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Abstract This study analyzed and compared development mechanisms leading to heat waves
of 2016 and 2018 in Korea. The European Centre for Medium-Range Weather Forecasts
Reanalysis Interim (ERA Interim) dataset and Automated Surface Observing System data are
used for synoptic scale analysis. The synoptic conditions are investigated using geopotential
height, temperature, equivalent potential temperature, thickness, potential vorticity, omega, out-
going longwave radiation, and blocking index, etc. Heat waves in South Korea occur in relation
to Western North Pacific Subtropical High (WNPSH) pressure system which moves northwest-
ward to East Asia during summer season. Especially in 2018, WNPSH intensified due to strong
large-scale circulation associated with convective activities in the Philippine Sea, and moved far-
ther north to Korea when compared to 2016. In addition, the Tibetan high near the tropopause
settled over Northern China on top of WNPSH creating a very strong anticyclonic structure in
the upper-level over the Korean Peninsula. Unlike 2018, WNPSH was weaker and centered over
the East China Sea in 2016. Analysis of blocking indices show wide blocking phenomena over
the North Pacific and the Eurasian continent during heat wave event in both years. The strong
upper-level ridge which was positioned zonally near 60°N, made the WNPSH over the South
Korea stagnant in both years. Analysis of heat wave intensity (HWI) and duration (HWD) show
that HWI and HWD in 2018 was both strong leading to extreme high temperatures. In 2016
however, HWI was relatively weak compared to HWD. The longevity of HWD is attributed to
atmosphere blocking in the surrounding Eurasian continent.
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Table 1. The number of yearly heat wave and tropical night days since 1973 (KMA, 2018).

Days of heat wave

Days of tropical night

Rank Year The number of days Year The number of days
1 2018 314 2018 17.7
2 1994 29.7 1994 17.4
3 2016 224 2013 15.8
4 2013 18.2 2010 12.0
5 1990 17.0 2016 10.8
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Table 2. Date of selected heat wave periods.

Year
2016 2018

Before 07/17~07/21 07/06~07/10
Peak 08/06~08/15 07/23~08/05
After 08/27~08/31 09/01~09/05
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Fig. 1. Spatial distribution of averaged HWI (Heat Wave Intensity) of (a) climate, (c) 2016, (¢) 2018, and HWD (Heat Wave
Duration) of (b) climate, (d) 2016, and (f) 2018 from July to August. Contour intervals are 0.08 for HWI and 0.04 for HWD.
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Table 3. Set values of criteria of blocking Indices.
Blocking Index oy do & Yardstick for blocking
Eurasian continent 80.25°N 62.25°N 46.5°N GHGS > -5 m lat”', GHGS - GHGN > 8 m lat™'
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Fig. 2. Spatial patterns of mean geopotential height (unit: m) at 100 hPa (blue contour) and 500 hPa (red contour) during (a)
before, (b) peak, (c) after in 2016 and (d) before, (e) peak, (f) after in 2018. Blue bold line (16,800 m) means Tibet high and red
bold line (5,880 m) means North Pacific high. Contour intervals are 120 m for 100 hPa and 60 m for 500 hPa.
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Fig. 3. Spatial patterns of mean equivalent potential temperature at 850 hPa (K, shaded) with mean thickness between 700 hPa
and 1,000 hPa (m, contour) during (a) peak in 2016 and (b) 2018, and anomaly of mean temperature advection at 850 hPa (K

day !, shaded) with anomaly of mean thickness between 700 hPa and 1,000 hPa (m, contour) during (c) peak in 2016 and (d)
2018.

