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The observational ozone hole area is calculated using the OMI-TOMS column ozone data.
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Contours : the analyzed zonal-mean ozone (mPa).
B 3 &4V UREUED MLS *Y Zxt$ % RMS

(%) 2006 4 8-9 H - % —s EE Wi (100-1
hPa),

8-9 HIEHD MLS A 2% % RMSE D& E-5
JEWTH (100-1hPa) Z/RL7=DNRK 3 THh D, KiBHE
F U ERBELTWAEDOT, LT MLS Y %
FHEL7Z b DONRZE 5 TROH D XY RMSED/MNE L 7
STHEY IS EB LRI NE L 2o T D,
IO X ETNVORMEEE /NS LT HZDIT,
TaTrANEY U ERET D L ORBORE S
FLTN5B,

4. SBOFHE

I o EREILLIEZ LTk o T, FORSIENE
DOREE, EOXITHFIZT 4 — Ry 7 LTWAED
WENTT D, 2O OFREREREN TIT> T2 I[H
b32BR & e 5,

5. FHEEEIROF AR
FAT—HW4E 2, CPUWFH 1/ — RAI: 0 hour, 1
/ — K:9,426 hours, 2 / — K: 0 hour, #f: 9,426 hours

2011/11/25 CGER/NIES

6. MEEEMEREDNE LD

6.1. MEEEIEREAL

{LH-RMEET T VI L DIRBLO R TFRIICE T 5
SRR A v & B A OB R

6.2. WEAEEFRREO BB

ST A & B A Y T E N E N TR Rk
B DO RKKRIGER DM 15 % ALFHREB L OWE D
FIEAER CRENADRD B, ZOMRFHEREEE L
TRIEICKREREEERITLTWD, sHiEA Y &
FRBIE A v DR EREE L FET L ek E
GATEEEET NV ((RE-REET V) Zfiv, B4
VU NHERIERE L O T HIICB W T ED & ) 2 kEl &
BRI T O EALE-RET T L OBUERE Y 247\ O FH
T2,

6.3. WEAREF R O FHE

WEHE KR 72 & DAMERSFIZ 1990 B oD KA % fif
S TET V&R 10 FERFE L7c RO 4> o=
B LA R~ MR v OFEY A 7 LTI
DIFD & D ez BEMICHE L T, £F 44
RN EERIC S D 0T, JLEERHEET 2 5 e
ICERERH Y, TR T 7 U, 3—a R T
DT AKITEAR A LTV S, BKFR 10 J 1L KRS
PEIRA~BET D, A 2 FReFHETIIhBEEEAY
YRBHD, HFRT 7Y HCHBEAEOT 7Y B W
K COERERII NS A~ AREIZL DO TH D,
B E (500hPa) THZ L., 77U WREAKTO
HiFe DS A A~ ARBEIC & D EIREE CO AHUE THIC
SN THDONRHARTH 5,

MRI-CCM2 DEESGAE%E 52 % MRI-CCM1 D
EEBR—RFN (1960-2100) FEBRIZHOWT, %
P - i o P R B 2R & RSB P > & KRB ~ D A i
AELLR T a—U— KTV UAERNa L AHZ
YMZEMLTWA Z & ZHUTKHE LT 2090 4%
13 2000 FFERUC AR TIRIEEE D A A ki e
DAY MBI D T & DR S e,

6.4. WEAEEERTELBEIR OFIFR L

Ffra—4k 0 2, CPUWFE 1/ — KA. 0 hour, 1
/ — R:22,058 hours, 2 / — K: 0 hour, #t: 22,058 hours



Sk 23 AEJE A — 8 — 2 L o — X R SRR A

2011/11/25 CGER/NIES

FRREL  RRBEROKKA T EZE L COEBE L AN T OWEICRIET AR L

R DR

PR
HFEIFESE -
FEREAESE © SPpk 23 AR~ Rk 23 AR

1. BEEW

HRE LK 7 B % 5 DUEE L KKORB O#ETh &
BLOAD T Ok E ST 5 T 7 L 25
T5 2 &E, HEKIREL TR W CRERAIR TH
27—\ LT R — LT D R FEIN RN S % R
H 2592 T, £, EFEMBEE SN2 RFTICIEKR
WEERIZTT A r—r, BR, EPENEORTR
LORERFIRER L OERSEZ EMICTHIT2 9 2
T, MO TEHERETHD, LirL, BIEOKKHEEKRME
BET/L (GCM) THWOLNTWA Y TET LTI,
RIS O T T OO TR T O A S
THY, AR FEEes R SEEtr) CRRORIE
BESBEIN TRV, £ 2 TRBIME T, KK
PER O B OB G % £ O SR = FEELIR G I kE L CofE
Vial—YarvrmiTaeZiicky, ALY
PRI SRR &8 L COEER LAY Tk
RETHEZMALNIL, TOREEET VT L
EEHNET D,

PPN PN TR

2. MtFEEHE
RIS OBIEY 2 2 b — 3 U ERE X R
WD L & TEMTHZLITEY ., BIEEKE AT L
WL COERE - AN T OSSR LRIFT 5, £/,
B R O DAL B— I D S SE B 5 DE A
VIialb—varEERTDLI IR PERIERES
PR OFEN A RFTT 5,

3. EHRR
31 AERBERAEOREY I 21—V a v

I A —BEFE Uy = 7.0 mis DFE A 5| S e &
FEiEPThsD (ko 6 HisH) |

32 AEEROEMEY I 21—y a v
LIRS & B 5 FED 1 > THh S Level-Set 5
ZHAWE 3 RoTEEKEY I 21— 3> (DNS) =
— REFIITIER L, ARa— RORFHEZZHE~0H
HATERMEIC DWW TR 2D T 5,

