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Abstract

This study developed the Blo―GeoeraphiCal and GeoChemical mOdel(BGGC modcl)to aSscss thC ttttire

irnpacts of global climatc change, as prcscribcd by thc IPCC‐SRES, on the disFibution and ttnctiOning Of

terrcsrial ecosystems in Japan   〉                                                    ぃ

The BGGC modei simulates the cyclin3 0f Carbon,nitrogen,and wttter in vegctatiOn,soil ecosystcms and the

arm05phcre Some modules in the modcl borrow most of thcir basic structurcs iom thc sub‐ modc1 0f
CENTURY4(PartOn夕 ra′,1993)and thC mOdiflcd BIOME3(Ishigami夕 rα′,2002)The BGGC modclも
broadl)' divided into [予vo sub―models, the vegetation cOmpetition sub_model and[he soi1 0rganic ma■er sub―
model Thc vegetation competition sub―model consists ofthe phOtosynthesis modcl and the canopy model The

photosynthesis mOdel esdmates the optimizca ner pttmaりprOducnvity ttPP)and leaf area index(LAI)to
satistt the SOil nitrogen,and annual moismrc Thc canopy model considers the canopy sttucture for ttrest

vcgctatlon ttpes On thc other hand, thc sofl organic matter sub―model, 現′hich is linkcd `o thc vegetation

competition sub_model,siFnulates carbon,nitrogen,and、vatcr dynamics in thc soil ecosystem The disttibution

Or~potentiai namral vcgetatiOn ttpes、vas detcn■ined by the cstilnated NPP and LAI

In order to asscss thC ilnpact of climate change on the tcrresttial ccosyste■1, this sttdy estirnated the

disFibution of potentiai naturai vegctation in 」apan using NPP The GC卜 /1s experimental data used 、vere the

CSIRO―Mk2 and ECHAN14/OPYC3 for cach of A2 and B2 sccnarios in thc sRES ComparisOn ofthe averages

of sirnulated NPP undcr each sccnario、vith thc average NPP under current climatc conditions shO、ved that the

average NPP could incrcasc about 19 to 33 percent by the year 2050 and 25 to 53 perccnt by the year 2080
Key words:BGGC model,」apan,NPP,Potentiai nattlral vegetat10n

1.Imtrodllctiom

Vegeモation ill telTesFial ecosystcms providcs not

Only an  impoltant habitat for animals but most

irnportantly it plays a signincant role in the cycle of

carbon and nuFiellts IPCC repOrts illdicatcd that thc

changcs in global climatc causcd by thc continual

hcreasc in greenhousc gases、vill ar‐fectとhe ccosystem

in ttmre This study attempts to develop a model to

evaluatc the impact of climatc change on ecosystems

For evaluation of the impact,there are severai modeis

tO sirllulatc veeCtation dis『ibution,carbon and rlutrient

cycie  such  as  proccss―bascd  modcls  and  scmi‐

empirical modeis (Haxeitine and Prentlce, 1996:

Neilson gr αユー1998;Lew vヽをra′,2004 etc)

Thc process‐based model includes kno、 vledge on

the physiological respOnscs of plants to environnlcntal

change This is a suitable modei for prediclin3 thc

citcct of clirnate changc on the ccOsystcm bccausc thc

plants physlological and ecO10gical 台ュnctions must be

cOnsidered This study dcals、ヵ′ith the deve10pment of

the  Blo―Gcographical  and  GcoChcmical  lnodel

(BGGC modeり to asSCSS thc角仙rc impacts of 31obal

changeぅ as prescribcd by thc IPCC― SFuESA on the

disFibution and ttnctioning of teFeSrial ccOsystems

in Japan

2.Modcl Structure

The BGGC modei consists oftwO呼pes of proccss,
bascd model Thc Onc is thc blo―geographical mcdel,
、vhich puts emphasls on the detenコlnatlon of Vヽha!

kind Of vegetation could live in a given iocation The

othcr is the biO―gcochemical model, 、vhich sirnulates

thc carbOn and nuFicnt cyclcs within ccosystcms on

the basis oFgivcn vegetation distribution

/ヽ1ost ofthe basic sFucturcs of some modules in the

model were borrowed from thc sub― modc1 0f

CENTURY4(PartOn夕 ′αえ, 1993)and the rilodtied
BIOME3(Ishi3ani夕 raた,2002)The aGGC modelis
divided  intO  twO  sub― modeis,  そhe  vegctation

competition sub―model and thc soil orgallic ■later

sub‐modci  The vcgctation competition stlb― modcl

colltains the photosynthesis model and the canopy

Acccpicd on Dcccmbcr iキ ー2004
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modcl ThC PhOtOSynthcsis modcl CStinatcs the

optimized nCt primary Productivity(NPP)and leaf

arca indc、(Lハd)for Cach plant functional typc(PFT)

to satisfv annual mOiSturc and thC Soll nitrogcn ln

ordcr to COnSidCr thc effect of COを and nitrogcn on

pholosyI〕thCsiS‐  thC modci Contaills  thc Falquhar

photosynthcsis nlodcl as siI1lpllficd by Collats ct al

(1991) and canOpy photosynsynthcsis modcl
dcvclopcd by HikOsaka l(2003)The PFrs WCrc

