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Reproducibility in the global model

. Diurnal cycle of precipitation over the land is
explicit models : _
(CRMs) poorly reproduced in conventional GCMs
—————————— Low resolution High resolution High resolution Low resolution
sunrise RO GCM GCM GCRM GCRM
improvement
parame_trization S | |
(S CMS) B . A Local
Toa e arly T T T Time
start Observed
=) precipitation Sato et al., 2008
i noon s Low-resolution Global Cloud-Resolving
Guichard et al., 2004 Simulation shows late peak of precipitation

Motivation of this study
e Super-high resolution global simulation can reproduce the diurnal cycle of
the precipitation well?
e How fine resolution is required to reproduce?
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Experimental Setting

NICAM (Satoh et al., 2014, PEPS)

e Horizontal resolution : 14km, 7km, 3.5km, 1.7km, 0.87km
e Vertical : 94layers up to 40km

e Same slope of topography and land-ocean distribution are used in all
experiments

e Physics
e No convection parameterization schemes

e Cloud microphysics: one-moment bulk (Tomita et al., 2008)

e Radiation : mstrnX (Sekiguchi and Nakajima, 2008)

e Surface flux : Louis-type scheme (Uno et al.,1995)

e Turbulence : MYNN Iv.2 (Nakanishi and Niino, 2006; Noda et al., 2010)
e Land: bucket, Ocean: slab ocean
Simulations on the K computer
e 3-days spin-up with lower resolution from 20120822UTC
e 2-days simulation
e 163840 cores are used for 0.87km run with 230 TFLOPS

>
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"Big-data’ analysis

Every 30min Snapshot for 0.87km run: ~3TB
X 48 steps (for last 1day output) = 160TB

. 4

Grid remappi
from icosak

Analysis on
latitude-longitude grid icosahedral grid
2 months on the post-process cluster 1 hour on the K computer
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Animation of total hydrometeors (00-24UTC)
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Simulated Diurnal Cycles of the Preciprtation
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In the tropics (15°'N-15"S)

e Early morning peak over the ocean is well reproduced

e Diurnal cycles over the land show resolution dependency
: the peak maximum appears earlier and larger with increasing the horizontal
resolution
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Diurnal Cycles over the land in the tropics

Lower resolution experiments
- Larger CAPE in daily mean

: The large grid spacing needs more energy to
activate the convection

 Precipitation starts after decreasing
CAPE and the boundary layer height

: Mechanical forcing such as orographic lift is more
Important

Higher resolution experiments

- Rapid increase of CAPE in the morning

- One possible cause : resolved small local
convergence of moisture?
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Precipitation [mm/dy] Diurnal Cycles over the land in the tropics

Resolution dependency of the
precipitable water

- Daily mean PW increases with increasing
the horizontal resolution from A14 to A3.5

 The difference between A3.5 and A1.7 is
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Max. vertical velocity [m/s]
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not so large
saLroiPiEDle water [kg/m ] Resolution dependency of the
\/\"‘ start time of peak
7.0 — wow - The precipitation starts earlier in A1.7 and
300 — o | AQ0.87. The convection activities also
P00 200 24:00 shows early start
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Altitude [m)]

Diurnal Cycles over the land in the tropics
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What is the cause of change
between A3.5 and A1.7?
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A1.7 in the middle troposphere in
the morning, but precipitation was
not significant until the afternoon

- The grid spacing affects not only
moisture transport from the
boundary layer to the middle
troposphere, but also the rapid
formation of rain
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summary

The diurnal cycles of precipitation over the land in the tropics
(15°N~15°S) show clear resolution dependency

 In the lower resolution experiments (A14~A7), precipitation peak appears around
midnight and peak amplitude is weak

* With increasing the horizontal resolution, the timing of precipitation peak appears
earlier and the peak amplitude becomes larger

- The higher resolution experiments have the ability to reproduce
weak convection with precipitation in the late morning

* The characteristics of the diurnal precipitation cycle changed at a grid spacing of
around 2-3 km.
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Possible cause of overestimation of the precipitation maximum

A1.7~A0.87 experiments overestimate precipitation maximum?

* In this study, no schemes to explain the sub-grid scale
entrainment were adopted

 The artificial fourth-order hyper-diffusion term can act as an entrainment/
detrainment term
* The simulation resolved the deep convection with multiple grids
in the A1.7 and AQ.87

- Scale-selective hyper-viscosity can lose the role of the entrainment term at
these resolutions?

« We have to incorporate eddy-viscosity term to explain the effect of lateral
mixing
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