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years) is noticed over
Cheongju region on 16 July
2017.
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O [Surface Weather charts
(KMA), MSLP (NCEP-FNL
data) shows that system has
developed in association

with Changma front passage.
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(c) 00UTC 16 July 2017

; Model domain and Numerical setup
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Horizontal Resolution 27km 9km 3km 1km
Number of grid points 132X132 244X244 331X331 406X406
Model Integration 48hrs 48hrs 48hrs 48hrs
Vertical levels 51 51 51 51
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Shin and Hong, 2015
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Latent heating rate computation from Microphysical Process

U Latent heating rate: f(microphysical process, latent heat

constant, specific heat capacity) —

(Li et al., 2017; Hjelmfelt et al., 1989; Guo et al., 1999). o = L% (Pan + Prs P G (1

Qrowp = Ly % {Fmp + Prap + Pgaup + Paap )/ Comme (2

0 1f=3.34*10"5; 1s=2.5*10"6; Iv=2.25*10"6; cpd=1005.7,
cpv=1870; Ges = Ly (Pent + Prs + Pz + P

(3
+an +P_+2xP ],.-'Cm,

Doty = Ly 2 (P P+ P + Py + Pg-nl“‘:pm- 4

U Six main transformation processes due to phase change Qup = L. X (Prtep + Pasep + Patop + Prce) [ Coms (5)
(warm and cold Microphysical processes, WDM®6).

Tup = 'Ls. * {Fls.lh + Ps:ub + Fg:ub:ln"lcprm (&)
U gcond=f(cond,rcond,cact) Qs = Gaon g + G+ G + G + Qe (7)

U grevp=f(evap,revp,gevp,sevp)

Q gfrz=f(ihmf,ihtf,gfrz,iacr,gacr,sacr,aacw) —
O gmlit=f(smlt,gmlt,seml,geml)

U gdep=f(idep,sdep,gdep,igen)

U gsub=f(isub,ssub,gsub)
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Description of various Microphysical process

cond condensation/evaporation of cloud water N2 3010 LiM ANBEHONG
raut autoconversion of cloud water into rain
saut autoconversion of cloud ice into snow @ ®)
gaut autoconversion of snow into graupel b
revp evaporation-condensation rate of rain \
sevp evaporation of melting snow
gevp evaporation of melting graupel
idep deposition-sublimation rate of ice
sdep deposition-sublimation rate of snow i
gdep deposition/sublimation rate of graupel #
imlt instantaneous melting of cloud ice ¢
o Snow
smlt melting of snow
= FI1G. 1. Flowchart of the microphysics processes for the prediction of (a) the mixing ratios and (b) the number
gmlt me|t|l’lg Of gl’aupe| concentrations in the WDM6 scheme. The terms with red (blue) colors are activated when the temperature is above
A (below) 0°C, whereas the terms with black color are in the entire regime of temperature. The added term compared
Seml enhanced meltlng Of snow with the WSMG6 scheme is circled in green in (a). Number mnwnnull:nh ofthe speciesin the green box in (b) are only
geml enhanced meItmg rate of graupe| predicted in the current scheme.
racw accretion of cloud water by rain
sacw accretion of cloud water by snow
gacw accretion of cloud water by graupel float PSEML OUT (Time, bottom top, south north, west east) ;
. - PSEML_OUT:FieldType = 104 ;
gacr accretion of rain by graupel PSEML OUT:Memoryordsr = "XYZ" ;
0 0 PSEML_OUT:description = "Enhanced melting of snow by accretion of water™ ;
sacr accretion of rain by snow BSEMI_ODT:units — kg kg-1 s-17 ;
= . . . PSEML_OUT:stagger = "" ;
lacr accretion of rain by cloud ice DSEMI_OUT: conrainates — "XLONG XIAT XTIME" ;
tion Of Snow b rain float PGEML_OUT (Time, bottom top, south_north, west_east) ;
H PGEML_OUT:FieldType = 104 ;
s (le and Hong, 201Gzcre . y EGEM_T_.:OUT:Memcryg}[]der = "xvz"
gacs accretion of cloud ice by graup9| PGEMI_OUT:description = "Enhanced melting of graupel by accretion of water” ;
. . . . PGEML_OUT:units = "kg kg-1 s-1" ;
raci accretion of cloud ice by rain BGEML_OUT:stagger = " ;
- - . PGEDﬂiOUT:CDOIdiDEteE = "XLONG XLAT XTIME" ;
gaci accretion of cloud ice by graupel float PSEVE OUI(Time, bottom top, south north, west sast) ;
= o o PSEVP_OUT:FieldType = 104 ;
saci accretion of cloud ice by snow PSEVE_OUT:MemoryOrder = "XYZ"
B WDM6 o o . PSEVP_QUT:description = "Evaporation of melting snow" :
igen generation (nucleation) of ice from vapor PSEVE_OUT:units - "kg kg1 s 1" ;
Egigiiggg;zziggiia;es :'"XLONG XLAT XTIME"™ ;

float PGEVP_OUT (Time, bottom_top, south_north, west_east) ;
PGEVP_OUT:FieldType = 104 ;

T - - PGEVP:OUT :MemoryOrder = "XYzZ" ;

“‘ Computatlon Of Iatent heatlng terms EGEVPiouTEde§crigtfil.cfn = "Evapofa?ion of melting graupel" ;
PGEVP_OUT:units = "kg kg-1 s-1" ;
PGEVP_OUT:stagger = "" ;
PGEVPi()UT:CDOIdiDEteE = "XLONG XLAT XTIME" ;

float PCACT OUT (Time, bottom_top, south_north, west_east) ;

. . :Field e = 104 ;
% Warming/cooling processes due to Feace o emoryorae: = "XiT" / . |
PCACT OUT:description = "rate of change of cloud drop concentration due to CCN act?
- PCACT OUT:units = "kg kg-1 s-1" ;
latent heat release/absorption e
s Condensation, freezing, deposition O amee e rsenampe = 04 s
- - MAPFAC?MfMZI:ZEiYOIi:; : ::Xz "s::a e factor on mass grid" ;
% Evaporation, melting and kerac it = e
SUinmation . Included these Microphysics variables from

WRF/MPAS Users' Workshop (6-9 June 2022), ~ module_mp_wdmé.F into WRF output
MMM, NCAR,USA



Spatial and Temporal Distribution of Rainfall
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Distribution of various microphysical production rates used for LH computation
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PIDEP_d4av_d04_TW(10~6 kg/kg/sec)
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Pressure (hPa)

Vertical distribution of Average latent heating rates over precipitation core region
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Comparison of Q1/Q2 (ERA5) and simulated LH
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+ Quantifying and understanding the
temporal evolution of latent heating
profiles can be useful

+ To understand the uncertainties in
microphysical terms and further
improvement.

-+ Proxy to test the sensitivity of different
microphysical schemes.

s Comparing Q1,Q2 distributions helpful to
discriminate specific heating processes in
atmosphere

+ To develop parameterizations of
organized convection for large scale
models that do not explicitly represent
cloud processes.

A.Madhulatha, Jimy Dudhia, Rae-Seol Park, M. Rajeevan (2022)“Simulation of latent heating rate from the microphysical

process associated with Mesoscale Convective System over Korean Peninsula” (Manuscript under review)
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