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The occurrence characteristics of Heat wave in Korea based on

Accumulated Heat stress Index

Ji-In Kang

Department of Environmental Atmospheric Sciences, Graduate School,

Pukyong National University

Abstract

This study examined occurrence characteristics and variation of heat waves in South
Korea and analyzed synoptic, characteristics of the heat wave that occurred for 14 years
(1999-2012) using AH(Accumulated Heat stress Index) and-AHI(Accumulated Heat stress
Index). AH is an index digitized using the heat stresses accumulated for 72 hours with the
time-weighted function, and AHI is the standardized value of AH using the standard
deviation of normal values.

Through the period, Miryang has shown the largest AHI and Jinju has the smallest one.
It means that these are the places where accumulation of heat stress is the strongest

(weakest). Heat wave was defined from standard of danger for AHI (0.85). The heat wave

Vi



in South Korea as a whole begins on the 12" July, ends on the 31% August. The frequency
of heat wave was the biggest in Miryang (36.4 days), but the duration of heat wave was the
longest in Goheung (24.5 days). The frequency and longest duration show similar spatial
distribution, it means that the heat wave is continuously longer in the place where heat
wave occurs frequently. The longest duration of heat wave has the value of 5~25 days
averagely, but in 2010, the heat wave occurred which has the duration of 50~60days. The
onset date of heat wave of whole South Korea is getting earlier with the trend of -7.3
days/decade, the end date is becoming later with the trend “4.3 days/decade and the
frequency is increasing with the trend of 15.8 /decade. The annual maximum AHI is also
increasing with the trend 0.28 /decade. So, the heat wave duration is predicted to be longer,
and the intensity and frequency also will be stronger than now. From the annual maximum
value of AHI'and maximum temperature, it was confirmed that the severe heat wave year
was 2010 and weak year was 2003.

The synoptic characteristics of 2010, therselected heat wave year, show the powerful
expansion of North Pacific High compare with normal year (1981-2010). As a result, the
high temperature and humid air which follow at the edge of anticyclone in the months of

July and August made the heat wave severe and longer.

Key words: Heat wave, Accumulated Heat stress Index, Maximum temperature, Hot day

Vil



1. Introduction
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2. Data and Method

2.1 Temperature and Dew point temperature
1999~2012 (141d) AE71F &< sk 7174 AlFste= 6971
Aol AR 7123} ol&d ARE o]&SklYt (Fig 1). °lZ5H

Humidex®} AHE AAEsta, ol FF3st +4 A 2E#XE AF
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Fig. 1. 69 stations used in this study. Shaded contours denote topography (m).



2.2 AH and AHI
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Fig. 2. The highest values of (a) AH and (b) maximum temperature in South Korea

from 1999 to 2012.



3. Definition of Heat wave and its Spatio-temporal characteristics

3.1 Definition of Heat wave
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Fig. 3. The daily AHT at 2012 summer in Seoul. The dashed line and arrows

denote the standard of heat wave (0.85), the onset and-the end date of heat wave,

respectively.



3.2 Spatial Distribution of Heat wave
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Fig. 4. The spatial distribution of total summer AHIs per station ‘during the 14 years

(1999-2012) in South Korea.

100

— — —  y=2.4685x-4894.6476

Accumulated AHI

20 T T T T T T T T T T T
2000 2002 2004 2006 2008 2010 2012

Year

Fig. 5. The time series of total summer AHIs during the 14 years (1999-2012) in South

Korea.
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(a) Onset date
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Fig. 6. The spatial distribution of (a) the onset date, (b) the end date, (c) the frequency
and (d) the longest duration of heat wave averaged during 14 years (1999-2012) in

South Korea.
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Table 1. The extreme values of the parameters related to heat wave.

Onset date End date Frequency

Longest duration

The earliest  The latest  The earliest The latest The smallest The biggest  The shortest ~ The longest
Goheung,
Station Gosan Goheung  Hongcheon Deahwallyeong Jeongeup  Seogwipo etc. Suwon
Nambhae
Year 2004 1999 2002 2007 1999 2010 1999,2003 2010
Value Jun 20" August 19" August 3P September 22 1 day 66 days 1 day 56 days

_14_



3.3 Annual Variation of Heat wave
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Fig. 9. The annual trend of heat wave event from 1999 to 2012 in South Korea. The

dashed, dash-dot-dotted-and solid lines denote onset date, end date and frequency of

heat wave, respectively.
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Fig. 11. The spatial distribution of the annual maximum AHI values averaged from

1999 to 2012 in South Korea.

