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Abstract Based on the new climate normals (1991~2020), annual mean, maximum and mini-
mum temperature is 12.5°C, 18.2°C, and 7.7°C, respectively while annual precipitation is
1,331.7 mm, the annual mean wind speed is 2.0 m s™', and the relative humidity is 67.8% in the
Republic of Korea. Compared to 1981~2010 normal, annual mean temperature increased by
0.2°C, maximum and minimum temperatures increased by 0.3°C, while the amount of precipita-
tion (0.7%) and relative humidity (1.1%) decreased. There was no distinct change in annual
mean wind speed. The spatial range of the annual mean temperature in the new normals is large
from 7.1 to 16.9°C. Annual precipitation showed a high regional variability, ranging from 787.3
to 2,030.0 mm. The annual mean relative humidity decreased at most weather stations due to the
rise in temperature, and the annual mean wind speed did not show any distinct difference
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between the new and old normals. With the addition of a warmer decade (2011~2020), tempera-
tures all increased consistently and in particular, the increase in the maximum temperature,
which had not significantly changed in previous decades, was evident. The increasing trend of
annual and summer precipitation by the 2010s has disappeared in the new normals. Among
extreme climate indices, MxT30 (Daily maximum temperature > 33°C days), MnT25 (Daily
minimum temperature > 25°C days), and PH30 (1 hour maximum precipitation > 30 mm days)
increased while MnT-10 (Daily minimum temperature < —10°C days) and W13.9 (Daily maxi-
mum wind speed > 13.9 m/s days) decreased at a statistically significant level. It is thought that
a detailed study on the different trends of climate elements and extreme climate indices by

region should be conducted in the future.

Key words: Climatic characteristics, New climate normals (1991~2020), Climate elements,

Extreme climate indices
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1981~1990112] 717ke] A L=, HZ 10:(2011~2020
W)o] FrtEoj® 7 7|7bel|A] Fulr|ike & Aol 7t
ok 39k Moon and Kim (2021)& Y 717+&
Hlwste] FHZo| 7PEsE S ALY A=rt
ol S7HAAT, 9% A Al A A
712 F3e] Zole FosA A AFIS A
t}. Park and Suh (2022) FH< 308(1991~2020%)
B 58 Ardee A5 Feh geieh A oA
71 ZFetar, A= WS St AgeA 71 oF
i A FFL] BAY S hge A
FEHZE A Aot Fallt, TEF AHolA &
UL AT WEAYGH B3t A HolA] FjH o=
- AAoka Tk S, AT Gk dEict A9

=
h
o g AGsur 39 454Est 4e wit ol

%
=
=
Al
2=
o



5% A48 - HYe A - olel -4

oy

i
rlo
At
ox

[o
s
ro
v
Rl
p‘L
32
&

20209 309 Ho-g A At EF A FHAA
oh, gkl 713 e A HEste] Syl FH 7]
T EAY 1 HElE FEFHo R dolsles dTE ¢l
Qr}. olo] B AxAE 1991~20208 AFd 7S

olgste] el 712, A, vhd, A=
71§80t SR FA e S FHEES}
HAZH(1981~2010)32] 2}o]S EA)ste] £
Hit, S, AEAS g dAe v 54

3} wsts solalaA Fr),

o fo
Lo N

o

2. 7 X2} W

A7, HATZIR),

It

2 AN /@R, A

A

Baengnyeongdo
<
e
) g.Heuksg )
, .
b
& o
Jei
juL\ﬁeOngsan
osan
Nr wipo

24 - RlSF -oledy - Ay - AN - Y 479

A, B4, AUsE 5 F M 71Feaet o F
S AT F e FIVTASY 1981~2010
7 1991202032 &, ¥, AA 71T ESE HAGS AL
Sttt Fdg2 A= 80% ol/del YAY
A #ASAE7E e B¢ AESHL(KMA, 2021a),
A BAIR] 1Y ol T 59 A&o® wohe A
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#ASAETE A5 © A5 D A 2 A Bdy
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(2021a) 71l 2™ S-2vhe W 22 FH2 30
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Fig. 1. Weather Stations used for this study (solid dots are 62 stations used for calculating the national mean while blank dots
are 72 stations used for analyzing differences between 1991~2020 and 1981~2010 normal).
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Foll YRIBHA ot Elvet BaS AbEsked Al
qHnt gteh AF XHE 22t 20159 6Y 1293
2015 7€ 1ol #ZHHo] o]F3te, At} kit
o2 gHo] WARHI, AZHH|(ASOS)E HAIZH|
(AWS)Z WA EAA T B0 L} x| ofd 7]
< B4 W3l gt AgE AH-2 1981~2010
F HAgEs H{sle e 73 A F 271 E
98k 727) A Folth =& ASOS HZX|Ho|HA
1981~2010 HWAZS B{3 oot 2012

