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2. WrEEHE

{EEEREET NV ERBE T AB IO 72y -
BEOEMT T U A E AN AY U EOEEE O
FEBBOBEERRZIT->C, ~Na XU TAREDOE
BORBET ARE O, WEER S~ DR,
XL~ DR E O AT O, A FE TR
CCMVal (CCMVal3) ~D#f & LT, IHET LV TITo
T ALZERBEET VT L Dl L FBLSEER(REFBL 55R) &
FE72 EEr % BA%E L7z MIROC3.2 (L& EET LT
TV, KEBTESE) 11 42881, QBO. KR DB %
ST OOMATT DAY VIEEOHER R Sl o T otk
fex MB35, F 7=, ilEld CCMVal (CCMVal2, WMO
A TRAA LR LAR— K 2010 IZHIH STV D)
TIT o L IHET VI L D FROENT %2 S HIHED . 1
RMIREOENDEREEA~RITTHE, BLOt Y v
JE T4 B (ODS) & IREE (L A (GHG) % M |2 281k &
B ERICOWT O 21T 9,

3. EHRN

(1) MIROC3.2 (L& 5 7 /L Tilh 2 PR 2B/ (REFB1
ERYEIT o1, TDY 2 lb— 3 iE, KBRS
11 FFH, QBO, KILEROEENEEN TN D, K
112, ERHREICBT B4 Y 2R DR/ IMEDREL
L%, HET M L AFERB L TOMS 12 L 580017
—Z L L BITTRT, HEF LTI, ARG OB
BEY bE<, 1980 ELED A VR — VR IIZ R
J5 MLy RAVNE o 7208, MIROC3.2 (L& fEE
TATREINLOREAFIZITIME N TWHD, Li
LIRS, Za— s cody g gl L v
FETEOBBENMERE LTh D, MEEEIL, KBIEE

T e
L F A
A
EHEED
o

11 RJE . QBO, KILMEIE DD 72 ke 7 I 2Bk
(REFB2)IZ DWW T, BUHFRFEREZE TS,

HWmmpdﬁWﬂgmwﬁﬂ%Tﬂ

" 5.4g (REFB1)
MIROC32 (REFB1)
300} TOMS {version B) |
5 |
2a5p
E
g
Em
=
Eﬁi
108

% 197D 1980 1980 2000
X 1 REFB1 EBRIC X 2FFLRE&E (B 60°-90°)
2B DAY VERER/ MEDRERE I, RIXIAET
Jb. #kE MIROC3.2 {LER T T /v, BIL TOMS O#]
B,

(2) Hi[ElD CCMVal2 TIT > 2 IREF M L 5 EBRDIB
TNEBREAT > T, MER EIRE OB\ )Nk JE BRI~ &
ETEBIZOWTC O 21T o7z, FORER, MK
TR D 1 AL AV B e R D fEEJEE (i fde B5°AFIT) A3 e B &
BHEEILORERITEVEAE L, ZBESEREA~OB
OB ELE KT L, FBROMS, I 5234
VUREICET 5 Z E N binoT,

(B) AV UHHEDO KAEB ~DFEL L GHG D
MNAERERA > AR~ RIE T B DOV TIRAR D 72,
PLF®D 2 >OFEREITS T,

a) World-Avoided 325k (/~v 7" OHifI 72 LD FEER)
b) ODS % 2000 FED#E & L, GHG % AlB > 7 U &
® 2050 FEDOfE (CO2 1% 522 ppm) . 2100 4EDfE (CO2
13703 ppm) 2 L7=FEHR

4. S%OHE
MIROC3.2 {b 5T 7 /L % fi > T CCMVal3 DL
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EEREIT D, 2, IAET N EFWZBEINERQ). (3-2).

(BTN TIE, S BITHITZ DR LT 5,

5. FEMBEROFMMARN (201244 A~9 A)
FA 72—V 6 CPU FEf 1 7 — F&J#: 10 hours, 1
/ — 165,909 hours, 2 ./ — R: 0 hour, #t: 65,919 hours

6. MEEERTHIAREDE L

6.1. MEEEEK TR RREA

B RE A g DRI E) & O ke PE — it &
DT DA

6.2. MEERRER TATZERRE D B )
AR L [FlER,

6.3. FEAEEEHE THF SRR D R AL

6.3.1 MIROC3.2 ~\— 2 DFLERBET N B FE o7
HE

(1) #r L < BA%E L7= MIROC3.2 b2 KM 7 /v % F
C. 1980-2050 4 » AR IZ-> T, CCMVal-REF2
(CCMVaI2-REFB2 & [FIEE) v+ U A iy » 724 V@
IR IEBR ATV, HET VLR v Ekg
—fEREEAERZS (K 2, &Y v AERFERKED
BAEHERS), 2oV I ab—yavidid, KETRE 11
FEFH, QBO, KILBROEEIIE IV, IHET
MZ K DRERITA Y v R RRAIRIEDF 2« ZEhHERNIC
HEARTREN-7228, MIROC3.2 LR EET VIC &
DEAETIZENENE S e,

1980 1980 000 2010 2020 200 2040 2050
YEAR

X 2 REFB2 EBIZ & B EERF#&E (B 60°-90°)

B 54 Y v ERER/MEOREE, RIZBEET
Jb. FHiX MIROC3.2 {b¥E&EMEE T /L, HIX TOMS O#

HIfiE,

(2) B RU5EE T VAT ERA-Interim N7 — 2 O
PR, FEALR, E7oid, REE, AR, KR E T

2012/12/11 CGER/NIES

v XV R L Tl #wmEET L E L,
SMILES B DA > AR DWW T OfifAT 2 HE &
77

6.3.2 [AEFNVIZ LD REFBL EBRFER L JRAS Fig
T —% 2 AW KETEE & QBO DAif, LML
Wit & DBk DT

KEGEENE QBO DALFH, J5 L UMbkt & DBt D
KT % 1960 £E~2006 £E D 47 L DA SV TIT -
7= TERDF V FHim S 72 b 7= 10hPa fE TO KRR
WENOMH & MR - 8. EHISPE S iRz,
RIREAL, WHERZEICER L2417 o72, €D
FHER. QBO 72377 2% 50hPa oD B T R K
11 NS X D IEE SRR OFEITIE, A 12 A
~1 HIZHRED . ZORBITRBICE TR ST &0
binolz, ZOMPEERIICE L b SHEERTE L,

6.4. WEGREE E COFEMEIROF) R
FAT—YH: 5 CPU R 1/ — KR 76 hours,

1/ — K: 155,869 hours, 2 /— K: 0 hour, #: 155,945
hours
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FRFERRAEA, < AN %8 L K QU368 L U o BEL 28 O UL 28R

PRERERE | KRWTTETER BT - 10 SR E

SRHTE

LFENFTEE - ARHIEATEREL « ISHARASRHIIES  HE =

FRGAEE YRR 23 4R~ ERE 23 4R FE

1. WREW
REIGYEER, AT, AV R — VOB
ETHHAEN TS AV Ui EORGIMEBR DT
5 EPERFINIE, B2 TeFmEe T Lo
FIAGED B TWD D, ALFHEET T VO TG
. WIS ORE B L O T L ORISR < KTET
Do ZOWFFRIEA Y v BE LR O TR T O
TOID, WERARTT — X UL TFEEZEAT D7
OFE 2 O A R ER AT 5,

