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NICAM outcomes: 10 vears historv and bevond
Good points of NICAM

Realistic meso-scale circulations, e.g. diurnal cycle

Multiscale structure of cloud systems

Intra-seasonal oscillation: MJO, BSISO (boreal summer I[SO)
Tropical cyclones

Cloud properties with cloud microphysics

Collaboration with satellite observation

(evaluation, improvements, & assimilation)

K-computer studies

Further high-resolution (dx=870m) (Miyamoto et al. 2014)
Decadal simulations (Kodama et al. 2014)

Enserlnble simulations (Miyakawa et al. 2014, Nature Comm; Nakano et al. 2015, GRL)

Overview paper:
Satoh, M., Tomita, H., Yashiro, H., Miura, H., Kodama, C., Seiki, T.,

Noda, A. T., Yamada, Y., Goto, D., Sawada, M., Miyoshi, T., Niwa, Y., .';"E?Jfﬁs
Hara, M., Ohno, T., lga, S., Arakawa, T., Inoue, T., Kubokawa, H. (2014)  BEREIFTET

The Nonhydrostatic Icosahedral Atmospheric Model: Description and Science,
Developmerit. '
Progress in Earth and Planetary Science, 1, 18.
http://dx.doi.org/10.1186/s4064501400181




NICAM 870m mesh simulation

Miyamoto, Y., Kajikawa, Y., Yoshida, R.,
Yamaura, T., Yashiro, H., and Tomita, H., 2013:
Deep moist atmospheric convection in a sub-
kilometer global simulation. Geophys. Res.
Lett., 40, 4922-4926. DOI:10.1002/ 211.50944. -
Miyamoto, Y., R. Yoshida, T. Yamaura, H.

Yashiro, H. Tomita and Y. Kajikawa, 2014: Does

convection vary in different cloudy

disturbances? Atmospheric Science Letters,
accepted. DOIT:10.1602/asl2.558
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NICAM 870m-mesh simulation
Miyamoto et al. (2013,GRL) using the K computer

dx=870 m

Resolution: 0.87km
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Joint Simulator
for Satellite Sensors

Evaluation of clouds by Joint-Simulator

Hashino et al. (2013) Evaluating Cloud Microphysics from
NICAM against CloudSat and CALIPSO, J. Geophys. Res.
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NICAM AMIP-type simulations: the first-ever climate run for high-reso. NICAM

Kodama, C., Yamada, Y., Noda, A. T., Kikuchi, K., Kajikawa, Y., Nasuno, T.,
Tomita, T., Yamaura, T., Takahashi, T. G., Hara, M., Kawatani, Y., Satoh, M.,
Sugi, M. (2014) A 20-year climatology of a NICAM AMIP-type simulation.
J. Meteor. Soc. Japan, in revision.

* 14km horizontal mesh and 38 vertical levels up to 40km.

* 1-moment 6-category bulk cloud microphysics (Tomita 2008).

* No cumulus convection parameterization

* parameters tuned by several seasonal-scale experiments |
AMIP contigurations except for -

* slab ocean model (D=15m & t=7days) with SST nudging and fixed sea ice
CNTL run: 1978.06-2009.12

* monthly mean AMIP2 SST/SSI.

FUTURE run: 2074.06-2105.12 (A1B scenario)

* CMIP3 model ensemble dSST = SST(2075-2099) — SST(1979-2003) including
trend 1s added to AMIP2 SST. For sea ice, areal change is considered following
Mizuta et al. [2008].




Contents

* global precipitation and basic states (C. Kodama)

* tropical cyclone climatology (Y. Yamada & C. Kodama) -
* MJO and tropical waves (K. Kikuchi)

* Asian summer monsoon (Y. Kajikawa & T. Nasuno)

* Baiu/Meiyu front (T. Tomita & T. Yamaura)

° diurnal cycle of precipitation (H. Takahashi & M. Hara)
* stratospheric variability (Y. Kawatani)

data: CNTL run (1979-1998)
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precipitation: SLAB vs. fixed SST

Precipitation [mm/day] (2004)
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Precipitation rate

Precipitation [mm/day]
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I5CCE cloud amount

ISCCP daytime cloud amount for all seasons (1984—1998) h%]
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TOA radiation
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Zonal mean ECA]
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Mean meridional circulation

Mass streamfunction [10"kg/s]
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Tropical cyclone climatology (1/2)
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Tropical cyclone climatology (2/2)

: S5 blue: IBTTACS
* Seasonality of the TC genesis is very good! black: NICAM
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1. tropical intraseasonal
oscillation (ISO)

slides by K. Kikuchi @ [PRC
(Kikuchi et al. to be submitted)

NICAM data: 1979-1999
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MJO and tropical waves (1/2)

* MJO phase speed: good!
* MJO amplitude is weaker in NICAM
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Figure: Lagged correlation of 25-90 day OLR anomalies averaged over
7.5S and 7.5N against 25-90 day OLR anomalies over the equatorial
Indian Ocean (85-95E,5S-5N) during boreal winter (DJF).
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MJO and tropical waves (2/2)
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MJO Composite

