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Abstract

One of the most obvious climatic manifestations of urbanization in Korea is a trend towards
higher air temperature. The trends of long-term annual temperature generally well describe the
warming of urban areas. The increase of air temperature in urban area has been observed to the
present since the meteorological observations in Korea began.

The objective of this study is to explore the actual increase and the regional long-term trends
of air temperature attributed to urbanization in the Korean Peninsula. Therefore, temperatures
of the selected urban areas were compared with that of the surrounding rural areas, with the
results varying by the application of the estimates of each region. The second objective is to
separate the long-term trend of surface air temperature of global warming from urbanization
and to find the actual temperature increase from urbanization in Korean peninsula.

For the data analysis, daily air temperatures observed by the Korea Meteorological
Administration (KMA) during between from 1961 and 2005 were used at five rural sites and
cities. The re-analyzed surface air temperatures by the National Centers for Environmental
Prediction (NCEP) was also carried out to compare the result from the observed air
temperature in the Korean climate domain.

In this study, the urban areas in Korea showed high increase rate of air temperature with
0.4°C per decade during past 50 year period, while rural sites as Chupungryung with the 0.2°C
decadal increase rate. The analyses reflect that the urban area shows the high rate of

temperature increase with 1.39°C of regression value at the urban area, Seoul, and 0.43°C at the
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rural site, Chupungnyeong during the period of 30 years. The temperature increas due to the

urbanization only showed the increase range between 0.44°C and 0.86°C, and the observed

decrease in diurnal temperature range at five urban areas during the 30 years period.
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Figure 1. Departure of annual air temperature(’C) from 45

years average of minimum (Tyy), maximum

(Tmax) and diurnal temperature range (DTR) in

Seoul, South Korea during the period years from

1960 to 2005
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Figure 2. Departure of annual air temperature(’C) from 45
years average of minimum (Tyn), maximum
(Tmax) and diurnal temperature range (DTR) in
Chupungnyung, South Korea during the period
years from 1960 to 2005
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Table 1. Annual change rate of daily mean air temperature
(°C) in urban area

Winter |Summer| Spring | Fall | Population

Region) Temp- | ey | ra) [ (MAM) | (SON) [(N/km?)

min.
temp.

Seoul | max. | oo | 6 00ss | 0.0297 | 0.0132 | 10274
temp.

DTR |-0.0125]| -0.088 |-0.0131|-0.0204

0.0602 | 0.0176 | 0.0428 | 0.0336

min.

0.0394 | 0.0058 | 0.0287 | 0.0171
temp.

Busan| max.
temp.

DTR | 0.0141 | 0.0103 | 0.0159 | 0.0134

00535 | 00161 | 0.0446 | 0.0305 | #5810

min.

0.0493 | 0.0247 | 0.0488 | 0.0452
temp.

Dagjeon | max.
temp.
DTR | 0.014 |-0.0106| 0.0097 |-0.0035

C
0.0634 | 0.0141 | 0.0585 | 0.0417 17,839

min.

0.0306 | 0.0088 | 0.0205 | 0.0211
temp.

Guangu| max. .| o oae | 00057 | 0.0419 | 0.0219 | 204
temp.

DTR | 0.0232 | -0.003 | 0.0213 | 0.0008

min.

0.0715 | 0.0177 | 0.0547 | 0.043
temp.

Daegu| max.
temp.

DTR |-0.0126-0.0224|-0.0051| -0.016

0.059 |-0.0047 | 0.0496 | 0.0271 2793

min.

% of 0 0 0 0
stations temp.
wih | max.

decreasing e, 0 20 0 0

trend

DTR 40 80 40 60
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Table 2. Annual change rate of daily mean air temperature
(°C) in rural area

Winter |Summer| Spring | Fall | Population

Region| Temp. DJE) | JJA) | (MAM) | (SON) |(N/km?)

min. | 0.069 | 0.0113 | 0.0389 | 0.0445
Boeun| max. | 0.0669 |-0.0166| 0.044 | 0.0317 | 65
DTR |-0.0021|-0.0278| 0.0051 |-0.0128

min. | 0.0121 |-0.0216|-0.0119|-0.0205
max. | 0.0459 [-0.0048 | 0.0424 | 0.0242 | 71
DTR | 0.0338 | 0.0168 | 0.0544 | 0.0447

Chupung-
nyeong

min. | 0.042 | 0.0127 | 0.0287 | 0.0447
Ganghwa| max. | 0.0442 | -0.025 {-0.0019| 0.0281 | 157
DTR | 0.001 |-0.0367|-0.0294|-0.0168

min. | 0.0362 |-0.0025 | 0.0246 | 0.0326
Geoje| max. | 0.0525|0.0125 | 0.042 | 0.0322 | 418
DTR | 0.0162 | 0.015 | 0.0173 |-0.0004

min. [-0.0179| 0.0177 |-0.0005 |-0.0112
Seosan| max. | 0.0359 | 0.0268 | 0.0438 | 0.0289 | 193
DTR | 0.0539 | 0.0091 | 0.0443 | 0.0401

min. | 0.0075 | 0.0056 | 0.0022 | 0.004
Suncheon| max. | 0.0676 | 0.0128 | 0.0579 | 0.0461 | 292
DTR | 0.0601 | 0.0072 | 0.0557 | 0.0421

min. | 0.0084 | 0.0009 | 0.0047 |-0.0018
Yeounghn| max. | 0.0431 | 0.0011 | 0.0422 | 0.0181 | 120 %/km’
DTR | 0.0348 | 0.0002 | 0.0375 | 0.0199

