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Developing climate change scenarios for impact assessment with the results of transient

experiments of General Circulation Models
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Kiyoshi Takahashi Tomotada Okamura Yuzuru Matsuoka  Hideo Harasawa

ABSTRACT: In order to develop climate change scenarios for impact assessments with the results of
General Circulation Models (GCMs), it is important to examine which characteristics of the results can
be taken into account with rational confidence. For the purpose, we listed up some important
characteristics of GCMs to be used for creating climate change scenarios for impact assessment, and
evaluated the ability of each GCMs to reproduce the characteristics with comparing the results of GCMs
with the observed climatology data. Four characteristics are examined; regionally aggregated 30-years-
mean annual-mean temperature/precipitation, spatial distribution of 30-years-mean annual-mean
temperature, regionally aggregated 30-years-mean monthly temperature/precipitation (intra-annual
variability of climatology), and inter-annual variability of annual-mean temperature. Some GCMs are
found to have less ability to reproduce the observed climatology than others. Regionally aggregated 30-
years-mean annual-mean temperature can be reproduced well, however, spatial distribution cannot be
predicted well enough to be directly used for creating climate change scenarios for impact assessment.
Monthly temperature is also reproduced well except for some models and regions. Generally
precipitation is worse reproduced than temperature.

KEYWORD; General Circulation Model, Climate Change Impact, Climate Scenario

1 @FLsHIic

SRERZNSRE LAEERNZEBRCFEIETETE, TMEONRR OV THEEFOLZDOET IV E
HEL, TOANT—FELTEXOREIFULEEHTL. PEFTMCTO AENb EHHEEICANS
N5, BRELEHEOMBICBNTE,. RROBRAHMERIRT —JIC—RB2OZRLAZMAZD., HA2E
—BOLRTHEAESENT O LEZR/RELLD T BESFRNZARICLIDEREE T UL EREL.
BEIMETVOANE LKL, 1990 ERICA> Th S, EHREABOKRETIVOREEICHN, KEPERE
DEAABEREBOLE S I 2L a VEREZRREBELTHWED, BROBRKHET - ICR=E
DRAZBE 1 EHEERFOEEZERNEDED I ETRRIBERETZIHAENELLTHVWS R, 90
ERBEICE. XK. BE. SXBIVEEHOZXATHERZEDEGEBET VOXENAEICES, B
ROBENEH ABENFRICOIEOBETILRETIEBERE, BROBEDRAIARBER(LLZS T
JFELTEHEIAHBEBRELLERNETHONDEIICE>TETVS, 2HRHABOERCYENEOE
MhSHRDE, BHEBEEILERCLZ2AEEZAVRIET. ¥ E2ZUL L ATLOERHELZERL .

! BT E B %FT  National Institute for Environmental Studies, Environment Agency
IR EE T2 ER  Graduate School of Engineering, Kyoto University

— 521 —



SODHENLYEREATEICRS, FLTOBERVELSFR2ERVITVDOD., EX2EHIVEROS
HATG—NOEHE NS EEHROREEBRIIONTOHFRBIBHREINBDZ LR, BRBEKRIIL D
BOHEL, EXOEHELEFICANLZLETOREOREEZTORICEDTH S,

EROBRBCHEFR TR . EFRENHMBCER I T UAERE LHEFEETNOANE LEEDIZ,
FOFMERROLBIIBLT, TN OB ET I VICERT 2RV EKES FTUARERTZENE
KBtk d. MROCHEBMOLRNRETH -2, TOREEN S, IPCC TIH 2001 FTOREREBEHTH
ERFEBREF AT TRETGHEROHELBEZ2E BT SEDIC. REZSHPEIMOLDOF Y
FRETDY AT 7N —7 (TGCIA) 2D, HEKBRETNEHVWERES T UL REOEEN2FEE
RETZLLEBIE, TOK[MBELTUVARECBELTAVWSNANERFOKELBETINIRLEHHERE
LRBROBREZNEL., 15—y F2BEUCTLM - AT 2420 IPCC T—yEME>F— (IPCC-
DDC, http:/fipec-dde.cru.uea.ac.uk/ipce_dde.html) Z8IH L ZOERAMNBEE > TWS,