< .
LT « —’ afis s #.n h N -" Tty - LYY
N -~ - NN ~— T © D @ P
Hn.r.u: ] PP _ﬂz. - ~ m,v .. ...mv...n......l X+a] ......m_....
::“M:.* ..o....‘s 2.. ) . e el e

e Al al” el el e
& At S 3| A oanloy R e A Py D ..
Lo A P or o Pl Sl B e <ol c

ot 1111 po st .Dﬂ YRV .p :...p .o .y p- S R

phase: 35
)

vy o » YL - TREEK] a0/ SEEE N EERTT e LR ey
i ereetlee o T I 4o e I N P . .
AR AR RS settoend L0l 11tee TAER [ R
.:2__*._. R I seigas b o,
trord CEE Y] S TR | NP raegs
AL i SERALAARRE VYT RRTER YR T ViR IRV FY. VP B E
..\“_‘\ hraerrere 4 ek g .—%-—\\g CETRENY S5 A T
iy b ® no-ﬁ ....:*T_. i . a0t 1

f + s\— pane CED o -”__\\.-g 44 N LI

. A «snils T < -
o ‘g 5 %
i
%&J: 18

’ .
' -N\! . ...A%\.- .-.——\_—v f(..m
\ !
, r

NICAI\/I

A ;..:e 1

120W 60W
75 10 125

5

180
-2.5 2.5

120E

60E
-125 -10 -7.5

o m, ye pl\\... N l:\:Adﬁ..-
1 [ . .. Mits, ......\.:
Meeiy| Sy e f ge e Sureetaa.
. _a:: A5 kS v 2 etatitinr, I Sy o | T \ﬂ,: ¥ L
b o u\-h' .r i oIt ERA A PR VAT TR et S - 2 AT
2\ Y &y N o g <y Wi s el AR S oy
Py AN PR P . XIS 5 Vrae Aty PRy pra
ANre s setan & oa] sen o RSV o Teshs suse I vas e e -
LI 7 SRR o . W] #at .~\\.... 7 sy T ]y b A Va7 g T
_‘ T T T T T T T T T T T T T T T T T T T T
Z2 28 E22ESLESLE285283 88
(] N o~ N o~ N N N~ SN o~ N o~ o~
Ateas o ANy R ER) P EEE) e eavsans 34 sy Aus - a e .

8..»-1 8.'-.2 4 n-us
Aghad + 4 P pett 8‘-\- 3-.-.v.s.
NI e e 1T D O - oo

IR A ¥ VEEREES o Ko BREY
vered 1D vos e OYeres
v.;e 2.&...-8 L il ¥ 3

196

oD

w0 M~
[ ] [} oo @
togpoertalBYee, hore i . 0 R/ 3 AR+ X R e e nl.. Ll...nL
ISR - ) I - ol el all o] - 1IN -
s v K I E it (Y B ot - Ea e 1 H =] I el T N
SRR 1 ORI I -1 e S = AR =¥ KRR = NSO - 1 I GO -
gotttttauas LR ENNTIS § P Veevea Vipaee T RY ALY Chraeret s 4a an settraaans
natttttesrl RN E RN “ve - isgaesy Sipgpesahe teraun . taaa aed LEERER RS o
stttettel flluseaases ot . see| saaspaegy TXTTERITE SUARES TS R vrret bt
serevertiltrd.. TR S I R RN R YR PRI O | I 1ettit
2 st i@l Ll o2 FEERE L EPPY SUAP pe b gy ETYY  VIE RN Ty AT vetd s
(7o 3 ERERRL LT P Ve ¢ viggre |t o ctdbeed teaesifddie.
b . AT ..-:.-h-.. tieougy . .__;'.\_... « wA% el koo ool ‘_.-
e atiads o RN R Voes e cagamEfiteas iabp ' hees 1 Mlre,
O i R, ...._::..-....:_\:.... .:.h:.. Tt b T .. _a. . 2 T
cen - < - o T ae PR ey fuo.:... £ T \v.. ..._:__ Ve o o ~
o nmuy ..rltn.:—_ ff-_.__:u—.- + ’ e ﬁ.. ot TR sl 184 i
R p-.;:’ ANy . ...--:_: Ne s by
v Sy _.... ....._—_vnu PRy 1y a,.. . .::a-. - sl . ..-.&-
SO R Bt R L.. SR AL ..a.u:... TR .
=) I .sta Aure| 2w aa e B R T e ... e . L
SXTT T FARE A SPTYE | £ £ |5 I (IS & R R {es4y . i
APPSR LR er Po et tiag, el [ * IR TP Sy > FA RS . @ Sy vt
PO ) P S PN ..s-.n.*_‘o. o b P I O R P P s PP =S o TN
XRE 0 sosferantafitichea seallr., P R TS BRI FETEY " PPN PRI R R
LN PPy PR SRRy TSy IS R ey Ry e v 3 o
y t T t LB T L T T T T T y T T T u t T | e =
[72] w |72 7] [72) [72] [72) [72)
Z2 g8 E28ZEZ28ES8ES8ESLES 85 Q
o™~ N~ N~ N o~ N o~ N~ N o~ N o~ ~N

0

120W 60W
15 20 25

10

180
-5

-10

120E
-15

60E
-25 -20




BSISO Composite

NICAM
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. 3. Asian summet monsoon .

slides by T. Nasuno @ JAMSTEC
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Interannual variation

Normalized
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Summary of the model evaluations on tropical disturbances

* tropical intraseasonal oscillation (ISO)
* Amplitude of the simulated ISO is weaker

®* The behavior of the ISO seems realistic

* tropical synoptic-scale disturbances (TSL

* 'The distributio | strength of the TSD activity are reproduced well.
® The axis of the wave trai | maximum activity is shifted northward
and northwestward, especially during JJA.
B ° Asian summer monsoon

® The 20-yr climatology of the seasonal march of Asian monsoon is
reproduced (much better than the 8-year JJA simulations).

