
T、vO arrows starting froni thc ccntcr indicate the shitts under Sccnarios A and B

、/egctation(a),t〕),(C),(d)and(e)havC rcctangular ellipses and vcgetation(o)(g),(h)

and(1)have Ob10ng ellipses,indicating that the fornler vegetation has a rclatively small

standard deviation for precipitatiOn and the latter a relatively snlall standard deviation

for tCnlpcrature  This may indicatc that thc tcnlpcraturc incrcasc attccts the lattcr

vcgctation lllore than the fornlcr vegetatioll,and nlay be thc rcason、vhy the distribution

of broadlcavcd forest in cast China llla、′niOvc nlorc than that of other vcgetation
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Fig.4t Clilllatic collditiOlls lor eacll vcgctation classiflcatioll Tllc alulLlal llleall tclllpcrature is

takcェl as thc llorizolltal axis and alultlal precil)itatioll as thc veltical axis  Each rccta113ular

ellipse llas its ccnter at tlle average oftelmpcrature and prccipitation for eacll vegetation alld the

raditlses represent tlleir standard deviatiolls T、vo arro、vs startillg ttolll the cellter illdicate tlle

shins ullder Sccllario A,B
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As shO、、アnin Fig 2)、vhich lllustratcs the geographical pattern ofclinlate diagranls

southcast China scenls to have ellough prccipitation in suHllncr duc to nlons0011

circulation.、、アhercas、vest(3hina has a ve〈y lilnited supply of、vatcr usc血l for plallts

This fact sllggcsts that thcrnlal colldition nlay bc nlorc inlportant for plant gro、vlh in

thc castF、、rhcreas nloisttlrc conditions lllay bc illlportant in thc、vest

Thc nlost distinctivc fcature of Sccnario B comparcd to A is that thc desert reg10n、

、regetation(e), nla卜r expand its area, and the area of vcgctation(c), StCppe, may be

rcduced This llla)アbe duc to the tthctthatin Scenarlo B,、vith a 4‐dcgree increase,evcn

if thc precipitation illcreases by 200/0, 91dtting up'' of plants lllay occur  Fronl thc

vie、、poillt ofplant physiology,thc biggcst factors lillliting thc gro、vth ofplants arc lo、v

tclllpcrattlrc and dる′ncss  The lllcrcasc lll tcnlperaturc is relatcd to both phenolllcna,

bllt has a positive eniect On the former,and a ncgative onc on the latter lt is cstilllatcd

a4-degree increase in teinperature and a 200/O incrcase in precipitation inay have a

llegati、アe cFect on plallts through d玲′ing up

S.l Si〕ced of shift

it 、、ras prcdicted in thc stLld〕r that thc broadlcaved forcst distributed in east Chilla

(ヽ
regetation二

g)11,1)11light shitt north、vard by around 3 degrees oflatitude(arOund 350

knl)Linder Scellario A and by aroLind 5 dcgrccs(arOund 600 knl)under SCCllario B I「

、、c callそlsSt】11lC tilat C02 dOublillg、vill ha、アe occurred bv thc vear 2030、as sho、vn in thc

bLIsillcss aS tiStlai sccllario by the IPCC,tllell this、vili be 50 vcars froll1 1loヽV atthc latest

Thercforc,the specd of shin of habitats、vould be 7 kll1/vear ullder Scenarlo A and 12

kll1/、アcar Llllder Scenario B

01l tlle otller hand、nlaps based on fossll pollen data for Europc O‐13,000 ycars ago

shO、7tlle followillg migratiOn rates of maOr tree spccies(Huntley and Birks,1983)!

