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Abstract : This study examines relationships between climatic factors and spatial-temporal patterns and recent
changes of tropical night phenomenon(TN) occurring through nighttime stages in South Korea. Frequencies of daily
TN at different times of night are extracted from long term(1973-2004) 6 hourly nighttime(9PM and 3AM) temperature
and daily minimum temperature data at 61 weather stations. Temporally, the occurrences of TN are more pronounced
in the evening(9PM) and during the Changma Break period(late July - early August). Spatially, the TNs in the evening
frequently occur in the urbanized inland cities at low latitudes due to urban heat islands, whereas the TNs in the
middle of night(3AM) or at dawn frequently appeared along the coastal areas within 30km from ocean due to the
thermal inertia of ocean. By contrast, the evening(dawn) TN is not seen in the highlands whose elevation is greater
than 800m(300m) along the Taebaek and Sobaek mountain ridges due to temperature lapse rates with height.
Correlation and multivariate regression analyses reveal that the impacts of human or physical climatic factors, such as
latitude, elevation, proximity to ocean, and population density, are diverse on the frequencies of TN according to
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nighttime stages. Recent temporal changes of the Late Changma period and intensified urbanization during the 1990s
have increased the occurances of TN in urban areas. Therefore, strategies to mitigate the increasing urban TN should

be prepared in the near future.

Key Words : tropical night phenomenon, nighttime temperature, thermal inertia of ocean, urbanization, human and
physical climatic factors, multivariate regression anlysis, regional climate change.
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Figure 1. Topography and locations of 61 weather
stations in South Korea(1973-2004).
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Figure 2. Long-term(1973-2004) averaged daily percentage of occurrences of Tropical Night phenomena
across 61 weather stations in the evening(OPM), in the middle of night(3AM), and at dawn when daily

minimum temperatures are observed in South Korea,
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Figure 4. Long-term(1973-2004) averaged frequency(days) of monthly Tropical Night phenomena in the

evening(9PM) in July(a) and August(b) across South Korea,

- 737 -

126°E 127°E 128°E 129°E 130°E 126°E 127°E 128°E 129°E 130°E
3 AM in July 3 3 AM in August 3
” \ 0
L {een} 138N
o\ g 0 6
& RS e 8
Ulleungdd lleungdd
\ 137°N ¢ 137°N
3
136°N | 1 36°N
435°N p 135°N
¢ &
434N P ¢ b P
5 1235 Z »
)
R a . . — R 187 R
Figure 5. Same as Figure 4 except for middle of nightGAM).



ZYE - HHe

126°E 127°E 128°E 129°E 130°E 126°E 127°E 128°E 129°E 130°E
Dawn in July Dawn in August g4
g
0 f et 138N
2
Z
s FY 2 2 ¢ | &
N _",“ . 44 0 4
. ¥ Ulleungdd Ulleungdo
B S ag g . 2
¥ a" 0 \ 13N 37°N
g
5l
P 35°N 135°N
& &
134N L N
e
(&5

Figure 6. Same as Figure 4 except for dawn, when daily minimum temperature is observed.
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Table 1. Pearson correlation coefficients(r value) showing the relationships between long—term(1973-2004)
averaged annual frequency of Tropical Night phenomena(TN) through nighttime stages(at 9PM, 3AM, and
dawn) and climatic factors, such as latitude, elevation, proximity to ocean(km), and population
density(persons/km?) across 61 weather stations in South Korea,

Latitude -0.500

Elevation -0.331*
Proximity to ocean -0.138 -0.456%
Population density 0.336* 0.231