* Biases: northward displacement of westerly axis, stronger and earlier
than observations.

Reproducibility of the interannual variability in monsoonal circulation
corresponds to that in convection.

future work: comparisons with CMIP5 models, interannual variation, ...




Baiu/Meiyu front

* Baiu front: structure is reproduced but the seasonal march 1s

too eatly.
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Diurnal cycle of precipitation

* diurnal cycle of precipitation is well reproduced with the

later timing (cf. 7km is better; Sato et al. 2009)
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Stratosphetic variability -

* Annual and semi-annual cycle 1s well captured in the lower

stratosphere.

| (a) Power Spectra U 30hPa ERA-I

(b) Power Spectra U 30hPa NICAM
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an ongoing sensitivity experiment

Ax=14km, 1-month integration
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Summary of the model overall evaluations

* Climatology of the NICAM AMIP-type simulation

* well reproduced phenomena (somewhat subjective)

® precipitation, basic state in general

* TC intensity & seasonal march

* MJO and equatorial waves:

* Asian monsoon onset

. ° biases

* double ITCZ, too intense ITCZ peak precipitation

* warmer land surface & tropical upper troposphere
® too strong jet, jet axis displaced poleward

© TC genesis (@ Atlantic & eastern North Pacific

* weaker MJO amplitude







2014/11/12-14: GFDL visit

Tropical disturbances in NICAM AMIP-

- type SimU.latiOﬂ

C. Kodama (JAMSTEC)
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1. tropical intraseasonal oscillation (ISO) (Kikuchi et
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. tropical synoptic-scale wave disturbances (I'SDs) .
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3. Asian summer monsoon (T. Nasuno & Y. Kajikawa)




2. tropical synoptic-scale wave

disturbances (TSDs)
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EEOF analysis: = oo

An extended EOF (EEOF) analysis is performed on the 2—8-day filtered
850-hPa vorticity anomalies (daily).

'Domain: Western Pacific (WP) (100-180E, 10S—25N)

riod: JJA (92days), SON (91ldays) for 22 years (1979-—2000) .

P wave modes identified: lLeading two modes (EEOF 1 & 2)
onstitute a pair mode of modes that represent the same wave.

Index for composite analysis: Principal component (PC) time series of
the first mode (PC1).




(a) EEOF1 (5.6%) 850hPa VO (2-8days)  (c) EEOF1 (5.7%) 850hPa VO (2-8days)
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Asian summer monsoon (2/2)

|
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Figs. by Y. Kajikawa & T. Nasuno



Baiu/Meiyu front (2)

Latitude

Baiu front lat.

(defined as max(aee/é}y))/

Oe@125-145E,20-30N

£
d

s » 0e@125-145E,30-40N
(a) JRH-25 / / (b) NICAM
50 —— ————F#~——— 350 N ———— 350
1 445 4 345
45 e =4 45 e
. o 7 340 1 340
Ia— — = 335 % 40 335
1330 5 35F 330
)
1 320 1320
.““““‘“““,..... | 31 5 25 = i 31 5
20 o \.“ I L 1 . | 4 I n I . | n I . 1 310 20 L 1 L 1 L 1 . ] L 1 L ] L 1 L 1 310
5/15 5/30 6/14 6/29 7/14 7/29 8/13 8/28 5/15 5/30 6/14 6/29 7/14 7/29 8/13 8/28
RS TT Sray e .

Figs. by T. Tomita & T. Yamaura






E8 — £:GPCP #:NICAM
= N > : 3 :

; NH SH

NH—mean Precipitation [mm/day] SH—mean Precipitation [mm/day]

1979 1980 1981 1982 1983 1979 1980 1981 1982 1983

NH—land—mean Precipitation [mm/day] j : SH—land—mean Precipitation [mm/day]

1979 1980 1981 1982 1983 1979 1980 1981 1982 1983

NH—ocean—mean Precipitation [mm/day] ; SH—ocean—mean Precipitation [mm/day]

- v v v v -1 0 T v v v v
1979 1980 1981 1982 1983 1979 1980 1981 1982 1983



R A NS e

NH

NH—mean Precipitation [mm/day]

1979 1980 1981 1982 1983

NH—land—mean Precipitation [mm/day]

1979 1980 1981 1982 1983

NH—ocean—mean Precipitation [mm/day]

1979 1980 1981 1982 1983

= S _

1979 1980 1981 1982 1983

SH—land—mean Precipitation [mm/day]

1979 1980 1981 1982 1983

SH—ocean—mean Precipitation [mm/day]

1979 1980 1981 1982 1983



GpPCP(4=%)
NICAM (44F) (F)— (k)

[ IK (vs. GPCP)