(a) 2016 850hPa (b) 2018 850hPa

60N

40N

20N

120E 150E 120E 150E

1400 1420 1440 1460 1480 1500 1520 1540 1560 1580 1600

Fig. 4. Spatial patterns of mean geopotential height (shaded, m) and wind vector (m s™', vector) at 850 hPa during peak in (a)
2016 and (b) 2018. Contour interval is 10 m and reference vector is 2 ms™".
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Fig. 5. Latitude-vertical distributions of mean potential vorticity (PVU, shaded), mean equivalent potential temperature (K,
contour) averaged longitudinally between 120°E and 135°E during peak in (a) 2016 and (b) 2018. And Latitude-vertical
distributions of mean relative vorticity (E™ s™', shaded) and mean omega (E Pa s™', contour) between 120°E and 135°E during
peak in (c) 2016 and (d) 2018. Bold line is positive value, and dash line is negative value of omega at (c), and (d). The left y-
axis means isobaric height (hPa) and the right y-axis means altitude (km).
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Fig. 9. Spatial patterns of potential vorticity anomaly (PVU, shaded) and geopotential height (m, contour) averaged between
200 hPa and 500 hPa during peak in (a) 2016 and (b) 2018. The pink line represents —0.8 PVU and the orange line represents
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Contour interval is 60 m.

AFALE = Fig. 7oA o] A9ae AR
Ehd SEsE G 719k Y19k A Sch(Fig. 8b).
201819] 75, war)d Z7t v fEaloh bl
5 B27o] ZsA velt, 2016932 LA 7
= 140~160°Ed| A &2 o] &AL AT &2
Aol Sl fEto tiEl x5l 2016 WY
719 E2A 3 Apoldo] SUrh(Fig. 8d). HEgh 2018
o] 7% W] 7I7HEE A= 160°E SEolA SE
HeF 171goz Q3 B2l HaA YElt 3
d710) HelE Y a7ite] BEAEo R SAsiiA £
27 9Yo] MFOF o]Fg BFo] YehdTt (Fig.
8e). 41E|71¢] 79 20163@3} 2018d =¥ ©x]|=
27)9] dHo] wl$- FIL, Fig. 204 418 v}
o] FEjH S 719ke] Algo] okslele] HEgo=
Z3ldA shte FHom Bk vt 9l
278 "X R dgit) oA BAs B2

oy my e

]

H
ol
ol
=

ol Hi

o £
1
2
tilo
2
ox
>,
i)
rlj
a
o
o
v}
%0,
rir
AN

7] S5 A=A BAEE &

YUERA] 29kTHFigs. 8c, f).
|
1<

A} B 0w wobsldTh(Fig. 9). FdRTh 7]
et st el o] FAlske At

= o do
off H1 1o oY 1

r
A
N

1’383 bl7]  A307 15 (2020)

PEES kA BEARE ol g3le] Aok 7]

F oAl EFHAK(standard deviation, 0) HHZ
Yehte 29 FAst=s A Jdoz Jeplidh

HeA o T 2 32 39 32%E oJvstaL
1.640 2 -2 319 10%, 20 B& e 39 5%
ot} HEgh o] 5] FRAQI g Frlsky] St A
ok #|27F 0.8 PVULl AR 1.3 PVUL AF
£5 o et Figure 73 frARH 2016
o 73t 7Iqbeel AL Wt W S gl U
EPar, sl A gellA] aast Ax] 7o) HE)
& 2713ke] AA e 7t YIS FATHFig. 9a). 2018
|l 79 Ad 7Isksel AE 170°ESE 150°W Alo]
A wdste] t)7]7F A s S50l YERATHFig.
9b). 201630l 2 thFoA] Algle] & )79 &
FO= <lste] A go] HAEA L, 2018 = A
o s =] AeA st SejEg 2719
o] Algo] A HA ez} HEjH ol A A
gl AT

2 dFdAE 21471 o] F 29 A7t 7S A
| 201693 201899 & = =8



o3 7% A4S - A 13
YAUE E4S Y310 4ol 24 7|7 (HWD)o] Zdedl, 2L F23 o]f& Athae= of
AEe 9ste] 714 ASOS Hi|L AEE AR sHAl et M E 2271943 500 hPa A=A YE}

1315, ECMWFeA A|F38l= ERA-Interim Al4 W £227 @402 dotgct ddr|eh HA7]¢ f
B27)0] Z% 60~100°E A o] \A &

