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e Radiative forcing of climate in past 260 years ( IPCC
AR5 )

Radiative forcing of climate between 1750 and 2011
Forcing agent

CO,
Well Mixed
Greenhouse Gases Other WMGHG
Q Ozone Stratospheric |+ f<x4
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% Stratospheric water
o vapour from CH,
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T Black carbon
= Surface Albedo Land Use| +| i o Show
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. . . . _ ALog(LWP)
- Geographical distribution of (A ==7755)
(Michibata et al. 2016) o\ A-Train
60N Tz ——— =2 >
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20N N
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-1 -0.75 -0.5 -0.25 -0.1 O 0.1 025 05 075 1

d In(LWP) / d In(Nc)
* Aestimated by GCM is positive almost over the world

* Aestimated A-train satellite observation has regional variability

* A estimated by GCMs in the world shows same pattern (Zhang et al.

2016, Ghan et al. 2016, Wang et al. 2012)

S ETOGCMs [FE2f8MENR FZAKREFM L =TT

D TIE? (FRENICAMTERESH)

Speculation of the overestimation

@ Large Autoconversion/Accretion ratio in GCM (Gettelmann et a

Cloud susceptibility
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Observation(A-Train)

b

dIn(te) / d In(Ny) -dIn(rg) / d In(N)
Process-oriented metri

d In(LWP)‘ /d In(Ng)

ﬁ GCM cannot resolve the cloud and cloud life cycle
1

‘Computational Climate Science Research

IMATE Sato et al.(2017) in preparation
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NICAM ( global model )
Our research community (NICAM research community)’ approach:

Resolve the cloud system & related process over the globe

NICAM development : ~2000
still development is continuing!
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Conceptual development philosophy

* Explicit resolving the cloud itself

E75E

e

P
7

X

e Use of Icosahedral grid
— To get a quasi-homogeneous grid for
computational efficiency

* nohydrostatic DC
— To resolve cloud scale (deep convection,
shallow cloud etc.)
» Sophistication of cloud expression:

— To avoid the ambiguity of cumulus
parameterization and understand the cloud

dynamics




Deep convection : Global sub-km experiment

| Miyamoto et al.2013, GRL
Grand Challenge on K computer! Mivamato et al. 2015, ASL

~Use of %~full system of K-computer™ Kajikawa et al. 2016 PEPS
e Scientific scope: Yashiro et al. 2016 SOLA
— R TOX DT L ? (AZENTAED)

REEE LT EE TN RO M I E ST
e B MBET L BT R RO RE)

e Grid refinement:

— Horizontal grid:
30, 14, 7,3.5, 1.7
0.87km

~ Vertical layer: 96 NICAM 870 m - 96 levels

* Initial condition: . .
_ 3-day integrated Real Case Simulation: 25 - 26, Aug., 2012

results of 1-step
coarser
resolution

SPIRE field-3: Study of extended-range predictability using GCSRAM
/\ RIKEN / AICS: Computational Climate Science Research Team
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Essential Change of convection statistics(1)

A14.0 km

(=)
(=)

6420246 Ba20246 Bacoo4s6|%s20246 % 420246
X (grid) X (grid) X (grid) X (grid) X (grid)

Figure 3. Radius-height cross sections for composites of vertical velocity w for all detected convections in each simulation.
The horizontal axis is the number of horizontal grids.

Convection is represented at multiple i
grids i
Intensify w/ resolution i

‘Computational Climate Science Research Team / AICS/ RIKEN



Essential Change of convection statistics(2)

(@) number of convection (b) distance between convection
. 0.25 '
N A14.0
N
. N o O 2 A?.O
\ o
10°} N S m— \3.5
[ AN > —
_ N 2 o5l A1.7
] —
2 by
0.1
10*} 5
O o
e
"= 0.05
, ]
L L L L L O L L
10798 17 35 7 14 0 4 5 10
A (km) number of grid

Figure 4. Resolution dependencies of convective features: (a) number of convective features and (b) grid distance to the
nearest convective feature. The thin dashed line in (Figure 4a) indicates a log A* crossing at the point of A14 as a reference.