Precipitation for JJA 1979_1982 [mm/day] r DJF 1979_1982 [mm/day]
(GPCP) 4
90N
N N
o o
: JJA ; DJF
90S + T - - v T ——
60E 120E 180 120N 6OW 00 3 6 9 1215 0 60E 120E 180 120W 60W 00 3 6 91215
(AMIP.N12.197806.9109.L38.run01) (AMIP.N12.197806.9109..38.run01) — (GPCP) (AMIP.N12.197806.9109.L38.run01) (AMIP.N12.197806.g109.L 38.run01) — (GPCP)
90N 90N T—— — 90N SN T——
60N =& 60N 5 =, ;
[ o N {10 = "’ o
~ | 30N o o | 30N » o
€] O o) W . 7 2 (&)}
£Q Q. ¢ - -
) . s
30S 308
: 2 ,
s GOS-W’-W
90S . 90S dy 90S . . — 90S . . sty
0 60E 120E 180 120W 60W 00 3 6 91215 60E 120E 180 120W 60W >6-4-20 2 4 0 60E 120E 180 120W 60W 00 3 6 91215 60E 120E 180 120W 60W >6-4-20 2 4
Precipitation for SON 1979_1982 [mm/day] Precipitation for MAM 1980_1983 [mm/day]
GPCP GPCP
90N (epce) 90N (GpcP)
N N
{ o
; SON ; MAM
90s . — - | | e
0 60E 120E 180 120w 60W 00 3 6 91215 60E 120E 180 120w 60W 91215
(AMIP.N12.197806.9109.L38.run01) (AMIP.N12.197806.9109.L38.run01) — (GPCP) o (AMIP.N12.197806.9109.L.38.run01) (A;hél'l‘PAm2_197806.9109.L38Arun01) - (GPCP)
90N 90N
60N
N o N g% o
o o g 30N 4 8
(&) =2 EQ
308
605 1
90S 90S T T —y 90S T T —4—r
60E 120E 180 120N 6OW 00 3 6 91215 = 0  60E 120E 180 120W 6OW  G-6-4-20 2 4 0 60E 120E 180 120W G6OW 00 3 6 9 1215 60E 120E 180 120N 60W  G-6-4-20 2 4
T 1 [T T T T T T [ [T
1 3 5 7 9 11 13 15 17 19 -10-8 -6 -4 -2 0 2 4 6 8 10 1 3 5 7 9 11 13 15 17 19 -10-8 -6 -4 -2 0 2 4 6 8 10




CMAP (44
NICAM (4£

)

)

(F)— (k)

&K (vs. CMAP)

Precipitation for JJA 1979_1982 [mm/day]

CMAP
90N ( _)
ot
: \JJ/ \
90S + T T { f—r
0 60E 120E 180 120N 60W 00 3 6 91215
s (AMIP.N12.197806.9109.L38.run01) (AMIP.N12.197806 9..38.run01) — (CMAP)
N
60N
N -~ |
~ 30N o
S £
) e
308
60S
90S
60E 120E 180 120W 60W 00 3 6 91215 0 60E 120E 180 120W 60W 0-6-4-20 2 4
Precipitation for SON 1979_1982 [mm/day]
(CMAP)
90N
N
~!
; SON
0 60E 120E 180 120 60W 00 3 6 91215
o (AMIP.N12.197806.9109.L38.run01) :;»;mp.my:37506.9109,L38.runo1) — (CMAP)
N |
o o
o o
6]
90S T 90S
0 60E 120E 180 120 60W 00 3 6 91215 60E 120E 180 120W G6OW  0-6-4-20 2 4
[ ] [ [T
1 3 5 7 9 11 13 15 17 19 -10-8 -6 -4 -2 0 2 4 6 B8 10

Precipitation for DJF 1979_1982 [mm/day]

(CMAPY
(CMAP)

N
o
1 DJF
905+ r . - - - e
0 60E 120E 180 120N 60W 00 3 6 91215
(AMIP.N12.197806.9109.L.38.run01) (AMIP.N12.197806.9109.L.38.run01) (CMAP)
90N 90N
g
60N 1 > A X =
™ L » e
o)) JONW 4 o
[e] i 5 - (&
§ " }?'.' ]
308
; e 7
GOS«W
90S - - = ! i 90S — - - e
0 60E 120E 180 1208 6OW 00 3 6 9 1215 60E 120E 180 120W 6OW +6-4-20 2 4
Precipitation for MAM 1980_1983 [mm/day]
(CMAP)
90N
N
)]
[ MAM
T T T Ty ; 1 L T A TR T
60E 120E 180 120W 60W 00 3 6 9 1215
o (AMIP.N12.197806.9109.L38.run01) (%hél’l‘PAN12.197806.9!09.L38Arun0‘|) — (CMAP)
N |
o o
<) o
90S - - — 90S - v e
0 60E 120E 180 1200 60W 00 3 6 9 1215 60E 120E 180 120W 6OW 6-4-20 2 4
T T T T T T
1 3 5 7 9 11 13 15 17 19 -10-8 -6 -4-2 0 2 4 6 B8 10




; A A 3 DK =

| T 5A.6A.7A.8A.&{£10F ¥

m/day]

50N 5

369
@
[o4]
[}

\'- i)
N L‘i\‘ :.':/ '-“‘l hd.n

45N
v EQ8 ’ EOBO 5 EOBO T
E 90E 100E110E120E1 30E140E150E160E170E 180 3 6 9 1215 0E 90E 100E110E120E130E140E150E160E170E180 3 6 9 1218 E 90E 100E110E120E130E140E150E160E170E180 3 6 9 121 E 90E 100E110E120E130E140E150E160E170E180 3 6 9 1215