AEUEF IR 23 B A X 112Rd, B,
DRI & LR A E AP OE T EE, 20
LA, K2 ICABMEEIEICE Y BRI

IR
FABRIFRF e TArsest R — -

T

R2 REEEE D RER,

7 V=8.6x10"x(d "v )"
17 S P

1E-7 |

IE8 |

¥ [ms]

v

1ES |
open: Experiments
closed: Calculations i

1E-10

L L
1E-7 1E6

K} 4
dp A [m'/s]

B3 R O EER L RimIREE ORI,

1E-11

7 L—& Limlm Ok O—flE T, o, X 3ICHEH
ZEWRIE ORI B & W E 221 L 0 Rk S A iR
OREDFBIBIRZ R, T2 T, dy IR, v, IX
TSGR, r iR VTl o P OB ERE
EThb, MEy, FRTIIMRTE 21 HLR
122 < AFTET DB L~2mm B2 O/ & 2kt L
To, EHEVE & MR E OMICIIBIEEBR TRE SN
TWAREBHIN D LD Z ERDND,

4 AHOIE
A BE AT AR SR U 700 o0 S BT 22 2 A B rTRE 7R
a— Rz VT, KA KIS L TRIOICHEZE T %



Sk 23 AEJE A — 8 — 2 L o — X R SRR A

LE OEENE L IREE L OBMREH LN T D, F
72, THHORREL LiIC, AESEAEEABELTO
%E@@K&ETE&&M%@W%@%%%«éo

5. BHE#SEROF R

FfTa—48 3, CPUREHE 1 /— KAJ: 0 hour,
1 /—K: 2027 hours, 2 /— K: 0 hour, t: 2,027
hours

6. MEEEMEREDNE LD
6.1. MEEEIEREAL

WK 38 X O T C O WE O LIRS O IRE & v
K% i L COWE OZEARIZIIET 920 o F

6.2. FEREERFIEIRE D HEY

D4 %S WK 28 L C O EL LS 3 X
UOPEREE L AET 25X CHEREZRD . B
o - AW A1 5 B RUR I E & B AEE T, 22 0%
Reynolds %%, & Schmidt 244123t Al RE 72 2 fiE o
Ral—vara— RIS, £/, Zoa—
R % FAVC R UK S i 4 L C O BLI R s
BLOAT THEEEEFHE LD,

6.3. WEEEETF IR DR E

6.3.1 B

Bl - B 185 M KUR S E & FFELRTEE T A
O Reynolds %, & Schmidt 54541258 A vl R 72 4k
MBIzl —vara—RER®BT5, /2. 2
a— N&ERHWT, R KIE S 2 8 LT OELIRIEH
BRI LA T st 25 L <~ D,

6.3.2 HEFE

— MR IR ®) - A A 1 5 B KR S A TR
ARE R IR M D EHESRE S I 2 L — g
(DNS) =— ROBAZICHTI L, JRIE &R S 4 @
LTDAT T HEE IOV TR 21To 72, L
L. DNS TITFtRE 2 2 b O#IF 5, £ O THE
72 25 M Reynolds 2. & Schmidt 2% (Sc = 1) I
RONTW e, £ THERER, LV EWEED <
L&D IRV EIE 2 %f 5 & L= Reynolds #24:F T
DEESRS, EEOWE (COy) Dtz xtgs Li-
& Schmidt %% (Sc = 600) &/ T COFHE A WHREL T
578, DNS a—RDTF—V =5 ¢« I al—
v a v (LES) a— R~OHLEZITV, TDa—F
AW EIT o 7o, AFHETIE, SEHBIFFRE
&L CRE SRR o BRIC A bR TR R kA

2011/11/25 CGER/NIES

X Yo 2 FAEZNENER., A3, $hEFHRE
LT, RUR S & B A CEriE_ B KU, SR Nl
WFE & Lz, REESEIRGS L O s U3 =i, A
R BREF NS EFE T 86 x 46 x 35, 200 x 100 x
180 & L7z, K& & 0 m 38 L O &R — Kk g
Ui Mis % (6, Uy = (25%107% 52) . (5.0
X107% 7.0) O 27 —REEHET, ThbHDH)
D BEEGERE Usg i 38 LN A LV XEL Rey 13T
ZH u.=0.25,0.35 m/s, Rej, = 4340, 11550 & 72 5,

R4 BHEREN L SRS T

6.3.3 HAEKEBLUOBE

M 5 IZA D THamEtRE k. OFFHEME (U, = 5.2
mfs) & EBREOHKEZRT, KLY, k OFHEME
IEERE & BIFIC—8T 52 Lbnd, fHREITE
BREL Y bOTNICEVEEZ AT R, ZHIEFERT
RONDRMEEANC LD k. OIEBEhSE 2 5% 1E
Ralb—YaryTEBELTVWRNZDTHD L
EZHND, 2B, Uy =7.0mis D7 — A2 T
IRk TH D,

il

x10
20 . . . .
® Calculation A
£ Experiments (Ohtsubo (2009))
1.5
a 7
z 5HA
E 10 - .
~ A A
= af RA” A
0.5 a
= L]
22
Fa
Y
0.0 . . .
0.00 0.25 0.50 0.75 100
u,, [m/s]

X5 AU TR bE,
6.4. MEAREH EAEEIR OF R

RO¥E TR % 55 il & R RIS L 0 R 2 %) % B .

