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Summary.This study assessed the future impacts of global climate change on the distri―

bution and functioning of terrestrial ecosystems in Japan using the Blo―Geographical and

GeoChemical model(BGGC model),The mOdcl enables us to simulate the carbon and

nitrogen cycles within ecosystems on the basis of estilnated potential natural vegetation

distribution.In this study,changes in net primary productivity(NPP)and the distribution

of potential natural vegetation、vcre evaluated for assessments of clilnate change impacts,

The GCMs experimental data used for future climate conditions were the CSIRO…Mk2

and ECHAM14/OPYC3 for each of A2 and B2 scenarios in the SRES.Comparison of the

averages of sirnulated NPP under each scenario with the averagc NPP under currcnt cli―

mate conditions sho、ved that the average NPP could increase about 19 to 33 perccnt by

the year 2050s and 25 to 53 percent by the year 2080s、vith changes in potentiai natural

vegetation type.
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l.introduction

/ヽegetation in terrestrial ccosystems provides not only an ilnportant habitat for anirnals

but lnost importantly it plays a significant rolc in the cyclc of carbon and nutrients,IPCC

reports indicated that the changes in global clilnate caused by the continual increase in

greenhouse gases、vill affect the ecosystem in future.For evaluation of the impact,there

are several process―based models to silnulate vegetation distribution,carbon and nutrient

cycle(Haxeltine and Prentice 1996;Neilson et al.1998;Ishigami et al.2002,2003;Levy

ct al.2004;Httima et al.2005).The prOcess― based model includes knowledge on thc

physiological responses of plants to environmental change,This is a suitable model for

predicting the effect of clirnate change on the ecosystem because the plant's physiologi…
cal and ecological functions must be considered.The ottectiVe Of this study is to assess

the future impacts of global clilnate change on the distribution and functioning of terres―

trial ecosystems in Japan using the E,lo―Geographical and GeoChe■ lical model. We

evaluated changes in net primary productivity(NPP)and the distribution of potential

natural vegetation for assessments of clilnate change impacts.NPP denotes the net pro―

duction of organic matter by plants in an ecosyste■1,and is one of important indicators to

provide information on the carbon budget of terrestrial ecosystem.
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2.Modei structure

T h c  B G G C  m o d e l  c o n s i s t s  o f  t w o  t y p e s  o f  p r o c e s s―b a s e d  m o d e l . T h e  o n e  i s  t h e  b l o―

gcographical model,、vhich puts emphasis on the deterrnination of what kind of vegeta―

tion could live in a given location.The other is the blo―geocheHlical rnodel,、vhich sirnu―

lates the carbon and nutrient cycles、vithin ecosystems on the basis of given vegetation

distribution,

出lost of the basic structures of some modules in the model、汀ere borrowed frorll the

modined BIoME3(Ishigami et al.2002)and sub― mOdel of CENTURY4(PartOn et al,

1993).The BGGC modelis divided into two sub―models,the vegetation competition sub―

model and the soil organic lnatter sub―model.The vegetation competition sub―model con―

tains the photosynthesis model and the canopy model. The photosynthesis model esti―

mates the optimized net p五mary productivity(NPP)and leaf area index(LAI)for each

plant functional type(PFT)to satiSfy annual moisture and the soll nitrogen.In order to
consider the effect of C02 and nitrogen on photosynthesis,the model contains the Farqu―

h a r  p h o t o s y n t h e s i s  m o d e l  a s  s i m p l i f i e d  b y  C o l l a t s  e t  a l。( 1 9 9 1 ) a n d  C a n o p y  p h o t o s y n s y n―
thesis model developed by Hikosaka(2003).The PWS Were determined by differences in

phenological type(evergreen or deciduous),lCaf type(brOad_leaved or conifer)and thc
rooting dcpth,Competition among PFTs is siIIlulated by using the estimated NPP of cach

PFT as an index of competitiveness,The PFT with the highest NPP is selected as the

do■linant typc,The canopy model takes account ofthe effect of differencc in the canopy

structure of the forcst vcgetation on calculation of daily net photosynthesis.The distribu―

tion of potential natural vegetation types、vas deter「lined by the selected PFT and the es―

tilnatcd NPP and LAI. On the other hand, the soil organic matter sub―inodel sirllulates

carbonぅnitrogen,and、vater dyna■lics in the soil ecosystem.The model includes three soil

organic matter pools、vith different potential decomposition rates.The model is linked to

the vegetation competition model by the exchange of soll nitrogen and NPP.Fig. l sho、vs

the schematic diagram ofthe BGGC model.
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Fig.1.Schcmatic diagram of BGGC model.
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3.Data