TGCIACLDREINE T UARTBOFHEERMAITZICHE->THE, (1) IPCC-DDC TR#E=NZ A
KLGBEFRGETVEHOREACHECHETIERET D, [BRTETNOEVWCEDERTZBEEND,
BRNOYETFHICELAEAKBETIVEERTSZ &, (2) TGCIA TRESINBEKEIFTIUAREOEDO
BRFEMCAERT #EELZ, PTHEREZELOCFTUARECEB L TERMICHHTZ LT, ¥FUF
BREFEOBRICEVEZ DI 2HEIMOBEORELEMEZRAL THB &, HEETHD., BEL
DWT, FESBERAKERRE L AHEFECBL TELEHETEH U AEENR ST U A EERT
B7DITIE 15~30 EMOFTE[MEAVOIRENDD LR ERRRTELNTOREIRNRITRIEE
U, ZHXTRITFEICHET2RMOBERE2E LD 5,

K[EBEEBICLZBECHIRR. FHEENOEEBE22REAMTIHET 2HBIC. TOHMEREEXETS
FEA2RBEEHERBIBRLEKRTH S, £ HROBBILEMEEZE T2 2100 EREETOM
RYEHEFHR[B LEAT 20CEFHEINZ) EVoAEVELARSAVSN SN, HEBHEFHITBVW TR,
SJBEELOHBHRED L. EAHNOED, £20EHPERNAKLKREN,. EHNLBKBEELOERIC
MATEETHZ, EHETIR, KBEBEABO2OOKBRERZIIONT, 2HREAEOEEFHTHEL X
NE2KBOHRBEEZETTINNEORERBRTELINIOWT, BRIF—F2HAWTHEHIN ZERT 5L
v FEDRBIZLD WS DIAOEEANSELD. ¥BFHEOLDOKUES T A BRTEOBROKRE TIVER
DEHEEZZZELEENET 5,

FETHEIMROERELEMNEELDR, RETEH, FRKESFTUTHERBLTRBEET VLS DR
PHHEINIEREET. TNTNRDOVWT S ETORBEETNVAMICHVWDIERERZR L2, 3ETE., &
ETNOFMERERLETOERZTRD, KVWIZ, ARNICEDBESNEARZ2ELDHE&DIT, ¥F
UABREOBROGBEETNVERCELUTSBECRANVEREZRT,

2 BMBRVFTUARBOEDHDORKRET I FELSE
SEBEEHYEFIMETVOANCKEALZETTNCLIOMHEREREZHNS Z &3, BRIIKIZHRITIC
FLEENRBECORINRICRIBRELOFEAND D, SBORBCHEVE TIIEEN R K LR
DTV ERZENTVSY, BRALBWTZTOMERMETHCEZEMNHATSICEREFTTHD. &1
BN ERETTFUENOBVRREBET AR E, SBOEEEEDEISEAZ L. LFL. Thid
BIfE IPCC-DDC TERAINTVBHATRETINOHAEREZRMOGHES T UAREICHA NS T &4
KiznEWD ZETEHEL, BROBEEKBETNVSUERRELS 22— b TETWBARAIZDWTIE, B
BHIZIEA L TW<SERH D, £11d IPCC-DDC LTREEINZ 7T ODOWERKLIZBEEIBETNE
BREELDTND. TNETNOETFNR—E—END D NN ZFEITRVEN, ETTHEDVT, ¥
BEE. AR, RMESE. BAKRE., BH, 84, BE. SEOVI 2l —Ya YERMREEIATHS

— 522 —



#1 IPCC-DDC TR#SINBFEERBEETNVER

CCSR CCCma CSIRO GFDL HADCM2 ECHAM4 NCAR
- 56° x56° 37° x37° 32° x56° 45 x75° 25 x375 28 x28 45 x15
A-GOMOBRIE ™ 5o 1078 ;] o 1978 1978 o
_ 28° x28 18 x18° 32° x56° 45 %375 25 x375° 28 x28° 1° x1°
O-GOMODRERE 1™ 7 2078 218 128 20/ 1@ 20/
HAEFERCO2ZME | 345ppmv 295ppmv 330ppmv 300ppmv 323ppmv 354ppmv 330ppmv
BiZEBRCO2MEINEE 1%/yr 1%/yr 0.9%/yr 1%/yr 1%/yr 1%/yr 1%/yr
HERERD 1890-2099 1900~-2100 1881-2100 1958-2057 1860-2099 1860-2099 1901-2036
Eal-—-a | 210yr 200yr 219yr 100yr 240yr 240yr 136yr
SiERE 3.5°C 35°C 43°C 3.7°C 2.5°C 2.6°C 45°C
oo Abe—Ouchi Flato et al, Gordon and Manabe Johns et al. Roeckner
BEAER : :
BRAR etal 1998 1998  OFarrell 1997 et al. 1991 1997 etal, 1995 Meehh 1997