40N
(gmp.mzmmos gl09.L38.run01) — (GPCP) (AMIP.N12.197806.9109.L.38.run01) — (GPCP) (;%P.m2.197805.9|09.L38.runo1) - (GPCP)
50N
%
N

35N

30N
%o

E 90E 100E110E120E1 30E140E150E160E170E 1865-4-20 2 4

BT T 1 [ T

(GPCP)

86°¢
61°G
LS
19°G

25N
20N
15N
10N
5N

— v— T E
EOBOE 90E 100£110E120E130E140E150E160E170E180 3 6 9 1215 EO&OE 90E 100E110E120E130E140E150E160E170E 180 3 6 9 121 E 90E 100E110E120E130E140E150E160E170E180 3 6 9 121 OBDE 90E 100E110E120E130E140E150E160E170E 180
G (AMIP.N12.197806.9109.L38.run01) (AMIP.N12.197806.g109.L38.run01) W (AMIP.N12.197806.9109.L.38.run01) S (AMIP.N12.197806.g9109.L38.run01)
50N

06°G
L8°9

45N -~ 45N -~
40N 40N
o
35N ‘| 35N 3
30N ; | 30N S

20N 20N

15N 15N

10N 10N
=

/
s -' SN

B, E 90 100ET 101 2061 3061 40E1 501 G0E1 70E 185-420 3 & EQ,E 90E 100€1 101 20E1 30E1 40E1 501 60ET 70F 1865420 3 4

BT T 1 1 TS

[ BT T T T TS
-10-8-6-4-20 2 4 6 8 10 -10-8 -6 -4-2 0 2 4 6 8 10 -10-8-6-4-20 2 4 6 8 10 -10-8 -6 -4-2 0 2 4 6 8 10




B A{T1E DMSIP

5A.6RA.7A.8R.&F10&FE T

MSLP for May 1980_1989 [hPa] MSLP for June 1979 1988 [hPa] MSLP for July 1979_1988 [hPa] MSLP for August 1979 1988 [hPa]
(ERA_INTERIM)

(ERA_INTERIM)

9

(ERA_INTERIM)

Z¥'6001
¥0°'6001
0Z'6001

26°0L01

N P %
E 90E 100E110E120E1 30E140E150E1 60E1 70E 1BIDS0100150200

W AL
E 90E 100E110E120E1 30E140E1 5061 60E170E MEIDS0100150200
S (AMIP.N12.197806.g109.L 38.r (AM

N i &
E 90E 100E110E120E1 30E1 40E150€1 60E1 70E TEIDS01001502002
e (AMIP.N12.197806.9109.L.38.run01) (AM

(AM (AM

(AMIP.N12.197806.9109.L.38.run01)
50N e

80°0101L

90°'8001

218001
L1'6001

\ b
E . v F
QGOE 90E 100E110E120E130E140E150E160E170E 1EIDS0100150200!

EQ N K s e e » El ‘ A
B0E 90E 100E110E1 20E1 30E140E150E1 60E170E 1EIDS0 1001502002 o805 90E 100E110E120E130E140E150E160E170E 18IDS0 10018502002

NTERIM) 155.‘1:' 197806.¢/09.L.38.run01) — (ERA_INTERIM) _.gJN12.197806.g|09.L:55.run01) — (ERA_INTERIM) g(l’\lN12.197806 109.L38.run01) — (ERA_INTERIM)
N H e

| | | |
= £ o o
o © o
= & N ©

: B 5 e\ D72 0 W iy :

5 E 90E 100E110F120F1 30E140E1 SOE1GOE170E 18005 D 5 10 "BOE GOF 100E110E1 20F1 30E1 4OETSOETGOET7OE 18005 6 5 10 "BOE SGE10 0-50 5 10 5 10
RN | I TN [ I ] [T | RN | I
10001004 100810121016 10201024 1028 | 10001004 100810121016 10201024 1028 10001004 100810121016 10201024 1028 10001004 100810121016 10201024 1028
-l T [ [ -



s Iy, toeh Ut s S 0 SN S W
T le Ao s i o i o bk

B AR &

5H.6H.7HA.8R.%&10%

(L
|
~

10m—wind for May 1980-198¢ 10m-—wind for Jun 1979-1988 10m-—wind for Jul 1979—-1988 10m—wind for Aug 1979-198

