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IPCC IE, 2007 FFIZEVEEBED AR B LA WG ELZ SR S 72, 2002 705, AR4 {ERL
WA 7B 2B L7 b O TH Y | 5 1 EEHS (WGL) (1, [ BB AR IL(Physical Science
Basis)] % 10 BI=GCNU, 1 A29H -2 H 1 H)TEMLTWA,
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FTIC, BUEPEE E(2008~2012 IR OPHALE 2T DR, RO EEZ &K o
EFBLE, Y- a—FvyT) ELTRIRT 5 BT KEApEE G2,

ZDIE WGl @ AR4 25, 77 Uy U RFHBRNG 9 TR S 7 2 & Zfta LT
A X M bIThiv,

PITF. 2 oORAETOMEEIR~S,

(2) IPCC-XXVI(Xv =22y, 5H)
M, FHSRAZIZ, ATH E TOFBRNBK THET LD >72 WG3 5 9 BlISH
BT X, WG3IZLD ARS ek E it L7z,
e o>V AT AMET T, YU, ZORS TITERICIE,
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(2) AR4 DA WG H Y3 DFERAZIC TE D72 B HHEE > 7 U A2 % IPCC ik & B < 7=
O DOHEMET: B4 (Steering Committee) Z iR ET D,
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BOHEZ B RN F— IV REVTIVFOREBITI 2L ZRDD,
> IPCCHEMFERHEOMEZERIT, TOREICHETIE8BREROHEMETLT LY L, A
HEZR B 2008 FEMJEAICHK T S D,
> WA EIZIE. IPCC OREKRDIEST B, “Supporting Material (FRARAYSCE) ” OHIN 2 Fil-w 5,

(3) WG1 @ AR4 HIRGEA#HES

9 HRIZWGLIZL D AR RS2 L 25e& L, 10 A 1 B, EEKMEEIZRSNT, 7o
7y VRFHR(CUP)D F4E, WG [EN ST F55 /8 24 OV 72 B RS JAMSTEC) 1% 42
T, HARGLERRE S AL 7Z, JAMSTEC #iERERSE 7 v > 7« THf%E R v ¥ — DRl > % —
F RS T -ERBR BE < MR O /IMEBF R R 2~ v b 7 /b(Martin Hatfull) 5 [E Kfifi, 77 L 3+ A (Mark
Gresham)’ > 7' U v VR ED D OEFENRB X S 72%, WGL O AR4 O FEFER TS, i
AHEZIZOWTHREED LA 72 EIC X v sz,
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RO L 51T, AR4 D SPM KRR, AFRFIRDBATONTIZIED, AR4 DFERUTER L T, WAL (N
Voo XLV EEEBRENERE O D B AT o7, o, R TIL IPCC /) —~VEZE DR
ENMz b T E T,

FESND AR IZMT 7= THIET M T 5 v U At L O, TPCC HrF U A OMEHIBE L
TiE. IPCC HPFER#HE T VA4 « J— /L RE= AT ~, 9 A 19-21 A) OFERENHE Sz,
T DFER ST,
¢ SHOMEEIT, DBOHEZERICLY, FNCELE LT, JRER, AHmE LR ToEmk

SELNKERTTHY, 2008 4 3 HIZFHMRTETH D,

& YmoOBEAICT Tz, (N Fv—T g U A iE, RS AT A 2T LVERATH S,
INHDTF U A OffE (Pathway) 1%, BIAFOWFIERH S HIBE S, ZEL, %, B&
OEHES T U FOREKHEME I S—F 5, BRI, SHH TV A 2 Y
F. EPEHEEL YT VA O AT E 72 D,

& WAEIND, HiF U ATIR BERSBFOEE - (1 - ZRICOWVWTORFDRE END,

FEAETERETHY . CE LS fbmmiE, Rk 20 5 (2008 42 4 H) 1T Tinb, ~v
ﬁu—-7&«%h?%@%m@%zwlﬁifﬁ%éﬁé:&&oto

(%) FH 7077 ApNEREICEEG LEERSEG0T V2 ¥

1* International Workshop on KAKUSHIN Program,
jointly with
10" International Workshop on Next Generation Climate
Models for Advanced High Performance Computing Facilities

Venue: Hawaii Convention Center, Honolulu, Hawaii, USA
Date:February 28-March 01, 2008

Organizers: JAMSTEC, TIGS, CCSR, The University of Tokyo, CRIEPIL, RIST
Sponsors: NEC Corporation, Hitachi Ltd., Cray Inc.

Dayl (February 28™)

Opening
8:30-9:00 Registration
9:00-9:05 Logistic information
9:05-9:15 Akimasa Sumi (TIGS / U. Tokyo)
-Welcome Speech
9:15-9:40 Michio Kawamiya (JAMSTEC)
' ' -A survey on climate change research in Japan and its future
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Information technology for sustainable society (Chair: A. Sumi)

Masaru Yarime (TIGS / U. Tokyo)

9:40-10:05 -Technology and Institution for Sustainability Science
Mark Taylor (Sandia National Laboratory)
10:05-10:30 -Massively parallel performance and aqua planet simulation results
for NCAR's CAM with the HOMME cubed-sphere dycore
10:30-11:00 Break
11:00-11:25 Kenichi Itakura (JAMSTEC)
' ) -The results of the Earth Simulator and the next targets
11:25-11:50 Yasumasa Kanada (U. Tokyo)
) ) -Ultra High Speed Computer Project in Japan: Success or Failure?
11:50-12:15 Hisashi Nakamura (RIST)
' ' - Peta to Exa and Beyond- What are our challenges? -
12:15-14:15 Lunch

Near-term prediction and probabilistic approach (Chair: M. Kimoto, G. A. Meehl)

Gerald A. Meehl (NCAR)

14:15-14:40 -Decadal variability and predictability in the Pacific region
Masahide Kimoto (CCSR / U. Tokyo)

14:40-15:05 -CLIMATE 2030: A Japanese Project for Near-Term Climate
Projection
Masayoshi Ishii (JAMSTEC)

15:05-15:30 -Development of a quantification technique for the uncertainties in the
near-future climate prediction using ensemble data assimilation

15:30-16:00 Coftee break

16:00-16:25 Doug Smith (Hadley Centre)

) ) -Impact of initial conditions on decadal climate predictions

James Murphy (Hadley Centre)

16:25-16:50 -Uncertainties in climate predictions on decadal and multi-decadal
time scales: methods, results and links

16:50-17-15 Ben Kirtman (COLA / IGES)

-Seasonal-to-Decadal Prediction

Day2 (February 29"

Long-term projection and earth system modeling (Chair: M. Kawamiva, K. Hibbard)

Kathy Hibbard (NCAR)

8:30-8:55 -A strategy for climate change experiments and coordination for a
next possible assessment

8:55-9:20 Yoshiki Yamagata (NIES)

-Land use model for next generation climate scenario
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Damon Matthews (Concordia University)

9:20-9:45 -Carbon cycle feedbacks increase the likelihood of a warmer future
Toru Miyama (JAMSTEC)
9:45-10:10 -Estimating  permissible Emission for CO2 Concentration
Stabilization using an Earth System Model
10:10-10:30 Coffee break
) ) Joyce Penner (U. Michigan)
10:30-10:55 -Aerosol Forcing of Climate
Toru Nozawa (NIES)
10:55-11:20 -Impact of carbonaceous aerosols on attributable warming and future
prediction
11:20-11:45 Takashi Arakawa (RIST)
) ) -A development program of KAKUSHIN Coupler
11:45-13:45 Lunch

Long-term projection and earth system modeling (Contd.)

Axel Timmerman (U. Hawaii)

13:45-14:10 -Simulating global impacts of a shutdown of the Atlantic Meridional
Overturning Circulation
Norikazu Nakashiki (CRIEPT)

14:10-14:35 -Coupling of a eddy resolving ocean model with an atmospheric
model

14:35-15:00 Coffee break

Hardware development and vendor efforts (Chair: Nakamura)

Satoshi Sekiguchi (AIST)

15:00-15:25 -TBD (Grid computing)
) ) Takashi Yonemura (Hitachi, Ltd.)
15:25-15:50 -Hitachi Technical Servers for HPC
Mamoru Nakano (Cray Japan, Inc.)
15:50-16:15 -Cray Petascale Ambitions for Climate Segment “Cray’s Climate
segment update and system update”(Canceled)
16:15-16:40 David Parks / Hiroshi Takahara (NEC Corporation)

-Updates on NEC High Performance Computing in Earth Sciences

Poster session 16:40-17:40

Hideki Okajima (JAMSTEC)
-Interannual to interdecadal CO2 flux variability in the ESM

Kaoru Tachiiri (JAMSTEC)
-MIROC-lite: establishment of a new EMIC based on MIROC
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Yoshikatsu Yoshida (CRIEPT)

-Last Glacial Maximum Simulations using the CCSM3 with a Dynamic Global Vegetation
Model

Akinori Ito (JAMSTEC)

-Estimates of carbon fluxes from land-use change and forestry for the 1990s

Kazuhiro Misumi (CRIEPI)
-Role of two different iron sources on iron cycle in the subarctic North Pacific

Etsushi Kato (JAMSTEC)
-Modeling the impact of wildland fire on global terrestrial carbon emissions

Masaomi Nakamura (MRI)

-Projection of the change in future precipitation extremes using a nonhydrostatic
cloud-resolving regional model

1. Model development and verification

Day3 (March 1%)

Extreme events and high resolution modeling (Chair: A. Clayton, A. Kitoh)

Akio Kitoh (MRI)

9:00-9:25 -An overview of the projection of the change in future weather
extremes using super-high-resolution atmospheric models
Sachie Kanada (MRI)

9:25-9:50 -Projection of the change in future precipitation extremes using a

' ) nonhydrostatic cloud-resolving regional model (2) Preliminary results

and analysis
Ryo Mizuta (MRI)

9:50-10:15 -Transport across the extratropical tropopause in a 20-km-mesh
AGCM

Kengo Miyamoto (MRI)
10:15-10:40 -A dry bias of JMA-GSM: a preliminary diagnosis using

CloudSAT/CALIPSO

10:40-11:00 Coffee break
11:00-11:25 Adam Clayton (Hadley Centre)

' ' -UJCC Overview of Results: Resolution and Scale Interactions
11:25-11:50 Kazuyoshi Oouchi (JAMSTEC)

) ) -MJO in boreal summer 2004: a global cloud-resolving simulation
11:50-12:20 General discussion

12:20- Lunch, and possibly discussion on post-AR4 experimental design?

25



0. WFFERCR OB

0. AFFERK AR D FE Al

e.l HIERI AT LS ETTINIC L D ESIELE) T ER

e. 1.1 BRI E T L (SEIB-DGVM)?D GCM ~D s

FHYHEES - HIERIRSE 7w o7 ¢ TR v & —
WFEE 4 - INEREnE

AL, (1)SEIB-DGVM O AGCM ~DfEE . QfEEET /LD 7= ? SEIB-DGVM H ¥ E/E
AT — LD, D2 JEIT-o7, FEIILL Ty,

(1) SEIB-DGVM ® AGCM ~DifE&

1. SEIB-DGVM @ GCM ~D &G DA

s — E A R R M O AAERICBE T 2RI ANZED Do DM, 5% THl S AR
Wb O HERBRBE A (IL, BSOS OE(LE ST b T AREENm <. ZNbE2EE Lk
CRFR DS — Rtk AL RER [ O FH BAEH % 5= 5 B A3 % (Cramer et al., 2001), BIfE, fFIC
XIS ORISR ZA L A2 KRBT X D REKNAET L(DGVM) EIFF TNV I ab—T 3 v
BTN, ZLIFET D, D H B LPI-DGVM (Sitch et al., 2003; Lucht et al., 2002)I2F S5,
WL OO DGVM 1E, HIER S 27 AE T /VICTED AL, Ko — o A Bhig/ ik 258 DO [H
OHAAEMZTHRD Z L ITZLTHNA TN D,

LxLZR B, 16RO DGVM X, EER O EIZET 2 BiF A HattefECLnRT Z &R T
XNz, T LB RN - BT X Y v TOER EEH O A 7 Ve > ELFHTEL L
TWRT, 2O LR, K — bl A B8/ FEE BRI O AAEH ORIV T, RE A HE
FMEAFESHE TN D, & T TARIFFETIE, K BT K o THIZS S 7 (BB 4 2 BIRBIC
Wo = LDTE LWL AE5 /L SEIB-DGVM (Sato et al., 2007)% . CCSR/NIES/FRCGC
AGCMS.7b (T42L20) A5 A L, & fee- Rtk A B A/ RAGER O AAEH 2 L 0 IEREICHELT 5 2 &
DTELREMRET NVERFET DX 1),

ZHUE, WEEEE ISR LA U L@ SEIB-DGVM (IZBW T, RHFEICANEE L Tflib
NHKRRT — X %, AGCM R°ZNIZE £ 5 FEIENBEE T /L MATSIRO 72255 1Y | & L Cif
{Z.SEIB-DGVM N Tt S =ik O IEM: CO, 7 7 v 7 A L HEHFEFEE(Leaf Area Index: LAT)X°,
BRI IFME A0 AT D2 L% MATSIRO ~i%% E W T2 EERAO 7 nt 2%, GCM NO B 75
— N LTIV AT LERETH L TH D,

AL, AGCM & SEIB-DGVM =1 — ROZEHE 24TV, T42 OKFJFELER T, SEIB-DGVM D
AGCM & O[R¥IFHH (SEIB-DGVM Z—H A7 » 7. AGCM X 40 /3 A7 v 7)., AGCM &
SEIB-DGVM DD TFT — & s | SE STz, BIfEIX, 22— N EOARZERIS 2T R 729
DT AEHEZEIT> TN D,
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WAERE X, BITEORA DA, LAL B L OURBHFREIZOWTOFIBWEDRKRIEZITWVRN S, /XT
A—=BDF a—rF v TEITITETHD, £1-. THOBATEENKETIRE KRS EBRSC,
21 HACICBIT D PRIFEREZIT) Z L 2HE LTV,
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2. fEETERDFEER

MATSIRO & SEIB-DGVM DOfE&G #4457 2P =7 M matseib” &, £DREHGEY 2 —
)L seibadptgem.mod” . SEIB-DGVM A{KD Z A 77 U "libseibdgvm.a” % Hr 7= IHEEFE L 7=,
BARBICIE, six, 7my RAT—b (—HLE) TOY I a2 b—va kb 2 X 5 I2hss
XN T&7=A4 Y YF 0 SEIB-DGVM %, GCM IZfEAT 572912, £9°. SEIB-DGVM D HAr
JL—F 2 start.f90 Z R « FEEE L, GCM ~0D 7 X 7 % —H 7 )L—F o seibadptgem.f90 % 1ERK L
77

Wiz, ATy« VRS — NEDA X —T = — ADFS, Forcing 7 — ¥ ODIERK&EIT - 7=, FEH
WZOWTIE, AT D a~e D5 DOIHBIZE LD, 7ok, ThHDEL O TIE, ZHVETH
B ENTEZ Sim-CYCLE JROFESET LD AX— L EBEIT LT,

a. SEIB-DGVM DE Y = —/Uft « 74 77 UAERL
+ SEIB & ¥ = —/LDAER - start.f90 % seibadptgem.f90 |ZFHAZE X, EV = —/b
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seibadptgem.mod % 1EfK,

- SEIB 71 77 U DIERL : SEIB =t — R % =173 /L L T, libseibdgvm.a % 1ERL
* main L— 7 DIELE : N—"T7% 137 LT, seibadptgem 2> 5 DOFEHA~ZEH

stepSeib T, main %7 /L—F L ENL—T
AT T A HOEREDHIRE etc.f90 N spinup_in & spinup_out % HiIER
+ Logical 2% DEEHAL, T/F 725 1/0 ~

b. GCM |Z SEIB-DGVM & D&+ 7 a v #8001

- SEIB 7u Y= 7 MERK : MATSIRO (Z SEIB-DGVM & O T & 7 % — & fLIiA
AT matseib” 7 12 Y = 7+ AAERK
s AN ANT Ty 7 EAER . cplmain.F, Mkinclude {Z”OPT_SEIBDGVM” % %

c. /O O#&{i

- Restart #§BE DN gtool N — A DFEHFE XL

* GCM 7 — X OHLY A ANELBIZ GEM DD ZFIAT 2 X 51295
*GCM ~OF — 4 OH ) - CO, 77 w27 AL LAl % ECO2C TH /7 —IZikD
- output 7 7 A /L DEH gtool /112810 B2 %

« HISTINsb D #3¥% : z A5 1, 13, 50, 900 & D H ) % AIREIZ T 5

« BROWRITH— seibadptgem NOZEEE S T, KITHE—

d. Forcing 7 — % O#&{ji

CRTA—=HT 7 AIVEIE - parameter_seib.dat ZFite L 21295
- Forcing 7 7 A VeI T — & % gtool JEETHL Y iATe
e. D
360 Hfil~DAT : AT =2 DL ZABEZD
* SEIB-DGVM =1— KD FH : SEIB-DGVM HRD 22— K% v14l ~7 v 77— K

(5% LIX6 < BEE)
BT R YT OVERL

VL EOBERE « B 7 —F L OREN TN E TITK T Lz, SEIER L7z SEIB-DGVM A #7AA A
72 AGCM 7’1 7' La— Rif, JAMSTEC @ SX-8R LTI /A RNl b Z & 2R LT\ 5,
BEIE, EiRa— ROFITENRTEEZITo>TWDHLEZATHD, 5%, TEDLEITRIGEST
TNADOEFMELHEAR L, WEERPECIE, FAET AV THDHHERS AT LA ET L ~DFH
IABEKRZDZEEBIRLTND,

k. BN TIE, S EMOESICELTIMIL, SX-8R T 2CPU OIS LAREDOEA ., 8 FEfH
ol 7po TS (X7 RV 200.1; X7 FAEE 98.9%), ZAUZ LY, SEIB-DGVM DG E
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Mmoo,
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: tropical rain forest (wet in any month)

: tropical rain forest (seasonal cycle of water situation)
: tropical deciduous forest

: temperate conifer forest

: temperate broad-leaved evergreen forest

: temperate deciduous forest

: boreal evergreen forest / woodland

10:
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fEF AEVIZOWT
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g.1.1 5| F3CHR

Cramer, W., A. Bondeau, F. I. Woodward, 1. C. Prentice, R. A. Betts, V. Brovkin, P. M. Cox, V. Fisher, J.
Foley, A. D. Friend, C. Kucharik, M. R. Lomas, N. Ramankutty, S. Sitch, B. Smith, A. White and C.

