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International Workshop on Global Change Projection:
Modeling, Intercomparison, and Impact Assessment
jointly with
2nd International Workshop on KAKUSHIN Program
Date: 18-20, February, 2009

Venue: Hamakaze (4F, 18th) and Seiryuu (4F, 19th-20th)
Yokohama Bay Sheraton Hotel, Yokohama, Japan

Day 1 (February 18, Wed.,)

8:30-9:00 Registration

Welcome

9:00-9:15 Masahide Kimoto (CCSR, Univ. Tokyo)

Sessionl:Near-term prediction (Chair: M. Kimoto)

9:15-9:40 Noel Keenlyside (IfM-GEOMAR)
North Atlantic Decadal Climate Variability: Prediction and global impact
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9:40-10:05 | Nick Dunstone (Hadley Centre)
Impact of Initial Conditions and Initialisation Strategy on Decadal Climate
Predictions
10:05-10:30 | Aixue Hu (NCAR)
Decadal Prediction in the Pacific
10:30-10:55 | Shaoging Zhang (GFDL)
Potential Predictability of the Atlantic Meridional Overturning Circulation
Depending on Observing Systems
10:55-11:15 Break
11:15-11:40 | Takashi Mochizuki (JAMSTEC)
Pacific Decadal Oscillation Hindcasts Relevant to Near-term Climate
Prediction
11:40-12:05 | Yoshimitsu Chikamoto (CCSR, Univ. Tokyo)
Ensemble Generation Method for Near-term Climate Prediction
12:05-12:30 | Masayoshi Ishii (JAMSTEC)
Toward Less-uncertain Short-term Climate Predictions
12:30-14:00 Lunch

Session 2: Extreme events (Chair: S. Kusunoki)

14:00-14:25 | Kevin Hodges (ESSC)
Extra-tropical Cyclones in a Warmer Climate
14:25-14:50 | Ryo Mizuta (AESTO/MRI)
Future Changes in Winter Storm Activity in the MRI High-resolution AGCM
14:50-15:15 | Suzana Camargo (LDEO)
Modulation of Tropical Cyclone Activity by ENSO and MJO
15:15-15:40 | Kazuyoshi Oouchi (FRCGC)
A Simulated Preconditioning of Typhoon Genesis Controlled by a Boreal
Summer Madden-Julian Oscillation Event in a Global Cloud-system-resolving
Model
15:40-16:00 Break
16:00-16:25 | Masuo Nakano (AESTO/MRI)

Projection of the Changes in the Future Extremes over Japan using a

Cloud-Resolving Model (JMA-NHM) (1): Model verification and first results
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16:25-16:50
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Sachie Kanada (AESTO/MRI)
Projection of the Changes in the Future Extremes over Japan Using a

Cloud-Resolving Model (JMA-NHM) (2): Change in heavy precipitation

16:50-17:15

Eiki Shindo (MRI)
Typhoon Formation and Development Experiment with a High Resolution

Global Model and a Mesoscale Model

17:15-17:40

Kazuhisa Tuboki (HyARC/Nagoya U)
Typhoon Simulation in Present and Future Climate Conditions using the

Cloud-resolving Model

18:00-20:00

Dinner

Day 2 (February 19, Thu.)

Session 3: CMIP3 model intercomparison (Chair: Y. Takayabu)

9:00-9:30 Peter Gleckler (PCMDI)

Performance Metrics for Climate Models in AR5

9:30-10:00 Chidong Zhang (Univ. of Miami)
Simulations of the Madden-Julian Oscillation by Global Climate Models

10:00-10:20 | Yukari N. Takayabu (CCSR, Univ. Tokyo)
Evaluations of CMIP3 Model Performances for Various Phenomena in the
Atmosphere and Oceans, in the Present-Day Climate and in Future
Projections in the MOE S-5 project

10:20-10:40 | Satoru Yokoi and Yukari N. Takayabu (CCSR, Univ. Tokyo)
Multi-model Projection of Tropical Cyclogenesis over the Western North
Pacific using CMIP3 Archive

10:40-11:00 Break

11:00-11:20 | Yu Kosaka and Hisashi Nakamura (Univ. of Tokyo)
Atmospheric Circulation and Its Variability over the Summertime
Northwestern Pacific Simulated in the CMIP3 Climate Models

11:20-11:40 | Tomoshige Inoue and Hiroaki Ueda (Univ. Tsukuba)

Comparison of the Seasonal Evolution of the Summer Monsoon over the Asian

and Western North Pacific Sector in the WCRP CMIP3 Multi-model

Experiments
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11:40-12:00

Kazuhiro Oshima, and Yoichi Tanimoto (EES, Hokkaido Univ.)
An Evaluation in Reproducibility of Pacific Decadal Oscillation on the

Simulations of CMIP3 Models

12:00-12:20

Masakazu Sueyoshi, Tamaki Yasuda, and Tomoaki Ose (MRI)
First Baroclinic Rossby Radius in CMIP3 models

12:20-12:40

Hiroki Ichikawa, Hirohiko Masunaga, and Hiroshi Kanzawa (Nagoya Univ.)
Evaluation of Precipitation and Upper-level Clouds Associated with

Large-scale Circulation over the Tropical Pacific Ocean in the Coupled
AOGCMs

12:40-14:15

Lunch

Session4: Long-term projection (Chair: M. Kawamiya)

14:15-14:40 | Jean-Fran 77 ois Lamarque (NCAR)
Chemistry Simulations in IPCC AR5

14:40-15:05 | Michio Kawamiya (JAMSTEC)
Challenges for Long-term Global Warming Projection using an Earth System
Model

15:05-15:30 | Etsushi Kato (JAMSTEC)
Modeling the Global Vegetation Fire Emissions for the Scenario Data of
Integrated Assessment Model

15:30-15:50 Break

15:50-16:15 | Yingping Wang (CSIRO)
Estimates of Global N2 Fixation over Land and Implications for
Carbon-climate Feedback

16:15-16:40 | Tomohiro Hajima (JAMSTEC)
Dynamic Vegetation Model Coupled to GCM

16:40-17:05 | Anand Gnanadesikan (GFDL)
Ocean biogeochemical cycling in the GFDL AR5 models

17:05-17:30 | Kazuhiro Misumi (CRIEPI)

Ocean Ecosystem Modeling at CRIEPI

Day 3 (February 20, Fri.,)

Session 5: Impact assessments (Chair: S. Kusunoki)
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Jun Magome (PWRI)
Preliminary Analysis of Future Changes of Mekong River Discharges using

Super-high-resolution JMA AGCM Outputs

9:55-10:20

Tomohiro Yasuda (DPRI, Kyoto Univ.)
Assessment for Effects of Global Warming on Sea Surface Wind, Wave Climate

and Typhoon Based on the MRI/JMA AGCM

10:20-10:45

Sunmin Kim (DPRI, Kyoto Univ.)
Assessing Climate Change Impact on Water Resources Management in the

Tone River Basin, Japan Considering Dam Reservoir Operation

10:45-11:05

Break

11:05-11:30

Toshichika Iizumi (NIAES)
A Probabilistic Assessment of Climate Change Impact on Productivity and

Variability of Paddy Rice Yield in Japan

11:30-11:55

Shinjiro Kanae (Tokyo Institute of Technology)
An Estimate of Future Global Population at Risk of Flooding

11:55-12:20

Taketo Hashioka (JAMSTEC)
Potential Impact of Global Warming on Marine Ecosystem in the Western

North Pacific

12:20-13:00

Discussion

END
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-Wind velocity
-Precipitation
-Radiation

-CO2 concentration ey
-Air humidity I
_L Net
-2mtemperature Ecosyst_em
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-Leafarea
-‘BIOME

1 AGCM + BhAORERREA=E5 v (SEIB-DGVM) & DA 7iE
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J— 15
80°5 — - - M

oe 100° 160°W BO*W
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X2 AGCM + BB L (SEIB-DGVM) fEAET /VIZ L D3
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LATITUDE

TBO"W
LONGITUDE

X3  AGCM + BhHRERKEA=E5 v (SEIB-DGVM) FE4EF /I Xk AHEESY
FHOFHR (FrF4 A F v 71004 H)

B e s e S S S e 2 2 T e e o o o

JL# (Biome code: biome type)

0: water body  (H) 9: boreal evergreen forest / woodland
1: polar desert 10: boreal deciduous forest / woodland
2: arctic/alpine-tundra 11: short grass land

3: tropical rain forest (wet in any month) 12: tall grass land

4: tropical rain forest (seasonal cycle of water situation)  13: moist savannas

5: tropical deciduous forest 14: dry savannas

6: temperate conifer forest 15: xeric woodland / scrub

7: temperate broad-leaved evergreen forest 16: arid shrubland / steppe

8: temperate deciduous forest 17: desert

R o R R R R R R AR R R AR e R R AR S R S R R R R R R R R R AR R R A

2. FT7TA VAT v T OHE

F o IA L TEHAET DO, WP HIRORFE T — VT DL ERRAIIE A 155 &
ERHDH, LLRRG, BERFEREZ e DO RESELIOI, HBTEINDZ LD
MoTEY, EAEETAOLEFA LAY Ty 71E, FHREERERNSKRICLE R 7-Dic, B
FEHITIEARV, £ 2T, AW TIE, ZENLRIEEZ TIECL G570, B REREAT
7V (SEIB-DGWM) HRIZL D, WbhwwbH A 774 VA Ty TOEANEITo T2,
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AAEEEIL, MEEEICBIXEE, FTTA VAL F v TBEONRG A—ZDORBEE{ToT2, D
FER. WAL EORBERIZONWT, RYREMOMEB/LIZ LN TER, . HER
RO Lo - HERBOMEERIZOWTIL, Jenkinson & Rayner (1977) DPRoth-CEF /LD
TEEEBMET N EBEIZ, HZRKTHECHREL., 2000ERRA Ty P52 8T, YA
ERRBERBEL /DN TEE (M),

1200, = T

800, — -

600, — -

®FE(PgC

400. U 9_ —

200, — -

0 200000 400000 600000

H

X4 BSR4 TE TV (SEIB-DGVM) BRIz k3 HEB I Y ¥ —F
BREBEOAEF v 7 (20004ER])

FEET, BANRAY Ty 7OFEL, 1SIEMITHZENTER, ZOFELIZ, O
FTIFGA VA Ty T ER200EMITI QA T4 VAV Ty FHIBVMEREIT 5, L ET,
BABETFTNTOREL-EBEL., SITHIRT AR TER LY TR T,

Stk BEETNVHDICEHREENELZY . hORBEET NV~DOBHEZR ETRENAT
APECTEBAITIE, I 2EBRE C MEL BEREL T2 LR TH L LEX OIS,
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(2) AGCM-SEIBDGVMfE & &7 /VIC X 5 IRRE(L T FZ5R

EALET CHES T D LENS. RIEY AT AT T M HES SHUT=SEIB-DGVMD 28 8h % fi -~ % 7=
B, (1) -1THERL L 72 AGCM-SEIBDGVMAE A& 7 /L & AW T IRIBLREIZ B 1T 2 PR EBRE21T - 72,
FAVN7ZAGCMIZCCSR/NIES AGCMTH 0 . HIERS 2T LA T VI L RS FHITHW S 51
EE & [ CTA20D 3 E THEBRZAT > 72 BRE T AIEL20 ),

FT7T7A4 AT v X ()2 TH LRI, RO XS RFIETITo72 (K5), F
4. Kato & Kawamiya (2009) ®AGCM-SimCYCLEfS & E T A OELNT-FEROK ST — 2 &2 7
F— 7k L, #9280ppmy DCO2EE D ) & 2000 DSEIB-DCVMA > 7 A » A T v 7 %4T
oTce TOFTITA VAT v X TROLNTRSE - HAEOWIEAZ & & 12, AGCM-SEIBfS &€
TIVTLOFED A T A VAT v 7 %475 LRIRFIZ, SEIBDRE A SNTRIETORR T — ¥
ZHNT D, ZOKRRT— X EHOTHOA 7 7 A VSEIB-DGWMD AT > 7 %475, LLED
ERIZE VD . RROWEY B KOO KRFMREEROAC T v TRET ENT I LIl D, &
1T, AGCM-SEIBFEAET IV TIOVED A Y T v T HITV, REBRO - O DOHENE T LT,
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Initial Carbon

Climate > Spin-up Run

Initial Carbon

Initial Carbon & Climate

Carbon coupled
Experiment

X5 AGCM-SEIBDGVMFE &€ T M K DIRBB(LFERZIT O T2 DDA U T v 7O T &

IR FEBRIZ AWV D e > U A IESRES A23F U A Th 0, WEkKmEfEER L OSST, K-
MICEI HC027 7 » 7 AlXYoshikawa et al. (2007) DHAFERE 7 +—v 77 —% L LT
FAV=,

B161%., AGCM-SEIBfE & E 7T /WMIZ K o TPl S 72C02iE & & RECEHH EXIR CTh 5,
Yoshikawa et al. (2007) TIX20004E)2 521004 F T2 L #£600ppmv_EFH LTV =23, KR5EER
TIEEB L Z400ppmv D EFICH o7z, ZhiE, BAET A CHEA I DR EARERET AN
Sim-CYCLEZ» HSEIB-DGVMICE TR SN/ E WO Bl b H DD, AV U T v I RAR+T45Tho7T2Z
EIMRBZBND, FEIZ, 19004FE~20004E D/, £ 7 /L FRIEIIBLAIEZ TREI> TLE > TV D,
ZHUE, AU TA U TOAE T v T EI0BAT 272 b DD, KA-F FAERERRO BN D
SEFRBIZETELTEHT ., b BEE~DRFEBRIN DM A FE > TW2izdTH D
EBEZDOND, FVTA VALY T v T ORIIFSHOBETH Y | 15045 ~200F-FL M & T
RTHERD D,
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INODOEEEETDE, THIENDKRKCO2MEE I L OVREREL M AR a8 /N -1 Ot 1]
NDHEEZHBNDD, IPCCOREER L OO CHEME & g4 5 &, RE <G L7=FEET
X7 ho 7,

1100
1000 |(a) — AGCM-SEIB
900 | ——0Obs. + BURNCC

800 <€—>CAMIP (Friendlingstein et al., 2006) .
700 |

600 |
500 |
400 r
300

200
20

19 7<b)—AGCI\/I—SEIB
18 |

17 +
16 -
15 |
14

CO2 [ppm]

C025100-C02,000=430[ppm]
| | | | | | | | |

Air temperature at
2m [degree C]

12 T2100"T2000=3-1[°C]
1 b (in AR4: 2.5~4.5[°C])

1 0 1 1 1 1 1 1 1 1

1900
1920
1940
1960
1980
2000
2020
2040
2060
2080

X6 (a) AGCM-SEIBDGVMAE AT /LI X 5 RAKCO27m EE (BRAR) & BLHIME 3 X OSBURNCCE 7 /11T &
5 HHE GRER) . (b) AGCM-SEIBDGVMAE A€ T /W2 L » TRl & /- 2R EAIE.
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K71, EEEROHA R L OACM-SEIBfE A E T /LIZ L > TPl 72 19004E, 20004E, 21004F
BT DHEAES A T OB TH D, WAESHOFHMETH D2, EEROMAER & R 25 L4
(CHEAHA OHEEIZ T =N AN D b DD, RKRE D b @i M 2> TEEAR, TRk
RAR, IR, AL HET 5 LW O HMAFEINTWD, 72, 19004 & 200040
TR E REAERIIA LN T, YRR E R Lc, —HIRB(ERZIE, B OMEAE & &
R R Lc, FHZI Y TIZBW T RO 5o 2 AN L Tz (72720, fEE
SARTEEBINZ2ECH DO T, RSN Z Y » RiZB T, BANERL D L
ER S22V L IFEBRTIMENRD D), £7-Cox et al. (2000)12H 5 L 5 BVEHICBIT 5
KREUBLIR FRAR D% IBF I IR TR CIIMER S LR o 72,

Grassland

Desert

Tropical forest

Temperate evergreen forest
Temperate deciduous forest
Boreal forest

Tundra/Alpine

Model 1900 Model 2000 Model 2100

X7 AGCM-SEIBfE &E 7 /T X B HEAE 5347 O TR & SEFES ORE A 534

B EAERRRICBITDKET T v 7 ABIOUTEREDE T WHEEMEZ . RKUTR LIz, IPCCOH
HETHE SN TOWDIEICK L, #—RAPE & (GPP) & ISP (AR) 1327 [PgC yr ' 11E &l
KHEEZ LT DD, KRE-be BAERERI O SRR EE A i — R A pE & (NPP) 36 L OMEIR K
FEMPIE (HR) 1A STV D ME & D TEWES S Biviz, £z, ARFEBRCIELHHA A A
BREINTWRNHOO, IERO KRR EARERF O RFEINE T H 5 iR R A FE & (NEP) b
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I<HBlEN T, F72, 2000ERICE T 2 2 b OREBERIZ EN HHIINT 2 BMICH 5
D3, FEICNEPIZ DWW T B L2 2fFonz R LT,

BERIZIIT B IRFBIN & HI8IZ/R T, 19004~ 19404 F TOM, MEHE~DRFEORIITITE A
E7RnN, B EERRA~OWIUIDLTNCROND, ZHUT EICHIBRIZNAE T v T OR
BIZEDHDTHDLEEZOND, B EARRRIZEDR B IRFEDO T 7 ZHMiRF L, 2100412135
~6[PgC yr ' JFREDOWINE LT\ D, ZAUIFE~OWRIN L FRETHY | Bk WEELED
w5 E, NABPEHEORKI40%E I L7z Z &1272 5, Yoshikawa et al. (2007) CTld, 20504
Bk EAETER A~ ORI Lih, 21004EITIXRFE O IR~ L5 T Ty, AEER
TIEZED XD REMIEA LN, OB U CTEEMRMITIZE 2T > TR0, »e
OMOHHNEZ NS, £T. 19004EREICIIT 5 HERFZO N A EFEL BEESE TV
W2 EMEBZHND, R RIS OHUEE &2 ORE ERNAREWE FHIS TN D
M. ZOMWRE EFIZE b0, AEFICBT D EERFEOSMRORENETL B2 bR TW5,
KEBRDOAC T v 7 THBE SN HERFZEO M ETR5 &, BT D RAOERD L
FLEREINTW WD, {RBE(ERFC IS 5 3R R /MR FE 238/ MIEE STV 5 AlEENE
Nbd, TNERITIHEZOICIE, A7 T4 AT v I THHAT LIRS T — % 27 U
EEN—AD DO TIE R, BN —2ADKRRT —# 2T 5728 L, @URMEAESE X
ONHERFZBONSAEZFHTHILERNSH S, TOMOEH L LT, Yoshikawa et al. (2007) Tl
WADZIIEL LN DL LTWeh, RERTITEMATT VAR TS 2D, fE
OGN EIED IS U TRROMNCET 5, FRFCHRAROEESE BT 570, RIE
{ERFICLATAME KT 2 EEICH D, 2D OFRBIZ X Wi O —RAEE BN R L, REOK
IR & RSO RIS RSN R b e o B2 b b,

SHOMEE LTE, ATy TRHIMEHT 2 74— v I T — R 2 ERTH LT LD,
THRFOSHB IO AESMAZIELHET 2 ENET NG, o, FEroBucffkT
DT A =B EEZ T ETORBCIERE TS 52 L2k RIEEL L RFMEERIIx LT
REAES3AT DAL E OFEERE L T DO ENTT 2 LENH 5,
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#1 EREEEBRORFZZ o —BIWIKFEA by 7 H#HEEM

This research  This research
AR4(ARS)  (1990-1999) (2090-2099) 2090s/1990s

STOCK Live Vegetation (1) 466 -- 654 530 562 1.06
[PgC]  Soil Organic Carbon (@) 1567 —- 2011 1990 2201 1.11
Gross Primary Production (®) 120 1474 205.1 1.39
Autotrophic Respiration (@) 60 87.8 1243 1.42

[P?&O}y_q Net Primary Production (&) 60 585 78.2 1.34
Heterotrophic Respiration (©) 55 55.9 73.1 1.31

Land uptake (NEP) (D) 2.6 2.6 5.1 1.95

EMISSION (Forcing / A2 Scenarig)
LAND (No land use change) i
SEA (Forcing / A2 Scenario)

20,4 —

ALL
;10,— -
S ]
80 =
& 13
n

o ik Ak £ m _____ L — -

TR T £ Tl

] MUy v L
r” y H' ¥

B U e
1900 1920 1940 1960 1980 2000 2020 Z040 20BD Z0B0D

8 AGCM-SEIBfE & E T /LiZ AER R TR IV S HE T R

I
<SINK
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(3). SEIB-DGVMOMIROCR— A D& M5tk FEIEER G BT T L ~DfE A

REGMEERTERE 7 /L & BRIk - MEERFBER T T VD GG Sz, K- REFEERESET L
ZBA% L7-, ZAud. Yoshikawa et al. (2007)1Z X 5, MIROC— R DR~k FIFERAE ST T
)b (YoshikawahRKISSME) (ZxF L C, SEIB-DGWMZEA L7-H DT, PEKREMFEREZHL LTV D
Sim-CYCLED#4> % . SEIB-DGWMICE X#12 % = L Th 5,

AL, (1)-1TD, AGCMIR D XUE-PRIS R FEIEERFEAET LV ESBIIL, a— ROEE L |
FITOT A N & Tolz, L LR L, FATICIEZ K OHBEERE LE LT 572012, 5%I1%
LIEHL (D)-1TONRT A= OFERLa— ROFEN KD LOEFFOTETH D, £D%, &
VIA VA Ty T EITD, WL ODDT—<IZBWTCEREZRALDL TETH D,

2% 3CHk

Cox PM, Betts RA, Jones CD, Spall SA, and Totterdell IJ. (2000) Acceleration of global

warming due to carbon—cycle feedbacks in a coupled climate model. Nature, 408, 184-187.

