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SINTEX-F1 Coupled GCM
(Luo et al. GRL 2003, J. Clim. 2005a; Masson et al. GRL 2005)

1.  Model components:
AGCM (MPI, Germany):            ECHAM4.6 (T106L19)

OGCM (LODYC, France):         OPA8.2 (2° x 0.5°∼2°, L31)

Coupler(CERFACS, France):    OASIS2.4

*   No flux correction, no sea ice model

2.  International collaborators:
LODYC: OPA model group
INGV (Italy): A. Navarra’s group
MPI-Met: ECHAM model group
CERFACE: OASIS coupler group

OASIS: A useful coupler for SINTEXOASIS: A useful coupler for SINTEX--F models F models 
on the Earth Simulator (ES)on the Earth Simulator (ES)



Our history (from 2001)

• SINTEX at SX5 (2001-2002)

• SINTEX-F1 at ES (2002-2009.3)

• SINTEX-F2 at ES (2005-2009.3)

• SINTEX-F1,2 at ES2 (2009.4-)



SINTEX at SX5 (2001-2002)

• Original version (Italy-France):

ECHAM4.0 (f77, multi-tasking); OPA8.1;

OASIS2.4.0 (MPI2, no MPI1)

• New version (using 4 CPUs, 10-yr run):

ECHAM4.6(f90, MPI)



SINTEX-F1 at ES (2002-2009.3)

• 1st version(1-node, 220-yr run):

ECHAM4.6; OPA8.2; OASIS2.4.0

• 2nd version (3 nodes, not to be kicked out from ES):
ECHAM4.6; OPA8.2; OASIS2.4.1

Using MPI1: mpi_common_spawn does not work on ES

mpi_common_split is necessary

• 3rd version (for climate variation and prediction study):

OASIS was speeded up;

Model coupling physics was improved

�



1. Coupling fields:
Tau, E-P, Qnsw, Qsw

ECHAM4 �� OASIS2�� OPA8
SST

Technical points:
a) Mozaic (area weighted) interpolation scheme: 

SST, E-P, Qnsw, Qsw
b) Bicubic spline interpolation: Tau (wind stress curl 

is also conserved)
c) Ocean & atmosphere grid/coastline mismatch
d) Vector rotation to match with OPA coordinate

2. Coupling Frequency: Every 2 hours
3.  Initial condition:

ECHAM4: One year forced run by climatological SST
OPA8: Levitus annual climatology

4.  Parallel computation

The SINTEX-F1 Coupled GCM(1st version)



Parallel computation

1-node (A8:O1:C1), 220-year integrations

coupler couplercoupler

2-hr integration

2-h waitingOGCM

AGCM



ENSO period:
3-5 years

(200 years)

ENSO simulation
Luo et al. 2003

IOD simulation
Yamagata et al. 2004



SINTEX-F1 at ES (2002-2009.3)

• 1st version (1-node, 220-yr run):

ECHAM4.6; OPA8.2; OASIS2.4.0

• 2nd version (3 nodes, not to be kicked out from ES):
ECHAM4.6; OPA8.2; OASIS2.4.1

MPI2:   mpi_common_spawn does not work on ES.

MPI1: mpi_common_split is necessary

• 3rd version (for climate variation and prediction study):

OASIS was speeded up;

Model coupling physics was improved

�



Parallel computation (∼23% faster) :

coupler couplercoupler

2-hr integration

coupler

2-h

waiting
coupler

OGCM

AGCM

The SINTEX-F1 Coupled GCM(3rd version)

New Coupling fields:
Tau, E-P, Qnsw, Qsw

ECHAM4 �� OASIS�� OPA8
SST, Uo

Technical points:Vector rotation to match the coordinate of A-OGCM



Reducing the model climatology bias
Luo et al. J. Climate 2005a

Original bias:

After improving the coupling physics (velocity is now continuous across the air-sea interface):



Jun, SST Jun, Precip

May, Precip

Apr, Precip

Mar, Precip

May, SST

Apr, SST

Mar, SST

Impact of the barrier 
layer in the Southeast 

Arabian Sea to the 
monsoon onset

Masson et al. GRL2005



2.late
spring

3.summer

cRossby

Enhanced evaporation 
and moisture transport

Weaker coastal 
upwellings

1.winter

Ekman off-equatorial 
downwelling

Winter wind curl 
anomalies mostly 
created by ENSO 
and/or TBO

EQ

15ºS

Impact of western Arabian Sea upwelling to the West Indian monsoon 
Izumo et al. 2008, J. Climate



Nino3.4 SSTA prediction

Luo et al., J. Climate, 2008, 84-93.