ARE olgsle] B2 Ao} T #A4S FPde. 2o UiE

201693} 2018 25 wdr]o] BelH g 7ol AL FHg71ol SelE S 2719e] 160~200°E A
G 7R Bogstd ol o] & Skt B ) ol AASFHA 201630 FH 9 A& 7]7ke] AR
4ol FaFdol ozl wEk FHol AlE AN & ol 201892 Wr]e} A7 FEAoF UE B2
3] 201832] A% 2016133} vlwsle] HejHE g 17] A3 BelEg 7ige] AAE #4S AFsiih
o] FUlH oz FsiA wegste Bk 2ty st fErlol Ui B2 F4de] AlwEel Yl ¢
NI T BE YHOZ ¢S st 249 #HA7] Ao HA7|de FEHXAA] Fskt) 44719
o= el 71e] T4IF o st 91X A5 A= 170°E9F 150°W Atole] T e o
ot 28y 2016 FHe A= HAG7] B 5 ]9 2 So] Aol AR YeEhtes 27Uy
HeoF 1719 7R g o dhite SRR Ho] 913 o] EAIEIA L, o2 st FHAEL Y2 Aol
IR L TAHL FoEe S s AWl ¢ AA = 45 719 385°] Yehsth 3t W E
stk EElE G a7Iste] A weEd & A 31719 sl westar, XY slEd] sgto] st
olf= Edl Aol T BelE el e A dgsle] 2016 d0l Hsle] Z 7| 7HENE o2}
gk HEa A™@o) ZAYh AY e = 3 AR S A T = s e h=
dejds)] F29] UF 5o 45 3 5 2 A1E 201893 20169 EH 9k SaEue
Hokol| A &7t Edl, 201693 20189 69 For of BASH ZHof| i3] T £4S Faste] g
sl Aoe] FupEate ot /iG-S vlwst e BAShE ZHe F8S AdS et

2018d0°] 2016\ d Ht} X AP & 4 U AEE HAYES BT B4

r

¥0 [ of
4, ok
é".:'&
BN ox | E

O N 0 gu 10 & oy to i

al

o 5, 20183] SEIFE 2rige] 20168 73 SvIeke] W 527, 29 g

a4 et ook Aol FHA vl AT Aol
2016132 20181 FHe] B T o] HHE Ptk 2y H98 Aol 719

of

[e)
=21

2719ke] geltk. 20163 20189 EF EJWIE 1 & AlFZHA W9lolA e Bl fcle)] ofd A
71%ke] g FXsioy 2 AEE 2018d0] ug Hge] WA HE7px| ] Sl vl
24 Ak 2016d HA7I v FEAY USE olslErldde & Al A7 vk
ol ElMIE 17]qte] rpgAtE]el] f1A|ste] it & o AHEE dAFEC] FARD S o] &ste] FHF ol
Foll A FF PAA XL vk, 20189 FH437) tFgt S FPETH ZHS olsfisle=d Bk
e ke HAZF EME L7]5ke] J¥del £ B ol IS Ao Asdn
74t ZAL AL 2018 FHA7ol= HEH
& 719k EFF gtz I F4lE T A7) 4Alel 2
ol dtes S5 Ao a7igke] EAste] uf
G 7stal 71 2 3718k dell =2 2] USUH o 2 AFE 71EE TIRAR See-At 71E7iEA
2 Qlete] eE g AAle] sPZIR7E UERRS. 3y KMI2017-024108] X Qo2 s sy
™ Aol M e 717 dsshAl ekl A7 9
oA 78l EES Btk 20189 FUL EWE 1 REFERENCES
71 2 ot REiE < 2718 WellA gt
o] ZFst Ui E 2 o]FIt yEhaL, AR 7St Bae, J.-H., and K.-H. Min, 2016: Analysis of the February
of o3l FAE F7] 550l ;M 77 AESEHA 2014 East coast heavy snowfall case due to blocking.
go] &F-Z WEEA Kol FHF o gixe wf Atmosphere, 26, 227-241, doi:10.14191/Atmos.2016.
- FAS 225 LT o= 2016937 20184 26.2.227 (in Korean with English abstract).
L] =5 Wbl 2rolfF Al AFEE Fel Black, E., M. Blackburn, G. Harrison, B. Hoskins, and J.
o] FHtl 4o =3 HAE Esle] dte FHO Methven, 2004: Factors contributing to the summer
2 271 d9o] Hdoiy] ¢ A e, & 2003 European heatwave. Weather, 59, 217-223.
Tol® Azl AL 201687 20183 25 ok & Cowan, T., A. Purich, S. Perkins, A. Pezza, G. Boschat, and
To]l& Az YERSA T 2fo)7F =LA &kttt K. Sadler, 2014: More frequent, longer, and hotter

2016¢ ZYL ZF A HWDO Hls] A& 7)7¢ heat waves for Australia in the twenty-first century. J.