Jenkinson D.S. and Rayner J.H. (1977). The turnover of soil organic matter in some of

the Rothamsted classical experiments. Soil Sci, 123, 298-305

Sato H, A Ito, T Kohyama (2007) SEIB-DGVM: A New Dynamic Global Vegetation Model using
a Spatially Explicit Individual-Based Approach, Ecological Modelling 200 (3-4), 279-307.

Yoshikawa, C., Kawamiya, M., Kato, T., Yamanaka, Y., Matsuno, T., (2007) Geographical

distribution of the feedback between future climate change and the carbon cycle. ]J.

Geophys. Res. Biogeosci., 113, 603002, doi:10.1029/2007JG000570.
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FEAR

TNEESNE. AERER NI B COMEER D-RER I, ISIATEE ATBTERFFE PR R pRE [ HERBREE SV
— R | GEEE (GB5R]) THIERERBEAFSE D B aifi~ 2 EREBIH & THIET A3 810 < BHag~ 1,
R, 20084E8 H4H.

Tomohiro Hajima, “Dynamic vegetation model coupled to GCM”, International Workshop on
Global Change Projection: Modeling, Intercomarison, and Impact Assessment jointly with

2nd International Workshop on KAKUSHIN Program in Yokohama, Japan, 2009.

E4N

i

Kato, T., Ito, A., Kawamiya, M., 2009. Multiple temporal scale variability during the
20th century in global carbon dynamics simulated by a coupled climate—terrestrial carbon

cycle model. Climate Dynamics, in press

TR —F

JNEEEE. A L HC0, 0N L HEY. a—F— RS 7 Y A b, CBCT VA4 ZHULIT
BOKyRPE~EAH 5P, 0.N., 200849 H30H.

INERELE. P DCONIN. =—F— A I SHEIT 7wy, 5 3R] HEERR Tbe , 2008429 H 14
H.
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e. 1.2 TRMLRFMELEA~OPEH BV EHE

YGRS - HIEREREE 70 v T ¢ THISEE L & —
TEL  EIFE

1. IXL®IZ

HIERIRIRAL DB A TREM 72 B DIZE EODITIE, KATO BLIRFREZ HDH L)L TL
FEALSELMEDNDH D, ZDOREDTOIZ, NAERO “BILKFHES ER DWFFSLd D
DAL ZERKROOND, ZZCTHEERDOIR, “BLRFBORHED YL, Ehlbn
ﬁﬁ%ﬁ%ﬂéhéﬂ@%ﬁﬁﬁgﬁ:kf%éokﬁ¢1%5:MMW$%@\A%£ﬁ®:
bR P B D BRI EZE 722 LW B TIRE S0 D ThH D, BUEITANAERO iRk
FHEH O FZENR BRI D EEZ BN TWDH M, HIERRRILIZ K W Z D& 5 AT
REMEAN RV [Denman et al., 2007], MREE EAZE 7220 [ EHBMMR I N0 | WED
TIRACIRBIBIRE N S T2 0 TR N S 5720 TH D (AL REMWERDIED 7 4 — KRy
/.

I THAIE, BETT U FTES L ZBIRBIRE Z 5 2 T HIER S 27 LA GME 7 /L
ZIXILHEDHZ LT, BARRICE S BRI EZ BEG V, OV T ABEIC L 5 i bk FHE
HFAEZ AL 20O ERETI -7, fli% T 7 L =CEMIC(Earth system Model with
Intermediate Complexity) (2 X 2 FHIZ X 2 HIFNIW 20d B3 [ Jones et al., 2006a; b;
Matthews, 2006; Plattner et al., 2008], GOMIZEESW=FHEIZFH~ DEAHRV N FL—t
B —D—HlNd D DT D[ Jones et al., 2006b], =52, FxlIN KL —8 X —D%EE
TS ET N TIThN A R L BB G O ZCIMTIT» T, “BLIRFBLELLDO L & T
DR RBIEBR T 4 — F Ny 7 il LT, 70t ZR_R—ZDCMTOFHEEITH = L35 E
TILTORER (B Z1EHouse et al. [2008]) DKFEICHAEHETH D,

SAEEL, WERICS & A A ED . T LRFBIREDO T U A RGN L, TV A
I X > TIF2B005E E TEHEAZDIT LT, S5, ITICAKICZ 0 —XT v 7E8N->oH 5
LR FEHI DR D —> T HUFFEBMEAL OFAT 2 Fr 7= 12 T > 72,

2. F&E

T2 E7 0, RRBERA RIEERE T AMIROCEZR—2 L Lz, A« BIK « Hhigkdtg 7
02 7 A2 OMER S AT AR AT T IV T D [Kawamiya et al., 2005; Yoshikawa et al. ,
2008], WFHEET LV TIX, NPZDH A T DAREE T /L [Oschlies, 20011IZ0CMIPD 7' & k =L DT
SISz Rl irFr, IRFEMEERZ RBLL TV 5, FEHIORFENERET WIESin-CYCLEET V[ Ito and
Oikawa, 2002]%HH L C\5, A THWOHREET ML, ROKREETLVOHRTT 1 —
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RN 7 ORI NHE]Toh % [Friedlingstein et al., 2006; Yoshikawa et al., 2008],
iz Z bR 2 ey ) U 4 (K1a) [Knutti et al., 2005]1%, SP450 (450ppm TZE) .
SP550 ([F]550ppm) & SP1000 ([@1000ppm) D3FIHATH D, ZiLH D _FLIRFRE 2 KU E
2T AT L% 18504E ) 523004 £ TR 5. 772 L. Lk IRV SPL0000 & — 2 Tl
25004E F T LT, KIE-REEE T 4 — Ry 7 ORBLTNE - 010, L5425 bk
SR N T L 2T B 2 R A R O ER (G- EE SEAER ). R
[EBRIBIE L LR 5 IS HO ST o A & 2 A J (TR 2 T2 1) DT DRE T,
3ODYFVAIH L TENENHFEZAT ), MATT VLR TT NOEE L H T & TRUE
~IRFRVEER DN RAZ TS 5 Z £ N TE D,

1080,

. a.0 — -
FETE - ] -
14 ) B 5.0 —| b ) -
351, — — | |
TEO. : : 4.0 4 -
EEL |, — F == b ~
[ . - _ -
550, — - 20— L
e S B - . /—"" L
] B 1.0 F. -
SE, — — N B
-1 — O.D—'_‘-*h‘-’i?\n-ﬁu -

250, -1 T T T T r r

2000 2200 2400 2000 2200 - 2400
yaar yEar

K1: (a) BT WIZE 272 bR FIRE (ppm) RER 51, JRHFR : SP450, fkfR : SP550,
#R:SP1000, (b) ET /N TH LN RERFRHXILOISS0FEL L L-EE EH K, &
I 1la R C, FERITHEESER, SHRITIER G55,

3. IRFEER
3.1 BROWINELHAEHE

M 1biXET /L TR LN EEREHKIRO1850F 2 LN L LIZIRE EH Th 5, fE5 3285k (546
TITEBAESE Z 0 COBENEL DI LRI RE VW, —J7, FERAER B <
REOEXIE D IR IIE Z 500, CEMLRFREOLEIZ, [UEOLREEZEWKR LN
CICITEET D HER D D, fGFEBRTIL, COIREDLEDE bIRE(LIZIEE DD TR <,
Do Y EFNTND (K1b), ZOZ &IRMEEAKN D “LIRFLEMED LA T2 812
bHobnTns (X2),
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1900 2000 2100 2200

B2: FEARHECREL R LF (27 LAZ RO
DHEFFE L) HALEm, #REAIZH1aLF L,

ETIVCERIAR S D bem & Wi O RFWINEE LD LIZORK3al M3bTh D, WTIDLEE
b F VA ThH, CORENZEITHML TOAMITRINED EFT 22, IRENLEIZITSL
WZoH, D D 72012, WINEN0IZIT SNV TN, [ (K3a) 1[TH~T, ¥ (3b)
LT 2 OICREM 323000, 2RINEEZZ <) X910k, IRBRIC X 2D,
FEAFEBR (ERY) 13, IEREAFERR () 12T, REWILEI/ NSV, ZFLIRFE O
BT D DRED EARENO T, WEIZL D7 4 — Ry 7 OENKE W, BETIE, RE
ERICED2EEI A N > 7 OBFROHFEDTD  IBEALOEEN KXV, 23004 F CTTHILT D
&L REARHREITIERE BRI RICHA T RO E Y, SP450 (SP550, SP1000) > 7 U A D54,
202 (314, 502) PgChr7p\y, ZAUTIHAD & E CTOREITFA AN/ NIV, 23004 F T Tl
T2 & EAFHRITIERE S I THEE O W E Y, SP450 (SP550, SP1000) T U A D4,
66 (104, 209) PgCr7aun,

40 - 40 ,-"--._\ -

LT - o o -~ -

] I ] ] ‘h‘ -

R T L o2a N, -

g 4 I B

1o - 140 e -
)

=) _ L _ L

0 pg T -

140 - —1.0 -

2o - L

T T T T T T o T T T
2000 2200 2400 2000 2200 2400 2000 2200 24000
)"Eﬂr j"EU r :-.-"ECIF

B3: E7 /L CRMA S 4L72fiErhi © D b R B WINE (a) | Vi CTOWINE (b) . 36 X ONWE
L7 PR HEHEORRS (¢) . ATV T I HPgC/year, B, FEHE - mARIFR 1 L RIL,
() DFMIBI ST D HEHE, X (c) TORRIT2000-20054 D PEHEZ FEHEL LT
22 5100%, 50%, 20%IZFHM T D,
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5.2 BHAVTZCOJREE 2 FHL 5 DI NP HEH FTRE7R B LIRFE DO EIX, REDOREN S KK
o R LR FE R ORI ] + ERE/FEEIC L D “RLRFBRINE]Z L E 2 b, £ g s
HoOTZDNKBcTH D, BT NVDESMEERRET 5 72 D IZ18504F7)> 5 20054F £ TD N2 —
Wefb R EHEH B OBIE ((LaBE Marland et al., 2008] + +#iFJH [Houghton, 2008]) X
clciIMziz, ETAVHERLEBIITRBB R KL TW\5, 19904 T2 & #Hn
7.9PgC/year Td 5 D IZxf L, T 7T LN T7.0PgC/year & D 72 V23 | IPCC AR4 D HE E D iR
(6.5-9. 5PgC/vear) [Denman et al., 20071IZIXINE > TV D, RFETIE=T vy /LOEILOR)
REANTELT, TR > TRENEDICZRY . BROWIEZ B/ NI 5 2 & T, 3R
PEHEZ DR DICAE S > TWD D0 s LIV [ Jones et al., 2003],

QUHEACHTE N S . I LIRFBIRE 2 R EL ST HMEME L | BIROWILE DN D ZhH D RBT7 13
B, NED R FEZ YT 2 R MIT 2RI 35, SPAB0DFE A FEBR TIX20504 £ Tl
20004E DHEH R (7. 5PgC/year) D49% (3. TPgC/year) £ THD &RT TR S 720, Z LR
Y 2 > T [20504E % ClICERAREOPEH EDO D72 < & H50%D Mk & T2 BEE) &5
A9 %, L2>LHouse et al. [2008]1XHEMHHIA 2 Z TlkOTLE 5 & LR FIREITLE
L7222 EZIRIIC LD LT D (5 ORFREICIEFR % DCGM(FRCGC) D=2 2 L—HF L& EN T
W5, FEER Fox OFHE CITHAPEHRIT S ST L., 21004E Tl 1. 4PgC/year (200040 19%) |
23 40 TIE0. 6PgC/year (20004-0D8%) F TG SR T T2 ey, REIZ K D57 4 —
Ry 712 10 BERR OB T D721z, NS K 23R HEH & b IERE G I8 (k) &K
D HREEIER () D5, EICH/hE < (SPA0D T — A TIX B — 2 fENN9. 8PgC/year
7358, 6PgC/year|ZifA) . HINBBRAAIFI G B F 2, FHEIFR O HPH CIIuEEDS — e bk R IR
ELTHEDLIDOT, “ALRFBIRE AN o72% b, FFRPEHEIXOICIT R B 2wy,

3.2 FEm I u kX

EHCTED L IR T av A TRIZOWINNEZ D00E AD720, X4IFEm D R EROKR RS
LT, ETIEMAER (G Mo RTHRL S, ZBbRFRE ERIC X 2MEIENRIC LY
GPPMEIMNT 5 Z LIk (K4a), WADRFBEITHMT S (M4b), —BLRFRENLET
L&, MR S litterfal 12380195 Z & TEPPIZIBWW O X | WD IRFERITLZENT D D
RFWIUTOIC A2 D), —FF, litterfal IMINT 5 2 & CHEDRFE RN 2 (K4c) . RN TH
FRIEZ D 2 & CHEDORFRITLEICE DL (HHEORFBWIUIOIZIES< ), HEEREN DX
SP1000> -V A D — AT, @ I LR FIRE TiXie LAGPP (X4a) Dzh= X< (Ito and
Oikawa [2002] DKI2cZ M) | WA DRFREIL (K4b) X LRFOZEN (Kla) LT oL
RN RET D, Ellitterfall bbie e b, HEOME FEIY , FONT AT HE
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HHIZE T, litterfallfES - EREEERTHEV ZNRVOICH L, HEOSMITIRE(
2k o TN 50T, FEREAIC t«fﬂi@\}: LCHEERFEIGENPRELSHODND (K4
c)oe Lb, ZRMUIRFRRER BHIRE AR 72D, ofgEn litterfallZ EEID
TR B EITAITHER U i% SREN D £ TREN LR, 2 LR B IRE N
mw#A%%f%ﬁﬂe@ &mr%zwm %ﬁé(l%)ﬁmf%é

40, 40O
51, - - 7] B 7] g i
:I: ekt E _;-"""';\‘--..-
41, - r :1'
E ¥ - - 3 -
[ 7] -
<2, Fow "
) i
o
o - - -
.
L —zoo, - L
4. -
a T T —4a0. T T —40. r r r
2000 ZZD'EI 2400 2000 EEDEI 2400 2080 240 2400
ar, sar year

e
X4: (a) GPPD1850H-%0& L7=KERH (PeC/year), (b) (c)fi¥) & tHEDE EDRFED
1850440 & L7=FER% (PeC), £, S5 « MBI 1 &R T,

.3 WHETukX

WELECTO LR FBWIN 7 1 2% 572912, SP1000>F U A (o v+ VU A THEEMIC
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e e T T
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FEALOAE, 2(3, 4) B B I1ZSP450 (SP550, SP1000) & 38k 1D 22904F4 % DA,
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and Caldeira, 2008; Silverman et al., 2009], TNV A MITT7FTFHA FLVHEQABKEL
RETH D0 (KT KK D IR FEIEE 231000ppmiZ 72 AUZ AR BTN OFIRANE AN Y 45D 5,

a0
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AR L T B 2 LT IRIBKIC L BB A~D 7 4 — BNy 7 # RS 5 Z L ATE
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AWFTE TITHIER > A7 AET /L (FFICMIROCE Hls & L2 HIER S 2T KET V) KT 5
2 DY T AT AOARFEEEDREL TN ZIETREICOWTER L, HERIRBR LT3
DARFEFEMARICE T 27200 Y 7 by =7 L LT, HMERVAT LAET VDY 7 by = 7 ik
OGN LT BT, HHAERHAFREE T Oy 7T —%fBT LI LA HMNET 5,
AL, ERERE Lo iHI KRS & B v 77— a3 — F& 2 LMIROCO RRIEBEE T M AEE
\Zi IS L2 DOMERE A 3 L 7=,

©2) By 77—k
BIAEE R E LT iR EF 0 AT o MEE X,

- i H & 7&ZFortran90
< WHNZ A 77 UIIMPI-1
Wy T T—=T v AFET AT R RMNET D
< T — X AT O B E A B KIRFEIR 2
- ERROER (FHFER) a— MR RERETE L L OICT D

EWVIBLDTHD, ZOFHITHEST, hyFTI—a—REEEL-, 6D H#HOF T,
BRICFE FO TRPMLEZOT, MiliftE o — FoFEEEZEICT 226 THDH, LIT, FiE
85



. WFFERCR O R/

DERNE L~ 5,

HFEFEOT L TY X a% | [ZERTT VCE T DEEOK R EOix, BEEoXET
FILOME & Z UG T D483, ZEMET VOB S LM LR, BIORFETIRED
EHTHZOLND) bOLTDH, ZOTNVITY XLFRBTLHa— NI 10X HICET D,
Z 2 CNplIZAFMIE T VORS8N (p) 13 21 miplo BT DRI E ORIEL, r (p) 13k®
T2V TR, R, CridZEMET A ORT 8 O & 453k, S, CsIXREFMIE T VO A1
Lo &R, ColdE TR TCREDEHTH D,

dop=1, Np
doi=1, N(p)
r(p) = r(p) + F(CrIr(p, 1)), R(Ir(p, 1)),
Cs(Is(p, 1)), S(Is(p, 1)), Co(p, 1))
end do

end do

X 1R a— RoT7 L) XA
NpldsR D 4% F- R DEL, N(p) 13T mip TOMMIBHE L, r(p) (TR
ZME. R, CrixZEET VO LRI, S, CsITEEETT VO & RHKL.
ColIEHTH 5,

Ir(p, 1), Is(p, DITMEFIRA—TDOHT o 2 EHNORAG T ) v D~y B 7T —7
NThHD, D7V RRA L FplZxtd 2 HFEHEN () 1IplZ K- THERRDFTREMEN B 572
Ir(p, D DX 572 2 RTEESL TET OITEY TRV, L0 —RMICE, BHREIT 2 L35

1SN E LT 20 KD IZRT RETH 5, RO MR E 5 2508, Nall, Cr, Cs,
Co, irecv, isend?¥H-z Hivi=& LT, 3EI S 7= &« OfEE CREBNAMFE 217 5 121,
BRIk 2NMT O N E A OBN _local, B FEBOMFLREAELSICr _local, Cs_local, Co_local
LIEE, ZIETV v RIIkT A~y 7T —7 Lirecv_local, isend_local 35 H i L
(A%
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doi=1, Nall
r(irecv(i))=r(irecv(i))
+F(Cr(irecv(i), RGrecv(d),
Cs(isend(@), S(isend(®), Co(1)
end do

X 2 1Ryefb L-fiifEtE 7 L= ) XA
NpldR b D& R DEL, N(p) 137 Sp TOMMBIEEEHL. r () 1TRD D
i, R, CriZZ(EET NVOMEMRE, S, CsITEEET LD & AREL
ColIEETH %,

Z 2T, 2 O CHIMFTRZITO DD~ vy B 77 —7 VB KOS T DR OS] %
WY T N—F VBRI LT, ZRLDOY T —F UL, fER OO DA v H—T = —
A F ¥ = — /b jeup_InterpolationInterface W T E & NI T B VW . Fl A #& I
Jeup_InterpolationInterfaceZzuse L, BRI N TWDL YV T N—F U BEAE WD Z & TREEHY
OFfffEIRE 2 — FE2REREER LICKEBROMHEE R — R~ EFTE 52 LR D,

WEHEICEDAET MO —F v a— b By TS —NEOBEOHE X 3757,

IR LEDIR, RKETNAVON— T at vy HTT o> TO MR R 2 EE 7 V0%~

2Ry HRITI KOICTHHITHD, MTKEDRY 7 AFIA v 2 —T 2 — AT L—F D

a—)b, HEDR Y 7 AIH v T T —NEOEEERS, EREFTRRLLEY T —F

a—/IN— T ay P OBLERERFOY T L—F o Th D, IEHIT, jeup_SetGrid THHE

WA OT Yy RARA Y MOMEE#HHEERZ D, DVWT, v— T rkyHn

jeup_SetMappingTable CHiEIETE D A »F v 7 A5 —7 )lisend, irecvZ 5 x5, #ilMetE D

AT v AT —"7Visend, irecviTFEM, ZEMNTHN—20FT ARG 2 UL E L,

b O —FHOETNTEG Hisend, irecviIAETH D, 2k, 7V v FARA > bOALEZEZ 53K

THEZ2 X525 TWER, ZOFEITIFROILEEAZZE L TREINTEH Y | BIfEIIE

DTV, ZHODIEWRND I v 77 —NE TR 0 — I T R & 3EE - ZE

B"EOA T v I AT =T ANEFHET L, RS - VT — 7 VX

jeup_InterpolationInterface® ¥ = —/L MDY 7 )L —F o jecup_GetLocalOperationIndex> H 15

HTENTEDL, FLEFEEETNVTHREL T v — L filffif i, ZEMET L~

Fanith, va— NV RMBREA~AERINTA V=T 2 —AET 2a— LD T N—F )

bIFDZENTE D, Z6 OABIR B BMAANC — B2 T AT RV, Boilcn—h

IR A T v 7 AT —T iE, fx D F oty CoMBEFEICHbND, Bk

H7e MR O 7 1 7 F MTIREICR T,
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EEETIL ZEETIL
jeup_SetGrid(x, y, z, is, ie, js, je, ks, ke) jeup_SetGrid(x, y, z, is, ie, js, je, ks, ke)
BHEED T YNERERE BRI YNIERERE
jeup_SetMappingTable(send_model, recv_model, jeup_SetMappingTable(send_model, recv_model)

send_table, recv_table) HEEEDT—IILERTE(FZI—)
WEFHEOT—IILEHRE
TVIRERT—INER EEETIEREETIL
BEETILDOHYTS—~iE P OTYYRERT—TILH
g LEPEDT—IILETE
: —

jeup_GetLocalOperationIndex(num_of_index,
operation_index,
send_data_index, send_coef_index,
recv_data_index, recv_coef_index)
A—AWERVEL T T—TILERD

jeup_SendCoefToRecvModel(recv_model, coef) 50—/ 3)LIR i R R SR ER
BERBEREETIL~ED P FANS O—H LR R
BEHE
I—i

jeup_RecvCoefFromSendModel(send_model,
coef, COEF_TYPE)
R REERD

jeup_Interpolation(send_model,
send_data, recv_data,
num_of _data, data_tag)

GIDHE!