2. WrEEHE

ST & R EE o A v B O R R A E e L T
KRG FEFT O -5 8E 7 v (MRI-CCM2, Deushi and
Shibata, 2011) % fii > CTRE AL FHE O FHLER & 17
Y. BT NMHAEBIMEICRIL T D720, 2504
N—TT Y TINFESEITNN T T~
Y7 4 — (EnKF) %o CTET AT % il
IZEIE L, BFMEE/EY . ZORERIEEZIT 9,

3. AEHLE

FLER TS fEBIAY V7 —F & LTiT
MLS (2 k5 3 oA VIREBLHT — & 5 L O OMI
LD 2kuAY U REBT -2 Thd, £loRK
% CHAEE, bR, iR oy —2 L LT, K
BT MERR L= Ff#NTT — % (JCDAS) #FIF L T
Do AV UG EREKGEDOEFTIZOWT EnKF FEIZ X
57 —H[A{bEIT > TWEN, KT —F LT AT A
TIEAY VRS E OB REAFEIRSHITE R L T
VW, AF—HZE{LTH EnKF 7£i%. Local Ensemble
Transform Kalman Filter (LETKF; Miyoshi and Yamane,
2007) Th D, LETKFIETHE 7235 A—=FZLL T D
LB ThD, T TR 32 FUIRNTY A 2
Jb o6 WER W RERZEEI WO BT LEERE © K5
650k m. $REL IR XHERUE T 0.4 5 st #o
&k« Adaptive (B K 20%),

2006 ££ 6~10 A OHEARIZSW T, BT — % TRk
THERDEACNA Y NG 2 D H B D DR
O AFEEORILEREIT-7- 0 (FBR 1) KRB IV
OMI, MLS |7 —# X CTx Rk, (£ 2) K&
B oMl BT —x oxE L, (£ 3) KRLHEB
X OYMLS Bl — % o Ffk, (5B 4) KRGOHL
W — % O IRk,

BIAS (mPa)
/7

1 w4 - [

Ozone(mPa) ~ RMsE (mPa)

014 6 BTG BN 2551050051 153255 0 030508

Assimilated 0BS : () OMHMLS+JCDAS @ OMI+JCDAS

(3 MLS+JCDAS @ JCDAS
M1. &Y VEEOF Y VY o TFBRTF— 2 LD
EREBR, P EER S R 90(90S-60S) 0D 2006 £4£8~9 A -
YE, () AV g, (FRR) A7 2, (F)
TR IR AEOSE T v 7 7 A v (BAL
mPa) . B AV UV UTENNE, F ERL R
SEBR2, Rk SEBR3. JK : SEEBR4,

1215 1521 2427

ZD 4 ODERTE LN AY RN A B
TV LVTMSLTH DAY Y T BIANE TRGE LT
FEREX LIORT, 2L, BoORO 1 5 AR
AT v THIHE URBERGECHN T2, KK
LI RES & OMI OFRED NS, OMI % [
fbicffi o EIFFE N K oIty v aRiTdeE sk
25 (), mEERE &7 7 7 7 A )LA5K 60hPa L 0
BTADMEE, ZO T TIEDRMEL W) RHRIZR A
TANEEL, Y v 7m 77 A LVOUGETR LI
W, Lol KFORKHITRT L IIZ, MLS O4
Ia Ty ANERET D I ETIORMNA T AN
PEEIRE S NS Z ERNbhotz, “IREEHEHRE
ZZONT S R BEEN A DT,

4., FL®

SEOFERNS, MROZETIEH LB, L% D
BEZ EUL L= 0B E 04 U IFMEE S5
L EWHR L,

5. FEEEEFHEMEIROFARD
FATa—H$ 2 CPUKFHE 1/ — KRf: 0hr, 1/ —
K:18,173 hrs,2 / — K: 0 hr, #:18,173 hrs
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B?jun%%% BB ELRT ORIERAEZE L COEBIR L AN T Ok RIETEE &

MER D

PREAERE
F[EMFIEE

FHEFEE YRk 24 P~k 24

1. HZREM
WL KROMOER BB LA D T OffikiEs E
WEIZFHG§ 27 VAT 5 2 Lk, HIERRELT
HIZBWTHERAIRTH DL 7 v — Vg A —/L T
DIRFROBIN H WAES D 9 2T, F£To, ITEM
EE SN D RPTICER 2B EE KIET Y Fr—,
BE, EPEREORERJRORAERE BRI L O
BELEZ EMICTHTS 9 AT, BOTEETHD, L
2L, BIEORZIHERTEERET L (GCM) THWS
NTWBYTET LTI, EBHRBLORA N T ORI
HEIZIGE COAB S TR Y, M W< )
VEEET) RBERNOHRNEIBEIN TR,
& ZCARBIETTIL, REWEH O B PR 4 1 5 &
ﬁ“ﬁﬂﬁﬁ’ﬂbfﬁ1y:;v~vay%ﬁm#
ZEIZkY, BB LOBEAKEAEEZELTO
i@;%;@xﬁ7ﬁk FAETHEEHLNIL
DEBEETMETHZEEEMET S,

2. HrZEEE

TR St TR O JELI LI I AR R & D W 2 L AT
REREEY R 2 L —Y g VBRI D, £, B
ORI R EERIC LY E U 2RIEE O A D 7 ik

R ZHBAAREREEY S 2L —y a VIERHESLT 5,

3. EHRN
3.1 RERELRGOBMEL I 21— a v

112 VOF (Volume of Fluid) %i2H5< 2 kot
i X 2 L— g 2 L0557 B ELT KRR
ORI O T 2R3, KED, ERERTERETIEH
DR, AFEREE OV R LT L 5 2 2 &
ABTED,

32 Bk AEEEOKE I 21— a v
X212 VOFEIZEE D SIRTEHEHES I 2 L—
= v (DNS) 12XV 557 B—iki o R ik 284 o
B DN DB AT ZRE S Z T HED
TN SNDIMN AT T % F I~ L s+ 58+
DR TE D,

FAPRFRZFRE T ert /I
FABREER B T et BR — -
[ESLERBEMT ZE AT HUBEBR BEAI 8 2 o & —

T&

e HELIEL 7]
KIFHIE

=

B 1 R ELE SRR S O ELER,

B2 EEZRICKVAECIBREALN FREDT,

4. AS%OFHME
(1) BUEERSOBEIEY S 2 L— g v & 3 TEHE
~PLIET 5,

(2) FEIME & DBUT & 0 RFHR O UM Z BEET 5,

5. FE#HEROF ARG (201244 H~9 H)

%ﬁi*—*ﬁﬁt 3 CPU H#] 1 /— KFRiii: 15 hours,
— R: 12,570 hours, 2 ./ — K: 523 hours,

%Jr: 13,107 hours

6. FEEEMITHREDOE LD
6.1. MEEERIIEREL

KEWBLER ORI R E A L COETE & X0 T Ol
W IE TR & B o R

6.2. FEEEMIBEEOBD
A AETE L Rk,

6.3. FEEEEFIREE DR EME
6.3.1 B

R e 130 20 WM S T 0 R EL I L Bl
Yialb—varz@fdosIlicky AT
BRI ke OFIIEZ FERIE & O BRI X o TR
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T2, Fo, B ORI 2SR SR Sl
Ral—varE#fTsZiicky, JEMEE
L CoOES Bt 2 istd 5,

