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Abstract

In other to interpret the long-term variations of sunshine duration, cloud lifetime, and precipitation intensity observed
in and around Seoul and Busan for the period from 1986 to 2005, acrosol indirect effect was employed and applied. For
the identification of long-term trend of aerosol concentration, observed visibility and AOT of AERONET sunphotometer
data were also used over the same regions. The result showed that the time series of visibility was decreased and those
of AOT increased, especially trends were remarkable in 2000s. In both regions, occurrence frequencies of observed cloudi-
ness (cloud amount < 6/10) and strong precipitation (rain rate > 0.5 mm hour’ ) have been steadily increased while those
of cloudiness (cloud amount > 7/10) and weak precipitation (rain rate < 0.2 mm hour’) decreased. These results are
corresponding to the trend of both visibility and AERONET data, implying the aerosol indirect effect that makes size
of cloud droplet reduce, cloud life-time longer and precipitation efficiency decreased. Our findings demonstrate that,
although these phenomena are not highly significant, weather and climate system over Korean urban area have been
changed toward longer lifetime of small cloudiness and increasing precipitation intensity as a result of increased aerosol

indirect effect.
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Fig. 1. Schematic diagrams of Secondary Indirect effect of
aerosol (Kim et al., 2007)
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Fig. 2. Annual variations of visibilities in (a) Seoul and (b)
Busan.
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Fig. 3. Annual variations of Aerosol Optical Thickness from
AERONET program in Anmyon.
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Fig. 4. Annual variations of sunshine duration for the period
of 1986-2005 in (a) Seoul and (b) Busan, respectively.
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Table 1. Averaged total precipitation hours for the period
of 1986-1990, 1991-1995, 1996-2000, 2001-2005, re-
spectively, in (a)Seoul and (b)Busan.

Average of total

Region Period categories precipitation hours
1986-1990 935.2
1991-1995 823.2

Seoul 1996-2000 862
2001-2005 914.2
1986-1990 884.8
1991-1995 803.6

Busan 1996-2000 939.2
2001-2005 846
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Fig. 6. Annual variations of accumulated hours of categorized cloudiness for the period of 1986-2005 in (a)Seoul and (b)Busan,

respectively.
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and (b)Busan, respectively.
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Fig. 9. Ratio of precipitation hours to total precipitation
hours for the categorized 5 years (1986-1990, 1991-1995,
1996-2000 and 2001-2005) in (a) Seoul (b)Busan, respectively.

of et WE-g A= v|wstH, 1991~1995d 7}
1996~20001d-2 H|3t =329 s B F2 417}
Uelgot, 1986~1990W 9] 1|3 1991~2000E-2 0.2
mm hour ' 0|8}9] 7737t oFst 7743t 0.2~5 mm
hour' ¢] 47 =7t BB 7t 1 B 3157}
AZ Zk4313, ¥HE S mm hour! 2I}bEE 747t
7} Zhst e e ST Bk £3), 2001~
2005d0]&= 0.2 mm hour” ©]&} F7to] A ThE 7|3t
o vls) Gt 0.2 mm hour' ZipEE F 7t
of oAM= FFHES ¢+ Utk

kA ARG} FARX Y BT vt okgt 7}
7 ol Aol ERIENL, 53] ALY
1990y 5-$RHRE =7} 239t 27t S71%t
AE Byon o) Z7HE FA7E A= IHE
Bk FAR QoA & o] 2k JALGE H3FE HY o

e}
o
T
=
T

=7} oFst b= 2000 o o] EojebA o ZHASIR
I FAol 7 A7 SRR Yle SAI7E SR
Aok wEkbA A9E AIZHe Apol= 2R s e
8o F A= TSI Aol A2 A= &
oj5o] A= A, a&2 At uhat WolR| 1L 952
F Ao BE 2RI &, $-EluEt =A<
FrgHE Jo|2E o3t A 58 T 2
+HFE Hol= 15 AFAIZEY STk HAsieY] S
717t B =G o, o] 2 13| 75 gHl=e] S7ket
UxA|7bo] Tradls A Ho|il = AR Yet
preg

ool A A&at FAtel b a0 IS A
Hoked], F TA] BR Hdle Feago] Woix
T 9JgleH, o]RA2 ool2Ee] FUtE 1
9 H}=|= Aapolnt. o3t 4= 7
AL A2 9L Ao ZE BAFPL wo = S5}
Rom, 7 A= ¥l A== 535 A& A
A AdF o s IA Uetgth mekA 2 A A2
e SEuet g A7 St 7] Sk ool
29| TS W S-S HFH o= EIstF o,
A FAZ B 1 ofoj2F0] gf7]of v FF A
49 Zo = gokHnh a8y oo AHE 15
3t o] B A7 di7] F9) #357] Tl
dAsithe 71 stollA ool2Ee] 71 mutel A
e A AT Aot} =y A9 EAd(heat
island) @4 -2 tf7] F o8 42l sf 7] 5 5=
3719 371 AdFo] 2T 5= UL o]of w2 gt
735 B9 s Ho] 7hsE 4= Qlof, theFe B4
Tt FE A& E oo T Ao 2 wrkET