43 A RAABL O Fii

(3) MIROCO KARIMFERE A

BT T—HWDIIEIA A —T 2 — AV 2a— LV TCERINTZY T N—F U8 (%
— 7z —AYTN—F ) Fa—LTiE iy, LorL, Iy 7T —BAEEBEEETHY . A
VH =T 2= AT T N—F DR S LD D AR S T2 MIROCOD = — R B EHEA ¥
— 72— AT N—F L Ea— T EH5DIA LTI AN AR O IREND D, T2
TRRET N, WEETLVOZNTIUCK L TRV 7 —F UBEZER L, BT VAKITZ
NoEOHTN—Fvhka—LT5L5C Lz, 2OV TA—F U RIEh v 77 —KIEL T8
V. moduleZ i HH " 22— FOFEBE R HMIROCOFER XU HEM L T D, F 7ZMIROCH
include7 7 f L&A > 7 —RLTEY, MIRRCTHWOHLINLTWD 70— LA 2 BEHE5MR
TEH LR TWVN S,

RIT, MIROCD ' 1 7T KZEEL, WREKKRET V., WHEET VOWY 7 —F Ui x 2
— T b5 L9, EIELT 7 7 A A IEG6CMmainA. F, GCMmainO.F, eatoo.F, mdatrA.F,
mdatr0. F, mdtxch0.F®D 6 2T 5, ZDH H, GCMmainA. F, GCMmainO. FiX#H v 77 —DOHIHHL,
BT NA—FrEka— L LTRBY, V4774V T Y vy ROBRE, MlREORE, %15,
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ZAG, TAEARBOY T N—F o a— L L TWD, KKET/ - HEET NV TT — X X%
ToTWbHa— REMAIIRT, 77 A4 NVERKET A AndatrA. Fo EEE T LRI
mdtxch0.FCH 5, KRKET /N, WHEET L E BITEEL—FT 2T LOHICa—1 LT, KNT
ZEN—Frha—)b, E&ICwait all CIEZEDTETEFHF 2L IR >TWD, By T T—
X7 74NV N T EICS5HEETOT —FHEE - ZETEHXIICR-oT0nDH, RENLE
HEETNANT AFEOT — 20, WENORKET ANISHHOT — 2 NI D, 72
B, TEEGE, ZE TEAKWIA Y T AT ST ARFEREOLEETT > TV S ET L
FUERTITY L 9IC L, ST — 2 HICHD BB E N Yy 75— BB L2 ik -
TREL RS F YD FNa—RNFax v T LT,

call jeup_a_send_data_2(OGCM', 'TAIX', "TAIY")
call jeup_a_send_data_2(OGCM', 'TAOX', 'TAOY")
call jeup_a_send_data_1(OGCM', "TTSI')

call jeup_a_send_data_5(0OGCM', 'TQAI','TQIO",

& '"TQAO','TSWA'," TWSB')
call jeup_a_send_data_5(0OGCM', "TWEV', TPRC/,
& '"TSNW'," TROF',' TSOF")

call jeup_a_recv_data(lOGCM', 'OSST','OA','OHI'OHSN',/OTICE")
call jeup_a_wait_all()

call jcup_o_send_data(”AGCM”, “0SST”, ”0A”, “OHI”, “OHSN”, “OTICE”)
call jcup_o_recv_data_2(”AGCM”, “TAIX”, “TAIY”)

call jcup_o_recv_data_2(”AGCM”, “TAOX”, “TAOY”)

call jecup_o_recv_data_1("AGCM”, “TTSI”)

call jecup_o_recv_data_5("AGCM”, “TQAI”, ”TQIO0”,

& “TQAQ”, “TSWA”, “TWSB”)
call jecup_o_recv_data_5("AGCM”, “TWEV”, ”TPRC”,
& “TSNW”, “TROF”, “TSOF”)

call jeup_o_wait_all()

M4 F=2EZEFTAL—Fr (EX: RRET NV, TR EET L)

By TIFT—=TarTL5DHrE, MEFEEY 22— VITHEET 5ET LOMBA F—LITH -
Ty 77 —REMEED 2 — REFETEX 5 L) ICRFH SN TWD, T 2 TIIMIROCIZ 4
ENTWHE T e /7 252 TEHRY a— ROBEEZ LWL ICHBHET Y 2 — 1~
L7z, RRET D BIIEET VA~ 21T 5 7 —RA22o0 T, BRFi#%OfMHa—F (o
—H) K5I T, AV T a— MIRERUELMZ D &y 7T =TS
TWBHZ ERbnd, AV VFa— RTIERKRETVONL— F T at sy 3T X TOHMGH
BETO TN, By 7 T7—TIRZETT VO L DT vt 4 H S O R 217
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Vo TDEHICTY vy FEBEEZDITET Y v Y 77 — 7 L) send_data_index,
recv_data_index, send coef index, recv_coef index TH D, ZDO~ v 7T —71%K3
2R L7z &£ 81 jeup_InterpolationInterface® ¥ 7 /L —F 2 jeup_GetLocalOperationIndex %
WBLTHRLND, B, REOT =T NV e T =2 DT =T ANRRNIDOELIZ 2> TN D DL, fF
KOIIEMZ R T 5720 Th b, FEBRIZIEX, recv_data_index & recv_coef_indexiX[F UfE%
REFLTUW5, —F. send_data_index & send_coef_index®D{RFFT HEIZAVVIC /2D, i
FEE T oy PRITOT —FEZEITE LT, BEEZENIAT IO v 77 —HET
T =2 DIEFZ ANVEZ TNDTeOThH D,
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DO N =1, IJ_AMAX
DO M =1J_AHEAD(N), IJ_AHEAD(N+1) - 1
LO = IJRECOV_A2M(M)
LA =1JC20(M)
AATM = SATM(M)/BFAOCNG(LO)
FATM = SATM(M)/BFAOCNG(LO)*FCA20G(LA)

BFAxxG(LO, 1) = BFAxxG(LO, 1) - BFAyyG(LA,1) * FATM !l AIX, UI
BFAxxG(LO, 2) = BFAxxG(LO, 2) - BFAyyG(LA,2) * FATM !l ATY, VI
END DO
END DO

DO LO =1, NXYGDM
UFACT = BFAxxG(LO, 1) * FACTM * DT1SAV 1TAIX
VFACT = BFAxxG(LO, 2) * FACTM * DT1SAV IWATY
BFAxxG(LO, 1) = RU(LO) * UFACT + RV(LO) * VFACT ITAIX
BFAxxG(LO, 2) = -RV(LO) * UFACT + RU(LO) * VFACT IWATY
END DO

do j = 1, size(index_s)
do ri = index_s(j), index_e(j)
i=remapped_index(ri)
send_coef = send_coef_index(i)
recv_coef = recv_coef index(i)
send_point = send_data_index(i)
recv_point = recv_data_index(i)

fatm = satm()/bfaocn(recv_coef)*fca2o(send_coef)
recv_data(recv_point,1) = recv_data(recv_point,1)-send_data(send_point, 1)*fatm
recv_data(recv_point,2) = recv_data(recv_point,2)-send_data(send_point, 2)*fatm
end do
end do

do i =1, maxval(recv_point_index)
ufact = recv_data(i,1)*factm*dt1sav
vfact = recv_data(i,2)*factm*dt1sav
recv_data(i,1) = ru(@*ufact+rv(i)*vfact
recv_data(i,2) = -rv(i)*ufact+ru(i)*vfact
end do

5 AffFIHE = — Fo—# (EX AV 2T, TRy 7 I7—)

KRET NBEET VI OT — 2 E — ) DT NVOREE T v 77— Wiz
BAENETIUTONWTHKGIZ AT, £EROA Y U Arn /T ATk, RSO IV — 7
oty HEENT =ML, ZEINTT —ZI3& 7 vt v HilScatter &L b, FEfEFES L
— T DORBIIZT RET —ERNENENOET LON— N Tt v Pil6athersLd L H I
o TWD, —FH, AROD v 7T —% AW HAE, RS LV—7OFETCELf D7 etk
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Y RENZEFIETF O T vt v % b T — X ZHEIT 9 DA T, Gather, Scatter DiEFE|IFARE

LipoTnb, E£i-. ﬁ%ﬁ%iﬁUV%WTiT&Tﬁﬁ%?wﬁﬁoTMt®Cﬁb\ﬁ
v 7T — & AW ZEMETANTI L HICEEINT,
FYoF BT T—
EEESIL—F ERESIL—T BEESIL— ERESIL—T
- ~N - ~N
MDTXAFD .b 55 MDXWOG MDTXAFJ:IH‘.-. . I:| MDXWOG
{ 0 Oigull I J
- Sanety ~ N
MDXWAGE% o . I:I MDTXOP MDXWAGEI . . l:' MDTXOP
== ak lj [ )
~
A . gl Foey PRl N | . E Ay
N—Fv [] [] oo r—s =7~ [ [ T 24
Y,
S
AOCEAN % g% OCNPSH
v,

KEESIL—T

BEESIL—

Kt IL—T

BEESIL—

7 A MEtH

6 7 — X ZHOEE T —

EH:%UV%w\EE:wyfﬁj[]
ENTNERKR, ABEHEET L @

IR _7EEZE L2 — FE W T,
VA T EEHE LTZLinuxYZ T AZ TH D, miwlb LoV EHEIRFENRED S RN L-LIE &

L. AV IFNTarIonthy 77— =7" 1077 A TARHE
HWNRAF YLV T D EamR LT,
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(4) HERY I = L—& TOMERERIE

MIROCD Y X L= g o THlH AWV DD IR ITEEE Y DR S =B D03, 4RO
HEIZHNWZDIIRUITRT 22007 —ATh b, RAET ANEET V& T —F AT D
BTFEZ Yy RIZEEET VOB FEICHbE T, FEORKZ Y v RE 0N oTunb,
FNRRIOTN y aNDIETH D, 1€-> T, MEFEEZwR L5607 Y v FEIZA v aNOfE
ROV TER B0, REEND T — F EIIRK-EN 4R, E-> KRR EHRTH
Do

K1 PERERHMIC AV 722K

RKRET IV MEET L
FR A 128x64 (128x64) 256x192
e R e 320x160 (1280x960) 1280x912

REET VTR - $pE AW &2 1 Roem & WEET VIR - $hiE L Mk - $hiE %
Wrimi & 9% 2 oty iDﬁﬂkéhfw5MRM?m;kﬁ%7wm$%Wﬁ279yF,
WEETNVIERIK3 7Y v FE—2D 7 vt vy PNTRE L TWRITUER 67220, iEoTK
KET DY 9 5 KPERBUT ARG L T2, @M T80 L 72 5, FBRICHNZPERL & i
T L —A4FFR2OBY Th D,

2 MEREREMIZ VW2 PEEL

fitG fE rr— 24 PE# CR&+VE)
G r—2A1 1x32+1x64
i G fr—2 2 1x40+1x304
R r—23 1x80+2x304

PEREHE T HIER S 2 = L— % OPERERIE Y — /L Th b ftracex WV, T —F o T LD
FATHER, X7 b b, FLOPSHEL, 5T — & B2 HE LT,

WEOIZHIRIRIE T D r — ALDOFERIZONW TS, MIROCA Y U OfESTIEE, 1y
7T —%& T RE G 515 T OISV — 72861 5 FATRH 2 R3IR T, EITRKET L -
WHEETVENENDOT oty FOVPHETH D, RRET /N - WHEET LV E DI, AV PF
NOFEGTEL Ty 7T =2 WG HIET, FTRHICRE REWVITR 57220,
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3 PG TOEITRRH] (7))
FVTFN | T T—

KRAET IV 189. 1454 189. 7546
WrEET L 244, 4606 250. 4403

WRICEGE D r — A2, r—R3TDONWT, AV T FNAVDREGHIEE T v 77 —% ik
BIFETOEITRR 2 KTIRT, B V— 7 OFETEENI Y » 77 — 2 AW THA DA,
AV VT NOFEGHIEC L TRKET LV TB X500, MEET A TR LZ40BE N, 20
ZiX, Va7 uv v b BEEZ 25— ATIRE-ETH D, SEE TCOMBEICEL
TR 2D L. AU DT OMREFHER TIIREE T =T T L BK608, EET L
SKKZET DKL ORFHEZE L TNWDHDICK L, By 7T =& HOIZEHRE TR ER T
XOREFTHL LWL Z ERNbrolz, 202 ENETRHOEMICKELS FELTND
EBEZHND,

1400

1200 ‘k
~ 1000 — .
2 Ty —— AUTFILKR
m 500 = VTSRS
£ oo FUSF I
Y hyIo—imE
B 400

200

0
40+304 80+608

7 G R T O RHR ]

Wiz, FEEIRD DT =X BEEICOVWTIERD, 4V VT LoTF—X@EIRD EEET LV
TEAxDOTat vy nbl—k7Fat v ~Gather, 2)/L— s 7 ¥ v HE+HDsend, recv,
NZEETNIIL— T at oY nbfilxrD 7oty ~Dscatter bWV H 3 ODBFEERRD, 7
—Z3ICBITHT =X WERIT. KKTT /L DGather? 68. 4Gbyte, Scatter?i20. 2Gbyte, JELE
E7 /L DGatherH318. 9Gbyte, Scatter?’b6. 56byte, KEET /L —EETE T /L7356, 8Gbyte, ¥
PEET L KKET AR, 0Gbyte (T b— Tty TOME) THhote, —FH, B
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—Z AW SRAOBERII o y Lo TRAES, ¥— X 3ITBITHRKET /LD
f —&%m%ot%ﬁ%&7nty#?%i%mwwf%éoﬁ#é@ﬁ%?wmﬁﬁ?—
&%i%@@@f~%m@m&%mLT%V&ﬂMmmmmqu%é —J. WEET LD
EET—XEITbo b RERT B v TELZE3Mbyte, RRETIVOZIET — X BTk K
300MbytefRETH D, KRETNEWEETNLTIEL FatyH0 D7) v REOERE
BLeAB0:604IZ D 2 & AaEBEZDHE, Tty HiY OEZET—FEIZZ Y v FEITILT
B2 > TS EF 2D,

N,
\11

i
N

M

i

WIT, BEEOKREZRNTTT, 4V T LORET

KR - WBEETLONL— 7 at v Y 6ather, Scatter LB +ETFAMTCHBE LR
Thbd, —FH., Wy 7 I7—0kEIIEL DTt v RNEELEZEORIITHD, KRET IV
MOYFLEE T L~DT —Z BERITA Y 2T /L 3125, 26Byte, 113.3GByte THDHDITK L, B
v 7T —Z& HW 285655, 66Byte & 50%LL FIZA L TWD, ZiUdh v 77—kl TEx D~
Oty RERET — X 2 T A Z L2 X VGather, ScatterMBENRNRL o230 ETH 5,
— 7, WEETANORAET N~OT —Zi8E &ITA Y U F /L O84539. 26Byte, 37. 9GByte
THHOIZX L, By 7 T7—%HWT-5A1314. 3GByte &, B XL Z36~38%F T LT\ 5,
ZiE, RERETADNOIHEETT VOLA L FEL, Gather, Scatter®DidfEn /el 7e~72Z &

WA T, WHkDOT =2 DR EEZET LRI RTREEZOND,

#F4 WET—Z DOkE (GByte)

I 2 7 77—
REUWHE | WHE-RS | KRROWHE | HFERK
KRAET IV 125.2 39.2 55. 6 14.3
WHEET L 113.3 37.9 55.6 14.3

RtzIZ, AFVHEHEICONT, KPEOVYIMME & R RKIEEFSIRT, FREE (F—A1)
TIPEME, KAEE BT v T T —EHWZGAEOHRAY U L0 b3 nicEmL Tun
Do —H, mHBE (r—2x2, 7—23) TIEFEHHE, RKEL Iy 7T —FHW 8
BOAEVHEREOHTP/NE, AEVFEHAETRKNMENE LRy 7 LD bk KEIZE
B4 %E, AEVHHAEORARITT—Z 2 TKIS. 0%, #~x3?%4&?%601ﬁ1ﬁu
VFEABN— N T aty PIICREOT — Z 2 RFFTL0ICR L, Iy T2 Wi
%fmty#ﬁE%ﬁ@?~&@@%%ﬁ¢ﬂ@iwmgfkéo%@t@\%ﬁﬁﬁ%<ﬁ
ST ut vt ) OB FENDRVEEREOEIRELS 2D EHESND,
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#*5 AT UMHE Mbyte)

SEHE SN
FUVDTFN| By TTFT—| FVIFL| BT T—
r—2z1 849. 455 850. 974 1295. 897 1297. 421
r—22 1647. 472 1634. 945 6050. 598 5867. 855
r—23 1446. 398 1462. 473 5533. 892 5280. 788
f.1.4 &z

RAEENL, HIERS AT DET VAR T 2 HEBEET LOPTHEANRERET L THDH K
R[RETNVEWHEET V2GR E L THARBREZITV, MERBZFHE L7z, — . A0 BRYR
THAHEETM CTHL Z 2B ET DL, SHBARETREERET VL, FHIIHT 5%
BINRE S DOREFRMEORNT A THD, ZOXH77nt XL L TRKAOEYHIER
DETF LD, LHL, KKOYBLEBERIZBITMIROCO 7 1 77 A TIEREKET MTHAAE R
Thh, ERET/LELTHIEZLTUTN RN, 1o T, RROEYHIBRZ /ST 2ITITRK
ETANLRNBRLETHBEEZYVHE UM, L7700 L BT, Ay 7 T7—%2EAT 5
VERDH D, 5%, 1) VY7 MUz THIICRRET VIR MAAEN T2 T B A &0
DTN =RAI DM KT T DB A R/NRIC L CEIV BT 2, 2) BIVEiSn=T v s T L%k
BT DDy 7T =TV HHE6E - EE L E T 50, O 282 EHANRREE LT
I EHED LT ETH D,

g. 1.4 BIH3CHER
Hill, C., C. DeLuca, V. Balaji, M. Suarez, A. da Silva, and the ESMF Joint Specification Team
(2004), The Architecture of the Earth System Modeling Framework, Comp. in Science
and Engineering, 6, 12-28

Valcke, S., D. Declat, R. Redler, H. Ritzdorf, T. Schoenemeyer and R.Vogelsang (2004a), The
PRISM Coupling and I/0 System, VECPAR'04, Proceedings of the 6th International
Meeting, VOL. 1 : High performance computing for computational science,

Universidad 27 Politecnica de Valencia, Valencia, Spain.
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h.1.4 REOHE

e (BekmH)

e, HRHIE  KBEET NV EZNRE LG Y 7 MU =7 O, FF o7 va
B

BEER S

b, SAIE : 2 1 HRREEES PRS0 7T MB8T5 0 v 77 —B%, HAXKG
D2008MFERZFR S, FRIETIBIETLESHE, 200845 H
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Introduction

The uncertainty in centennial scale climate predictions made with climate models comes from two main
sources. There is uncertainty in the emissions scenario used to drive the model, which is mostly an
economic and cultural problem, and there is the uncertainty caused by the model not being a perfect
representation of our planet. It is this latter uncertainty that is being explored in this project. Previous
attempts at tackling this rather new area of research have typically required analysis of ensembles of
tens, hundreds or even thousands of model simulations (Annan et al 2004; Murphy et al 2004; Stainforth
et al 2005). Since climate scientists, whether they are seeking the highest possible resolution or the
inclusion of the most number of processes, will always build the most computationally expensive
computer that can be squeezed onto the available computer, running such ensembles is always going to

present a computational challenge.