Young-Molling (2001), Global response of terrestrial ecosystem structure and function to CO, and climate
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change: results from six dynamic global vegetation models, Global Change Biology, 7, 357-373.

Lucht, W., I. C. Prentice, R. B. Myneni, S. Sitch, P. Friedlingstein, W. Cramer, P. Bousquet, W. Buermann
and B. Smith (2002), Climate effects upon vegetation explain remotely-sensed boreal greening trend and

Pinatubo effect, Science, 296, 1687 - 1689,.

Sato, H., A. Ito and 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.

Sitch, S., V. Brovkin, W. von Bloh, D. van Vuuren, B. Eickhout, and A. Ganopolski (2003), Impacts of
future land cover changes on atmospheric CO, and climate, Global Biogeochem Cycles ,19, GB2013,
doi:10.1029/2004/GB002311

h.1.1 FREDOREE

FORTR
Kato, T., A. Ito and M. Kawamiya. The temporal variability in global carbon dynamics during the 20th
century simulated by a coupled climate-terrestrial carbon cycle model. Second International Conference on

Earth System Model, Hamburg, Germany, 2007 4% 8 H 30 H.
Kato, T. Multi-temporal variability in global carbon dynamics during the 20th century simulated by a
coupled climate-terrestrial carbon cycle model. Second OGED seminar, Tsukuba, Japan, 2007 4 12 A 12

H.

SIS, Pl R & MERBRBEZS (K. COE & 2 F—. 21 i COE 7' 1 7' & [HIER : ADfFEde
BENTE L FE T, Mk, 2008 41 H 30 A.

IREFNE. BAEET IV & A ZSH IS a— S )L 2 r— )L ~D - {E#E2 TMAFES:
WEER 2~ VT A — )L TR D], BARERRTEEE 55 MIKS, @i, 2008 43 A 16 H.
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WET T LV Cld, NPZD # A 7 DAEREETT /L (Oschlies, 2001) (2 OCMIP 7' & k 2 /LD R SG
H R ARIA TR IRFBEER & R BL L T 5, [ fRSEIGER & 7 /1% Sim-CYCLE &7 /L (Ito and Oikawa,
2002) ZHH LTV 5D, K THWORAETT ML, HROKEETLVOHFTT7 4 — Ry 7D
RMINEATHWTH S (Friedlingstein et al. 2006, Yoshikawa et al. 2008),
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ZOHEET A EHNT, “RERFBLE STV FITESW I TERERFRE 2 REKICE 2
T, 185047523004 F CTHEAET 5, AW ZEMLIRELZE(L > T U 4 (K4, Knutti et al. 2005)
I%. SP550 (FRAR: 22140 - 13 & TIz550ppmE T EF LZ2E(LT D) L SP1000 (BE#R: 241ttt & Tz
1000ppm) D2HFHTH H, =7 1 YV LMK AL 72 & DO ZIFHIX18504E CREE Lz, KE-—RFETE
Bt 4 — RN 7 ORBEFARD -0, EFAT 5 ZELIRED S ST o AN G2 RE
LA Z 3@ OER (RE-REMER TSR . B ERFBREIL LT 20585 AT7 2
TR E 5 2 20 ER (TFEBEER)) OMFTORET, 220+ U Axk L TERERGH
2179,

3. HRAD ZMLRFBRINE L ARXEFRFAEHE

M5IXET VTR LN RERRERIRD 18504 FEUEL L72iRE EA-Th D, #Edrun (FE#R)
TIHIRBAEDNEE Z 0 | COJREEDN K ZUME D PRI KX W, SPER0D 7 — A TH B /e K 51T,
COMRIEDLZEAN DK S, BB LIZZTOEEILELDTIE AR, o< 0 ki, —J, FEREEBTUn

(BR) CIRIRBE LI Z B 7euy,

ETNANTHEINDI BRORBRNEEZ LD LEZOBKE6THD, WTDr—2Th, COE
FENZERITHEIN L T DRI EFRT 208, IRENZEIZIES IO, FEEZmn 5 72His, %
INEES 0TI DWW TN, B (B ITEHA~TL Ve GRBR) T3NS 2 OISR R 3000 |
BRI E () 22 <0 Ko d, BB LIC K 2BO0, fidrun (ER) 1. FERES
run (BEHR) 1THERT, IRBEWIEI/ NSV, EETIE, BE EFIZL 2688 A b v 7 D3RO
RO, BEEOEENKE N (Bi), 2D EMETOREITMANIIT/NE N, g
{LIRFZEDIEE N EE D DNIRE D EF2ZEW DT, SP550 (K6(a)) XY $SP1000 (X6 (b)) DIE
5 M RO R K E 0, FHHE ETHE, SPLO00DFEATund A K& < IREFEMHPEH & 720
23004FE D EEC, FEE OPEHED, FREOWIES EE-> T\ 5,

7.0 o 7.0 =
a0l (a) L ol (D) r
. . r
40 ] T ol r
5.0 [ 501 i
201 L o0 i
101 L o] i
.0 :f : 0.07 :
o] C o] r
1850 1 éDO 1 550 ZGIDO 20‘50 ZW‘DD 21‘50 22‘00 22‘50 1850 1 9‘00 19‘50 ZdDO 2650 QWIDD 21‘50 ZZ‘OD 22‘50

6:E TV CHE S BARATUC £ D I LIRRWRIN R (PgClyear) D RERFI, FRERIEFEIC X2 TN
B, BRI L B RINE, S MEDE - BRI X AWRINE O, ERAES run, AEERIERES run,
30 £ Y, (a) SP550, (b) SP1000,

52 HAVTZCO, & F2BLT 2 DI N HEH ATRE 722 (bR B O BT [RRH O g bk H &
OWERAY] + [/ B X 5 ZBMLIRFBRINE]ZE B2 b, ZNE RES o T-ONRKNTTH
%o 20HACLIRT OB SR D CO2HEHHEEME (i) ITHEUHEE & KL< —HLTHY, 71D
(B L EV R OFE A LD LTV D,
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2UHEACAT N B TEMEIRFABE 2 2L S DB L | FAROWIERDNH D ZROBIT )
NN it (88 2 AP S LI E ot et o IR [Y T e s e et 37
FWRIR & LTk D 0T, 22l 8 LRI T WL IR RIS ER- 2301272 HSP5500 7 — A T4 (X
T(@), FFAPRHRIT0ICII A bRV, FRTh, AT TIFAYHERITL PeC/yearBA T L 720 |
BUEANBDHEH LTV D E B X 558 Pel/yeariiith & D LI D720,

BIEKIZ LD 7 4 — R 71210 BREOWIN AT 2 7= 510, MEIC L 2B RS
JEREAT L GREEE) TV bEEarun GRES) 0I5 3. B b /NS < | MBS 5%
%o B =7l T2PgC/yeariT < FFAHEH BN/ N SV, £z, FFAPEHED/NE < 7225 7222004 LUK
(IR BASE S TV BT S R oD,

14.0 7 ‘ ‘ ' ' ' : : : - 14,0 -
13.0 E13.0 -
2o (a) F 2.0 -
11.0 E 1.0 -
10.0 F10.0 -
9.0 F g0 -
8.0 Fos.0 -
7.0 707 B
6.0 E 6.0 -
5.0 9 E 5.0 -
4.0 1 - 407 -
307 307 B
204 e - 2.0 -
1.0 -0 -
0.0 : . . . ‘ : : 0.0 : . . . ‘ ‘
1850 1900 1950 2000 2050 2100 2150 2200 2280 1850 1900 1950 2000 2050 2100 2150 2200 2280

T NI X DFFFR CO, HEH B OHEE B (PgClyear) D RS, FRFEREAES run, FRELH:IERE A run
FEHR:2000 4= F TOLFBREHE IR O —BR(b IR PR 8 O EBEE(SRES 7 U A X 1), 30 B E) 7,
(a) SP550, (b)SP1000,

4. BEEIC & 5 ZERILIRFBRIN T 1 & R

41 RIRRFENT R

6 THHND L ST, FRE TIHKRE RRIERE T «— Ry 7 BREND, FRE 7 ¢ — R
v 7 O T u Ak KA TIMLIRRIRE DO ZEWIM & & < FHE L7z SP550 D7 — R 2 fFllZF

Mz mATHE D,

l&niiﬁfﬁt FREMBORFEZAL TH 28I EFE S 1 5 IR FE & (Fk#R) 135655 run( 32
) & IE D run(A) TIXZIUE EER RN L, HEICERM SN D RER (FH) 1Tk <
Bipd, ZoXoIEREARTORER R IS8T D IKF-KET — RNy 71T HEOR
FOTFHENRRE N,

8b ITMEA K FIEER ~D FF G-y WAL TR B O TH D, G 2 ETRLE . K
RO TRALRFIREIZIS U T, MESRICL Y, GPP A EH- L, ZET 5 R, fAEICX D
FR0 (RRARR) & litter fall (FAEHY) HENTEFT 5, BROROITHEADRFRIIHINT S
D (BIERNIE), OB TGPP ENT 2T 5 (BIEHN 012E5<),

A run & L5 L GPP (FRERR) BMRIRALIZE W K& 22208, RIU < D WMERIZ K 2 50 Gk
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FH) BREL 8D, MRE LT litter fall (FEHR) CHEAOEROEINE (BFEHR) 13RS
run & K& FEDLLR,

8c IT TR FBIEIR D F Gy ZRHELTRIZLDTH S, E TR K 91T litter fall |34
A run EFERES run TIERE S Ebben, EiUIxi LT, T TOMRIZ L 2 5%, RO
TeDIZHE A run (FEEFL) OFDIERES run (FREEH) KEL D, Z2O7D HEORFEEOHEM
(TAEA run (BRER) X0 IERKE run (BEHR) L0 /AW, FICHEES run Tk, HEOZEND
FRRIZ K 2 5028 litter fall 2 B[R0 | HEEERIEITRED (B) 1T LETWD,

UEDZ &t RERER CRIEEAE TORE RRE-RET 4 — KNy Z7120F, 1BE ERICE
% FETOMRIZ L 5 IREDEOIENEZETH D Z L1300 b, FHAED GPP OIRIEIC X 58
i, HAOMR R L > TUREF ¥y B EIN D,

|a ~|b e
Tetal _.wm-1
rJ
A0, oo ‘r“ . .. i Gpp
S Soil | .. o
-2 N
.f‘ Fl
------ .l -y
g . =0 -
/28 Litter fall
e T T T
i , N p .
" T ' & Litter fati ™~ P Res.
, '__--“_*
..... . ‘.&:‘hu L. W
we- net increase x3 . - net increse x3 :

2D veabetia T pedulvle pedXolv] velalatal ettt

X 8: [EMEDIRFA by 7 L RFENT U AFFHAS OREZE L, 1850 035 2300 - DIRFRS, T XTOE
X 1850 E DA 0 & L= & X DZEAb, EMTHES run, BHIZIEES un OFE R, 30 FEBEITY, (a) &
FA L7 OBk, HALIE PeC, FRR : MiAERE, i HEIRE, R oo, oA RFEICKHT
DHG ST, HRAR : GPP, ffR Al AE OMEN, 7 litter fall, B4R : [RFEEOEROEENINE (GPP-FEW & -litter fall) ,
7T 7% ARTLTHEDICfEE 3ELTH D, (o) HERFBICHT %55y, H Litter fall, ffR: O
ML R, AR RFEEOEROHEINE (Litter fall- MR E), 77 72 AL 5720 ElEZ 3ELTH D,

42 BRI X BEWD

AT CIERER TORFE T o A% FL7278, Yoshikawa et al. (2008) TH 515 K 912, kDR
FNT U ATHIBIZ L > TRESED, ZOHITIR, HIBIZ L 2EBEWE D Z 21275,

BJ 911850 4= & 2300 4F £ T . TORFERFBWINED FEG run EIFFEAun DETH 5.
BDOEIIDN, RIE-IRFET 4 — RNy IR DEZATH D, WMH TIEE L ORI THOE
DROLNDN, EOEHy (RUE-IRFET 4 — K 7 13A) OHDL RN,

HIIR I X DV A TN 7LD 72912, Yoshikawa et al. (2008)IZHEV Y, FFA0 72t (B 9 DF:D
fHIK) CTORFNT U AZEFAT, X 10 13K 8 &R UM 2K 9 DFFIL TIT-o72 b D TH D,
UTICERICHEREE LD D,
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L=

Siberia

40°N —|

W.N. America
C.N. Amer i

O — R M 4 0m o~ @ =

Amazonia

‘
| “. J ﬂ S. Australia =
-4

4075 —| . -5

80"5 —10

Xl 9: [ T 1850 40> B 2300 4F & T R FEWILE D ZEM 4345 DOFE A run & FEFES run D
75, BNZIE KgCm?, FeCR £ - fEkE. X 10 O 217 - 75T,

a) Siberia (X 10a-1,2,3)

REAIZE D GPP @ AL, IRBEEIC X DHEAE DR GRO LD b REV, ZDHIT, HEE
DAL w7 b litter fall HFEA run DFH R, FEfEG un LV HbREWV, Lol ZLL BIZIRBRKIC
K5 TEETOMRGROEIMNRE L, TEORFEA My Z7IFREWY, BELE L THRFED
ARy ZBEY . RE-RFET 4 — Ry Z7ITIEE 72 D,

b) Amazonia (M 10b-1,2.3)

RIEIZ R YD GPP & EA-T 508, HADMRIRED LA-OHFNRREN, HMORFEA S v 71

%?ﬁD\MWmuBﬁ&ﬁéoi%@@%%%%ﬁ&?éﬂ\mmﬁﬂ@ﬁ&i@ﬁméwkw
L AERELTHEORFZEA by ZIIRELHD, BEFEE L TREA My ZITHAD L TEY, K
1% IRFET 4 — RN 7 IFIEEL 2D,

Yoshikawa et al. (2008) ¢ SRES-A2 27U FIC L 5 FEBR T, #HE ko T, WHDERFEA
kv 2 e litter fall « HHEDOIRFEONTAHIERL TEY | T%%ﬂk#%kiL?&éo
Amazonia DJRFZB-ZHET 4 — KXo 713 F UV HERGFETH L Z k%b@b’(i&)@\ﬂﬂi%{mb‘o %,
COEMOBREICE DT 4 — Ry 7 P at A B OWTEEMARE AN TH D,

c) Sahel (B4 10¢-1,2,3)

AT ZODF & ITRE S EARY | IRBEE L7ZFE un iI2B8WT, ©2LAGPPI/NEL 8D, =
AL, CARIN 2 < AFTET D Z O CIE, IRIELIZ L > THREROFHEIRE L OFTNAEL D
226 Tdh % (Yoshikawa et al. 2008), AT & & 72> T, HADOMRIZ K 5 50f#, Litter fall, 148
TORERIZ L D RFBE RS AEG run TR T2, GPP DA I, HEADRERIZ K 2 RFE 53k O
DE& BEY | FAEDA by 7 BT 5, Litter fall O T HIEORERIZ K 2 530 % Bl
D, THEORFA My 7 DT D, BEELTREA My 7B L, [UE-IRFET 4 — Ry
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ZIXEE 72D,

d) W.N.America (X 10d-1,2.3)

IR & D GPP ORISR ITRE <. ZHUT &L b RVEADKFEEA T v 7 - litter fall & H1
T 5, BETIIMERELEMLTEBY ., A un TOREORE A b v 7%, S un L0 H/)h
SV, MHAEDRFEA Ny 7 OEMBARENDT, BIKE LTHEG run OFBRREA by 7 HBRKE
<720 KIE-IFET 4 — RNy 73R LR D,

e) C.N.America (X 10e-1,2,3)

IEEIC & 2 GPP OHIMAEFICKE < ZHUTE BRWVIEAEDRFEA b 7 - litter fall & H
35, BETIEHMERELEML TW25 23, litter fall DI EH K EZ WO T, F5A run TO LD R
FA L7, A un EENIEEED LRV, HHAEDRFZ A Ny 7 OHEMPRENOT, 4
KL LTHG un DFBIRFEA Ny ZBRREL 2D KUE-RFET 4 — FNy ZIFA LR D,

f)  Australia (X 10£-1,2.3)

IREAIZ L D GPP OBINAIEFIZKRE <, ZHITE BRVEAEDRFE A b 7 - litter fall b1
M5, HETIEMERELHML TWDH, litter fall OHEANE X TIER2WO T, fEE run TO 11
DRFA N v 71E, EREA run ITHTHEMNT 5, HADRFZEA Ny 7 ML THWLHDT, 4
RELTHA un OFBRFA My I PREL R, KUE-RFET 4 — RNNw 73R LD,
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Total — @PF T Litter fall -
Vegitation  Res Mles.
S0 | Litker fall Net increaseizd

Net increase(yd)

10: 8 &IRl Ut 2212 9 12 L O - FEIR T1T o 72, MEITFHBCEA T, BALIZ A b v 713 MgC/ha, FF 53
1% MgC/day, (a) Siberia, (b) Amazonia, (c) Sahel, (d) W.N. America, (e) C.N. America, (f) S. Australia
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5. VEPEIZ & B (LR FBRIN T v & R
51 ZERRFNT A

MR RRAE BRI E ORI B W TR ORW T v X2k s, ZOHTIE, R #(E

IREBVEE O EMEI A B FHE L SP550 D7 —A&2FNIZ LT, £OF k2% LT,

B 11 1% SP550 D7 — AZE\T HDUBED RO EERBERE (B LFE (R, 0-200m i#) .