** Correlation is significant at the 0.01 level(2 tailed)
* Correlation is significant at the 0.05 level(2 tailed)

=39 A}, A S At A GelAe AHE
ofF @o] A9 WA AN, &2, FF T
L 5 AR AN M Eior dibel e
T 63] opFo g AR Frt. 7F-8+H1984)7F Al
Al Ejuet ddEe] 784 el EET ut
29, fusiolls 8ol st 7 wolRIH,
ST 5L oA " A8H1984)9] i
E=ot B Aol AAIShs M Erior o) A
NE Z2E=F vws) B, 3emrt 23°C o]
53 SR FIE A AR wheb A ddior
Aol A AYBLL YIS & 4 Aok EE =AH
OS2 NE Y AT dF 59 At we aR WS
H=AloA s 7Hof) A Efiol B/de] ARI=7} A
M 53] ooz FHA| Yo vig] g}, wbd, ey
Abalis} s ibmoll A S alE7E 200mol 4 Hl= Aok
R HolX= M Eok F/dol A o) WgstA| ghett.

£ do

ofzte] Azt Aol whE Frfof AL WARIE
o] FHEEE YollA dHE F3}, Fojof @ T
Aol FFE E 5 U 7IFWRRE A%,
A A, =AIE 52 A2 E 5 AT ol V1%
ALEel AW oKt AIHEEY 9 Aok, AfE)

A3t

A, ofzt zt A7k Pearson AFHAIE H]iLs}
o B A3} 99% 01439 FAFEolA Y= AEE
tfokr= —0.500) AR TI= A Eohoke= 0,535
Aotdolr= —0.658)AFY] A% WA=} o
e ARRAE Ve SickTable 1), fAFHA 3t
azeof s Aol FARTE AHET
of FAre] WMol BAIH O R ¥ 2 AUBAE
veEld ek, W, oA Bold ARe AYdd
of AAre) bRl ob= AFUIA L felniskA] o
U, Aok o= —0.580)1} AlE Gdjoke= ~0.456)
AAtel B T ol f-ofu|dt ABAAE Beld), +
Aoz FUzet A Frhof d FAYRIELo
PAE Bt JHZE An B9 FUHoR o
T 9 AL FF AF T ATEETL 3,000 /km?O]
Al WS At 24 23t 2ol 43zt 219y
H ZA = A Gofjof d/do] AF 353 ol
2 25 S-S & 4 AthFigure 7a), HFsHE o]
ofzro] JAFIET} Fot 77 EF2ESHH =N
A oAt Wate] ZA|EEo] HjFURIE Hol
53T} oztell Aoy A] FeIR I Hi7|2
HRABIE R 52 7120 A, 2AYL-E Y
of H|gte] =AEA ] =t w1 Ediof AT A

Z YT 5 Q) thRolt BYFeE AREL 8

- 739 -



(a) Population density vs. frequency of Tropical Night phenomena(TN) in the evening(9PM)
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Figure 7. Relationships between population density{persons/km?) and long—term(1973-2004) averaged annual
frequency of Tropical Night phenomena(TN} in the evening(9PM)(a), and between proximity to oceantkm) and
the long—term averaged annual frequency of Tropical Night phemonena at dawn(b) across 61 weather
stations in South Korea,
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Table 2. Empirical multivariate regression models predicting iong-term(1973-2004) averaged annual
frequency of Tropical Night phenomena(TN) through nighttime stages(at 9PM, 3AM, and dawn) for locations
without observations, based on climate factors, such as latitude(L), elevation(H), proximity to ocean(PO), and
population density(persons/kn?)(PD) in South Korea. Tolerance showing collinearity among independent

variables is less than 1.0 in each model.

Y=170.786-0.039 X H-3.961 X L+0.001 X PD+0.055 X PO
TN at 9PM Y=156.735-0.35 X H—3.527 X L+0.001 X PD

(Evening) Y=143.990-0.39 x H-3.128 X L 0.505*
Y=31.997-0.49xH 0.371=
Y=133.270-3.330 X L—0.074 X PO+0.001 X PD-0.010 X H 0.663*
TN at 3AM Y = 141.905—3.589 X L-0.082 X PO+0.001 X PD 0.644*
(Middle of night) Y = 133.784-3.333 X L-0.088 X PO 0.565*
Y = 161.758-4.193 XL 0.423*
Y = 71.611-1.826 X L-0.044 X PO+0.001 X PD 0.378*
TN at dawn Y = 66.799-1.674 X L-0.048 X PO 0.322%
Y = 81.830~2.136 XL 0.237"