129 49 A=SAALE 2713 £HA] AWS AFHo=E
HAE T HAZS AFsEA] ol B oA A3t
[ex] E

EAJL A (1991~20209)S 71&=
o= mo}elea, Mk A1t 3 (1981~2010
w)e] 2ol 2, Fold A8 18-S AFESIATE
Al A9E Wste 71, dulsls, v Ede
ik AEde] AxE, g wlst HE[RIEd
B — TEERhAEERE < 1001 =St seteiiitt.

213d(1991~2020) =17] FH(KMA, 2021b)oll+=
F3Hdo] Zhet AEd A7 A FHEA o
E AFE dF T &840 52 FWNFAFE
ARt FZHEEL WstE EA ST A" A
T FRI2UHE HA72 30/33/35°C o)l 4,
MxT30/33/35; & FHA7]2 25°C o<l &, MnT25),
F3A LY HA7IL -10°C Pkl gt o F
A7) —12/-15°C °]&kQl &, MnT-10/-12/-15), I3
2} 10°C ©17d<l FH(DTR10), & 74=% 100 mm ©]7¢
1 E(PD100), 1AZF Hh 4% 30 mm ©]4d &
(PH30), 5L (Q ANESE 139m s o] &
WI13.9) 5 117 #Ho|th(Table 1). ©] 5 571 A4

Table 1. Selected extreme climate indices for this study.

i)

B

(MxT33/35, MnT-12/-15, DTR10)= A#HJd] A&
F7H Al 4R A 2polE Blud
flof A1 dgiet A A sk tH(Table 1).

3. Mgdof 7|tret SelLet B[ F2
Sdot Hs|

31 F2 71%240 SMI} Hs}

u)= Y71 ¥ (NOAA) wEm 7]%F Fdgh
ek Fatgre] obd dAle] 71FE EE] 9
aRbE Aoty 7| g 54 A H¢

58S W9 Bk ol wide] 7)1 HekE
gjeksl= 715E0] Eth(https:/www.noaa. gov/explainers/
understanding-climate-normals). 1991~202013 7133
ol 71vket Elvete] Add HaEl&L 12.5°C,
FH 1712 18.2°C, A7 7.7°C, 7dr7 13317
mm, ¥4 20m s, FHFEE 67.8%C] Ch(Table
2). oI5 F2 FEvEe] AR 71 EAS BHoFe
o 3Egkelth 1981~20108 3} ¥lwsled AR Hat 7]
22 0.2°C, Harel HA7|22 03°C A5, &
Z0.7%)F ANEE(1.1%)s Za3en, 3 £
L H3Elrt gl tHTable 2). AT HF7]L, |

3
7

|

O

AUGEE FERoLt FrFe) WakE Fiuls]
Qghr). 71ee A 10de] Lt szbe] F7bEw

A 2R A3 JA dEsal, 538 3 el
Al Frejst Wl QIE Harle] deo] FEls)
A Yebth diisEe] dahs Ve deo® Qs
7102 BOItKCha and Suh, 2022). $-2uetollA &
&& A F2dste] G TAS T Y HHEA 7Ha
e Aoz d#A UAINH(Chen et al., 2020), Hd

Index

Daily maximum temperature > 30°C days (MxT30)

Daily maximum temperature > 33°C days (MxT33)" Hot days
Daily maximum temperature > 35°C days (MxT35)*
Temperature Daily minimum temperature > 25°C days (MnT25) Hot nights
Extremes Daily minimum temperature < —10°C days (MnT-10)
Daily minimum temperature < —12°C days (MnT-12)" Cold days

Daily minimum temperature < —15°C days (MnT-15)"

Diurnal Temperature Range > 10°C days (DTR10)"

Diurnal range

Precipitation

Daily precipitation > 100 mm days (PD100)

Heavy rain days

Extremes

1 hour maximum precipitation > 30 mm days (PH30)

Localized rainfall

Wind Extreme

Daily maximum wind speed > 13.9 m/s days (W13.9)

Strong winds days

*: New indices added for the new normals (1991~2020)

Sh=17)48ks 7] A133E 535 (2023)
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Table 2. New annual and seasonal climate normals for temperature, precipitation, wind speeds, and relative humidity based on
the period of 1991~2020 and their differences from that of 1981~2010 in the Republic of Korea.

