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ABSTRACT

This study analyzed temperature, relative humidity, water vapor pressure, and longwave radiation at specific points using
50 years of ground observations from the Korea Meteorological Administration, 9 years of ground observations from the Korea
Forest Service, and 43 years of radiosonde observations. The objective was to determine the effects of climate change at
altitude. To achieve this, the trend of each meteorological factor was analyzed based on the annual average, showcasing the
distribution across various sites in the ground data and the vertical distribution in the radiosonde observation data. The results
indicated increasing trends in various indicators over the 50-year period, including average temperature (1.34°C/50yr),
maximum temperature (1.73°C/50yr), minimum temperature (0.47°C/50yr), and diurnal variation (1.26°C/50yr). The
temperature trend over 9 years showed an increase in maximum temperature, with Gangwon-do and Gyeongsangnam-do
showing the largest increase of 0.15°C/yr or more. Of particular significance was the steep upward trend of maximum
temperature in high-altitude mountainous regions compared to nearby flat terrain. This trend in maximum temperature is
attributed to the decrease in surface albedo due to reduced snow cover. Additionally, long-term radiosonde observations were
utilized to analyze the trend of temperature and long-wave radiation in the upper atmosphere. The findings revealed gradual
increases in temperature and long-wave radiation toward the upper atmosphere, suggesting that aerosols and anthropogenic

carbon emissions influence long-wave radiation and contribute to the increasing temperatures in the upper atmosphere.
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Sferae] o Aok AT LIS AHEAYlE fele
2 RET itk oleie L4729 SR s AT
etk 12 sl4Eo] A7e] £E Eok FUH A5
S %314 HH(Choi et al., 2008; Hong et al., 2006).

71593t kARl A0S ¥ HAAAQl o
< 2 ZAE Al 1988 AHE IPCC (Intergovernmental
Panel on Climate Change)ol|Al= 7|ZHSlo]| ojgt A=
M 9 g B7HE fIsh ol 4duit IPCC HIAE 5
71H 0 g Wity Qv s HIAE B3 A A+
P71 22 2047 B9 2F 0.85°C Z715} A (Stocker et
al., 2013), 2006 F-¥ 2015d S0+ 2F 0.87°C7} =
7F3H(Masson-Delmotte et al., 2018)S &QI5}3iTt o]
w2t A9 7] At 100W Hoh X 10do] B @
H%5g BIow, A7 SusE g A A7He 7]
%59 Esh AWATL e vekic wet
o] FAHEeH A FHF2L= 2021 ~ 2040 QF
A3} o] W} uwe) 15% oo wold FhsA
o] & Ao 7 HIETHMasson-Delmotte et al., 2021).
SEUEe] e BES 3T 191285H 20209714
(1099)9] TEARE 7|Hte 2 1A 30E (1912 ~ 1940
Wzt H29] 301991 ~ 20209)S Bl Wt A3}, TA
39| PFE oIS o B2 oF 1.6°Co] F7}
Z 9 HYtH(Korea Meteorological Administration, 2021).
2015 7R A 21 /9 71 5SS GAE F3
(United Nation Framework Convtion on Climate Change
Conference of Parties, COP21)9| A= 7| & 3}9] 71438}
£ =571 fIoto] ARl o] A VR AF B
L9 A5E 2°CEY AP0 B2 #E282 {ASH,
1.5°CE2 A|gtol= W89 u=2]@ A (Paris Agreement)
Aesiict. g Aol 20239 RE 59 TR A A
T2l o] (Global stocktaking)S &3f h2]H7H <]
o|gd W A714Q B @49 7S B7Fsh= 4ol
23t o] k. o] ML I f2uete] B2
&2 oln] glFAo A AAet= 710l EHAY 1
o|F9] Je= Eol wet, o]PFAY S5 AdiA=
ARt B9 4AHe HgoEsh 7|$Hst A3
(Adaptation)} &S Mitigation) A2 9] HIgF Aol &
93t Al o]tk (Masson-Delmotte et al., 2018; The Core
Writing Team et al., 2023; UN, 2016).

