Atmosphere. Korean Meteorological Society o 2 =2
Vol. 26, No. 4 (2016) pp. 495-508 (Article)
https://doi.org/10.14191/Atmos.2016.26.4.495

pISSN 1598-3560  eISSN 2288-3266

A=ZO o= o = [ =

odl fEHTEE 0|28 FESTF 0F 7Isdd &st HAF
Q‘FJ” . xlzl,_c_l:éﬂ) . ':'._|IH¢!1) . 0|9..g|2) . Jt-IIA-I-’») . S|

Dghatelstolt St AA A S WG T/ AR, D1 ek A R A,
V7187 Ak, AT s o718 A Ta

>

A 20163 59 30, =4 20169 102 1YL, AASEY: 20163 10Y 259)

Studies on the Predictability of Heavy Rainfall Using Prognostic Variables
in Numerical Model

Min Jang'), Joon-Beom Jeel), Jae-sik Min'), Yong-Hee Leez), Jun-Seok Chung‘”, and Cheol-Hwan You”*

UWISE Projects, Hankuk University of Foreign Studies, Yongin, Korea
Y Numerical Model Development Division, National Institute of Meteorological Sciences, Jeju, Korea
I Climate Science Bureau, Korea Meteorological Administration, Seoul, Korea
Y Atmospheric Environmental Research Institute, Pukyong National University, Busan, Korea

(Manuscript received 30 May 2016; revised 11 October 2016; accepted 25 October 2016)

Abstract In order to determine the prediction possibility of heavy rainfall, a variety of analyses
was conducted by using three-dimensional data obtained from Korea Local Analysis and Prediction
System (KLAPS) re-analysis data. Strong moisture convergence occurring around the time of the
heavy rainfall is consistent with the results of previous studies on such continuous production. Heavy
rainfall occurred in the cloud system with a thick convective clouds. The moisture convergence, tem-
perature and potential temperature advection showed increase into the heavy rainfall occurrence area.
The distribution of integrated liquid water content tended to decrease as rainfall increased and was
characterized by accelerated convective instability along with increased buoyant energy. In addition,
changes were noted in the various characteristics of instability indices such as K-index (KI), Showal-
ter Stability Index (SSI), and lifted index (LI). The meteorological variables used in the analysis
showed clear increases or decreases according to the changes in rainfall amount. These rapid
changes as well as the meteorological variables changes are attributed to the surrounding and meteo-
rological conditions. Thus, we verified that heavy rainfall can be predicted according to such
increase, decrease, or changes. This study focused on quantitative values and change characteristics
of diagnostic variables calculated by using numerical models rather than by focusing on synoptic
analysis at the time of the heavy rainfall occurrence, thereby utilizing them as prognostic variables in
the study of the predictability of heavy rainfall. These results can contribute to the identification of
production and development mechanisms of heavy rainfall and can be used in applied research for
prediction of such precipitation. In the analysis of various case studies of heavy rainfall in the future,
our study result can be utilized to show the development of the prediction of severe weather.
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Fig. 1. Schematic diagram of the domain region and grid structure used for the extraction of variables in the Korea Local
Analysis and Prediction System (KLAPS) re-analysis data.

Table 1. Types of meteorological variables of the Korea Local Analysis and Prediction System (KLAPS) re-analysis data used
in this analysis.

Index Variables Resolution (X X Y x Z) Unit
cb Cloud base 283 x 235 x 1 m
ctop Cloud top 283 x 235 x 1 m
rth Relative humidity 283 x 235 x23 %

t Temperature 283 x 235 %23 K
sh Specific humidity 283 x 235 x22 kg kg™
cw Cloud liquid water 283 x 235 x22 gm™
uw, vw wind 283 x 235 x 23 ms”
pot Potential temperature 283 x 235 x 1 K
ept Equivalent potential temperature 283 x 235 x 1 K
mcon Moisture convergence 283 x 235 x 1 kg m™
pbe Positi.ve buoyant energy 283 x 235 x 1 Tk
nbe negative buoyant energy

tadv Tempe{rature advection ' 283 x 235 x | K !
pta Potential temperature advection

LI Lifted index

KI K index

sli Showalter index 283 x 235 x 1 K
cssi Colorado severe storm index

tti Total total index

* pot, ept, mcon, tadv, pta: SFC levels.

& FFef FPd OE JTas dSuee W of &8 = A tsiA A8kt
S0l oigh v2w et

b 2 ATl e At FARYA A 2. X}3 ol iy

T O desE s, 9o 4
fhEe FESH ARkl mE W S A 5 2 A7l AHE ARE ke g THEe
of tisll £AstAT o128 Tatd JFEE 2AF A 2 Skm A9 FHAFES} 50hPa 7HA 9] A3
WAool fle MeES AvRa, ofd Mgl W ARR N3 A e 2 AikE= KLAPS AR A
T 54 52 o1gdt JFE Y dFolv I 5 F(NIMS, 2009; NIMS, 2012; Jang et al., 2016)5 A
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Fig. 2. The distribution of hourly precipitation (bar charts)
and cumulative daily precipitation (solid line) measured by
automatic weather systems (AWS). (a) NamHyeon (37° 27’
N, 126° 59’ E) in Seoul (27 July 2011, 0100 LST~0900
LST), (b) Icheon (37° 15'N, 127° 29’ E) in Gyeonggi-do (21
September 2010, 1400 LST~2400 LST), (c) GoJan (37° 19’
N, 126° 49’ E) in Gyeonggi-do (13 September 2013,
0100 LST~1400 LST).
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Fig. 3. The 3-dimensional display of cloud liquid water
(volume rendering) and ground rainfall amounts (contour in
surface) by KLAPS re-analysis data and precipitation re-
analysis data at (a) 0800 LST on 27 July 2011, (b) 2000 LST
on 21 September 2010, (c) 1300 LST on 13 September 2013.
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Fig. 4. The distribution of hourly precipitation by AWS (bar charts), cloud base (solid line), and cloud top (dot line) at the
heavy rainfall region (a) from 0100 LST to 0900 LST on 27 July 2011, (b) from 1400 LST to 2400 LST on 21 September 2010,
(c) from 0100 LST to 1400 LST on 13 September 2013. (al) The distribution of mean value at the nine grids near the heavy