BN, ARETEREL O¥EFBETNICBVWTEERGRETEL TRV LN TS EHKR EBEKEIC
EEHL. EESNERZITL> TOWSBEFEE T (Takahashi et al., 1998) DREZFUF EHRET 2
BICBEEINBHERETV TV OLOFMERELZEYD, EKBEFNOS I 2L —a YRERESN
Lz, FEBTE. HEEEORETOVWTHHAT S,

EESOHFETIHEFHTTVHEONRBBIIHREKTH Y, BEOBEEL L TIHEEYEEEN
ORE. ANRE~NOEE, BHEENOHE, XSUTERBRUTHEENOPEO4DERIE>TWS., T
OYEFMETIIZ. BEMBEEN 05° Ay ia. BMERGESALYHOERT —FEANT—FELT
RELT D, EEMBEN 1~5° THOIRAZBETTINOBREEERGBE 0.5° OWENMIANDZD
KEARAT I D BEEBVEBRIZTREIBENEVED. AHXTHRKOLEET R LB E
7730 . '

FE—I, BEFNORRGKEFRLZBBENTBET 0. FEFTNOHEBEERRL S TICRIAE
HF— 5 OELHKE/ERKRD 30 EREME (1961~90 4F) ZHF 124 (F7UH, F—A 35U
TeZa—-Y—5 R, PR -GERTOT. BRI, BETCT. BFTOT7. HYE, BM. TAUL
GRE, WFF. BH, BER) KOWTHEFLLELE (OHF1). RIFFE T —F X LINK (New et al.,
1998) MR L2, JOMBMRNIL IPCC 8 2 EER2OMBIBRES OHHER FICETE, | HIHOE
ERAEWBDORDIDVTRECHMELEDDTH S,

KIS, BEFETTINTHLWLNS 0.5° X05° FUy RURJVOKEZEHNCEORERETENZ
ARBEDI, BETNOERERR L HAELHRR/ERKROTEMLEMNT —F I & 2 FEME O
EHETY Y RTLIEHEL, Z0HMEESHBREASCDVWTHESLE (47 2).

SHIICRURETIHREOERARFZR L LB, FREHOXZRABVEETH S, AXTEEEAIIR>
e, FEENEALUTH> THREHOSENRRERZNE. EPOLEBRRE b0 ERD, BWETET
FVOAANF—FIREBTHZDT, BEEFNORBEERLZ S VBT —7 0 A PHRBLEM/ AREK
BPE@EE2EA SHEICDWTEF LEKRLE (5H3). ZOH. FRNOEBRERTREO—DELT
HBEBETFIVOEBFAKRE/ ABRKBOEEHENS OREZEEL., BTN ELEE L.

B, REEHHETFEOMEI SEBOEREZRET 22D, ExOLEBEEERT D I ENE
ETHDH, BECEHLTEAE. BES  FAMERHICHETERIIRERLTBBENHD L. A
REZELU TREEC 1 EEZ2BKRENONEERHNTILNENHZ.E4OLHLEOTMERESLL T,
BERBREFNOREETLHRIE/EBKRINTIEEOELHRIR /BAKROREEFEL. BRECT
nEwgLiE (BHHF4).

— 523 —



3 MRETNORME

3.1 S 1 EFY
H1E7TO0HAKEETTIVE LINKBERT—5 D
30 ERELFLHJBOHRES 2RT. NCAR 7
V& GFDL EFNAREMBICEWTHBE, S ZH
FHED EEDIZ3I~5CTN TS, KBEEHHEN
100 £ T 2CHIBOK[BLAEZROESIZLE2EET
5L, NG 2DDEFINOBERRENTH B LN
A%, REOHBICBWTHERKBEET N ORmRHEs
BREIES . EKRT TNV ERA WY F UL EE
OEHENDN S, K2 BEKBEZDODWTH 1 &R
DEHZFTRSEDBDOTHS., BAKBIZELTD
NCAR EF LV OEEIIEL< . ECHAM4 TF )V &
HADCM?2 EFILOBEIILENE L, QBOHEAL
BWY, BRASEESETTVOROBIIMEST S
EMEL, BESBRETNOFREER2LZ VWD HE
WHEVDEHTIERY, LML, BEREMOoEENRZE
BOKNZERHETETWEAR. KRBEZFULERED
BiIcHRSETHLZAB L NARWN,

3.2 SH2 :0.5° X05° ORMSH

H 330 FEEFEBIBICDODVWTETIIVESE
LINK BHEOZ2& 7 ) v RERHEL. 0N
BEE2EFLEDBOTHS., TN 05° X0.5° DEEK
ETOEBMMNELTEERRTEHERTH, LEY
BWHEE %D ECHAM4° HADCM2 TH 1~3C®D
BENHD, BWEHBEGECETIHEMETT IV
THESKBETTVHAZEBEANRE I FTULEL
TRIATERVWIERRLTWS, BRHF—FOEE