=8|

J& (fk. 200-1500m %) . R (F. 1500m L) (007K TH D, K4 &L TH L2 X
N KRRD _ACIRFBIRE N L ET HITON T, BB IT KRB O B g B2 ekt 5,
xR L, RO TR 2300 BV THE TIXRRBRO BNELE LIRDT-E ZATh D,
Fo, WETHERBOEITIELERESMOTEY . WNORHNRKE L FHSTND I RPN
Do ZDOXIITKRFBIT, EHICKKUICTEL TWAEBEIZT T, EEICETEINTEY,

HEEDWRIN DR W DO F WA — L &2 "[REIZ LTV B,

X 12 13, SP550 ##63 run D7 — A DTJE (1500m LAR) OEREEEZ RIFHICRIZ b D TH S,
RPGHE & BREDA & FERKTHRIZHT L TRES ER LTV D 2 &p3bnd (REFEL DK
DT BBIENKRE VDO TH B0 HRMAMRFE CThIUT, RFEOHTAREEL D baiH# R

NEWNTITTHD,)

5

ZDT YR BB DO, KITE « KEEDH DHRRE TENZ N U o 2R IR E O

Wridi 2 13, X 142 LT,

PgC

1900 1950 2000 2050 2100 2150 2200 2250 1900 1950 2000 2050 2100 2150 2200 2750
j—
J—
anc

— it

11: 2RBEOZLORERS, 1850 % 0 &5, H 12: 1850m LLIE D2 R EE DAL DOER S, 1850 %
Al PeC, EMHTFEA run, MHRIZIEREA un, 77 0 & 92, HALE PgC, ARRETE, Ph:FIRVE, #:

#:0-200m B, $%:200-1500m 78, #:1500 LAE, B KPE, B v REE, Sk AR,
AR,

Atlantic: Year 2290—2300 FPacific: Year 2290-2300

Z (lev

L
ol fm3 ol fm3
13: 2RO RVEHEOREIZE T 5 O F4 14: 2REEORKVHEOREIZEB T 5 O F4
AWTE, HZiZ mmol/m®, 1850 4E% 0 &1 5, AWTE, HZ1Z mmol/m®, 1850 4E% 0 &1 5,
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EIRERITIERFEFED B, FARKEORMBIN VMO X TS, T7hbb, ZhHOHFTTE
AR S DIRIEK « KB AKPRBMEERICEETH D Z LN b0D,
Wiz, AEBRLEIFERGFROENE ZDDLETINDINERD, “BRLRFEOWIUILLTFO X
5 TREND,
CO2 flux = E (pCO24m —pCO200can)

2 2T, B BABMREL, pCO2ym IZRED "L E . pCO2gcen IFHFED “BLIESETH
Do pCO2umlE, FEBROFE L. KE TR - IR EFBRTITZEN 2V, Eld, MaFER TR O
T2 DI EUEN IR 72 572 OB TEe LA E I ROMEmAH Y (K, fAaERTD CO2 7
T v 7 ADOWYEDATHZ LT TERY, LEBN-> T, fAERTD CO2 7T v 7 ZADRD I
HEED pCO20cean PHRIZE DB D ThH D, FERRIC LR BRI EDFE S run OIEFES run (2%}
T 5D (4 15) 1F pCO2cean PHIR E LK HIELTND Z EDI D,

—0.50
1850 1800 1950 2000 2050 2100 2150 2200 2250

15: MFPEDRFBWRINEDOFES run & FEFES run D 16: YEED “FLIREDIEORES un & IERES
SEORRS, WAL PgClyear, 30 BT, run OFEDWERF, AL atm, 30 FEBETEH,
ﬁﬂlfn%nmkéﬁ%%mn®pCO%mn EMTRAIN TN D DD EFT, p CO2000m |25
G4 2 BRI MEIRE (SST), Wy (SSS). MEm &K EE (TCO,) ., MWm 7T v i U E (Alk)
T%éoEw&%%ﬁm'#%anm®pdnmmCZM%40@£$#E%K”%5LTP5W
AT ONRE 17 Th D, FiElE Yoshikawa et al. (2008)1Z K 5

Z17 225, A run &IEREE run O p CO2ugean DS 2100 FRE TS HOINE, R
{¥5$T@WM@W%k%<%ﬁﬁé’kﬁb#é —J5, FEA run T Mmr%77/&
ANNSWNZ D, TCO, N/ EL 72, DT & 75%#%0)&4: 2 p CO2pcan PEED/INES L T2 D
ZLIFHET S, AREOFETIE, KAO ZBLRFOREAEEL TNDHDOT, f&E un Th
NIEFEA run THIL, BONEDI p CO2peam (FT AU THNT /2D K 91T 728D, pCO20cean
DEN—FHRNIREL 0D Z LT,

1850 1900 1250 2000 2050 2100 2150 2200 2250

17: %ﬁ?i@:%ftm%ﬁ&@%é\ run & IERED run OELEFOREL, B 2K (K 16
ERIL), 7R : SST DF 5, : SSS DF -, Hk: TCO, DFE, fk: T/ H I EOHFS,
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18: 2100 2> 5 2110 4 F TOEHEDZEM 434, (a) Wik CO2 7 7 v 7 ADfEE run & FIEFES un DZE,
HAT T gClyear/m®  (b) p CO2qcean PRt A run & FEFEE run D7, BAZIT 1 atm, (¢) p CO2ceqn DRt A run & FEf
B run OESOWFE KB OF S, (d) 7 UL HFEE S OF 5. (e) R UL BHRESRBEOZFYS, () FU <
TN EDOFEE,

52 FERICKLZEND
Z OFITCIERES run & IFRED run DEOZEM 3 E D, X 18ald, K15 L[X 16 THEG run +
FEFED run DFEDRIK L 725 2100 405 2110 £ TOIFHT LW CO, 7 T v 7 ADFETH
%o AT CHRR72 K 912 Z DFEL p CO2000an D7E Tt TE . FHEEEL X 18b DUFED BRI FESY
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JEDOFEA run & IEFES run DL LG LTS (W),

18c 75 [X 18F 1 THFEED “ AV IR B EFE(X 18b)~DEEZEDEFLH TH D, %< OFETIE
WA O EFIZ LY | K55S run OWRE ZFBLRFEDFEPRE 8> TWD (X 18b & ¢ NFFF
) LoaL, WEERE EA- T CE RV A SN D (K 18b & ¢ A/ E), HilZI1X.
KEPEARIE TR 81 TCO, DZEAL (X 18e) DAFHEMNRKE VDN MND,
fa12 ¢

ERECIZ X DIRFIGERA~D 7 4 — KXy 71250 | CO2 RE—FE(LDT=HIZIE, CO2 HEHED
—JEOHEDRD HivDH, SP5SS0 & X —47 > b & L7ca. 2050 4 F T O £ TlEuvnaanan
23 (2080 AEARIZR) . 20X —4 > ME 2300 AEE TIZ3EDIRE EF L7 s, WU E X,
BEZELOL L. BROBNE LS O TEOHRSLETH S, iR X5 15
DIRFIED T NKUE-IRFE T 4 — RN 7 25| & 2§, MHETIE, BB TR
ET D OICEMMMLE TR E UCli<, F7o, BB X 280 b/ &, LRI
ETNOAFERTHY) TP T ARMOET VO - il % D7 v ZORFPLETH L,

g12 BEIER

Friedlingstein, P., et al. (2006), Climate—carbon cycle feedback analysis: Results from
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e. 1.3 WHRfFEERRLE
FMBERY - HhEREREE T u LT o THFgE R L 2 —
geE L Pl HE

e-1) 7 VOB - FARTOBNE

AAEFE T, AR THIFRE E OEH#ED L & IPCC AR4 IZHE R A2 L7 EBR CHOW =B A T
7 /L MIROC3.2 O, ¥EIBRREOL R E1T 572, £72. 2002 FHEH D 2006 FLEEIZHTFTA - B -
HiEktA T o 27 b THERERBIZ L THIO T2 OMIER S 2 T MEETT VOS] I TR %
1THoTCETMEKS AT AHEAET LV E, EFLIPCC /N— 5 D MIROC £ DT, v r/F A -
N=T gy« LNV TOMREETST2, TAHEWTRYL, KDHE IPCC ARS (2 TEEARD
55 HIERIRBEL TR M T, &0 PRIFESEEO =, @R fxﬂ&%Tw%imﬂ%vx’%
LAREETNVERET L LEHEL LTUTTONIZ LD TH D, xR OBFMEOSINIC
D, ETNVDEIGZ DT> TRIERNN—Vay - Ty TRRLNDLZ & ERoTz,

e2) TTVEIRIERDOMRILD : A7 P a—1 7 LIS - R OB

REET IV - HERS AT DHEETAOT 07T AHBIEEENRE AT 2DI2iE, Hx o=
VIR N e T AORBEREE ., ETAVREDOFRBOA SV a— U VTP REEEITR
S>TL %, (DIEF LT A DarR—x b2 T WM. QF = RN—x2 MatOHAEE
MZEZBELENORES - BIRT 28, QFRKHICET AR E L THRE L TV HIR%, B
DR E H G CDIFN TR LRSS b2 E, 1| FREOCRLNZKRH D O B
NEREDIE EF 24T 9 ZEIIARFEETH D, o, BRERLOFHROIL ﬁﬁ+ﬂ_ﬁbnéz
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Wang et al. (2005) D EEZLFHFTHE RN TEHROLI THDN, EERHZRELEL, %A i
ERkE T D E DD,
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X 25 : KBS = %L ¥ — DOFUELEAL, FHRIT Lean et al. (1995) (2 X 2 FAEEET — & O FHN.
FREODEFIT Lean (2000) (2 X 2 FAEET — & ORHEFEMEON (EdIE 11 FEH O %2 B E,
T 1EEEIONZ, U EORFMELLEIE) 2 EZnTinT,

IR 2 KL AT RS K I PED R S FE = 7 e L D R B 28K IC BI LTI, Sato et al. (1993) 12k%
WHFLNESOT —ZRNH4 THY, MIROC THZDOT —HXDOHEHFhZEHL T % (Nozawa et al.,
2007), —J7C, UL TliX Ammann et al. (2003) D37 IR T —# 2 AL WD, ZILHLDT
—HIHEEARRNC LSBT L E R L TODDS, KRB LM KD R BB 7 ) L 0 2 R
EOE—7ES, AR FZHES R L TOLSEEOFEFIRE I E WS DD (Forster et al.,
2007), £z, W7 —H b IFEESE R R LTG0 A0 ORRAFEZAL O IE R A TR AL TODA3, 1
KARUNMZESTUE, BB =7 0 )L ORI A~D LR BA 7R ICRERERNASNHT20
7 — 2 DOHEFHHIEDE NI OWTEI T 5708 | S EA T 2003 H 5, 7035, Sato et al.
(1993) OHEHRROT —#TlL, EE T2 IV OSEIATCA B ERIC T 5FH (K 26 M)
RSN TNDT2D | ZIODE AW INTTE AT 505 R ETT 2020 D,
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26 1 KPS AT HEV BB RN = THH S0 2 KIUHET 2 MU EROS 2 2 - 2 & TAER S
DW= T v Y e DR DR 3T ORAFEZAL, Sato et al. (1993)D HHTRDT — 4

(3) WEDOKBEEAT 7 F NV OREH &Z O ERFETIZ B T2 TR BT

AT S U TS EERR A R O—Ho L LT, Ik 27 LHAET V2RV 4 2K
EAEBNER A B E LT 20 Hhd e FF B FEBRAE R e BRI T — & LA RE I SR IT -5 2812k
D B BB SR KIRZL S 7 T Va5 L EbICE D ERFHI ATV, DO KT
ANENEENZE R T 5] 80D KRR O @O A TREE T 2L 8012 [Pk PRI A MO E Bk
Hilk T 22N T 5D, BIREE ClE, Kl ol —ra ACHWAHIERS AT A AT T VTR B
WHTHDHIZ0, AHEEL, AT eV 2/ MIB W T MIROC &AW TEIELZBEFAOBIES 22—
TarfE R E T, PRI AT o7, FRIC IERITH EV B ESIL T o 7o B b i fe &
BIAEALSAIT, 20 5% 0 RIE ERICRE T2 ERFHMEINE D X572 8552 T 5 Oh it
AToT,

20 fEACICBLI S NI IBRE (LS 7 L OB BB L O O IR R EC BT 2 BT ORFZEIc Z AR, 20 it
Aot B SN e BB IR O FE LWL BRI, ANBEPEOIRE NI AGHG)DOEEIIZE->ThH
oSN ATREMED < . GHG 2 OBINND 22 LA FRIE . KRB LI k2 N B R 7 o/ L
DI LS TED PRS2 | BLHISH FR 2 ERID ATREMED mWZERRIRI LT
% (Hegerl et al., 2007; Stott et al., 2006), LH>L, ZAVHDHFIETHWOLIL TS RMEE T VBT,
20 HALCHBITDRFEMETT B /L OEEIN B EZI TR, IRFEMETT 2 VOIS K5
B ONWTIE, TOEBEMENERE SN TR TUINE=0, JEHTRICERE T AIEMARE L TV =2 e, FEH
(MR U Rt 2 R D 2L IR E DB IC R | RIS b 2 2 22 L — T D R RE B <
BT MITRIA TN T2 b 72, LL, IPCC AR4 [ZEBRLI-FTORFETT L DIHOK 1/3
FREETH, ZOXIRKBMETT 1Y NN DK B ATONDIE TEE T HITe>TE T\, 4
7Y =7 MZEUT CCSR/NIES/FRCGC A3 RIBAFE L7255 E 7 /L MIROC 123\ T | U SEBK
FTRFEMEZT 2 N OKUE LB R LT R KEE(LFEREZ L T % (Nozawa et al., 2007),
PLED X722 836 Z2CliE, MIROC 1252 20 fd & B B 32 45 2R (Nozawa et al., 2005;
Nagashima et al, 2006)% iV T, AAEIRO GHG HNIC b 76872 20 AL OEE EFOHEEIC
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FIAETIRBIETT B )L OFBIZ OV T2, MIROC % F\ V2 20 Hhfd KU B 28R I S 6n 7z
SEXFRRUEZE T BN KT DI B ORFZE M 28832 — A2 i fia ik (BRI B B 2 B & 12 H
L7z b 7 L O 3 L OVR IR E T35, Allen and Stott, 2003) %38 LT, A& EIHD GHG
WD I, GHG LIS N & IRORAFZEBY ER (FE L CABEIR=T 2/ L OO A, B SRELJR
DEMEIEB K D I I b T bE - ERIE DR ZE M2 b A2 HEE L=,

27 1%, 20 HEACICBIIIS AU 7o B AR OB 22 M 28 A . A& TR GHG Ji EEHEAM 63D 02
GHG #BRS A0/ 8B EA (I ANBNEBNC D =7 2y VO Ik 2002 B AR IR O &5
B ERIC T DI85 O 3 EHERTHEFLIZHGA ORRREZ TR T, 20 HidlckiTsmEETT R
VIV DYEINZE LI T- 3556 (X 27a), [EUREFREIIODT LS 5~95%DEHIXF CIEDEZ/RL T
0. FAT T DMOEMET T V% A (Stott et al., 2006)E[FIREIZ, 20 AL BRI &AL # ESIER D
RFZefZALICiE, 2 3 TR COINE DOV T T VNG BITHRIEESNAZ LR 00D, —J57., 20
FEUZIBIT DR BT T 1Y VO INZS E LT 5E5 (X 270)ICh , BIRAREITIW T 1E 5~95%DEHHIX
I CIEDEARLTODA, ANZEIRO GHG IR EH N 28 E B LA B RO T = )L HE N
(KT DISEDEYREREDS, RBHETT 0 VO INZE B LW E (M 27a)K0b L T\d, X
FNITE T, BRI FOISICHEESN TV D!

