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Spatiotemporal Distributions of Thermal Peaks in Summer and Winter over Korea

Bo-Ra Lee

Department of Environmental Atmospheric Sciences, Graduate School,

Pukyong National University

Abstract

This study investigated the spatial distributions and long-term trends 'of the annual
highest and lowest temperature points (summer peak temperature, SPT; and winter peak
temperature, WPT) and their timings (summer peak day, SPD; and winter peak day, WPD)
in Korea.

The two peaks were determined by selecting the highest and lowest points after removing
temperature variations under a seasonal scale (90 days) in the time series of daily mean
temperatures. For the long-term trend, all the available temperature data of each station
were used. We examined data for 100 years (1909-2008) for five stations; data for 56 years
(1953-2008) for nine stations; and data for 35 years (1974-2008) for 61 stations.

The SPD in Korea is August 4 on average. It is the earliest (July 31) in the central inland

region (Chuncheon, Hongcheon, and Wonju), the central hilly sections (Daegwallyeong),



and the southern inland region (Gumi), and the latest (August 10) in the southern coastal
region (Busan, Tongyeong, and, Yeosu) and Jeju island (Seogwipo). In Korea, the WPD is
January 16 on average. It is the earliest (January 13) in the central inland region (Echeon),
and the latest (January 24) in Jeju island (Jeju) and Ulleungdo. SPT and WPT are the
highest in Jeju island (Seogwipo) (27.3°C and 6.4°C, respectively) and the lowest in the
central hilly sections (Daegwallyeong) (20.2°C and -7.9°C, respectively).

The interannual variations of WPD and WPT were greater than those of SPD and SPT.
SPD did not exhibit clear change in all the analysis periods and stations except for Wando
for 35 years. WPD arrived earlier at seven stations for 35 years and at three stations for 56
years. WPT exhibited warming trend at 56 stations for 35 years and at all stations for 56
years and 100 years. SPT did not exhibit warming trend in all the analysis periods and
stations except for Seogwipo for 35 years. There were even stations (Chupungnyeong,

Mungyeong) that.exhibited a falling trend.

Key words: Summer peak;-Winter peak, Peak Temperature

Vi



1. Introduction
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2. Data and Definitions

2.1 Temperature Data

St Ul o] 7S A FolA 19099 1€ 5-E 20099 29 7HA =
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2009 2€7HAI = 6170 A A H 7S =7 7HESkt (Fig 1).
o] F Aoz sl A&l 19501 9L FE 1953 11€7}HA,

ol ol = 1950 6DH-E 1951d 9¥€ 7+ 9 71 277} A=F Q)
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Fig. 1. 61 Weather stations over Korea. Shaded contours denote topography (m).



2.2 Definitions of Seasonal Peaks
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Fig. 2. Time series of daily mean temperature (fluctuating) and filtered temperature
(smoothed) using the 90-days low-pass ET filter in Seoul from March 1, 2005 to

February 28, 2008 Black dots denote summer peaks and white ones, winter peaks.
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3. Spatial Distributions of Seasonal Peaks

3.1 Seasonal Peaks Day

Figure 4% 353 (1974-2008) Hi Seasonal peaks day®] &3kt
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3.2 Seasonal Peaks Temperature

Figure 5+ 354 (1974-2008) i seasonal peaks temperature®]
TIHEE (617 A F) & XU} seasonal peaks temperature®] &kt
EAMde ey ol Y HHE QokHth AA, SPTY WPTE
=7t H=S5F STl Seasonal peaks temperature  Ef Hj A
2ARE FAew celw e oA pAwgGen wo
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Ad F 7P =2 3ol fxs g3 @1 772m) 2 SPT (20.2°C) <}

¢

WPT (-7.9°C) 7} 7b¢ Yo =4, SPES} WPTH A% A5 =t
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3.3 Characteristics of Spatial Distributions

Figure 6 617 A9 359 3 seasonal peaksE B AEXOE
e golth, waEgeld Ade A% AA= 61 @%el 25t
percentile (first quartile), 222 77| 75th percentile (third quartile) =
on| gt} g Ulo] AL FUEk (second quartile) S, HA2 HAikS
oulgtt. AAEFYH u2 FRAAY f4F AA= 617h #k¢ 10th
percentile, 2 2%2] 7 A= 90th percentileS 2| 7| gtr}, A=} o]0 R
HAE2 outliers 2|V St} third quartile?} first quartile®]. 2}& InterQuartile
Range (IQR) #}al gt} IQRE 6170 Bk 7l el 91213 50%9]

Wz, Aud 4z R g

|\

Q.

