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B Origin of Project (or sim kinter)

e The World Modeling Summit (WMS) in May 2008 at e Refs. Bechtold et al. 2008 , Jung et al. 2010.
ECMWEF called for revolution in climate modeling to &

B ECMWF-IFS Bl NICAM

Refs. Satoh et al. 2008, Tomita and Satoh 2004

more rapidly advance improvement in climate model . < =
recolut cl>3n ;’ ccuracy and I?,e“ ability European Centre for Medium-range Weather Forecasts Non-hydrostatic Icosahedral Atmosheric Model
The WMS ,recommended petascale supercomputers Comprehensive Earth-System Model (Fully compressible non-hydrostatic system)
dedicated to climate modeling at at least 3 42 Horizontal resolution: T2047 (~ 10 km) _ _
international facilities Vertical Iayers . 91 Iayers Horizontal resolution: ~ 7km
e Dedicated petascale machines are needed to provide enough . - .
computational capability and a controlled environment to support Cumulus scheme : Tiedtke (1989) Vertical Iayers 2 40 Iayers
long runs and the management and analysis of very large n
(petabyte) data sets SST and sea ice: weekly 1°x1° NCEP Reynolds Ol dataset Cumulus: scheme- " None ]
The U.S. National Science Foundation, recognizing the Hypothesis: Exploring high spatial resolution and (Reynolds et al. 2002). Cloud microphysics : NSW 6 (Tomita 2008)
importance of the problem, realized that a resource process-resolving models can dramatically alter simulation - 6 categories of water (1 moment bulk)

(Athena supercomputer) was available to meet the of climate

challenge of the World Modeling Summit and offered to Two state-of-the-art global AGCMs at the highest o _
dedicate the Athena supercomputer over a six-month possible spatial resolution (Noda et al. 2010, Nakanishi and Niino 2004)

period in 2009-2010 Dedicated supercomputer at NICS for Oct’'09 - Mar’10 Radiation : MSTRNX (Sekiguchi and Nakajima, 2008)

An international collaboration was formed among Long term - model output data will be invaluable for Land-surface: MATSIRO (Takata, 2003)

- large community of climate scientists (unprecedented
roups in the U.S., Japan and the U.K. to use Athena to -
’?akeFLp the chaIIengep resolution and simulation duration) and computational SST and sea ice: weekly NCEP Reynolds Ol dataset

scientists (lessons learned from running dedicated

Supercomputer production at nearly petascale) Tlme Integ ration PeriOd

Athena: Cray XT4 - 4512 quad-core Opteron nodes (18048) * May 21 - August 31 for 2001-2002, 2004-2009
e #30 on Top500 list (November 2009) - dedicated Oct’09 - Mar’10 boreal summer over 8 years

s urbulences/shallow clouds: MYNN2

Results — Intra-seasonal Oscillation (ISO) in the monsoon region
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Fig. 1 The 8-year averaged monthly mean zonal wind at 850 hPa in NICAM (top) lines are omitted.
and IFS (middle) simulations in comparison with ERA—Interim (bottom). . . .
B Time series of Indian Monsoon Index (Wang et al. 2001) | - |
B Time series of precipitation / zonal wind 850 hPa  and correlation between model and observation - Pluctuations with time scales of 2-4 weeks, which are
referred to as ISO, are evident in all years in ERA Interim.
-The maximum westerlies and precipitation = NICAM IFS ISOs are masked out by the 8-year average (Fig. 3a) because
are located at 5° -10° N during May, shift A S O ol the timing of the ISOs are not exactly the same in every year.
northward in early June, and stay around 2002 [0.575 [ 0.145 | 0596 | 0531 | 0.673 [0.058 However, both IFS and NICAM reproduce the ISO in the first
15° -20° N through June to August (bottom). - 08 [0 08 [ 000 [ 019 |05 00% month of simulation relatively well.
- = 20006 0:911 O.-OOG -0:081 0:65; 0:402 0:39;
- Both simulations capture the intensification '] 2007 [0269 | 0.404 | 0.242 | 0201 | 0248 [ 0672 - Correlation coefficients of the time series of IMI between
and northward displacement of maximum _E:WMM W S s il i simulations and ERA-Interim (Fig. 3) for the first, second, and
westerly and precipitation in early June 4 R | IR R IR ] wverage | 0648 | 0.194 0201 | 0.267 | 0.160 | 0.169 third month of integration for each year are summarized in
except for some biases in the excessive o o o B o B dev [0264] 015 [ 0277 [ 0527 [ 0499 [ 0258 Table 1. NICAM reproduce the ISO in the first month of
peak intensity (~15° N) in IFS, and weaker simulation better than in the latter two months, with
intensity and peak latitudes occurring E?WM@WW WMW Table 1. Correlation coefficients of the time correlation coefficients exceeding 0.8 in some years (e.qg.,

S mm %1 5-10 degrees northward in NICAM. I series of anomalous IMI (Fig. 3b-i) in NICAM 2002, 2006 and 2009), although statistical significance are
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Fig.2 Time-latitude sections of the 8-year 60-90E averaged precipitation (color) and simulation period. 8-year averages and simulations coefficients in the first and second month are
zonal wind at 850 hPa (contour lines) in NICAM (top) and IFS (middle) simulations in Fig.3 Time series of the Indian Monsoon Index (Wang et al. 2001) for NICAM and IFS standard deviation are also presented for equivalent and decreasing in the third month.
comparison with TRMM-3B42 and ERA-Interim (bottom). Contour intervals for simulations and ERA-Interim data. (a) The 8-year average and (b)—(i) anomaly from the the three periods.
zonal wind are 4 m s! (solid: positive, broken: negative). Zero contour lines are omitted. average are plotted. 5-day running mean is operated.