[ElRHER S~ (LRI L7 L O RF 22 R BE) / (RUABEIGE OHRiE) 2

20 HHACICHBITDIRFETT B VOB INEE R LG G, =7 0/ VOB RN E b m A e
=60, ABEIRO=T o VNI T I8 B OIRIBA K EL25 (Tabb, ERXROS RN KELAR
%) — T RBMETT O NV OWNNEEETHIEITEY, BT AN 2L — UG E G A ) B
(23T & (Nagashima et al, 2006), ZHHDNED F R~ T (RO 70135/ % EAD) 729, A
AIRIROTT o VN6 D INE D BRI K EL s TNDEE 2 B,
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ke} - 10 [~ _
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27 ¢ BOEERUEIC LV L 20 HRRICBLN S 7o BAUR ORI b A . GHG oI
KT DINE(R). GHG & Fr< ABRR AT ERIT KT 5 IE Q). BRMREBERIZxT 5
JEB(A)D 3 FHRTHEENR L7258 OEIRREL, MR ITHEE S 7z BIR R D 5~95% DI X
M%7, (a) 20 HEACICBIT D RBEET T 0 L OBINAZE B L -T2 54 (b) 20 HHICB1T5
IRBMETT B VO ZEZ G LTS 6 DL E U OV TORL TN,
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27 THRLNZ BRI NI AW RIS ENDR DT TNENOREEBERICE0E 7=
Eéhtf@k RORAFEZALZK] 28 (TR, 20 HALIZIITARF T T 0 )V OEEINEZ [E L 780>
A (K 2821, 20 HHACER H-ZBITD AN AIEIRO GHG MDD I, GHG LI D N R DK 52
@JEI (FLLT=TrY ) DA BREROREEB RO ZI0b 63N AiRIL, ThE i
0.79°C/50 4. -0.16°C/50 4=, -0.16°C/50 4-TH Y, JeATHFSE(Stott et al., 2006) L ZIE[FFRE Th o7z, —
77,20 HAICRITDRBIETT 0 L OHINEZE L2 (X 28b)I2IE, £ 1.25C/50 4,
-0.59°C/50 4, -0.15°C/50 4 EHfEE S AL, GHG HEMMNZ LARIR ERA-E AN B RIA=T 2/ VORI LD
IRIK T (D#EHE) D EFEESNDZEN o7, ZOZEIE, K 27 DEIFREIZ AHND1E W)
KB INDFERTHY, 20 HALIZBIT D RFEMTT T NV OINEEETHZ L1280, K2
DOWFZER A OFFHENRE L7228, ZOEAER ThLHEE NS, Fio, REEZT B L
DIEMNZERELIZHEG (X 28b)ITid, AHEEMEDIEIERL TWDHZEL RERFHEDO—D>ThD, Zih
1%, 20 HACIZ BT DR BT T 0 LV O¥EIIA B E T HZ L1280 ANAEJRO GHG #3555
JNEDIFZERZELE . GHG IS N 2 BEIR O REZ B LR (L LT 7 ey W) 1S3 KBS A D
(R AL ARy R 1DV 1 o N I Y R it /U NPt U -y U Vs N 5.1 e S N e IV W AT 2
BD, 728, FEMITEIE T 208, [RTFEICLOHEE SN FREREDD A > T [ R ORI TR
DUNVTH, 20 HRICBITARA T vy )V OINEZ B LTS E ORE ES2S EHEESNLZEN
Syholz, ZRHORERIL, HERDORETET L TIEBEIN TR, FITICEASND IR BB K
SALFERDY 20 HAdOREZEALFHLIETZ Tl @RI O REE B R 2L bz KR 5
BEOHEER  EWFRRICT RIS CODIRIEAL O AN FEHEFFM /2 L1236 LT, E AT ER L5722
VRS OB [T T AT REME A RIB L TR, HIBRS AT AR AT T /WZ LD 20 fitfd Sk BB O
MM AETRRIEL OB ENG T,
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& Fi£i(Allen and Stott, 2003)Z @ H L THEE L7=, AZBEJRO GHG #IND A (FR#E). GHG # B
S NBRBEOZGEETER(E L LTABRETT 1 VOB A GRER). B REIRO KR
FEROIA(FHICL Y b7 b SN RHEHRIRORFELE N, 20 AT 5 RFEMETT 1
YV OINZE (B RE LeWIGHE & (b)BE LT-GE, KO HSIE 5~95%DEHE XM % R
T BRITBIN SN BRI RIBOREE L E | RO ITNEA RN K 5 BIHIfEO
e FENE DG %2 7”9,
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f.1.4 %%

HIER S AT DA ET VA AW RIS L FZBRIC LB L e D | BAREIROKEE T EIK (KB
TEENRB L ORI ) I DWTIE, RIZICARBZ S0 Z<HY, BRI A eE i ChHRRE D=
TP AR TODEIEEWEE R THDHEB 2 DiILD, LNULRDD, 1 FRRITIIARFERZBR AL 72
FAURZROIR R E B E X | B IGO0 P WEITOME RN H A, BLEME Tk, KEEEHNZEIL T
1%, Lean (2000) &5V I Solanki and Krivova (2003) 235 1L 2 DA, KIEGHERS: 5 B OARILIK
55 Cld, Wang et al. (2005) D ATREMED 5 THIALZ2\W Y, K ILFE K IT-DUNTIE, Sato et al. (1993) DT v
T —NMRP A 1EE 2N, FRIRISOME LT 0 VR DA N FEERRE | EZETD
A KT T /VTIRIAT D IZOWTUIELEREORMADHY | 7] R AEHSLNT, BRI D0 5EH
ER IR R T DUER DD, WTIUCL Th, H20 X ETITL, —BYOMGFHOTHEEIEEE KX
T EER ARG T DM BB DHEHE X BILD,

i EOKEEAT 7 F A ORI EZOERFEMIC L CE, TR ClEdbo e, HiEke
AT DREAET WV AW 20 Rl S BLSERR IC M-, AR ESERBEON TWDHEE LN,
RO KB E RIS b3l EDOKIE LA EOHEE S, TV VRIS TSIV TWDIRRE
(LD R FNERARIZ BT, HERDOZEE T A TIEBEIN Qe IREFEERSC R G FmIE e 8
DFTAHEASNDL T B AR | B UAFREEE KT UL, REBRIEWEE R ThD, kFE
PEx 7 oy VA M LT AR TR T, TR R ClEd2 T hED | KURET ML=l
— FEN T KIR ZA LD IRFZE ) 53 A0 D FRBLME R 28 851 0D 5 22 B B RN L IR 9~ 20 25 oD SR S
TER, AR DR L O A Z TS B W TEHEEREFZ R L CODI LRSI, BRI, ¢
REVE SN TET B IREI ) LIX B2 DR M A 2 R D KO KUR B BRI O N KENEE
Z DIV, FOEWRTIL, 21X, KRR AZ L DALFEFOGIZE D HEE O KK DOFEAES, BOKEIC
T DIRBMETT 0 NV OKBEER L1 E OSR]I SDO AR RERFFHEAN DT80 | HHY
RERELE KT T ATREMED Z 2 HiVD, Fo, BBRE T, H ERIRO R ZKIC RIT T B %
MRFTL TS, Bk R S o B Bl KT B DN ThH, AR O EERMRFHREE THY, TX
HIZFTRIICEFLIENEE Z TS, WTHUZLTH, ZNoOMmFEE EX 72 BT, Bk AT LA
T NEHVE 20 HACREFBER B L OMEB ORELE EK A2 E B L LR L, —HEOERD
PRI DNT, TELTET B WK ORI Z D TOSILERHHTEA),
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e. 1.5 [TV A I K 2 IR LTI 6E S0 O AL AFZE )
FYEERE - () mEEHE S IR oS
a4 el

1 HERIRAT AETNLVORE

AEITlL, HEKS 2T AETFALOREREFICHOWTIHRRS, k%L LI-ET /LT MIROC Th
%, MIROC DEH/N— a 1% 40 THDHH, ARG L LIcOITHHERGRORHIRTH 5
MIROC3.2 Th 5, LAT. FFCHI D OIRWRY | HIEkS X7 AETL1E MIROC ##59, BAF,
MIROC 7341 v A h—LENT=T 4 L7 kU Z${MIROC HOME} & 9%, MIROC (= > /31 LA
TrarET) Tty TCUET 52 LICR Y e REFOHENTE DRI TN D,
AL RA VAT g L DOREITS{MIROC_ HOME}/Mkinclude 7 7 A /L C1T 9, A EIOFHAE TIX,
Mkinclude D4 73 3 »F#EDW, SYSTEM = Linux-IFC, RTYPE = mpmd, PROJECT = full & L, 7
V7at vy PERS%E D7 7 A IV 7 7 A WV EFRITORISGE Lz, ZoB, 70 7ot o AL
BOT7rANEHTIEE D70, ${MIROC_HOME}/src/sysdep/Makedef.Linux-IFC "C.F.0:$(CPP)
$(CPPFLAGS) $< > $*f & L7z, LLF, MIROC3.2 22O\ CH v 7V v Z4fkb D iliEtEE, 7
— g, BEHEZRRD,

1. 1 HiEEE

7077 AOHIEEGEORE IV —F oY ) —EHiE . BT —F OO L ORISR A
BHOZT DONR— N2 TIETHD, LL, MIROC Oa2— RiE¥ 7 —Fra—nng<
B> U —fiffr 7' e 77 A TIIRBETE 2o fe, 22T, (1) MIROC @D =2— RHEMG YT
N—FEE (Entry Z5Te) BIOMFOH LEOARZHIH L, XML 7 7 A /W T 2%, (2)
A&7z XML 7 7 A )V EGEHIAI, Web 7T UF ECTA U BT 0T 4 TICERTRTDH, &)
2007 T T LEFRL, TNHIZK o TRT 21T 272, 77 U F~DOFRRGIZ K 29 [2R-T,
Y ITN—F o %) +HEF0OYTN—F o TCa—)LLTWnEY T L—F 2RI,
HEZY v 735 LRI TV Za— b —F OFRPEA LIRS TS, 2, HOD
source RZ %7 ) w7 FT5EB0 40 ROILEFEDOYTN—F U NEEND T 7 A NEERTD
ZLINTESL, . MATRRENEY I NL—F L 3F0a—1Ly J—pH T, MPI O¥%Z(E
# 7 —F > (MPIL _ISend, MPI IRecv %) % 2—/LLC\W\DH I & &ERT,
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L vl Routine Tree — Mozilla Firefox
FrAiE) REE F=TO EBES)  Jedw—HE)  ScrapBook(S) WL AJLTHD

|| file:/#/Edr= MmainAhtml | | | GCM Routine Tree 3 | || file///Exfr MmainOhtml || | =

MMDTRD_ACL | source I =
RIVINI _source |
MDTXAP _source |

MDXWAP |_source |
MWVDTRD_ACD |_soures |

CLCSTR |_source |
MPLISEND |_source |
MPLIWAIT |_source |
CLCEND |_source |
CLGSTR |_source | |
MPLIRECY |_saurce |
MPLWAIT |_source |
CLCEMND |_sourse |

MDINAG source |
OFLXFL _source |

29 JL—F U —DFRMH
HEHEED 9 b, KRET IV « WEEETT VIS OW TR O KKIEER S I BT 55450 &
HEOAAL U N—F OIHEHHE LK 30 (2R 7,

8000 CONTINUE 8000 CONTINUE
CALL MDTXAP CALL MDXWOG
CALL MDXWAG CALL MDTXOP
1000 CONTINUE 1000 CONTINUE

CALL ATMSTP !! ATMOS. STEP

M (TIMEA, TSTPA)
CALL LNDSTP !! LAND STEP

M ( TIMEL , TSTPA )
CALL RIVSTP !! RIVER STEP

M (TIMER , TSTPA )
TSTPA = MIN( ANINT( TSTPA + TSTEPA ), TEND )
IF ( TIMEA .GE. TSTPC ) GOTO 1900
GOTO 1000

1900 CONTINUE

CALL AOCEAN
I ( TSTEPO, TSTEPO*2.D0, TIMEO , TEND )

MHEOF R (RZIEHEL D 73)

7 7 AT L R OFH
IF ( OQUIT ) GOTO 9000
GOTO 8000
ENDIF
9000 CONTINUE

KA - B - W)HOFHR (RZIEHR O &)
IF (TIMEA .GE. TSTPC) GO TO 1999
GO TO 1000
1999 CONTINUE

2000 CONTINUE
CALL OCEAN(
1 DT1, DT2, TIMEO, TEND)
TIMEO = TIMEO + DT

TSTPO = MIN(ANINT(TSTPO + TSTEPO), TEND)

IF (TIMEO .GE. TSTPC) GO TO 2999
GO TO 2000
2999 CONTINUE

CALL OCNPSH

7 7 AT L R OFH
IF ( OQUIT ) GOTO 9000
GOTO 8000
ENDIF
9000 CONTINUE

K30 KRETIN - HEETNAAL T 0T T MESE

EX  RRET IV, A WEET IV
RFEOYTIN—F o a—) : T—EZHINRD DY T IL—F
#k CONTINUE X : A A > OEIfES LV —7

FH® CONTINUE X : T /VOFHE/L—F
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RKET VDY T )—F 2 MDTXAP EEET L DY 7 /L—F  MDTXOP [ZENEh D/ —
N aty R REROSEET — X A FET LV~EET 5,

MDXWAG, MDXWOG | FET ANORFMO T — 2 2%2E L, BETNVOE T ut v
\Z Scatter 5V T N—F L ThHbD,

FHED A A 2 —F > ATMSTP, LNDSTP, RIVSTP, OCEAN TlIik (5T R&E LA EENNy 7 7

(B> 7T7—=) ~MATDH, EFZENY Ty Dy T T7—) NPOXETREEEEGL TV
—FrEa— LT,

AOCEAN, OCNPSH T3 7 mt v DRENy 7 7 ITRASNIEERE LN ENDET LD
Jb— h 7t v I Gather L AHFET ANEET L2007 02— 13y 7 7 ITRAL TV 5,

1. 2 F—2iEE

MIROC D KKFET WMFTANXYT MVIEESHA L T D728, JEEZEM & #7225/ D 2 18 0 O AR
FEFFO, MOET IV EDFEAEITHNLN D DI TR OER /2D T, T2 TEIEFEROT
— A EIEICHOWNWTH D, BFZEM TOFEIXY 7 /L—F 2 PHYSCS UL N CTifthivd, 71—
F-> PHYSCS TERINTWIEHOHIZX 31 [TxT, KIREND ERBY, 3WITOHOE
IR E & UDIM, KMAX O 2 RITEH, 2 IRTTDEOZEEIIRE S UDIM O 1 IRTEHTH S,
KMAX & IJIDIM (3787 A — % H1T KMAX = 20, [JDIM = IDIM*JDIM, IDIM = IMAX+1, IMAX =
128, JIDIM = (JMAX-1)/NPE+1, IMAX =64, NPE=8 L ZNZNEZIN W5, T7hbb, K
FHEDT Y > Rk sk & Snizmdb Fmo 7Y » K23 UDIM, $hiE RO 7 ) v RER
KMAX Th 5,

REAL*8 GDU ( IJDIM, KMAX ) !l WESTERLY U
REAL*8 GDV ( IJDIM, KMAX ) !! SOUTHERN WIND V
REAL*8 GDT ( IJDIM, KMAX ) !l TEMPERATURE T
REAL*8 GDPS ( IJDIM ) !! SURFACE PRESSURE PS