4 2 B

Sy =AY e 58 W 2% 5 H 7R 7
& ARl iRt A7) WMEES
st A&t FAake) 2714
1986~2005A%F &5 ARAIZM AL, A7 7
TF ARE FEU T AT H
Z90| HEa ATAIA 14 %
WA, ofloj 2o A7 W3} HRES dokE7| 93,
AL} AR G672 WA, 1)1 FAka) 1 9l
SAA1A BSa) A9 ABt A= AERONET
A AFste HAE AOT AHRES BA sglch. 2 2
T2yt iAol A Al o] Hadhe FA1E Hol

x
fjo
>
1
o
pas
T



252 A& FAbolA HEE 4= A

1, = A= AOT7F S718H Qles Sl
ALt doj2Ee] T aIE A, BAF A
g5 gH= STt gt 715k HEE Ejlst
7] A&l A717ke] A2RAIZES B4 & A}, A3t
A B A7) Zadhs FAIE Hol= A
° 2 yepytth Egt 15 B8 3y A-hE HHm
g 24 3] Yl S 2 Y] PEE Al
sto] B8 3ttt 1 A3}, AL, FAR G2 127k
% 6/10 o|5}] LS 7HA = A(AXhe= 7L,
7/10 o)4F9] LS 7 E S (ATHS Ak 5
AE Bgom, metA ofoj2Eo] 2559 W3}t it
o= FFE AL U5 FEZ 5 UTh

Frago] sk gotr ] Y3l A F=E 0.2
mm hour” 0|8 =7} 23t 7442)3} 0.2~5 mm hour’’
(F=7} REQ) 7349 5 mm hour 23N =7} 735
Zd)E FESEY 1A #skE AR Fal 42
1990t =7} kgt 747t G368t A=rt 7%
gt 7t F71eE FAIE BPom 2000d0] SoiA
L o3} 227} AZ 2715} 0.2~5 mm hour' 2] 7
7t A ACE Usgoy O Fo] 27 g
1990 th et ¥t FAIUS BT AR 20014
of] E01, 1986~2000 E<t] FAJ= T} 0.2 mm hour”
o|3}e] ul-&o] FA3] ZAstH L 0.2 mm hour” 23}
B ] vl g2 SUKeE A0 2 et 2, ¢
Zutete] i #2d F =Xl AL, AR rag
o] AR ZopRAL WolA| 1 gl FAIUE g%l
Stk 2 Aol olgt A dol2E 1
Ao g A5 A4 HIkE Aisiyict 1
U =X X B4 ¥zt @day), di7] 3 getslr]
AHE £37] 37 5 A8 EFAAo| wol EA3t
= U FF 2ok RAEL 718 ARE o] 83 2
A7 A7t a7E Ao R wekEch

oo]RZEL YA H O Ao FastAY, T
°H A B opye}, AHPaY, T2 L5 $ES
(CCN)2. 2 Zgslo] 15 W =g o] Y2AI7h
F2AZIAY, T2 5] AFALE S7H7]=
s zHste], BEAIARE S M7= 98-S
t} 2 ARgA L FHIEAE oo]2E2 o7
B2 et dgEo] et 3 ¥5 ARE
ol 55T 4= ARt kA S Hoh A7)7ke]
Z ARE 0|43t Jol2E g} HAHal olz}, o
o|2Fo| BEAL A n|X= FF B7HE At =
4] A= A Begste] o2& JFS 7

offh ro . mlo 1o o

=
ol
-
oyl
H1
1o
o
)
22
offt
[Ehid
1%

Ho2 A7 oot

AN 2

o] A-tofl o]§H AERONET program®| ¢IHE
AOT A28 ATHFA = 2G| g A7A
(Brent_Holben)7 ZHARSE & Uth o] d1= 7|14
7132 A 7] /LA (CATER 2009-3212)2] 2|¥.0
2 YEsUH

Y=

AEE 9 ,2000: 77/ 5= of7] & 7 A/ A, 717D
T4, 820 pp.

742, Stephen Schwartz, Mark Miller, Qilong Min, 2005:
ool 2E-FF AEAG0] 7|t v A= I, o=
7| 2515 2005 EASFE 3] =7, 264-266.