6.3.2 ABEFMBEOKES I 21— a v

ARFE T, RHBER T & LRSI i O
TEARIC A DF CRAESIR 2RO TR % 5 57
EERERIT K0 R 2 Z) % PR A2 ALE (Arbitrary
Lagrangian Eulerian Formulation) 5% %M L7z,

X 3 \ZFHREISR OB 2~ T, X, y. z FiEZ
NENER, AN $hEFME LT, [k E %
A THE FAE T, SAE TRIA I & Lz, 4
EIOFHRE I, PR AR U 38 & OV
S § FAED Reynolds £X Reyn & 4340 (U, jni = 5.2 m/s,
J = 1.25%X10%m) | 11550 (U= 70 m/s, & =
25X107%m) & L7z 2 7/ — &5 L THT o 72, 72,
Rejyi 28 LB BYR BT O 7 — 212t L CIEELRE T
NEROGROESEES R 2 L—3 2 > (DNS) %,
Reini DR WEF O 4 — 21Zxt L CIEELRE T V% H
V% Large-Eddy Simulation (LES) # 3 L7z,

B 41z, BRI EZ S L TOR D T AR
ky & BREGHRE U, OBIR A RIS 4 O 72 BEE S
HHE L e L CTRd, 220, kI FoRTRD
LD,

-t [
(Cs—Cy)Ay  on
KO ATREORERHE, CIIALZIRE, DIFIL
RS n X RIR R NS 2 BT R T 2,
F72. Co—Cy IZRAEE SN DREFEFXETH D, K&
D, FHRMEIIEREE B —&T 52 E8b0 5,

6.3.3 H—RKH A EHROLEES I 21— g
AEEFFEICBT D EER AR 5 12T, B
dy D ERTZHN % #r b KRS BT BERE R LT
ACETFNSIEE (vp, u) ZHEXTHE TSI, 20K
T O S ST S KRS T DT 3 L ORI
# % 3 kot DNS (2 L 0 i~

B 6 [ZKFEH MNSEE A b 7o 20 GE (BhiEEzE
T256) LbOBE (ROEET 56) O
DOEBYE () & IRIEE 22 X0 AR SN D i
DR (fithh) DRk A FRIE L P CORT, 22
T dp IR, v IR . ryg (2R
. Vg ITiREmO R OBEEE CTH D, RED .,
BEHEZE T 2546 OEE & L ifmis g oI IX IR
il & RTINS D ST Z ENbnD, —7H,
DML AT DG O OTRE L, FERRFHBI X
DRORKRERMBERMD Z LMD, 2O LI,

2012/12/11/ CGER/NIES

PRI ZE & 72 72 HITZE IR T2 IC K 0 Bk &
NoAMEmEOMEBMEN RS Z &, /-, Zhic
o THTEEZEIC L 0 Bl &l Z Sh b Rk E
R ORI 5 Z L 2R LTV 5,

Interface
N

R 3 FEHERLEEERET,

2.0x10
® Cal (5.2m3)
. * Cal (70ws) o
L&x10 A Exp. (Iwano 2t al 2011) a
— )
= a &
£ toxto’
_ 2
P
e .
sox10” .-
=Y
00 :
0.0 0z 04 0.6 08 L0
u, [m/s]

X4 R TEEGRE k. OEHIE L OB,

= 30mm —

5 EEEE,
1E-5 T T
O  Experiments (vertical impingements)
IE-6 f @ Calculations (vertical impingements) 1
* Cal 1 (obligue iy 1
o 1E-7 | -4
g 3
& ]
= IESk 1
— E
1 g
L7 IE9F B
-,

Sep 3, 4143
1E-11 Fog V= 184(d v )

1E-9 1E-8 1E-7 1E-6
3 4 -1

dv (ms

B )

X6 EZEEOERR L ihiRTRE O BER,

6.4. FEEEHEBEBIROF| RN
FEfFa—VPH: 3 CPUBEERT 1 2 — R 349 hours,
17— FR:3,524 hours,2 /— R:0hour, #t:3,873 hours
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RREL  RABRERE I ab—r a3 VBT VORSE:
A MBREOFEE L KB RTFER

[0 U e AR | 3T DN SN & s e 2

A 1 A

HLRINFFEE -t RARFEEBENITER AR T

YR PNESyNE T A I
EHEAESE « YRk 24 G~ Rk 24 AR

1. WHREM

T ZHUTE O RN E BN T O HIERB R A3
RE., RARBEORGFHEENEAICIS Z ebihd X
INlpote, Txr O N—T4 BEtses -
AR IR O F A IE RIVEERROHIEET )
V7 EAE LR IS L, BEET LV E AV
RNBRETEDO AR OB 2 27 o 3t T
W5, THhET, Fxid, < ME S wHEhERE
EROET N E AWM T A — X EHFEREITO,
SARTL (AR R & Ol & U CHIER R 2 Flik 3 %
ZEEO IR AR Z Ao TE - (Mth, 2011 e &
IR ETCORFERE), Znicx LT, RAREOEH
DOITREA RIERBGONOOH Y | HEOKEICH
LCEY ERBERERNPRD LNDRMUC IR > TE T,
ZHUTHHET B, FHRANDINETITHZ - HFHL
TEEEET A ODBELER M L, L0 HEN
BB T L HIEH R OE T2 S+ LT L,
BERKTT /L OWHELETE OB Tk, BEITTHE/Z K
BRNOKREEZBREE LEHHERRO R F— A% R
RONRTA—=LFa—= T UL RD, ZDD,
RNBREZIE LR R T i<, KRN
DOEBEICEA R YBRENEEI NI 2 L—
3 BT NAERCEBIRER L OBHE LB I 2o
TR bRV, Rz, KEIZEL T, BARIC
X DERAEFE (MELOS) BiED LN TR, kETI
2 b= g VETLVOEBEITBREOBRE L 2> T D,

AHFBRE T, KBEKRKOFEHRER L OSSE
SEHHTEDOIKEETNVOBELZDES L, KERK
IZEA 72 BRI OB RS L b O I ERR 21T
2b0ETDH, INETICH, FxITABRIKMBEER
ETVORFE, CO, RADKMFA R I I ie> TELE
7o L2L. & 2 MN#fi7e Ak RICEA e WELEREA
RELED LWVEAH2RETHY | BLEOKERK
TRONBRFER L R L 5 25l ERE B e x
HEPEICIZBIEL TV olz, TI TR, A ME
FEEFEL, KBEXGBLONREFMNTHDL LA NA K
— AT A ERE ET D LR BNET 5,

10

1 BRI

2. BrZEEHE

KEOZ A MaRE RKKIEERET /L dopam (kG
5. 20120 FEHT D, F A MEfEE LTEZ D DT,
WENSDHE A NDEE BT (BT NV TREINSE
DFC L DEEZ LTV T 7y RAF— LD —7
WA RNA M—AIZLBEE PO 2 ), RRFIZ
BIIFAHF A NDEE, XA NOUWKTHL, EETS
A AN TR A Ao SRR R L BEO K RICBIT
DE TS A 3T EOBIRFER & Ot a8 U T,
HANHBROUBREED D TETH D,