(ERA_INTERIM) (ERA_INTERIM) (ERA_INTERIM) (ERA_INTERIM)
SON oy T T AT T SON R PUWE FTV ST L L e SON oS ey Y13 = 7 50N ‘\’ﬂ,*"“f',q,aFi‘\lTﬂa—p——y‘)’
45N« >~ ‘-m\\l‘r ;,';"‘;;';;').;’;;:;';’:“j": 45N » > ya> > "”*:,::“"f*:-:‘::!‘; 45N x s e Ll o X 45N 4 » et o v;/.;:';:::‘ X :::"*":::;‘
4N 7414 ,‘.’4',-"{: errapiaansaiizza]  AONYLT) *.\:‘),-‘ﬁ'i;f'm.:n.tiiﬁf-:»f; 40N "«i;. d 1% r 40N{* Y g.*:,’b..n.,..,2-\,‘-\--31.\‘@;
3N .:.::::::::.:\ I BN i.:::::::..k.‘::::".‘-‘ﬂ‘ '''''' A snfudineatieds ) O AL
MN‘ AN AAav cevRen pat AP PRI AR, 30N+7 n AfcqaverrXNt 22/ 2R RS PMARRR 3ONA 77 Far qac A;q‘ 4 30"‘ )'ﬂ‘ql454‘1‘(."\ LR LCTOTUL AN
g Lzgrein .y R RRRKRS gk ,.,..A..x 110114t Rk wpadasallt g PR AR, PRIy LA CRESPPRL,
25N ;‘k » '\ X’R'(;;:\w«a.,,w“ 25N4a h Y ."4k \, "'\‘««......_. 25NJ—~_ }c::; f: M’\\ T \\':\‘\'Q\«sw- N 25N- .Kﬁ A \\\ '\(\\;\\N\NW.
20N +7 '“% 'L\& vy 20N17T "/i? f N o 20N A% ; 7.9'\'\'%:«-:«4\‘«»‘.«* - 20N 17 ’"/'2/ /% RRREE & Cttbngn—
15N ,) 7 L 15N e 15N 4] 4”“‘::««-—-- 15N+ }",‘;‘;‘*«-*w——
10N /7 f---m.,‘._.,,.,;j v 10N : 7 10N 4 g e "‘v‘«::.“,,\ 10N 7;' A At
e PR = | A %”:::" e SN ;’% /’?f f::'::::‘“‘*«* N1 /, A f.’.””.':"‘“‘m“-
£ ,/‘ » v J 5«»444-«;44«“-,.:- E L PR ’A f ¥V ¥ TSt £ ) " v 4 AT EECT e B /‘fr v K\ 4 A¥e
QBOE 90E 100E110E120E1 30E140E1 50E160E170E 180 QBOE 90E 1001 10E1 20E1 30E140E1 50E1 60E170E 180 QBOE 9051005110E120£1 30€140€1 50€1 60E170E 180 %OE 90[100511051 20€l$0€140€1 50E160E170E 180
(NICAM AMIP) (NICAM— AM'P) (NICAM AMIP) (NICAM AMIP)
50N T SON o SON Fr—ToooT A., ,, f SON Fr— T ST ”;‘ 1440
450 ?.::“:::':w. o - 45N .~:>*:""€¥r’ JJ Q’: A L A {
40N - * b ~_ 40N ?:)'Hxit; L 4 4})}' ’ 40N 1274 “:::. 40N 1 /.5.::“. ‘*"Q:_ { 'f
35N w aee 35N 4 % vvvvv gV,/f, mm (J 35N {44 ::f 35N 4 fé-;;":;; ‘::&é “W\‘\
30N- ALV 30N~-" /’ l\r\z\[\ 30N 1 30N Ao PR AR \
AR A e aﬂ"«»u*«‘ h“»u [SAS l) e As p b ags it lb .;,; “’,\"}"'““4
25N . 25N : ',‘/, 25N 1 rf“f"' “y‘ T x‘f\':::""“ - 25N 1 ,,3“1’4;;':/ S g
20" 20N1—> m«-«. 20N 1- 144 e 20N sz vy / PR R —— ot
15N 15N 4 ,; /%( **:-;::-—»- - 15N 47 AT A, 15N ol fg;- A e
10N 10N 1 9:::::‘::'...«**":;,' - 10N 1 %4 éﬁ:ﬁ:i:m 10N ﬁs;%.'.'ll‘.%"-
- N ““\(q:;'?’f' 238! S e Y mm’. M s sn {1 A
= E X £ N
QBOE QOE 100E1 10E120£130E140E150€160€1 70€ 180 OBUE 90E 100E110E120E130E140E1 50E160E170E 180 QBOE 90E 100€l10€1 20€I 30E140E150E160E170E 180 OBUE 90E 100El‘|0€1 20E130E140E1 50E160€170€ 180

2 4 6 8 10 2 4 6 8 10 \ 2 4 6 8 10 2 4 6 8 10



ISCCP (44F)
NICAM (44F) (F)—(Lk)

WAEWHAR X 17EThTLVS
ISCCPLEZE

ISCCP Cloud Fraction for JJA 1996_1999 [%] ISCCP Cloud Fraction for DJF 1996_1999 [%]
(ISCCP_D1_0BS), high_vis (ISCCP_D1_0BS), high_vis
90N 90N
ks 60N {5 s e o
I 30N L 7 W =
W { b
¥ JJA = 3 DJF
308 \
605
R
90S
0 60E 120E 180 120W 60W 00 25 50 75100 0 60E 120E 180 120W 60W 00 2550 75100
(:\&IP.N‘I2.197806.gI09‘L38,run01), high_v\(é‘v’\:.\‘7.g{g&/BOS.gIOQ‘LSB,'JnO') — (ISCCP_D1_0BS), high_v (:&IP.N‘I2A197806.gI09‘L38Arun01), dlghﬁv(AMlP.\‘Png'ZBOG.gIOQ.L:’)BArunO') (ISCCP_D1_0BS), high_vi
e
60N {58 o
N o= 2 8 N i
o 30N eob ~N N
o] o ()
- EQ N
308
605 1
90S - 90S | - v - - —
0 60E 120E 180 120W 60W 00 25 50 75100 60E 120E 180 120N 60W  620-100 10 20 120E 180 1208 60W 00 25 50 75100 120E 180 120W 0-10 0 10 20
ISCCP Cloud Fraction for SON 1996_1999 [%] ISCCP Cloud Fraction for MAM 1997_2000 [%]
ISCCP_D1_0OBS), high_vis (Isccp_D1 , high_vi
o ( A ), high_| . (Is _D1_0BS), high_vis
N N
= N
: SON 5 A
2 i MAM
60E 120E 180 120N 60W 00 2550 7 60E 120E 180 120N 60W 00 25 50 75100
(;\&IP.N12.197806-9l09 L.38.run01), high_v{aMIP (mnp.ij97aos.g|og.|.35.runo1), high__v(ﬂMlP.N12.198"7806.9I09.L38.run01) — (ISCCP_D1_0BS), high_vi
N
bt
N
3
90s — -
60E 120E 180 120W 60W 00 25 50 75100 0 60E 120E 180 120W 60W 920-100 10 20 60E 120E 180 120W 60W 00 2550 751
B [ I