rainfall region from 0100 LST to 0900 LST on 27 July 2011.
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Fig. 5. The distribution of hourly precipitation by AWS (bar
charts) and integrated liquid water (solid line) (a) from
0100 LST to 0900 LST on 27 July 2011, (b) from 1400 LST
to 2400 LST on 21 September 2010, (c) from 0100 LST to
1400 LST on 13 September 2013.
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Fig. 6. The distribution of hourly precipitation by AWS (bar
charts) and Positive buoyant energy (solid line) (a) from
0100 LST to 0900 LST on 27 July 2011, (b) from 1400 LST
to 2400 LST on 21 September 2010, (c) from 0100 LST to
1400 LST on 13 September 2013.
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Fig. 7. The distribution of hourly precipitation by AWS (bar
charts), temperature advection (solid line), and potential
temperature advection (dot line) (a) from 0100 LST to 0900
LST on 27 July 2011, (b) from 1400 LST to 2400 LST on 21
September 2010, (c) from 0100 LST to 1400 LST on 13
September 2013.
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Fig. 8. The distribution of hourly precipitation by AWS (bar charts) and instability indexes (K index, Showalter stability index,
and Lifted index) (a) from 0100 LST to 0900 LST on 27 July 2011, (b) from 1400 LST to 2400 LST on 21 September 2010, (c)

from 0100 LST to 1400 LST on 13 September 2013.
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Fig. 9. The distribution of hourly precipitation by AWS (bar
charts) and Storm-Relative Helicity (solid line) (a) from
0100 LST to 0900 LST on 27 July 2011, (b) from 1400 LST
to 2400 LST on 21 September 2010, (c) from 0100 LST to
1400 LST on 13 September 2013.
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Table 2. Summary of quantitative values of prognostic variables in the three cases.

Variables Min. Max. TMHR
Cloud thickness (km) 3.62 12.92 11.54
Case 1 Inte.g.rated liquid water (mg m’31 ) 2.12 6.85 243
2011. 7 i7 Positive Buoyant energly Jd kg; ) 348.66 1082.56 925.84
(Line;sﬁapea Temp. advection (K s7) (Xl 10%) ) -0.09 0.34 0.34
convective system) Pot. temp. advection (K s™) (x 107) —-0.08 0.29 0.29
K index (K) 37.90 38.89 38.47
. SSI (K) -1.67 -1.07 -1.32
TMHR: 0800 LST Lifted index (K) -3.43 -1.30 -3.12
Storm-relative helicity (m* s2) 55.52 191.91 105.66
Cloud thickness (km) 436 9.41 4.57
Integrated liquid water (mg m™) 0.008 8.52 0.18

Case 2. e 0
2010.9. 1. Positive BuO}fant energ,y J kg3 ) -1 8.72 -1
(Band-shaped Shallow Temp. advection (K s7) (Xl 10°%) . —-0.007 0.18 0.06
convective system) Pot. temp. advection (K s™) (x 10”) -0.03 0.07 -0.2
K index (K) 22.72 3597 29.66
. SSI (K) 0.41 7.56 4.66
TMHR: 2000 LST Lifted index (K) 0.9 10.6 9.52
Storm-relative helicity (m* s2) 104.01 228.66 135.56
Cloud thickness (km) 1.33 11.96 9.41
Case 3 Integrated liquid water (mg m’SI) 0.0041 12.8 0.01
20139 i3 Positive BuO)fant enerﬁy d kg; ) 119.33 1636.65 615.81
(Localize d C(')nvéctive Temp. advection (K s ) (fl 107) . -0.092 0.14 -0.09
system) Pot. temp. advection (K s7) (x 10%) —-0.082 0.1 —-0.08
K index (K) 30.83 37.64 34.02
. SSI (K) -2.02 224 -1.37
TMHR: 1300 LST Lifted index (K) —4.12 -0.5 -3.22
Storm-relative helicity (m* s™) 84.98 325.67 84.98

4.6 H2|AIE[(Storm-Relative Helicity)

Storm-Relative Helicity (SRH)= &2 A 7|44
4<% 3] Z (cyclonic updraft rotation)2] 7}FeAdS 43
318 Aoz, Aol A 1km &2 3km7HA] ALk Th
773 A (supercell)x} EU| o] =(tornado)®] X =+Z
A f-&3hH, SRHO Frel 150m’ s o1 A5
A /A8 AEe] dAE ksl wrha A g
T} (Davies-Jones, 1984; Davies-Jones et al., 1990;
Rasmussen and Blanchard, 1998; Clark et al., 2013).
B2 AelA] AF SRH7EF BEdlo]=o] A8 vEt

= F2 B0, A7 dE5E A% Fas 4
% M4 (prognostic variable)ZA] &8 7158 (Leftwich,
1990; Rasmussen and Blanchard, 1998; Thompson et
al.,, 2003)2 ¥H3ich
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