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Background : OBS vs NWP

Annual precipitation trends No. of annual extreme precipitation
(1901-2012/ 1979-2012) records in HadEX2 (1901-2010)

C HadEX2 Observation Data Results - Number of years with precipitation data available - Max PRCP 1901-2010
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[Asadieh and Krakauer, 2015]

» Frequency of extreme precipitation
increased based on observations

« However, most of the models produce light
precipitation (<10 mm day—') more often
than observed, too few heavy precipitation

Inches per Decade

E— T T T — events and too little precipitation in heavy
-10 -5 25 -1 -05-025 0 02505 1 . eventS (>1O mm day—1) (IPCC, 2007)
[NOAA/NCDC]
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Background : Issues in WSMG6

Both hail and/or graupel can occur in real weather events simultaneously, therefore a 4-

ICE scheme (cloud ice, snow, graupel, and hail) is required for real time forecasts.

* severe local thunderstorms, mid-latitude squall lines, and tornadoes

« However, most of microphysics schemes are 3-ICE (cloud ice, snow, and graupel). A few
3-ICE scheme have the option to switch graupel to hail.

«  WSM6 show systematic deficiencies, such as too much light precipitation (Shi et al. 2007),

«  WSMG6 shows an excessive amount of graupel compared to snow (Lin and Colle 2009)

» Dudhia et al. (2008) alleviated the problem of excessive graupel, but this scheme has
remained a wider area of light precipitation and lower heavy precipitation (Han et al. 2013)
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“Bulk cloud microphysics scheme with hail processes

\ |

« Governing equation of hail

a2Q Qg 0
a_tH =V -VQu FHB_Z (PVu) +Su

advection sedimentation sink and source of hail
of hail

o _ WSM6
» The slope of the distribution of hail (1)
H PQH
where, py: the density of hail in kg/m3
p: the density of air in kg/m3
nyy: intercept parameter in m-4
* The mass-weighted mean terminal velocity (V) WSM7

Vg = ClHDHbH (2_0)0.5

where, ay, by: empirical formula
Dy : diameter of hail
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Blue: cold process
Red: warm process

Black: both processes s ﬁ
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Microphysics in WSM7 (Bae et al. 2018)

Blue: cold process =P Processes
Red: warm process related to hail
Black: both processes
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Experimental setup

* Model: WRF v3.7.1
(A reference model of KIM, Korean Integrated Model, Hong et al. 2018)

* [2Ddealized squall-line tes] | [unit foraupel [hal |
graupe ai
no0 m - 4e6 4e4

time & domain

% kg/m? 500 912
run hour 7 hr _
Terminal
Time step 5 sec velocoty
Resolution 1 km, 601 point Ax 330 285
Top ~ 20 km, 80 levels by 0.8 0.8
« Experiment name
Name Description
WSM6 Simulation with WSM6 (3-ICE)
WSM6_H Simulation with WSM6 switched to hail (3-ICE)
WSM7 Simulation with the WSM7 (4-ICE)
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Rainfall rate

Reflectivity
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weakened
precipitation
activities at the
front of the leading
edge.

Intensity of
reflectivity is
weaker with
separate areas of
moderate intensity
in WSM7




The hovmoller plot of maximum reflectivity of
hydrometeors for WSM6 and WSM7

Reflectivity is led
% by graupel (WSM6)
20 and hail (WSM7)
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Mixing ratio of hydrometeors
and process rate

for WSM6 and WSM7
(average for 0-4 hr and 280-350 km)

» Differences in mixing ratios of

hydrometeors

1) Graupel decreases in WSM7, with the
compensation of hail but its maximum at lower
altitudes

2) Weakened Pgacs increases snow aloft

3) Rain decreases due to reduction of sum of qg

and gh at the melting level, which is
compensated by falling hail

* Main processes
1) cold processes
- WSM6 : accretion related to snow
- WSM?7 : accretion of rain by snow and
graupel

2) warm processes

- WSM6: melting of graupel
- WSM7: melting of hail

process rate of

process rate of

cold rain Mixing ratio

warm rain
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pgmit in WSM6 > phmlt in WSM6_H

=>» QR decreases around melting level.

intercept parameter (n0)

!

Slope parameter (1) |
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Process rate (Pr) =f(%,n0) 2> Pr|

graupel Hail Hail/
graupel
n0 m 4e6 4e4

p

* pgaci, pgacs = f(nOg or nOh)
pgaci: accretion of cloud ice by graupel or hail

kg/m?3

m-4

m s’

pgacs: accretion of snow by graupel or halil
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-“"",’}*Gomparison of time-series and PDFs of precipitations

\ . .
between WSM6 and WSM6_H (hail over graupel species)
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Impact of hail-related processes

Added hail processes
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A summary : 2D idealized tests
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Real case experiments

[3D real case]

* Model: WRF v3.7.1 (reference model of KIAPS

time & domain

Initial time 00 UTC 20 May, 2011

run hour 36 hr

st

35N

Time step 18-6-2 sec

Resolution 9-3-1 km,
Top ~ 50 hPa, 61 levels

100w 95W

« Experiment

10 UTC on 20 May 2011

Name  Description
WSM6  Simulation with the WSM6 (Tao et al. 2016)

WSM7  Simulation with the WSM7
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1-\“hr accumulated precipitation and maximum reflectivity

A at 10 UTC on 20 May 201
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WSM7 enhances convective activities in the leading edge
of the squall line, whereas they are suppressed in the
trailing stratiform region
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Hydrometeors and precipitation rate

WSM7-WSM6
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Impact is significant at
higher resolutions.
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« WDMY7 is also available

« Reference : Bae, Hong, and Tao
(2018, Asia-Pac. J. Atmos. Sci.)

Recommendations, in particular, grid size less than 5 km
WSM6 = WSM7, WDM6=> WDM7

YSU PBL = SHIN-HONG PBL
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Hail2| EHOf| Lt

nOh: intercept parameter of hail
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denh=500 kg/m3
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T=280 K
Den=1.0

Phevp = (rh-
1)*X
RH=0.99
Qr=0.1 g/kg

Phmit = (t0c-
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Density of hail (denh) 1 = Slope parameter 1 > vt2h |
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