_19_



subwol ] WAR Ede] FEAH W 54L Adusl 9

T8 EANE AE Ul #FF, AT, de, U, Fate2 F 79
Ao AASAT 200393 20099 FEHORE AFE A9
Z

sl MU H e Holh

J[m

3], 2009 <]

el d= & 432 HA AL vebsth wbd, 2010300 = 770

aly

TAl B whAd v 348 /e eH, Fae F o232 FHu
HhA =2 Btk 20110 A A o2 74Tkt 2012\d0 THA
S7hske FAIZE Blon, dRE 20100 MX A= EEdth AT

e v Ade dsl WEZe] AA et 544 notu),

ol AF AFY =53 Agd EAd o8 =5 o E VIFE Hole
Aoz Atadn
AHI 9 Hdgb&.1 do w4¥ 4o 7|5 M3 Halste]

vebd = 3l7] mEol,elE ol 8eked 14 wot £ EA e £HE

AR, H317]Lwhe] xpolE HwEtITh (Table 2). AHIS] <1 H u]zko]

velgieow, 7 22 &l 20039 (1.52)0]tk ey Havje] o
A &9 o9k =7 tr=vh AHI Hdlgkel 7FE 7Y 2010d 9]
Hau7)e #HANAE 792 yERRa, 20124d0] 7Y mgkom 20044,

200530 HE o]ttt 2003 o= FHav|¥ AHI 25 7 BHA

_20_



(a) Seoul (e) Gangneung
T T
0 80
> o 0
ge "
2 "=-38N | i e 2
10 e 2 i, o [ 10
58 5 08 8 B 37NA 35 105 5 8 8 8 %
Year Year
(b) Daejeon (f) Daegu
I 36N n
wl ] aem | | N )
L] 3 Aprieifen - £l
> - . 359,
fu BN 8 e N N S i
T o~ L YRS . fw
& /5 &
20
10 34N - 10
5 105 05 8 B « [ B 15,98 55 58151 9 5
Year J/ =2 5] Year
3N T T \
, 125€ 1266 197F 128F 129E 130E @ Byyh
(c) Gwangju o \ \ 19
70 / N\ N\ )
6 ; ‘\\ \\ &%
W% // N X § 4
fa / @Jeju N \fw
H e n [
g 30 / 2
w 0
20 10
0
" fo 35 155 8 8 98 8 8
AP 30 100 0% S 08 5000 g 1 10 000 0 gt gt g» Yeur
Year S
10

RIS S S g

Year

Fig. 12. The time series of heat wave frequencies (the days with AHI above 0.85) of

the main cities in Korea from 1999 to 2012.
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Table 2. The rank of the annual maximum AHI and the annual maximum

temperature from 1999 to 2012.

Maximum
Maximum
Rank Year AHI Temperature
(Rank)
1 2010 2.26 34.13 (7)
2 2012 2.19 35.51 (1)
3 2001 2.02 34.37 (5)
4 2005 % 34.7 (3)
5 2006 1.98 34.55 (4)
6 2004 1.95 3543(3)
7 2008 . 34.32(6)
8 2007 1.82 33.85(9)
9 2011 1.77 33.84 (10)
10 2002 1.64 34.02 (8)
11 2000 1.61 33.77°(11)
12 1999 1.58 33.24 (12)
13 2009 1.58 33.2(13)
14 2003 1.52 32.33 (14)
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4. Synoptic Characteristics of Heat wave

4.1 Case of 2010 Heat wave
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Fig. 14. The variation of the station numbers with AHI above 1.94 in 2010 at South

Korea.
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4.2 Synoptic Characteristics of Heat wave
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Fig. 15. Geopotential height contours of 5820 and 5880 gpm.at 500hPa for summer

(JJAS) in 2010 (solid line) and in mean of 1981-2010 (dotted-line).
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Fig. 16. Moisture flux at 850hPa (vector, unit: m s™) and jet stream at 200hPa (contour,

unit: ms™) for summer (JJAS).
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Fig. 17. Temperature deviation (contour, unit: °C) of 2010 from normal year at (a)

1000hPa and (b) 500hPa in summer (JJAS).
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5. Summary and Discussion
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