. RS E'_ . 5 . Ef7—V4E . 3, CPUREHE 1 . — R 0 hour, 1
f# 9" % ALE (Arbitrary Lagrangian Eulerian /— R:12,342 hours, 2 / — R: 0 hour, #t: 12,342 hours
Formulation) {£ A £ U 7=, X 4 \Z 3R fEIk A 7R 9,



PR 23 R R — /8= 3 2 — 2 R ST

N
>

2011/11/25 CGER/NIES
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FFERREL « REWEETN LA VU R—RETF M L BIREGR T AN BOWHE L+
Ok E(LIZEE3 5132 (Application of the transport models for inverse modeling of

greenhouse gas fluxes )

AR ESLBRBIATTEET -IERER i TE e o 2 —
SLFETIEE « ESLBRBEMT JE AT I ERBR BT JE & o 7 —
AT - b AT - NI - R

FORITRE IR mY;
SEMEAFRE « MRR 23 AREE~ PRk 28 AR

1. Objective

Using forward and inverse tracer transport modeling
algorithms, we study the global and regional distributions
of CO, and CH, surface fluxes that are estimated from
ground-based and airborne observations as well as
spaceborne GOSAT data.

2. Research plan

The current research focuses on the reconstruction of
surface fluxes based on the observations of CO, and CH, in
the whole troposphere collected in airborne and ground
based monitoring programs and the GOSAT Project.
Numerical simulation is used to explain seasonal and
interannual variations of the greenhouse gases and other
relevant tracers along with observations by JAL aircraft and
NIES monitoring programs over Siberia, East Asia, and
Pacific Ocean. For obtaining more accurate estimates of the
surface fluxes, the NIES atmospheric transport model and
inversion algorithms are being tested, tuned and improved.

3. Progress

The NIES atmospheric tracer transport model was
validated using ground-based FTS observations of
atmospheric CO, and CH, collected in the TCCON
network. The results suggest that the model can reproduce
spatial and seasonal variability of the total column carbon
dioxide (Xcop) and methane (Xcpa). The model’s ability to
reproduce observed Xcp, proves the improvements in
simulating  upper  tropospheric and  stratospheric
three-dimensional distributions.

The GOSAT SWIR Level 2 X, 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 were combined with
GOSAT observations to estimate a set of monthly CO,
fluxes for 64 regions. Monthly averages of GOSAT
observations for each 5X5 degree grid were used in the

analysis. A comparison of the surface flux results with and

Shamil Maksyutov
Dmitry Belikov * Vinu Valsala « EAZZ & -
W R HES - & EIR

without GOSAT data suggests that the GOSAT
observations change the surface fluxes of under constrained
regions, such as tropical Africa and America, and reduce
the uncertainty of those fluxes.

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
windows. The result matches with that from the
conventional approach with full-length pre-calculated
response matrixes. The improved scheme was applied to
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 for Siberia.

The same Kalman smoother approach was applied to the
estimation of CH, 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.

4. Future plan

The inverse modeling of global surface CO, and CH,
fluxes over 2000-2010 period will be completed. The
inverse model analysis of the GOSAT data will be
extended to 2010 and methane fluxes will be estimated.

5. FHEBEEIROF AR
11 users, CPU hours <1 node: 67 hours, 1 node: 0 hour, 2
node: 0 hour, total: 67 hours
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6. MEEEKTHEREDE LY

6.1. MEAEEEME THFFERREA

KREHEET IV E A VR — 2T L DIBREHRA
AN BEOHEGE & O E R EAL I T 5 g
(Application of Transport Modeling to Inverse Estimation
of Greenhouse Gas Fluxes)

6.2. Objective
Same as this year.

6.3. Summary of results

A preliminary version of the GOSAT CO, flux
inversion system was developed and applied to the analysis
of the GOSAT data obtained in 2009. The estimated fluxes
were similar to those estimated from ground-based
observations only. The system uses improved flux models
of terrestrial biosphere, ocean exchange and fossil fuel
combustion categories developed in the GOSAT project.

For eliminating stratospheric transport biases and
attaining a better performance in tracer transport
simulations above the tropopause, we applied hybrid
sigma-pressure and hybrid isentropic vertical coordinate
systems to the NIES atmospheric transport model. In order
to compare the degree to which each of the hybrid vertical
coordinate systems improves the transport performance, we
implemented five-year forward transport simulations of SFg,
an atmospheric tracer often used for validating transport
models. Better simulations of the stratospheric air age and
methane vertical profile were obtained with hybrid
isentropic vertical coordinate. Steeper air mass age
gradients are evident nearby the tropopause level (about
150 hPa), and aged air masses are well stratified anywhere
above that level.

We  developed a high  resolution  global
Eulerian-Lagrangian hybrid transport modeling scheme
with which pinpoint simulations of CO, concentrations are
possible. In this scheme, a Lagrangian particle dispersion
model is operated over a short simulation period, and the
simulation result is used as a boundary condition for global
transport modeling carried out by a Eulerian transport
model. For this fine-scale transport modeling, we prepared
a 1 km resolution dataset of anthropogenic emissions,
terrestrial biosphere fluxes and air-sea fluxes. The model
improves simulations of CO, at Minamitorishima, London

2011/11/25 CGER/NIES

and Tsukuba in comparison with Eulerian models and
medium resolution Lagrangian transport models.

The version 05 of the NIES atmospheric transport model
was used to simulate global CO, concentrations which were
used as a priori concentration data in the retrieval of the
column-averaged volume mixing ratios of CO, and CHj.
The model uses semi-Lagrangian transport scheme and
operates in horizontal and vertical resolutions of 0.5 degree
at 47 levels, using the 3 hourly JMA GPV data at 21 levels
on 0.5 degree grids. A surface flux dataset with inverse
model-derived corrections was used for the CO, simulation.
For CH, simulations, a CH, flux dataset prepared by Patra
et al. (2009) was used together with CH, sinks defined by
climatological OH concentrations and a

temperature-dependent reaction rate. The simulated

monthly mean concentrations were compared to
GLOBALVIEW CO, and CH, The variability in
concentrations observed at sites within the marine
boundary layer and the free-troposphere was reproduced
fairly well by the model.