The first approach to tackling this problem is to use reduced complexity and reduced resolution versions
of the full complexity high resolution model. This year we have developed a strategy to link the high
resolution and lower complexity models in order to estimate the uncertainty in the more computationally
expensive model. The first implementation in the context of the terrestrial carbon cycle is currently in

progress, and first results are promising.

The second approach is the development of relatively efficient sampling strategies. In the last year, a
further extension on the Particle Filter (PF) approach was developed, the Iterative Importance Sampler.
Initial tests with the PF and an intermediate complexity model (EMIC) have been performed, indicating
that the approach may be readily used for these types of models. However, the larger ensemble size
required compared to the previously developed Ensemble Kalman Filter approach may make the latter
approach, despite its approximations, more attractive for GCMs considering the limitation of the

computational resources currently available to us.
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In order to assess uncertainty in model predictions it is necessary to analyse the quality of the ensemble
members that have been created. Since climate prediction of the future is, by its very nature,
non-verifiable, we have to use the present and previous climate history of the planet to provide
information on how believable the results from our ensembles of simulations may be. In this area, we
completed the work comparing the MIROC3.2 ensembles from the mid-Holocene and Last Glacial
Maximum (LGM), and work comparing the climate sensitivity at the LGM and present day continued

through collaboration with colleagues at CCSR.

In order to correctly use estimates of uncertainty to improve predictions it is necessary to use a robust
probabilistic approach. This year a paper was submitted assessing the impact on the probabilistic

calculation in economic terms of using a range prior assumptions in the calculation.

Results

1 Modelling uncertainty in model simulations

1.1 The terrestrial carbon cycle

This year we developed a strategy for modelling the uncertainty in the earth system model
predictions to be made by MIROC within the Kakushin project, for the next IPCC. In order to
investigate uncertainty it is necessary to run many realisations of the model. This is computationally
impossible for the fully coupled high resolution MIROC earth system model currently under
development. Our strategy is, therefore, to produce a linked model hierarchy in which we use an
ensemble from the stripped down version of MIROC (MIROC-lite) and couple this to a look-up table
of output from full MIROC and the full vegetation model, SIMCYCLE. Initial results from the
implementation of this strategy have been very promising and are reported elsewhere in this report
(see the section by Kaoru Tachiiri). The one component of the linked hierarchy yet to be incorporated
and is the ocean carbon cycle within MIROC-lite. This element should become part of the full system

during the next year.

2 Using the past to reduce uncertainty in the future
2.1 Mid-Holocene/ LGM Comparison
In the 6 month report we described experiments to evaluate the importance of the mid-Holocene (6ka
BP) for improving future climate predictions. Since then more analyses have been performed and the

work evolved into a comparison of the importance for improving predictions of the LGM and the
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mid-Holocene. This work has been written up and submitted as a paper (Hargreaves and Annan,

2009). Here we highlight a selection of the main results.

As observational evidence tends to become more sparse and uncertain at more distant times, much
effort has been focussed on more recent paleo-climates such as the mid-Holocene (6ka BP) and
Last Glacial Maximum (LGM, 21ka BP). Model simulations of these epochs have formed the
centrepiece of Paleoclimate Modelling Inter-comparison Projects PMIP and PMIP2. However, there
is relatively little research directly addressing the extent to which these paleoclimate epochs are

informative or analogous to the future.

We used an ensemble of runs from the MIROC3.2 AGCM with slab-ocean to explore the extent to
which mid-Holocene simulations are relevant to predictions of future climate change. The results
were compared with similar analyses for the LGM. In general we find that the stronger global forcing
and hence larger climate change at the LGM makes this epoch likely to be the more powerful one for
estimating the large-scale changes that are anticipated due to anthropogenic forcing. The regions
from the mid-Holocene simulations which produce significant results (mid to high northern latitude
land temperature and monsoon precipitation) do, however, coincide with areas where the LGM
results are weak, and are also areas where the paleodata indicate significant climate changes have

occurred. Thus, these areas should be a high priority for model improvement and validation.

For our experiments we use a 39 member ensemble of runs of the MIROC3.2 AGCM with slab ocean,
at T21 resolution. The ensemble generation method closely follows Annan et al, 2005, in which an
ensemble Kalman filter was used for multivariate parameter estimation by tuning the model to
various fields of modern climatological data. However, in this experiment we only allowed 13 model
parameters to vary (selecting those which had been found to most strongly influence model results).
In addition we included a constraint on the globally and annually averaged atmosphere-ocean heat
flux (the Q-flux) to improve the global radiation budget, resulting in a moderate value of around 2
Wm™. Further details of the ensemble are described in Yokohata et al, 2009. All the runs for the
control, doubled CO, (2xC0O2), LGM and mid-Holocene, are at least 40 years long, with the last 20

years averaged to provide the results.

The underlying basis for our work is the expectation that our ensemble of models represents at least
a large subset of our uncertainties concerning the physical processes controlling past and future
climate change. The first-order relationship between past and future data can be expressed as their
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covariances, which describes how the uncertainties in the future changes are related to past
changes. If the covariance is low, then information about the past will not influence future predictions,
but if the covariance is high, then this implies that information about the past will propagate into
predictions. Therefore, we now explore our ensemble results to investigate where such relationships
may exist. This approach is similar to the general principles underlying Observing System Simulation
Experiments, by which the value of observational data for prediction systems can be considered.
However in this work here we make no attempt to directly quantify the likely benefits, which also

depends on the precision of the observational evidence that might be available.
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LGM, land - - - 6ka, land ——
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Figure 1: (a) Annually averaged temperature for the control climate, and the differences between the
control and the simulated climates. The thinner lines show the 1 standard deviation ranges of the
ensemble. (b) The ensemble correlation of the annual mean 2m temperature difference with climate
sensitivity, for land, ocean and both combined. The magenta band shows the region which does not

achieve significance at the 99% level.
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Figure 2: (a) Correlation of monthly results for the Asian monsoon region. Solid lines: Bracconot et
al region; dashed lines: Ohgaito et al region. (b) Correlation between monthly control temperature
and increased CO, - control difference. (b) correlation between the experiment - control and
increased CO, - control temperature differences. (c) and (d) are the same as (a) and (b) but for

preciptation rather than temperature.

Analysis of annual averages

The difference between the control and mid-Holocene annually and globally averaged global 2m
temperatures (hereafter, T2) is rather small (0.3 +/- 0.2C at 1 standard deviation), reflecting the
small change in the mean climate forcing. The regression coefficient between the temperature
change and climate sensitivity is less than 0.1. These results are not unexpected given the small net
forcing change. For the LGM simulations, MIROC shows a fairly strong correlation of 0.7 between
the change in T2 from control to LGM, and climate sensitivity, marginally higher than in previous

work (Annan et al, 2005).
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The results are more informative when the data are analysed in zonal bands. Figure 1(a) illustrates
how small the T2 differences are for the mid-Holocene compared to those for 2xCO2 and the LGM.
As was found previously, the LGM changes are strongly correlated with climate sensitivity in the
tropics and at the very highest latitudes, but the correlation is weakened over the ice sheets. In
contrast (Figure 1(b)), the correlation between the mid-Holocene temperature differences and
climate sensitivity is generally weak. The pink band in the figure indicates the level of statistical
significance at 1% for a sample size of 39, indicating that there is low confidence in the correlations
within the pink area since they could be simply due to noise. The exception is over the land in the
mid to high latitudes of the northern hemisphere, which is the only region where the correlation is
statistically significant. This is precisely the region where the LGM correlation is weak due the the
large LGM ice-sheets, which basically add noise to the strong correlation of the past and future

climate changes which are due to greenhouse gases.

Analysis of Monsoon regions

One of the reasons for studying the mid-Holocene 6ka epoch is the evidence for increased
monsoon precipitation, and for vegetation further north in the African monsoon region, compared to
the present day. We take our definition of the monsoon regions from Braconnot et al 2007 and
Ohgaito et al 2007. For the Asian monsoon region, Braconnot et al use a region focussed around
northern India (70°E-100°E, 20°N-40°N), while Ohgaito and Abe-Ouchi use a region which extends
further east as far as Japan (70°E-140°E, 22°N-40°N). We compare results from both these regions.

We also analysed the African monsoon region, obtaining similar results, which are not shown here.

The monthly mean results for Asia are shown in Figure 2. The LGM temperature change is quite
strongly correlated with the change under increased CO,. In contrast the monthly mid-Holocene
change is not significantly correlated with the zonal change for increased CO,. In addition, there is
no strong correlation of the temperature change under increased CO, with the control temperatures
in these regions. Thus the LGM state would seem to be a better test-bed for monsoon temperature

changes.

For precipitation, we correlated the monthly control precipitation and paleo-climate changes with the
monthly averaged changes for increased CO,. In contrast to the results for temperatures, the results
for precipitation (subplots ¢ and d of Figure 2) are stronger for the mid-Holocene than the LGM,
although the results for the mid-Holocene are only statistically significant in some months. The
control precipitation is not significantly correlated with the change under increased CO,. Thus, for
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precipitation in the monsoon regions it seems the mid-Holocene is may be the most useful of the

epochs under consideration here.

Conclusion

On the whole we find that the LGM, with its relatively large negative change in CO, forcing, is more
likely to be useful for constraining future climate change, despite the “noise” in the correlations
introduced by the large ice sheet changes. For large-scale variables such as climate sensitivity, and
the seasonal signal on zonal scales, analysing the behaviour of the mid-Holocene would seem to be
less helpful. The one exception to this is the northern high latitude land, where at the LGM the large
ice sheets causes the relation to the increased CO, climate change to be weak, whereas the
changes in mid-Holocene temperatures over land are in fact moderately correlated with climate
sensitivity. On the more regional scale of the African and Asian monsoons, the mid-Holocene shows
interesting results for the precipitation changes, although the LGM is again more relevant for

temperature.

The case for continuing modelling the mid-Holocene is strengthened by the availability of
observational evidence which indicates climatic conditions significantly different from present in both
these regions, which may be used to validate the models. There is evidence for a warmer climates
compared to present in the northern latitudes of Eurasia from proxy data. It is also well known that
the modelled monsoon changes at the mid-Holocene are insufficiently dramatic: there should be
more rain further north, particularly in Africa (Braconnot et al 2007). Because the effect of increased

CO, on monsoon precipitation is highly uncertain, the mid-Holocene cannot be ignored.

2.2 Climate sensitivity at the Last Glacial Maximum

Progress has continued in collaboration with colleagues at CCSR, analysing further experiments
using the same ensemble discussed in the previous section in the context of climate feedbacks.
Recently the radiative kernel method of feedback analysis has been developed at CCSR for MIROC,
and is now being applied to the ensemble experiments, so we expect further results to be

forthcoming over the next year.

3 Efficient Sampling Strategies
3.1 Comparing parameter estimation methods suitable for climate models
Multivariate parameter estimation in complex models is a computationally challenging problem.
Naive sampling can be prohibitively expensive, with the number of simulations rising exponentially
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with the number of free parameters (in practical terms, 3 parameters is about the limit). Some more
efficient methods (eg Markov Chain Monte Carlo) are more efficient but inherently serial, which
makes them impractical. So we have focussed on the development of highly parallelisable and

efficient methods for multivariate parameter estimation.

The Ensemble Kalman Filter (EnKF) relies on linear/gaussian approximations, and although it
seems to work surprisingly well in practical applications, it is easy to find its limits in test cases.
Therefore, we are now testing two alternative approaches which do not rely on these

approximations. The price paid is that they are computationally less efficient.

The Kalman Filter is a method of Bayesian updating, in which we use multivariate Gaussian
distributions as approximations to the prior and likelihood. The EnKF approximates these Gaussians
with an ensemble of (equally-weighted) model instances. Although principally used for transient
problems, we have previously shown how it can be applied to the steady state case. In practical
applications, about 100 members is usually OK (and even 40 may be enough). However, it can also
perform very badly in sufficiently nonlinear applications (as we show below). Importance Sampling is
a more general and flexible approach, in which samples are assigned weights according to their
posterior probability. In principle, such a method can handle nonlinearity, but the computational cost
is higher. The particular difficulty is that in a high dimensional problem, many weights are effectively
zero. In order to increase efficiency, we would like to have a good “proposal distribution” to sample
from which is a reasonable approximation to the posterior - but of course such a thing is not readily
available. We have developed two different methods to deal with this:

Iterative Importance Sampling

The basic idea is that we generate a sequence of functions, each of which is a reasonable proposal
distribution for the next (ie, maintaining a sample efficiency of 50% or so0). Labelling our initial
proposal as g and f is our target posterior, We use a sequence of functions from the family g(l'a)fa,
where g is our initial proposal and f is the target distribution (posterior) and a varies between 0 and 1.
A similar idea has been developed elsewhere. In order to generate a posterior sample of size N, a
sequence of 10 steps with sampling efficiently of 50% each has a cost of 10N whereas direct
sampling will cost N*2'°. However there are some limitations relating to the addition of jitter, so in
practice it only appears practical for up to about 6-8 parameters.

Iterative Particle Filtering.

This is really also a form of iterative importance sampling, but it needs a different name and the
methodology is inspired by our previous EnKF work. As with our iterative approach to the EnKF, we
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do not directly solve the problem in one step but iteratively introduce the likelihood in small chunks
(by effectively scaling its width). The method is very similar to that previously described for the EnKF
so is not discussed further here. The big advantage of this method over the 1IS is that it does not
require such a large jitter at each iteration, as the (current) prior does not need to dominate the
posterior in the same way as for that approach. In computational terms, it seems to be affordable
although it requires a larger ensemble than the EnKF. Where this is affordable, it is clearly superior
to the EnKF in all our tests. However it remains slightly inaccurate for any ensemble size whereas

the 1IS is perfect in the limit of infinite ensemble size.
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Figure 3: Comparison of results using EnKF, IPF and IIS methods with two different ensemble sizes.
For the 50 member test the EnKF appears to have some outliers whereas the other two methods
are (statistically) indistinguishable from the true solution. For the 100 member test the limitations of
the EnKF are clear, and the small error in the tails of the IPF are just visible over the noise of
sampling uncertainty. The IS generates the correct solution.

Results:

We illustrate the methods with the simple nonlinear test case.

Prior distribution for x is N(5,10)
“Model” y=x
Observation y,=25 with uncertainty +/- 50

119



. WFFERCR O R/

Figure 3 shows the results. Although computationally trivial, the nonlinearity of the model means
that the likelihood is strongly bimodal with peaks at x=+/- 5. As a result, the EnKF performs rather
badly and is strongly over-dispersed. The IPF is substantially better and in practical terms is
indistinguishable from the truth in this example, unless a huge ensemble is used. The IIS works

correctly but of course is noisy for a small ensemble.

Conclusion

Although the EnKF is extremely efficient, it is also inaccurate for nonlinear problems. Importance
sampling can generate correct solutions but may require large ensemble sizes for high dimensional
problems, despite our attempts to iteratively improve the proposal distribution. The iterated particle
fiter may be most attractive when high dimensionality rules out importance sampling and
nonlinearity prevents the EnKF from generating acceptable solutions. The methods described here

are now being implemented with the GENIE model (see next section).

3.2 Testing the Iterated Particle Filter in an EMIC

For the first time, we estimate both physical and ocean biogeochemical parameters in an
intermediate complexity earth system model, GENIE-1. The number of possible parameters to be
varied in such an experiment is large, so here we run a number of tests in order to estimate how
many parameters we may be able to include. We use the iterated particle filter for parameter
estimate (see previous section). In all cases we assimilate 2-D fields for temperature and humidity
and 3-D fields for ocean temperature, salinity, alkalinity, phosphate and oxygen. The latin
hypercube prior ensemble is first spun up for 3000 years and then 17 and 33 iterations of 200 years

are performed using the patrticle filter.
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Experiments:

8i. 8 parameter: 4 physics and 4 biogeochemistry. Identical twin test.
8d. 8 parameter. Data assimilated.

20i. 20 parameter: 11 physics and 9 biogeochemistry. Identical twin test.

20d. 20 parameter. Data assimilated as per 8d.
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Figure 4: The 8 parameters used in runs 8i and 8d used the same prior (far left plots), derived from
expert opinion on likely parameter values. The run used for the "truth" (red lines) was a member of
the same prior distribution, but not included in the particle filter experiments. It was chosen to have
relatively good fit to the climatological data while at the same time reasonable value for max AMOC,
total O2, POC and DIC. The 8 parameters were selected as those which, in initial experiments and
previous work (refs) appear to most influence the fit to the data or other significant variables.The

right hand column of plots shows the results from using real data.

The identical twin test results (Figure 4: columns labelled 8i) look promising. The parameter
distributions have mostly narrowed towards the "truth". It should be remembered that the prior is
included in the particle filter procedure, so it is not expected for the posterior ensemble to centre

exactly on this parameter set.

In order to check more rigorously whether the method had worked, we calculated the chi-square test

statistic (x-xbar)'C™(x-xbar) where x is the truth value, xbar is the ensemble mean, and C is the
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covariance matrix of the posterior ensemble. We are testing whether the true parameters can be
considered as a plausible member of the ensemble (using a multivariate Gaussian approximation).
For the 8 parameter experiments, the chi-square statistic is low (insignificant) and drops from the
prior to the posterior even though the ensemble has contracted, which provides evidence that the
method has worked. For the 20 parameter experiment, the posterior chi-square statistic is highly
significant, and we can see directly from the marginal distributions that two parameters lie outside
the ensemble range. Thus, the method has failed to find the solution, even though the model runs

have low error.

We now consider the cost function (log likelihood) for the ensemble members. For all the
experiments, the particle filter efficiently finds an ensemble of much lower cost than the prior, which
was formed from a latin hypercube of the expert prior initial parameter ranges. The efficiency is of
the order of 20 times that of using a hypercube method alone. Even though we showed above that
the particle filter did not find the correct solution for the 20 parameter experiment, it still found a low
cost ensemble, although despite having more degrees of freedom it did not find such good solutions
as for the 8 parameter test. For the assimilation using real data, there appears to be a floor in the
cost below which the model will not go, and this was not significantly improved by the increase in
degrees of freedom going from the 8 to 20 parameter experiment. This would appear therefore to
indicate quite strong model error and there seem to be little advantage in freeing so many

parameters. This is an obvious sign of significant structural model inadequacy.

Conclusion

We have here performed the first attempts at simultaneously estimating physics and
biogeochemical parameters in an intermediate complexity earth system model, performing both
identical twin test cases and tests using real data (both physical and biogeochemical). In such an
experiment, there are potentially a very large number of unknown parameters. The results
presented here demonstrate the importance of identical twin testing, showing that pruning of the
parameters is required. The method worked successfully for 8 parameters, but not for 20, although

an improved cost ensemble was still produced for both identical twin and data cases.

3.3 Comparing JUMP and QUMP ensembles
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Tokuta Yokohata from NIES visited The Hadley Centre in the UK last year and while there
conducted research in collaboration with both Kakushin members at FRCGC and Hadley Centre
researchers. This work compared the multi-parameter ensembles developed at the Hadley Centre
(QUMP ensemble) and at FRCGC (JUMP ensemble), in particular examining the cloud feedback. A
paper is under revision for the Journal of Climate (Yokohata et al 2009), the abstract of which

follows below.

The distributions of equilibrium climate sensitivity (ECS) of two perturbed physics ensembles
generated by structurally different general circulation models (GCMs) are investigated. The GCMs
used for the analysis are MIROC3.2 and HadSM3. The difference in the ensemble means and
variance of ECS between the two ensembles are mainly driven by variations in the shortwave (SW)
cloud feedback. In the HadSM3 ensemble, the longwave cloud feedback also plays an important
role to determine the ensemble variance of ECS. We develop a method to quantify contributions of
clouds with different cloud top pressure to the SW cloud feedback by using the model output. We
find that contributions from the low level cloud play an important role in determining the difference in
the SW cloud feedback between the two ensemble means, as well as their variance. We alsofind a
strong anti-correlation between the SW feedback by the low level cloud and the present-day cloud
albedo in the HadSM3 ensemble. This relationship between the strength of climate feedback and

the present-day climate states should help to quantify uncertainties in future climate predictions.