Spring Summer Autumn Winter Annual
Normals 11.9 23.7 14.1 0.5 12.5
Mean = P - P -
Diff. +0.4 +0.3 +0.3 +0.3 +0.2
Temperature . Normals 18.1 28.5 20.1 6.0 18.2
o Maximum = P P P -
O Diff. +0.3 +0.3 +0.2 +0.2 +0.3
Normals 6.0 19.9 9.2 —4.4 7.7
Minimum e P P P P
Diff. +0.2 +0.4 +0.3 +0.2 +0.3
Normals 248.4 727.3 266.1 89.0 1331.7
Precipitation (mm) Diff +3.8 -18.7 +5.0 -12 -93
- (1.6%)" (-2.5%)" (1.9%) (-1.3%) (-0.7%)
. Normals 2.2 1.8 1.7 2.1 2.0
Wind Speed (m s™) -
Diff. —-0.05 0.00 -0.05 —-0.05 —-0.04
Normals 61.5 76.7 71.0 61.8 67.8
Relative Humidity (%) - pr P P e -
Diff. -1.7 -0.5 -0.3 -2.0 -1.1
Difference: (1991~2020 normals) — (1981~2010 normals)
*: Significant at 0.05 level, **: Significant at 0.01 level
kel wael e AgF B FL MEb gXE  SFe gasy Aok WEgel 2 Selue 2y
A @i, o B ol AWE 5B Frhsh qht 5
Adglel ke Seluet AL Faxe] gAY B AgelN melsojol & Akgelt.
= ‘:Hﬁh Table 291 2t} fElvel &, AF, 7, & A5 Stk dAUFer 1xd ATl Y
AL HFHE712E 11.9°C, 23.7°C, 14.1°C, 0.5°CE oy 2k APoA =go] & F AW, o5 7
1981~20101 %} Hlwste] BE A 03°C i, 779 Hae 08-S HsA Ak ¢4 #
ole dH7IR AR olojxtt Hivled = 25 AHA & F Juk HaE FTEHES B 22m 57,
3 g0 247} 18.1°C, 28.5°CE 72} 0.3°C A3t 9E 1.8m s*‘, M 1 7ms, AS 2im 2 2E
AL, 7HE S ALl 20.1°C, 6.0°CE 7t 0.2°C ok AlEdA FElg WEo] Atk FdEEs ol

ot HA7ee B &4 6.0°C, 19.9°CE z+zh
0.2°C, 0.4°C 7453922, 7He3 Agel 9.2°C, —-4.3°C
Z 747} 03°C A 7S e Ao B
Aoz frelsh 0.2-0.4°C 2F=aioint. 53], H o
B4 FHar|e gsol § Eﬂo}ﬂl eI QlojA]
ZQ9 Hze} Fwrt S71e 7ol AT 2010
dol o]de] o8d FHir|e] WHile FAFC=E
FrolatA] FUYTHNIMS, 2018). oI5 HA7|L
0.4°C * ?o}oq 2 Zo] 7pg A7) Wi st A
A7t dujors xgst ofgt 3129 WARIEI}F F7}
A 2 Zlojth AHA AF FEFS Eol 2484
mm, &&°l 727.3 mm, 7l 266.1 mm, 79l 89.0
mmZ o5 F5Ee] ATEI} 54.6%= 9713 E=rk
vt A Aede] gae FAFLE fo5kA
RA T, AEE Aol e B A8 felEhA
etk Bele rie] Srkela, qEole dh

1, el A Zol g AX A F

stl=dl, A&

61.5%, A5 76.7%, 7+l 71.0%, ALl 61.8%=
BE AEAAN SAHLE {3t Aa7F vEst
ol AXE 712 445 (Ko and Lee, 2013)3 3
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Table 3. New monthly climate normals for temperature, precipitation, wind speeds, and relative humidity based on the period
of 1991~2020 and their differences from that of 1981~2010 in the Republic of Korea.