ENSO prediction up to 2-year ahead:

Ensemble mean

Persistence

ACC

ACC

RMSE

0.5

Each member

(120º-170ºW, 5ºS-5ºN)



ENSO prediction skill of 10 coupled GCMs

Nino3.4 index
(1982-2001)

Adapted from Jin et al. 2008, APCC CliPAS



Luo et al. J.Clim. 2007; GRL2008

Real time forecasts (27-member)
http://www.jamstec.go.jp/frcgc/research/d1/iod/index.html

(90º-110ºE, 10ºS-0º)

(190º-240ºE, 5ºS-5ºN)
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Jul Jan

Jul
Jan Jan Jan Jan

Jul Jul Jul

Press Release October 16, 2006

「The World‘s First Successful Prediction of the Indi an Ocean Dipole Mode 
(IOD)

- Alleviate Social Loss Caused by Floods and Drought  -」

http://www.jamstec.go.jp/jamstec-e/PR/0610/1016/index.html10／17 読売新聞
10／17 日本経済新聞
10／17 日刊工業新聞
10／17 毎日新聞
10／17 時事通信
10／17 朝日新聞
10／18 日本海事新聞
10／30 シンガポール聯合早報
11／10    THE ASAHI SHIMBUN

….

24 Oct 2007, The Weekly Times

Societal 
impacts 
of IOD 
forecasts23 Apr 2008, The 

Weekly Times

Forecasts from 
1 April 2008



http://www.jamstec.go.jp/frcgc/research/d1/iod/index.html



SINTEX-F2 at ES (2005-2009.3)

• Tuning ECHAM5(and developing OPA9 by 

LODYC group)at ES
• 1st version: 

ECHAM5.3.0 T106L31; OPA8.5 0.5°x0.5°; OASIS3_2-3

• 2nd version:
ECHAM5.3.2; OPA9+LIM2; OASIS3_2-5_para

• 3rd version:Many tunings for the CGCM performance 
(still ongoing)

�



Scalability
Real Time (w/wo ftrace)ECHAM5 T159L31 7days integration

 (with ftrace)
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Elapse for top 10 routine (ECHAM5 T159L31 60CPU NPROCA=60 NPROCB=1 Original Version)
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01mo_mpi.p_sendrecv_real_4d

02mo_mpi.p_recv_real_3d

03mo_tpcore.fct_x

04mo_mpi.p_wait

05cloud

06vdiff

07mo_tpcore.tp2d

08sym2

09mo_tpcore.map1_ppm_gp

10mo_transpose.reorder3



Elapse distribution by FTRACE (echam5 T159L31 60CPUs t34)
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01deb_barrier4
02cloud
03mo_tr_fls.tr_fs_ls
04vdiff
05mo_tpcore.tp2d
06sym2
07mo_tpcore.map1_ppm_gp
08mo_transpose.reorder3
09mo_netcdf.io_put_var_double
10ltd
11mo_tpcore.ppm2m
12cover
13dgemmnt
14mo_tpcore.fct_x4
15rrtm_rtrn1a_140gp
16mo_mpi.p_recv_real_2d
17sccd
18mo_mpi.p_sendrecv_real_4d
19mo_mpi.p_wait
20cuasc
21mo_tpcore.fyppm
22mo_fft.qpassm
23mo_fft.rpassm
24cuadjtq
26mo_tpcore.ytp
27scan1
28hdiff
29cumastr
30dyn
31deb_barrier3
32mo_tr_fls.tr_fs_ls.alloc_fs_ls_buf
33mo_tr_fls.tr_fs_ls.alloc_fs_ls_buf
34si2
35cuini
36mo_tpcore.steepz
37swni
38lti
39rrtm_gasabs1a_140gp
40mo_mpi.p_send_real_3d
41deb_barrier5
42mo_io.io_open
43mo_tpcore.tpcore
44cuflx
45mo_transpose.gather_gp2
46mo_tpcore.air_mass_flux
47swde
48mo_mpi.p_recv_real_3d
49si1
50cududv
51mo_scan_buffer.m_buftrow
52mo_mpi.p_start



SINTEX-F2 (1st version)

