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ABSTRACT

The Analysis of Characteristics of Heavy Rainfall over the Korean
Peninsular, through Case Studies of Heavy Rainfall Events
during the On - and Off - Changma Season

Chung Yun Ang

Advisor : Prof. Ryu Chan Su, Ph. D.
Co-advisor : Chung Hyo Sang, Ph. D.
Department of Atmospheric Science
Graduate School of Chosun University

An attempt is made to analyse characteristic features of heavy rainfall which occurs
at the metropolitan area in the Korean peninsular during the on- and off- Changma
season. For this, two representative heavy rainfall episodes are selected; as the one
during the on-Changma season, a torrential rain episode happened at Goyang city on 12
July 2006 and as the other during the off-Changma season, a heavy rainfall event in
Seoul on 21 September 2006. Both recorded considerable amount of precipitation over
250mm in a half-day, which exceeded much more the amount expected by numerical
prediction models at those times and caused a great damage to the property and life in
the affected area.

It is analysed that in spite of the seasonal differences, two cases all were due to the
strong instability locally developed on the quasi stationary front, rather than by the
developed or systematic cyclone. Similarities in characteristics of both episodes were
shown in the location of upper-level jet streak and divergence fields of the upper wind
over heavy rainfall areas, significantly high equivalent potential temperatures in the low
atmospheric layer due to the entrainment of hot and humid air by the low-level jet,

and the existence of very dry air and cold air pool in the middle layer of the

_Vi_



atmosphere at the peak time of the rainfall.

Those factors brought convective instability in the atmosphere, which is analysed as
one of the major reasons of the heavy rainfall at those times. Whereas, a few distinct
differences exist between the events. Among them, differences in dynamic features of
the low-level jet and the position of rainfall area along the low-level jet are

remarkable.

Key words: heavy rainfall, on- and off-Changma, convective instability, upper and

low-level jet, dry and cold air pool
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Fig. 1. Data Assimilation of the Korea Local Analysis and Prediction System
(KLAPS) of the Korea Meterological Administration (from National
Meteorological Research Institute, 2006).

Fig. 2. Examples of cross—section analysis over the heavy rainfall area,

using data from the KMA’ s Forecast Analysis System.
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Table 1. Synoptic—scale features to be analyzed.

Major elements and features to be analyzed

Cloud and front under synoptic pressure system, wave
o Satellite development, impacts from typhoon, movement and
images entrainment of upper dry—air using water—vapor
channel images, etc.

o Surface Synoptic—scale pressure patterns, movement and
wea. chart development of high ‘- low pressure and frontal systems, etc.

Wind vector field : degree of cyclonic circulation,

advection of cold and dry, warm and humid air

— analysis of development or decay of baroclinic
instability (impact on low pressure system)

Equivalent potential temperature (its gradient and

advection, especially area of over 330K)

o 850hPa Inclination between low pressure center in the surface
and strong vorticity area in the upper layer of atm.
— analysis of development or decay of the system

Temperature field : trough and ridge, southwesterly warm
and humid air, northwesterly cold and dry air

Low level jet(LLJ) : location, strength, intersection of upper
level jet(ULJ) and upper divergence field

Baroclinity, moisture flux, mixing ratio, etc.

Omega field(strength, etc.), saturation and mixing ratio,
stream line (confluence of SWly and NWly flow, line
o 700hPa density, etc.)
Dry area (matching with satellite image), water—vapor
anomaly

Geopotential height pattern(trough and ridge, curvature,
movement, degree of increase/decrease of gpm, etc.),
o 500hPa circulation of air, potential vorticy (advection, anomaly),
impact of adjacent cutoff low(blocking high), temperature
gradient, descending and southward cold air pool

Disconnection and confluence of upper level jet(ULJ),

o 200hPa increase/de.crease of curvature, divergence/convergence
of upper air nearby ULJ streak, Distance from LLJ
and surface low center, wind shear, etc.
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Table 2. Mesoscale features to be analyzed with cross—section figures.

Major elements and features to be analyzed

o equivalent Vertical structure and gradient of equivalent potential

potential temperature, variation and advection due to wind, cold
temp. dome and warm pool. etc.

o relative Cyclonic/anticyclonic vorticity (location, strength,
vorticity inclination, variation, etc.)