** All coefficients in the equation are significant at the 0.01 level.
* All coefficients in the equation are significant at the 0.05 level.
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Figure 8. Long—term(1971-2000) averaged percentage for wind direction frequency in July and August: (a) in

Gangneung and (b) in Daegwallryeong.
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Figure 9. Differences of temperature(T) at dawn and relative humidity(RH) at 3AM between Gangneung and
Kanghwa, when Tropical Night phenomena at dawn occurred in Gangneung(1973-2004),
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Figure 10. Change (%) of daily occurrences of
Tropical Night phenomena (TN} across 61 weather
stations in South Korea before and after 1990: (a) in
the evening(OPM), (b) in the middle of night(3AM),
and at dawn,
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1990 in South Korea.

(\IAAD. 718, A&e] AYgdiof d4L 19909
ol ulwate] 1 o]Fo AR 103] F7IIAL
U, o] tiEAQl QAL Figte] )13} 43] Fr=rt
Z7V8tge), fake] Aol A% A Ehof ¥4
o] 1990t o|F ARF 33 F=T F7IsIAoH,
WE A oo} Hole AY drliol Aol &
& 78|40l Z713190ct. o|AL EAIEAS FET}
7ol AT =AETHE WEo] §RI3E BAolA
Z81A Jepdthe A#HSakakibara and Owa, 2005)
9 dxjgitt,

g WEe] st 200mol o] Aot 2 g
A= 1990 o)A} o] 3] A Hefjof Ao &
RHIo] 2to)7t A 9] giSichFigure 11), EA137} A
o] AYP=A| gk EA-9A, A-HAH T WEL
Z]of A7t AEA| X G2 A Geiof HAF] YR
7} oF7t Zradte AYE BoF

— 744 —



7899 E2E

2 @ vt A717H1973-2004) B
Ok AlZERIRol| wel WA o1 Aol @Atel
A -0 BT RSt 1 FREY 93
= 7137k B S FEsch o8 8, A=t
617 22| 6AIZPEOPM, 3AM) AtE ot U FA{ 7]
oA oRzk Al L Aok, A=) Aufor A4t
o MARIES U WHR &3] A\t A
By FHERE A=ssian KA dstste] B4
st E3, Sl S, sjoFEke] A,
= 59 715dAEe] Fdjof d4e] HAe) wlX)=
S AFIS] Al ABENTL dFIARAS
AT, ES, HZ 7ASET e Aedst
o st 199099 o]t o]F L-ejute} dfjof
B ANl VeRd A - A HEkE BAlE)
Ak, F27F A 2SS okshd ohgat gk

A, Ariof BAR2 AZMH O o Fuprt B
SR} AZE7) o) HukFArI7E -89 2
D)ol F2 FF3to] WA, o] Al7]o) A (79%)°]
U AoR0%7HA A&E= Ediof dAdETH Ay
(50%)°)) &gsto] Hok ol el Akt HrioF A4t
o) BT Eo] Frh 53], A9wel X3 AF=Y
Atole =t B sUT-9Uxeo ddior &
o BARIET} ohA] F718}7] = gt

A4, B R AYoPM)Eiof B2 F2 9
=0 HEAE(100molsh7h I =AS £-2 Akt
7h A QlrHmst ow fjoFola] "ol Ui
59 =] A FoA A5 PG whE, Aof
GAMEriol AT o FA7|2o] USEE Az
M Befol A4S Wt YR skt SaElR
8 € #AY YL W= AW AAYE wety &
WA B3 AF oA fmt dol thE 3
R Goll vis Ay % Hordthol B/do] Hayul s}
o #A WehdTt