X 31 KERETTIVOEETEFN

WITHHEET VOB OF % X 32 [ TR"d, WEET L OZEEITRE S NXYZDM 7> NXYDIM
DVRITCENPRETH 5D, NIDIM [Z/37 A—H L TNTDIM =2 L ERINTEHY, KiizET
WL ThH DT, 3WILZEM, 2 WoTZEMITW T HZEE O 1 ot H TRE I N TV 5, NXYZDM
& NXYDIM (3735 A —# 2, NXYZDM = NXYDIM*NZDIM, NXYDIM = NXDIM*NYDIM,
NXDIM = NX+4, NYDIM = NY+4, NZDIM = NZ+2, NX = NXG/INODES, NY = NYG/INODES, NXG
=256,NYG =192, NZ =44, INODES = 1, JNODES =8 £ E& I T\ 5,
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REAL*8 TA(NXYZDM, NTDIM), TB(NXYZDM, NTDIM)
REAL*8 UA (NXYZDM), UB(NXYZDM)

REAL*8 VA (NXYZDM), VB (NXYZDM)

REAL*8 HA (NXYDIM), HB(NXYDIM)

REAL*8 UBTA (NXYDIM), UBTB (NXYDIM)

REAL*8 VBTA (NXYDIM), VBTB(NXYDIM)

REAL*8 UADV (NXYZDM), VADV (NXYZDM), WADV (NXYZDM)
REAL*8 W (NXYZDM), R (NXYZDM)

X 32 MEEE T v DIBUEFMH

KZET I, WHEET IV E BICEMRITDIEMEIT O TWDTED, By 7T =36 DS
REBUKHET D X OREFFTHIMEND D,

1. 3 FT—2XHDFEE

MIROC ® MPMD E— RTClE, RKET NV EMHEETANMERNO 7 m& X & U CEELFEAIC
TElE W L7 N ORI 2D 5, KRRET VT T VTR ENC L - CllFfb ST
WEN, T—ETHWOBRIIENENDET LDON— Tt v T —F ZEDHFET LD
— ey PICEE, HPETALOL— T auktybhbZERENOTat v HHEE WD
FlEEZHE TS, 1. 1 THERXEZL I D OEETFREFIED LV — 7N O MDTXAP,
MDXWAG, AOCEAN, MDXWOG, MDTXOP, OCNPSH &\ 9 %7 /L —F 2 TIThiIL T\ 5, ZiLh
DY TN—=F ANZDONT—F DY ) —HEiEX K 33 |27, 7272 LI 33 Tld, EET 50—
F U AORRIE /e EOBBETRVL—F U AIFEKR ST D, IR T LI ICKRKRET LT
X (1) WrEETA~T—2EE, (2) WHEETANLT —4%1E, (3) ZET—¥%HET
NDOE Tty ~mEl, (4) fHREAL—F U TCRERNY 77 b7 —Za—LkENy 77
~OT =2, (5) BT ryHFDRENYy 77 &2 — FFaty I, LD LI,
WEET VTR (1) RRETANLT =225, (2) XET—FZBETNVOEHET Y~
S, (3) RRET AT —FEE, (4) SFHEAL—F U TZENAYy 7y hbDT—Far—L
EENY T7~OT—2RAN, (5) &7 rtyhOERENy 7 r&L— N Tatyh~IUE, &
WD LB DEALIZ 72 > TN D,
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MDXWAP MMDTRD_AOD
MMDTRD AOD » MPI IRECV
MPI ISEND —I MPI_WAIT
MPI WAIT MDTXOG
SCAOIN
MDXWAG SCAOXX
MMDTRD_OADK MMSCATV
XMGETK GETIJFP
MPI_IRECV ~ <= XABORT
MPI_WAIT MMPROC
MDTXAG MPI SCATTERV
SCOAIN SCAOOU
SCOAXX SHIFT2
MMSCATVR
GETIJFP MDTXOP
XABORT MDXWOP
MMPROC MMDTRD_OADK
MPI_SCATTERV MPI_ISEND
SCOAOU MPI_WAIT
R - B - A OFFAY 7 —F WEEDFHE Y T N—F
AOCEAN OCNPSH
CSS2CC MDTO2M
SETTIM GTOAIN
HISTRT GTOAXX
PUTISC MMGATHVR
SSFFLX GETJFP
C20 XABORT
MADD MMPROC
MDTA2M MPI_GATHERV
GTAOIN GTOAOU
GTAOXX MDTO2M
MMGATHV GTOAIN
GETJFP GTOAXX
XABORT MMGATHVR
MMPROC GETJFP
MPI_GATHERV XABORT
GTAOOU MMPROC
SETTIM MPI_GATHERV
HISTOU GTOAOU
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2 Wy T7—0RE
2. 1 BLEEEt
(1) EHE3E

HERS R 2 L= THWA Z LD TEX 570 /T 2/ S5 Fortran  (Fortran95) & C++ (¥
Ty hELTDCEELET) Thd, 2D 2ODFHEITL OFEMTHR—FENTEHY,
Yal—vara—RORERELOT 777 NAZ U E—RERoTWD, E-T, By 7T T7—
DEF/EL L THEEIR L 725D Fortran, CHEB IO ZINOLDOHHTSH 5,

MIROC # T U &+ AHKE -5AfEY R = L—3 g > a— RO K Fortran Tilak ST 5,
Fortran 75 CH+D A M- T H 2 X C+H22 5 Fortran OV 7 /L—F U Z ROV Z 13—
RN FBETH B2, ZRGTELFNZ 1T B EHINERF OEWSLICTH O N DEN R EER T &
BB, FRAHERIZL > TINDDOPWNTE NN D B 72 ', Fortran & C, C+H+EIREIE LD
X, e - WO SN BET 2 XEThH D, > T, By 77 —1ElFFET Fortran &35,
Fortran D/3— 5 ZDOWTIE, AT —F R a— KD 7 T v 7Ry 7 2072 dlz, K
A ZREER BV 2 — VOEHRARAI R TdHDH Z L&D, Fortran90 LA &5,

(2) WHZA477Y
HEKY 2 2 L= BNV R — b5 W HHEDTDDEFELT A 77U & LT HPF, MPI,
OpenMP 7355, N HDON, BT bIA< AW SIS EWOIE MPL TH Y . 81T MIROC
DOFEAHBEIZBOTH MPLAVHWSN TS, fiE- T, ﬁﬁ%f%%#éﬁyﬁ?~%MH%m
WHZEETDH, MPLIZKRAIT S & MPI-1 & Enadtik L7z MPL-ITIZ T Hbivd, Hikg EoX
T/EWE LT, MPI-I Clit () AH IO R— K, )BT o 2AEHOYHR— K, (c)VE
— ARV T 7 RAOHFR—F, O32O08HD (L LFEECL>TEING 322 TEYR—
FLTWaWEELH D, Bl IEFEN MPI E3:TH 25 MPICH CTIXEIN Y vk 2 E2 R
—RL TV, By 7T =&t CEEZROIT L SHEON, U E—RMAEY T 7 EATH D,
MPL- 1 (28T 27 —Z@EIE—x—. £HBEOWVWTNLOLE LBEIRDLAETOT rE AN
WE#®MH»~%/%nwwﬁm@ﬁE&mgfﬁMmeﬁﬁénkU%~bf%977ﬁ
HHEAERYET AR T —XEE, T72bba—nauy (FFED) A VEKICk LT, it
T ARARIZT 7ER FGEAHL, EEIAL) TEDLLIITR-oTND, ZHUTLb, &V
HHEDEWIEZET LV ITY ALOFEBNAGEL RS, LL, MPLILFA TS L& EicH D |
ETORHZ (AT L) TRHAARESIZR ST, FEIZB N TH LT L b EMERIHR I
TWAERTIEZRW, /En T, By P T—DHFE—"—T g & LTIE MPI OL—F > DI %
52 L b L, VAT LOXIRILRLFERNMERE & FRRE L D DFERF MPI-TT~B1T L TP < b D &35,

(3) 7— & M)k

1HiCik 7=k 51z, BATO MIROC (IKET AN —HL— T aky T —42HED L
— ety P TREROT —F ZMEITORIZR > TWD, ZOHET, #HEMET L TO
7 — & W4 (Gather), €7 /L[ CO T — X5 (Send, Recv) . SZE5HIE T /L TODT — % 47 (Scatter)
LWV BEMED T ==Xk blanicd, BETL57—2kENREL, Flr— et
> DB IS EFEIRSy DT — F 5% 1D%E??‘57;&5 (FFIC@E BRI WL WO T
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EHRRV, o TETNABOT =X EZEIL, ZhEho7 vt v 35 A fkic a3 5 HF
EFTNOMEAOT ey LEEBET LI ENMEATHL, O, &7 vty iRz
AV SEIE EZAE LR T UTZR Wi, BRIIZEES Z IO 2 570, MPL OIRAET — 4
BEAE S LER DD, WTHUOHELEZETLI7T —YORITHFET ey FICL o TRR S
O, EHEFEIIFEHTE T %@ (Send, Recv &) DBMEE /2D,

BEICBRE SNy T T7—0 55 TR Iy 77— 3ROV —7"% T v 77 — g
HLTREY, T ZBROBFNZONWTIRTH v 7 7 —DFEBL FIZH - 7= (Arakawa, 2000, 2001),
—ﬁ‘MRQCTi FEREOT — 2 WEIXRRIFE v — 7 OREOE T (BARMIZIZV— 7 DA

559) TORTONBREZIZINDF—F T AGADTF — 4 8y 7 7 ICEFH SN D &
9L&ofwéo%x%7~&@ﬂy77)/0LioT\MHJ@ﬁ%T%@ﬁﬁf%éLﬁ
KEMEZ AL, 70 7T AOEEOGBITCT — 4 &MY TN —F Uk a— /L T&E LML 5T
Wb, KGR TIERRT D0 v 77 —IZBWNTH ZOFEFMEATRETHLN, T LEOT —

BEZ 7077 AOFFERBIOATULITZ 72N EITIEF TR SEETHY . LR
E&oT EMERE W, Mo TETAMOT —HWBEICONTH TR 7 T AOLEDORFTCTITAD

IET D,

(4) WEREOLEH

FL72 2 AR SR~ DR, BALROLEHR BT D57 — F DEHIZONWTIEL, By 7T —R
ITHOREFHETHY  HIZILPRISM 7 v 77 —IREW 2T NIV XA L% D v 77 —NEHIC
FEE L TV D (Valche et al. 2004), LvL, IV 9 52 TORERRCHENROLE A T~ 7T —
ICEETH0IET a7 7 ADIER - BHED AR X, £72 NICAM ORRZRTERIT 7 \WERER D E
FNA~OFMEHLREEE 722, £2, BEORMETT L THUYHEEOR AR/ > TV DHEERH
O (B ZITHEEE T A OREOW N2 L) WHEBEOERa— RE2 D v 77 —NEICBilkT25 2 &
X By 7T —OPEESE WA EE LSHBERDAEER DD, E-oT, By T T7—a—RKD)
LY EOEE RO D IR AE A RICHETE D X9 ITKET 2,

2. 2 7Fu &AL TOER

2. 1 TR EEFHIESE, Wy T TF—0Ta v A Ta—ReERLTZ, 77> b7
# — AL E S HRE A E N ST T O Linux 7 7 A X (Pentium D7 = 7 /L a7 16 7 a2 v ¥,
AE Y 4GB/7'ut v, a3, FIA TV Fortran 22731 5 9.0 ThHDH, AN, 7 b¥
A 7 a— FOFEMIZ OV TIRR D,

(1) By TV THTN—F v EEOGR

EBETNEMET HEDIMEHT L2V TV —F 2R 1ITRT, ROV T AL—F D55, jeup_init,
jeup_init time, jeup_init_grid (IMMWIHEDT= DDV T NV—F L Th Y | 7 — X ZHoH; (KFEE
=T ORI \Z—EET 2 —/v9 %, jeup_set time 7> D jeup_get data 2d real F TILT — X RXHa %
TOoVT7N—F o Thy, SN —7OFTa—73 5, jeup end 1IH v 7 U 7 O T AL
HAETOY T N—F o ThY, KHESK TRIC-ERTa—115,
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®1 oLV THYP T AL—F

YT N—F 4 FERE Gk
jeup_init 71 77 —f1HMb character(len=*) :: model name (&7 /L4)
jeup_init_time FEOT IR DR TE character(len=*) :: start_time (PH4A1FA])

integer :: delta t (FE57IFfAIEIFR)

jeup_init_grid

7V vy RORRIE

real, dimension(:,:,)) = X, y,z (7 U v RE)

integer :: is, ie, js, je, ks, ke ( H fEIK)

jeup_set time

BUERFZ DR TE

character(len=*) :: time_str (BL{ERFA))

jeup_put data 2d real

KET— Sl T T—
DT —H N 7 7 ~fF

real, dimension(:,:) :: data (E(5T — %)

character(len=*) :: data_name (7 —%4)

jeup_send data T =X DEE character(len=*) :: data_name (7 —#%4)
character(len=%*) :: model name (%5 %¢E7 /L
4)

jeup_recv_data T—2 D% character(len=*) :: data_name (7 —%4)

character(len=*) :: model name (i%(3 L& 7T /L

%)

jeup_get data 2d real

B T T—=DT =K\
TN T —H 5D

real, dimension(:,:,:) :: data (3Zf57 — %)

character(len=*) :: data_name (7 —#4)

jeup_end

By YT ORKRT

L

DOV T N—F o a— )OI I RN — 2 2 =TI OT — 2 AR H & LTI 34 1T

‘a_o
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II. WFIERCERE DM

program model A program model B
call jeup_init(“model_A”) call jeup_init(“model_B”)
call jeup_init_time(time, delta_t) call jeup_init_time(time, delta_t)
call jeup_init_grid(x,y,z,is,ie,js,je,ks,,ke) call jeup_init_grid(x,y,z,is,ie,js,je,ks,,ke)
WEEIRE Sy L — 7 ¢ start IRefuIFE 73 /L— 7« start
call jeup_set_time(time) call jeup_set_time(time)
call jeup_put_data 2d real(dtl,”m1d1”) call jeup_put_data_2d_real(dtl,”m2d1”)
call jeup_put_data 2d real(dtl,”m1d2”) call jeup_put data 2d real(dtl,”m2d2”)

v

call jeup_send_data(”m1d1”) call jeup_send_data(”m2d1”)

call jeup_send_data(”m1d2”) » call jeup_send_data(”m2d2”)
call jeup_recv_data(”m2d1”) < call jeup_recv_data(”m1d1”)
call jeup_recv_data(”m2d2”) < call jeup_recv_data(”m1d2”)
call jeup_get data 2d real(dt3,”m2d1”) call jeup_get data 2d real(dt3,”m1d1”)
call jeup_get data 2d_real(dt4,”m2d2”) call jeup_get data 2d_real(dt4,”m1d2”)
RffE 2 v —7" « end RfHAE S/ — 7 ¢ end
call jeup_end() call jeup_end()
end program end program

34 ETFINEIOT — AW

KDLz, R V— 7 NIV T, jeup put data 2d real # =2 —/L 35 Z & TF — X &EFH
Ny Tl T — 2 &ERT 5, jeup send data, jeup recv_data CET /L OT — X EZFEEIT O,
jeup_get data_2d_real TEZIEM Ny 7 7 IZHEBENTT — % #1355, jeup_put data 2d real |
jeup_send data TXHi%7 — & Z (5T HRIIC, jeup _get data 2d real I3 jeup recv data THi%h7 —#
A LIRIZ, EREha— L LRITHIER bRy, FFOHT 5T, BLORHTT—2 0
NIEFF 13T CTd b, jeup_send data & jeup recv_data [ LT MPI D% A5 %7 /L—F > MPI_ISend,
MPI_IRecv & ZNEALHV TS, MPI D Send, Recv ¥ 7 /—F 0 TiET — % OFEZEIL—
KE—1ZxHE L TWD LIRS B 72, jeup send data, jeup recv data &7 —F I —%F—%fH LT
WRITHIEZR B,

(2) T—ZEZEOFM

EFETNVANOLETIVB ~N—DODT —F ZikE  ZETLHHEE6IC., 7 —FE5%E DM Z R~
5o X 35127 —ZEZEOMEE R, ¥ 7 /—F > jeup put data 2d real TIXEET — & £
AT =2y 77 Il =2 at =75, FET —HRFEHANY 7 7 IHMEEORZIZ OV TER
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DEDT =2 Z#RFTELROBRT —HHEER>TEY | AL T —FDARITT — % R
THEIITSTND, 7 /L—F > jeup send data CITFEESINTZLRIOT —F BEEGT —H
T =2 RNy 77 OB L BN T o7 —F a7 — 2 RENT =2 \y 7 7ilat—7 2%,
T2 WA Ny 7 P IXAERO EOESAHFET A ED T vt v FITED NOIEHRE R
LTEY, [HRIZHE->T, HEETNA~T =X ZF(ET D, joup_recv_data [TEFETANIEEL
er—2u%E L. T—FZERNY 7 7 ITENT 2, ROWT, MHEHEZITOVERERE R L (G
TR RFEHT — 4%y 7 7IZa b —3%, jeup get data 2d real |IZAET — X IRFFHT — 4 Ny
T, TR ERD,

EEET IV

| jeup_put_data_2d_real |

(| BEF— 2N Y 7 7

jeup_send_data

L
C?Fy%%mﬂy77

N

!