Zgusio] aREoR By deaE A7t B
2ARE 7R /| FHste 18 HES AN
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BARE 7Rt V]S HstE Qs AF9 7|21} 4
F, diew 2% 5ol T 4S5 FAl(Brohan et al., 2006;
Hansen et al.,, 2001; Lugina et al., 2005; Smith and
Reynolds, 2004)E YeR 1, ¥ FHFE HGaste 3
A|(Groisman et al., 2005)E R 5}t 8uete] A9
ot=9] AL(Ho et al., 2003; Lee and Kang, 1997; Lee
and Kwon, 2004)5 3o A A2 7|SH3} FFS
2= AF gelstalon, ol uzte] A+
o] mE AAAE 7]FH3 E4S 4% A5H(Moon
et al,, 2020), 74 A S WFLE 7| EXHE &5
715 ¥35lo] 993k B A%F 9(Cho and Choi, 2021), -
AR 9E FA 1207te] IEARE 85t A
AR ST ES A t(Jeon et al., 2023) 5 TSt
oA 715 A5t = Aol A== gtk
FHUEe] I 71 A RS 190495 E F9E ZA(JIH,
FOo 2 AR Q1o obA AFTt 7]
= 54 71384 9 9?2 1% A% &
SAMES SHCE $YPHOE 8 SHYHE HR
Sh= 7198ske] A3k mhelstr|o] ofzgo] AUt

FEUehs Aol HittE A E ARl oF 70%7F A
oFA|H o2 o]FojA O H(NGIIL, 2008), 71 24= A
24 A2t A, FH o] wet #ste] X 9 WUds]
= A¥o] A= B2 7HAAL St wEbA Bk A
AIsHAl 715 RSt dis 45171 YaliAs gt AJ
9] 221 A Q1 A Bet ofd 32k A Q1 AF] oA
o] A7t 2R 3tk B AfoAs 71 Rse] 71t
HAsHA ¥Fgohe ARl SE7IE R Hd7]2,
712, A7, dux, 193 AdsE, Z3keS
71, AuEAL 59 7144845 8ot 24T Y]
459 715 W E40 dis &4 staAt gtk

i
qr o o
2 o
ot

Il
fljr

o)

2. Xz L diy

713Hs EA4S 245 HsiA 717 BEAR
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Fig. 1. Location of observation site

(Radiosonde) TEAIR, 4] Ao} BEARZ 74
sttt 713 oA = TEAES] Al A E =2
N HHE BHoz 1973URE AdEel BELy]
£ &8slo] 125 60X F 9 V| A=A (Automated
Synoptic Observation System, ASOS)E =05}, &
Ao A= i 60x]F 9] ISAE]| s o] AJE}
= 1973 BH 2022 (G0)7HA ] ARE G E A
28 ARSI Fie. 1a). AFIA9) Ao} AR A
(Korea Forest Service, KFS)oJ|A] 2014 ¥ g =3} Alol7]
A= (Automatic Mountain Meteorology Observation
System, AMOS) 614385 53] wz}, 4ot #E5AtR
L G 61A-oA BAE 20149 KE 20228 7H4](94)
o] BEAE T 2459 tHFig. 1b, Table S1). 11
HoEH HEAEE ASOS |33 QIFsHHA 1978 F
B ARl #&5Z 9 39 FF AHS o=,
oy #5Z 3% At F 7MY B2 HolHE B
ek AIZERL 9A] KST (00 UTC)S] #&AwE &85t

W)

9
qith. w3, oo oz AR Ax 7|9 Wl 2
2 59 T#5}0] 1,000 ~ 400 hPai ARSI BAof
281 At dBHoR S0 AYshe Y2, 1, 2
Ae oz 9 ez W] Ao TEt

71384 F AlEEE st 4% vl 71Nt
FA 2 27190 wet FEoF B AFolA deFos
ARG EY 7129] Halo] uEt P e SAHLE st

of WmE 915} WAl £F/1FL oulstt £571%

0 2% ARRIICK(Choi et al, 2014). £ A4 Awoj
< 59 HEE mefebr] {8 ddisket 9 23t
FS7IYE A4S FYs
EolZ7|42 4] (1)F o] Tetens’s Formula 424