ﬂl

gh=9] ‘summer peak’} WA O E UEILtE Al7]= 89 4Yolal
winter peak”} Hat 4o = YEIE A7 1€ 16¥ 9]t (Fig. 6a and b).
35 H SPDO H9lE 109 (A& 7€ 31994 A 8¥ 10€7HA)
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244714y 2 winter peakol| 4] © At} SHA|9F 351 H SPDO| IQR-
42 89 1¥dA 8¥ 59) ola 35 Wy WPDY IQRS 3¥ (1€
14494 1€ 17¢) & summer peakoll A © AT} =, 351 Hi SPD+
WPDHE. T} M9l 2o} IQRS ¢ At}

k9] summer peak®] i 7]&2 25.7°CO|il winter peak®] FF

7] -1.2°Co|t} (Fig. 6¢c and d). 353 ¥ SPTS W+ 7.1°C (A&
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Fig. 6. Box plots of average (1974-2008) (a) SPD, (b) WPD, (c) SPT,.and (d) WPT in
61 stations. Box plots show:10%, 25%, median (solid line in the box), mean (dotted

line in the box), 75%, 90%-and ‘outliers (extreme value).
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4. Variability of Seasonal Peaks

4.1 Extreme Events of Seasonal Peaks
6171 A1 9] seasonal peaks®] HlIAEFES AxHZ YEHYAT (Fig
7). 6170 A3 HE seasonal peaks®] ¥ FHA+= SPD7F 5.0, WPD7}
8.0¥ol™ SPT7} 1.1°C, WPT7} 1.5°Ce|t}. =, WPDe¢} WPTe| 7y
—4

HEA S SPDSF SPTol 4 WeAdut A Hetgd. A+H =

Aldgol a7)ete] e ar o] arstel F1A] FAel o

F3p7h AR o wEe] AgH Fwe e wEo] Wi W

.

H

% ES AT} (Zhang et al., 1996).

35 3bsPD7F 7hE meE] ek 22 1980 69 249 () =

o,
=y

A HU 41 o241, T A A G2 19991 8¢ 25
(MAEX} AME) &2 HF 2aAld- w219 =t} (Fig. 7a). 39, 354
b WPD7F b e bAe 3 19881 1249 249 (2, W) =

Ha A B 249 ol23, 7Y = HAS E2 1988y 2¢¥ 16Y

H

) = Hr EAAY B 30 =T} (Fig 7b).

o =
=70

~

350 ZF SPT7F HAYghS 31.0°CE 1994 79 319 (W) 9
e} d3 728t 54°C =3, HAZEE 16.1°CE 1993 7€ 20

(=) o b} "t 718w}t 95°C Yt} (Fig. 7¢). 3+, 354 7F
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WPT7F HuighkS 8.1°CZ 1989 19 59 (AAXE) o yeh} it
7|28 TE 92°C il HAFS -11.7°CE 19819 1€ 15¢ (=) o

e o 7] 12T 10.6°C YU} (Fig. 7d).
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Fig. 7. Interannual variations in.-box plots-of (a) SPD, (b) WPD, (c) SPT, and (d) WPT
in 61 stations from 1974 to 2008. Box plots show 10%, 25%, median (solid line in the
box), mean (dotted line in the box), 75%, 90%, and outliers (extreme value). The solid

lines are linear trends in average seasonal peaks for 35 years.
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4.2 EOF analysis
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Fig. 8. Eigenvectors and principal component (PC) time series of the leading EOF of
(a) SPD and (b) WPD during 35 years over Korea. Dashed lines are trends. Gray
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5. Long-term Trends in Seasonal Peaks

5.1 Spatial Distribution of Trends for 35 years (1974-2008)

Figure 79 #-<S 242 6170 # % ¥ seasonal peaks®] 354 1+
A8 ZFAoltt. SPDe A¥ FAE 0.007 days/yearo]iZ WPD2| A
A= -0.176 days/year©]t} (Fig. 7a and b). A% F FA] 2% 90%
o] o] AzEFFolA fFYstA &tk =, 354 1 ¢h=e] ¥t SPDe}
WPD7}F LA ALY =olAl= Aol dEtuA U TE SPTo| A ¥
FAHE 0.013 °Clyearo] 32 WPTE] A3 A= 0.064 °Clyearo]t} (Fig. 7c
and d). I 5 WPTY A8 FAT SAHo= {93ttt | &, 7]
dsdte Ao ALdqAnt Sld Aol