MPI_SEND
ZEET L

¥
| jeup_recv_data | MPI_RECV

(?F&§%%Ny77 i —
A
A
_JZ%—&§%%Ay77 >+——
Yy

jcup_get_data_2d_real |

di

A

35 T—XRKHDI

(3) BREZ 7 AV
T — 2 O BERLEERETT NVOREITRE T 7 AV TIT 9. 36 IZRET 7 A VDRl Z R~
L% &model_start 2> 5 &model end £ TT1ETADOREL /> TEY, FHET 7 A MIHEIK
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D &model_start~&model_end DA THERK X415, &model start~&model end ?H T name |LE 7 /L
DARTEFLIRT 5, &send data~&end (FIEET —F OFRETHY . 1ET/VOHFITTEDEERE
T& %, data_name |£7 — %4, send_flag (TXET 20 E 90D 7 T 7| mean_flag I3 %
1TO2MEIINDTZ 7 time step IF5(5 AT v MR EFR T, &recv data~&end [TZ(5T — X D
HETHY, 1 ETNVOPIEEOEGHE TE 5, data name (37 —F 4, recv flag [T T 50>
EDMDT7Z 7 time_step 1355 AT v TRl AZ 7, send _model IF2£ET 5 E7F /14, send_data
TEFEET NV TOT —F4ThD, RET7ANVDOREEZEZDIEIZLY, vl T hEfHa
YIRANTHIER LIS, THOEE  RIEOFESHBEZLETL LN TE D,

&mode | _start
name = “MODEL1”

&senddata
data_name
send_flag
mean_flag
time_step

&end

“model1_u”
1
0
1

&recvdata
data_name
recv_flag
time_step
send_mode|
send_data

&end

“mode|2_u”
1

1

“MODEL2”
“mode|2_u”

&mode|_end
&mode | _start
name = “MODEL2”

&senddata
data_name
send_flag
mean_flag
time_step

&end

“mode|2_u”
1
0
1

&recvdata
data_name
recv_flag
time_step
send_mode|
send_data

&end

“model1_u”
1

1

“MODEL1”
“model1_u”

&mode | _end

X 36 BXET 7 A /LD

(4) a7 7 rotExE

Ny TT7=70rT LI, TTANEEI=NTDDDTAT T VI TN—F LR T,
ETHERERNCEL L2 Y 2 — LI BEI SR TW5, BV 2 —LEEII T —F 07 — 21
EESRT L LI R THEENTEY, BET 20T 0T T LAEHERT D, RBEY 22—
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JWE A—B ORRIC— MO RERZAHEE LTED, £V a— VA EEV2— /LB BMHAILS
LAY Lo idIdrsnizwn, K371 27027 AoEE 79, ROMANAEN DD
07T LA THY ., data buffer ZFRWVTCTENLEN—2DF Y =2 — /L% LTV 5 (data buffer
X3EVa— L T—HALLE LTWD), fd Ny FONMTHENZ S DDEY 22— /VIFFEDS
B AR THMDOEY 2 — Vb EARAURKSRENDIEY 2=V Thd, EAWmD
mapper [ZET V7Y v FHEOAERR & MHMREREZHET2EY 22— ThH Y, FAHEME~
DM GEEFETE DL CABENTHAESTH D,

sub models

(T PR ) [ mapper |

X 37 7mar/ 7 L0 (BYa—/LOZRBEIR)
Ny FEIRFE DS MBMR B FF -7 VBV 2 — L

f.1.5 EHE

1 T—ERBOHRIZONT

[ 33 12k L7 X 912, MIROC TIIEZETFILD/NL— 7 at v b RnefElis 07 —2 #5179
7o, — b at v ta~d Gather, 7 —F &M, L— b7 at vy EO Scatter LV H 3 AT
Yy T OT—HZWENBEL 2D, —Ti, SEEER LIy 7T —Ta h 2 A T TIE, FET IV
DENENOT vty VR, e TDELOT —F HEHEEZETLL I R>TND, 2D
W, BET LT —HREILBIT MIROC O 1,3 L7200 RN T — XN Thiv s & ks
SND, )7, FEBMOERY HIZL->T, =207 vty PN EEOT vty b ~T—FEKEE
T, RO T oty Yo T —FZEETHI LI DD, EZEORFLRHETED
Te7 —ZBEICOWTIEL, BT MIROC O HIEITK L TR TH D L IFMIE TE 20, > T
B LWh w77 —%BIAT MIROC [ZHLAAATZEMEC, 7 — & 23 M2 B3 2 Wit 2 52 L 2h 3 %

BREtT 2 MERH 5,
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2 F—EAZHOBABEIZOWNT

VB LTy 7T —7a N AT T, EET—FDONNy 77 ~DANS), T—F2EE, T—F%
B, ZET—HDONY 77O E 7077 AOLEOSHFTTCa—NLTE5, o> TET /L
HRL LTI T —#2ZBoOAHEZEY, L, T AMOT —Z ZHICEE LT, #EHET
NDOYTN—F o a— e ZEGMET VO TN —F a— A0 LT TE by, Z
DOFFNIAHRD X H I MPIL OBEIZ LD DO TH Y MPLI DA TET V7 1t AR LAE
BT — 2 3 2BUTOM G A TIEZ O E EEET 5 2 21X TE R0, REZEICRIT D
KPR DHIRI A EET 121X, MPI-IL OFHETHD VE— M ATV T 7 AL HW\ D LEE)N
HHT-H, MPHI ORI AZERB L7 ETYE— M AE D 7 7 & AREOHH AT ~& T
BHb,

3 TF—riEE

X 31, X 3212RL7=& 52, MIROC D KKET MFLEETT MT & IR TOEM 21T > T
Wb, —H AR L2l v T —Tn XA TONETIE, IRITTDEME AT 72\ s o 2 It
SWIEDEHNE L TT—HZRFFLTND, ZDD, Iy T T—DA L H—T z2—AH T )L—
F BT, RITOERE - BEZIT O BEEZ BN 2 LERH 5, RITOEMIT7 FEHE
BTOXRT MVHEN EOTHTHY, HERV I 2 L —FTE7 v 7 7 AR TEERT Mg
3 95%LL ETRITIER SR, Iy 77— O R EREELIHIIMHEFEOL THY . K
K[RET IV - WETT VOEBEEICH LTRSS, EBICH v 7T —0F — Z ikl L OERE L
B RIRDR T FVEHERIZ E ORREES 2 HOWTEER O ERH 5,
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e. 2.1 Modelling Uncertainty in Climate Forecasts
FHMRERY - HIBRERBE 7 T ¢ TSR L & —
W94 - Julia Hargreaves

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. We
are approaching this computational aspect of the problem in two ways.

The first approach is to use reduced complexity and reduced resolution versions of the full
complexity high resolution model. The aim of this approach is to trace the ensembles from the
reduced models sufficiently well to the higher complexity models that they can provide
information on the uncertainty of the predictions made by those more complex models. At the
lowest complexity end of the scale we have MIROC-LITE, a fully coupled version of MIROC3.2
with an energy balance atmosphere which can run 5000 model years in about half a day. A
study focussing on evaluating this model is underway. In the mid-range of computational
complexity (resolution T21 or T42) we have been experimenting with the feasibility of using the
AGCM+slab model as a proxy for the fully coupled AOGCM. The two areas of work outlined
above, using reduced complexity version of MIROC are discussed elsewhere in this report

The second approach is the development of relatively efficient sampling strategies. In the last
year, a new approach using the Particle Filter has been developed. This has now been
implemented in  toy models, with a paper submitted, and work is underway to implement it in
the GENIE intermediate complexity climate model.
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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, work has continued running and analysing the Last Glacial Maximum
(LGM) and other climatologies from the T21 AGCM+slab model ensembles. The GENIE
model is comparable in speed and complexity to MIROC-LITE but, with well supported ocean
biogeochemistry modules, is appropriate for long time-scale predictions and paleoclimate
analyses.

Results

Prediction of climate response on 100 year time-scale

In previous work we produced an estimate of uncertainty in climate sensitivity in MIROC3.2 by
tuning an ensemble of the T21 atmosphere+slab-ocean model to present day climatology
(Annan et al 2004), and then running the ensemble for LGM and doubled CO, climates.
Repeating this same work with the new version of MIROC (when it becomes available) will be
valuable, but we aim to estimate the uncertainty in the 100 year response of the climate
system to anthropogenic forcing. One way of doing this is by producing an ensemble of
coupled atmosphere-ocean models. As outlined in the introduction, the problems with this are
mostly practical, with the long time-scale of the ocean response making running of such
ensembles impractical with the most complex versions of the mode. It is important, therefore,
that lighter weight versions of MIROC are maintained as it is further developed. At the same
time, the results will be more valuable for reducing uncertainty if the results from the lower
resolution model can inform the results from the higher resolution model.

Early this year we found that our previous ensemble of T21 models exhibited a large net
atmosphere-ocean heat flux, meaning that coupling that ensemble to an ocean could not
possibly succeed without the use of flux-correction. Therefore we re-ran the ensemble
Kalman Filter for parameter estimation, augmenting the model state with the net
atmosphere-content such that it was possible to constrain to the net heat flux to a low value in
the 40 member ensemble. From analyses of our previous work (Hargreaves et al 2007) we
reduced the scale of the problem by fixing those parameters which did not seem to affect the
cost compared to the present day climate, or the main features of the LGM, or doubled CO,
climates, ending up with 13 parameters being allowed to vary. In addition we employed a
slightly updated version of the model code (MIROC3.2_bugfix) developed subsequently to the
runs submitted to the IPCC AR4 database, but identical to the version submitted to PMIP2
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database. Further work towards assessing the possibility for development of a traceable
hierarchy, comparing the T21 ensemble with the T42 version of the model has been
completed and is discussed elsewhere.

The new 40 member T21 MIROC ensemble has been run for a variety of different climate
states, including doubled pre-industrial CO,, V2 pre-industrial CO,, LGM, plus a set of
runs which isolate different components of the LGM climate state, as well as doubled CO, at
the LGM and 6000 kaBP. Almost all these runs are now completed and analyses are
underway for most.

Climate Sensitivity

The history of the Earth’s climate revealed from sediment and ice cores shows that the
climate has been quite different in the past compared to the present day (Petit et al, 1999).
Sediments are deposited at different rates in different areas of the globe, producing records of
various lengths and resolutions, with the data generally being more plentiful and accurate in
the more recent past. Various historical records have previously been used to estimate
climate sensitivity. In these calculations it is often assumed that the sensitivity of the climate to
CO., (and other forcings) is essentially unchanged irrespective of the climate state: that is,
given increase in CO, will cause a fixed amount of warming for a glacial planet as an
interglacial one (eg Hansen et al 2008). Of course, it is known that this assumption is an
imperfect approximation, but until now it has not been possible to quantify the error. The
relatively few results that are available from single model integrations provide limited evidence
on this (Crucifix, 2006). Using ensembles from MIROC we are able to take the first steps
towards quantifying this uncertainty, by investigating how the sensitivity of the climate
depends on the background state. The LGM (about 21ka BP) has become a major focus for
both model developers and data collectors, since it is the most recent time in the past when
the climate and CO, level were markedly different to today. As well as comparing the climate
sensitivity for LGM and pre-industrial climates, we have also tested the linearity of the climate

to increasing CO, at the pre-industrial climate by comparing the doubled CO , and \/ECOZ
runs.

A side-effect of tuning the model to have a low net heat flux between the ocean at atmosphere
was that the ensemble control temperature increased to a level more consistent with
observations. At the same time, the climate sensitivity for the pre-industrial climate increased.
In general there is a linear relationship for different CO, increases at the pre-industrial climate,
with the difference between the temperature change for the doubled CO, and double the
temperature change for the \/ECOZ experiment being less than 0.5C. However, whereas
only one ensemble member showed instability, running away to high temperature and finally
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crashing for the \/ECOQ ensemble, six did so for the doubled CO, run, with a further 2
showing more mild instability. We suspect the reason for the instability is a non-physical

artifact in the model, although work is currently underway to check this. Because of this effect,
in the following paragraph we define the climate sensitivity for the pre-industrial climate to be

equal to double the temperature change for the \/5 CO, experiment.

Figure 1 shows the ratio of the climate sensitivity for the pre-industrial and LGM climates,
indicating that the LGM is considerably less sensitive to changes in CO, than is the
pre-industrial climate. There is significant scatter but the nonlinearity appears to be greater for
higher sensitivity models. Since this ensemble (like all the ensembles from MIROC3.2) has
quite high sensitivity compared to the IPCC range (2°C-4.5°C), other GCMs may well produce
different results. If, however, the result were confirmed by other models, it would suggest that
the changes in CO, may have a lesser effect on warming the LGM climate than previously
thought. This is especially important when considering what may have caused the climate to
warm at the end of the ice-age. Studies to investigate the reason for the nonlinearity are now
underway, but it is probably not caused by a difference in the forcing, which has a ratio of 1.08
(shown by the red lines in the figure) in the T42 model and initial analyses indicate that the
forcing does not vary much throughout this T21 ensemble. Since the nonlinearity increases
with climate sensitivity, if the runs which show instability at the doubled CO, climate are
removed from the ensemble, then the most highly nonlinear values are also removed,
although considerable nonlinearity remains with the ratio of sensitivities in the ensemble
ranging still from 1.05 to 1.90.

0 0.5 1 1.5 2
pre—industrial climate sensitivity/LGM climate sensitivity

Figure 1: The red-lines show the results expected if the response of the climate system to
forcing from increased carbon dioxide were the same for LGM and pre-industrial climates.
The histogram shows the ratio of the two climate sensitivities, while the small inset figure
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shows the two sensitivities plotted against each other, illustrating the increasing nonlinearity
with sensitivity.
Constraining ocean heat uptake

Probabilistic estimation of equilibrium and transient climate sensitivity have historically used
models with two free parameters - one parameter directly controlling the equilibrium climate
sensitivity, and the other parameter is an ocean diffusion coefficient which determines the
efficiency of ocean heat uptake. But the models used to date have been very simple, based
on a diffusion ocean with greatly simplified ocean dynamics, and (perhaps more importantly)
the only constraint used is the recent historical rate of warming, which is known to provide a
rather weak constraint (eg Knutti et al 2002, Gregory et al 2002, Forest et al 2006).

We have, however, many more data which pertain to ocean circulation and mixing. Therefore,
we are now investigating how a more holistic approach, which examines the ocean circulation
to improve our estimates of ocean heat uptake and thus lead to better estimates of transient
and equilibrium change. For this work we use the GENIE intermediate complexity earth
system model. This model represents the atmosphere by a simple energy balance model, but
the ocean is relatively realistic being a 3D quasi-geostrophic model. So the model is fast,
enabling sizable ensembles to be run, and yet it retains a reasonable representation of ocean
dynamics. Moreover, it contains a fully coupled biogeochemical model that can track arbitrary
passive and active tracers (Ridgwell et al 2007).

For the initial phase of this investigation we have varied 12 parameters which control the
dynamics of the the atmosphere and ocean, using a Latin Hypercube to sample the
parameters throughout a range represented by a fairly diffuse prior (similar that used in
Hargreaves et al 2004). The initial aim is to investigate whether the model was suitable for this
purpose, which has not previously been investigated. The ocean heat uptake efficiency in this
model is not a directly prescribed parameter but is represented by the parameter “Kappa”
which is derived from a standard 70 year 1%pa CO, enrichment experiment. The results
obtained here by GENIE (which was prior to any tuning) span the full range of state of the art
GCMs, and are shown in Figure 2. The lower panels of this figure also suggests that tuning
the model more closely to present day climatology may help to constrain the heat uptake,
since there are relationships between the (equilibrium) physical climatology and Kappa. In the
coming year, we intend to move on to tuning the ensemble using the new Particle Filter
method discussed later in this report.
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Constraining ocean circulation with biogeochemical tracers

In previous work we analysed the uncertainty of aspects of the ocean biogeochemical cycle
for a given physical climate in the GENIE model (Ridgwell et al 2007). The biogeochemical
components are, however, very sensitive to the physical climate itself. The next stage in this
work is, therefore, to use information about the distributions of various conserved or
biologically active tracers to better constrain the model climate, and in particular the ocean
circulation. Technically this work entails varying both biogeochemical and physical
parameters in the model, and tuning the model using known properties of both the physical
and biogeochemical systems. In the initial phase of this work we have selected 12 physical
and 9 biogeochemical parameters and have run a 550 member ensemble using a Latin
Hypercube to sample parameters from a diffuse prior.

Figure 3 illustrates one such connection between the physical and biogeochemical
components using the results from the Latin Hypercube. The vertical axis shows the root
mean square difference between the phosphate values for model and observational data,
normalised by the variance in the data, for the top four ocean boxes. The horizontal axis
shows a physical quantity; the maximum meriodional overturning in the North Atlantic. There
is a clear link between these two quantities illustrating that we can expect to be able to use the
phosphate data to constrain the physical climate of the model.