53] 4HZo] A5tk

e (T) =6.11 x 10757/ (7+2733) "

S

7]1A, e(T)= AHA 2EoA9 23T 7|%d= &S
i, T AN 2E=(C0)°lH

sioozn BEARONE AU EE V2L 9
Ao} o]&H &% (Dew point temperature)s =5}
Ao, ol&y 2L E T8I AHEEe Aol THs
stk AdigEs ZaleF7|dl tiet A4 57199
H|Z o=, 4] (2)2F Zo| o7} 7Festtth. Al 5
7192 A (3)F &8st AL 5= Sl
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R

RH=¢/e,x100% )

e(T7) = 6.11 5 10777/ 2T )

7] A, RH= AHEE(%), e AR 57U (hPa), e
= Z353571%%(hPa)yE X5, e(To)= Ol&F 2ZolA
o] AAFF7I¢eIH, To= ol&d =0t

AatE AL (Long-wave radiation, Ly= A7 7|4 A HE
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Kondo (1976)9]- Kondo and Miura (1985)0]|4] A|Qtst
S Hgster.

L/oT'=1—(0.49—0.066¢"2)(1—nCh) 4)

714, €t hi= 4] (5)2 4] (628 FojHr}.

C'=0.75—0.005¢ ®)]
(n, +0.85n, +0.5n,)
h=—" n2 2 F0.1(V/N) (6)

o71A, e= YW $F71U9S HEIH, HA AAIG

4 ()2 A8EAG. BT, b 7B HolE ehe
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Table 1. Statistical table by meteorological factor in
witer at 10-year intervals

A HEA= 7 LS| SE

T mean T max T min DTR RH

C) (°C) °C) (°C) (%)

1973 ~ 1982 0.01 4.57 -3.64 8.21 67.32
1983 ~ 1992 0.62 5.23 -3.64 8.87 66.90
1993 ~ 2002 1.01 591 -3.20 9.11 62.77
2003 ~ 2012 0.73 5.56 -3.66 9.22 61.02
2013 ~ 2022 1.17 5.99 -3.26 9.25 60.98

*T _mean : mean temperature, T max : max temperature, T min :
min temperature, DTR: Diurnal temperature range, RH: Relative

humidity

WAE AQAF YA BE AR
Holn, 1 WHEEL H7]2(5.39°C), 7|
o] YHT FS YERHTE 71

2 243ko] FgS Z‘%;WOE W= 714484007 gE
of A 50W7F Wa7]L(1.34°C/50 yr), F117]-2(1.73°C/
50 yr), A 7]-(0.47°C/50 yr), DT XK. 26°C/50yr)——
5T 37toke FAIE Btk E9], 7|22 #7129
oF 3784 k= VM EoH, did AFS duat
FAFS Fol duAe F7F FAE Hepdeh. FAH
A F489 BF B712(0.018), F117]-2(0.003), AL
Z1(0.000)2] p-value:= 9= 0.05 o]+ UEtHo] &
O+FE TWESIF oL, XA 7]-2(0.428)2 p-valueZ} 0.05
ol49] < Uetio] foeaE WEoHA] Kok At
£ 29t

Table 12 10d 7F29] 7|48 A EAE YeElT 9
o} A, A7 H=o] AJZE 1973 ~ 19824 0] 7}
4 S 71291 0.01°C2 YEHL, o]F 2= oF 0.62°C

oflA 1.17°C9] HQlol Exsta Qlvh. B 7|22
Bt 7123 FARE FAIE Holi glou, Hat A7
22 -3.20 ~ -3.66°Co.2 QhA EAH Y83} g A
A A A A2 FrolA HEchs A Bt ol
ot s A2 HES vetds A7 & 37
FAE Yele 7|20 g Qlsto] X&HoRE F7t
Sl= FAIE HolA EHIAth HAFHR] 7|29 ¥ME2
Arof wet dYke - L] W3tol| e 7|99 Wy
S ZA5Hf(Lau and Weng, 1999; Trenberth, 1999), 2]
Uahe] 7122 HAFAR] 7% MEo: %?“3}1 A&
Ao g F7lote FAIE ERlrh B3 AdgEs #SS
A2t o] % OF 67.32%E A|ZHO & 1992W R E FA5H
olA, 2ol oF 60.98%2] S HJth
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Fig. 32 KMA9] ASOSE &83}0] —25 ~ 20°CE 5°C
Ao vl 109 7HAE o Hi7]29 Hl& 20|
o} 9 HFrlee nE 0457} -25°Co] A 20°C G719
B35, 20°C o]5te] 7R 1973 ~ 1982 Eof| Al gt
UEhgth BE AEoA 7}%} e HES UEhd 712
T 0 ~ 5°C F3tolH, S H&2 FE5HA Eolyt
= AFE Y olo] mE st 7129 H]E-2 Table 1