3. EBWRN

INETIC, EFAVTRBEINDADFIZ L DX A
FEX LITE2ERTDE 1 20T ALZ Y — g
AX—ALTHDH KMH A F— 24 (Kahre et al., 2006) @
FIEE (T -T2, BUEIL, KEHFEEH~—X 7 m—L
P—_A Y —IZ Lo THLNZ X A N ERE A & it
A ¥ — KT 2 TR RRE (T21L22) B &24T-> TV
Do EZ. XA MOEEFBI)IIBEL TEHT, Xk
BEOEL e REMEER SN D RPN TEE |
FONLEAX NEBEZHMLTVWOEMTH D, 5 F
O AT o TR E LT, ESEITH
AL 60 BRI DOFERTH A N7 T w7 A
THENILORELNTWDA, B REE AV
R ENI b OBETH 5,

4. BB OFHHE

FPIE FEHEL KMH A F— A DRSO AR
D EHERT D, BHHEICE XD XA Mo
R fiaEE LA o0 T, LRtk & 2 |k
7T v I ABEEHEEITO, AT T v 7 AOMEHR
ED LSBT D20 ERRD, ZO®%IZ, m—T)L
HARAR—=ANZEDEE EFRORKTOF A Mgk
7p PO DO EREITHERTETH D,

5. FEMEROFI RN (201244 A~9 A)
FfTa—4: 3 CPU B[ 1/ — RRT: 411 hours,
1/ —F:0hour,2 /— F:0hour, #t:411 hours
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6. PRAEERFIEREOE LD

6.1 HEAEETTIEARRES

IERR AT RIFET 7L % PN S 00 A R Bl
TEHEIC BT 5 /35 A — & B AP R ROFRE
BERIICR HREA)

6.2. FEAEEERFZERREED B Y

WEAEFERRE CIX, HIEREED D REREREE TIZ
B JEOEIPH T O R TR K OMERE O S ERIE O R
ZAME LT, ELHFOMEERODRELEE L
EMHET ML DNT A= FEROE 2D S LTz,
MR LRI E TILF 2 23T o CTE o T A — 2 FBRT
IREHBRIIEIRE L2 b DR EFNTER Y, FEE
B, ZOHIRERY 5 72D DRI ORRE L
TEBLIZHDOTH-7=, Lo, LRIl ~R5 k)
2, BT VBT DEERFESKIBICE 2D
% L) BBEASEEL L2720, BEITB VT,
ETNTF =y JEERSIORFEMBESE LT 57
OO RO N ET- DHFFENE & 2o 7=,

6.3. WEEEERFFEARRE DAL R E

ExHiE T /L deepconviarare (#1165, 2009)iZ Chou
and Lee (1996) & Chou et al. (2001) (255 < HERA ik
HAX—LZEBAL, KEK, CO,p 030 EIZLDIHK
INZBET D LD Uiz, EIEKAFHE ClTEkRE
WAEEELZEN Y7 v/ A% 527, THERTIX
—RE—EDOWFMIRE (302K) 25 % 7=, FHEMEEITK
2 512 km, $hiE 30 km D 2 WITHEBHEE TH S,
FHIRRIEACE S L tkm, $RECF AL 300m &
L7z, Kessler (1969)D /35 A & U B— 3 BT,

2012/12/11 CGER/NIES

FARNHANEWAE Z 2E2KNEEFBEORME L
T, EHEETH S 103 gm* Z VW54 (BEH 0 %=
B &0 & LA (B USRS oFH R 21T o 72,

80 H DFESy DfE S i FEHR C M3 1 &UE O fE kY
AR & & BT Lt BEEEFMEAHA TV
B Enbhrois, BEELUEROEA. FEMLGEN
5 ORIEDTAT 8%LL E(FIRHE)NCE Lz, AET L
THOTW D HEEHMEHREICROE HIBRRIZ . HIR Y R
MLicE A, EHAFEAEZEEIET DR, L
WL OPOHED, ERIIIERO TEROKRE SITh
STWDH NN D Z E¥botz, SHix. ENHTF
B TER LZEHOKRE SE2RD, ThBARKERD %
AT HENENEMR L., T ORMEOIRRKEZTES =
CAZ LToo AU R 23 FEEHPICH T L TR O TBIE
bRE A LT D,

FRERTHNZZL O —O 0BT, EBRiOM
RN Z D EAKBEOBEOEENETH 5.
BUEA Y 5Tl _EEasiksric EiIcsmbn iz
DIZxF LC, B LSRR ClrIshmE I L E ORI R
STHELTE (K) . ZBHBMEOREIC X - TIEah
NED LV Z LT Held et al.(1993) THiEfM ST
W5, ZORBEDOESRDIZ DD /RT A —F FZERO LN,
KO, L 0EATEHE AT A XY B— 3 DL
WZiE, BRARFEOBBEOMRL IED TETH D,

6.4. FEEEEFHEBEIR OF H IR
FEAT2—VH: 8 CPU R 1 / — KR 2,360 hours,
1 /—F:0hour,2 /— K:0hour, #: 2,360 hours

Cloud mixing rotio
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(Application of transport modeling to inverse estimation of greenhouse gas fluxes)

AREAERAE © ENBRBE P HIERER BEMT St % —  Shamil Maksyutov
LFEBFTEE - ENCREEM U HIERERR e e o 2 — & 'R B mES - BT - mRE -
Mohammed Hayyan Alsibai + Rajesh Janardanan « i S « BifF22mE
ENT AR ZCATALARELHE & — Dmitry Belikov
BORRIRY: MR
Cooperative Institute for Research in the Atmosphere (U.S.A)) /N7

Laboratoire des Science du Climat et de 'Environnement (France) 75 3%
Indian Institute for Tropical Meteorology (IITM)  Vinu Valsala

SENEAELE © SRR 24 FFHE~RK 24 FRHE
1. Objective windows. We have completed analysis of the global flux

We study the global and regional distributions of CO, variability for years 2000-2010 using NOAA flask data, and
and CH, surface fluxes that are estimated with inverse model GOSAT Level 2 v.02 data. Comparison of the long term flux
of the atmospheric transport from ground-based and airborne record with the inverse modeling data during GOSAT
observations as well as spaceborne GOSAT data. observation period provides additional information for

assessing the variability of the GOSAT-based flux

2. Research plan estimations with interannual variability of the inverse model

The current research focuses on the reconstruction of fluxes.
surface fluxes based on the observations of CO, and CH, in The Kalman smoother approach was applied to the
the whole troposphere collected in airborne and ground based estimation of CH4 fluxes for 43 regions (42 terrestrial and 1
monitoring programs and the GOSAT Project. Numerical oceanic) globally during period of 2006-2010 using data
simulation is used to explain seasonal and interannual from WDCGG database and NIES observations over Siberia.
variations of the greenhouse gases along with observations We use surface fluxes by EDGAR and GISS inventories, and
by NIES monitoring programs over Siberia, East Asia, and VISIT model fluxes for wetlands and rice paddies. The
Pacific Ocean. For obtaining more accurate estimates of the multiyear mean seasonal cycle of estimated fluxes compare
surface fluxes, the NIES atmospheric transport model and well with inverse model fluxes by LSCE presented at
inversion algorithms are tuned and improved. Carboscope database. Preliminary results with inclusion of

the GOSAT Level 2 in the inversion were obtained, which

3. Progress confirmed close fit between GOSAT data and model

The GOSAT SWIR Level 2 v.02 XCO, data were simulation.
analyzed with the GOSAT Level 4 v.02.01 operational data
processing algorithm to produce a set of fluxes over one year 4. Future plan
starting from June 2009. The data from ground based The inverse modeling of global surface CO, and CH,

observations by GLOBALVIEW-2011 database were fluxes with GOSAT data will be extended to year 2011. A
combined with GOSAT observations to estimate a set of first version of the GOSAT Level 4 CH4 fluxes will be
monthly CO, fluxes for 64 regions. A comparison of the estimated, and GOSAT Level 4 CO, flux estimation

surface flux results with and without GOSAT data suggests algorithm will be extended to treatment of raw flask data
that the GOSAT observations change the surface fluxes of instead of Global view fitted and filtered data in current
under-constrained regions, and reduce the uncertainty of Level 4 method.

those fluxes.