AR, 3t 2132 dofof MYN=E AXS
TR 713U} T SR, = Aol W V)
AER ste] YR SUIE 800m(300m)o} 4]
AR Aol A= A () Eeiof d/de] Hs Wgat

FF

p

=

Sa|Lfat SrioF B4 WAO| Al 8P S-m 230l W

A etk T, AT, £ 59 9% FFAY0NA
€ B4 AR ATl Ao AR} ApF
Aste], U HxAkel Adiel 2o vlsto] A E
ok AAte] W=7} 8Hof gt 63 oler
A HEhdt,

YA, A 2 24978, =gt g
= ol9o= F& ATUEEB,000% ko7t WS
A2 A Ao B4 F7toll T8T G 1l
A1 glat, sfeollAl 1-EB0kmeo ) A HA A=
Fel & BAol A Erfol WAREE F7HA7E Hl
o 8% FEFS VAL USS G 4 ok B AT
oz oleidt 71 FAA ] BHAFE ]88t -2
wetoflA 71 &@50] o] FofX|A) g2 A HolA Bt
Aoz sk ot Edior @ W E F4Y
A= AEA dE3AREE A3

oA, 2o A7) et S, 1990
olFo= MZIH R =T A7 HrfjoF T4 W
ARIE7} Zash v, AukiAr) A% A7jede 5
7Fehe BgHE A 32, 19909 o] %o
EAISE B AP R A= dE=AIE FHS
21990 oo vlste] ARt 4-83] o] HHE
ok dAre] MR} S35 S71sHict WY,
LI = 200mol 2] AR Hob e F 717 54
Afjor FAe] g WAR =) A M3t gigich

£ AFlA wad WEE2 =A B BT 2o
of FAte] WA, = AR HA wPdHes
WS Erfof AT AFe FHEA, Ao Y
d&2de) A 5o Afof dadt $45£A7EY 7
224 289 5 & Aolrh 53], I doiof
T HAEzEe] sl digt B0 w2, 204)7]
T ZAIBL WEA AYE A AGE FHOR
Aol @AFe] AR SR8 F7IsHIE. wet
A, AFols EAAYY FAEE € A9 ¥
Hater dfjof A4 S BHES AFHLeE
&, e R F7Bke EAIAor B4 AR
= e S vk =S b & Aol

l

o b g
mot W hr

I

il

— 745 —



Y8 - AL
it

£ dATe T=71R 71T A TI3Es
o i A9 7% AluEle 28 7)e A o o
o 7|F2= AT} AHH] A Qo &3 o] Fold
RAog ol gf JNHoz I=7|AA 74 ATae
FAE, B3, =7 3l =55 74 AP 4
AN BET A= 2AE oA g2 RAL
A)2)8}3} Cartographer, Mr. Michael Siegelol A= 2
Al=gd,

xR

78t 1984, G S Bk BH 220 A™A W3y
FH=a)|FekE] 2], 19(1), 31-35,

74, 2001a, 71T 1971-2000, 71AHY.

74, 2001b, 2A7EA A7 7)e AL A 7139
3t Al & 714 7iE, MRJ—CG-01-B-29,

7IAATEA, 2004, $HEe] 7|3 MRO44C30,

AR, 1999, 7158 ANECHA), AL

A8, 34972, 199, “mE Ee 245 FEAENA
Uehde SAHE @Al B3 A4 A
8%}, 32(4), 593~600.