Results — Madden-Julian oscillation and
tropical cyclogenesis

Summary and
Future Issues

- The current skill of the Athena models in simulating
intra-seasonal oscillations (MJO and ISO) in the tropical and
monsoon region is overall encouraging. The performance of
NICAM shown in the case studies of MJO (Miura et al. 2007)

B Hovmoller diagram : composite of velocity B Tropical cyclogenesis frequency with respect to

potential anomaly 200 hPa (155S- 15N) MJO phases
@) (6) LFS (C

I (b) IFS ©) JRA Fig. 5 Composite 200 hPa velocity ., NICAM(GLOBAL): MJO ACTIVE/ALL 4, IFS(GLOBAL): MJO ACTIVE/ALL ., OBS(GLOBAL): MJO ACTIVE/ALL
e oo e, POtENtiAN anomalies (contours; shading for 5o} ] o ] wof _. and monsoon-related ISO (Oouchi et al. 2009) are proven to
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il O} 2 cRoooneen U e, positive values) for each phase of the MJO 2| ] 2t 1 : be robust in multi-season runs.
y 2 V. 7 }9% 1" defined in Fig. 8 for the MJO-active period 20 f 1 &b 1 =aof ]
Y 2 e T N = defined in the same method as Taniguchi = °F 1 S E B ;
T . M s ] etal. (2010) for 21 May to 31 July 2001 to = 1} ] 2t 1 Zaal : o - _
.- 3 PR TFT N 5000 except 2003, Left (a), center (b), L e i oen These are the first long-term runs (3 months x 8 years) for
) 0 ... andright (c) panels show the results of of 1o I /7-km mesh NICAM without special tuning of the physical
o deth 3 the NICAM and IFS simulations, and the 4 f : 4 : 4f . . . .
- observations (re-analysis) by JRA/JCDAS 2} 1 2t I . packages — with improved NICAM, detailed understanding of
ol -, analysis, respectively. The total numbers 2 s SiE 7iE DRV A o oo 7w - - - b
o | - of selected dates for the MIO-active period the interactions across the scales ranging from meso-to
) 2 A gzrdﬂg;geja(;)' r(ebs)[;eaclzic\l/éfyz aégn?ccl)gli 287, Fig. 6 The occurrence of TC genesis in each phase of the MJO during the period of 2001 to pla neta ry phenOmena would be obtained when we have
| e T . ! | 2009 except 2003. Solid and open square bars indicate the occurrence for the MJO-active .
7 7 ‘ AL R
! A 5 o Sy L :)ntervalos6of (?j)’ (8)’ 38(6:] (c)zare 0.5x10°, period, shown by solid circles in Fig. 14, and the occurrence for the whole period of MJO, more COmpUtathnal resources at hand .
B B P RART). -8 x10°, lan Alll )i 1 d(m / S)h, ocat respectively. The left (a), center (b), and right (c) columns show the results of the NICAM
ey 5 S | N e respectively. Also plotted are the locations and IFS simulations, and the observations by IBTrACS, respectively.

= of TC is i h phase (solid circles) . K- - : - :
GG the aame maricn o€ (solid dlreles K-computer (Kobe, Japan) will be startlng_ its operation
next year, and then 7-km mesh NICAM will be run over more

- How the two models simulate the relationship between MJO and TCs are examined. - The ratio of the cyclogenesis frequency than several years to investigate statistics of these intra-
The distinct eastward propagation of convective anomalies associated with MJO is in the MJO-active period to that of the seasonal phenomena - pursuing the feasibility of extended
evident in all panels. For NICAM (Fig. 5a), the area of convective anomalies in phases whole period indicates that the contribution forecasts for tropical to mid-latitude regions.

3, 4, and 5 (active convection over the Indian Ocean to the maritime continent) is larger of MJO to cyclogenesis is prominent in the Weather, Climate and the Environment

than in the observations (Fig. 5c), while in the area in phases 2 and 7 (active convection sets of phases 3+4 and 5+6 as a whole
over the Atlantic Ocean) is smaller than that in the observations. Presumably, these in Fig. 6¢, and this characteristic is well Goal : Study on tropical cyclone trands insimulated gobal warming using

features are related to more active/inactive convection in NICAM compared to the captured in NICAM., R oomaraton
observations over the regions of the Indian Ocean to the maritime continent /Atlantic .

Ocean, reSpECHVEly. Current model (cloud parameterization)  Cloud resoiing model “@;‘"H gmoce

Goal 2; Study on the potential of extended forecast using NICAM

ohservation Global

- On the other hand, for IFS (Fig. 5b), the area of convective anomalies in Yield breakthroughs in extended forecasts for tropical prodicion
. . . - . id-latitud i “which aff J h of tropica

phases 1, 2, 7, and 8 is smaller in the region of the Atlantic Ocean to the African T = | . crione
continent than that of the observations. This is probably due to inactive convection in Suggest and evertualy demonsirate EREERY ool global
- warnming

Maddan-Juban Oscillaton (MJIO

IFS compared to the observations in the western hemisphere.

Goal 3: Development of application package of global change predictions
Complete integrated earth system models and standardize each component

= Realize seamless predictions of global environmental changes
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