Temperature (°C) Precipitation Wind speeds Relative
Mean Maximum Minimum (mm) (ms™ humidity (%)
Normals -0.9 44 -5.7 262 2.1 62.0
fan. Diff. +0.4" +0.3" +0.3" -2.8(-9.7%) ** -0.1" -1.8"
Normals 12 7.0 -3.9 35.7 22 60.0
Feb. Diff. +0.3" +0.4" +0.2" —0.2(—0.6%) -0.1" 24"
Normals 6.1 1222 0.5 56.5 23 60.0
Mar: Diff. +0.4" +0.5" +0.2" —0.9(—1.6%) 0.0 23"
Normals 12.1 18.6 6.0 89.7 23 59.7
Apr Diff. +0.1" +0.1 +0.2" +8.1(9.9%) 0.0 -12"
Normals 173 235 116 102.1 2.1 64.8
May Diff. +0.3" +0.4" +0.3" —-3.5(-3.3%) " 0.0 -1.6"
Normals 214 26.7 16.8 14822 1.8 72.0
fun. Diff. +0.3" +0.3" +0.3" -15.5(-9.5%) 0.0 -0.9"
L Normals 24.6** 28.9** 21.2** 296.5 1.8 79.5*
Diff. +0.3 +0.3 +0.3 —2.1(-0.7%) 0.0 03
Normals 25.1 29.8 216 282.6 1.7 78.5
Avg. Diff. +0.2" +0.2" +0.3" ~1.1(-0.4%) 0.0 -03
Value 20.5 259 16.1 155.1 1.6 75.6
Sep. Diff. +0.2" +0.2" +0.2" —8.8(-5.4%)" 0.0 -0.3"
Normals 143 20.7 9.0 63.0 1.7 70.3
Oct. Diff. +0.3" +0.1" +0.4" +12.3(24.3%) ™ 0.0 -03
Normals 7.6 13.6 2.5 48.0 1.8 67.0
Nov. Diff. +0.3" +0.2" +0.4" +1.53.2%) ™ -0.1" -0.5"
Normals 1.1 6.6 -3.6 28.0 2.0 63.7
Dee. Diff. -0.1" -0.2" 0.0 +3.7(15.2%) ™ -0.1 -1.6"

Difference.: (1991~2020 normals) — (1981~2010 normals)
*: Significant at 0.05 level, **: Significant at 0.01 level

199 44°C2 71 wgkow 7+t 0.3°C, 0.2°C
Tk €%+ Harl2 Wsk= 399 0.5°C 4
I 122°C2 7F% 2o Aaaa, 1294 0.2°C
13l 6.6°CE F-dsHAl sPdstant. 12€ H#7|=
b FH 7|9 sk 7191t ol A
s d B3] geko g 93k F9x 3yt
Al719F He] wste} o] Qlof Ml ¥
A7) &L 89l 21.6°CE 7P =93, 199
J°CE 7P vt} Al HA7]e 108, 1€
Z}zF 0.4°C A3 9.0°C, 2.5°CE 7P &2 A5
HAS, F7| 23 FHaro] e 1292

\

ot ofy o kI
o, of)

-
oY
(

of 12 |o 1o
Moo o,

(9]

I =
tlo

Sh=17)48ks 7] A133E 535 (2023)

-3.6°Cx W37} gl Sdshd 1295 A9 =
E gl Ha, 3, HAZLL 0.1-05C FAHL
2 fFoJHAl s, 1298 Htd FHarr)eo] s
AQom HA7ee sk gk ol 129 4
~19 A B el Asow Q% AESFI o
SR, S 2o wER $717k FAshEA
=9 2277} YR ekl 49 Z7o] &
AE7] otk Lo BEFRFH B2 g
Z3o] 12€ 7] &7o® ololxl Aow RO}
(KMA, 2020).

A9d 4 A% 19 262mm, 29 357 mm, 3
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Fig. 2. New normals climograph for the Republic of Korea: (a) new normal monthly mean temperature and precipitation and

(b) differences from that of 1981~2010.

¥ 56.5mm, 49 89.7mm, 5¥ 102.1 mm, 6¥ 148.2
mm, 7% 296.5 mm, 8% 282.6 mm, 9¥ 155.1 mm, 10
4 63.0mm, 11¥ 48.0mm, 12€ 28.0 mm®]TtH(Table
3). € A 49, 109, 1€, 12€0] Z7l6ie
U 19, 29, 39, 59, 649, 79, 84, 99 7439
ot 3¥3} 59 Arro] AYSolE Bkl 4Y
el S7be B AR Skl 71999 64,
74, 88 AFHe fahe A8 ATHe HAE o
AR, 98 A5 7hxdE 1083 1€ 5
o] F7tste] BAHLR FolA] LARE TR AbF
gol ZUlelth ALHole 129 a5l S8t
A, 193 292 gadte] Wl giddth 69(-15.5
mm) A5HFL 95% il 1219 T Y 2ol
293, 109123 mm)dll 24.2% Z713ke] 71 Bol
=3tk 24, 39, 79, 89S Ay BF W=
EAHCR Fo3IthFig 2). 71 dAA A
A, A, €8z A7 R W3l ko] A 5K
o e o, A, 9 W3l A3ko] tEA y
Elgtoh. wEbA, Justar, 2822 Ed9 &8
A AG o]y Aol M AZFY F7F R W
st digk a7 a3t