dctcrmincd  by  differenccs  in  pheno10gical  typc

鱒 鱒 盟 結 群 艦 」譴 路 鱒 酷
:縄 樟

PFT as an index Of COmpetitiVeneSS.Thc PFT、vith thc

辮 鑑 !瑞 害騨 器 靴 麒 i

calculation  Of  dally  net  photosynthcsis   ThC

distribution of Potenttai naturai vegetation typcs い′as

determincd by thc sclcctcd P「r and the estimated NPP

and LPd On the othcr hand, thc soi1 0rganic mattcI

sub―nlodcl simulatcs carbon, nitrogcn, and 、 vatcr

dvnamics in thc SOil ccosystcm Thc model includcs

tiree s。11。rganic mattcr pools with diffcrent pOtential

簿 襴 揺 翻 鵡 速
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GCMS data(baSCd On thc IS92a erlaお SiOn sCCnario)tO

a10x10 sq km grid data This study applied the samc

mcthod tO GCMs data bascd on SRES sccnarios ThC

numbcr of Brids is 4,691  Soil tcxlurc data 、vas

obtaincd from Haxeltinc and Prcnticc(1996)

Fi宮 2 shoH′s boxplots Of Changes in annual mcan
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prccipitation to normals
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3.Data

3.l Climate and SOil data

ln order to cStimatc thc distribution of Potcntial

natural vcgctation in Japan, あヽ′ithJ llPP undcr bOth

current and future cliIIlatic conditions,Inonthly climate

normals data(avcrage for 30 ycars1 1971 lo 2000)and

GCヽls cxpcrimcntal data PrescribCd by IPCC‐SRES
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CSIRO‐「vlk2 and ECHAヽ14,OPYC3 for cach Of Al

and B2 sccnarios in thc SRES Sincc cach sccnario has
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CSIRO‐ 4ヽk2    ECHハ 品44/OPYC3

BOXP10tS Of changcs in tcmpcrature bet、vccn

normals and GCMs data
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Fig 3 BoxPiOts Of ratio of annual prccipitation of

GC"Is data to nolmalS

Thc bottom of cach box is thc 25th pcrcCntilc,thc toP
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Shinllzu θr α′i Blo―Gcographical and GcocllcrrIIcal(BGGC)卜 【Odel

undcr thc B] AnnuaI Prccipitation and solar radiation

projcctcd by CSIRO―lヽk2 incrcascd over」apan

3,2CO=concelltrdtion data

COA concentration data for tt and B2 sccnarios

wcrc obtaincd from thc IPCC W6-l rcport(IPCC,

2001)C02 COnCCntrations in 2050 and 2080 forメせ

sccnarlo arc 537 and 713 Ppnl respectively,Those for

B2sccnarios arc 476 and 570 ppnl rcspectivcly

4.Resuits and Discussion

Fig 4 and 5 sho、 v thc estimated llPP and thc

distribulion of potcntial natural vegctatiOn type undcr

currcnt climatic conditlons(C02 COnCCntration,367

ppm),rcspCctively

砦

Fi3.4 Estimatcd「 fPP undcr cuIIcnt climatic

conditions(C02 COnCCntration 367 ppm)

simulatc it morc succcssfully Thc mOdcl has cOrrcctiv

cstl■latcd thc vcgetatiOn distributiOn cxccpt fOr th古
broad-lcaved cvcrgrccn forest in thc HokkaidO rcgion

Fig 6 shows thc cstimatcd NPP undcr CSIRO―1ヽ(2
and ECHAM4/OPYC3 expcrimcntal data fOr cach Of

煙  and B2 sccnarios Comparillg thc avcragcs of

simulated llPP fOr cach sccnario、vith the avcragc■lPP

IInder currcnt climatic conditions, an incrcase of 19 10

33 pcrccntin the avcragc NPP for ycar 2050 and abOut

251o53 Pcrccnt for ycar 2080 can be obscn′cd
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Fig 5 Estimatcd distribution of potcntial natural

vegctation typc undcr current clilnatic conditions

(C02 COnCCntration 367 ppm)

Comparing with thc llPP distribution estimaled by

thc modcl prcviously developcd by lshigami cr αF.

(2002)i thc mOdCl dcvclopcd in this study could

Nora前 ヽ205020802050208020502側 020502080

定      B2      A2     B2

CSIRO‐ Mk2     ECHAN14′ OPYC3

Fig 6 Comparison ofsimulatcd■lPP undcr cach

SRES scenario

To comparc thc inaucncc of C02 COnCentration and

climatc cOnditions on changcs in sinlulated llPP, the

COE concentration(367 and 713 ppm),Current climatic

conditions as、vcll as the conditions for 2080s、vere sct

according  tO  Pこと  sccnario  and  CSIRO― Mk2

exPcrimcntal data  Fig, 7 sho、vs the boxplots of

silnulatcd NPP undcr thc diffcrent conditions ln both
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conditions an incrcasc in NPP can bC ObScNcd Pdso,
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intlucncc on thc calculation Of NPP than climate

conditions

This study dcvclopcd thc BGGC mOdcito asscss thC

futurc impact of global clinlatc change This model has

thc charactcristics of both a bio_gcographical modcl

and a blo―geochcmical modcl、vllich cnable cstilnalion

of ihc potcntial distribllion Of natural vcgctation using

NPP undcr futurc clilllatc cOnditions Thc modcl

included the proccsses of CO]effect on NPP, thc

responses  of  NPP  to  clinlatc  that  sPecifiCally

considcrcd Plallt functional typc, and cOmpctition

among P「 rs for light and water The model ls also

caPablc of dctermining、vhich vcgetatiOn typc is most

suited for givcn climatic conditions  ln ordcr to

F告∬F提鮮培g:::盟ヤ||』樹な猟ど
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involvcd in vcgetation structure duc to cllmqte and
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