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Abstract

The Bio―Gcographical and GeoChemical model(BGGC)is a prOcess― based mathcmadcal model that can be

used to assess future impacts of climate change on the distribution and functionin3 0f tCrrcstrial ecosystems.This

model can silnulate the cycling and fluxes of carbon and nitrogen in vegetation, soils and exchangcs 、vith

atmosphere,as well as estilnate potential distribution of natural vcgctations.One of thc strengths of the B(}GC

model is to cstimate net primary production(NPP)under scenarios wherc nitrogen is timittng.This is

accomplished by a material cycling modulc that can simulate processcs of vegetation competition due to nitrogcn

limitation.Thc obicctiVe Ofthis study was to usc BGGC model under various climate changc sccnarios to test its

applicability in cvaluating changes in NPP 、vith linliting nitrogen availability across thc divcrse geographical

regions of Japan.

Results of simulation sho、ved that nitrogen intcracts with elcvatcd C02 and temperaturc,decreasing NPP、vith

increasing nitrOgen lirnitations.The terrestrial ecosystenl、vas generally predicted to be a net sink for carbon but

it could be over‐estiinated without the nitrogen lilniting the photosynthesis.

Key words:BGGC model,Clinlate change,Nitrogen uptake,NPP

1.Introduction

Thc third assessment rcport of lntergovcmcntal

Panel on Climatc Change(IPCC)rcpOrted that global

、varming 、vili  causc  an  increase  of surface  air

tcmperature of about l.4 to 5.8° C from 1990 1o 2100

(IPCC,  2001), Increases  in  the  atmospheric
concentration of (〕02 and tCmpcrature could affcct

terrestrial  ccosystems  in  many  、vays,  including

changes in thcir spatial distribution as、vell as carbon

and nutricnt cycling. Ho、 vever, it is difficult to

cstimate these changes by a silnple causal relation

bccause the change of material cycling in ccosystem

and spatial distribution of vegetation involves a

complicated Physiological proccsscs like respiration,

photosynthcsis, phenology as、vell as physical factors

in the surfacc air and soil.(3onsequently, 、ve used a

comprchensivc,   mechanistic   ccosystem   modcl

constructed 、vith those physiological and physical

processes dccmcd iinportant in understanding the
ilnpact of global、var■ling.

In the estilnation of vegetation,some process―based

bio‐geographical models ilkc BIOME3(Haxeltine and
Prentice,1996)have been constructed.Ishigami α  α′.

(2002)imprOVCd BIOME3 for estimadng the
distribution of potentiai natural vcgetation in Japan

and assessed the climate change on potcntial natural

vegetation and net pHmary production (NPP).

Potentiai natural vegetation is defined as the climax

vcgctation under the stable climatc condition,and thus

it does not include the transient vegetation or thc

Acccptcd on Apri1 28,2005

secondary vegetation.NPP,、vhich is defined as thc nct

llux of carbon from the atinosphcre into green plants

per unit tilnc,is a basic indcx to grasp the function of
ecosystcm as the source of C02・ In bio―gcographical
m o d e l  B I O M E 3 ,  h o w e v c r ,  t h e  p r e d i c t i o n  o f  t h e

distribution of NPP and vegctation in the global

warming have some problcms with regards to the

increases in C02 COnCCntration and temperature that

cause the direct increase in NPP,This is because the

ratc of nitrogen‐limited nct photosynthcsis is not

modelled explicitly.

Blo―Geographical and GeoChmical modcl(BGGC)

has been constructed by coupling bio―geographical
modcl 、vith bio―geoche■lical model to considcr thc

influcncc of nitrogen content of canopy. Hcncc, thc

ObieCtiVe Ofthis study is to use BGGC modei to testits

applicability in cvaluating changes in NPP 、 vith

linliting nitrogen  availability. This also aims to

estimate NPP across the、vholc geographical region of

Japan undcr clllnate change sccnarios.