Figure 102 SPD$} WPDS] 359 %t A FA419 F<HExE (617
A1A) o|th. SPDO| A® FAl= Ak oo Rl A Y] gk
ATk (Y 3970, &: 2070, 0:-270) (Fig. 10a). 7} & &9 FAH& 0.141
days/year= ZFsloll A UEFGAIRE SA A 02 FolstA] = &l ekt

=
[}

rb

AREES BAMOR Felsd LAW o FAF

U

=

o #A

ol

o]

|

Aol Atk 7HE 2 54 FAI= -0.148 days/year® ol A
Ueltor of FAl= 617l A T fdeA AR folsitt
weDel MY FAt o ghat ol ghel WiHHom Uehtd

SPDe] g FAek= 2 e AHAAM &9 #he BT (Fig 10b).



M 2 59 FAE -0309 daysiyear®= FEolA yEhgth AES
EFete] Sz, 4, AL, A, 5%, AitdA BAHom {o%
w9 FAE HRlth =, o] A HE9 WPDe du A= FAlo|th

Figure 11 SPT9} WPTO| 359 b A3 FAle] 32X (617
A1) olth. SPTO AE FAl= i AAA 4ol & BEdv (%
5170, =: 87, 0: 27) (Fig. 1la). 7} & 4 FAl+ 0.043 °Clyear=
AAZAA dEsTE BHE, A F 59 FAE -0.043 °Clyear=
w3 YetgE. 7 FAL B SAACE st $AFoRE
frolatzl FAR S FAE B A (A, AA, Ao FE, ALE,
7, 99) 2 A7 @ JgHATE T5 0] ATk WPTS A¥
FAE BE A A % 23S Bt (Fig 11b). 7Hd 2 49 FA=
0.126 °Clyear= HAFolA YeEtston A535 XE3 5671 A2 FAH=
EAHoR Fo)str)

Seasonal peaks®] A& FAE= AFHT ANA T S 7=
ol At o= AFE 7IFTF AFHY A=A o FEHF WstE
HOlS Sty FEs Wyl wHEA 29w SPDeOF SPTOF i,
WPD= EE AHolA FEAoE Fo FAE HI o F 7/

Aol M= SAHCR Fof7t FAE BT T3 WPT= 2/30]7d9
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Fig. 10. Spatial distributions of linear trends in (a) SPD and (b)-WPD at 61 stations
from 1974 to2008. Squares indicate stations with trends. significant at the 90%

confidence level. Unit: days/year.
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Fig. 11. Same as Fig. 10, but for (a) SPT and (b) WPT. Unit: °C/year.
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5.2 Trends for 56 years (1953-2008) and 100 years (1909-
2008)

Table 1> 5613 7+ 9711 =], Table 2= 1001 2+ 57 A <] seasonal
peaks®] A& FAolt} 56d 3+ SPDo AE FAE s/ AH (EF,

ah,dF, A, A oM Fe whelal a8 A (FE %, 4T

o
)
N

b

SZ5) ol &9 groltk 1000d 7+ SPDO A& FAE 3 AH (AL,

AA, Fahy ol Fol ghetal 278 A H (-, =) o4 &9 grelth

ok
)

AT olE gEF SAHCE FoshA Wtk 5611 1+ WPD9

A8 FAS A A-ANAM gl @ol Rl =5 TAHSE, 7

12

@ g
FAE 7H ARE EASAY. S ((1.69 days/year) & AT (-1.74
days/year) =  90%°l%, =T&%E (-2.14 days/year) = 95% ©]%9]
AN A ok o FAlolth o] AL WPD7F dedS g
Aed (12€-29) & Bpb7ler shbZIE  WErol T2 ASES

AuEo R 1 A9S  FHIEJT AR} sRbE vre

715 9] winter peak’} HirH o= YUEREE A7)0 1€ 17 o]t}

AsEHXT O Zt) (Table 3). 5613 7F A Ao HA 7] A5E T3
AHE7I Bk shubz]ol A ZiTh 5= A] B4k wle] wpEw, 353 7F

WPDS| FAl7E A AN FEH O
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o
f
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=
u
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100 7 WPDS] A9 FAl= 270 A (T, H53E) ol Fe #holx
37N AR (A2, AF, F4h oA 54 #holth olE e AR
FrefshAl St

561 3+ SPTO| A¥ FA= /- AR (FF98, AF, &%, &F,
o) oA Fo] Fhela 4 AR (B, EF, =2, AF) oA e
gholth, o) FAHE H AHL WEF FAHORZ fFodx gl

A 0 FAE B AH T FERE 0% Aol
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A, WPTE A A HolA EAH o2 o3 A FAo|th 35 (1974
2008) ©] FA17|3y wpR AR 56 d T 10019 A7) Zbl A = o 53

A& BEFoA 7)) st Aol otdzt &4 AgelAMRt 7]l
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Table 1. Trends in seasonal peaks from 1953 to 2008 at nine stations.