0とr2/C′rs(decidiloLIS) 0075‐05k網、car
J4cり々

P'77′′F

こF′′′′′r.H

05-10k鵡 、ear

1 5 kl抑yvcar

0 1-1 0 kIIwttear

Tllercforc`if、、e takc tllc deciduous gcllus o冴?′“C″S aS a lllain trce spccics in cast

Chilla、dle specd of shin of habitats、would bc 14 tilllcs and 24 tilllcs lastcr than thc

llligration speed recorded over the past 13,000 years in Europe undcr Scenarios A alld

B rcspccti、rel)子 At thc sanlc tinle,、ve shollld also pa)r attentioll to thc fact that the spccd

of shil光、、ollld di宜もr alllollg specics

SoS Lil■itとitions Of thc l〕1・edictiom

Fronl the results oftllis analysis,it、vas indicatcd that a clinlate changc under Sccnarlo

A、 a2‐ degree incrcase in annuai nlean telllperature and a 200/。 increase in annual

prccipitation,lllight causc a potential shili to othcr、
′cgctation ciassiflcations in approx

339/6 ofthc total grid cclls in China,and that undcr Sccnario B,a4‐ degrcc increasc in

alllltlal lllcan tcnlperattire and a 200/O increase in annual prccipitatiOn)a potcntial shirt

to otller、′cgetatioll classi「lcatlons for appro、 53°/O oftotal grid cclls、vould occur

ヽヽ′hat does the potelltial shift indicated b)′otlr study lllcan?

First、、、!ith rcspcct tO accuracys since thc llit ratio of the nlodcl is approx.69レ6, it

lllust bc llotcd that a corresponding errOr nlay be includcd. 11l pそirticular,the prcdiction

for castス【izang(SOLith―cast arca ofthc Tibetan platcau)llla)'1lot bc acctlratc duc to tlic
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diSCri11111lant errors of the ll10del

Ne、t,as for the ecological signiflcance ofthe pOtential shin,as pointcd out above,

tlle actual spced of shi丘。f plant spccics nlay be siO、、アer than that ibr a habitat due to

clilllatc challge   Furtllernlore, it 、TOuld di31r according to the plant specics

ThercfOrc、it appears that all plant cOmnlunitics、wOuld not be able to shiil to habitats

、、ith thc sanlc specics cOmpOsitiOn and thc sanlc ttOrcst strllcturc ln regions、vhcre thc

slll丘ofplant species cannot catch up、vith that oftllc habitat,some changc、vollld OCCur

ill the ccosystcm  Ho、 vever, thc mcthOd01ogy used in this study has litt■ itations in

predicting、
7hether the change rnight bc''cOnapetitive displacementⅢ

 orいcatastrOphic

dcclincい(Nellson alld King,1991)

WIoreover, thc inodel docs not include all envirOnmental changcs in the ttturc_

Especially, fcrtilizatlon elfccts caused directly by an increase of atmOsphcric C02

111lght changc thc plant rcspollses to temperaturc, precipitatlon, and othcr climatic

collditions

6.CONCLUS10NS AND NEXT STEPS

As、vc dcscribed ill thc introduction、our flnal goalis to ans、ver thc qucstion・Howぱdoes

grObal clllllatic change 江任ect the 、′egetatioll distributlon in China?t through

C011lpllatlons of lllaps of vcgctation ttpe distributlon ln this study, 、アc、vcrc ablc to
idcntiるアregiOns、vhere climatic change might havc a serious impact on the actual

、regctation ヽヽ′c can stinllllarize thc results of thc stlldv as follo、ws

(1)Tllere is a possibiliぃ′tllat tllc ecos)'stenl in China nlay changc lll thc next centu呼
、、→hen tlle tclllperをiturC'1lcrcase of 3°C is cstilllatcd lllorc thtin tllat ill the tllis cclltu呼

(2)As a resLllt Or c。11lparisoll bct、vecn the discrinlinant analysis lllOder and the

llltlitinOnlial lo自it lllodcl to cxplain thc actual vcgctation distributioll in China by

を1111lual lllcan tenlpcrature and anllual precipitatiOn,thc logit lllodcl provcd superiOr to

thc discrinllllant anal、アsis lllodel in terms orthe hit ratiOs and gcographical distribution

of cstimated actual、rcgetation

(3)The tOtat hit ratio fOr the iogit inodel was 68 70/。,H′hich illdicates that lbr nine
classcs of Chinese vegetatlon‐around 70%Ofit can be c、plained tt annual mean
tenlperaturc and annilal prccipitation The rcsiduals are thOught to be caused by the

spatial accuracy oftilc clilllatic data uscd in the stlldy、and the vegctation distribution is
C01lSidered to depclld partially on other cnvironnlcntal factors such as solar radiation,