The improvement of the Kalman smoother algorithm for 5. CPU use in the current year (from April to
the inverse modeling of surface fluxes was completed. The September 2011)
improved version allows for efficient forward transport 14 users, CPU hours<1 node: 61 hours, 1 node: O hour,
simulations of the response matrix for short assimilation 2node: 0 hour, total: 61 hours

12



WK 24 A —s8—a v v a— 2 RIS =

6. Summary of 2011

6.1. FEAEEERFIEFRRES 2011 Research Topic
REWIEET N EA L N—=AET ML DIREZRY
AN BEOHE &L Z DR EAICE T 2 0%
(Application of transport modeling to inverse estimation of
greenhouse gas fluxes)

6.2. Objective
Same as 2012.

6.3. Summary of results
A Kuo-type
parameterization scheme is implemented and validated.

modified cumulus  convection
This scheme computes the mass of air transported upward
in a cumulus cell using moisture conservation and a
detailed distribution of convective precipitation provided
by a reanalysis dataset. The representation of vertical
transport within the scheme includes entrainment and
detrainment  processes
downdrafts. The output from the proposed parameterization
scheme was employed in the National
Environmental Studies (NIES) global chemical transport
model driven by JRA-25/JCDAS reanalysis. The simulated
convective precipitation

in convective updrafts and

Institute for

rate and mass fluxes were
compared with observations and reanalysis data. A
simulation of the short-lived tracer 222Rn was used to
further evaluate the performance of the cumulus convection
scheme. The simulated distributions of 222Rn were
validated against observations at the surface and in the free
troposphere, and compared with the outputs from the
models that had participated in the TransCom-CH,
Transport Model Intercomparison.

The GOSAT SWIR Level 2 XCO, data were analyzed
with the GOSAT Level 4 operational data processing
algorithm to produce a set of fluxes over one year starting
from June 2009. The data from ground based observations
by GLOBALVIEW-2010 database (1) were combined with
GOSAT observations (2) to estimate a set of monthly CO2
fluxes for 64 regions. Monthly averages of GOSAT
observations for each 5x5 degree grid were used in the
analysis. We compared these two sets of results in terms of
change in uncertainty associated with the flux estimates.
The rate of reduction in the flux uncertainty, which
represents the degree to which the GOSAT XCO, retrievals
contribute to constraining the fluxes, was evaluated. We
found that the GOSAT XCO, retrievals could lower the flux
uncertainty by as much as 48% (annual mean). A

pronounced uncertainty reduction was found in the fluxes

13
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estimated for regions in Africa, South America, and Asia,
where the sparsity of the surface monitoring sites is most
evident.

The improvement of the Kalman smoother algorithm
for the inverse modeling of surface fluxes was completed.
The improved version allows for efficient forward transport
simulations of the response matrix for short assimilation
The
approach with full-length pre-calculated
response matrixes. The improved scheme was applied to

windows. result matches with that from the

conventional

the analysis of global atmospheric CO, fluxes over
2000-2009 period that targeted the analysis of the West
Siberian carbon cycle. Several regularization options,
which includes Bayesian inversion and truncated SVD
solutions, were considered here. The truncated SVD
solution produces less noisy fluxes. We first estimated
monthly carbon fluxes by inversion using dense CO,
measurements from a Siberian observational network,
consisting of nine towers and four aircraft sites and surface
background measurements. Inversion with only background
data yielded a boreal Eurasian CO, flux of —-0.56 + 0.79
GtC yr-1, whereas inclusion of the Siberian data weakened
the uptake of CO, to —0.35 + 0.61 GtC yr-1. On average,
inclusion of the Siberian network data reduces the regional
uncertainty by 22%. In an analysis of eight subregions of

boreal Eurasia, the seasonal cycles and interannual
variations of the carbon fluxes were spatially
heterogeneous.

The same Kalman smoother approach was applied to
the estimation of CH4 fluxes for 43 regions (42 terrestrial
and 1 oceanic). A preliminary test was conducted by using
NOAA ESRL flask observations over a two year period and
surface fluxes prepared for Transcom-CH, intercomparison
with VISIT model fluxes for wetlands and rice paddies. A
fairly good match between model and observations was
obtained without inverse model corrections. The inverted
fluxes therefore did not deviate considerably from the first
guess except for two regions.

6.4. CPU use in the previous year
12 users, CPU hours<1 node: 939 hours,
2node: 0 hour, total: 939 hours

1 node: 0 hour,
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=100 —100¢
— 0BS5S
—CTR
—-80 - SDGD ~80
—SEGD
-850 ~BOH

s

-4

2 =40 —40

=2

Z

5 -20 ~20

i

0 o —O0BS
—CTR
- SDGD
=4 <8 ——SEGD
0 0.005 0.01 0.015 0 0.05 0.1
Frequency Frequency
K 1 Cloud fraction D $HE 5 #i DL, (a)

C1(CloudSat) cloud mask. (b) C2(CALIPSO) cloud
mask.
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(a) (b) (c)
C1 CFED: s 6406977 C1 CFED: s# 20528496 C1 CFED: s# 22604192
-80 : -80 -80 =
-70 -70 - )
-60 -60 | -80
5 -50 -50 { 550
40 -40 | o 40
2-30 -30 { -
g -20 20 | g-20 |
E -10 -10 E -10
F o0 0 ko0
10 10 10
20 20 20
30 30 30
0.05 0.05 0.05
0.025 i { 0.025 1 0.025/\
% 20 0 0 10 20 a0 0 20 0 o0 10 22 2 30 20 10 0 10 20 3

Radar reflectivity [dBZg]

Radar reflectivity [dBZe]
K 2 CloudSat95GHz L — & —X&HEF? Contoured Frequency by tEmperature Diagram (CFED),

Radar reflectivity [dBZe]
(@)

Observation, (b) CTR, (c) SEGD. Hi##id 5th, 25th, 50th, 75th, 95th percentile % 7~9~,

4. SH%OFHHE

ULEOREE, EREICBWT, KEOBABE LT
ADPFAET D 2 E MR LTz, Zhid, SERmAE =
BRIZBWTH RO A T ATH D IR NICAM
TAATRAEWETDHI LT, BERERTONLT A
DUEBN TSNS, S%IT, fFEOEREREK &
FOBBRMEEREL, ZONAL T 2AEHLTHEL R
5, o, FOMICEALTYH, BUCE S HE
ERHLDTETH D,