10 30 50 70 80 -50 =30 -10 10 30 50 10 30 50 70 90



ISCCP (44F)
NICAM (44F)

(F)— (L)

ISCCP Cloud Fraction for JJA 1996_1999 [%]
(ISCCP_D1_0BS), middle_vis

o
(o] Q
0 60E 120E 180 120W 60W 00 25 50 75100
AMIP.N12.197806.9109.L38.run01). midde{AP N 12.197806.9109.L38.run01) — (ISCCP_D1_0BS), middle_
N

= |

o ~
N 4

N N

00 25 50 75100

0 60E 120E 180 120W 60W 0 60E 120E 180 120W 6OW  620-100 10 20
ISCCP Cloud Fraction for SON 1996_1999 [%]
(Isccp_D1_0BS), middle_vis
ol
) SON
N
60E 120E 180 120N 60W 00 2550 75100
Ag/g:.mzngmo&glog.. 38.run01), n-'mne(_AWP.\‘?.*33&06.@09. 38.run01) — (ISCCP_D1_OBS), middle

€91l
90°L—

90S - - — - - -
0 B0E 120E 180 120N 60W 00 25 50 75100 60E 120E 180 120W 60W  ©20-10 0 10 20
- | [ -
10 30 50 70 90 -50 -30 -10 10 30 50

ISCCEIRE

= &=
A ===

ISCCP Cloud Fraction for DJF 1996_

WIS EARIZI7TETNT

L

1999 [%]

(ISCCP_D1_0OBS), middle_vis
60N
30N ©
N
EQ N
308 k
605 b

DJF

60E 120E 180 120N 60W 00 2550 75100
(A%ﬁm2.197506.9!09.L38.run01), midd H‘Mp.h'.7.1ZZNBOGAQOQAL.}BJunOU (ISCCP_D1_0BS), middle_
e ~ - =

T, |

N o

5 {

o N

90S - . e : A

0 60E 120E 180 1208 60W 00 2550 75100 60E 180 120W 0-10 0 10 20

ISCCP Cloud Fraction for MAM 1997_

(ISCCP_D1_0BS), middle_vis

2000 [%]

9681

MAM

60E 120E 180 120N 60W 00 25 50 75100
(AMIP.N12.197806.9109.L.38.run01), middle(ANSP.N12.197806.9109.L38.run01) — (ISCCP_D1_0BS), middle_
90N 3 — — Nfee——————————————————
o= |
564 o
e {
N ®
=2
00 2550 751 0-100 10 20
10 30 50 70 90 -50 -30 -10 10 30 50



ISCCP (44F)
NICAM (44F)

(F)— (L)

WIEHHIX17E T hTLVS

ISCCPTEE

ISCCP Cloud Fraction for JJA 1996_1999 [%]
(ISCCP_D1_0OBS), low_vis

¥6°G¢C

60E 120E 180 120N 60W 00 25 50 75100
g%l'\‘/llP.N12.197806.gI09AL38Arun01). low_

Vi§AMIP.N1

JJIA

2.197806.9109.L38 run01) — (ISCCP_D1_0BS), fow_vi g%l'\‘MP.NT2A197806A9109.L38Arun01), low_

¥0'Gl

veoL—

4

ISCCP Cloud Fraction for SON 1996_

(ISCCP_D1_0OBS), low_vis

96°¥¢C

90S

60E 120E 180 120N 6OW 00 25 50 75100

0 60E 120E 180 120N 60W 00 255075100 O  60E 120E 180 120N 60W  820-100 10 20

1999 [%)

SON

ISCCP Cloud Fraction for DJF 1996_1999 [%]
(ISCCP_D1_OBS), low_vis

(o)A 44

DJF

90S +

T T . T T T T
0 60E 120E 180 120W 60W 00 25 50 75100

viéAMlP.\‘:?,'097806.gI09.L38.runC") (ISCCP_D1_0BS), low_vi
90N

el
LZ0L—

0 60E 120E 180 120§ 60W 00 25 50 75100 60E 120E 180 120N 60W  820-10 0 10 20

ISCCP Cloud Fraction for MAM 1997_2000 [%]