4. Bayesian probability applied to climate change prediction

4.1 On the generation and interpretation of probabilistic estimates of economic impacts of
climate change

The long-term response of the climate system to anthropogenic forcing, traditionally expressed as
the equilibrium sensitivity of the globally-averaged temperature to a doubling of the atmospheric
concentration of CO,, has long been considered as having great significance in terms of our
understanding of the climate system. A number of estimates have been presented over recent
decades, perhaps the most famous being the assessment of the NRC Charney Report (NRC, 1979)
that S was believed to lie in the range of 1.5-4.5°C, later formally presented as representing a
probability in the range of 66-90% (Houghton et al 2001). More recently, a proliferation of
probabilistic estimates explicitly based on calculations using observational data have also been
presented. Many of these results suggest a worryingly high probability of high sensitivity, such as
P(S>6°C)>5%. These results have been frequently used as inputs for further economic and policy

analyses, many of which have been highly influential in the wider political debate. Given the
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subjective nature of the assumptions underlying all of these analyses, it is important to properly
understand the relationship of the results to the assumptions that underly them. The goal of this
work is to explore one aspect in particular which still has received rather inadequate treatment in the

literature --- that is, the choice of prior for S.

We present results both in terms of probabilistic predictions of climate change under a specific
simple emissions scenario, and also in terms of the economic implications of this climate change.
Since the only climate parameter we are considering here is the equilibrium climate sensitivity, we
restrict our attention to a long-term stabilisation scenario in which the atmospheric CO,
concentration is stabilised at 550ppm (double the pre-industrial level) and the climate system comes
into equilibrium with this forcing. Thus, the global mean temperature change in the long term is
precisely the value of the climate sensitivity. To examine the economic consequences of climate
change, we use a quadratic cost function to provide an estimate of the consequential loss due to
climate change on the global scale. The DICE model suggests a loss function given by
C(T)=(2.5/9)xT? where C(T) is the loss in percentage of global GDP as a function of the global mean
temperature change T. According to this approximation, a warming of 3°C causes a loss of 2.5%,

and 6°C warming corresponds to a 10% loss.

We ignore complications such as the much-debated discount rate, and also risk-aversion (as could
be expressed by performing the analysis in terms of a nonlinear utility function of global GDP), as
outside the scope of this paper. Instead we directly present the results of our economic analyses as
an expected loss of global GDP in percentage terms. For our 2xCO, scenario, the expected cost of
climate change (relative to a pre-industrial baseline), given a probabilistic estimate of the climate

sensitivity f(S), is therefore given by

[f(sk(s).as.

where f(S) and C(S) are the probability density function of S, and the consequential loss for a given

temperature change, respectively.
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Priors and data

Many researchers have used a uniform prior for S (and sometimes other parameters) in the belief
that this represents "ignorance". Statements to this effect can be readily found in the literature, eg:
"This distribution [improper unbounded uniform prior] expresses a complete absence of prior
knowledge about beta" (Zwiers et al 2005) However, the statistics literature tells a different story:
""So called ‘noninformative priors’ are not ‘noninformative’ (they have strong implications for
behaviour)" (Walley 2001, p234). In fact, the uniform prior U[0,20] represents a prior belief that our

climate change scenario has an expected cost of 36% of global GDP!

As an alternative to a uniform prior, a composite expert prior has previously been constructed,
which is also broadly consistent with the long-held viewpoint that S is likely to be moderate. This
prior is a beta function with the parameters chosen to approximately fit the range of results found in
a survey of experts. It produces an expected cost of 2.3% of GDP under our 2xCO, scenario. We
also consider a far more pessimistic prior which has a Cauchy distribution (location parameter 2.5
and scale 3), which implies a cost of nearly 10% of GDP, and have undertaken a range of sensitivity
analyses. For illustration of how these prior beliefs feed through into posterior estimates of climate
sensitivity, we consider a recent analysis of ERBE data. The analysis is based on fairly recent
observational data, and does not rely on the analysis of climate model output. Therefore, it is
reasonable to consider it independent of any earlier assessment of knowledge about S. We have
performed some sensitivity analyses on this likelihood by arbitrarily expanding the stated uncertainty

by 50%, and also tested different likelihoods from the literature.

Results.

See the Figure at left. In all cases, the cost of climate change is substantially reduced by Bayesian
updating. This remains the case for all priors and likelihoods that we have tested. Except for the
most extreme cases, the posterior cost is around 2% for a doubling of CO2. Extensive sensitivity
analyses indicate that this is a robust result. Full details are contained in a manuscript under revision

for Climatic Change (Annan and Hargreaves 2009).
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economic models) to have an expected cost

of around 2% of GDP for a doubling of CO..

Summary

This year’s work has centred around four themes: modelling uncertainty in model simulations; using
information from the past to decrease uncertainty about the future; development of efficient sampling
strategies; application of Bayesian probability to the problem of climate change. Considerable progress
has been made with several papers now submitted or in revision, while several projects are at an
intermediate stage and we expect further results to be forthcoming on these over the next year, as well

as development of further work in-line with IPCC goals.
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Papers and International meetings

International meetings

Studying Uncertainty in Palaeoclimate Reconstruction: a network (SUPRAnNet): Melting pot workshop,
Sheffield 23-27 June 2008. Mostly a discussion workshop, with break-out groups, and planning for
future areas of research in uncertainty related to paleo-climates. J.C. Hargreaves and J.D. Annan
both invited

PMIP2 workshop, Estes Park, 14-19 September, 2008

“The mid-Holocene, does it matter”, J.C. Hargreaves, J.D. Annan, A.Abe-Ouchi, R. Ohgaito
“Prospects for Paleoclimate Resconstruction: combining models and data to better estimate climate

states”, J.D. Annan and J.C. Hargreaves

Papers

J.C. Hargreaves and J.D. Annan, The importance of the mid Holocene for improving predictions of
future climate change. Submitted to GRL, 2009.

M. Abe, H. Shiogama, J. C. Hargreaves, J. D. Annan. Multi-model assessment for correlation between
inter-model similarities of climate change projection and present mean climate. Submitted to GRL,
2009.

T. Yokohata, M Webb, M Collins, K Williams, M. Yoshimori, J. C. Hargreaves and J. D. Annan
Structural similarities and differences in climate responses to CO2 increase between two perturbed
physics ensembles by general circulation models. In revision, Journal of Climate, 2009.

J.D. Annan and J.C. Hargreaves. On the generation and interpretation of probabilistic estimates of
climate sensitivity. In revision, Climatic Change. 2009.

J.C. Hargreaves and J.D. Annan, Comment on ‘Aerosol radiative forcing and climate sensitivity
deduced from the Last Glacial Maximum to Holocene transition’, by P. Chylek and U. Lohmann, In
press CP, 2009.

G.-K. Plattner, R. Knutti, F. Joos, T. F. Stocker, W. von Bloh, V. Brovkin, D. Cameron, E. Driesschaert,
S. Dutkiewicz, M. Eby, N. R. Edwards, T. Fichefet, J.C. Hargreaves, C. D. Jones, M. F. Loutre, H. D.
Matthews, A. Mouchet, S. A. Mueller, S. Nawrath, A. Price, A. Sokolov, K. M. Strassmann, and A. J.
Weaver, Long-term climate commitments projected with climate - carbon cycle models, Journal of

Climate, 21, (12), 2721-2751, 2008.
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2. Materials and methods

For this study, we use a 3-D chemical transport model [Rotman et al., 2004; Ito et al.,
2007, 2009]. The different simulations performed in this study are summarized in Table
1. To assess the effects of increases in temperature on the chemical composition of the
atmosphere, we consider the change in both the reaction rate coefficients (subsection
2.1.) that depend on temperature and the BVOC emissions (subsection 2.2.) to perturbations
of temperature throughout the troposphere. A fixed uniform change of temperature is useful
to investigate each of these parameters separately so that the effects of each as well
as the synergy can be determined. This would help identify the major factors that could
have an effect on air quality as temperature changes. To assess the uncertainties in the
model response, we examine the sensitivity of 0, its precursors, and its production to
the treatment of the recycling of NO, from isoprene nitrates (subsection 2.3.) and to
the model resolution (subsection 2.4.).
2.1 Effects of Temperature on Chemistry

The effects of temperature on oxidant photochemistry are examined by applying globally
uniform changes in temperature (+5 K) to the chemical reaction rate coefficients only

after Wild [2007]. Increased temperatures affect chemical reaction kinetics and thus 0,
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production and loss rates. The reactions responsible for this temperature effect are
mainly associated with the chemistry of peroxyalkyl nitrates such as peroxyacetyl nitrate
(PAN, CH,C(0)0,NO,), because thermal decomposition is the main loss reaction for these
compounds [Carter et al., 1979].
2.2 Effects of Temperature on Emissions

The effects of temperature on BVOC emissions are examined by applying a perturbation
based on changes in temperature (+5 K) to the calculation of BVOC emission rates. The
BVOC whose emission is sensitive to temperature include isoprene, ethene, propene,
terpenes, acetone and methanol. Our estimates of isoprene emission range from 270 (=5
K) to 940 TgC a! (+5 K).
2.3 Effects of NO, Recycling From Isoprene Nitrates

The response of 0, to a change in temperatures is sensitive to the NO, recycling rate
from the oxidation products of biogenic emissions, which are related to the temperature.
The treatment of the recycling of NO, when isoprene nitrates and nitrates from the
oxidation of terpene react with OH and O, is varied from 0% to 40% to 100% following Horowitz
et al. [2007].
2.4 Effects of Model Resolution

The response of 0, to the NO, recycling rate is influenced by the model resolution when
biogenic emissions are mixed with anthropogenic sources within the same coarse grids.
We examine the sensitivity of 0, its precursors, and its production to horizontal
resolution by running the model at three different horizontal resolutions: low resolution
(4° x 5°), middle (2° x 2.5°) and high (1° X 1°). The middle and high resolutions used
here may be comparable with those used by Wild and Prather [2006] at T42 (2.8° X 2.8°)
and T106 (1.1° x 1.1°) resolution for March and April 2001.

141



. WFFERCR O R/

Table 1. Summary of Different Simulations Performed in This Study

Isoprene
Simulation Run Name NO, Recycling, % Resolution
Emission
1 L2 0 500 0 4° X 5°
2 L_40 500 40 4° X 5°
3 L_100 500 100 4° X 5°
4 L_0_PPE° 940 0 4° X 5°
5 L_0_ME 270 0 4° X 5°
6 [._40_PE 940 40 4° X 5°
7 L_40_ME 270 40 4° X 5°
8 L_100_PE 940 100 4° X 5°
9 L_100_ME 270 100 4° X 5°
10 L_0_PC® 500 0 4° X 5°
12 L_0_MC 500 0 4° X 5°
13 L_40_PC 500 40 4° X 5°
13 L_40_MC 500 40 4° X 5°
14 L_100_PC 500 100 4° X 5°
15 L_100_MC 500 100 4° X 5°
16 L_0_PEC* 940 0 4° X 5°
17 L_0_MEC 270 0 4° X 5°
18 L_40_PEC 940 40 4° X 5°
18 L._40_MEC 270 40 4° X 5°
19 L_100_PEC 940 100 4° X 5°
20 L_100_MEC 270 100 4° X 5°
21 Me_40 500 40 2° X
2.5°
22 H" 40 500 40 1° X 1°
23 H" 100 500 100 ° X 1°

aLow resolution (4° X 5° ).

"Temperature increase (+56 K) applied to chemical reaction rate coefficients and/or
biogenic volatile organic compound (BVOC) emissions.

‘BVOC emission perturbation.

Temperature decrease (-5 K) applied to chemical reaction rate coefficients and/or BVOC

142



L. WFFERR O A

emissions.
°Chemical reaction rate coefficient perturbation.
BVOC emission and chemical reaction rate coefficient perturbations
eMiddle resolution (2° X 2.5° )

"High resolution (1° X 1° ).

3. Results and discussion
3.1 Global Ozone Budget

The results of the sensitivity studies for the low resolution simulations (No. 1-20)
listed in Table 1 are shown in Figure 1. In the analysis of the global 0, budget, “0)”
represents “0, + NO, + 2 X NO, + PAN + MPAN + HNO, + HNO, + 3 X N,0; + npan”. The lifetime
of 0; is determined from its chemical removal and deposition rates. In subsection 3.1.1
and 3.1.2, we investigate each of these parameters separately. In subsection 3.1.3, we
examine the combined effect of these parameters. In subsection 3.1.4, we explore the
sensitivity to model resolution.
3.1.1 Sensitivities to BVOC Emissions and NO, Recycling

The response of the calculated 0O, budget to the perturbation of BVOC emissions due to
temperature changes is sensitive to the treatment of the recycling of NO,. Increased
recycling of NO, from isoprene nitrates provides a direct increase in the model mixing
ratios of both NO, and organics (which are also recycled), which lead to increased 0,
formation and thus its burden from 330 Tg for (L_0) to 370 Tg for (L_100). Higher NO,
recycling could transport more NO, to remote regions than lower recycling, because the
former does not remove NO, efficiently over isoprene-emitting regions (see Section 3.2

for further discussion).
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Figure 1. The relationship between the tropospheric burden of 0; and its lifetime from
chemical removal and deposition from the results of the sensitivity studies listed in
Table 1. The black line represents the sensitivity to the assumed recycling of NO, from
isoprene nitrates. The red lines denote the sensitivity to changes in both chemical
reaction rate coefficients and emissions from changes in temperature. The blue lines
indicate the sensitivity to changes in emissions from changes in temperature. The green
lines show the sensitivity to changes in chemical reaction rate coefficients from changes
in temperature. The circle represents results for a temperature increase (+5K) applied
to the chemistry and/or emissions. The square represents results for a temperature
decrease (-5 K) applied to the chemistry and/or emissions. PC and MC represent
temperature increase (+5 K) and decrease (-5 K), respectively, applied to chemical
reaction rate coefficients. PE and ME represent temperature increase (+5 K) and decrease
(-5 K), respectively, applied to emissions. PCE and MCE represent temperature increase
(+5 K) and decrease (-5 K), respectively, applied to chemical reaction rate coefficients

and emissions.
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Stevenson et al. [2006] showed the large spread in 0, burden (274—407 Tg) among 25
atmospheric models, although it is not clear how many previous studies have included the
isoprene nitrate chemistry. Wil/d [2007] did not include isoprene nitrates in the
simplified hydrocarbon oxidation scheme and showed that differences in isoprene emissions
(220—630 TgC a™) might account for 20 Tg in 0, burden. Wu et al. [2008] used 0% NO, recycling
with the yield of Sprengnether et al. [2002] and showed little changes in O, burden (315-319
Tg) by varying the isoprene emissions (0—400 TgC a™'). The effect of increased isoprene
emissions from 270 to 940 TgC a™! on the increase in 0, burden depends critically on the
assumed treatment for the fraction of NO, recycled and ranges from 17 Tg for (L_0_PE)
— (L_O_ME) to 57 Tg for (L_100_PE) — (L_100_ME). This interrelationship can be explained
by the synergy between additional BVOC and increased ambient NO, associated with recycling
[McKeen et al., 1991; Tao et al., 2003]. As BVOC emissions are increased, ambient NO,
in biogenic source regions is increased with increasing the NO, recycling due to the
increasing the organic nitrates except XNITR. The increase in O, is driven largely by
the increased role of PAN as a transporter of NO, and the rerelease of NO, from isoprene
nitrates is determined by the recycling fraction of NO,. This increases the transport
of NO, to the remote troposphere le.g. Singh et al., 1998, 2000], which increases the
overall net production of 0; because 0; production in the remote troposphere is more
efficient le.g. Liu et al., 1987].

The slope of the lifetime vs. 0, burden due to the effect of a temperature increase on
the BVOC emissions is smaller when the recycling of NO, is lower. The steeper slope
represents a higher chemical production of 0,. Increases in BVOC emissions lead to
increased net chemical O, production for (L_40_PE) — (L_40) (17 Tg a') and (L_100_PE)
— (L_100) (58 Tg a™') recycling of NO, but decreased net production for (L_0_PE) — (L_0)
(=2 Tg a™). The slope for the low recycling of NO, due to the effects of a decrease in
temperature of —5 K on emissions is steeper than that due to an increase of +5 K. Wu et
al. [2007] found that net chemical 0, production became saturated for non-methane volatile
organic compounds (NMVOC) emissions in the range of 200 and 500 (Tg C a™'). This is
consistent with our results. A further increase in the BVOC emissions to 940 (Tg C a™')
changes the sign of the net chemical production. These results indicate that a lower
recycling fraction for NO, introduces a larger chemical loss rate for 0, for the effect
of a temperature increase of 5 K on BVOC emissions. However, the 0, burden (17 Tg 0,) is

increased for (L_0_PE) — (L_O_ME), mainly because the wet deposition of HNO, (13 Tg 0,
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a™l) is decreased.
3.1.2 Sensitivity to Chemical Reaction Rate Change due to Temperature Increases

The effect of changes in chemical reaction rates due to increased temperatures by 5
K causes slight decreases (-8 to —9 Tg) in the total tropospheric O, burden in our model.
Previously, Si/lman and Samson, [1995] suggested that total tropospheric 0, would decrease
in this case because precursors are processed and removed more rapidly in polluted regions,
where the 0, production efficiency per NO, molecule is lower. Wild [2007] showed that the
tropospheric burden of 0, dropped by less than 1% for a temperature rise of 5 K on oxidant
photochemistry. Most of the decreases in 0, are seen in the FT (global averaged differences
for (L_40_PC) — (I_40) are —1.1 ppb in FT vs. —0.5 ppb in surface air) and remote sites
where NO, from the decomposition of PAN affects 05 due to the higher O, production efficiency
per unit NO, (OPE) in these regions. On the other hand, the effect of increased temperatures
on chemistry leads to increased 0, in source regions (see Section 3.2).

Here, we find that the change in the 0, burden due to the change in reaction rate
coefficients associated with a temperature change is largely independent from the assumed
NO, recycling fraction, in contrast to the BVOC emission response. Gross chemical 0,
production decreases (—13.6 Tg a™!) for (L_40_PC) — (L_40) in response to reduced NO, (the
global averaged differences are —1.8 ppt in the FT vs. +1.6 ppt in surface air) resulting
from less efficient transport by PAN (as suggested by Singh et al., 1998 and 2000). The
decrease in chemical 0, production (=23.4 Tg a!) for (L_100_PC) — (L_100) is larger than
that (6.7 Tg a!) for (L_0_PC) — (L_0) in response to larger decrease in NO, (the global
averaged differences in the FT are —2.4 ppt for (L_100_PC) — (L_100) vs. —1.4 ppt for
(L_O_PC) — (L_0)). However, this is counterbalanced by larger decrease in total loss
(-23.5Tg a!) for (L_100_PC) — (L_100) than that (-6.5 Tga™) for (L_0 _PC) — (L_0), which
is reflected in larger decrease in the chemical loss via the reaction of 0; with OH and
photochemical destruction (the global averaged differences in the FT are —1.3 ppb for
(L_100_PC) — (L_100) vs. —0.98 ppb for (L_0_PC) — (L_0)).

3.1.3 Sensitivity to Combined Simulations

The effect of changes in chemical reaction rates due to increased temperatures (+5K)
causes slight decreases in the total tropospheric 0, burden (-8 to —9 Tg). Increased
emissions of BVOC (+5K), however, lead to increases in 0, burden (+9 to +34 Tg) and this
effect is larger than the net decrease in global 0, burden. Overall, global mean O,
increases with temperature (+5K), ranging from 1 Tg for 0% NO, recycling to 22 Tg for
100%.
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Arneth et al. [2007] found that the increase in isoprene emissions induced by temperature
and vegetation changes in the next century would be offset when the inhibition of leaf
isoprene emissions by increasing atmospheric CO, concentration is accounted for in their
model. In this case which maintains the isoprene emissions within + 15% of present values,
the response of 0; to temperature increase would be insensitive to the uncertainties in
the NO, recycling rate, because the response of the 05 burden to the change in reaction
rate coefficients associated with a temperature change is largely independent from the
assumed NO, recycling fraction. Recently, Heald et al. [2009] found that future isoprene
emissions increased by more than a factor of two in 2100 (to 1242 TgC a™!) due to temperature
and vegetation changes even when the effect of CO, inhibition is included. In this case,
the response of 0, to future climate would be sensitive to the uncertainties in the NO,
recycling rate, because the increase in global 0; burden due to an increase in BVOC
emissions depends critically on the fraction of NO, recycled from isoprene nitrate. The
divergence of the future predictions of isoprene emissions highlights the need for further
study of the effects of changes in isoprene emissions in the future climate.

3.1.4 Sensitivity to Model Resolution

Model results at the low resolution (4° x 5°) which use lower recycling fractions for
NO, (between 0% and 40%) compare better with the tropospheric 0, burden of 335+10 Tg
determined by Wild [2007] from available O, climatologies. However, the global mean 0,
burden for 2001 is 13% smaller at the high resolution (302 Tg) than at the low with the
40% NO, recycling fraction (340 Tg), reflecting less net chemical 0, production at the
higher resolution. This amount is comparable to the difference in 0O, burden between 0%
and 100% NO, recycling of isoprene nitrates (40 Tg). The global mean O, burden during March
and April decreases by 3. 0% as the resolution decreases from 2° X 2.5° to 1° X 1°, which
is comparable to the decrease (=3.2%) from a resolution change from T42 to T106 calculated
by Wild and Prather [2006]. Based on the tendency calculated using the low resolution
model, the burden is expected to be increased by 8% when 100% recycling of NO, is assumed
rather than 40%. These results suggest that the assumptions of lower BVOC emissions and
lower NO, recycling fractions are not needed for higher resolution simulation to match
the burden of 0, derived by Wild [2007].

