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Mars » Global Dust Storm

http://marsrovers.jpl.nasa.gov/gallery/press/spirit/20050527a.html
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8000m % (B000m#BE) June 286, 2001 September 4, 2001

Hubble Space Telescope » WFPC2
NASA, J. Bell {Cornell), M. Wolff (SS), and the Hubble Heritage Team (STScl/AURA) » STScl-PRCO1-31
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Spiga and Lewis (2010)




FUESTPS /)

- SCOLE
« Kanak et al. (2000) - dx =35m, Lx = 3.01 kni™ e
« Kanak (20095) ‘dx= 2m, Lx=0.74 km

 Ohno and Takemi (2010q): dx = 3 m, Lx =0.999 km
« Ohno and Takemi (2010b): dx =10 m, Lx =2 km

 [fo et al. (2010) :dx=50m, Lx =4.5km
 Raasch and Franke (2011): dx= 2m, Lx=4km
 [to et al (2013) ;dx= 5m, x=1.8km
o KB
« Rafkin et al. (2001) :dx =100 m, Lx = 18 km
» Taigo et al. (2003) ;dx= 10m,Lx= 2km

2 T onAd DRichardecan (2002 Av — 100 m Iv—10 Lk

Nishizawa et al. (2015): dx=5m, Lx=19.2 km

* VIICNQETS (Z0U0] T OX — ZoMm, IX= ZJ335Km
» Spiga and Forget (2009) :dx=100m, Lx =15 km
« Spiga and Lewis (2010) ;dx= 50m, Lx= 7.25kng

. « Gheynami and Taylor (2011): dx= 25m, Lx= 5km GFDgy
CLimw Spiga et al. (2016) & Y =
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e SCALE-LES ver. 3

RIKEN AICS TB#%E L7-dLarge-Eddy Simulation (LES) &F )V
ENEAIGHREEE TOEOIETIPERE (BhiE 5 99%@ [3¢] )
SRR 2 OEME L O 2TV A N2 Xk DE%
ZF—7" 2V —R (hitp://scale.qics.riken.jp/)
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SCALE Computational performance
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performance @ K computer

* above 10% of peak performance (dynamical core)

* 5~8% for full simulation (including I/O)
* about 100% weak scaling up to full system (663,552 cores)
* good strong scaling

Weak scaling Strong scaling
256
40 ota Mamics e Physic:
Total 1/0 Dy Dynamlcs Physics
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A Cost-effective Online Nesting Procedure

ronmet

. [ Y
Conventional CONeP Common domain1  domain2 @ domain 3 E
0006 -0 (T)oemﬁlgm? ? grid space 27 km 9 km 3 km )
Qo - D000 #grid (nx, ny,nz)  80,80,48 80,80,64 80,80,80
PD: fime. toTI s INTERCOMM time interval 275 9s 3s
= S time steps 50 150 450
CD: fitey. to T1 PD: integ. 0 T1 § ¢p; time 1011
el CNV domain1 | domain2 | domain 3
PD: intég toT2 : o) #node (mx, my) = 10,10 10,10 10,10
PD: M toT2  time o
. ST #qrid /tile (Ix, ly) 4,4 6,6 10,10
. e CONeP domain1 | domain2 | domain 3
PD: integ. to T3 CD: f:.'?ez. toT3 #n Od e (mx, my) 2’ bl 4' 4 8, 10
_ #grid/tile (Ix, ly) 40, 40 20,20 10,8
continue \_ continue continue Yy

elapsed time

209s

16.8s

Performance Experiment on K computes 1350s time integration

CONeP

elapsed time

20% faster!

61.3s

449s

27% fa

-

\"

Yoshida et al., 2017: CONeP: A cost-effective online nesting procedure for regiorlllal

atmospheric models, Parallel Computing.
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o SGSHELWEETIV: Smagorinsky-Lilly type, Brown et al. (1994)
o MhER 7 F v 7 Z: Louis (1979), Uno et al. (1995)
o T4t 1&§ﬁiﬁﬁ(ofﬂine§+%): Odaka et al. (2001) (1IDEFINV)
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| 100mBB 50mEB | 25mKR | 10mFH | 5mAH
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i
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Vertical velocity
distribution




Dependency on height (5m run)
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red: upflow, blue: downflow

Narrow and strong upward flow
Finer structure at lower level
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Dependency on resolution (z=200m) UD
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100m run 50m run 25m run

4800 ——mM @ ———— —— 1 4800 ——————————— 77— 4800 —————————————————T———

4000 | B 4000 | 4 4000 | 4

3200 - 3200 g 3200 - e
10.00 10. 100
> 2400 | 1M ;00 2400 | .l . > 2400 | 1
0.00 0.0 0.00

1600 - - 1600 | - 1600 | -
-5.00 -5 -50

800 | - 800 | - 800 | -
-10.00 -1 -10.

0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
0 800 1600 2400 3200 4000 4800 0 800 1600 2400 3200 4000 4800 0 800 1600 2400 3200 4000 4800
X X x

10m run 5m run

4800 ———T———T T 4800 ———r————————————————————
B ;
- 4 1/16 d i
& Y omain
4000 & 4000 - p K ol
o 14:30LT
x , .
o~ \
3200 - 4 3200 | - 4 =l
{ -
10,00 W, 34 § 10.00
f»rr/ B
> 2400 |- = 5.00 2400 |- & Al 5.00
0.00 ~ 3 0.00
1600 - g 1600 | J 4
-5.00 3 -5.00
800 A -~ 800 4
-10.00 -10.00
0 1 1 1 1 I o ; I I 3 I 1 1
o] 800 1800 2400 3200 4000 4800 0 800 1600 2400 3200 4000 4800

X X



Scalable Computing for Advanced Library and Environment

Turbulent statistics




Vertical profiles
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Energy spectrum
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Convective vortices




Pressure distribution C/D
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Vertical vorticity (5-m run) C/D
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Frequency distribution C/D
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Number frequency distribution of isolated vortices

height dependency (dx=5m) resolution dependency (z=62.5)
(9




Assuming the Rankine’s vortex
(5bm run, 62.5m height)
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Maximum wind speed
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¢ 20x20km? domain PBL experiment with
5-m resolutions

o Fine structure at lower level is represented with such high
resolution simulation
* |t affects on surface flux

o Frequency distributions of convective vortices are
obtained

« A exponential distribution: intensity of vorticity
« A power law distribution: radius, circulation
« A Weibull distribution: maximum speed, pressure drop

h‘ : Nishizawa et al. (2016) GRL do0i:10.1002/2016GL068896
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