oA A A7t F 7P F2 Hit 7|28 YERH 1973 ~
1982 7t Al 48.14%5 KoY, o]F Hl&o] HA}
Aashs 40.28 ~ 43.26%2] WS Holtrh, I
20134¥ ~ 2022 F7toll= 7P 2L 38.49%9] HIES
Helrh ¥, @4 7129 Hl&2 19734 ~ 19829 3¢
ofl A oF 51.86%S AlZtog Awo] 7o wt A
AE UEH AT Jung (2002)2 F-EuEte] 7122 di4)
O & Wavelet 242 3451911, &7 YJEIE= 1980
dd S92 A3 A% s ol oS Harskd

.=, SHEE o] HAV|2L 1980 YE WS Ho =
sto] A&H o7 FUshL Qe AFE Hold, ol 4t
Asto] 7]RIet 7|33t JFor WHEHTh

3.2. XIME 718422 HaEY

Fig. 404 713304 #EE 5087 607 ¥
712 #HESARE GEoto] B2, B AL, %%
A7), Bt QAo A E2E UESIH 7122

A A2l B0 FFE w20l wet Ao ot E‘rt
BES Bt BF7|2(Fig. 4a)2 A Qo] wet 0.003 ~
0.070°C/yr A9 HEAS Ho|, &= A HYo|A F7}
S AIE B Hu|e Z2XE A3 BE A
Aol Al B7]L7} Zo] 0.015 ~ 0.056°C/yre] WEA O
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2 27 FAE Bgon, B XA(-0.005°C/yr) T
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Table 2. Top b sites of decrease and increase trend
for DTR among the KMA ASOS over 50
years of winter (60 sites)

Station Trend (°Clyr)
Trend

(Number) DTR T max T _min
Cheongju (131) -0.038 0.038 0.076
Ulsan (152) -0.015 0.021 0.036
Decrease Seogwipo (189) -0.013 0.022 0.035
Suwon (119) -0.008 0.040 0.048
Wonju (114)  -0.007 0.056 0.063
Buyeo (236)  0.055 0.041 -0.014
Cheonan (232)  0.057 0.041 -0.016
Increase Uiseong (278) 0.057 0.044 -0.013
Hapcheon (285)  0.061 0.045 -0.016
Haenam (295)  0.088 0.035 -0.053

* DTR: Diurnal temperature range, T_max : maximum temperature,

T _min : minimum temperature

OF 0.5°C/ 50 yr Jolt}. 53], AletAg ¥ w2 19
FEAGNA depd H117]29] $7F A= EANA
B oR et Ha7]29] FAIQ1 2F 0.04°Clyr Bt =
< FAIE Bt B HA7]2(Fig. 40)9] A Ex=

St} TA| A FoA F7F FAE UEdH, ol 242t
Hitho] 85F3t TAXF9] Qg dt TA 7} c’“"}(Chm
ct al, 2014). ©] 919 PEA AL 24 A4S Rt
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57| 7|55 EAEA 625

o] Wx}(Fig. 4d)°] érAﬂ l-';zrah -0.038 ~ 0.088°C/yro]
& Holn, fF-29 IEA A duApe] A7} &
9] FAIE YehhH ~7} sttt duwatel S7F 9 A
of w2 A9 578 AFol tet dux}, Hir|, A7
2 FAE ANEY, dux] A AV Y= A
HolA= 2A7129 =& S7F FA7F Uebar, duat
9] 37t FAIE Eol= AoA = Ha7|9] 371 341
7t FE A tH(Table 2). YuAo] H§ FAHOZE &
AgE #E, FH A, AHsE 2 29 BX] o]8-9] WSt
&, 715808 &Y 7L ARHY T, 247A
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Fig. 5. Spatial distribution of relative humidity and water vapor trends at each sites according to KMA ASQOS

over 50 years of winter
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Fig. 6. Same as Fig 4, but for KMA ASOS and KFS AMOS (9 vyears)
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A9 & HEE Btk 7MY =2 HE&S AAlske F