3.2 Changes in Surface 0, and its Precursors Due to Increases in Temperature

The sensitivity of surface 0, and its precursors to changes in BVOC emissions (subsection

3.2.1) and chemical reaction rates (subsection 3.2.2) due to increases in temperature

are analyzed here for July. In subsection 3.2.3, we examine the combined effect of these
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parameters.
3.2.1 Sensitivity to BVOC Emissions

The geographical distribution of the changes in isoprene mixing ratios (ppbv) for
(L_40_PE) — (L_40) is shown in Figure 2 (a). Enhancements of more than 2 ppbv are found
over the main isoprene emitting regions in the temperate and boreal forests. In the
tropical forests, the changes reach more than 8 ppbv. The largest changes in tropical
forest regions occur because of a large decrease in OH and increase in the photochemical
lifetime of isoprene [e.g., Houweling et al., 1998; Guenther et al., 1999]. However,
Lelieveld et al. [2008] proposed that BVOC oxidation recycles OH efficiently (40—-80%)
at low NO, mixing ratios through reactions of HO, with organic peroxy radicals (RO,), based
on the aircraft measurements of OH and related species in unpolluted air over the Amazon
rainforest, laboratory measurements, and numerical modeling. Subsequently, Butler et al.
[2008] demonstrated that a recycling of OH of 40—50% was needed to match the model results
with the observations, although the resulting high OH concentrations lead to
unrealistically low mixing ratios of isoprene

The change in the PAN mixing ratios (ppbv) are shown for (L_40_PE) — (L_40) in Figure
2 (b). Increases in the surface PAN mixing ratios are calculated over polluted regions
(0.1-0.5 ppbv), reflecting increases in the organic compounds available for the PAN
formation.

Increased NO, is especially noteworthy in the desert and semi—desert regions of central
Asia and the western U.S. In each of these regions there is an apparent release of NO,
imported from neighboring regions that have high emissions of both anthropogenic NO, and
BVOC. These increases in NO, occur even with the assumed 40% recycling fraction for NO,.
Over the same regions, smaller NO, increases (up to 0.03 ppbv) occur in the cases with

0% NO, recycling, while larger NO, increases (up to 0.09 ppbv) occur in the cases with

100% NO, recycling.
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Figure 2. The changes in isoprene (a), PAN (b) and NO, (c) mixing ratios (ppbv) for the
difference between the case with increased emissions caused by a 5 degree increase in
temperature and the base case, (L_40_PE) - (L_40), in the surface air in July. The white

square box in the Figure 2(a) shows the location of UC-BFRS.
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Figure 3. The changes in surface 0; mixing ratios (ppbv) in July due to the difference
between the cases with increased emissions caused by a 5 degree increase in temperature
(L_O_PE, L_40_PE and L_100_PE) and the base cases (L_0, L_40 and L_100) for the assumption
of 0 (a), 40 (b) and 100% (c) recycling of NO, from isoprene nitrates.

The resulting changes in surface 0O mixing ratios due to the effect of a +5 K increase
in temperature on emissions are shown for the 0, 40 and 100% recycling fractions for NO,
in Figure 3 (a)=(c). The 0, changes due to the effects of +5 K on emissions are larger
than those due to =5 K (the global averaged differences are 1.3 ppb for (L_40_PE) — (L_40)
vs. —1. 1 ppb for (L_40_ME) — (L_40)), because the responses of 0, to the temperature changes
are subject to the effect of non—linearities in the BVOC emissions which increase
exponentially with increasing surface air temperature.

Decreases in surface 0, (up to —4.5 ppbv) are found over tropical forests because more
isoprene directly reacts with Oy to increase its loss and more isoprene nitrates act as
a sink of NO, to decrease its production. Under low NO, conditions, where 0, formation
is sensitive to the level of NO,, more NO, is removed as isoprene nitrates for increased
emissions of isoprene as well as other BVOC and more is scavenged as XNITR in the case
with a lower recycling fraction for NO,. The largest increases in surface 0, (up to 11.4
ppbv) are found near or downwind from polluted areas. These increases occur in two types
of locations: (i) source regions in which 0; formation is likely to be sensitive to VOC
emissions, such as over north China and northern Europe and (ii) downwind locations that
have increased NO, (Figure 2(c)) over the Middle East and central Asia [e.g. LI et al.,
2001; Lelieveldet al., 2002; Wild et al., 2004]. Our model results suggest that additional
measurements for the downwind regions would be helpful in providing constraints on the
temperature response of 0; and the recycling fraction for NO,.

The response of 0, to the effect of increases in temperature on emissions shows that
the changes in 0, are largely determined by the assumed recycling fraction for NO,. The
0, increase is larger in the case with higher recycling of NO,. In the case with 0% recycling
of NO,, 0, mixing ratios mostly increase (up to 7.3 ppbv) over high-NO, locations such
as Germany, Beijing, Los Angeles, and the New York area. On the other hand, high BVOC
emissions regions near polluted areas (e.g. the southeastern U.S.) result in a decrease
in 0, (up to —4.5 ppbv). This result indicates that the increased BVOC emissions near
polluted areas efficiently remove O; precursors in the case with lower recycling fractions

for NO,.
152



L. WFFERR O A

Zhang et al. [2008] used CMAQ [Byun and Schere, 2006] with the CBM-1V chemical mechanism
at the horizontal resolution of 36 km and found that the increase in BVOC emissions due
to temperature increases caused a decrease in surface 0, by up to 1 ppb over the
southeastern U.S. Their results are consistent with our results using a 0% recycling
fraction for NO,. The lumping approach used in the CBM-IV to reduce the complexity of
the degradation schemes for higher hydrocarbons is different from that used in this work.
A structural lumping, which groups species according to their bond type is used, as opposed
to the molecular lumping approach used in this work, where groups of reactions of entire
molecules are combined. Pdschl et al. [2000] and von Kuhlmann et al. [2004] have discussed
the differences between these two approaches and attributed the major cause of differences
to the approximate 50% loss of carbon in the initial reaction of isoprene with OH in the
CBM scheme. Our results suggest that the more likely cause for the decrease in surface
0, is the implicit assumption of large losses of NO, in the CBM scheme, which lumps isoprene
nitrate into one organic nitrate. The reaction of organic nitrate with OH in the CBM
mechanism yields HNO; and thus a 0% recycling fraction for NO,.

3.2.2 Sensitivity of Chemical Reaction Rates to Temperature Increases

The changes in surface Oy mixing ratios due to the effect of changes in chemical reaction
rates associated with temperature increases are shown for the 40% recycling fraction for
NO, in Figure 4. Surface 0, increases (up to 4.2 ppbv) with increased temperature at most
continental surface locations regardless of the assumed NO, recycling fraction. The
response of 0; to temperature through changes in the chemical reaction rate coefficients
occurs mainly because higher temperatures increase PAN decomposition, and the resulting
release of NO,, HO, and organics causes increased 0, formation [Carter et al., 1979].
Steiner et al., [2006] used CMAQ with SAPRC99 chemical mechanism [Carter, 2000] at the
horizontal resolution of 4 km and found the average afternoon O, increase from 0—1 ppb
(rural) up to 2—4 ppb (urban) due to the effect of 2—3 K increase on chemical reaction
rates during summertime. This may be comparable to our results over land areas (0-2.5
ppbv) due to the effect of a 5 K increase on a per—degree basis
3.2.3 Sensitivity to Combined Simulations

Large uncertainties have been found in the response of surface O; over the southeastern
U.S, when the effects of climate change on isoprene emissions from the biosphere are
considered in modeling experiments [e.g., Wu et al, 2008; Zhang et al., 2008]. Our results
show decreases in 0, (down to —2.5 ppbv) for a 0% NO, recycling fraction but increases

in 0, (up to 10 ppbv) with a 100% recycling fraction and a uniform 5 K increase in
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temperature over the southeastern U.S (Figure 5).

The rates of increase of 0; in polluted source regions due to chemistry and emissions
are less than 10 ppbv for 0% and 40% NO, recycling fractions and are 10—14 ppbv for a
100% NO, recycling fraction, respectively (Figure 5). A similar analysis by Steiner et
al. [2006] for the San Joaquin Valley in California found an average afternoon 0, increase
of 0-2 ppb in rural locations and 3-5 ppb near urban areas during summertime due to the
effect of a 2 K temperature increase on biogenic emissions alone. The SAPRC scheme used
by Steiner et al. assigns isoprene nitrate into a lumped organic nitrate with a 65%
recycling fraction for NO,, and thus falls somewhere between our cases with 40% and 100%
recycling. Although our results lack the sharp distinction between geographical regions
shown by Steiner et al. (who used 4 km horizontal resolution in a regional simulation),

our result for California is comparable on a per—degree basis
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Figure 4. The change in surface 0, mixing ratios (ppbv) in July due to the effects of a

240 au0

5 degree increase in temperature on the chemical reaction rate coefficients (L_40_PC)

for the assumption of 40 % recycling of NO, from isoprene nitrates.
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Figure 5. The change in surface 0, mixing ratios (ppbv) in July due to the effects of a
5 degree increase in temperature on the emission and chemical reaction rate coefficients

for the assumption of 0 (a), 40 (b) and 100% (c) recycling of NO, from isoprene nitrates.
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A=COUPLED-UNCOUPLED

HadCM: APrecip (1860) MIROC: APrecip (1860)
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A=COUPLED-UNCOUPLED

HadCM: ACO2FO (1860) MIROC: ACO2FO (1860)
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A=COUPLED—-UNCOUPLED
HadCM: ASoilC (1860)
90N T———— ——— 90N
60N T 5 SRR e 58 60N T ;
30N {, 4 30N 4, -
( & -
EQq " EQq
305 - 305+
605 1 605

905

90N

60E 120E 180 120w  60W

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.1

90S

0 60E

[ |
0.2 0.3 0.4 05 0.6

MIROC: ASoilC (19

120E 180 120w  60W

60N T &

30N {4

308 1

60S 1

90S

90N

60E 120E 180 120w  60W

0)

-18-15-1.2-09-06-0.3 0.3 0.6 0.9

60E
I

120E 180 120w  60W

1.2 1.5

1.8

MIROC: ASoilC (20

60N T &
30N £
ra{
305 1

60S

90S

[X]4

166

60E 120E 180

-10
- ENCZRIC, 72720 R R 3R

-8

i

I

“Y60N T';

90S

30N,/
EQ{"
305

60S

0 180 120W  60W

0

2 10

(SoilC, kgC/m#**2),



90N

60N 3

EQ -
305 1

60S

905

90N

60N T &
.,l",a
30N {,A055R
EQ
308 1

60S 1

90S

90N

60N T &
30N

EQ -
305 -

60S

90S

X5. X1z

30N 1,53

L. WFFERR O A

A=COUPLED-UNCOUPLED

MIROC: AVegC (1860)
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A=COUPLED-UNCOUPLED

HadCM: AF1 (1860) HadCM: AF8 (1860)
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fl. H%

HadOM& MIROCZ b2 & HEAEE T VO EMEEE T VDO AKRGE N R E S B2 D,

Z D=, HadCMTIXEVET KB KON 7 U 5 1 16 58 DO AR RELSE (Forest dieback) 23R4I C
BHY, MIROCTIE AL Y #ETOFIE (ice—albedo feedback) oAb K Pa P Mg 0 #E T D —Hk
(IR ZBYIN DAL AT D, 7272 L. Forest diebackX® Ice—albedo feedback?s ¥ 3"
DR, BET NVOKBEREICHIEGFT 2O THEENPLETH 5,

g.l. ZEITHR
Coupled Carbon Cycle Climate Model Intercomparison Project (C4MIP): URL http://c4mip.lsce.ipsl.fr

Friedlingstein, P., Cox, P., Betts, R., Bopp, L., von Bloh, W., Brovkin, V., Cadule, P., Doney, S., Eby,
M., Fung, 1., Bala, G., John, J., Jones, C., Joos, F., Kato, T., Kawamiya, M., Knorr, W., Lindsay, K.,
Matthews, H. D., Raddatz, T., Rayner, P., Reick, C., Roeckner, E., Schnitzler, K.-G., Schnur, R.,
Strassmann, K., Weaver, A.J., Yoshikawa, C., and Zeng, N., (2006), Climate—carbon cycle feedback

analysis, results from the C4MIP model intercomparison, Journal of Climate, 19, 3337-3353.

Kawamiya, M., C. Yoshikawa, T. Kato, H. Sato, K. Sudo, S. Watanabe and T. Matsuno (2005),
Development of an Integrated Earth System Model on the Earth Simulator, Journal of the Earth
Simulator, 4, 18-30.

Okajima, H. and M. Kawamiya (2009), Pacific climate variability and possible impact on global surface

CO2 flux, Deep Sea Research II, Special volume, revised.

Yoshikawa, C., M. Kawamiya, T. Kato, Y. Yamanaka and T. Matsuno (2008), Geographical distribution
of the feedback between future climate and the carbon cycle, Journal of Geophys. Res., 113, G03002,
doi:10.1029/2007JG000570.

e.2. MAET NVOWHEAL LT v

WEAEE 1T Kawamiya et al. (2005) (250K SN DA T T /VOWFERBGHR Z T B L7228, Zih
MOAMERNT DN DR AT v TERETR, RIIFEDITHE 215 5 P 504 2 HEfi
TOMEND D, BBERETIE, N—R & 70 RRUEREERS ST /L ORK - B o132
HINDEREMERHDHDOT, &0 6 TIEEROEE > TV DIEEET T VAW LR 2
TRATr, H40ERIS DAY Ty T EBRAEIT IR 5T,
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PIHEMEIZ 1L, Yoshikawa et al. (2008) SFH\7= 2804ED PR ERBE O L O 2EHAT 5, WM

BE R ARMFITIX, NCEP/NCARFFA#AT 7 — # 76 A SFBIRBEE A FH U, JBUS T, REKUR, K
TR BRAUN . RIS, k7 7 v 7 2 MIRKE, REE TN ENE525bDET D,
WEHEHE 7L Levitus et al. (1994) 12V A T35, £, K&K FEO BRLKRFEDITIX
280ppmy CRIK—HRNO—ETH D LRET D, MBEMIZIZIT ETOPOSDOBLFEMIE 2 v 2

BA71%. MEERIE M bR 3R 53 I (pC020) | Vg —fefbfiiE 7 T » 7 A (CO2F0) | ERIE 2
PR (TCO2SFC) | Ve T @A (TCO2BTM) O, 2B FEEIE D 1404E 53 DR RINELTH 5,
MR B R IR E YT, MR B LIRFE T T v 7 AR L OMERB RIS FERE b
(AR 2 IZHEEFRRBIZINOR L o0 b 575, WRfR TR IS B & — Higid L7z,

TSIEH ZTAMMDOEINCIE L TR Y | MFEERB O RO AE T v I REER+ S THL I %
RLTWVD,

ST, N R LERDEEET IVORK - Bl OAARAE E D K, 5S4 BLIEBLININE
MHETVORGEIZAE LR LT WEETVERTOAY LT v 7 &2k 2, £ Ok,
KEIFLEAREARRE DY 3 v 7 B H_R/PEL LI ET, 2TCOET LS L, BEICIEE
Fo—%—D KU 7 R/ S 725 £ TREFIVFEBEDO A T v 7% BIET,
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AY P . A Y e ——
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RETNVOFERZ B L T, RKIEBEMRBIEROREZTNDEICL AR & 72D lREHER H
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Development of an Integrated Earth System Model on the Earth Simulator, Journal of the Earth
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171



. WFFERCR O R/

Levitus, S., and T. P. Boyer (1994), World Ocean Atlas 1994, vol. 4, Temperature, NOAA Atlas
NESDIS 4, 129 pp., Natl. Oceanic and Atmos. Admin., Silver Spring, Md.

Yoshikawa, C., M. Kawamiya, T. Kato, Y. Yamanaka and T. Matsuno (2008), Geographical distribution
of the feedback between future climate and the carbon cycle, Journal of Geophys. Res., 113, G03002,
doi:10.1029/2007JG000570.

h. BCROFER

ERTR

Okajima, H. and M. Kawamiya: Interannual to interdecadal COZ2 flux variability in the Earth System
Model. American Geohpysical Union Fall Meeting 2008, San Francisco, USA, December 15—19,
2008.

ifiy S HHIR

Okajima, H. and M. Kawamiya (2009), Pacific climate variability and possible impact on global surface

CO2 flux, Deep Sea Research II, Special volume, revised.

172



L. WFFERR O A

e. 3 REZACITLE D BRI E DR O TR MW A FE D ZE E M

(& BT BRIl

FHBERY - B EBRBT BN TR
JeHdh  MUIRIESE, BORRISL, BRfEtk, @ocd. AR S

(1) VI

AHFZEE, RO BEHER S AT AMCBWTHETH LA, EEMIENRTEL T8 (b
VERAVBLIOY A RX) ERRE LT, BREKEEE (RRFSCTIED) Mol &2 34 5%
A Z T 2 FIEZBRFE L, FEROKUBEZIITHE 5 KE DI AN OB AR D2 E M

FAET BN TN 72 L ONCRIME 21T 9 Z £ 2 BN E 5,

ﬁ%%ﬁi TAVA, PE, TI7UMEL, FHBICEITS FYERa Y XA XADFH
AEPEHIES 2R L, BRI, BIFHH ORFE KL ORARN., Fs g R L0
¥ 7T OEIRR EICET 27T — 2 B LOEREZNET 5, TNHICESE, BFEXG LA
PERAE) & OBMRZ I BN LT, RIS IS ATRE 7R G R E R E T T VBT 5,
ZORGRFEMEETT VLT, [UBERETRICET 2BEF 2 b IR T 1Y =
7 S OEFREEEFA LT, MR, B8R EE L ORI Omim ) b A E BB ORI T
WEAT D, & AT RIEELDO AR HERMEE B E LT B KB OREHE OHFHERIZE ST,
R FERFAVED FTREMEIZ DWW THIT 5 Z LI K 0 . BIBEG S AT ADOZEMEIZOWVTO
T ZAT O,

Q) 1EfatT —% « KRBT — % O
TAVA, 77N, FEO3IKRAREE, HIAXGE LT, PUERa Y XA XDILE
L) L KRBT L OBMREREDT — 2 ISV TN L, KK ERERTEET LVOERE
79120103, ANT—=FELTT AUV B, 7T VNVOEEEMOIKGT — X b NIRRT
— X ENEL, T 0 ERD D, T2 T, TAVI, 7T VNVOEMRET —% 725N
R[RET — X T HELR S NCUEEFT O & & bic, HIRBIEMIEOKIE 2 5kT — 4% 7
Uy RIZET 21T o720 7 AU IR RD b7 F v o A ERETHRAEEDIS D1LL LA
EFEL TS, £z, RO M yEr aviEhicis s 2 kKEOFSG bR E T b, K
EoorvEma L, a—r-VL PFICEP L TEY . BT A A TIN, AU 7 AMiZ
FHERPERME L THONTWD (K1), HiFIcHESD FyEr aiia—r~ L MEEO S 0
T, ZOMOHIE TIXFEOFEE LTI A ENARIHRE SN,
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Corn for Grain 2007 Brazil Corn
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VTR 3 2 (TR 2 ) | dnfll 3RO TR BEO BN EEH 720 OIER (&) 2%
ZLLT, 728z LbBEIEULL L,

EMREE T — 2T LT, MR 0GR 7 — 2 12 o0 T, BB T —~ (JRA25)
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X3 AEMHREETT — 2« RBT —FN—ZADONE (T AU I DBHE)

313 2 Z TSR LB L 7 AEHERH S L OB T — 4 N— A O E 2=, —iKiZ, K&T
— 2 D7 Uy RIZFEBOEOEYT — 2 BETIT 6 s,

@) ENC BT DB BINEMIN & & KBRS & O FHBITR
KRG DZEFIFALDEIRA 77— BT DVEMEFE~ LT T RBRO R 7 — U ZfjfT 35 Z
LlE. FEROBRBEZEICR T 2 EEEEB OHEEI 21T 5 7O OFEMRET U v 7 Dt 25572
ORI L LTEETH L, 22Tk, PEZXGE LT, IFWoOmET — 2 BAF LW
4 (Province) MDA — LICBWT, WEDTFERY L KREE L OBERE T LT,
HENCE T 2 EEBRY O ELE) & [RREE & OBREZFRFHITT 272912, ARIDIL
BB X OEMTEBORSRST — % & HERGH 4 (China Agricultural Yearbook) 75 INEE
L7z, BIFIEZI9T9ED B20024- Th 5, FEBEW (A, aLFx, hUuEray, ¥4 X) O
FEEH & BB ONLE X 41278 L= (Frolking et al. 2002; Qiu et al. 2002),
BAFECBIRT D RRREER L, ARokERIE (Tn), FKIEKUE (Tn), KIRO Bz
(DTR) B L OPEAKE (Pre) & L7z, KEHRITH WA H L, Climate Research Unit (CRU)
D057V v RF—4%ZFIH L7z (CRU TS 2.1; Mitchell & Jones 2005), 7272 L. K4 OfE
FHFERE DA > TEAMFT R LI EEZFEOKRSREE L,
FEICBT 2B O T KR L OREEHIMIZ R o X1 EES /e (The Compiling
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Committee of State Atlas of China, 1989; Tao et al. 2006), = Z Tl&. RN BIHE TIX
HEEHIM 72 SIXB b L b o & LTe, FEER [REEEIC L D HE IO AR 02T 1
ry AUNTH D, ZORE. BAEMOEMR TG C T, BROKEEEZ A L, it ol
S E L,