0 Omega field  Ascending/descending air(distribution, strength,
(ascending  air) intersection, etc.)

o wind field Location of ULJ/LLJ, wind variation, etc.

o divergence/ Divergence/convergence of air parcel(strength,
convergence variation, etc.)
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Fig. 4. Hourly—accumulated precipitation over the Korean peninsular observed by
the Automated Weather Stations from 18UTC 11 July to O4UTC 12 July 2006.
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Fig. 5. Time—series of precipitation at Metropolitan area on 12 July 2006,
(a) Goyang, (b) Gangseo, (c) Dobong and (d) Songweol—dong.
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Fig. 6. Satellite images and surface weather charts for the heavy rainfall
event at Goyang city at (@ 06UTC, (b) 12UTC and (¢) 18UTC 11 July,
and (d) OOUTC 12 July 2006.
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Fig. 7. 925hPa geopotential height (solid line) and temperature (dashed line)
at (@) 12UTC 11 July and (b) OOUTC 12 July 2006.
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Fig. 8. Same as Fig. 7. but for 850hPa.
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(a) (b)

Fig. 9. 850hPa geopotential height(solid line), temperature(dot line),
wind (vector arrow) and mixing ratio fields(shaded area) at (a)
18UTC 11 July, (b) 21UTC 11 July, and (c) OOUTC 12 July 2006.
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(a) (b)

Fig. 10. Same as Fig. 9. but for 850hPa divergence(green area) and convergence
(violet area) and strong winds fields(red line).

_25_



(c)

Fig. 11. Same as Fig. 9. but for 850hPa stream lines and strong wind
fields over 25kts(shaded area).
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Fig. 12. Same as Fig. 9. but for 850hPa moisture flux(vector arrow).
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(a) (b)

e A/Jj@;‘
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Fig. 13. Same as Fig.9. but for 700hPa geopotential height(blue line),
temperature (red—dot line), wind(vector arrow) and ascending air

fields (yellow area).
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Fig. 14. Same as Fig. 9. but for 500hPa geopotential height(blue line),
temperature (red—dot line), wind(vector arrow) and relative

vorticity (yellow and red area).
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Fig. 15. Same as Fig. 9. but for 200hPa wind(vector arrow) and

classification of wind speed(solid line).
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Fig. 16. Vertical wind shear between (a) surface wind(blue) and 500hPa
wind (black) and (b) 850hPa(blue) and 200hPa(black) at OOUTC
12 July 2006.
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Fig. 17. Atmospheric instability at 00~01UTC 12 July 2006, (a) K—Index

and (b) Showalter Index.
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(a)

Fig. 18. Cross—section of equivalent potential temperature (color images
and purple line), temperature (green line) and wind (vector arrow)
over Goyang city at (a) 18UTC 11 July, (b) 21UTC 11 July, and
(¢) OOUTC 12 July 2006.
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Fig. 18. Continued.
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Fig. 19. Same as Fig. 18. but for omega fields(ascending air flow, color
images), vertical circulation(purple line) and divergence (green
line) at (a) 18UTC 11July, (b) 21UTC 11 July, and (c) O0UTC
12 July 2006.
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Fig. 19. Continued.
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Fig. 20. Same as Fig. 18. but for moisture flux divergence (color images
and green line) and relative vorticity (purple line) at (a) 18UTC 11
July, (b) 21UTC 11 July, and (c) OOUTC 12 July 2006.
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Fig. 20. Continued.
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Fig. 21. Characteristic features of the heavy rainfall event at Goyang
city occurred at 12 July 2006.
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Fig. 23. Hourly—accumulated precipitation over the Korean peninsular
observed by AWS from O03UTC to O8UTC 21 September 2010.
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Fig. 24. Satellite images and surface weather charts for the heavy rainfall

event in Seoul at (a) 12UTC 20 September, (b) 18UTC 20
September, (c) OOUTC and (d) 06UTC 21 September 2010.
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Fig. 25. 850hPa geopotential height(solid line) and temperature(dashed line)
at (@ 12UTC 20 September, (b) OOUTC and (c) 12UTC 21 September 2010.
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Fig. 26. 850hPa geopotential height(solid line), temperature(dot line),
wind (vector arrow) and mixing ratio fields(shaded area) at (a)
O0OUTC, (b) O3UTC, and (c) O6UTC 21 September 2010.
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Fig. 27. Same as Fig. 26. but for 850hPa stream lines and strong wind
fields over 25kts(shaded area).
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(a) (b)