The convection structure, number of convective
cells, and distance to the nearest convective cell

Gv\ dramatically changed around 2.0km




More detail in 0.87km simulation
« ERELAMIZREFLEZIZ, EALEWNDHSH ? ( MIO, TC, or Mid-

latitude front )
— convection structure and intensity

1 x 10_4 Number density of convection

(a) 8 Convection distance (b) x 10™° convergence

4 }?g%f 1. égza;

-2

(km)
B
Divergence (s'1)

|
—_

o 0 1000 2000 3000
Globe MJO TC MDL FRT Globe MJO TC MDL FRT CAPE (J kg_1)

c) CAPE (d) Vertical wind shear

1000 30 MJO: Large CAPE /Weak convergence

800
600 ~20 TC: Strong convergence/Small CAPE
2400 )[ o 10 % { MDL & FRT: Strong vertical wind

200 L

I ¢ 1

shear/Small CAPE

OGIC-)be MJO TC MDL FRT OGIobe MJO TC MDL FRT

[Discussion] Differences may be attributed to the environmental fields of the convection (i.e., the
disturbances themselves: CAPE & convergence) => Miyamoto et al.(2016,JGR)

[Future] should be examine the interactions between convection and disturbances

‘ based on longer period datasets with higher resolution.

e . Other papers:
" y — Difference in convection structure and intensity in land and ocean? (Kajikawa et al. 2016, PEPS)
CLM/{AZ'é —  Convergence of diurnal cycle? (Yashiro et al. 2016, SOLA)

Computationsl Climate:
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Z£fl(Z. deep covection

TP BERDIEEDIBEDIEZR AL
e NICAM 3.5kmMSMIOER D ZER I Rr—)L
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Convection density B20128825-12UTC : log2{#} / { ldeg X 1deg »

T T 9
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{85*Y— )L SCALE ( library for met./clim. simulation )

Physical process library
Regional dynamical core

</

SCOLE

Scalable Computing for Advanced Library and Environment

Dynamics in regional model

* Governing equations:
3-dimensional fully compressible
* Grid system:
Arakawa-C type
* Temporal integration:
HEVE, HEVI, HIVI
* Temporal difference:
3 steps Runge-Kutta scheme
e Spatial difference:
nth order central/upwind difference
* Topography:
Terrain-following
e Positive definitive:
FCT scheme

_~ Other

* Offline/Online nesting system
e LETKF assimilation system

Physical schemes

Cloud microphysics:

Kessler (Kessler, 1969)

1-moment bulk (Tomita et al., 2008)

2-moment bulk (Seiki and Nakajima, 2014)

1-moment bin (Suzuki et al., 2010)

super droplet method (Shima et al., 2009, experimental)
Turbulence:

Smagorinsky SGS (Brown et al. 1994, Scotti et al. 1993)
MYNN level 2.5 (Nakanishi and Niino 2004)

Cumulus parameterization:

Kain-Fritsch (in preparation)

Radiation:

MSTRN-X (Sekiguchi and Nakajima, 2008)

Aerosol microphysics:
3-moment bulk (Kajino et al., 2013, experimental)
Surface flux:

Louis-type (Uno et al. 1995)

Beljaars-type (Beljaars and Holtslag 1994, Wilson 2001)
Land:

Slab model with a bucket model

Ocean:

Slab ocean model

Urban:

Single-layer urban canopy model (Kusaka et al., 2001)




SCALEENICAM D BH{%

Physical process library
Regional dynamical core

Nishizawa et al. (2015,GMD) Global dynamical core
Sato et al. (2015,PEPS) Tomita et al.(2001,2002,JCP)
Yoshida et al. (2017) PARCO. Tomita & Satoh (2004,FDR)

AVAV
C/D AVAVNICLAM

SCOLE = Dynamical Core Package

Scalable Computing for Advanced Library and Env

ESCALATE!
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[ Sato et al.2015, in revision, ASL J
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