AT, A, 2179, olFE, 1997, ANt 3tA| ol4
A2z} BERHE 7] &3ke] B4 A 13 ojdA
o] E¥3 £ AN, IF7IAEER), 33(1),
138-154,

Ao, 1Ay, $U8] B4, 0159, 1998, ‘19873
19940 oyt 34 o4t 28] 54" $H=7]
A313)%), 34(1), 47-64.

uhgol 1996, “gh=re) aHA 7|2 Bagnt Wiyl wst
o A ;=7 35, 14-22,

ol 4, 1983, “AubAle] FHA B4 =14
23], 19(1), 1-11.

o1, 1977, “ggte] 9loiA] 3HA4 o vl &4 &
/goll T3t A" A 2)3kat X224, 7, 4365,

o]@d, 2000, =9 713, HEAL

g AFd, AITA, 2005, B AUt A
o83 Y AR FUf vjAE 9% 1991~
2000, <frgele}3] x|, 38(3), 283290,

AGe AZE FUFEL 2000, 204)7] FHEE FRz|uke)
53 7|2 W3l g EEkEA], 356), 519-
528,

23 AP, 4FS, &4¢, 2002, G Az Fof
219 7138t digkA|e|etE|A], 37(), 385-402.

2L, 2004, T F 71 W B4 Al Wt A
ol B3t AT, A 28], 3905), 711~
721,

&, 2004, “Ate} AM ZAo)A FrijoRORILR),” T
B3 k88)%), 13, 965-985.

A%, 1991, ATLFHFZALEILA,

= AR 20059 79 2593

PP R, 2005, 2005 ARG ] P F A
F#3H2005.1.18A).

Bonsal B.R., Zhang X., Vincent L.A., and Hogg W.D.,
2001, Characteristics of daily and extreme
temperatures over Canada, Journal of Climate,
14, 1959-1976.

Colombo T., Pelino V., Vergari S., and Bonasoni P.,
2005, A study on detection of climate variations
over Italy based on surface instrumental
observations, Global and Planetary Change
(submitted).

Easterling D.R., Horton B., Jones P.D., Peterson T.C.,
Karl TR, Parker D.E., Salinger M.J., Razuvayev
V., Plummer N., Jamason P., and Folland CK.,
1997, Maximum and minimum temperature
trends for the globe, Science, 277, 364-367.

Gaffen D.J., and Rebecca J.R., 1998, Increased
summertime heat stress in the U.S., Nature, 396,
529-530.

Gaffen DJ., and Ross RJ., 1999, Climatology and trends
of U.S. surface humidity and temperature,
Journal of Climate, 12(3), 811-828.

Ho C-H., Lee J.-Y.,, Ahn M.-H., and Lee H.-S., 2003, A
sudden change in summer rainfall characteristics
in Korea during the late 1970s, International
Journal of Climatology, 23(1), 117-128.

Landsberg H.E., 1981, The Urban Climate, New York,
NY: Academic Press.

Oliver J.E., and Hidore ].J., 2002, Climatology: an

- 746 —



atmospheric science(2nd ed.), Prentice Hall.

Vafia M., and coauthers, 2001, Quality of the natural
environments in the Czech Republic at the
regional level, Czech Hydrometeolological
Institution.

Oke T.R., 1987, Boundary Layer Climate(2nd ed.),
Routledge.

Sakakibara Y., and Owa K., 2005, Urban-rural
temperature differences in coastal cities:
influence of rural sites, International Journal of
Climatology, 25(6), 811-820.

Shimoda Y., 2003, Adaptation measures for climate
change and the urban heat island in Japan’s
built environment, Building Research &
Information, 31(3-4), 222-230.

Wang J.X.L., and Gaffen D.J., 2001, Late-twentieth-

century climatology and trends of surface

SalLtzt Hojor By Aol Al - B2 SH Kzl

humidity and temperature in China, journal of
Climate, 14(13), 2833-2845.

Zhai PM,, Sun A, Ren F, Liu X, Gao B., and Zhang Q.,
1999, Changes of climate extremes in China,

Climatic Change, 42, 203-218.

A HFE, AL wAA] FHASR 223k (email:
tribute@hanmail net)

Correspondence: Gwangyong Choi, Department of
Geography, Rutgers The State University of New
Jersey, 54 joyce Kilmer Ave., Piscataway, NJ,
08854, USA(email: tribute@hanmail.net)

Z|ZET 05, 10. 10
EMSU 05, 12. 16

— 747 -