EERWEAS—Y T (IPCC,1994) HEDOFEZRAL

DHENRD D,
3.3 S 3  FRNER - BATME

X 41 30 FEEEFEEHKRICHT 2 30 £ EA LY
SBOREERLTVS, [IROBEHHMOERNOR
EELTHWEZ. NCAR E5)Vid LINK BHEIZDOWT
FRCHEINZEENSANLEEZRTDHOD., D
EFNVEERHIEHREBENOTEOIESDEER
KEBTZZENb2D, IR, KETTFIIOHE
RicL0BONARKORH 4 AELICETIHEAIR,
SRV TUTRERER SN 2BEOEBEENHS
EERLTNS, MO 30 ELFEALHKEZEAN
FoFERBELEEIA (R BERETOH). NCAR
EFNOTFHEREERS LE OHIBRTERHSFENEL

3 f e

®CCSR
wCCCma
O g +" I ACSIRO
s 2., .48 R 2 XGFDL
%é 3 ® ©HADCM2
207 -5® - n - e Q,é ® ECHAM4
2 X +NCAR
5 15 B 3 R OLINK
o .
® 0F -4 - | -G
e 8%
I 2 +
0 x . _
DR S
O N S A
Tl XA EE YN R ST KK
J R w7 7R = 4
Ar HD D
7 77z BHRS
7
B &HHBO0FEEEEEHTE
3000 T " @CCSR
+ M CCCma
ACSIRO
2500 b~~~ o - R by
OHADCM2
a @ ECHAM4
g0 +o +NCAR
E a i OUNK
bm ----------------------- &9 ---
o + ?X A
= X
¥ 1000 ---~+‘»-+-9-—7+»+-§-+A§?;--‘A
[ ] X ’ O i
& x 8 &é *
500 _A,u?..g ______________________
T A A RBEBERE FE A
20 R EE Y NR S OkR K
R W77 M s
Aok A
7 7z IR S
K2 Big 305 FEEMEBEKE
59
P @ CCSR
% + 2 CCCma
@8- B ACSIRO
,% X GFDL
w7 i OHADCM2
¥ @ECHAMA
6 - R § .
§ + + +NCAR
5 ,,,,,,,,,,,,,,,,,,,,,, - [
i ; ¥ —+ * i
b ,gwg__ N
8 5 . "X X
%3 :;:(. ..,.,,,,§.,..,>.<., i'
A
§2*¢r-!7t;g2§'e
g2, e, 2
At -9 S
" L
ol f—
FADPHEERBBESHADHA
Tl ERmEE MR KX
Yy oz w7 7 A |- g
Ay m T
7 77z HEES

3

— 524 —

NEFEEFHRROTFAELRAENE
(FYYRE D5 5B D b H 5)



CERINTOWBIENDLND, ZHEUCCSRETFTNOFRIZ DOV TOFERLRIIFENICEENKEN,

K6 RBKBIIODWTHA4 ERBEOEFETR>LLDOTH D, HEKBETIVICIDHFENRE I
RENSWHIENEET S, BENKEVHRTREFBEOLRESB2EMNH 2. THEEREHOKX
EVHB THKBOZRESMERE TS ENEHBTHD I LERLTVS, B 7EBKEDAESHOHK

EHIOVWTEREATOMAERL TS, SRIELT. SHAHES E<EHINTWARN,

18

" #CCSR . _ .
s o &CCCma —e—CCSR
* ACSIRO —a—CCCma
14 L e - __ XGFDL 30 © " —a—CSIRO
s Q O HADCM2 —-GFDL
o ¥ x4 %A _ . ®ECHAM4 25 - - —o—HADCM?2
3 A [ ] +NCAR —e—ECHAM4
oo b OLINK 2 __——NCAR
g * Q é ° =&=LINK
w.‘gs' (3 7 B
6 L ---%- - - e ? v
§ ® 10
N RSN « R v _
¥ ol
S E R RN RS H ow T
ST mm%® Yy M F % % .
Yy R # 7 7 A =¥
hr ®mI T
I 7z RS -1t -
7
4 30 EFEATEYRBOEEHRENCDORE E5 30FETFEAFHRE(ERE)
2 B o "7 eCOSR 140 _ )
. B CCCma —e—CCSR
+ . ACSIRO ~@--CCCma
2 b A L -+~ - - - XGFDL 120 ~+—CSIRO
~ ® OHADCM2 ~¢GFDL
> @ ECHAM4 —o—HADCM2
!;: N P v o +NCAR = 100 ¢ —8—~ECHAM4
£ s S N OLINK z —+—NCAR
. —&=LINK
g (@] 6 X o> L é 80 - N
o L AOR ”“_wgm E
§ $ . s + * M g 60
o + o ¢ + + st
o5 | -7 .,_.ﬁ_*,_ - .(gxé%,o . NP I
® 2
@ X L) & 20 |- - - -
Sty e R A M E R E S E A
FARES NI VR BB N e et
y xR 77 R % 0
P 2 3 4 5 6 7 8 9 10 11 12
7 77 HIRE S A
7