An ocean tracer transport model, OTTM, was operated to
simulate  ocean-atmosphere ~ CO,
NCEP-GODAS re-analysis ocean current data. In OTTM,

the simulated surface ocean partial pressure of CO, (pCO,)

fluxes  using

was optimized with observed surface ocean pCO,. The
model biases and systematic errors were minimized
through optimization. Using this system, a dataset of
monthly air-sea CO, flux (1°x1° resolution) was produced.
Climatological methane fluxes for 12 global regions
were estimated via inverse modeling. The surface flux for
West Siberia was estimated to be 3.0 Tg/year, and this
matched with a value obtained via a bottom-up approach.

6.4. MEEE £ TOFEBEROF AR
11 users, CPU hours <1 node: 6,507 hours, 1 node: 318
hours, 2 node: 0 hour, total: 6,825 hours
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BAELALSY T b 2 BREAYEIRFE & iR 0T T VKR
DIRDAT v 7 & LT, FHERHRINLS T D BC
DETNVHEREAT oIz, HEKE TOHEGERER
SPRINTARS) Tix BC AKX THiEAT A2 Ll L -
THBESND L) BRRKIEEBEEZ I > Tuied
Szl Bk BC L BUKE BC 0EIG =S C
BUNERE R n Z L Bbho7z(X 1(@), LA LK
1) 2 R B B AR Tldk, Oshima and Koike (in preparation,

H A
N.A.J.Schutgens - T Kl - 8 G
() BEARF

2011)iC & - THHZE SN 7= BC O KRR ZEE @ 2 sk L
7-% MIROC-SPRINTARS [Z#l A0 A Te = & T, FE AN
W5 TE < OBUKME BC 238K BC IZEBbT252 &
W&V, mHIITIE EBUKYE BC OFEIGN/NEL 7
0., mREHIE TIX 10% L T &R bR EST-, 2D X
D IRFEAE N HIE ST £ TO BC OEMEZEL DR T,
BHIEELFAKEOE A TH D720, BC DRKEY
% SPRINTARS EF/VTHABIAT Z ENEETH
LT Enbirol,

(b) BEAR

1%]

) 20 30 40 50 60 70 B0 (]

K1 X7 V7 TH4 BCREICED DBk BC R
BEDEFEIEIG (%), (a) FRYERR SPRINTARS Ofii i,
(b)k BAR DR

=7 v Y VEMEF R T, SEEIXT A 4 — BRI
ERA LIy AT 2O E G Lic, 74 4 (4
T BELAR B & T BRSO F) 2 BN S & bl Lz &
A F=HAMkEHLTH, MERHEVHB SN
o t=(X 2), ZHE. MIROC-SPRINTARS DEF
NTHRASNEZ 7 BV ARERBNIZL L 54 LT
BY. BEMFEEICHT T =7 a Y L oEIE Ik
WD N ERE—HERE L TEZLND,

(&) Amami (b} Jeju (c) Sapporo
s e . | "”:I ADMET K {
E"’“’ ENE®Y \ N
| MO W S S BN IS
107 106 104 107 10 105 107 104 105

Backscatter [1/m/sr] Backscatter [1/m/sr] Backscatter [1/m/sr]
B2 FAF—HoOMBESMEBT —# Rzl [
{téd Y (ADNET IZ X BBIBIFER), (a) XA, (b) #
MEs. (c) FLIRIZH T DGR,

£, T FREMBIER T 287 — Z I bRAEN
BENLDHEENDHY . ZOREFT —Z LY AT A
DIFENE L RIEL 5 D72, KWL TR LY A
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7 L THIHT %5 MODIS #EDNFHE XM L)ICE
FNDAA T AZEM Uiz, FIT, BEENZVEGIT
JFEUE D FROIGET CRAZEN I X Db | BEEE
JERIZ K 2 HIERIS A AT 5 Z & T, MODIS O3t
HERDOE R EIT > 7 (K 3), 5%I1%. ZOMIEE o
BRICHLEA L, 7 —ZEED7ZH 0 L BWELR
REGNT D,

(a) BERMODIS{NASA)

20F :
15F :
10F :
5_ '
D i

0.0 05 1.0 1.5 2.0
Regression slope

. (b) HERR(FHR)
30 :
25 F
20F
15}
10F
5k
4] |
0.0 05 1.0 1.5 2.0
lzl 3 Regression slope

AERONET %] & MODISfFEIC X > THONINEE
ROE S DOEeE, Wil & ARG, HitwEh TR
U7- 8 2 %9, (a) NASA 2AEMES % MODIS FEHERR
DOFER. (b) ABFFRICIIT DB,

Frequency [%]

Frequency [%]

4. SHBOFHE

AKEFET, GOSAT F—203FHL TWABHATD
MIRIC-SPRINTARS (2B L T, ZD{bF 5y D sk
FEALMRZER TE -, LIL, T4 X — L LI fER
DO SN T v Y IVOSRE AR O FHMEO R
i, ABLETAREOEN DR N EFRE L A
ST,

A1%1%, B L7 MIROC-SPRINTARS L =7 1>/
ALY AT BOAE R EITV, GOSAT X v v
2 K LT LY EfEARTT v Y UERZ SR B AT
Je &, W GOSAT OF — % 2 RET )NV LA DY
HILlCEoTC, LV IEMATT v Ok
Dl %RAD TETH D,