5. FHEMEBEROFMARL (201244 A~9 H)
FAT2—¥#:3 CPURER 1/ — NA&: 0 hour,
1/ — F:592 hours, 2 / — K: 0 hour, #t:592 hours

6. FEEEMIEFREDE LD
6.1. FEEEFIREA
NICAM (2 L B ZEREK T AT L OISR

6.2. FEEEFREDOBD
AAERE L [FIRE,

6.3. FEEEERFIEARRE O R BE

FEAREEIE, 2008 4 6 HIZ%4: L 7= Al Fengshen (2
I ELRT AOBFHEOTN & EMPFLA X — LD
WRICET D5 E1T 572, NICAM L6 5E
WHEY, HET XV I 2L —HIZAS L. TRMM
(BAVH RN BLIE ) OB 2 U P R % FFEL L
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7o FIRARAMBLRIZERE L M L — & — &G C
v, HBLENT-BNY AT LAOfEE L—& — K&
N2l L7z, B X—AICBIT5E L HD
BIRRAT DT A 5 —F | FRATHEBLAI Mt D A % — A
FOFRE LT, BREEREIToMER, BRI B
S AT L OB & SR O & ERFAEIZ BV T
SEN LGN, AENRmEBRNEmET — X L
a2 — L —XOFMAIE, EMPEA X — A0 & LB
WCHRITH D Z L BboT,

6.4. B EMEIOF AR

FAT2—V4$:4 CPUBFR] 1/ — FRIM: 294 hours,
1 /— F: 2,049 hours, 2 /— K: 915 hours, 7f: 3,257
hours
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W4, - RERTAET T /L MIROC ~DOHPFHEERET L OFREES & FDORKEREA

YERBFSE~DIEH

ARUERFERE
F[EMFIEE
AeEE KRB T ZERE

SR TR A T TS

FOR AR PERA T SE T
FERAEE © YRR 24 AR~ VR 24 AR

1. WHREM

RERGEE T NV EMERLT 2 BHEO—2>TH 5 HEiHiE
BET I, ThETARIEBIOERENTEAEA
STWehotz, Ll 7T0{ED AR TS
L. ZFHUTffEo T - )i - SEIERWICBERE S
TW5, BERKEET T L ORERMECOREIE 23 T lz >
. AEHEBI O RN G 2 5 /KIGERSPEU S~ D F 2%
LA TERNWEEBZIOND LT T&E T, 22
T, 2EXMETE T L MIROC o F iRt 5 L
MATSIRO %, FEZ/e \MIGE 2% 2 5 L) ICEkRT
LHZEEEMET D,

2. WRFEETE

AFHEEN 2 BB TEX D R2HKLET LO—DIZ,
HO8 (Hanasaki et al., 2008, Hydrology and Earth System
Sciences) B 5, ZDETT ViThA b Hli kBT
7L 5 DOBucket £ 7 /L (Manabe, 1969, Monthly
Weather Review) % 412, @O . OEM DK
E (BERKO#EHHELDND) . OB¥ - T¥ - 4£
IEFKOBUK, ®RBBIKILOEIE, ©BREMRKD
HE JINCHIHER T 20 E) (BT 2770
B ENOOMEEREZRS LR TED L,
HEt ERZKET L EOREEITTE AV, £ 2T, HO8
DOREHE S DOFEBIED Y — % = — R & MATSIRO I2%
W22 &2k, BMOERERST,

3. EHRN

F9°. MATSIRO ~® H08 O ARHEEIET LD a—
ROBMZER Lz (K 1) , £z, BEET 55408
DBER BT L TIT o7,

Wiz, NEEENDM 2 % X 5 1272572 MATSIRO @
PEREREAM 2 i L 7=, MATSIRO (ZfZHEME D@ 2k
BIFRBET—Z RO LMEET — 2525 %
1986-1995 D 10 FE4y DY 2 = L— g Y &EFTo 72, &
ITCHADHFR LEEOZ, LKy, BEE, WEN
ki, # AlKER EOBEEITKETH L, b

[E BRI IE AT ERER BEMT JE & > & —
ENZER B IE AT ERBR BEMT 7E & > & —
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iR =
NEEREDN
AR/
LU

saockaimenl
PiDdd S

i
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X 1. AMEBZEZE L EERRET NV OMEX,
Pokhrel et al. (2012, Journal of Hydrometeorology)™[X 1
%R

DOETNMHIIMEE#EEII v a2 GRACEIZ LD
B L B L2, BRORIWERELZRL, D
72< & HHO8 LV bMEREDS BRI B LTZ 2 & SRR
T&7,

VT, BT L EM - T 20 il oy I 2L
—a R FEM LTz, 20 A I REM AR O RN
IZIER U, KM AN 2R S THh Y |
Z OWI O MER O KFEBRI 6T D ANRITEE 0O B8
REZEALELR>TVD, Fx ZOBKROIAKR (1
HBoksy, TR, MENEKEOLSR) | Okl
AR (RPkhERRC L BTk EORMm) | @OlT
ki (TR B P2 & B Ekirk BoREL) ok
FEERD T, ZOREER, @& @A 1980 FUH F TH
PiLieboo, D@3 ER L, BRI KE D L
TWDEWVWIHIRERESR, b, @@L+ s L
QOEHH 2B BN S o T2, BT KED R 5y
EERMIMIITEEICIN 2 b b 72, 20 ffdh o AR
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EE ORI FRIC EORBELE 6T a2 D
DOFEFIIRE L TV D,

Br/K R & H T KUK D € 7 MAKITRGET — % O
RERLA T —VEIC LV REETH Y | BIFRATHD
NDRERITIIFE Y R AFEEER S D, BUEIXFRCHT
KEUKIZBEI LT, ETAVOHEBRICED LA TS,

4. SH%OFHHE

2K T T v MIROC o [ il £ 5 v
MATSIRO 23T, FE AMEBIZ#H 2z 5 £ 51
7potz, T2 L, BUEIIBEEIREE T VHEACOR| A
IZEEEoTWD, A%iF. SERKBEETNV2EEF]
RALEMRICETT S, BEMIIE, PRI L
TV N RS AT DT H 2 D EBOFEMER &
BEFOLND, 22T, EHETERWEITWE, AH
IREBNORBIIMMO BRI TAEY, LoT, &
VAT A OB & IEMICHE 2 A I B MG E &
FEMERS D, LoT, BRMMGEDORET I 2L
—a VEATRRIZT D REREMBET T L ~OBE b iR
ST ARENRH LN LiLR,

5. FEMEROFI RN (201244 A~9 A)
FEfr2—V4 5 CPU KR 1/ — FA: 0 hour,
17— FR:1hour,2 /— R:0hour, #: 1 hour

6. WEREERTHIAREDE L®

6.1. FEREEK TSRS S

REREEE T L MIROC ~DOFHERE T /L DOfEE &
Z DR AR B AE R~ A

6.2. MEEERER TATZERRE D B )
AR L [FlkR,

6.3. FELEEEH T HFZERRAE DR RE

WHEDEER LTS L (Global Climate Model; GCM)
DO WFZERERR B O b & IRBEALATF IR O & EEALIZ A
R g B 2N RO R PR R I Z R E T 7 ¢+ — Ry
7 QEEESH L, GCM DB OB LA K E
RRE L 2o T D, ABFZEIL 1) /FRREET v
Model for Interdisicplinary Researches on Climate
(MIROC) ~D ik AERERE T /L DMIAFK L KK CO2
IRE L A~OISEIER, 2) REEiG®E V7oK R
BFRAX NV OFM & MIROC O K& R A AEH O
BN BT D2 AT > 72,
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0-menth running mean 240-month running mean