The next phase of this work is to tune the ensemble with the Particle Filter method for
parameter estimation, to produce a relatively large ensemble of good quality runs. This will be
the first implementation of the method, which is discussed below, in a realistic climate model
so the expectation is that it will serve as a useful testbed, as well as producing scientifically
interesting results.
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Figure 2: Relationships in the 550 member hypercube ensemble. CS is climate sensitivity,
and is in °C. Kappa is the ocean heat uptake efficiency. and Max AMOC is the Maximum
meridional overturning in the North Atlantic in Sverdrups.
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Figure 3: Results from an ensemble with varied physical and ocean biogeochemical

parameters. The plot shows the normalised error in the phosphate in the upper ocean

compared to the value of the maximum meridional overturning in the North Atantic.
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Terrestrial carbon cycle

The goal of this part of the project is to provide an estimate of the uncertainty in the response
of the carbon cycle to anthropogenic fossil fuel forcing, based on certain emissions scenarios.
Ideally, we would like to directly use a lower complexity model from a traceable hierarchy of
MIROC, yet even the T21 version of the full earth system version of MIROC is too
computationally expensive to allow large ensembles to be run. We therefore have to further
simplify the problem. One approach we are considering is to derive a matrix of physical
climate scenarios, using a combination of results from coupled atmosphere-ocean version of
MIROC and a version of the same model with an energy balance atmosphere. This matrix can
then be used as an asynchronous forcing for the carbon-cycle model. Last year work on this
sub-project began with evaluating a version of MIROC with an energy balance atmosphere

. During the next year we plan to start investigating the
uncertainty in the carbon cycle model (VISIT) by varying the carbon cycle parameters while
forcing the model with various physical climatologies.

Efficient sampling strategies

Previously (ref us) we introduced an efficient multivariate parameter estimation method based
on an augmented ensemble Kalman filter. This has been successfully applied to a number of
realistic nonlinear high-dimensional models including GENIE, a coupled two-dimensional
atmosphere, three-dimensional ocean Earth System Model (Hargreaves et al 2004) and
MIROC, a state of the art three-dimensional atmospheric GCM coupled to a slab ocean
(Annan et at 2005). The method bypasses both the “curse of dimensionality' and the chaotic
hypersensitivity to small parameter perturbations that have handicapped previous attempts at
parameter estimation in climate modelling. Moreover, the ensemble spread directly quantifies
the uncertainty of the estimate (and the resulting forecast) in a very natural manner. The
method is also trivially parallelisable, enabling it to be readily applied to fairly costly numerical
models. However, the use of the Kalman filter equations relies on approximating a
multivariate distribution by its first two moments, and therefore is only exact for linear models
with Gaussian uncertainties. Despite this theoretical limitation, the technique appears to
produce reasonably good solutions in practice, even for problems where the exact solution is
known to be strongly non-Gaussian. But it is easy to show that its accuracy degrades in mildly
nonlinear situations (Annan and Hargreaves 2007), and stronger nonlinearity can cause
substantial problems. Moreover, parameter estimation problems have a wide range of
applicability outside the narrow confines of climate science. Therefore, there is widespread
interest in the development of techniques that are practical, efficient and accurate, especially
in multidimensional nonlinear situations.
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We present an improved method based on a particle filtering approach, which can be
interpreted as a natural generalisation of our previous work using the ensemble Kalman filter.
The method also has strong similarities to particle-based methods previously developed for
other applications. The iterative technique presented here is again helpful in moderating the
curse of dimensionality. While this comes at the cost of introducing an approximation into the
algorithm, it it demonstrably more accurate than the EnKF in all the nonlinear applications we
have tested so far, sometimes substantially so. Encouragingly, this improved performance
does not appear to require a large increase in computational resources. However, the
performance of this algorithm still needs to be evaluated in more realistic applications. A
paper has been written up and was recently submitted to Tellus. Here we highlight the
Application of the new technique and comparison with the EnKF method.

We test the method on a high dimensional problem, typical of the sort of applications for which the
method is intended. However, in order to check the method thoroughly, we revert to a linear example
where the correct answer can be calculated exactly via the Kalman equations. The example we present
is very straightforward. We assume »n uncertain input parameters Xx i=1,..,n for which we

have a vague prior estimate. The linear model is an nxm matrix M which transforms these

parameters into m observed outputs y via

Mx=y

We have a vector of observations y ,,; j =1,...,m, and wish to use these to generate an estimate of

the inputs x.

For the results presented here, we set 7 =16, this being a typical figure for the number of parameters
that we wish to simultaneously estimate. We also use m =16, in order that the parameters are
identifiable from the data. The model matrix M was selected randomly, with each element an
independent draw from the standard Normal distribution N (0,1). The prior on x has mean 0 for
each parameter, and Gaussian covariance matrix kI for constant k =10>. The observations of y

are given the values and the diagonal covariance matrix [/ with /=5 in this case.

The choice of the scaling factor ¢ can affect the performance of the algorithm. For a very large value,
the ensemble collapses rather rapidly and may converge to a incorrect solution. This is due to the curse
of dimensionality: if the prior sample is widely dispersed compared to the posterior, then the posterior
weight will be concentrated on very few members and even the addition of jitter may not be enough to
rescue the situation. Conversely, if the scaling factor is very large, then the weights will remain nearly
uniform and the ensemble will take many iterations to converge to the true posterior. A reasonable rule

of thumb appears to be to aim for a effective ensemble size that is between 50% and 90% of the actual
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ensemble size, and so in the results presented here the value of ¢ has been adaptively tuned to stay

within these bounds.

Some typical results (using an ensemble size of 250 members) are plotted in Figure 4. It is clear that
the PF has worked correctly in this case, with the posterior suffering only from sampling error due to
the finite ensemble size. It is worth emphasising the contrast in spread between the prior and posterior
in this example, since this is a key motivating factor for the development of efficient estimation
techniques. The typical uncertainty of each model variable in the posterior is around 1/4 that of the

prior. Therefore, a naive random sampling strategy would be hopelessly inefficient, as a sample from
the prior has a probability of around (1/ 4)16 =~2x107" of lying in the posterior. This problem is

probably rather more challenging than the typical applications we face in climate science. However,
the iterative particle filtering method presented here has successfully populated the posterior region,

using many orders of magnitude lower computational effort than direct sampling would have required.

When attempting this same problem with substantially smaller ensembles, it was not possible to
reliably prevent collapse of the ensemble, and the 50-member ensemble results illustrate a typical
failure. Interestingly, the EnKF approach (not shown) is much more robust to such failure, since it is
able to systematically interpolate and even extrapolate from the prior towards the posterior region
rather than relying on random jitter to perturb the samples. However, the minimum acceptable
ensemble size is problem-specific, and if the posterior fills a larger proportion of the prior than in this
particular (rather challenging) example, then such small ensembles may also be adequate for the
particle filtering method. This could easily be checked with identical twin testing prior to a real
application. Although iteratively integrating a 250-member ensemble might seem computationally
challenging, in practice it should be possible to perform the iteration simultaneously with the model
spin-up. That is, the model does not need to be run to a true equilibrium each time before the
parameters are updated, since a model with a poor climatology will also drift rapidly away from
observations when initialised close to them, and thus such ensemble members can be quickly
eliminated without the need to run them to convergence. In practical applications of the EnKF method,
we have found that the required integration time to achieve fully converged results for a coupled

ocean-atmosphere model is generally a small multiple, maybe 0(2 - 3), of its spin-up time.
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Figure 4: The top row of plots show 3 of the input parameters, the lower row show 3 outputs. The cyan
curves show the prior, red indicates the posterior, dark blue solid histogram shows results from a
250-member particle filter calculation and the dotted blue histogram gives results from a 50-member

ensemble.

In (near-)linear problems, both methods generate good results, and the EnKF is more effective when
the posterior only coves a very small volume of the prior. However, in more strongly nonlinear
applications, the PF method is substantially more accurate. The method appears to generalise to
problems of moderate dimensionality, as typically encountered in climate science, where direct
sampling is computationally prohibitive. Work is now underway to implement this method in the

GENIE intermediate complexity climate model.

f.2.1 Summary

We are moving from considering the uncertainty in the steady state response of the modelled
atmosphere of the planet towards attempting to estimate the uncertainty in the modelled
transient response to anthropogenic forcing, while also including more components of the
earth system such as ocean biogeochemistry and the terrestrial carbon cycle. Modelling the
transient response requires consideration of the coupled ocean-atmosphere system and due
to the time-scales involved, this incurs considerable increase in computational expense when
attempting to run large ensembles. At the same time, the strategy of model developers
seems to be to always increase complexity and resolution such that the most advanced model
can only be run once on the most advanced computer. Our strategy is therefore one of
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reducing the complexity of the problem, by a combination of simplification of the coupling
between the components of the system, reduction in resolution and complexity of the model
itself, and development of new techniques for efficient sampling. Our ideal is to produce
estimates of the uncertainty in transient MIROC simulations by using a suite of lower
complexity and resolution models derived from the high resolution version of MIROC.
Results this year have, however, indicated that it may be difficult
to trace model results between very different resolutions, meaning that more advanced
ensemble techniques may be required in order to gain useful information on uncertainty using
smaller ensembles of somewhat higher resolution models. Using observations of present day
climatology and of past climates to constrain model ensembles is the means by which we can
reduce uncertainty in our predictions, and this continues to be a main focus of our work.

dg.2.1 Papers and presentations

Presentations

Invited:
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J.C.Hargreaves What can we learn from past climates? J.D. Annan & J. C. Hargreaves

PUCM workshop, Durham, UK 2007:
Particle filtering and parameter estimation J. D. Annan & J. C. Hargreaves

What can we learn from past climates? J.C. Hargreaves & J.D. Annan

AGU, San Francisco, 2007:

J.D.Annan and J.J. Hargreaves "Probabilistic estimates of climate sensitivity", oral
Other presentations:

European Geophysical Union, Vienna, 2007:
Japan Uncertainty Modelling Project, J.D. Annan, J.C. Hargreaves, M. Kawamiya, S. Emori, A.

Abe-Ouchi, K. Tachiiri, S. Murakami, T. Miyama. (poster)

AGU, San Francisco, 2007 :
J.C.Hargreaves, J.D.Annan and A.Abe-Ouchi, Linking glacial and future climate through ensembles of GCM

simulations, oral
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1. Materials and methods

In order to compare available estimates of carbon fluxes from Land Use Change and Forestry
(LUCF), we gathered disaggregated data from different LUCF activities and carbon pools. We examine six
different data sets of LUC areas (LUC; Table 1) and seven estimates of carbon fluxes (EMI; Table 2). Each
data set provides estimates for the 1990s. Consolidated carbon fluxes (EMIS8) are constructed from six of
the modeled estimates (EMI1, 3, 4, 5, 6, and 7) for the USA and five are used to make a consolidated
estimate for Latin America. We also constructed a consolidated estimate of global terrestrial carbon fluxes
from five data sets (EMI1, 4, 5, 6, and 7) for the ten regions defined by Houghton (2003): Latin America,
Tropical Asia, Tropical Africa, Canada, Europe, Former Soviet Union, China, Pacific Developed Countries,
North Africa and Middle East. Technically, the ten regions do not cover the entire global land area, which is
treated in the global biogeochemical models (EMI6 and 7). Thus the totals in the ten regions are slightly
different from the global totals. However, the differences between the two values are much smaller than
those between different data sets. Only net fluxes due to LUC were consolidated because gross LUC (i.e.
conversion from non-forest to forest and vice versa) is masked by the aggregation to different resolutions
(i.e. region, country, and different grid sizes) and/or by different simplifications adopted in compiling data
sets. The consolidated estimates were constructed from the average for each flux category when available
for a given data set while the uncertainty range was calculated from the minima and maxima fluxes in each

category.

Table 1. Data Sources on Land Cover Change.

Name Reference Resolution Data Source

LUC1 Houghton (2003) Region/country FAO

LUC2 de Campos et al. (2005) Country HYDE & FAOSTAT, 2005
LUC3 Kato et al. (2007) T42 (2.8° x 2.8°) SAGE & HYDE

LUC4 Hurtt et al. (2006) 1°x 1° HYDE & FAOSTAT, 2004
LUCS Hurtt et al. (2006) 1°x 1° SAGE & LUC4

LUC6 Wang et al. (2006) 0.5°x 0.5° SAGE & GLC2000
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Table 2. Data Sources on Land-Use Change and Forestry Emissions.

Name Reference Resolution Method LuC

EMII UNFCCC (2005, 2007) Country Inventory National inventory
EMI2  Olivier and Berdowski (2001)  Country Inventory FAO

EMI3 Hurtt et al. (2006/2002(USA))  Country/1°(USA) Inventory/process  National statistics
EMI4 Houghton (2003) Region/country Book-keeping LUCI

EMI5 de Campos et al. (2005) Country Book-keeping LUC2

EMI6 Kato et al. (2007) T42 (2.8° x 2.8°)  Process model LuC3

EMI7 Jain and Yang (2005) 0.5°x 0.5° Process model SAGE

EMI8 Ito et al. (2008) Region/country Consolidated data ~ N.A.

2. Results and discussion

Sections 2.1 and 2.2 show comparisons between different data sets at the global or near-global level.
Section 2.3 presents the two case studies for the USA and Brazil. Specific issues that we will address for a
quantitative interpretation of the USA data in terms of differences in LUCF emissions include (1) the soil
organic carbon (SOC) pools, (2) the effects of including fire suppression, and (3) the discrepancies in the
amount of sinks between bottom-up and top-down estimates. Specific issues that we will focus on for the
Brazilian data with regard to differences in LUCF emissions include (1) the land-use changes areas, (2) the
origin and fate of carbon released into the atmosphere, and (3) the discrepancies in the inter-annual

variability between bottom-up and top-down estimates.

2.1 Land-use change area

Figure 20 shows a comparison of the global sum of LUC areas in forests (10* km” yr') due to crop
and pasture land conversions over the 1990s. The signs for deforestation are negative (—) and for
abandonment positive (+).LUC2 — 5 indicate that the increases in forest areas from crop and pasture land
abandonment are larger than the decreases in forests areas due to deforestation driven by expansions of
crop and pasture land during the 1990s, in contrast to LUCI and 6. These differences are related to the
primary data sets and secondary assumptions. FAOSTAT reported the changes in the agriculture and pasture
land at a national scale. HYDE allocated them to a 0.5 degree grid, using a population density map. LUC2
to LUC5 employed the FAOSTAT/HYDE data for their calculations of LUC areas. In these processes, the
changes in forest areas are not directly constrained by the measurements, which may include other driving
forces such as woody invasions, wild fires and so on. This contrasts with LUC1, which was based on the
changes in deforestation areas, and LUC6, which did not use the FAOSTAT/HYDE data based on the
comparison between HYDE and GLC2000. The later assumed that the historical expansion of pasture was
mostly due to conversion of natural grassland (e.g., Houghton, 1983, 1999, 2003; Klein Goldewijk and
Ramankutty, 2004). LUC2 and LUC4 used HYDE and FAOSTAT but show significantly different net

changes in forest areas due to crop and pasture land conversions, while the agreement between LUC2 and
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LUCS is coincidental, because different primary databases were used. Significant differences are found in
the net changes in forest areas due to cropland conversions between LUC3, LUCS, and LUCS6, all of which
used the SAGE data. Even though the same primary data sets may be used by different researchers,
secondary data sets have been developed based on different natural vegetation maps, resolutions, and

methodologies.
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Figure 20. Comparison of the global sum of land-use change areas in forested areas (10% km” yr'') due to
crop and pasture land conversions over the 1990s. The negative (—) signs indicate the decreases in forests
areas to crop and pasture land and positive (+) signs represent the increases in forests areas from crop and
pasture land. The white color represents the crop land conversion. The red color shows the pasture land

conversion.

2.2 Net carbon fluxes and changes in carbon pools

Figure 21 shows a comparison of the global consolidated LUCF flux and residual terrestrial sink
(PgC yr'") in the 1990s with the estimates from AR4 (Denman et al., 2007). The global flux for EMI8 was
calculated by summing the consolidated estimates from the ten regions that are represented in all data sets
(Ito et al., 2008). The EMIS estimate of LUCF emissions (0.9 PgC yr'') is smaller than that from AR4 but
within the uncertainty range given in that assessment (1.6 + 1.2 PgC yr'") which was based on the higher
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values of Houghton (2003) and the lower of DeFries et al. (2002). The satellite estimate of carbon flux in
the tropics due to LUC (0.95 Pg C yr'') (Achard et al., 2002, 2004; DeFries et al., 2002) is significantly
smaller than the FAO-based estimate of 2.3 Pg C yr'1 (Fearnside, 2000; Houghton, 2003). The EMIS8
estimate of the global net terrestrial carbon flux (—0.4 PgC yr'') is also smaller than that given in the AR4
assessment but is within their uncertainty range (—1.0 = 0.6 PgC yr™"). This confirms that at the global level,
our estimate is reasonable for further analysis, although this is not a validation of the consolidated estimate.
The AR4 estimate of the residual terrestrial sink (2.6 + 1.7 TgC yr'") is determined by subtraction of the
LUC emissions from the net land-to-atmosphere flux estimated by inverse models and includes both
climate feedback and CO, fertilization effects (which are of order —1.2 PgC yr'1 in EMIB), as well as

nitrogen fertilization and other effects.
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Figure 21. Comparison of global land-use change fluxes and residual terrestrial sinks (PgC yr') in the
1990s. The sign for removal is negative (—) and that for emissions positive (+). The white color represents

LUCEF. The red color shows ENV.