5. FHEBEIROF AR
FIT2—V#$:5, CPURFM 1/ — F3: 313 hours,
1/ —F:7,116 hours, 2 / — K: 0 hour, &t:7,429 hours

6. MEEEMAREOCOE LD
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6.1. WEEEERFIEREA
CAl BEMTLET LY I 2 b —2 a3 VOBV AT
L DRES

6.2. EEEMAEBREOBH
SARFE L [FRR

6.3. FEEEEMFZERREE DR B E

B4R & CIZBA%E L7= CCSRINIES/FRCGC- KR K
fEERE 7 v (MIROC-AGCM) & SPRINTARS =7 2>/
N ETNAES L8Rz T ey vy Ial— g
VU AT AOMREDIRGEE AERONET A 5 A A4 A
— X —WDT—H TlToT-, FORER, =7y LD
WHEMES . 72—\, —REELT AR
FIZ2oWTC, ESNZET VR MERER L D HE
RAEICT S Z & 2R LTz, £7-. BEE £ TICH
¥ L7 Y LRE{LY AT L% MODIS fi& &
AERONET 7O 36N 5HET —ZIZH LT, Y AT
ADIRFEERAT o1z, EOREHE, FMkic ko T=7m Y
IVDONFNEE & A 7 A b v — DR DR A3
L OBHFER BRI D Z 2R LT, SFE
1%, GOSAT/CAI =7 1 YV )L/ & DKM D WIHIH 72 fk
BHEohniz, HAMIZE GOSAT/CAl O A il &
ATV D 380 nm N> ROBURIEE 2 &1 4 N2 Ry
DAEROURR & IR T 7 1 Y L DI E S A F Y
WELND 2 L EfR LT, 7 VEDIBLIEISED
T EEMER LTz, 51T, GOSATICAI 2T — X %
BELEY I 2l —2a UEITV, SYI0WIFE L X
912, EKFIEIC k> T, BF VRN BV —£E T
fbansd Z & a2MR LIz,

6.4. MEEEERIBRHEIR OF| IR
FAT 2 — Y 5, CPU FEf#] 1/ — FAi: 310 hours, 1
/ — R:25,522 hours, 2 / — K: 1 hour, #F: 25,832 hours
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WFF2REA « NICAM ([T X B EBRK S R T LADOHISE

AREAERA AR PR ST
LFEFFEH  HRUR RS EEAT ZET
SEREAERE SRR 23 RS~ PRR 23 AR

I

1. BEEW

BESCA =L T L NREBSNDERKS AT A
1, HER EDOED L Z AICB W TEEX RIBRE TRA L
TW5, HERBRENE LEGAICE, BERKT 2T
LIZHE D BERECR AR & OBEH SO H AL L,
ANEHSICKRE B L RITT EEZOND, £,
EREK T AT DILE D BEEVRHC B D& IR v
AT LAOEBEL T o AL U THEREREEICHERD D,

AFECIX, ENCREEFFRFTOA—/R—a v B a—
4 % FM AL T, 2K EM®RMEBEET T
NICAM(Nonhydrostatic ICosahedral Atmospheric Model;
Satoh et al. 2008) % £k % I EBRFR ETELHEDH Z LIT
X0 EBEKS AT LOKEH DA & IR 0 R 2B
it 52 L& BT, (ECRORERKET T VISR E
SRYELRROWND Hr D, BRI AT LEPICE
BB ENTEARMo7-, LML NICAM (=R E
¥F (10km LATF) TOY I = b—a U EEifEE L,
ERER VAT LDEBICRBT 20T, HIEKERE & EiE
KVATHEDT 4 — RN 7 & MRAT50OICH A%
FIETH D, F72 NICAM X, BTN TOEDGA%
BEZRVEMMIET AV E VD20, A TAEEH
RV EHMIE E SRR E S Ch D, TD—J5,
ZRFHAGEELELTILDT, A—R"—arFa
— X OFRAITRARTH D

TRMM Jaint histogram for total tracks

180

1 Shallow: 18.3%

2 Congeslus: 13.8%

J Mid-cloud: 32.9% !

300 L A Qeep:r 196% ., . , . . . . |
} 1€ 15

i  ::::.-----
X1 FROVEEIRE (y-aixs)

.-

A R I At
H. « Jin# #52 « Woosub Roh

2. WFZEEHE

LAEREL, B OERKS AT L FHES T AL —
DITATHA 7 NVOFBMEORELKY , J17 L EK
WERFE DT 21T 5. NICAM O KRKOEN G L E
W EOM NN, HET 4 Iz —F—%H
W, FETBH SN2 I EEZ FH L, EEOBHR
il & EEVEMRGET 5, B E Uik, BV RKBL
2 TRMM X° A-train(Afternoon train)lZ & N HE L
— X %D CloudSAT X°7 A ¥ — % 2 7= CALIPSO
BREEZFMAL TV TETH D,

3. EBRR

FRATcF 52 % BAE 10S-10N,  170E-190E |ZF49" 5 E
BeK S AT L%t e L, NICAM %49 1 #fE, 5
T D, KETEZEPIEDLR Ly FHETOFET
X0, KEMGEE 3.5~5km ICRET D, ik B
AT O ERWELA F— L0, EAK W, BX B &
DT TV s OEEE T#WT D l-moment ik
NSW6(Tomita, 2008) ChH 5, HET —F I 2l —H
& LT, Satellite Data Simulation Unit (SDSU, Masunaga
etal. 2010)Z W5,

TRMM fii 2 & W2 ERBE T T LV ORKE D
EVAT LAOFMIFE L LT, T3EF(TRMM Triple
Sensor Three-step Evaluation Framework, Matsui et al.

2009 IBENTWDS, ZOFEIT, Bl —FIT &

b | ¢ .
. 1 Shallow: 6.4%
1 2 2 Congestus: 19.3%
J Mid-cloud: 21.8% ]
ADeep: 4208 . . , . . . ., |

- EE——
. .