e FEATHARKBENETHHBKRIOORE B7 304 FEABKR(ERE

3.4 S 4 E4LEH

X8 it 30 EREETHERICHTHEE (1961~90F) ELHIRORETHY . EEHKJBROFLE
BOESVWERLTVWS, EFLVEOCEEARENY, HL OB THRAKEETNVORRBEERVWSI LT
BRELVESNEELEBEEZN Y OMETERAETHIZENbYNS, Chid. RETETNOHE
ERICLVRFSINEFROELEHENLII OV TOMNRE, [BESFTUFTREMICHATEDWEESDH
5 EERLTNS,

— 525 —



12 rmm o m e el 4 BbbUIC

1 ) gg% EPFETE. RESBETN KL BEREOBEIRS
zmazém<3m@§ﬁt§ﬁmTWMLte%@%%‘

So8l e ecchams NCAR EF/L & GFDL EFNVIZEROGMES T U+
3 i © . S BB BHENTENTHE T EMDR ST,
R L §§”‘”"’ £, PFUTREC L > THESBET NV OGE
ool 14(?9,1 grigde ® BROFRIEE B OVHHEHENENT LA
s8¢ «3 53 BEnz, GRICOVTRENDA « B8 b & <
2§ g INTVBA. BAICOW TR+ - EF
) NEB, SREFVOMBYEREREL. FROELE
3i!$¥¥§m§§** BERIDWTH»HEEERBETELARAEEA5

nt w3 _— Eobhok., AFETE. G eMAREFENS

2 ELTED LW, W O OHEEEITK > TEF VT

E8 FEFHMRBICRTIEEEHNRENRE ETR2EN. 5%, SERRTFNICETOTERS

NESBEFUAEZRETFMETVICAALT, £0O
HEERZEANSRT -5 2 AN E L EEERB LUK TE I & TLDABNARIRE T IVIFE - KBS T
UAREFEIMET D LN EARBZEELALSNS,

5l A>Tk

Abe-Ouchi, A. et al. (1998): Outline of CCSR-98 coupled atmosphere and ocean model and experiments,
Internal Report of the Centre for Climate System Research, University of Tokyo, Japan.

Flato, G.M., G.J, Boer, W.G. Lee, N.A. McFarlane, D. Ramsden, M.C. Reader and A.J. Weaver (1998):
The Canadian Centre for Climate Modelling and Analysis Global Coupled Model and its Climate,
submitted to Climate Dynamics.

Gordon, H.B. and S.P. O'Farrell (1997): Transient climate change in the CSIRO coupled model with
dynamic sea ice, Monthly Weather. Review, 125, 875- 907.

IPCC (1994): IPCC Technical guidelines for assessing climate change impacts and adaptations.

Johns, T.C., R.E. Carnell, J.F. Crossley, J.M. Gregory, J.F.B. Mitchell, C.A. Senior, S.F.B. Tett and R.A.
Wood (1997): The second Hadley Centre coupled ocean-atmosphere GCM: model description, spin up
and validation, Climate Dynamics, 13, 103-134.

Manabe, S., R.J. Stouffer, M.J. Spelman and K. Bryan (1991): Transient responses of a coupled ocean-
atmosphere model to gradual changes of atmospheric CO2. Part I: Annual mean response, J. Climate, 4,
785-818.

Meehl, G.A. (1997): Modification of surface fluxes from component models in global coupled models, dJ.
Climate, 10, 2811-2825.

New, M., M. Hulme and P. Jones (1998): Representing twentieth century space-time climate variabilty. I:
Development of a 1961-1990 mean monthly terrestrial climatology, J. Climate.

Roeckener, E. (1995): Parameterization of cloud radiative properties in the ECHAM4 model. In
Proceedings of the WCRP Workshop on “Cloud Microphysics Parameterizations in Global atmospheric
Circulation models”, WCRP-90, 105-116, WMO/TD-No. 713.

Takahashi, K., Y. Matsuoka and H. Harasawa (1998): Impacts of climate change on water resources,
crop production and natural ecosystem in the Asia and Pacific region, J. of Global Environment
Engineering, 4, 91-103.

— 526 —