、、ind、slloVヽハS01l prOpcrties、alld slopc gradlcnt

(4)Tlle pOtelltial、regetation under thc clil13atic challge、vas cstilllated using thc logit
i1lodcl  T、、「o sccnarios propOscd b)アRobock er β/(1993)、 vcrC applledi Scenario A,a
2-degree illcrease lll tclllperaturc and a 200/。increasc in precipitation,and Scenario B,
a4‐dcgree incrcasc i1l tclllpcraturc alld a 20°/。incrcasc in prccipitatioll As a rcsult,it

、vas predictcd t11lder tllc clilllatic changc sccnarios tllat(1)11le C01lifcr lbrest distributed

in northeast Chilla at the present tinlc nlay be deprived of its habitat 、vithin thc
bol11ldary of China,(2)the brOadleaved fOrest distributed in east China nlay shi丘

1lorth、、!ard by alotind 3 degrccs ofiatitudc for SccnariO A and 5 dcgrccs for SccllariO B)

and(3)the dCSCrt region illa)r expand its area,and stcppc and savanna may decrease,

cspecially ill tlle case OF ScellariO B
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If、vc sunllllarize thc llllpact of ctilllatic changc on Chinese vegetation,thc llをibitat

lor forcstsェ11lallt Slllft rapidly tO、vard thc norを1l ill cast Cllina)and stcppc and nlcモⅢdO、v

lllight bc rcplaced by descrt throllgh dtting up in 、 vest China  Thercfore, ilturc

research shotlld take lllto accoLint thcsc restllts and placc priority ola the follo、ア1113tVヽ0

polllts

(1)11l east Cililla、と1le forest zolle lllight shift ill a llortherly dircction  Ho、vcver、

bccaLlsc of thc rヽcrH largc population concclltration in tllls region and the predonllllを1llt

use ofland ill tllis reBiOn for paddy or wheai nclds,tllc mttoritt OffOrests arc isOlated

geographically  For the forest's snlooth shi丘, IIcxible dispersal of plallt sccds is

lleccssa中ア  Hottrc、アer_ gcographical isolation nlay prcvcnt thc forcst frolll shillll18

snlootllly  Thcrefore it is urgellt priorihr to devclop a 'landscapc trallsition ll10(lcll

based on spatial rLllcs or ncighborhood intcractions,、vhich can exalnine the potentiそil

for shifting ill thc ttce of changillg iandscape pattcrns for thc pu=pose of appropriモi〔c

forcst nlallagclllcllt(Dale and Rauschcr,1994)

(2)In weSt Chilla、 cspecially thc arcas sllrrounding deserts,thc challge in nloistRlre

collditions due to iェlcreasillB tcnlpcrature alld d=ying―up nlay causc fdcsertiflcati0114。1ヽ

steppe alld sa、ralllla Then dcscrtiflcatioll accolllpallied by redllction ofvegetatlon llャ】)r
acceleratc the clinlatic cha113C through an increasc in albedo、rcduction in soll llloisttirc

をlnd c、デapotrallspiratioll.and decrease lll stlボace roughlless,,c,a pOsitivc fcedbセlck O「

clilllatic changc  ll`lerefole it is llccCSSary to develop a '3rassialld lllodel' tllそit call

sillllllate the rcgiollal patterns of ecosystclll propeAies includin3 plant prodLlctlollをilid

soil prOpel‐tics、 tをlklllg accoullt of fertilizatioll eiccts bv increased C02. eXllcnlc

c、ellts stlCh そlS drotlght alld sc、rcrc heat, and livestock lllallaBenlent for approl〕11モltC

crをlSSiand lllallage11lellt so aS l10t to cause descrtiflcatioll(C0111ler、 1994) Tlic

CENTURY lllodel(Part01l gr β′,1987)or EPIC nlodel(V`illiams cr β′,1984)nlセi】bc

instructive for de、'cloplllcnt of stlch a nlOdel
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