L L —F —x o —% E (x-axis)® Joint histogram, (a) TRMM &#l, (b) NICAM O =

v hr—AEH, RIFENOKTIL 4 SOBKEHE-TEOMEER L, A FIERREHEL R,
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STERINLIT A—THEE L FRIMEEILE O joint
histogram ZEA Z L2 &L V| EORHEL ER L, AL
BEZFMET 5 Z L TE S, X 122X TRMM 2
OB Z7R L, K 1(b)i% NICAM b DFEF 2R LT
W5, NICAM 1E, BN, OS2 £ 5 Bl
Ta Ty A V@RS L BRI TR &S
F1ET % congestus(2) & . TRWEZEQ)DHE D72\
L& EHAELBERNEENREN ERDND,
EMWHE A AL S Bl E ER AT o SR
NSW6 OKKLT-OHT IV 4 DH 6, FEFRORAR
N —F—xa—THEE ICRKEREBELHEX DL
ERDMND | TBORIBIAR O EBITRATHBLIRN F S
<RREBRAZHWGAIC, dEN RN,

4. SHOHHE

NICAM [ ZB Bt~ EICEMAL % & T
Congesuts(2) & i KaFli L TV 25 DT, ORI D
BEFEBRIC IV U R ERA D, T3EF DIROAT v
LT, HEZ A FITHOWTOREF L — & O @ 4R
fRBT &~ A 7 2 JESE O BE SRR B 1 | BIR,
ZHLOF i D TV, Fh, MWEEFEDO N
AT AL TR, EARRLEKOEROEFE 2 R %
ERH D, NSW6 (X, ENTOKERES, KHH L H
R DEARKARRE A RIRIC L BT LEARRE
IZ, #WHET 5, % LT moist internal energy % R1777 5
LI EAREEKRERET B2, IR ICESW
ERb L, T DMENRD,

T3EF IZ /. 5415 NICAM DA 7 ZZHOWT, E8
MDA OIRR & LT, BB E T LK L
DG ORIBEN R b b, ER, 2 b ORRESE
B &R 21772 o T <,

5. FHEEBEFROF AR
Ff T2 —F 454, CPUKFHE 1/ — N 294 hours,
1 /—FR:0hour,2 /— F: 10 hours, #t: 304 hours

6. MEEEMAREOCOE LD
6.1. WEEEERFIEREA
NICAM (2 & DEREK S AT O

6.2. PEAEEETFIEIRE D HEY

AR L FRRIED WEEEITRE ORI E R
ZHbE TV,
6.3. MEEERF IR DR E

FEAEE 1T 2008 4F 6 HICF84E L7 5 Fengshen D
BEOFBNECBE T 5851772, R Fengshen ®

2011/11/25 CGER/NIES

BT a2l —va it @FEHIZET LV
NICAM %Wz, A MLy FEFOFEIZLY, &
JEDJE Y TN T-RIFE 14km DFREE CEREIT-
720 EOMWHELATRITII NSW6 2 X — L% H, %
KIRD/NF AL )P —2 g ANIHOTICERKS ZT
LB EARICERB LT, BAEOELIRIEG ORI,
MYNN A % — A(Nakanishi and Niino, 2009)% FH VT
%, SX-8R |2 XV LR A I X 7o 5% < DRERE
BAEIToTo & A, BLiAF —AIZHB W TKEK DR
BDOMEEEZ-FRICBWTRERNKES B L Z
ERbhrotz, BAD/NSWEBRMIXS) & i LT,
RAEDRENVERMIXL) T, FEILEELZ2A S 7 ¢
Y% iEiHT 5D Fengshen ORBEAHH IND Z &
Do 72(1X] 2), Fengshen D ALk /3 12 13 AR it TH
DEL 5—0H5C, AT IZITR B O TIE
FIHRICE D WOFHIE LN FE L TWD Z b
Mote, TOZLFREBOERTRICBNTYH, Ek
K AT LADIEMIEREANEE L 25 E50 R HDH L
ZRLTWVD,

6.4. MEAEEEBLEEE IR O F) FHR DL
Ffra—4k 4, CPUWFE 1/ — FARJ: 0 hour, 1
/ — F: 6,045 hours, 2 / — F: 4,702 hours, #t: 10,747
hours

30N

25N 4

20N

15N+

10N+

5N+

EQ T T T T g T T
100E 105E 110E 115E 120E 125E 130E 135E 140E 145E

K 2 & Fengshen OBENRERS, BLAICE),
FBr MIXL(R), 2B MIXS(#). 2 HTo%iE
XY IZHFF%Z 96 A XY H 00UTC), ¥ =—
K355 MIXL @ 6 A 21 B 00UTC Ok
[ES3 A,
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WHERE4 B IE T V2 VT BB RS E DO KRG EREFIEICET 537

A— X EBR

PO - P RPERTFEEAOIER AR T

SLFEWFFEE © TN RFR BB 20T Tl
AbHEIE R R GBI e e

RS
FPEIERS - /IR - LR

ALHRE R PRI AR A2 LB B
MFRFPRFEE A ER  mffdy e - Wil - s

FEREAEE Rk 23 A~ Rk 23 R

1. BEEW

AIRE O B, HERRE T~ kP
B DEAEFH A28 U CRRIER O SN Z R L
B A B oIl RS E (2 B3 5 HIERIR (R ) B R %
TH2LTHD, ZOXIBRMHREEDOS LT, Fx
IEREKRIEERET L (GCM) & IS i T L &
b LB T VBEOBSEE O D & AV 72 Jefl
HSEBR & 2 L C & 7=, BRMFEROERLD L DI,
REERIEITIIT 2 REMEDKGEH - HH oAk
FEPESEBR (Ishiwatari et al., 2007; #HZAl, 2011), KEK
R BTN T TR EERE KPR KRR Td o 72 (AR,
2010, A— N—a o —ZFHFER), LrL, T
FCOREMERTIL, HUERRE L COREKN D 5
WE—EmEE 7 EEE LT oA EHNTEY |
E LS OMHEERITELS BB L TR Tz,