Atmosphere, Vol. 30, No. 1. (2020)



14 201633} 2018 shte

Climate, 27, 5851-5871, doi:10.1175/JCLI-D-14-00092.1.

Dee, D. P., and Coauthors, 2011: The ERA-Interim reanaly-
sis: configuration and performance of the data assimila-
tion system. Q. J. Roy. Meteor. Soc., 137, 553-597,
doi:10.1002/qj.828.

Ding, T., W. Qian, and Z. Yan, 2010: Changes in hot days
and heat waves in China during 1961-2007. Int. J.
Climatol., 30, 1452-1462, doi:10.1002/joc.1989.

Dole, R., M. Hoerling, J. Perlwitz, J. Eischeid, P. Pegion, T.
Zhang, X.-W. Quan, T. Xu, and D. Murray, 2011:
Was there a basis for anticipating the 2010 Russian heat
wave? Geophys. Res. Lett., 38, L06702, doi:10.1029/
2010GL046582.

Gu, S., C. Huang, L. Bai, C. Chu, and Q. Liu, 2016: Heat-
related illness in China, summer of 2013. /nt. J. Bio-
meteorol., 60, 131-137, doi:10.1007/s00484-015-1011-0.

Holton, J. R., and G. J. Hakim, 2012: An Introduction to
Dynamic Meteorology. 5th Edition. Academic Press,
110-120.

IPCC, 2013: Climate Change 2013: The Physical Science
Basis. Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental Panel on
Climate Change. T. F. Stocker et al. Eds., Cambridge
University Press, 1535 pp.

Kim, D.-W., J.-H. Chung, J.-S. Lee, and J.-S. Lee, 2014:
Characteristics of heat wave mortality in Korea. Atmo-
sphere, 24, 225-234, doi:10.14191/Atmos.2014.24.2.225
(in Korean with English abstract).

KMA, 2018: 2018 Abnormal Climate Report, Korea Mete-
orological Administration, 48 pp (in Korean).

, 2019: KMA Yearbook 2018, Korea Meteorologi-
cal Administration, 75 pp (in Korean).

Kosatsky, T., 2005: The 2003 European heat waves. Euro-
surveillance, 10, doi:10.2807/esm.10.07.00552-en.

Lee, W.-S., and M.-I. Lee, 2016: Interannual variability of
heat waves in South Korea and their connection with
large-scale atmospheric circulation patterns. Int. J.
Climatol., 36, 4815-4830, doi:10.1002/joc.4671.

Lejands, H., and H. @Qkland, 1983: Characteristics of north-
ern hemisphere blocking as determined from a long
time series of observational data. Tellus A, 35A, 350-
362.

Luo, M., and N.-C. Lau, 2017: Heat waves in Southern
China: synoptic behavior, long-term change, and urban-
ization effects. J. Climate, 30, 703-720, doi:10.1175/
JCLI-D-16-0269.1.

Meehl, G. A., and C. Tebaldi, 2004: More intense, more
frequent and longer lasting heat waves in the 21st
century. Science, 305, 994-997.

s=27)4eks 7] #3078 15 (2020)

Zog
A=

A

%) v} 24

Min, K.-H., C.-H. Chung, J.-H. Bae, and D.-H. Cha, 2019:
Synoptic characteristics of extreme heatwaves over
the Korean Peninsula based on ERA Interim reanaly-
sis data. Int. J. Climatol., doi:10.1002/joc.6390.

Nagano, Y., H. Kato, and S. Yamakawa, 2009: Recent cool-
ing trend over northern Japan in August in relation to
the weakening of the Tibetan high. J. Agric. Meteo-
rol., 65, 129-139.