I%E'Of min. | 1428 | 2857 | 2857 | 42.85
stations
wih | max. 0 42.85 | 14.28 0
decreasing
wend 7| DTR | 14.28 | 2857 | 14.28 | 42.85
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Figure 4. Time series of daily temperature difference
between the central area of Seoul and suburban
area (Sanung)(Tu-Tr) for January, April, July and
November, 1999. Tu: Urban air temperature; Tr:
Rural air temperature
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Figure 5. Annual maximum and minimum air temperature
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stations during the period from March 16, 2008 to
March 15, 2009



gd -2 - & Olt& / 7|23l Bt EAIXIHY] 7|2 B7F 175

AWF A71eL A2 01T, TICRA F A8 ABAole] WHg ekl du, A st =
3C ol4e] Aol S Hol LAAY HAIE Aol AAtelo] 72 Apol7} Eglo] 9l wel up glek
SIS Qe AiA} gl JJofshn 9hee & o)F ATolA A 40uZE Wt 718 BAs
% 9lek Uin, 2010). A5 718 4 Bl AEART 0F 22 A
o A ekt slekrchs BRI ¥4 U

Bht 219 TR, AeHel 917, B4 W g

V. L utstet A ate] 2

71 371 8 8%l =ASE autel At

719} i*'ﬁﬂr a=a 4= AE $719) 712 AER
oE ERE 71237k disl ZAIS] ofgt =
Al 7l£ F7HE At2dst anet Bejsle A
& AF2HEE Ykt ddA Ak=7E ok
=9 7153k} Wang(1990)° 19545 1983
d 71748 59| 712 EAI9F HEEAIR LHRo]
EAE aTE 2ARE HE ot 1 AT 2|5
o5t F=9] 7l F7h= AdAoR Ao uet
o2 A4S VERHAIRE 3097 Bt oF 0.23T
A5kt E Hulme (1994)= Ad 4047 5=
O QT o Wt WE 7] HEkE 2Aslo] of
0.33TC9| =AISH avs FAsITh = =A|
So| AvE ALZE ALY 7lds BEFE A
A3 ALE AFe R ofg] FkEe] Ad 75W7h
A& 712 ARE B8] 712 F71eF =AY 4

-0 O

g Soll 2=t =52 A8ttt AL} Q1
A ALA] AbolQ] 7] 2atolof distol= THHE Q)
BG5S % éf?_ A3} shete Pt =A|5} 7
L A2o] A 20W7E oF 0.3 UL AAksEYT
ole} dAFtato] § HJEOHAH 7l Aee At
W3l anel wASE aatE HEekaA} vl A
T2(NCAR)ol|A AY4Fst= NCAR/NCEP &4
AgofA ghtE 29 7|2 A4t grE o]-85to]
19721 5HE] 2001L477}Xl 309 717+e] 3o A
71& F7F AaE wE A9 Hlaske] HdeHOh
et al., 2004). & NCEPoA AAH 712 2 <l
FUEY A7 1=, ofATE T AdE YR
SFA] JokR & NCEP A&7t Y= 712 57+
A dst g FAste] 72t B4 2 5E XY
o A =3t 7] 204 NCEP 7]& & AAS &
Te A3 gE Boktt 1 Axt Table 33
Zol At FAb ot FF A Al 5 EAA

Table 3. Decadal mean values of the observed air temperature at the urban and rural weather stations during the 30 year period
between 1973 and 2002, and temperature departure with NCEP reanalyzed air temperature

Locations _ 1973~19%¥ _ 1983~199_2 _ 1993~200_2 1973~2002
T in T max T in T max T min Tax | AT mean | Ml peaTncw)
Busan 10.96 18.20 10.65 18.47 11.60 19.22 1.16 0.49
Daegu 8.48 18.78 8.03 18.97 9.53 19.78 1.48 0.81
Urban Daejeon 7.35 17.55 7.22 17.75 7.96 1855 1.45 0.86
Gwangju 8.83 18.51 8.84 18.48 9.54 19.28 1.11 0.44
Seoul 7.98 16.67 7.83 16.49 8.74 17.33 1.39 0.80
Boeun 4.70 17.02 453 16.92 493 17.50 0.69 0.10
Chupungnyeong 6.85 17.00 6.56 16.68 6.81 17.59 0.43 0.16
Ganghwa 5.80 160.15 5.53 15.98 6.47 16.36 0.57 0.02
Rural Geoje 9.12 18.04 9.61 18.71 9.57 18.81 0.56 0.11
Seosan 7.23 17.02 0.96 16.82 7.45 17.62 0.44 0.15
Suncheon 7.14 18.64 7.11 18.72 7.33 19.72 0.45 0.22
Yeoungchun 6.93 18.64 6.40 18.36 6.60 18.87 0.41 0.26
% T+ minimum air temperature, T,,: maximum air temperature, T, .., : daily mean air temperature, TNCEP: NCEP

reanalyzed Global mean air temperature in Korea latitude region.
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