AEEIL, BLHFOHEEEROBRDBRELZD
& TOMIEARZ D FE MR B8 D AR SR 2
JI=EREIT D, EIC X DHRINZ B8 Lt
T EIRAE 2 ok b B A A, BEIZ Held and Hemler
(1993) X° Tompkins and Craig (1998) 72 ElZ LV 17di
THEWD, ZhbEWF s ER R Z 188 LT
BEHAREZITo- b0 ThH D, ZHUcw LT Hx i,
HERGAFICE & 59, SRR SN 2R3
IR 537 A — 2 FR A& @ U Cu b Rk ig o
SR RBT L EHBEL TN D,

AFRETIE, BEOBINKIE & BRI L 5 WIHGEL
ZEE LT, BEEOMERO SRR 72 i A
X — A EIEFF NIRRT T MVICEAT D, BAEDOHIER
DKGEB OB % F T2 REELER & 3 2 72 o 724212,
Bz le KB E % 5 2 2 £ A2 B 2 20 REE DK
W e SR 2 AT 5,

2. WHEEEHE

WEAR BB CHE A - SEAEERRZAT o T KR ) ki
E7 /L deepconv (2 Chou etal. (1998) & T Chou et al.
(2001) (2D S A ¥ — L% AT 5, deepconv D
FfE 52T Klemp and Wilhelmson (1978) 1243 <

YEFERER RN TH 2, EAT H MU A F— A% Fex
DRRKMEERTET V depamS ICEEINTVWAEH O
THO., ik 11 SR, &g 10 N FEHWT,
KER, COy O30 BIZEXDBNEZEET D,

EFREFLOFEER L LT, 2 RTiEkicB T
BEOHERDO KIS EE % 5 2 25 EIZ 20T T O 2
FEORBERZB IR, 120, BHAxT—2%H
WCHBICHEIRZ R T 2856 & . WA E A %
& L 72854 (Nakajima and Matsuno, 1988 72 &)& 0
HWERTHD, b 1o, EIT & BB D)
RRbLGEE L. EORFHES ZHEIMICERr & L
TEIZLDHHPIN DR AL LTGE & o
BCh b, sHAMBEKOKE ZE, SAEHAEIZ 30km,
ACEJFANC I 500km 725 4,000km &35, ZhHD
FHEFBRIC LV ET VORENEZER LI-KIC, tkx
R RIS EB OB % 5 2 72355 12DV T OHEERITE
Ze,

3. EERI

IHETIZ, 2 Hi TR A % — A D deepconv
~OFEEETEB IRV, R AF—2E W
GCM & FEf )25 7 N O W BRI M1 ToE
TNEMEED D Z LT TE, L, B AF—
LD FIENEZEI T T deepcony D F)ZEa TITH 7212
FHRINTEREGITHLT D UEN ST LR 8T
L0 KRR R BAEER Z BRLET DIZITE > TRy,

4. SHORHE

2HITEIR Lo FREEREZER L, ELHHOMA
YEF % & & L 7= #3412 Nakajima and Matsuno (1988) &
FERDFERDPE DN D0 E D D E GRS 5, KEH W
500km O /NEIRFEER ) HBAGA L, AR A ST 7292
Az io T,

5. FHEEEIROF AR
FIT—YH 09, CPU B 1 / — FRu: 1,577
hours, 1 /— K:0hour,2 /— K:0hour, #: 1,577 hours
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6. MEEEMIERBEDOE LD
6.1. MEAEETSEERE 4

T RUR RN EUEE 7V BE D BHFE F6 K OJEHER S5k

6.2. WEAEEFRRE O BB
BEREOSHMEZRE T 2AE L LT, FHEEx
RE ORGSR & BRI & ERlr & T2 REHP D
EXIRICBT 2 BIEERZAT o 72, IR &%
HfinE W & AR NS LWSRETHY . RAARED
120ETHDHEEZLNTND, I 2Tk, BYEk
ERCEERBEFE RIS 2KEE GCM & v
BEFEREIT o7, —F ., BERiMER D &2/ L T2
KEPOEMTIL, KEICBIT AEMNHE A2 QI
bDThD, FEIIXET V& AT HE IR
0. TBLRFEOHRD LD KRR D EREE
BLOESMZRDT,

6.3. WEAEEFARRB ORI BE

GCM % A7z [FIAEI AR 8 12 381 5 Hfii 32512 B
LTClE, —IEEE T, T21 OEMBGEETT AL Z N
7~ B IR ORI £ - T, FEEET
T85 735 T319 F TOEMRERER ATV, fiEneik
THOREEIT- T2, TORER., RIWIEESA b K
DAL EBICHBEICLOTRUEU Y= ER LT
(X 1 I EREBE SO ERT), TTUITBITS
INAST— LV OIRATRFR O, FIEER KRR 5
IR D RBEFRPIRIEIC ) L CRE B A HFF> C
W E WIS FER LT o7, EDOFTE LRl Hile %
ECOHRBHFHEIIMFEECTBBDRET LZbDE
LT, REE L EDHBIRWILDORNR %5 58 L 75l
FEBRA~EBATL TS,