X2, EROERRBNIICBIT BT /)~ —Bo L%
Flaxs g UEE (ENSO. PDO, AMO) & D#ff
BRB DS, b2 L (a. c. e) L20ERBE)EY
(b, d. ) {22V,

(a),Day31—45,ser1

X3. 1988EEICIK 2B KEMOTHA X/, a)
REEH L SSTITH 2 LAy OB 2T o 72K
Br. )8, c) KREHESSTOLOYMIERIC LS

1) IZ22oWTix, BEMIORA— \—a  Pa—%%
FIF L, 28R T T /L Vegetation Integrative Simulator
for Trace gases (VISIT)Z W By I a2 b —va v
EEME LT, FHEOT L axs g VR L IRFINK
T~ U — L O OB & RN L AT 10 4IRS
H)(PDO) X A VU AE BUBHIR B (AMO) 23 e D R 58
I ZZEEN Tk LTI Y 0% 5035 5 il r Sz

(X2 .

2) 2OV, BEMOA—R—a L Pa—4%
FIALT, RERKIEET VI L DHERH TR I 2 L
—YarvEEE L, ZOME KXKETHRATIL
IEHEREE R, FrC BB EIC LV ESND Z L
norEnle (M 3) . ZofRE, BEPOANTHE
WL BEME=2 Y VAT ML W KIRETH
DFHEMED M B 5 AREEZ RIE LTV 5,

6.4. FEAEFEE & COHEBEIR ORI R
FEifT—VH: 6 CPUKEHE 1/ — RAT: 48 hours,
1 /— F:801hours, 2 / — K:0hour, #t:849 hours
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WFFEA - MIROC HAMBEIRE L OWKIKRARET V& REBERET AV ERAWE

KRB T8 & IR TR

MBRE « RO RHETIT P
JEFBIEH © BRI A2 ER + Wing-Le Chan « LA « /NBHA -

RAFEX - ¥ ER

ik = ) T LW L

[ SZ AR A FE AT bR B & o 2 —

LS « YRk 24 5~k 24 4%

1. WHREM

AHFIE T, RERZEE TV MIROC (ZKKE TV
BILORFMERETT /L (L NPDZ €7 LS REE
TV, T LP BRI AE R FBIGERE T L) EOFH T
X5 L0, REREAEESCETNVEEEZIT)., &6
12, WREORTIIEL TN E T3 — v TN
S&E D LTV AR EOHEHEERZITV. K
SAKTEBROIED, BUEIEER, WEOEIRBEEE. PR
PEBR, RE/E. KR, WBEEN L —Y—, FANREDE
Lt 2D, KRB ERDE T 4 — Ry
7 RFR 7R ST D IRET 21T o CTEBFHEZ B S I
LT\, AEEITRIC, R bR ERINE b
EFRTEN R TE L BB (LT 58S (eMmiREt
HIE) DAB=ZXBIZONTHLNT o — Ry 7 fig
MREZEALTHAND, ZhidiBEORBEY &k
DR O iH OB L WIFFE L D,

2. BFFETE

F9. MIROC 7 /L& HNTNL 25D CO, X
TROR G S R % 28 % 7= BB KR 21T\, dbkiEk
IRRE (LIRS 2 ARz 45, BEfFOERRICS
VWi, 2009 £E(Z Luand Cai I L » TR ENT-H L
UWMENT T (CFRAM=climate feedback-response analysis
method) (Z HEERER A BN I %, RIFFIZ, MIROC
ETFTAEFMALC, B —xVEEKT 5, 22T
SO —F LT KRIR 1 CERmICE TS
ilbani) BEBINT 7 v 7 2% L, TORRIC
TRNF—T Ty 7 AR B RIREA W E WS 5
BRI 5, @BV TER SN —xv
T, KRR EWMTORN 7 7 v 7 AEBRDO B %ARTF L
FEMTIAEF L7223, ATENIEREA T O L)L TO S
7Ty I AMERENLEL T LD L LAFKT 5,
F7-, FEBIZ CFRAM % MIROC (T L, % o A
FIREME & N, BRx R EBGEROMTE21T 9, HEIZ
Jis U T #1297 - 7= PRP (partial radiative perturbation)
AT HRIA. BT 2,
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INER

3. EHRN

MIROC3.2 Z AW\ T, K&H COIRE4 05, 2, 4
B LS ER 2T, 2. KBEKE 2%
BN EREIT > 72, 2 b OERIT, WERAE
TR Sz K&K GCM (AS-0.5xC0O,, AS-2xCO,,
AS-4XCO,, AS-TSI+2%) Z V>, 2 {8, 4 fFHEE5R
DHRKLZMHERE S GCM O ERFE R (AO0-2xCO,,
AO-4xC0O,) HfEHT L7-,

W DD FEBRITI N TR 5 7288 S O JLKIR 2

K 1 £ERKIBELTHBMLEINAEEROEELE M
ATEREEERR DL OFINEHRIBRE, BRIT 2SR
AL L~ OIS T 5,

{BEIEA R S (K 1) | FRZ. KEEECHBREOZL
X CO, ML TIZ & b7 5 Jefsik O RIRZ Lk CO,
B ERICE B2 bDITHRTRORNE N LR
i,

TP, RO KBEICEF T DT e X Zon
TS, v alb—ra itk vEsh- Ao
FiRZ L (K2, SIM) 23, CFRAM (Z & Y NZIzsRe
LNEE 74— KNy 7HEO (ALL) CHBETE-
Z EMB, CFRAM DA GCM ~O i H Al felE & i ~
DHFHA~OLBEEHMENFEETH D Z LmEniz, 7
NRRT 4 — Ky 7 (ALB) OFHITTHEEY K&
WS, KR T 4 — KNy 7 (WVP) b RIBRICKE N
ZERbhotn, ZIHEN L Mk~ O EEE OB N
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WFEWCIEMOSIRZ(LZ T B LE 5 72, ERIC
Lo TKBROFH G O IEAIIWI /2T v ATRE D
(LH+LSC) ., —F T, HFRfEIdbig o R Lo
PHZHF G L Tnbd (DYN) . ZHud, REENS O

BREMRE O LG TH D (B
EXT
WVP
ALB W AC-4xCO02
CLD
DYN OAQ-2xC0O2
cumM B AS-4xCO2
LH+LSC B AS-2xC02
SHHVDF W AS-TSH2%
RES
ALL | AS-0.5xC02 x (-1)
3iM
-5 0 5 10 15 20

Arctic temperature change (K)
X 2 : deHBiR (65N-90N) DAER TREOKIBEL~
DEHET 4 — RNy 2 FuwADRE, 74— K v/
IRt ADHEETRXNX—T T v I ANK~DE5 %
LT, AMRRENC L2 (EXT) | KZEKOHS
Zhi (WVP) | MR 7 /L~ RoOfde2h4: (ALB) .
ZOJEFIE (CLD) | #g7HER KRG %
72 E) o%FE (DYN) | EHEMKOFS (CUM) |