EEN OIS Tz > TR, S R SCHIGEATOZ T O 22 IR0 R 7edis, BEfFD
SR & [ARRIZ R G L O ERSRFIORIF & D72 (1 MEA25)) 2 B> 72 (Nicholls 1997; Lobell
& Field 2007), F7cbbH, INEAS (AVield), IEXIRZES (ATm), FARKIEZES (ATn).,
H#k7E554 (ADTR) B X K EFES (APre) & OO BMRIZ SV TN (Pearson
correlation analyses) &#1T7o7-, 725X T—X VA XDOHIFIZRET D720, 7— KA b
T T VYTV TEERL, BERERT v T T XOERIFE(To72, F7-. Kendall
DNERFABIC L W KSR D b L RO b &b CTiTo 7,

X4 HEO A & B OBE SR
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Wh, T72bb, [REEHZDOESNP1ICH 5T ImmA L LTz & & OILEZE S AYield D22 LR
(%) ThHY., KEERELICHTHMEEELZRBL TS (K6), hyEray, XA
REFIELTHWDEON, 4 D OK[BERONDLRL &b 1 DOER L AERMHBEZFFOEO
K7y FLTWD,
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Bl AT, AR 1 COEITH LT, WEEF RE D Shaanxi & TIXT. 4%~20. 7%, FHED
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B TIES. 4%~19. 7% N7 5 & HEE S v,

AlgEE XA A& E OB OMBIZilin, Liaoning, Shanxi, Hebei, Shandong, Jiangxi’4
TROLNDDN, AnhuiBITEDHEN RS NT-,

Bk & XA XILEDOFERYIL, Liaoning, Inner Mongolia, Gansu, Hebei, Shanxi, Shandong
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X6 h~UERITOIEE S ERSIPEREDE S E DR A Shanxi® TORE IR & DR
%, B : Anhui®d COHEKRIE L OREf%. C : Shanxid TO AfgzE L D%, D : Hebeid TO
Mk &= & ORI%

Bi & AR & ORERHRIBIFRIZEE L T,
&0 FEITRAT I D I E O AL B IG

PLED X olz, HEICEIT 2R 7 — L 0K 58
MBI NS — o D HDRRE L B2 D T LN TED,
BEORMEBRET HUNERD 5D,

—RIZKIRD EFIIEMOEF Z F e, RETCOMRED LRI AL A~ A INEZ IS
50L#L\%ﬁ%%@ﬁﬁ%ﬁi%%%%%%ﬁﬂ%%ﬁ?éﬁ(Wii Matsui & Horie
1992), AR TEATFE L, W%@mfﬁﬁiﬁﬁfﬁé(mmw,w%nqu

AR D e i mfi@ﬁiﬂ A LOKRIR ERCAREAMESE M, KR i K IR AT UL
ThivX, PLOKUR EFICE > THONEIIKRELL DT L2 08BN TS (Baker and
Allen, 1993), IPCCHS 4 YR ETH | IRBEL IR s CI R34 pE I T IR B 2 JT 723,

& 2 FEE ORI AT B M O BT B AR B 2 D EHERF LTV D, AREFTRER T
H, M5 b ZOMHmAERD Z LN TE D,

178



L. WFFERR O A

Higg7E (DTR) 123 2AEMIGE LM A CTd D, DIROBENIND Fe i KUR O L5 & B L T
& KA MLV RBDWNINABHEDIK T EHNTINEZIK T I 2 6NN H 5 (Dhakhwa
& Campbell 1998; Tao et al. 2006), LxL—J, AFCBRIEFRIE KR LV SIERKIRIC
L CREEZERRKRENZ LD, DIROEMMBINEZINSE L FH~MEHAT 525605 5
(Wilkens & Singh 2001), Lobell (2007) IXEBIOIEMIE & K5 & OREFREMIT L, FHEO
AABINNTER 3 VR EDIRE DRIITADOHBELRH D Z L 2 WG L TW\WD, Z 2 TOR
RTHDIRIF hvER I VB IOE A XOWE EFERAOHBEN LN, FillOKREL.,
B LOWVIEREET MKV HEEFF SN TV D REZE(L TR, @ RdR & SRR O Z X IR FR
BTHH, —RICRIEKED LAFENREKEICHE_RTREVWE SN TS, AEOEE
TNUDEMC R TRHEBICEAT2MAIIA R I VEEICRL EEZ A bND,
HEEHMEKEZ N Era Y X4 XONEEARERIEOMEBAN RO, FEE, PEKR
AL > Ml | AR IR K B3600mmbl F T b | KA b L AN KONERIRER CTH 5 2 & &K
el T\ 5,

FAEMOFBIEHIRNCB T DRRRED b Ly REMT LEMREEZX 7T IR L, EBL W
RIRKIRD b Ly RREREICR LI, FRCREKIRD F L RRLDOETRLINLD, ZOX
WO EAMEME SR LIZNEE OFERE L 2 HbE T e, b yEr a3l R4
OhE L7l & Xiddet 5 2 s & Lz iz nW T, miEZo by RR—8%3 5,
EHEOKIR EAEMIIEDOEET LB LOEFEICEE TEX W EL 52 TV T 5HER
%< 35 (BlziX, Nicholls 1997; Lobell & Asner 2003; Chmielewski et al. 2004; Peng et
al. 2004; Tao et al. 2006), AFENTFERIT, AATF— AL THLZOLIRKENRRZDZ L%
RIE LTV 5,

ZZTHWERHT — 2%, B LR E i, FIONICEGEA T —VvORET —# 12
HARTAREEERRE N, UL, 2OX ST — X & L CURKRA 7 — ok 5 558
Bi & AEM A PE L DBRZRIT T HIFEI3RIE 2 < 72> T& 72 (Bl 21X, Lobell & Field 2007;
Lobell 2007; Lobell et al. 2008), JRIRKA 4 — /L CEINE & BREESME ORURE T T 57
DOT—ZIMITITELS | FEEELBET 2O RFELENT 22 L1280, 260l
REZERWETZENTEDHEEZ NS,

UL ED X a7 BfR & & 2 T, ROFETIX, L Va7 s B8 LRk A 7 —
IS D RGBS & EW A PENE & OBIR ZFLdR 3 57 L DOIERIC OV TIRET 5,
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M7 EOREHMICB T 28K LEHEZD ML R (BRI NYEo oy FEIIA A X)
1%H B K% Te, 5% A E/KUEIIR, AEENTVIGEIZIATET, 4 50KBEFZOND 7L
EH1ODEREAFELRMBEEESE DA Ty P LTV,

(4) KRR r— BT DIEMAFEEORGERSEDET ) 7

RGO LB DANE A PEVE D ZEEN A~ MNE T R & JKI A r— VTRt L, s D Fk OHERE
ZITOT-01%, EMOABRLOAR 7o 22 ERIL LEEET ARSLETH S, LrL, A
A=V TOET Y 72, BIE TR L) REESRH D, Z 2T, BEA T —
DAEFEMZHETE T DT DIZEAR L T HEMORGETT — & 72 & NZIRBCEE DR G T — Z IZNTE
TOARMEFMEEBET HT-0IC, BT NNT A =X DOREIZE DARFEFNMEZ K S5 Tikd
LD, BARMICIE, A ZHEEZIGH LB T AT X — 2 OHEFE & F DO FB SR HES N
INTRA—=HZDEENT T L BT IOVEHEIMEOEEIC L - T, JRIBEAr— iz BiT 5
TEM DA FELE BN & [RRIREEEE ) LI 257 V2B T 2,

Z 2T, PEEAEE R D ONCIEILERICBT D My a VAREICET AT — X 2R L
7o WERFRIIT —4 & LT, MRAEEMBICEEND 7Y v F (BERE. ) OF —4,
2O WNCEDOFGHT — X 02580 OF — X ZHH LT, T MERE L OMGEE T 72, hUE
0o OFEF T, ATE CRIA L@t 7 v R 7 —2 2 L7z, RAloNET —
ZI0 EBPERE CEARAZ DT T, FrEZ Y v RICBIT INET —# 21 LTz, £72. A5
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OFFHT —ZIFMETHERA LD LR UL TH S, TNENOWRET —XITEH L RER
FELT,

ETUCEEND T AL, RBIERFELIZAR (7 =/ vy —) g, thonik, i
KNI U7 BEm AR O BB AR, AROMRimEE, HEEOKISOEFE, WINH FHZ X 5 YA R
BaEThsd, [T —XIFCRUDT Y » KT —2 Offi, APHRODITEY & ¥ =7 MI X DMK E
F—H &AM LI, Tizumi et al. (2009) DFIEIC L > T, BEDORL L INEDOKRRYT
—ZZHANWT, 2EDET NIRRT A—Z DFGEGHEWE LTz, K37 XA —F OFLGH)
OEZY 7 7 LT, 55,000/ /X7 A—Z Dt MIOWTET LEELREE (VXT A
—ZBET YT WEBHEEEOT Y TV A L oA & RO DT
A =B Z PGB LT EITOWT, HEEE & HEHMIE DR R A it LTz,

FERO—plER 1 EH8ITAR LTz, INERSRINIXTT 2 E T /L OBERMEITIGHNC X 2 2580
REWVD, 40O EFAPEHIRIZ OV T O e Tl MEIREIE. 77V v KA —/1C0. 03~0. 88
(p <0.01), HAF—/LT0.45~0.82 (p < 0.01) T o7z, E/-. NTA—EZT L TILD
VRN K DHEE DS i T A —Z 2 [EE LTHE L VBERE -7, XD, ZOHIET
BBORARRIIOEHIHE TR THDL EEZHLND,

#£1  bMUEraVIEORSRINIKTT 2T VHEEHE & HaHE & Dbk
BTOMAITE. ToMTHS (ZF7U v R) 2R L, YAdEniZ/NT A—ZE#H7 o7k b
HEEME, YdOpldfxi /N7 A — X IZ L DHEEMTH D, riIAHBIFREL, RMSED ¥z [Tke/ ha,

Province/grid _YdOp r YdEn r YdOp RMSE YdEn RMSE _Years

Heilongjiang 0.68** 0.67** 388 419 1985-2002
Harbin 0.74 0.61 712 933 1997-2002
Jilin 0.45 0.52* 859 951 1985-2002
Yanji 0.53 0.54 1845 1529 1992-2002
Henan 0.48 0.57* 501 563 1987-2002
Luoyang 0.03 0.17 1389 1334 1987-2002
Shandong 0.59* 0.82** 439 309 1985-2002
Jinan 0.52 0.62* 684 756 1989-2002
Qingdao 0.47 0.61* 1329 1225 1991-2002
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Baker JT, Allen LH (1993) Contrasting crop species responses to C02 and temperature: rice,
soybean and citrus. Vegetatio, 104-105: 239-260.

CCSA (The Compiling Committee of State Atlas) (ed) (1989) The agricultural atlas of China.
Cartographic Publishing House of China, Beijing, p 34-93

Chmielewski FM, Muller A, Bruns E (2004) Climate changes and trends in phenology of fruit
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e. 4 REIBRBEZE ZEEICANTIRFEY 2 7 O R EHh

ed.1l HHRKEY R
FHUREERS « RIR R
WHEEL « BEARHR R « SIh 5

(1) [FC®HIZ (HFKEEIZXD)

AWFFETIE, RERKEHEE (T 2 AR = 7 /v OFE A BB OB & J7 2B 2 Fahf
MEtaAT o 7c, ZOMEHT, 20094FIZAB & D TIE T 2 RERITE R &7 /L ASTER-GDEMO FI|
EREELELOTH Y KMMIZIESurface T VDT — X ZNRINHHIET D RERE G L L
TAHIERS A EL Z L2 B LT, AEEIIZOEBRE L LT, BHOEST — % O R
AE & REROMEFPARE DD OKEIR Y 2 2 L— a U~ ~DEFEIT-> TS, MA T, B
EEETCOMETIRELTCX T OT-AAT VLB O~ 7 v — 7 HeE O &AL & FLURAE
T e RRE & FEl LTz, T — X HOREE EORAKER L LT, KEBE/HESR TS
ASTER-2B05 7" 12 ' 7 % AW = RS FE DRRGEZ T 72 LT, AV FAXIIIMA T, Fv 4
T T X T IVE DIER/fENT AT o T, F o, MRS O B e B dE I (W) 2R L LT, B
CHAN LTz 7 a—T EFRMFIZAN Lo A OPuri fy FIEDORIH L TRAZEYD £ & DT,
WA BIE, o7 V2 g e 2k 2 ED T < Z L2 BIE LT,
4.1.1.1 K&l - LEEHEEDO-HOT—2 BlF

WEAEEE £ COMRIZIR VT, KRENRBERIER 2 KB L TV HGTOPO30X -+ Hiufl| H B o0 7 —
ZUEENE T LT, AEEIX, RERE MR E LI KEBIROHEE IS D, e S m £
TIVOREL K 2T > TRz, TA MY A FELTHRETHLEZRE Lz, Zix,
GTOPO30 (#J1kmA » 2 =) | SRIM(KI90m A » 2 =) | FUEH1IXI50m GFI50m A 7 3 =) | FAEHE [ 5m (R
SmA v =) DT, BIEIER T T AAERREO A UF VT — 2 88 L OVZEM RGeS B 5 A0
DDTM(Digital Terrain Model) &¥DSM(Digital Surface Model) ZE#R4 5 Z LN TX5HZ LT
X%,

B1~B4ic, 4 L7ZDEMEB L UDSMZ /RS, 2?95 H, GTOPO, FfliiX50mizBI L Cix, 1%
WIERPHX TH DD, RELTWD, Wh o S IIMEES S &85, —J, SRIMIZE
LCIEE N L —2F =% HEXsmcBE L CxL—H7a 774 7 THHI b, &
AN IESurfaceD@m I ZRBLL TWDH Z LI D, £o, 200927 — DA TETH D
ASTER-GDEM (ZE[#] 73 fiFREAD30m) IZBE L Tk, I MR RO AT VAR EBR LD ~ v F o 7L
HIZ K-> TERENDSurfaceT — X L7205, ZO72w, HHBRECE TiEEW 23 & 5 FRFE 5 72
S3A N & 5 I T ldkdaSur faceModel DFEE L E DI/ D Z ERHEINTWD, Fl 21X, E2
CEBEIGT D & HEBLEE TIXEE OER DAIEN RS DH Z LB TR,
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4.1.1.2 <25 o0—JB0OHEAEDEKE

AR 22 KUEEEB OB L 0 | HEFCEAEE 2321 AR £ Tl20. 18~0.59m EA-§75 2 &
NFPHENTNDY, 20 ) BWGHEZETIEIT U7 DO NANEE LT NV Z x EOBKFEICE
W MR B MR R OV 6 OBKIZ K D REZRGENENT 2 2 EN TSN TN DY,
D OHUSIZITEEBL O & WV o TS RN ICHE L TV R NI S 2072 Ve
IZ L CHETARELENC X 28N L5200 MBI 2> TV D, KR E LTS B OB i
MET ONDN, ZOEITIEBLEARNNEL 720 | FEE LECIIMRIE L Vo B
WTH2D, 207, BRIZHD b DEAMIENT 2HICR b HEE L 0D, Z DA BT,
EHREOT-O DO~y 7 a—T OIEHNER S TWDY, 28 - AV OWIRIH AT T 5
WCThn~rr7a—7100%, WIRBEER, MEREICHT D0k E Lotz &, K
BN L DEEBEZIOTH2HENSH 5 Z ENMLNTNDY, ARG CIIASTERE & 7=
~ =7 O EIT) 2 & T, [UREEI~OBINK 25 U5 L CRERHIBE RO ER E
1To7,

KA DORFCIX, WEFEE TOMIERRICIED | MIERIGHIR A RS 5 & & b, fhig
DR EWFET D 12T N ZHIRUAN DR 2 A Tr—ACA TRz, £7-. KR
Bh D B A AR S8 A 7212, ASTER/2BO5 7 11 ' 7 Zefifitfr 7 — &% & LT L 7=,

OF ¥ A7 F7¥F % (13° 44 N 100° 35" E), @A =54 (10° 45 N 106° 40’

E)
@Fa=y (24° 20" N 124° 09’ E)
1INDVIIZ & % DER1T
Ft ) oM A TENEFE 72 & OFRNTIZH W 2NDVIZ VW, ~> 7 a—7 - | - MO3EE O3 5E%
AT, FEEEISE OBEIC B W TREB /IS5 U 7 2 HY FEEEE OS50 2 T, R A S
HERT EICEEREA DV XD 2& L REWZDNVIIC K 208N EECTH D &Il L=,
£l H-M-~rra—T7%z U7 ONDVUHEDAGOMRAE

NDV| o> &3 B NDV I #{E
H 0.145~0.510 0. 288
Do 0. 521~0. 757 0.679
~vgno—7J 0.607~0. 818 0.744

2)hFERSTEDRE
ASTER-2BOSD1~9F TOHO/NY KW TH -l - ~> 7 a—7 OMFEw AR i LT,

CHBIHAAST Y TFOMMG L, FHEARLE Lo, R BNCRT Koo, EEER
(SWIR) /RS> K (4~9) ®H 6, /N2 RE~BIZB W THIER N H4. 5195 R~ 7 a—7
EH ARG INTWAZ Enbhotz, BLELD . SWIRNNY R3~ 7 v —7 O R
ERDTHDICENTHD Z LR TX I,
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PR CTE DHIRIZR O TWD Z E R RERSHT EOBETH D, Z0d, fHEEELERT
DD TIERL KED NHIFEN R b RE W Z RAICHIEST 2720, AASETHROT
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ASTER-GDEMZ F 72 AR VEIAHE IE 2 1t 6D T <

(2) =v7n—JEombAEO®RE
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At Al G o DB BEREmE T VAR L, R ABUIIN A IEME R & 2R3 %
TENREEEZEZOND, TNODOREBEL, WEERLT PTANTNVE i@ET o~ 7
0= AR 25T T 5,

XEREEHE : Google Earth&k Y E{&EIH
R4 SifGEEGOREGRER S~ 7 o — T Al RS R & O ek

4.1.1.4 SIAXE
1) IPCCH4UHEEE (2007)
2) Climate Change 2007: Impacts, Adaptation and Vulnerability— Working Group 2
contribution to the Intergovermental Panel on Climate Change Fourth Assessment Report,
http://www. ipcc. ch/
3) RS - HATEAT EEE 2 AW~ 7 a— T oA
AARY E— bt 7 a AR 2R 2 5m S0, pp. 217-218, 2006

4) RAGRZEHS « BRI - NIHE— « HEZE © XA O ERFAGIH T2 Z > TV 50741
B ==2—2A, Nob95, 19-22, 2004

5) WRHEIE( - AL A LR ST T O, AR, 2001

4.1.1.5 BEORE
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LZTFEEZRSFHL NS, —J, BV 73 =T e~V —i, I BT e o KRR
FEIR, E72A » FEHEHE W CTHRAVICHET 5 TREZ /NI L T\ D, RERTIZIZNS
DO FRBEORELZBINESNTND Z ERNbnd. KEGFERTEZ 2 FaEEDZEICS
WTHIBREO AL, B Y 74V =THAEVED VL= E 0O FNR L0 EEES TR Y Mk
kDA FOBENRSH D Z ENFTOEND.