7to] 74%- 2014 HE] 2018W7HA]= -10 ~ -5°C F-Z1o]
Qo 20219L xwﬁ} 20199 BEE -5 ~ 0°C 749
A 7P =2 HE&S YERAT. o]of mat gste] 7]

A9 HEL wWid 0.6% 7} HAdH= F0]2 Kt
Fig. 72 717343 A9 9dxt 5 A5E &85
of st x99 A FAE UEral
ot AMtES T A (Fig. 7a)y= HY7T -2.25 ~ 1.05%09]
FZot, AA g 7% RS Astile dA
H Fig. 5a%} Zo] fa FAIE FAISH= A3FolH,
/\}-F'é;(q Z]—E_,] ’[:HHHO] lﬂd__ ‘(:‘)‘_]_— EH HA]—UH_,] /\]—01—1]
A=ARl Bt AHsE A4 A4 F 7H =2 44
FAE YEIH Z3e57Id(Fig. 7b) BTt
-0.051 ~ 0.080 hPa “g&=of] £33 low, AT F4
T A7 = Sk, 183l AEe SHREA| oA UEhu=
oFet A FAIE AoRItd 23leF7Ige AxEo
B2 A% 37t FAE Bk ol& &9 229 9| st
IS T} e Aleb ol EakeFIok
271 gohane] o] G 712 Ao Buwd,
AFFR| oA 9] 7| TSk 2 (Rangwala et al., 2009),
$Z7] 9 BAlL Z3A(Ohmura, 1984; Rangwala et al.,
2009), ofo] 2<=(Ramanathan and Carmichael, 2008;
Vemier et al., 2011), 18|11 X EH UIAZ9] J&S &
om, E3t AAA o2 WA= A HH FHARE Q] HE2
S4719 AAof oot = HSKHRangwala et al., 2010)
7F 7V & 84 F shdolth &, Aot A9 HA AY

fo o 2 M

ofll _Ilm {
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Table 3. Percentage of annual daily minimum temperature based on KFS AMOS

(Unit: %)

2014 2015 2016 2017 2018 2019 2020 2021 2022

30 ~ 25 0.00 0.16 0.00 0.29 0.00 0.00 0.23 0.00 0.28
25 ~ 20 0.58 1.43 0.17 3.03 0.35 0.02 2.20 0.88 1.55
20 ~  -I5 4.50 3.58 3.03 11.08 3.24 1.14 8.82 7.41 5.73
-15 ~  -10 18.34 15.63 15.67 22.00 15.49 8.43 18.46 19.57 16.67
-10 ~ -5 37.43 31.78 33.90 31.61 34.78 25.86 24.39 32.46 32.10
50~ 0 33.00 31.38 32.93 25.76 31.67 39.28 27.50 27.20 33.28
0 ~ 5 6.00 13.18 12.64 6.18 12.32 22.41 15.63 11.50 9.16

5 ~ 10 0.00 2.73 1.66 0.05 1.77 2.84 2.71 0.98 1.14

10 ~ 15 0.15 0.13 0.00 0.00 0.38 0.02 0.06 0.00 0.09
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Mean Relative humidity Trend
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Fig. 7. Same as Fig 5, but for KMA ASOS and KFS AMOS (9 years)