2.Materials and Methods

2.l Model features

BGGC consists of two main componcnts:(1)a

competition submodel, 、vhich is mainly dcrived from

BIOME3(Haxeltine and Prenticc,1996;Ishigami cr

α′.,2002).and(it)a S01l mate占 al cycling submodel,

、vhich is the So1 0rganic Mattcr modcl of blo‐

gcochemical modcl  `CENTURY4'(PartOn cr α ′.,

1993).By cOmbining thcsc twO modeis,■ was made
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Tablc l Processes represented in BGGC.thc approach takcn、 and thc sourccs.

Process                 ADD10aCh Sourccs

Compctition

Photosynthesis

4ヽaintenancc and

gro、vth rcspiration

Stomatal conductancc

Evapotranspiration

Trcc mass and hcight

Decomposition

Canopy plot model(maximiZing thc NPP for

each PFT)

A function oflight,CO n,Nitrogcn,temperaturc

Lcafi scalcd to VInax,sap、vood!a function of

carbon contcnt,roott a function of litter,

gro、vthi stcady ratc of photosynthate

Not rcprcscntcd

Minimum of a soil―supply and a plant―demand

Not rcprcscntcd

S o i 1  0 r g a n i c  M a t t e r  m o d e l  f r o m  C e n t u r y

Haxcitine and Prentice(1996)

Haxeltinc and Prenticc(1996),Antcn cr

2′(1995)

Farquhar er α′(1980),HaXCltine and

Prenticc(1996),Ryan(1991)

Monteith(1995),PrentiCC cr α′(1993)

Parton夕,α′ (1993)

possible  to  calculate  the  photosynthetic  rate
considcring thc nutrition condition in thc soll. An

overvie、v  of thc  processes  considered,  and  the

modelling approachcs used,are sho、vn in Table l.

Thc essential logic of this model is alinost same as

the BIOME3 First,BGGC selects a subset consisting

of some plant functtonal types(PFTs)in a particular

grid cell on thc basis of somc ccophysiological
constraints, Second, the maxilmum sustainable leaf

a r e a  i n d e x ( L A I ) a n d  N P P  f o r  e a c h  P F T  w a s  c a l c u l a t e d

on thc basis of silnulating thc photosynthcsis and

rcspiration undcr thc climatic and soil condition in thc

grid.  In  this  PToceSS,  the  sirmplined  Farquhar

photosynthesis modcl(Farquhar gr α ′,1980;Haxeltine

and Prcnticc,1996)was uSCd tO calculatc thc dally

photosynthctic ratc ln BGGC modcl,thc nitrogcn―

photosynthesis model(Anten cr α ′,1995)was neWly
addcd to its photosynthctic process and the effect of

nitrogen on the photosynthesis、vas considered.Lastly,

thc PFT with thc highcst NPP was sclccted as the

dorlinant plant typc in thc grid.Thc output of PFT、vas

classified into blome typcs and the optimal NPP、vas

obtainedi

2.2 Climate inputs

IPCC developed a sct of scenarios(SpCCial Rcport

on Emissions Sccnarios, SRES)about the future

cllisslon of grccnhousc gascs Thcsc sccnarlos 、vcre

groupcd into 4 types(Al,A2,Bl,B2)according to
some storylines differentiated in t、vo main dilnenslonsi

thc balancc bct、veen econolllic and environmental

conccrns,  and  the  heterogeneity  of  regional

devclopment patterns These scenarios arc uscd as

inputs to scver】Gcner』 Circulation Modcls(GCMs),

、vhich gcncratc thc futurc clilnatic datasets. In this

research,the ctimate datasets from CSIRO―Mk2 model

for the sccnario of A2 and B2 、vcrc uscd as clilnate

inputs.

However,these outputs from GCMs havc rough

spatial rcsolution,therefore,、vhen using these outputs

as the off‐line input of bio―gcographical or bio―

geochemical modcls likc BGGC,it was necessary to
improve thc rcsolution,Yokozawa cr α′。 (2003)
statistic】ly interpolated thc GCMs data(baSed On the

IS92a emisslon sccnario)to 10 X 10 sq.km grid data.