AR, 258, FRE, 2007: A& duat FgE
e} oojA &t AR, gEf/EE A, 17,
147-157.

o] Ft, 1991: 19853 gHit= 7H-9-0f WA E FopAlo Z
3] B4, /5714781317, 37, 205-219.

o3|, 3ho)7, AYg<r, 1986: AL @AYo] L-2jutete] u] %]
= I, = g7/ 25137, 2, 34-44.

o] 27, AFZ, AYE, 7Y, 2003: FoHAot o & B
A5 o] g3t o5 B B B4, 777418197/, 13,
398-401.

A A, 281, g4l H71E, 1999: 1998 B A& A
HSE olol&o 34 A2l uet A, Fg=18578
Z], 35,263-271.

5173], o]0, 714, 1999: THRtE Y} 99 Z34=Fe]
37 WE, e57Y513] 1999 FAe=)E] =27,
255-259.

SHRH, 2002: = gf 7] FAfH S gf A, 2002 S
HIA.

Albrecht, B. A., 1989: Aerosols, cloud microphysics, and
fractional cloudiness, Science, 245,1227-1230.

Charlson, R. J., S. E. Scwartz, J. H. Hales, R. D. Cess, J. A.
Coakly, Jr.J. E. Hansen, and D.J. Hofman, 1992:
Climate forcing by anthropogenic aerosols, Science, 255,
423-430.

Changnon, S. A., Jr., 1981: Midwestern cloud, sunshine and
temperature trends since 1901: Possible evidence of jet
contrail effects. J. Appl. Meteor., 20, 496-508.

Coakley, J. A.,R. L. Bernstein, and P. A. Durkee, 1987: Effect
of ship-track effluents on cloud reflectivity. Science, 237,
1020-1022.

International Panel on Climate Change, 2007: Climate
Change 2007, The Physical Science Base.

Kiehl, J. T. and B. P. Briegleb, 1993: The relative roles of




ola% - 443 253

sulfate aerosols and greenhouse gases in climate forcing,
Science, 260, 311-314.

Liepert, B., 1997: Recent changes in solar radiation under
cloudy conditions. Int. J. Climatology, 17, 1581-1593.

Liou, K. -N., S. C. Ou, and G. Koenig, 1990: An investigation
of the climatic effect of contrail cirrus. In U. Schumann
(ed.): Air Traffic And Environment:background, Tendencies,
and Potential Global Atmospheric Effects. spring-
er-Verlag, Berlin, Germany, pp.154-169.

Monn, C. H., V. Carabias, M. Junker, R. Waeber, M. Karrer
and H. U. Wanner, 1997: Small-scale spatial variability
of particulate matter <10pm(PM10) and nitrogen dioxide.
Atmos. Environ., 31(15), 2243~2247.

Radke, L. F., J. A. Coakely, Jr., and M. D. King, 1989: Direct
and remote sensing observations of the effects of ships
on clouds. Science, 246, 1146-1148.

Rebetez, M., and M. Benison, 1998: Changes in sunshine
duration are correlated with changes in daily temperature
range this century: An analysis of Swiss climatology data.

Geophys Res. Lett., 25,3611-3613.

Rosenfeld, D., U. Lohmann, Graciela B. Raga, Colin D.
O’'Dowd, M. Kulmala, S. Fuzzi, A. Reissell, M. O.
Andreae, 2008: Flood or Drought: How Do Aerosols
Affect Precipitation?, Science, 321, 1309-1313.

Shaw Chen Liu, Chung-Ho Wang, Chein-Jung Shiu,
Hsiu-Wu Chang, Chang-Keng Hsiao, Shuh-Haung Liaw,
2002: Reduction in sunshine duration over Taiwan:
Causes and Implication. TAO., 13(4), 523-545.

Toon, O. B., 1995: Modeling the relationships between aer-
osol properties and the direct and indirect effects of aero-
sols on climate, Aerosol forcing of climate, 197-213.

Twomey, S., 1974: Pollution and the planetary albedo.
Atmos. Environ., 8, 1251-1256.

, 1977: The influence of pollution on the shortwave
albedo of clouds, J. Atmos. Sci., 34, 1149-1152.

V. Ramanathan, P.J. Crutzen, J. T. Kiehl, D. Rosenfeld, 2001:
Aerosols, Climate, and the Hydrological Cycle. Science,
294(7), 2119-2124.



	서울과 부산에서 관측된 일조 시간 및 강수 강도의 장기 변동 분석
	Abstract
	1. 서론
	2. 연구방법
	3. 결과 및 분석
	4. 결론
	감사의 글
	참고문헌