o] B DER Q5ho] e 7120 §HHLE, Table 3
o4 £415] ufoh o] 71Tt QI8 HA7Lo] A%
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Am Gl Ashs X BAF BYA Fate] Srje
olojxmz, HEA 0wl Aot Ago] 7| & Bt vek
dr} meb Aot A% WA g e o ke M1
20] 37} 341 HolA Hrh. AU EA) f7o] upet
oF 2°C/50yr Lo EA A Q] 2fo]7} QlOow(Scherrer et
al., 2012), 3}4 dgo=z <93 MAELE HAwd(Black
carbon, BO)¥} -2 E&o] A4 W 2AY = A4
o] dHE=Tt AT wEt 7129 F7HE of7|gttt
(Conway et al., 1996; Warren and Wiscombe, 1980).
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hPaZ A|Qgt JubEALe] A2 Ws} A B7]129
Az W3t Ag FAIA &, A7 7129 e &
THEAL] Gl 7191 AatE BEAE QI 7|22 T
et 71484 T AEEAS FFFS 7MY gol won, ¥
4 EQE fARE Ao E dwA ATH(Choi et al., 2012,
2014). FupEA= S A (blackbody) 2] 57 R 571 - F4

4% AAHoR 71 9 AREAe 2
AL Bredom g A% 5o A

otz Zof sgst= 500 hPa (°F 5.5 km) thy] HutE AR}
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Fx35to] wat, 400 hPa F=9] tf7] AFolA= dol2F
59 Fgo] 7] fEOE FrhErh(Ramanathan and
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Table 4. Predominant wind direction and percentage
by vertical pressure in winter of Gwangju
area using radiosonde

Pressure (hPa) Wind direction (°) Percentage (%)

400 W 57.7
500 W 49.2
700 WNW 31.0
850 NW 32.0
925 NNW 26.2
1,000 N 24.2

Carmichael, 2008).
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Table S1. Information by observation sites

4

ASOS

AMOS

Station number

Observation

Latitude / Longitude / Height

Station number

Observation

Latitude / Longitude / Height

(Site name) start date (Site name) start date
90 (Sokcho) 1968-01-01 38.2509 / 128.5647 / 17.5 ||1910 (Honglng) 2014-01-01  37.5938 / 124.0428 /  51.0
100 (Daegwallyeong) 1971-07-15 37.6869 / 128.7587 / 842.5 ||1912 (Mt_Cheonjang) " 37.5984 / 127.0473 / 653
101 (Chuncheon) 1966-01-01 37.9026 / 127.7357 / 75.8 ||2891 (Mt_Hanseok) " 38.0514 / 128.2566 / 1114.6
105  (Gangneung) 1911-10-03 37.7515 / 128.8910 / 27.1 2892 (Gadeugbong) " 37.8461 / 128.1935 / 979.8
108 (Seoul) 1907-10-01 37.5714 / 126.9658 / 85.6 [|2893 (Bulballyeong) " 37.6953 / 128.3168 / 1013.0
112 (Incheon) 1904-08-29  37.4777 / 126.6249 / 68.9 (2894 (Gamtubong) " 37.9569 / 128.5889 / 863.7
114 (Wonju) 1971-09-06  37.3375 / 127.9466 / 150.1 [2895 (Jeonhujae) " 37.8442 / 128.6319 / 794.1
115 (Ulleungdo) 1938-08-10  37.4813 / 130.8986 / 221.1 (2896 (Sagimak) " 37.7777 / 128.7480 / 451.6
119 (Suwon) 1964-01-01 37.2575 / 126.9830 / 39.8 [2897 (Mt_Jaewang) " 37.6896 / 128.7902 / 778.3
127 (Chungju) 1972-01-01 36.9705 / 127.9525 / 114.8 [12898 (Mandeogbong) " 37.6175 / 128.9049 / 1033.1
129 (Seosan) 1968-01-01 36.7766 / 126.4939 / 252 (2899 (Seongalyeong) " 37.7225 / 128.745 / 11548
130 (Uljin) 1971-01-12 369918 / 129.4128 / 48.9 (2900 (Mt_Gariwang) " 37.4686 / 128.5905 / 1061.1
131 (Cheongju) 1967-01-01 36.6392 / 127.4407 / 58.7 |2901  (Bonghwachi) " 37.4415 / 128.6965 / 949.0
133 (Daejeon) 1969-01-01 36.3720 / 127.3721 / 67.8 2902 (Galgogae) " 37.5281 / 128.9351 / 861.7
135 (Chupungnyeong) 1937-01-11 36.2203 / 127.9946 / 2449 (2903 (Mt Deokhang) " 37.3393 / 129.0144 / 1005.1
138 (Pohang) 1943-01-01 36.0320 / 129.3800 / 3.9 [|2904 (Mt_Hambaek) " 37.1611 / 128.9192 / 1558.2
140 (Gunsan) 1968-01-01 36.0053 / 126.7614 / 27.8 [2905 (Mt_Sageum) " 37.2035 / 129.1691 / 1081.6
143 (Daegu) 1907-01-31 35.8780 / 128.6530 / 54.2 (2906 (Mt_Bachyang) " 37.3021 / 128.1255 / 7543
146 (Jeonju) 1918-06-23 35.8409 / 127.1172 / 60.4 [2907 (Mt_Saja) " 37.4260 / 128.2561 / 811.9
152 (Ulsan) 1932-01-06  35.5824 / 129.3347 / 81.1 [2908 (Mt_Nam- " 37.4111 / 128.4388 / 875.1
byeong)