Improved 
simulation of the 
Pacific SST 
seasonal cycle

ECHAM5 T106L31; OPA8.5 0.5°x0.5°; OASIS3_2-3 (80-yr run)



SINTEX-F2 at ES (2005-2009.3)

• Tuning ECHAM5(and developing OPA9 by 

LODYC group)at ES 
• 1st version: 

ECHAM5.3.0 T106L31; OPA8.5 0.5°x0.5°; OASIS3_2-3

• 2nd version:
ECHAM5.3.2; OPA9+LIM2; OASIS3_2-5_para

• 3rd version:Many tunings for the CGCM performance 
(still on-going)

�



Pseudo-parallélisation
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2 OASIS and 8 OPA (10 cpus)

1 OASIS and 16 OPA (17 
cpus)

Results summary
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The SINTEX-F2 Coupled GCM (2nd version)

1. Coupling fields:
Tau, E-P, Qnsw, and Qsw over water, Tau, E-P, 

snow fall, Qsw, Qnsw over ice, 10m wind speed,  non-solar 
heat flux derivative

OASIS
ECHAM5  �� OASIS�� NEMO

OASIS
SST, Uo, sea ice cover, (ice temp., thickness, and 

albedo)*ice fraction

We are using 6 CPUs for OASIS3

2. Coupling Frequency: Every 2 hours
3.  Initial condition:

ECHAM5: One year forced run by climatological SST
OPA9: Levitus annual climatology

��

����

��



SINTEX-F2 (2nd version)

Surface wind

Precipitation

Surface wind

Sea surface temperature

T319

0.25°°°°

T319

ECHAM5 T319; OPA9+LIM2 0.25°x0.25°; OASIS3_2-5_para (7-yr run)



Clock

Vect. perf.

CPU num.

Vect. perf.

Memory

Comm. speed
betw. nodes

Total nodes

FLOPS

Memory

Network 
Topology

Ratio: ES2/ES

Differences between ES2 and ES



SINTEX-F1,2 at ES2 (2009.4-)
Performance in ES2(compared to ES)

• SINTEX-F1: 
1-node: ∼1.5times slower

3-node: ∼3 times slower

Main problem:large idl time; slow communication; short 
vector length

• SINTEX-F2:
4-node: ∼3.5times slower

Main problem:Slow MPI communication (within 
individual model and between models); NEMO has large netcdf
I/O time; short vector length. 



SINTEX-F1: 1-node (A8:O1:C1)

• Real Time (sec)               :       2774.242390
• User Time (sec)               :       1095.205480
• Sys  Time (sec)               :           15.014430

ECHAM4 (8 CPUS): CPU time Frequency Vect. Len.                                         Bank conflict network
• lwtt 56678400  1220.311( 17.5)     0.022  12894.2   5439.7    99.11 184.9 1102.586   0.229   0.277    0.026  553.802
• mo_mpi.p_sendrecv_real_4d 403200     687.967(  9.8)       1.706    325.8     0.0        95.10 53.6 614.906    4.100   4.481    1.323  525.744
ECHAM4 (8 CPUS): Elapse time Elapsed time    Comm. Time
• mo_mpi.p_stop 653.656     653.656 0.178                 0.0           0       0.0 
• mo_mpi.p_bcast_int_i8 630.779     630.764                 12.634      8.0       49760     388.8K
• mo_mpi.p_sendrecv_real_4d 233.601     233.287                231.711              543.4K     806400     417.9G
• mo_netcdf.io_put_var_double 205.631       0.000                  0.000 0.0           0       0.0 
• lwtt 164.481       0.000                  0.000 0.0           0       0.0 

Oasis2.4.1 (1 CPU): CPU time (231.350 sec.)
• mozaic 3240   101.002( 43.7) 31.173   1669.6    403.9   96.76  97.2 95.352 0.002   0.004    0.169   74.251
• extrap 1440    56.646( 24.5) 39.337    729.0     77.9    50.11   30.1 18.997   0.007  21.468    0.037   15.052
• clim_import 4667    17.569(  7.6)       3.764     270.6      0.0     93.51    46.7 15.283   0.306   0.265    0.030   13.089
Oasis2.4.1 (1 CPU): Elapse time
• clim_import 1177.983    1145.089      0.972 1144.745      0.972    313.2K       4667       1.4G
• clim_quit 1027.089    1027.079      1.000       0.038      0.000      0.0           0       0.0 
• mozaic 110.482       0.000    0.000 0.000 0.000 0.0           0       0.0 
• clim_start_mpi 93.211         93.197         1.000  93.197      1.000     17.0K          4      68.0K
• clim_export 72.969         44.944         0.616      44.092      0.604    298.7K       4680       1.3G