This study used the same rlethod to GCMs data based

on SRES scenarios from which a grid of 4,691 for

Japan was obtained.

Table 2 sho、vs the clilnatic data and atmosphcric

C02 COnCentration used as inputs in this study,

respectively.

2.3 Siinulation

ln this paper,in order to directly evaluate the effcct

of nitrogen on photosynthesis processes, thc soll

material circulation modulc、vas temporarily separated

from BGGC(cxcCpt fOr soll watcr circulation modlle)

and a set of initial parameters conccrned、vith canopy

nitrogen and its photosynthcsis capacity、vas given to

each PFT Thcsc paramctcrs wcre tuncd to adiuSt the

current potcntial natural  vcgetation cstiinated by

BGGC to the resuits of BIOME3.

3 , R e s u l t s  a n d  D i s c u s s l o n

Figure l sho、vs thc distribution of thc ratio of NPP

estimated for 2080 (A2 sccnario, input C02

conccntration is 713 ppm)tO NPP for current climatc

condition.The ratio averages was l.35 and maxima1/

■linilnunl valucs ratio sho、vcd 2.04 / 0.90. In thc

distribution of the ratio,the high ratio can bc observed

in highcr latitude and in higher elevation arca

For evaluating the effcct of nitrogen on NPP

Table 2. (〕 02 COnCentration and changes in

averages of cach clilnate data bet、veen GCヽ 4

experilnent  data  to  Normals   Changes  in

temperature is representcd as the diffcrence and

changcs in precipitation and radiation is the ratio

of GCM to Normals.C02 COnCentration used for

2000 is 367 ppm.

B2SccnarloScenarlo

Year

A2Sccnarlo

2050   2080 2050   2080

C02(ppm)     537   713    476   570

Tcmperaturc(℃) 208  354  207  273
Precipitation        l ll    l.09     106    1 08

Radiation          l 10    1 13     1.12    1 14
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Fig l Distrlbution of thc ratio of NPP estttated

fOr 2080(地 scCnario,上wllt C02 00nCelltration is
713 ppm)tO NPP for cllrrcllt climtte condition

estimation,tllc rcsu■s of NPP estimatcd tt BGGC

model  and dlc  existing bio‐ geo野 aphical model
`BIOME3'were compalcd llllder each scenario(Fig

2)In BGGC model,tllc diffcrcncc of input climatc

data scts behtteen tt and B2 scen釘 lo caused a little

differencc to tllc rcsult of estullated NPP valucs But

the results of NPP as sillllLllated by BIOME3 showed

largcr difference bet、veen tl■csc t、vo scenarios Much

morc di宜もrcncc can be obsetted in thc incrcaslllg ratc

of NPP between the results of BGGC alld BIOME3

Thcsc rcsults■lett thtt all elevatcd C02 COnCen廿航lon

and an incrcascd oftcmperatwe have a drcctェ nflucnce

on the estもmatiOn ofNPP in BIOME3

1400

1200

1000

800

600

2000          2050          2000

year

Fig 2 Coll■panig the averagcs of NPP cstimatcd

by BGGC mOdel witl■ b10‐gcograplucal model
`BIOME3'for each scenarlo

lttR this study,although thc val■ation of soil nitrOgen

contcllt accordlllg to tlle clullate changc was not

cOnsidered, the sitttliflcant ercct of nitrOgcn on

estllnathg NPP was cvidcllt Nittogen IIlteracts witl■

elevated C02 and tCmpcratllrc, decreaslllg NPP with

incrcasing  nitrogen  lilllitations  Thc  tcrlcstlial

e C O t t S t e m  w a s  g e n e r a lけp r c d i c t e d  t o  b e  a  n e t  s i l l l t  f O r
cal・bon but it coLlld bC over― estttnated 、vithout tllc

迅trogcn limiting tl■e photosyll■lesis
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