WA, BRI N E B O ZE R 30 O BEIC RE TR A BRI 572022 Y

(a)ISCCP high cloud amount

(d)OLD high cloud amount
- o 7 -

(g)NEW high cloud amount

60E 120E 180 120W 60W

i)NEW Low cloud amount

— D 2

60E 120E 180 120W 60W O O 60E 120E 180 120W 60N O O 60E 120E 180 120W 60W

——26 4 e 8

B42.1 : ISCCPIT &V #2Ht ST 2 F £ BLRINE & NICAMO E o bhig.  fr 2 B E
D2004FET A REEICIRIT 50 (a) FEERE, (b)HEER, (o) TEER. (d (e) ()
1% (@) (b) (c) &ML, fHL, Iga et al. (2007) DFEE. (g) (h) (i)i%(a) (b) (c) & [F
. {HL, CTLO 20044E7 H KM,
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DREEEBRZAT - 7. 10 BIXRFHRAE - CTREF & E L1256 (L. e, SGSOEITSE S Bk
EEBE LW LY TS (LUFDRY) Th Y, 220 BITEFHEMK TR L T\ D ERE
L7z (LLUFWET) Th b, EEERBRIZ6H 1 H 22510 H 54T Ltk 05 B B O Il % bk
L7-. £, DRYZCTLE b+ 5 & (¥2.2a, b, ¢, d, e, f) , FEERELPEEREOZERS
TR P TWE—F, FTREENEML TS, ZIUISCSOEIT LS ARSI L ZE L
RN ETEAEMBEEL, TOME, BFAT—NVOEPRBELLT RSO THD.
WICWETZ LD & (X2.2g, h, i), DRY & 3ils, TEEEIZEEKRMICED TS E L HICHEE
BE FEERTHEMT S, FICEAEOKAEKD BRI ERLE SN D - O E S b
T2, ZODIRE R TRERITIZZWHET .
ERBEDEVNVNERBORERBEICEZR 2EEERANLOIC. RIL—FTRELEL
TERENDEKELEEANHTFRI. 3FRT, CILTIE (K2.3a). FIEAKKEME T0W %R
% L9T0hPafHiEICHBEEN LTINS, TLT, EBESMLUTICRERINDEIELIZED,
COBEREBOLICAMLTLS. EBENDFEROLAZERB LinLALT L, ERE
ETREIFABICAMNSICONTHRARICEEL TS, EK=ZIX100WFETI15g/kgZE i X 518
KL o=, BPICELD. CORLGTREEOEMMLGEILOFBIINIL—FELTEE
[ZDOWTIThN - BEDHIEMNATREFELALZL (e.g., Wang et al., 2004). FERE LiHH
870hPalZE 9 BHLEIZITEEL0% L L EF S ERMNT0NPaZBA THML TS, CDI &M,
FOROFEEZECHE > TERBINSBHAIANFRICBBENEZTTVDS I L0 DNS.
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a)CTL high cloud amount
= -
i

d)DRY high cloud amount g WET high cloud amount

00

60E 120E 180 120W 60W O O 60E 120E 180 120W 60W

60E 120E 180 120W 60W O O 60E 120E 180 120W 60W O O 60E 120E 180 120W 60W 0
(c)CTL Low cloud amount (f)DRY Low cloud amount (i)WET Low cloud amount

0 0 60FE 120E 180 120W 60W 0 O 60E 120E 180 120W 60W 0
[X2. 2: FLIRHRESEAENEROLEMSMICE 2 2 B2, CTLO (a) LEERE, (b) dE
E&, (o) FEZERE. ) (e) (N)ix@) (b) (c) ELT. {A. L, DRYIZOWT. () (h) (i)
IZ(a) (b) (c) EFEIL. AL, WETIZDOWT. 20044F6 H6 H~10H OY-HE A <7,

0 60E 120E 180 120W 60W
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(a)CTL

O

(b)DRY X2.3 ~L— phifE
ool L ETRALETE
600 L KRR DR E
= . AT 10°S {29 = 72 R T
O 750 EhE M. EKE
S (CBEAEHRS g/ke) &
900 10. - (% %

950 PO —= 0.1=—=0.

(a)CTL & (b)DRY,
(WETIZ DWW T #
NENRT. EIZS
F [F1FE241E (2004 4F
6H6H~6H10H).

wuqm 135W 130W 125W 120W 115w 110W 105W 100W 95W 90W 85w BOW

(c)WET
500
550
600
650
700
750
800
850
900
950

100{]40“ 135W 130W 125W 120W 115W 110W 105w 100W 95W 90W 85w BOW

CTL & bE#fe L CDRY Tid (2. 3b), ELIEIC X 2 SR BM@E 2D~ 5 2 & CTHERUE bt i £ 3
HOMNMELS o T, 2L C, @Rz ERmTicEE D, 120WL 0 T H
HGEHNC AT DR FEENER SN D, WETTIZ50%% 8 2 5 IR ES FE D hEI1c5y
LTS, ZOZ EIEELEIC L 2 MEARENERICEZ TWA Z 2R LTS, ZORE
R, EREZEEREIEDLZ ETTIREERIZEAEERI TR,

EfRGET VBB ORINCT L OMJ0Z I Lo & § 2B TR AT 2 BELOFHITAE L T
W5, Lo, BUE, BONDRREBEREZ AT HLERE CRAET DEREOSHTEZ 1R &
THEZBICHET D Z SIZ# L. Miura et al. (2007) (34EK3. Skm& Tkm, 14km#&+% Fu>
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THB0404 5 DOFHIER 21TV, SCSZEIZFE H ELITEE DS B B O R EIZ & U CEE /5% %2 5H
LAZEAERLTWD. KIFFEIL, SCSEDETT IMKITEEREMG T T NVITBIT 525 EFH) 72
EEOFBEMEZSOL-ODICHLEELRMETHL LR LT

2-2 2004FEKBRTOA VK - FOFEVRA—VEBOEHEED

2-2-A AV F - T7OTEVRA—VEOFHEHOTRBREIR L BK

20044E6-8 H 4D F A (850 hPa) & #i EREAKDAIARIZ ST, GLI (14 kn#sF-) &GL10 (Tkm
BF) OEBRFERAX2. 4 (1) (RLEz. K24 () 3B (NCEP/NCARFEHZAT, TRMMEE K L
—X—=) IZLD. BEVA—VHIORRNRFEE CHL Y~ —Y v e NEREROSAH K
¥ Ialb— b FlZE BRI, A 2 R CRBKDRBRIZZNA T AR LND. T
bbb, ETFVTHEFICAOLNDA & REMIT (60-90°E) OREKIFEIHITILENIE EBHE Th
V. A T ADFIKGEH & SEITASBOMBETH D, FEBEREM, & L ClmKIEEZ 5 2 72
AMIPRIDEMREE TV FEBRICIB N TA LI T AL FLEL L TE D (Wang et al. 2004), K&
WERAEEROBREZ LV WD Z L OBEEMEN R SIS (Oouchi et al., 2009b). GL10
(Tkmb&1-) FEBRTIIGLI (14kmi& 1) SEBR & L LT, Z O T ANRN BSAFEME TN D
ZEmbnsn (2.4 (F) ) .
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GL10

Wind 850hPa/PRECIPITATION [NICAM—GL10]

90E 120E 150E 180

30N £

20N
A o
£Q

10
S0E 120€ 150E . 80E 90E 120 150€
- ot
mmbr PRECIPITATION av.10S—30N m4rnhr" PRECIPITATION av.10S-30N
5 NPy it NICAU-GLS . NICAM-GL10
e el 23 TRMMIB4D 2 o e e 1 TRMMIB42
o . - . - fro— S
80E 0E 1208 150E 180 ¥ 60E 90F 120E 150E 180

X2.4: () GL9 (14k mk&T /%)) FBILOGLIO (Thkmk& T 45) FEEBRIZISIT 5 20044E678
H D850 hPa@ iy (KHN, BEEIC[2E) BLOMAKE mm/hrll b, 250) |, () [
BT 28, (F) €7 /v & BRI OMEK (10°S-40°N, 40°E-180) ¥ D Rk .

2-2-B ®EVR—UEBOREEEBEKOBHR M

T Y A= UED200446 8 A S DO BK A Ao (K2.5) A=V IR, A > R R
DGR T v F VIUARFHE COBA SRR L HEEN TV D, A > Ry B ORKE
L A2 ) b EBHNEbIchl- 2l s b b, FEHNETO BN U s
DIEFE, NEBENE Z 570 FEBEROVFHEEZ R LTS ([ . 70, BlllhsmoinT
W5 E 91T (Xie et al. , 2006), [IFEHG ORI & RS 2 6 DREBIA 7 — /L OfEER & O
FHEAEHMNEE LT ARttt bR I 47z (KW, Oouchi et al. , 2009b) . 246 DFER
1%, BV A—UBORBKTRICE N T RERERBET AVRAH THLAREENRLTEY,
RERFNZNET T L CIEHBLREE Lo 72F A — RO FHI 72K D A 5 = R AR T ik %
WL OFNRLAZ B2 D Z IR S LS.
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precipitation rate precipitation rate
- JUA 2004 - [TRMM3B42] —JJA 2004— [7-km ]

38M JaN

30N 1 30N

25N 1 25N
20N 20N
15N - 15N { Py

10N 4 10N

ol = . mm day™

2 35 5 €5 B 45 11 125 14 155
(2.5: @ () , Tkt 7T > CR) 18I DFIKE, 2004456~8H 7).

2-2-C 4AVE-F7OT7EVRA—VOEHRETOERRME

F A= ORK & T EPEEOIEENCOWT, 20044E6-8 H ORFIZ L Z2~d (X2.6) .
BN LD ZORIOE L A—I2ES TREY = v hOR (K2.61) £ LT 5A18HIZA
KRB COBRAKIEBIOIETRIL Aty b)) Liztk, (1) 6HTAICKIT S FEEEY
= v bosfbE ZDOHOFME,  (2) SHE -HIZKIT S TEERY = v FOFRILAAL D5
5. GL9 (l4km#g+) FEBRTIE, ZOERZROFFENLHI I TS, GLI0 (Tkmk&F) 5
B, (2) IZxHST 2EEOMILIEIALND OO,  THHANZ HEINI T B L7V iE(k
NEZ > TWV5B.

— 05, BEAKIEBY DR A 22 D &, 2-2-ATIR72 X 5 BN I3 A4 D7 W ARIE IR O B KI5 )
DIEFAITZDHD b DD, TEY =y FOBLICEITH D W0IE, 1 ZIERY L CIbEd % 72 &,
A=V R BEKIEEI O TRV I 2 L— RSN TS Z EBnbnd. EUA—
RO RIS ECIEER DFFIE L Ao B E L A= A U F w7 A (Wang et al. , 2004) DREFEIZEA(L
A v RiES LOWE R DWW T A D &, s BiaT2 D40 A ISV T, GL10 (Tkm #%1)
LR CIIBR SN2 FHNEITN LS EH SN TEBY (X2.7, Indian Monsoon IndexAHEH4%
#20.66) , RIREFEET NP E L A—VHOBKOBFEIZEWTEWRT vy Lad b2
& ERT

AREBRTIX6H 22 B 7H AN )NT TEEE A BET Z2MJODA AT 3B & bl L T &k <
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BHRINLTEY, Z20oM0x Y H— L3 2B RIEAED TH
al. ,2009a) .

SEEF EUVRA-—URROFEHRNETEHRTHONOEES EDOHEEERYL, FHNE
SHREBBDRDIBVS LI UVEVR—VESEDHKEDA N =_XLFRARD LI
Tk YRVWEBR 7—ILOBRMEZH ST ETILEREDOFHEZ1TLY,
BREBFZOF AR LOERMEENGONS Z EAHFIND.

&R

WHAEI LT (Oouchi et

TIzE
KU, =
EVR—UEBO B

precipitation rate (TRMM_3B42) av.60-120E [mmhr™]
N T

30N 1 ‘
kit M "
208 ! i N e it
1on] ‘ Ly
i %) v, s A
EQ , Ty ¢ 1_ f . J;,AV ‘l -
: - . . ; »
108
TJON 16JUN 1L 16JUL TAUG 16AUG
velocity 850hPa (NCEP/NCAR) av. 60 120E [ms™]
— e .

10N s
EQ %
T "IN 16JUNT 1JUL 16JUL 1AUG T16AUG o
onset 15¢-LL)| weakened  |[2M9-LLJ
GLS GL10

precipitation rate (gl08) av.60—120E [mmhr™']

precipitation rate (gl10) av.60-120E [mmhr ]

gt
44'\.\‘ * ‘

16JUN 1 JUL 18JUL

18JUN T 1JUL 16JUL
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2.6 : &L

212

velomty SSOth (glﬂg) av. 60 120E [ms“]

18UG 164UG

1ANG 164UG

40

2nd-LL)
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,GL9 (14km#& 1-; F/2)
(% FSxL) 38X 0850 hPadiEELE (S<F1, HPEEC

108
T 1JUN

16JUN 1JUL 16JUL ‘MUG 16AUG

velocdy 850hPa (gE‘[O) av. 60 120E [ms™]

fyuL 1AUG 16AUG

J GJUN 1 G%L
s s
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1st-LLJ 2Md-LLJ
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GL10 (Tkmk&¥5 NA7) SEBRIC

Bl 5 BKE
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monsoon circulation indices (Wang et al. 2004)
— Indian Monsoon Index —

X2.7: AV
KREL A —

i Correlohon Coefﬁcuents aqomst NCAR/NCEF' DZ>5(CL9) )bb L10) /1) ‘/?771
TJUN 6JUN 'IIJUN '\6JUN 2'IJUN 26JUN '\JUL 6JUL 11JUL (J:) , :”:E

-~ NICAN—GL10 KFPEE V2
2 — Western North Pacific Monsoon Index — NCEP /NCAR — Ty
7 A (F) .
200446 H 1 H
-7TH10H

-124

i Correlation Coefficients against NCAR/NCEP: 0.76(GL9), 0.03(GL10)
TJUN  &6JUN  11JUN 16JUN Zt'[JUN 26JUN  1JUL 6JUL  11JUL
me

-3 RE{LEERER

2-3-A BH

FEXA T — L EHOWTEROEKEE T L TlE, BUERBEIE L & L0, R EEZEE L
RAEFEBRIC I T 5 RABEELCIE RS, E0R & L2 U O B GIT AR EMED TN 0 Z s,
BEREMBET VLTI, BRI 2D RMEEZHERT 22 & T, K0EEEDORWIR
BRAL TR ZITH Z ENARETH L. AFEEIIREREMGE T V&2 TR W) & 722 2 iR 52
B ZBAtE LT, & ICEWIRGTFIZZ OFET IO E 1T D8 E 72 D3P ERL O —> T,
#Oﬁ%k%%k@%%?k%@&ﬁ%%@T%é@%ﬁ%?&@,K%%®EE@%@&L
TW5. 72720, 1ERMKIEET VLV TITHhILTND L HICT 3 TV FEEBRRATH4E S OFE 5y
ZATo 72 BT, BUHRKEO KU FR 2B G HIRNT 2 FEAT$ 2 DI, NICAMZ > DG A wlig

bbH. TIT, ERMKEET V& L TMJ078 & BVHHEEL O B BNED B W ARE 7L OF
wEDL, TRERE e EAEEELOISENE OZE BB IRKIE DRI G- 2 2 BICHE A2 H T
T S HED D FETH D, ZORETIE, ZOUE L L CEEIRKE ORKBCME, 51
BRGOFBLE T T VNOBEHRETE O AR 2 O HIE 2 25\ & L2l OfE R 2
HT 5.

2-3-B HRERREME

KR PG FE 14km (RERE S 2T AR F V) & HVY, SRES-AIBL F U A1 HE-5< 49100

EOREEALZTE U IR LARE R 21T > 7o, IRBB(LRFOBE RS (EREE & ks

PEEE) 1, Mizuta et al. (2008) 1272 5\, IPCCEBAVRIR A EHDOMIPIT — & _— A5 18FED
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TIVOHAE (197972003) B L ONENR (207572099) K255 D H O T W T NERHRAET —
ZEAERL L, WEFEEL X VAT - T 2 20044 F #2811 F2BR O KU S SR I L C B 2 7.
FEOBIMIT = > u— s —A032004456 H ~ 10 H, 1EIEILARE FERSKI1004E% D5 H ~104 &
L7c. RBEAREERBROSHITAE T v 7 & LTS, IREZRT AOREITAIBT TV
FICHES &, CO2EPE (BAEDKI2AE) —EMHE, N,0& CH, O FE ITBIAE L FIFRE & L-. M A% —
DIFDER N T-MSTRNX DS B AR 2 fL A Z A, CO2PEFENEHE DR EIT b 5 L 7=

2-3-C SiEREEE

2. 8725, IRBEALEBRIZIIT 2RI E b & LT, 104 > REEALE R L OV K ek
O FAU D KAPEAIE O R O, 55 12 EfEE (30N-60N) CIERE M 238N L, 53k
DD LT DR HEGR TE 5. ATE LR (LR KIE B O F6 4k (X2, 94 51) 2588
ERHIEAEEA TS Z b, TN EXMLTWAS b, BE I EEEICBIT2ER
DA LT T2, B 23 3 220 (112, 9/241), HiEmn b ORIE A Lz 2 & &
BENTHD. K2. 965050, WL~ L —P5EFT0.6[mm/h] 2 % 2 BE Mk &
DR HBID.
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OSR[W,/m2] OLR[W,/m2]
{o)The present—day condition 155 150 200 250 3 Yov oan {a)The present—day condition 140 150 200 250 3 9o
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300 i = g Al - 30N
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=k -15 1o -5 001 04 5 10 15 20 =E0 15 10 -5 001 001 5 10 15 20

2.8 : BIFESME (200446 - 7 - 8 ) F2hr (LB, IRIRALARGE (k6 - 7 - 8H) F2BR (P EY), i
F o7 (RIBCAEER —BUERWE) . 28] KRR BRI 280 m & m i W/m?] 4 Ek5y
&R, A5 R EEIC 3T D46 & RIEHOR (W], ZZ2he - 7-8HICHIT 53
71 A O %~
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Surface temperature[K]

Precipitation[mm /h]
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2-3-D BHESEORLEHEES M LEE

BEHRAUEO R HHZIIMIE (2007) O GEEFIA L. K2, 10Ic 2 En 0 FEERICHSIT 56 H
72510 A O OBHARRIE DO R4 L BIE O A &~ d . 2K TOBRREE OBUIBIERERE
BRCHUE, JRBEIREFERR TIE L 220 BEEOMIE (Oouchi et al, 2006, 24 CTHH iz
FERE B LR oo, L LRI L OBES AT —B L AMABE LN TE LT,
Fex OFEFTIEVE R (100°E-180) THENN, KPEVE (90°W-0) & A > RV (30°E-100°E) TIIJi
By B (180-90°W) TIXA(LIT A b e o7z,

90N A0N

. ; ; ; . 305 T T - T T
BOE 120F 180 T o0 B0 0 0 BOE 120F 180 1200 BOW 0

805
0

X2.10 BESEREE () SRREBERER (B) IS T2 AFEREORES T
B RREOMEICIER T2 &, K2, 11XV SRR O HRAEEHN L, K/NKEET L,

SREEN R E S RBMANC S D Z L 3D, T & 22 b L EELOTRE O (L O BEFR 2 B4
L ENSHROWETHS.
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25 T T T T T T T T 25 T T T T T T
GH . GH .
CTL CTL .
28 28 b
- —
»e ae
T 15 T 15 - .
2] o
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S g
g 18 E 18 b
a8 [t
- -
L] L b
a a
1888 988 968 948 928 908 830 868 28 38 48 a8 68 78 88
pressurelhFal wind speedin/sl

2. 11:  BWFRKEORESE () BIURKREE () O, BERGREER () LR
MRAL AR E F2BR (OR)

2-3-E REHESEORLEICEELZSZHIREE
2. 121ZGenesis Potential Index (GPI) ( Emanuel and Nolan, 2004) & & IZ31F HGPID
EBXOCPIEMERT DT A — 4 — % LB HEDEERT.

s o Rem Y PLY ,
GPl_pon\-ga- = 1+0av,)* ... (1)

GPLIZX () CTERSINTEY, nITHXHAE [s™], RypolX700hPa i T O FH%HE (%], PTIX
Potential Intensity(PI) [m/s] (Emanuel , 1995), V. (%850hPaifi & 200hPai? A DOERE 7
—[m/s]Zd. X2.12(d - @) IZIRIBLIFDOGPIDA> D LAY D 5 B4 X D EL DRk Sy D I % B
TERBEERO LD LZELER T, ExLolflERL TS, K2.12(c) £V AL RFEHE TIEGCPI
XD OB 235 0, AETEAEEE TIIGPTIIEI IO 238 5 = L bbb,

AERVEFEDCPIZEA D3I 2 5E L < A D & BV IRAKUE D 38 4 03 B3 70 sEde (60°W-20°W,
8°N-15°N) TIXGPI I L, BVEHEKIEDRAEIZE > THE LWIRIEE 25, LU Y 7
2> 5 B OBHEHARKUTE ISR ET 5 AR Z © - 7B ELAN @R 3~ 2 Y CIECPI N L, VK
RUEDFRAEIHF L RWIRRBIZZ2 > TWDH Z b, X2.12(c) - (g) 1 H Z OB kx5 %
7o XBARY 72 22K & L CREEOERE & 7 — ORI RE S 41, CMIP3DE 7 /L % W THEFT 217 >
7zVecchi and Soden (2007) DR L EEGHIRFER L o072, ZOHME T T —DZALIZEL Nino
B 721 KR O 53 A2 K D Walker I ER O R AGBE S & 72 & THEER S O ZAGITE R 3 2 rREMED
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5D (Vecchi and Soden, 2007, Gray, 1984),
i)

F 72, ALK TOPID AL
LU TTIIGPI 24 AT D 2T D /RT A —H —PEHARKE DR AL F LV VIREEL

L. WFFERR O A

2&%% i)b\f%)%@{lﬁmf))ﬁﬁmu - (

X, 1ONBUETHIMEm A A BN 5. X2, 12(d) - (g) b, 4

o TN
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