Fig. 28. Same as Fig. 26. but for 850hPa moisture flux(vector arrow).
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(a) (b)

Fig. 29. Same as Fig. 26. but for 850hPa divergence(green area) and
convergence (violet area) and strong winds fields (red line).
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(a) (b)

(c)

Fig. 30. Same as Fig. 26. but for 850hPa equivalent potential temperature.
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Fig. 31. Same as Fig. 26. but for 700hPa geopotential height (blue line), temperature
(red—dot line), wind (vector arrow) and ascending air flows (yellow area).
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Fig. 32. Same as Fig. 26. but for 500hPa geopotential height(blue line)
temperature (red—dot line), wind(vector arrow) and relative vorticity

(vellow and red area).
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divergence fields (violet area).
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Fig. 34. Vertical wind shear between (a) surface(blue) and 500hPa (black)
and (b) 850hPa(blue) and 200hPa(black) at O6UTC 21 September 2010.
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(a)

(b)

Fig. 36. Atmospheric instability at 06UTC 21 September 2010, (a) K—Index
and (b) Showalter Index.
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Fig. 37. Cross—section of equivalent potential temperature (color images and purple
line), temperature(green line) and wind (vector arrow) over Seoul at (a)
OOUTC, (b) 03UTC, and (c) 06UTC 21 September 2010.
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Fig. 38. Same as Fig. 37. but for at (a) 09UTC and (b) 10UTC
September 2010.
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images), vertical circulation(purple line) and divergence (green
line) at (a) OOUTC, (b) 03UTC, and (c) O6UTC 21 September 2010.
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Fig. 39. Continued.
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Fig. 40. Same as Fig. 37. but for moisture flux divergence (color images
and purple line) and relative vorticity (green line) at (a) OOUTC,
(b) 03UTC, and (c) 06UTC 21 September 2010.
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Fig. 40. Continued.
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Table 3. Comparison of characteristic features of heavy rainfall events

during the on— and off—Changma season.

Case of heavy rainfall
during on—Changma

Case of heavy rainfall
during off —Changma

Synoptic Peninsular is under the Affected by sub—stationary
surface influence of stationary frontal  frontal system under the
pressure system associated with occluded  pressure system of saddle
system low pressure system. / pattern. /
(location of Heavy rainfall area located Heavy rainfall area located
beawy rainfall  north of frontal band. south of frontal band.
area, etc.)  (Heavy rain due to localized (Localized strong instability /
strong instability, not by the remarkable baroclinic instability
passage of well—developed under the influence of continental
cyclone or trough.) high pressure system)
Lower Typical SWly LLJ along milT Strong wind at lower atm
troposphere boundary ~ (Max.  windspeed  associated with cyclonic drculation
(LLJ, 40kts in west sea at 850hPa / nearby heavy ranfall area (MVbax
equivalent ~ Heavy rainfall area in front of 11.J 30~3bkts at 850hPa) / TIeavy
potential Hot and hunmid air over 350K of  ranfal area left of and north
temp. (Ge), fe at 850hPa within max. wind speed area
etc.) Vertically decrease of fe up to Hot and hunmid air over 340K of
mid—atm. layer — causing Ge at 850hPa
convective instability Sane as left
Entrainment of cold and dry air Same as left
) into mid—atm layer (cold air pool)
Middle Coexistence of ascending/ Same as left
troposphere descending air and divergence/
convergence of air in mid—atm.
layer
Weak trough in West sea at Same as left
500hPa
Srong relative vorticity north of Same as left
heavy ranfall area
Srong vertical wind shear (veering Same as left (veering of about
of over 40 degree) 30 degree)
Upper ULJ streak at northeastern part of Same as left
troposphere China  about 1000kn north of
heavy rainfall area in Korea
Divergence in the upper layer over Sane as left

heavy ranfall area in Korea

— causing 2Znd vertical circulation
for development of convective
cloud band
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