3.l Cliimate and so‖data

Monthly climate normals data(average fOr 30 years;1971 to 2000)and GCMs experi―

mental data prescribed by IPCC― SRES(The lntergovernmental Panel on Climate Changc,

Special Report on Emissions Scenarios)were used in this study.Current and future cli―

mate input data consist of rnonthly mean temperature,Inonthly precipitation and solar ra―

diation.The GC臣Is experimental data were the CSIRO―Mk2 and ECHAM【 4/OPYC3 for

each of A2 and B2 scenarios in the SRES,Since each scenario has different assumptions

on global population,gross、vorid product,and technological change,future greenhouse

gas(GHG)emisS10ns are different,Although high― spatial resolution GCMs are required

to assess the reglonal chmate impacts,grid resolutions of current(3CMIs are roughly 3°

longitude x 3°latitude.Yokozawa et】.(2003)statiStiCally interpolated the GCMs data

(baSed On the IS92a emission scenario)to a 10 X 10 sq.km grid data.This study applicd
the saine rlethod to GCMIs data based on SRES scenarios,The number of grids is 4,691.

Soll texturc data was obtained from Haxeltine and Prentice(1996),All data were ar―

ranged in the forrl of a 10 x 10 sq.kHl grid system.

Fig. 2 shows boxplots of changes in annual mean temperature between normals and

GCMs experimental data(CSIRO― Mk2 and ECHAM4/OPYC3)and thOSe Of ratios of
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Fig.2.BOxplots of changcs in annual

mean tempcraturc, annual precipita―

tion and mcan solar radiation bct、vccn

norlnals and GCMs data.Thc ccntral

box indicates thc interquartilc rangc,

and thc dotted line in the box is the

50th perccntilc.
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Ci(ごヽ在s annual precipitation and mean solar radiation to normals,In both GCMs data,pro―

jected tcmperatures in the 2080s under the A2 scenario are higher than under the B2,An―
nual prccipitation and solar radiation prttected by CSIRO―Mk2 increased over Japan.

3.2 CC)2 ConCentration data

C02 COnCentration data for A2 and B2 scenarios were obtaincd from the IPCC WG-l re―

pOrt(IPCC 2001).C02 COnCCntrations in 2050 and 2080 for A2 scenario are 537 and 713

pprll respectively,Those for B2 scenarios are 476 and 570 pp■1,respectively.

4コResuits

Fig.3 sho、vs the estilnated NPP and the distribution of potentiai natural vegetation type

undcr currcnt climatic conditions and C02 COnCentration(367 ppm)。 COmparing with the

NPP distribution estimatcd by our prevlous model(Ishigami et al.2002)on the basis of

thc simulation by Chikugo model(Uchいma and Seino 1985)ラthe BGGC model could
silnulatc it lnore successfully.The modcl has correctly estirnated the vegetation distribu―

tion except for the broad―lcaved evergreen forest in thc】Iokkaido reglon.

Fig.4 shows the estimated NPP undcr CSIRO― 在ヽk2and ECHAヽ 在4/OPYC3 expcri―

mental data for each of A2 and B2 scenariOs.The simulated NPP under CSIRO―Mk2 was

iargerthan under ECHAM14/OPYC3.It depends on the difference in cliH】atic conditions
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Fig。3.Estimated(a)NPP and(b)diStribution

clirllatic conditions and COっconcentration.
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Fig.4.Comparison of simulatcd NPP undcr cach SRES scenario.

as sho、vn in Fig.2.Comparing the averagcs of sirllulated NPP for each scenario with the

average NPP under current climatic conditions,an increase of 19 to 33 pcrcentin the av…

crage NPP for year 2050s and about 25 to 53 percentfor year 2080s can be observed with

changes in potentiai natural vegetation type,

This study asscssed thC futurc impacts of global climate change on the distribution and

functioning of terrcstrial ccosystems in Japan using thc BGGC model.The rnodcl has the

charactcristics of both a blo―geographical rnodel and a bio―geocherllical rnodel、vhich en―

ablc estilnation of the potential distribution of natural vegetation using NPP under futurc

climate conditions.

Thc rnodcl includcd the proccsscs of(EC)2 CffCCt on NPP,the responses of NPP to cli―

mate that specifically considered plant functional type,and competition among PFTs for

light and、vater.The model is also capable of deterHlining、vhich vegetation type is most

suited for given clilnatic conditions. In order to irnprove characteristics as a blo―

geochc■lical model,ho、vever,there is still a need to consider the dynanlic processes in…

volved in vcgetation structurc due to climatc and C02 CffeCts.
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