156 (Gwangju) 1939-05-01 35.1729 / 126.8916 / 70.2 {2909  (Mt_Dachak) " 37.6697 / 128.0750 / 560.0
159 (Busan) 1904-04-09  35.1047 / 129.0320 / 69.5 |2911 (Mt_Gari) " 37.8545 / 127.9284 / 7432
162 (Tongyeong) 1968-01-01 34.8454 / 128.4356 / 31.2 [|3891 (Mt_Jangseok) " 37.0939 / 128.1774 / 402.9
165 (Mokpo) 1904-04-08 348173 / 126.3815 / 44.7 (3892 (Mt_Cheoneung) " 37.0857 / 127.9991 / 424.5
168 (Yeosu) 1942-03-01 347393 / 127.7406 / 659 |3893 (Mt_Wontong) " 37.0883 / 127.6766 / 322.8
170 (Wando) 1971-01-31 343959 / 126.7018 / 353 (3894  (Mt_Bakdal) " 36.8102 / 127.9202 / 438.5
184 (Jeju) 1923-05-01 33.5141 / 126.5297 / 20.7 ||3895 (Mt_Nam) " 36.9568 / 127.9794 / 553.0
188 (Seongsan) 1971-07-15 33.3868 / 126.8802 / 20.3 (3896  (Dosolbong) " 36.8455 / 128.4249 / 711.7
189 (Seogwipo) 1961-01-01 33.2462 / 126.5653 / 51.8 [|3897  (Mt_Paleum) " 36.3504 / 127.8795 / 396.5
192 (Jinju) 1969-03-01 35.1638 / 128.0400 / 29.3 (13898 (Mt _Geumdan) " 36.6120 / 127.7892 / 627.4
201 (Ganghwa) 1972-01-11 37.7074 / 126.4463 / 47.8 [3899 (Mt_Tap) " 36.3236 / 127.6436 / 359.4
202  (Yangpyeong)  1972-01-11 37.4886 / 127.4945 / 472 ||3900 (Mt_Sambong) " 36.1300 / 127.8436 / 647.4
203 (Icheon) 1972-01-11 37.2640 / 127.4842 / 80.0 (7891 (Mt_Cheongok) " 37.0433 / 128.9624 / 1279.3
211 (Inje) 1971-12-01 38.0599 / 128.1671 / 201.7 ||7892 (Keonjae) " 36.9584 / 128.9622 / 832.0
212 (Hongcheon) 1971-09-27  37.6836 / 127.8804 / 140.2 [|7893 (Mt _Tonggo) " 36.8984 / 129.1922 / 1071.3
221 (Jecheon) 1972-01-11 37.1593 / 128.1943 / 264.6 [|7894  (Gajaemijae) " 36.7758 / 129.3716 / 359.6
226 (Boeun) 1972-01-09  36.4876 / 127.7342 / 171.3 [7895 (Mt Agu) " 36.9965 / 129.2886 / 646.7
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Table S1. Information by observation sites
ASOS AMOS
Station number Observation . . . Station number Observation . . .
. Latitude / Longitude / Height . Latitude / Longitude / Height
(Site name) start date (Site name) start date

