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Introduction

Greater subgrid-scale WRF model, Tompkins and Semie (2017)
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Introduction

SAM model, Muller and Held (2012)
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WRF WRF0 SAM SAMO
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Numerical experiment

Physical parametrization

Parametrization SAM WRF
Radiation CAMS3 (Collins et al., 2006) RRTMG (Iacono et al., 2008)
Microphysics SAMIMOM (Khairoutdinov & Purdue Lin (Chen & Sun, 2002)

Surface layer

Subgrid-scale
turbulence
PBL

Randall, 2003)
Monin-Obukhov similarity

3D Smagorinsky

None

Revised MM5 similarity (Jiménez &
Dudhia, 2012)

3D Smagorinsky (Smagorinsky,
1963)

Yonsei University, YSU (Hong et
al., 2006)

Numerical Schemes

SAM

WRF

Time Integration

Explicit 3rd order Adam-Bashfort
scheme

Split-explicit 3rd order RK scheme
(Wicker & Skamarock, 2002)

Momentum Ad-
vection

2nd order centered finite differences

5th order upwind-biased horizontal;
3rd order upwind-biased vertical

Scalar Advection

5th order ULTIMATE-MACHO
scheme (Yamaguchi et al., 2011)

5th order upwind-biased horizontal;
3rd order upwind-biased vertical

Explicit mixing

None

6th order numerical diffusion

‘ Cs=0 (No lateral mixing) ‘

Domain: 768 x 768 km

Grid size: 3 km
SST 302 K
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z [km]

The onset of aggregation

Relative Humidity - domain average Cloud Fraction - domain average Vertical Velocity - driest and moistest Precipitating water - Domain average
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Large changes in WRF model for all parameters
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Small changes in SAM model for all parameters
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The onset of aggregation
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Energy spectra

Energy spectra between 3 and 10 km (initial 5 days)
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« Smaller turbulent mixing cause structure of smaller size and less energetic — WRF =-- WRFO

« Smaller size updrafts causes a decrease in TWP variance at larger scales
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Sensitivity to horizontal resolution
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z [km]

Sensitivity to horizontal resolution

Relative Humidity - Domain average
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« CSA s obtained in SAM3h also with decreasing low cloud
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« Large changes in the low level circulation
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Sensitivity to horizontal resolution

Wavelength (km)
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« SAMBS3h has a spectrum more similar to that of WRF

« Reintroducing large turbulent mixing at finer resolution ricreates larger and energetic structures.
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Conclusions

Wavelength (km)
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Why the role of mixing in CSA seems to be model dependent?
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Because at COARSE RESOLUTION also
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Shaping the SIZE and the
ENERGY of updrafts
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LARGER DISSIPATION at small scales (either provided by
turbulent mixing or numerical filters) causes LARGER AND

MORE ENERGETIC UPDRAFTS which are able to trigger
CSA and create LARGE-SCALE HUMIDITY
PERTURBATIONS even at finer resolutions.
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