(neee

P_D1_OBS), low_vis

ST¥e

MAM

60E 120E 180 120N 60W 00 25 50 75100

SAMJP.M2.197aos.g|09._3&run01). ow_vi§AMIP.N12.197806.9109.L38.run01) — (ISCCP_D1_0BS), low_vi gAMIP.NT2A197806A9109.L38Arun01), low_vi§AMIP.N12.197806.g109.L38.run01) — (ISCCP_D1_0OBS), low_vi
ON T 90N - ON g 90N
2 P o
3 s S

o % | = |

- - v =

e o » o

® ~ © o

o »

. . - - - 90S - . 90S - - - - - - 90S - . |

0 60E 120E 180 120W 60W 00 2550 75100 O  60E 120E 180 120W 60W  €20-100 10 20 0 60E 120E 180 120W 60W 00 25 50 75100 60E 120E 180 120N 60W  ©20-100 10 20

- | [ [ - - | [ [ -

10 30 50 70 [0 -50 =30 -10 10 30 50 10 30 50 70 90 -50 =30 -10 10 30 50



90N

ERA-Interim (44

2m Temperature for JJA 1979_1982 [K]
(ERA_INTERIM)

1208 60W

NICAM (44F)

(F)— (L)

= =3
2m X\ ;m

JJIA

2m Temperature for DJF 1
(ERA_INTERIM)

180 120W

60E 120E 180 0 240 270 300 60E  120E
(AMIP.N12.197806.9109.L38.run01) (AMIP.N12.197806.9109.L.38.run01) — (ERA_INTERIM) (AMIP.N12.197806.9109.L38.run01)
90N - = - - 90N 90N -
"._”v - O 60N
30N [o))
(6]
EQ
308
60S 1
== ~ 905 L = o
60E 120E 180 120W 60W 0 240 270 300 60E 120E 180 120W 60W 66-30 3 120E 180 120W

90N
60N

30N

EQ
308

60s1.

90S

o (AMIP.N12.197806.9109.L38.run01)

2m Temperature for SON 1979_198
(ERA_INTERIM)

0 60E 120E 180 120W 60W

2 [K]

2m Temperature for MAM 1980_198
(ERA_INTERIM)

1208 60w

180

60E  120E

200 220 240 260 280 300 320

979_1982 [K]

N
240 270 300
(AM P.(T)\ln'lzﬂ97806.9|09.L38,'L‘HO1) — (ERA_INTERIM)
90N 7 = =
— o 2
60N 4
N o
30N fe))
N
EQ
30S
60S
—  90S - - v - i
240 270 300 60E 120E 180 120W 60W 66-3 0 3
3 [K]

N
240 270 300 60E 120E 180 120W 0 240 270 300
(AMIP.N12.197806.9109.L.38.run01) — (ERA_INTERIM) (AMIP.N12.197806.9109.L.38.run01) (AMIP.N12.197806.9109.L38.run01) — (ERA_INTERIM)
ON P ‘ - - — 9N T— — " 90N —
60N {3 e A~ !
30N ‘ o0 o
. 3 ©
£Q Y, .
308 € ;
SOS-WW GOS-W
- ~  90s . > . . . v - 905 . . > . . .
0 240 270 300 60E 120 180 120N 6OW G6-3 0 3 120E 180 120W 60W O 240 270 300 60E 120E 180 120W 60| 36-3 0 3
-10-8 -6 -4 -2 0 2 4 6 B8 10 200 220 240 260 280 300 320 -10-8 -6 -4 -2 0 2 4 6 8 10



ERA-Interim(44F) NICAM (44F)

Temperature for JJA 1979_1982 [K]
(ERA_INTERIM)

10

20

Temperature for SON 1979_1982 [K]

(ERA_INTERIM)

% m(;wup N12.197806.109.L38.run01)
- = - — 1

20

(AMIP \‘o 9.L.38.run01) — (ERA_INTEF
1

Temperature for DJF 1979_1982 [K]

(F)— (k)

(ERA_INTERIM)
10 e

20

200 220 240 260 280

(AMIP.N

Temperature for MAM 1980_1983 [K]

(ERA_INTERIM)
19 =

20

1°(AMIP.N12.197805.9\09.L38.run01)

200 220 240 260 280
12.197806.9109.L.38.run01) —
10 12 \ 77

2

(ERA_INTERIM)




ERA-Interim(44F) NICAM (44F)

Zonal Wind for JJUA 1979_1982 [m/s]
(ERA_INTERIM)

10

Ew Ry

1
90S 60S 30S EQ 30N 60N QONDOOQDS 60S  30S

-40 -20 0 20 40 -40 -20 O

(AMIP.N 113 197806.9109.L38.run

Zonal Wind for SON 1979_1982 [m/s]
(ERA_INTERIM)

10

10(AMIP.N 12.197806.9109.L.38.run01)

‘O(AMIP.N12.197806.9I09.L38Arun01 )

EQ 30N 60N 90N
T T T -

20 40
01) — (ERA_INTEI
Jl

)/

Zonal Wind for DJF 1979_1982 [m/s]
(ERA_INTERIM)

10

60S  30S

-40 -20 0 20

-40 -20 0 20 40 —40
(AMIP.N12.1978
10

10(AMIP.N 12.197806.9109.L.38.run01)

06.9109.L38.run01) — (ERA_INTERIM)
! ap

il

(F)— (k)

INTERIM)

-20 0 20 40