FEER 1R IR T 0 & O T2 E R e bR SR BRI B
Uik, —WEF E CIIHGIH IR B A 155 2 L8 T
TRVTWE, BEEEZZORKE 2> TWIZET L
a— NOREBEASHEELZ ETHAEZBZ -T2,
K 50 km, $AIEL 20km O 2 WRITIESRERIC IV TR
FNZET D LEHEN Z 2 SE LT GEIC 20T
FEPHRREE A 1SS Z E N TE T2, B o ke
TIEL, B Tkm LU O FRBICHL MR, 7Thm DL O
WCIRIEAE R R BB S L72(K 2a), LAL,
HEIRAENE & EFE TR BRI EI SN T 1 L OIE A%
TEAE BT (1K 2b),

6.4. MEAREERHEEEIR O FI AR L
FAT2—V4%:7, CPURER 1 / — KA&IiE: 945 hours,
1 /— F: 2,167 hours, 2 / — K: 153 hours, #f: 3,265

hours
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(a)

= mw

20 150 180 210 240 270 300 330
ongitude
(b) CONTOUR INTERVAL = 5.000E+00

(x10 degree_east)
ongitude

CONTOUR INTERVAL = 5.000E+00

160 200 240 280 320

X1 FHEESREREICBITS GCM HETELN
- REREST, (a) T21 DEE, B)T319 DFEE, 5
AR 5 K],

(a)

Z—coordinate

R S Le pu !
) 4 8 12 16 20 24 28 32 36 40 44 48
{x1000 m) (x1000 m)

X—coordinate

CONTOUR INTERVAL = 1.000E-04

Z—coordinate

48
(x1000 m)

12 16 20 24 28 32 36 40

X—coordinate
X 2 EROEEIFHEORE, () EBHE, L
1X[Kg m”], () SABMEEE, HA0E[m sec'], VT
NHLABHOR Sy T3y FaEmRT,
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FZeRE4 - MIROC H#BEEIR B L UK NFET N & REBEB/BRETAZ AV

KUBEBE SRR & BB T3

A - RO RKIETETIERT Pl
EHARIEFD « B

LFMFFEE © HTRR PRI ER
FEREAELE « SRk 23 ARRE~ AR 28 AR

1. BEEW

ABFFETIE. MIROC K& T /MITKIRE T /L E K
ORFEEERT T /L (L NPDZ £ 5 LR E T /L,
FElkix LP) BhiehE A IR BIERET V) 0P C& D &
9. MLEREAEESETARBEITY, IHIZ, #
SEORTIIBN S T FNE T —  TRF- XY
LTV D K2R O RBEEREZITV, KEUKYE
BOIED, BURIEER. W IRFIGER, PR FIEDR.
WA, KR, HBEE N L—Y— XA 7 E OB LRE
ERND, FRARKIRENERDD T 41— RNy
WFEZR ST BIRHT 21T > CTEEEEZ B S 2N L
TN, AEFIIREC, WEEE TOMRTEINE
BEED 1 S Th D FROIRMEAL & e ok 5 e )
(LGM) IZBIFHEDT 4 — KRy 7 AT = XL DiE
WEBIET D 7o DI LB R R ATV, E ki
A ThAH LTSN TO AWK AKIEDZEAL,
DRI, FROKRIZ S 70 T8I oW THIEESR &
BLTH~ND,

B2 JHR
O

2. MtFEEHE

LGM TIIAER 7 +—> 7L L CEICIBERA
ADFAL L KKRDIFENR D D, KEET /L MIROC D
KREAKER-MELEREBETT N2 AV TZIREN R 2
DI HIEZT=FEE (LGMGHG) (22U CIIBEICEAERE
FETIATON TN D, SFEEILS BITKIKRDFEDRE
BOHERY BT bIC, KEOBEINET +— v
7L LTCH27=E% (LGMICE) |, KEDNA (7 v
RROE) OBRENNBT +— 7 e LTHRE
B (LGMICEA) . 7 FIEEZ IS, KEDEE
BFHWOBENG 7+ — 7 L THZEER
(LGMICET) %2 E%1TH, TNHDOEBROET 4 — K
Ry T DENERRDZ LI T, TNETHDOHE
BRIC L VAT DEELD A T =R DO THIZET
Zay

Fio, RRAREERET L (AGCM) 12, FHERTAES
N REWIRUEK DA 78 & B INERBER L& LTH %
HZ LTI ST, ENOPBIEOKKR OB EINZICE 2
DAL,

-
=~

%
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3. EBRN

WS E OBy LGM (2T 5408 7 +— 3
> 7O 53T EREAT o T2, % FEBRITHK 60 EREY &
Tolz, MITIBIEETP CHIP, BREOADE
WET 4 — Ry 2713 LGM KED T LR RIZL - T
FlEZ &, AVIKKROFIEIZL Y LGM JKEKRD T
WK CTHEINE T ¢ — Py 7 03RS AL D 2 LR
a) b) —

26002 (0.55) LGM (0.12)

BE .28 B2 B RE

ie 3§

3

H

FEOR .

sh

7= (¥1),

X 1 APRP EIZ X o THE S EEEERICNT S
EOEHEFERICBITS27 1 — Ny 7, ©E LIkt
D 30 FEEMHITHV 72 a) 2xCO2; b) LGM; ¢)
LGMGHG; d) LGMICE; e) LGMICET; and f) LGMICEA
FEBR, BT a)lc DWW TR 2xCO2 FEBR, b)-Hz oWV Ti
LGM EER ORI RIBZE L TR SN TV D, #E
N DEF TR EREAIE % 7T, LGM DOOKIRIZ X R
BT HITWD,

4. SHORHE

LGM DET 4 — KXy 71220 T, ET LVHNDE
ARREREE T 5 2 LIk 0 A I = X L OFEHIC
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