WREIBEL T T » 7 A & KRHBEER O %5 (LH+LSC) |
WREBHEL T 7 > 7 X L ENE B O %5 (SH+VDF) |

Z DM (RES) 2451 TR,

wiz, RO RIBEZE LN EERTEE L) K& <D

HHIZHOWTHHRD, 3L, TARXKRT 4 — A
v 7 (ALB) &/KfEBR (LH+LSC) i3tk KiEzs
L& 2ROR[IBELD#EEKE L TIHHMEFES L,
J1EEaRfE (DYN) (/M S < T2 HFAICHES LTS 2
EWbN D, 12121, AS-0.5xCO2 EBRIZBWTiX, 7
NARRT 4 — Ry 7R3 65N T LW K& W=,
bENICADELITR> TS, ZhbHDZ b,
AR CHIE OEAR I 1L, TARRT 4 — Ry
Tl AFRMAECE RS/ EKIEERIC A
TOHOMENDD EF R D,

EXT
WvP
ALE B AO-4xC02
LD
s D AO-2xC02
CUM B AS-4xCO2
LH+LSC B AS-2%C02
APV WAS-TSI+2%
RES
i B B AS-0.5xC02
s5IM
i .05 0 05 1 15

Arctic amplification index (=0.995)

23

2012/12/11 CGER/NIES

X 3: K& FEiciir gk (65N-90N) & 2k
SRR D E~DET 4 — KNy 7 T rE 2AD%E
5, 1E (A) i3t o [IEZE b 2RI TR E
< UNER) T2L5% 5452 Lk,

4. SH%OFHHE

BIED CFRAM FRAT IZ4AE 3 RIRZA L OFRHT 12 13
HAT& 20, ZEEHEBSER & OMITIIXESEREH T
RV, IROOBAMREICOVWTHRETIEED
W2, FEIAEIS R E AL Z LIS KV R AR T
%o F12 HET NV MIROCS L DI EITH, I BT,
< IVF BT R 72 E~DIEFIZ DN T b a4 B i
T2,

5. HEMEROFMMARR (201244 A~9 A)
FAT2—V4$:9 CPU R 1 7 — R 0 hour,
1 /— R:3,787 hours, 2 / — K: 0 hour, #t: 3,787 hours

6. MEFEEMIEREDE LD
6.1. MEAEEERTIERRES
AR L RIRE

6.2. EEEFERED BB

MIROC %MW T, dXUEEIEERZITV. kB
FOFREFEICET 2RBEEE L RIET 4 — Ry 7
TEAT 24T 5, HFIT. IR DIRIRL & B #oK B e i
(LGM) IZBITDEDT 4 — KRy 7 A=A LDiE
WEBRT 5 12 DIV B BINER & DI 21T 5,

6.3. WEAREERFFSERRRE D R R

AT TITFF R OIRBE AL & RO IR (Last
Glacial Maximum: LGM) IZBIFTAED 7 41— KX
A ) = A L DEEN & BRET 2 1= DI LB 2B N KR %
TV FHTKIRDS & 72 BT 838 R IT O W THUE ESR 2 8@
U CH~Te, KIRDOERE Z O @O & R ifnm &
WIZHBEL, ZDET 4 — KNy 7 ~DF5 % ERIIC
FARTz, EEEORADOEET 4 — RNy 71X LGM
KIRDT VAR RIZE 5 TEICHIERZ S, mUVIKE
DIFIEIZ LY LGM SKIR DR E Bl Rt CHEKRE 7 «
— Ry IR A D Z EnmEhe,

6.4. WEEEERHEBEIROFI R
FAFa—H:6 CPU MR 1 7 — FZRi#: 0 hour,
17— FR:2,524 hours,2 / — R:0hour, #t: 2,524 hours
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1. BIEEH RFHEICSENL | (RFEM72H %% POPs T % PCBs
FERAMEARIEYLE (POPs) 1 diE R (181 2 1 3Hsg) (polychlorinated biphenyls) ZHtY ki, % 80 4-fH
DEFEEYDI O b EIRE TR INDSE, LD (1930-210) DI 2L —va v &fTolz, VY —R-L

B COAEREBR~OELE PR SN TE LT T X —fEATIC L D LRTP 23+ % Z & 23A T
Y T D, FH DI, POPs O K& -HiE-FEimk-A4 g8 Do KK - WHFEENBICERIT 5 PCBs ORAIRE 535
BT DN A ARG T 5 RER S AT T L ZHEE LT, X VISR A N 0 PCB153 2% 75
FATE (Finely-Advanced Transboundary Environmental FHERY =AM b7 AV A, a—m oY) OFL
model) DOBAFEZEIT> TW\5, RFETIL, HEOWER FOEMH/SATH D, b7 AV KB EOF - K
{LF e A 53 THEE L W HEE 32 QSPR (quantitative KBS, I —u v IR PCB153 15YLT %4 % 18
structure-property relationship) €7 /L % FATE (23 A9 Y — 2RI e > TWA Z E AR ENT,

5, ZHIZXVY., FATE %, Blim LAlRE/R i - R
KRB LIRS D, T D OWE O RERBIEENRE &
FHId A Z L EBERET D,

2. WRFEETE

WEOWEMLFRHEE QSPR ET LV L W HEET 5V
TETNERET D, £, AREICHETLET L
TRYAORBRETY., TO%, WHEALEEEN D A
TREMIERE - RERGHEIGYE % 20-30 FEFLE
BRHIL Ty Ialb—va v aE T 5, ZOMEEH
V., RBEERESHE (LRTP; long-range transport
potential) & BRBEHIZ 31T B 5 R (Pov; overall
persistency) ZFEALT %,

3' ﬁ$ﬂ§:lﬁ7ﬂ‘ 0o 02 ad [:t- n::i. 1.0 TAEN

KEF L TIE, BRESEUEE (Kaw, Kow Koa, PL) ' ' '

LSRR (R E~ DS, Koo, ) . AR X 1 YBERAENO PCB153 ~D (a) L7 AU A,
e . . _— (b) EFEVE 3 —wr v /ROF L2, 2010 F0 TR,

BEIONI = L ¥ — REEASRTOLSFERE UL e FEHEL B D B,

) ZHWS, b E QSPREF /LD HEES

LY TETNERRE LI, £, GDP FEDORIFIEEL 4 ABOHE

ARSHEIRY & &b, (UBPEH RS T Y A2 Rk L s hEor @8 A) . BEREERcE L.
-3y StaE . BB . .

Fo SHUSLD, RIHIR - SR POPS (U436 F) e pseic g B IERILIEES T LI, AR ER)
2 — N e e NEIRSE -

VR b—ya LTS D LA L IR o T, U743 - B#ER POPs &ty Lz Ial—ia

AFRE LB L, QSPR EF /L X W HEE LT- Ko & UEITVD., ZRHOBEO LRTP & Pov 2375
BET—% (SeaWiFS) ZX—AIC LI KREERET

PERE, BHEREER OB TR o st ot (012 6 4 B~0 )
%%%Fﬁ°“h%{b‘i%$/7“iépm%@ FEFF— P41 CPU R 1/ — R 15 hours,
(1) PR~ WL v ABRRIL S 1/ — F:928 hours, 2 / — K: 0 hour, 943 hours
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