Nakamura, H., and T. Fukamachi, 2004: Evolution and
dynamics of summertime blocking over the Far East
and the associated surface Okhotsk high. 0. J R
Meteorol. Soc., 130, 1213-1233.

Park, C.-K., and S. D. Schubert, 1997: On the nature of the
1994 East Asian summer drought. J. Climate, 10,
1056-1070.

Park, S.-W., H.-J. Jo, S. Beak, H. Yoo, and K. Woo, 2019:
Analysis of heat-related illness surveillance in 2018.
Public Health Weekly Report, 12, 630-638 (in Korean
with English abstract).

Pelly, J. L., and B. J. Hoskins, 2003: A new perspective on
blocking. J. Atmos. Sci., 60, 743-755.

Rohini, P., M. Rajeevan, and A. K. Srivastava, 2016: On
the variability and increasing trends of heat waves
over India. Sci. Rep., 6, 26153, doi:10.1038/srep26153.

Scherrer, S. C., M. Croci-Maspoli, C. Schwierz, and C.
Appenzeller, 2006: Two-dimensional indices of atmo-
spheric blocking and their statistical relationship with
winter climate patterns in the Euro-Atlantic region.
Int. J. Climatol., 26, 233-249.

Schwierz, C., M. Croci-Maspoli, and H. C. Davies, 2004:
Perspicacious indicators of atmospheric blocking. Geo-
Pphys. Res. Lett., 31, 106125, doi:10.1029/2003GL019341.

Shang, W., X. Ren, B. Huang, U. Cubasch, and X.-Q.
Yang, 2019: Subseasonal intensity variation of the
South Asian high in relationship to diabatic heating:
observation and CMIP5 models. Climate. Dyn., 52,
2413-2430, doi:10.1007/s00382-018-4266-4.

Smoyer, K. E., D. G. C. Rainham, and J. N. Hewko, 2000:
Heat-stress-related mortality in five cities in South-
ern Ontario: 1980-1996. Int. J. Biometeorol., 44, 190-
197.

Suh, M.-S., and Coauthors, 2016: Projections of high reso-
lution climate changes for south Korea using multi-
ple-regional climate models based on four RCP
scenarios. part 1: Surface air temperature. Asia-Pac.
J. Atmos. Sci., 52, 151-169, doi:10.1007/s13143-016-
0017-9.

Tibaldi, S., and F. Molteni, 1990: On the operational pre-
dictability of blocking. Tellus A, 42, 343-365.



o|8F - RI7|E v - 2HEE 15

WMO, 1992: International Meteorological Vocabulary. Sec-
retariat of the World Meteorological Organization,
784 pp.

Yatagai, A., and T. Yasunari, 1995: Interannual variations
of summer precipitation in the arid/semi-arid regions
in China and Mongolia: Their regionality and rela-
tion to the Asian summer monsoon. J. Meteorol. Soc.
Jpn., 73, 909-923.

Yeo, S.-R., S.-W. Yeh, and W.-S. Lee, 2019: Two types of
heat wave in Korea associated with atmospheric cir-
culation pattern. J. Geophys. Res. Atmos., 124, 7498-

7511, doi:10.1029/2018JD030170.

Yeh, S.-W., Y.-J. Won, J.-S. Hong, K.-J. Lee, M. Kwon,

K.-H. Seo, and Y.-G. Ham, 2018: The record-break-
ing heat wave in 2016 over South Korea and its phys-
ical mechanism. Mon. Wea. Rev., 146, 1463-1474,
doi:10.1175/MWR-D-17-0205.1.

Yoon, D., D.-H. Cha, G. Lee, C. Park, M.-I. Lee, and K.-H.

Min, 2018: Impacts of synoptic and local factors on
heat wave events over Southeastern region of Korea
in 2015. J. Geophys. Res. Atmos., 123, 12081-12096,
doi:10.1029/2018JD029247.

Atmosphere, Vol. 30, No. 1. (2020)



	2016년과 2018년 한반도 폭염의 특징 비교와 분석
	Abstract
	1. 서론
	2. 사례 선정 및 분석 자료
	3. 분석 방법
	4. 분석 결과
	4. 결론 및 요약
	REFERENCES