232 (Cheonan)  1972-01-08 367796 / 127.1213 / 21.3 |7896 (Janggunbong) " 36.8534 / 129.0862 / 1135.6
235  (Boryeong)  1972-0124  36.3272 / 1265574 / 9.9 |7897 (Mt Hambak) " 36.6738 / 129.0870 / 575.9
236 (Buyeo) 1972-01-00 362724 / 1269208 / 13.4 | 7898 (Mt Myeongdong) " 36,5166 / 129.2453 / 81122
238 (Geumsan)  1972-01-09  36.1056 / 127.4818 / 172.6 |7899  (Yongbayi) " 36.5698 / 128.9083 / 399.4
243 (Buan) 1972-03-01  35.7296 / 1267166 / 122 | 7900 (Mt Gamyeon) " 363671 / 129.0482 / 566.1
244 (Imsil) 1970-06-02  35.6120 / 127.2856 / 247.0 |7901 (Mt Dokgeong) " 36.6148 / 1202475 / 681.7
245 (Jeongeup)  1970-01-05  35.5634 / 126.8390 / 68.7 | 7902  (Satgatbong) " 364111 / 1293185 / 2700
247 (Namwon)  1972-01-04  35.4213 / 127.3965 / 133.4 |7903 (Mt Naeycon) " 362176 / 129.2639 / 701.5
260 (Jangheung)  1972-01-21  34.6889 / 1269195 / 44.0 7904 (Mt Johang) " 35.9733 / 129.4684 / 215.7
261 (Haemam)  1971-02-03  34.5538 / 1265691 / 163 |7905 (Mt Juwol) " 363156 / 128.8044 / 4383
262 (Goheung)  1972-01-22  34.6183 / 1272757 / 519 ||8891 (Hyeongjcbong) " 35.2055 / 127.6847 / 1091.9
272 (Yeongju)  1972-11-28  36.8718 / 128.5169 / 2113|8892  (Mukgyejac) " 352299 / 127.7511 / 6802
273 (Mungyeong)  1973-01-01  36.6273 / 128.1488 / 173.0 ||8893 (Wangeungjac) " 35.4014 / 127.7810 / 5877
277 (Yeongdeok)  1972-01-03  36.5334 / 129.4093 / 40.7 | 8894 (Mt Bubhwa) " 35.4543 / 127.7132 / 688.1
278 (Uiseong)  1973-01-01  36.3561 / 128.6886 / 81.4 |8895 (Hyangrobong) " 34.9686 / 128.1665 / 372.5
279 (Gumi) 1973-01-01  36.1306 / 1283206 / 49.1 |8896  (Danjibong) " 357999 / 127.9887 / 781.9
281 (Yeongcheon) 19720121  35.9774 / 1289514 / 96.1 8897  (Dacgibong) " 347483 / 1280225 /| 278.8
284 (Geochang) 19720124 356712 / 1279110 / 2214 |sgoo (M- ongehul : 354768 / 129.0020 / 757.0
sisaldeung)
285  (Hapcheon)  1973-01-01  35.5651 / 128.1699 / 26.7 | 8900 (Mt Neungdong) " 35.5776 / 129.0083 / 935.1
288 (Miryang)  1973-01-01  35.4915 / 1287441 / 83 |8901 (Mt Cheonju) " 352747 / 128.5899 / 501.1
289 (Sancheong)  1972-03-30  35.4130 / 127.8791 / 1382 8902 (Mt Silbong) " 35.1266 / 128.0677 / 1001
294 (Geoje) 1972-01-24  34.8881 / 128.6045 / 44.8 [8903 (Mt Dunchel) " 353821 / 127.9755 / 520.3
205 (Namhae)  1972-01-24  34.8166 / 127.9264 / 457 |8904 (Mt Hanu) " 35.4069 / 1282088 / 698.5
Radiosonde 8905 (Mt Bulmo) " 352052 / 1287648 / 4819
14576 (Gwangju)  1978-05-01  35.1166 / 1268160 / 13.0 | - - ; ;
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