2.3 Country analysis
2.3.1 USA

A more detailed analysis is presented here for the USA. Figure 22 presents the sum of the terrestrial
carbon pools (PgC) in the 1990s for EMI1, 4, 5, 6, and 7. Major differences are found in the litter (LIT) and
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SOC pools. The total soil organic matter is much smaller in the National inventory report to the UNFCCC
(EMI1) than those in the other estimates. The inventory data in EMII are reported only for the category of
forest land remaining as forest land, while the other EMI estimates include non-forested lands. The
different estimated amounts of SOC are partly due to the inclusion of non-forested lands. Guo et al. (2006)
used the STATSGO database to estimate the SOC in the upper 1.0 m of the conterminous USA as in the
USA report (EMI1) and restricted their analysis to forested lands by overlaying the geo-referenced national
land cover data (NLCD) based on 30 m resolution Landsat Thematic Mapper data acquired in the early
1990s with the STATSGO. In the NLCD, forestlands were divided into two parts: forested upland (228 x
10* km?) and woody wetlands (21 x 10* km?). The total forest area is in good agreement with the Forest
Inventory Analysis (FIA) forest area used in EMI1, but smaller than LUC3 (551 x 10* kmz) and LUC6 (338
x 10* km®). The SOC value from EMI1 (15 PgC) is within the range for forested upland and woody
wetlands reported by Guo et al. (2006) (i.e. 8.5 to 42.5 PgC). The other model estimates are within the
range from 25.4 to 113.1 PgC for total lands reported by Guo et al. (2006). EMIS5 and EMI6 make separate
estimates of the SOC pool for the forest carbon pools. Their contributions from non-forest lands (36 PgC
for EMI6) partly offset the differences in the totals shown in Fig. 22. When Alaska is separated from the
conterminous USA in EMI6, the SOC in forests of the conterminous USA is calculated to be 39 PgC. EMI6
uses a potential vegetation map, so that the forest area in EMI6 is larger than the present-day FIA forest
area. In addition, Guo et al. (2006) estimated an additional 2.3 to 16.4 PgC in the amount of SOC stored
from 1.0 m to 2.0 m depth for forest and wetland. The SOC below 1.0 m may explain some of the
differences in SOC between EMIland EMI6. Consequently, SOC reported by EMI6 may be similar to that
for EMI1 if comparison is restricted to the upper 1.0 m of soils in present-day forests within the
conterminous USA. Although those from the other inventories are still large compared to EMI1, they
should be compared for the same depth and forest area. Coarse woody debris (92% of LIT) is rather large in
EMI7 and as large as woody tree parts (VC). Harmon and Hua (1991) report that the ratio of coarse woody
debris (CWD) to live wood biomass is about 20-25% for subtropical, temperate, and boreal forests, which

is consistent with EMI1.
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Figure 22. Comparison of the sum of terrestrial carbon pools (PgC) for the USA in the 1990s. The white
color represents the LIT when LIT is separated from SOC. The green color shows the SOC + LIT. The red
color denotes the VC.

Figure 23 presents carbon stock changes for EMII, 5, 6 and 7. The inventory data from EMI1
represent only forests including VC, LIT and SOC. The contributions of carbon stock changes for
non-forests are insignificant for EMI6, because woody invasions into grasslands are not considered in this
model. On the other hand, significant differences in the carbon fluxes in forest lands and all lands are found
for EMIS mainly due to LUC emissions in cultivated areas and pasturelands. The averaged carbon stock
changes for forests show an accumulation of carbon in LIT + SOC for EMI1 (-49 TgC yr'"), EMI5 (-92
TgC yr'') and EMI6 (—90 TgC yr'"), as opposed to EMI7 which reports 51 TgC yr”' for all land cover types.
Litter in EMII increases as the tree biomass increases, because estimates for dead wood are based on the
ratio of downed dead wood to live tree biomass, while that in the process-based models does not increase
linearly with tree biomass, but is determined by the models calculations, which depend on the changes in
climate (soil temperature and moisture).

We compare inverse model fluxes for Temperate North America (TNA) (including the conterminous

USA, most of Mexico, and southern Canada) with the bottom-up inventories examined here for the USA,
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under the assumption that most of the estimated inverse flux would be associated with the USA. In Gurney
et al. (2004) the net biospheric flux for TNA for 1992 — 1996 is —0.9 PgC yr', while more recent updates
(Baker et al., 2006) give —1.1 + 0.23 PgC yr”' for the decade 1991 — 2000. Depending on the use of all sites
(i.e. ocean and land) versus only ocean observations, Patra et al. (2006) estimated the TNA sink in the
range from —0.56 to —0.69 PgC yr™' for the period 1999 — 2001. Based on many models’ inability to match
observed CO, profiles, Stephens et al. (2007) argue for 38% smaller uptake fluxes over northern lands but
do not report values for TNA. These fluxes have the fossil-fuel and industrial sources removed and
represent the sum of changes due to LUCF and the environment (CO, and nitrate fertilization, O; damage
(Sitch et al., 2007), and climate). The decadal averaged estimate for the total terrestrial uptake for TNA
(Baker et al., 2006) is significantly larger than the sum of our consolidated estimate (—0.24 PgC yr'
averaged over 1990-1999; EMI8) and other sinks such as carbon accumulated in sediments of reservoirs
and rivers and the balance of exports and imports by rivers and commerce (e.g. food and wood) (—0.08 to
—0.17 PgC yr''; Pacala et al., 2001). Examining this result together with the significant uncertainties in
carbon pools and fluxes for non-forests (e.g. woody invasion) may imply that ENV factors (i.e. warming

climate and fertilization) have played a larger role than estimated in EMIS.
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Figure 23. Comparison of carbon stock changes (TgC yr') for the USA in the 1990s. The white color
represents the LIT when LIT is separated from SOC. The green color shows the SOC + LIT. The red color
denotes the VC.

2.3.2 Brazil

Figure 24 shows a comparison of the net LUC area changes in forests (10° km® yr") due to
conversion of forest to/from crop and pasture land in Brazil in 1990. Comparison of LUC3 and LUCG6 both
of which are based on SAGE for cropland conversions shows that the LUC3 net increase in forest areas (63
x 10> km” yr'") due to cropland conversion is consistent with that in LUC6 (70 x 10> km” yr'"). However,
the sum of the gross decrease in forest and grassland areas in LUC3 (29 x 10> km® yr'") due to conversion
of forest to crop and pasture land is smaller than that in LUC6 (34 x 10° km® yr'") from 1989 to 1990 in
Brazil. The difference is mainly due to the simple interpolation to T42 in the case of LUC3, because the
estimate was —34 x 10 km” yr”' on the original grid. Further, the gross decrease in forests in LUC3 (—28 x
10% km? yr'') due to crop and pasture land conversions is larger than that in LUC6 (-8 x 10% km? yr'l) due
to crop land conversion from 1989 to 1990 in Brazil. Therefore, LUC3 accounts for major deforestation
due to LUC, as opposed to LUC6. As a result, the net change due to LUC in Fig. 24 is similar but the gross

deforestation is different.
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Figure 24. Comparison of the land-use area changes (10° km” yr™') in forest due to crop and pasture land
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conversions for Brazil in 1990. The white color represents the crop land conversion. The red color shows
the pasture land conversion.

Regarding the conversion of natural forests to cropland, there are two major reasons that could cause
differences between the data sets: (1) the satellite based classifications used for the present-day natural
vegetation cover versus classification based on ground observations and (2) the use of fractional natural
plant functional types (PFTs) versus a single land-use type approach for each grid area. The first factor
determines what types of natural vegetation were assumed to exist on the Earth’s surface (e.g. forests,
grasses or bare land), which could vary between different data sources. In LUC6, the GLC2000 data set
(Eva et al., 2004; Bartholomé and Belward, 2005) was combined with 1992 satellite data, and the grid cells
were adjusted to have the same fractions of tree covered land, bare ground and inland water as in GLC2000
and to have the same cropland and grassland fractions as in 1992. In the biogeochemical models (EMI6 and
EMI7), forest grid cells may include non-forest areas, but they are treated as forests. LUC3 uses the
simplified vegetation map from the Matthews (1983) global ecosystem data set. Moreover, these data are
significantly different from those reported by LUCS5 which includes secondary forest based on SAGE and
other sources, mainly because LUCS5 used a linear interpolation between 1970 and 1990, while other data
sets used a database based on a single year. As opposed to LUCS, the LUC3 and LUC6 data sets did not
track LUC activities, and therefore they represent a “net” change of areas associated with tree PFTs that
were converted to cropland area, i.e. the primary (or secondary) forest area that was converted to crops,
minus any crop (and pasture) area converted back to secondary forest. Areas converted from crop and
pasture could include both active human conversions (e.g. short-rotation forestry in Brazil) and the passive
reversion of abandoned crop or pasture land to "natural" (but possibly degraded) forest. The errors implicit
in this approach might have significant impacts on carbon dynamics resulting from the changes in land
cover at small spatial scales and shorter term durations.

LUC2 and LUC4 show small net changes in LUC areas. LUC4 in the 1990s presents substantial
gross changes of deforestation (—73 x 10° km® yr'') and AR (79 x 10> km® yr™"), while LUC2 assigned all
the changes in cropland areas to non-forest conversions and thus has a zero net change in forest areas. Even
though LUC2, LUC4 and LUCS use the FAOSTAT for crop and pasture lands, the net forest area changes
in LUC2 (zero), LUC4 (6 x 10* km® yr'"), and LUC5 (7 x 10> km® yr'") in the 1990s are substantially
smaller than that for 1990 — 2000 reported by FAO (2006) (-268 x 10> km® yr''). According to Aratjo et al.
(2007), the allocations of deforestated areas due to pasture and agriculture expansions in HYDE used by de
Campos et al. (2005) do not match those in INPE, primarily due to differences between the HYDE and
INPE databases in the basic methodology and the concept of deforestation. These comparisons demonstrate
the need to constrain the rate of conversions of natural forest areas in each specific LUC activity for the

calculation of LUC.
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Figure 25. Comparison of terrestrial carbon fluxes (TgC yr'') for each land-use activity for Brazil in the
1990s. The white color represents the pasture conversion when pasture is separated from LUCF. The green
color shows total LUCF. The red color denotes the biospheric response due to CO, fertilization and climate

change.

Figure 25 presents terrestrial carbon fluxes (TgC yr'l) for each LUCF activity considered in the
different emission data sets for Brazil in the 1990s. EMI4 shows a major source of carbon fluxes to the
atmosphere due to forest conversion to pasture. Carbon fluxes due to land conversions are opposite in sign
for Brazil between EMI6 (-327 TgC yr') and EMI7 (79 TgC yr'). The SAGE data show high-clearing
rates in eastern Brazil during 1960 — 1980 and extensive cropland abandonment during 1980 — 1992 except
for southeastern Brazil. When the comparison is restricted to the early 1990s, because different secondary
assumptions are used for land cover changes in the 1990s, EMI6 indicates a 500 (TgC yr'') sink due to
LUC, while EMI7 shows extensive emissions due to conversion of forest to cropland during the same
period. This might be partly due to the inclusion of pasture land conversion, because the net forest area
change (104 x 10? km?) due to pasture conversion is larger than that due to crops in LUC3 (Fig. 24). Since
FAO (2006) reports a decrease in forest areas in Brazil between 1990 and 2000, the positive sign (i.e. net
source) in EMI7 is consistent with EMI4. The emissions in inventory approaches (EMI1, 2, and 3) are not

directly comparable to the other emissions shown in Fig. 25, because there is a time delay in emissions into
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the atmosphere that are accounted for only in EMI4, 5, 6 and 7. The annual gross emission due to
deforestation in EMI1 can be compared with that in EMI2, as follows. Assuming that 100% of the
above-ground biomass in EMI2 is immediately removed from the forest as in EMI1, the gross emissions
due to deforestation are in better agreement between EMI1 (251 TgC yr'') and EMI2 (222 TgC yr'') as well
as the deforestation area between the INPE report (—313 x 10> km® yr'") from 1988 to 1994 and that from
FAO (1993) (367 x 10% km? yr'l) from 1981 to 1990. EMI1 does not account for the fate of the carbon
removed from the forests. Assuming that the carbon is either emitted to the atmosphere or harvested,
combining the emissions to the atmosphere in EMI2 (111 TgC yr™") and the harvested wood including slash
in EMI3 (79 TgC yr'') yields a smaller gross emission due to deforestation than that in EMI1 (251 TgC
yr'). However, Asner et al. (2005) reported that selectively logged areas ranged from 121 to 198 (x 10* km’
yr') between 1999 and 2002, equivalent to 60 to 123% of the deforestation area reported by INPE. This
may suggest that selective logging has been implicitly taken into account in the net emissions since the
selective logging area could have been deforested or regenerated between the years 1988 and 1994 when
satellite estimates were possible. In Brazil, climate and CO, responses are significantly different between

EMI6 and EMI7, whereas they were insignificant in the USA.
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Figure 26. Interannual variability in LUCF emissions for EMI4 (blue), EMI5 (green) and terrestrial carbon
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fluxes (PgC yr'") for EMI6 (red), EMI7 (magenta) and EMIS (black) for Latin America.

We can compare the available inverse model fluxes for Tropical (1.07 + 0.69 PgC yr') and South
America (—0.64 + 0.51 PgC yr'") from Baker et al. (2006) with our consolidated bottom-up method for the
decade 1991 — 2000. Patra et al. (2006) estimated a smaller Tropical source (0.50 to 0.55 PgC yr'') and a
smaller Temperate sink (—0.16 to 0.01 PgC yr'"), although their combined emissions from Tropical and
Temperate America are consistent with those from Baker et al. (2006). The total net emission for Latin
America in EMI8 (-0.17 PgC yr'l) is smaller than that from the inverse models (0.43 + 0.86 PgC yr'") but
within the uncertainty range. The estimate of total LUC emissions in EMIS8 (0.4 PgC yr'') during the 1990s
is in between the estimates of Achard et al. (2004) (0.3 PgC yr'') and DeFries et al. (2002) (0.5 PgC yr™).
The interannual variability of CO, flux in EMI8 for Latin America (Fig. 26) is significantly smaller than the
inverse estimates (Baker et al., 2006). The bottom-up estimates of LUCF may capture the averaged changes
of the net LUCF emissions but may not fully account for the timing of CO, flux changes. Further, there are
significant uncertainties in selective logging (e.g. Nepstad et al., 1999; Asner et al., 2005) and open
vegetation burning (e.g. van der Werd et al., 2004; Jain et al., 2006; Ito et al., 2007a). This may imply that
accurate estimates of the short-term flux would play a key role in closing the gap between the bottom-up

and top-down estimates.
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Mass = 1.5 (467 ba x 10* — 11300) (4)
mass = 190 (100 x dbh)"3' + 42.8 (100 x dbh)"" + 171 (100 x dbh)"*’ 5
( ) ( ) ( ) (5)

Z 2T ba 13 EWTEAE () TH D, (@) DFEIN D RN, Schulze (1995) Dk + ki B & T 5 8,
ZIWCISERETHZLETHBROERZINZ TS, 2D 1.5 &9 EfiliE, Kajimoto et al. (2006)
OTa AN =RV EHINDE+ AL A~ R RN, A~ AR E | BRI OND
DBH #iffICB W TIEEL L7 b D TH D, (@)L, /NS 22EURD A1) & 2 1/ N HEE 3 D1 25 &
0. FRCHEEARD 2.8cm LA FORERIZH L TITADEZIEL TLE S 2, /MEMIZH LTI
KBV & L7-, R@)ITMEERDP KK 40cm £ TORENVKE SOARIVHEESNLTEY .,
fin 7. (S TIEMEIELED 1~10cm D/N S 72ARAK XY HEE STV 5 (Kajimoto et al. 2006), Z 4L
ORI, T D OHEEHP 2 KEMNICT 0 X8 D dbh =72 cm Rt TRET 5728, Btz X (4)
ERG)D D BRERMEE, TOARARD trunk EHEE L7,

ERAEPEIC L SN D AW EICK LT, R(6) TERINDWERT dn ZFE L., R AMEEZR
ELUTRE L7z 40em 125D < IZD3VER DA FENR 2K T S8 72,

dm=1.0— (dbh | 0.4) (6)

T, M EENA A ADAEPENRN, B E I T T2 2 RTAXTA A LEEH DT
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