Trend of day (days/year) Trend of temperature (°C/year)
P- P- P- P-
station SPD WPD SPT WPT
value value value value

*

Chupungryong  -0.005  0.093 ~ -0.057 0.043 -0.018" 0.007 0.026 0.003

Gangneung -0.030  0.064 -0.169° 0.007  0.008  0.046 0.035  0.000

Jeonju -0.008 0.083 -0.052 0.048  -0.003  0.077 0.031"  0.001
Ullengdo -0.030  0.046 -0.214" 0.002 -0.005 0.068 0.029"  0.001
Pohang 0.013  0.078 -0.073  0.034 ~0.015 0.020 0.041"  0.000
Ulsan 0.008  0.086  -0.054  0.048 - 0.009 0.042 0.039"  0.000
Gwangju 0.000  0.099 -0.073 0.034 -0.006 = 0.046. 0.032" 0.001
Yeosu 0.021  0.057 -0.031 0.066- -0.002 0.080 0.034" 0.000
Jeju 0.030  0.045 -0.174 0.007 = 0.006 0.051 0.026" 0.000

kok

: significant at 95% confidence level

: significant at 90% confidence level

Table 2. Trends in seasonal peaks'from 1909 to 2008 at five stations.

Trend of day (days/year) Trend of temperature(°C/year)

SPD  P-value WPD P-value SPT P-value @ WPT P-value

Seoul  0.004 0.082 -0.022 0.045 0.001 0.074 0.036  0.000

Incheon 0.004 0.095 -0.017 0.056 0.000 0.096 0.032"  0.000

Daegu -0.006 0.077 0.062 0.034 0.004 0.029 0.048"  0.000

Mokpo -0.005 0.070 ~ 0.048 0.046 0.001 0.080 0.027  0.000

Busan  0.010  0.046 -0.041 0.021 0.003 0.047 0.035"  0.000

ok

: significant at 95% confidence level

: significant at 90% confidence level
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Table 3. Trends in temperature of first half-winter (Dec 1-Jan 16) and second half-
winter (Jan 17-Feb 28) in 3 stations and averaged 9 stations for 56 years and in 35

years. Unit: °C/year.

For 56 years First half -winter Second half -winter
9 stations 0.025 0.034
Ulleng 0.019 0.032
Gangneung 0.025 0.042
Jeju 0.023 0.023

For 35 years First half -winter Second half -winter
61 stations 0.034 0.072
Sokcho 0.005 0.060
Gangneung 0.029 0.084
Chuncheon 0.015 0.071
Seoul 0.046 0.093
Incheon 0.054 0.099
Ulleng 0.024 0.073
Seosan 0:012 0.047
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6. Conclusions and Discussion

2 AF= = (6171 A F) ¢ summer peak®} winter peake] 7]
(Summer Peak Temperature; SPT and Winter Peak Temperature; WPT) ¥} 1
W28 Al 7] (Summer Peak Day; SPD and Winter Peak Day; WPD) & &3k
2 A7FAE BAEAT T opeaks 4 Hat 71 AAIDlA 90-day
low-pass filterS AFg3le] AlA 2 olsle] 7| WHES AAT &
Hugd HAH S Adustezn AR AT

gh=ro]  SPDSE WPD WHAGClA - dH, sA AN =
vebdt. SPDE £33, 3 45, wWER, rdA g ol (79
319) §4h &4, A, AFAXAA 7HE =t 84 109). o] Ad=
SPD7} ARIE F7old 7HE ol=a (T2 209) AFelAM MY =v
8Y 29) = A AT (Lee, 1969) &= TR Zolzk gltl. WPDE
olHo A 7 o]lZ2 (1€ 13Y) AT 5= M =T (1€
259).

SPTeF WPT k7l (5%, AfE d45 Yok 5, °ls
SEs gl 7 st AFECA JHE Eu SPTE A=

YEo] A3 e} FFE AR F& IS Bt WPTE
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