OPA8.2 (1 CPU): CPU time (162.483 sec.)
• clim_import 2520    25.866( 15.9)    10.264  243.1      0.0       93.81    42.1 23.142   0.157   0.151    0.045   19.862
• diabld 720    19.461( 12.0) 27.029   1135.3    219.6   92.26   255.8 0.299   0.003   2.840    0.036    0.076
OPA8.2 (1 CPU): Elapse time
• clim_import 956.994     939.403      0.982  939.308      0.982    211.9K       2520     521.4M
• restcom.restdefv 776.015       0.000      0.000 0.000 0.000 0.0           0       0.0 
• histcom.histwrite_real 208.089       0.000      0.000 0.000 0.000 0.0           0       0.0 



SINTEX-F1: 3-node (A20:O1:C1)

• Real Time (sec)               :       1938.914877
• User Time (sec)               :        468.200321
• Sys  Time (sec)               :         276.778289

ECHAM4 (20 CPUS): CPU time Frequency                                                       Vect. Len.                                         Bank conflict network
• lwtt 56678400  1216.601( 15.4)      0.021   12933.5   5456.3   99.11  184.9 1099.216   0.126   0.122      0.030    550.900
• mo_mpi.p_sendrecv_real_4d 2736000   892.849( 11.3)        0.326      799.8     0.0       97.23 98.9 752.402      19.505  21.051    2.837 624.414  
ECHAM4 (20 CPUS): Elapse time Elapsed time    Comm. Time
• mo_mpi.p_bcast_int_i8 721.610          721.592                717.365   8.0      124400     971.9K
• mo_mpi.p_stop 616.027           616.027            615.901                 0.0           0       0.0 
• mo_netcdf.io_put_var_double203.230              0.000                  0.000 0.0           0       0.0 
• clim_import 162.474          152.267       152.217               400.0K       2160     843.8M
• mo_netcdf.io_enddef 157.957              0.000                  0.000 0.0           0       0.0 

Oasis2.4.1 (1 CPU): CPU time (218.457sec.)
• mozaic 3240   101.102( 46.3)    31.204   1667.9    403.5    96.76     97.2 95.460   0.001   0.002    0.169   74.356
• extrap 1440    56.848( 26.0)    39.478    726.4     77.6      50.11     30.1 19.097   0.006  21.562    0.037  15.150
• rmaxim 28080    16.963(  7.8)     0.604      742.7     64.6      20.58   255.9 0.046   0.006   7.544    0.000     0.006
Oasis2.4.1 (1 CPU): Elapse time
• clim_quit 983.840     983.830      1.000       0.064      0.000      0.0           0       0.0 
• clim_import 491.892     465.864      0.947   465.733      0.947    313.2K       4667       1.4G
• mozaic 101.132       0.000     0.000 0.000 0.000 0.0           0       0.0 
• clim_start_mpi 87.786      87.771      1.000      87.771      1.000     17.0K          4      68.0K
• extrap 56.886       0.000    0.000 0.000 0.000 0.0           0       0.0 

OPA8.2 (1 CPU): CPU time (147.139sec.)
• diabld 720    19.419( 13.2)    26.970   1137.8    220.1    92.26     255.8 0.303   0.004   2.872    0.024    0.081
• isrchfge 12060720    12.868(  8.7)     0.001      383.3     24.0      82.51     68.5 4.509   0.001   0.096    0.000    3.683
OPA8.2 (1 CPU): Elapse time
• restcom.restdefv 768.606       0.000      0.000 0.000 0.000 0.0           0       0.0 
• clim_import 261.297     248.282      0.950   248.197      0.950    211.9K       2520     521.4M
• histcom.histwrite_real 191.712       0.000      0.000 0.000 0.000 0.0           0       0.0 



SINTEX-F1,2 at ES2 (2009.4-)
Performance in ES2(compared to ES)

• SINTEX-F1: 
1-node: ∼1.5times slower

3-node: ∼3 times slower

Main problem:large idl time; slow communication; short 
vector length

• SINTEX-F2:
4-node: ∼3.5times slower

Main problem:Slow MPI communication (within 
individual model and between models); NEMO has large netcdf
I/O time; short vector length. 



SINTEX-F2: 4-node (A16:O8:C6)
• Real Time (sec)               :        1402.496494
• User Time (sec)               :        1387.978568
• Sys  Time (sec)               :               5.874619

ECHAM5(rank 0): CPU time(1286.988) Frequency                                                       Vect. Len.                                         Bank conflict network
• mo_mpi.p_stop 1     901.526( 70.0) 901525.521    305.1      0.0     53.87 96.2 195.689   0.008   0.010    0.877   167.382
• mo_couple.couple_init 1   164.169( 12.8)     164168.679    974.3      0.0     98.62    120.0 149.560   0.004   0.006   0.822   123.405
• mo_mpi.p_wait 13201    33.673(  2.6)      2.551              949.9      0.0     97.48     123.0 29.365   0.142   0.390    0.156     24.418
• cloud                                                      8400 18.322(  1.4)       2.181          17171.4   6562.7  99.55   177.6 16.741   0.116   0.264    0.217        8.886
ECHAM5 (rank 0): Elapse time Elapsed time    Comm. Time
• mo_mpi.p_stop 903.092         903.086      1.000     213.246      0.236      0.0           0       0.0
• mo_couple.couple_init 164.602         164.361      0.999 164.348      0.998     55.6K         28       1.5M
• mo_grib.out_stream.write_grib 56.61               0.000      0.000 0.000 0.000 0.0           0       0.0
• mo_mpi.p_wait 33.730           33.611 0.996      31.657      0.939    174.1K      60000      10.0G
• mo_couple.couple_get_o2a   30.303           11.220      0.370      11.210      0.370    400.0K        360     140.6M

Oasis3 (rank 0): CPU time (1387.873sec.)
• waitpc 1   910.864( 65.6)     910863.845    956.3      0.0     98.48    119.9 823.759   0.010   0.015    4.467  681.510
• getfld 120   252.274( 18.2)        2102.285     923.1      0.0     98.61   120.0 230.806   0.055   0.066    1.196  192.752
• inicmc 1   167.418( 12.1)    167417.991     971.1      0.0     98.60    119.7 152.409   0.036   0.054    0.835  125.730
• mozaic 240    51.061(  3.7)           212.756   1627.1      390.5 95.99     95.6 48.239   0.001   0.001 0.085       37.609
Oasis3 (raqnk 0): Elapse time
• waitpc 912.820    912.816      1.000     905.250      0.992      0.0           0 0.0
• getfld 258.515  252.473      0.977     252.378      0.976    371.1K        649     235.2M
• inicmc 169.150    168.643      0.997     167.570      0.991      4.9K        163 791.3K
• mozaic 51.135   0.000      0.000 0.000 0.000 0.0           0       0.0

NEMO (rank 0): CPU time (942.714sec)
• lib_mpp.mppsync 1   478.335( 50.7)     478335.435    517.9      0.0    57.62    120.0 117.949   0.005   0.008    0.778  100.825
• lib_mpp.mpprecv 90182   219.795( 23.3)         2.437    959.7      0.0    98.58   120.2 199.968   0.193   0.185    1.087  165.548
• Cpl_oasis3.cpl_prism_recv 3240   191.558( 20.3)             59.123   947.2      0.0    98.62    120.3 174.833   0.086   0.099    0.928  145.307
NEMO (rank 0): Elapse time
• lib_mpp.mppsync 478.532     478.532 1.000     213.060      0.445      0.0           0       0.0
• nf90_tools.nf90_write_data 366.823       0.000      0.000 0.000 0.000 0.0           0       0.0
• lib_mpp.mpprecv 219.866     219.659      0.999 219.017      0.996     25.5K      90182       2.2G



Problemsand Things to do
SINTEX-F1 at ES2 (30-day integration):

AGCM    CGCM     idle time? CPUs (A:O:C)

1-node:       20            47              27             8:1:1
3-node:      13            32               21           20:1:1

SINTEX-F2 (5-day integration):
4-node:       8        23(=OASIS3) <1           16:8:6

�OASIS2&3 (and AOGMs) need to be speeded up (in particular, 
MPI communication)

�solve NEMO netcdf I/O problem

Please give us your advice and helps!



THANK YOU!THANK YOU!