AY o AFEZE Fo3 "t gld BHa F
&0 Bl A A7 FRS 98H ZLoME
olat W3al7 UERdTH(Table 3). 19, 29, 1€
ouEHAl 0.1m s ZAsteE Adke] yehdt ¥

I ZAE AR o] A A FEe W= F
Qs I E ook & AJoitt. ¥ AUlEEe
19 62.0%, 29 60.0%, 39 60.0%, 48 59.7%, 59
64.8%, 69 72.0%, 72 79.5%, 8¥ 78.5%, 98 75.6%,
109 70.3%, 11€¥€ 67.0%, 122 63.7%°]tHTable 3).
AEEs 883 1085 A3 Uz LollA 54
HoR fogt FEoA AT 12~599 HAa
Zo] 1.2~24% HWHZ FUHoE A3, 11 F 299
24%= 7P A Ao Axg w3 AL A
Y& gas AR g8 #dsty Fas oF
ojdof &t} 6~1199] 74 2 03~09% WA=
e 79, 89, 99, 1089 03%E 7P 2A 7
2ok 1292 719 e Axg F71e 14
o] B3t A #AastRer, Unx g2 729
Feo B AUFEI FAERE ASE AekEr.

[
F37)$A 40 AHH 7 FAGE vHEA = %
A gk, BAsHE - AA| FE|E o] Fo X A (IPCC,
2021), 7, 24, YA 5 o8 FEela AWH
ol 43S mZITHMin et al,, 2021). #A BdzE A
Zo M AAHA] EUA F3HA o] L3 7] FA|FE 0]
Aol F7EEATh dAls BRI A2 R 1)
o= 2 BANET}E o FropA] H-SuF S
223 X7 2 £ Uk 71eF AEY I F
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Table 4. New annual normals of extreme climate indices and
their differences from that of 1981~2010 in the Republic of
Korea.

484 2158 (1991~202013 )ol] 7193k S-2lve} H 2 713543
<

Frequencies (days)

Indices
Normal Difference
MxT30 38.6 2.7
MxT33" 11.0 -
MxT35" 2.9 -
Temperature MnT25 52 +1.77
Extremes MnT-10 12.4 -1.1"
MnT-12" 6.9 -
MnT-15" 23 -
DTR10" 188.8 -
Precipitation PD100 1.4 0.0
Extremes PH30 1.9 +0.1"
Wind related ;5 o 1.7 10"
Extreme

+: Extreme climate indices first introduced in 1991~2020
normals,

Difference: (1991~2020 normals) — (1981~2010 normals),
*: Significant at 0.05 level, **: Significant at 0.01 level

Ag Fol| L0 AL E BoFE A H17]e 30°C
(MxT30), 33°C (MxT33), 35°C (MxT35) ©]42l & ¢
A8d = 7h7E 38.6, 11.0, 2.9U 0] t(Table 4). ©|
= HEY 36(1981~2010 3} ¥]dte] MxT302 35.9
dol|A 2.7¢ 0] F7FIA T MxT333 35 @Al 11.0
A3} 294 A RE, HE ] 2ugt oA = T
o] A 2 Zolth A A7) 25°C o)4del
F(MnT25)S 52U =2 1.7¢ 718tk 4wzt 10°C
o)Al F(DTRI0)E Aole} =259 77l F43
A %7} ¥& W4 (Cheng et al, 2014)=, AP S

A A
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— o

wstol] Bk A
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188.8Y 010, Y EE= 752059 104 2059 =
7 B, 493k 59l Zh2F 20299 2019 F 20
d& st BASIATE Arprt xstEE 790l
7592 7P AA BASIATE A2 s HoF
d A 7] ~10°C V]RESl EMnT-10), & A7
—12°C °]&}el Y(MnT-12), —15°C ]3¢l E(MnT-
Yo Zbz; 1249, 6.99, 2.3¥0 |t} o] = £ 3t
228k MnT- 102 13.5Y004 1.1Y 7H4skit
5 72 RS Qe o Z44% 100 mm ©)4
ol G(PD100)e] ¥ AlHdd 1492 FHIH
FdstA. X7 Ao 7FEH 30mm ol &
(PH30)9] Wl=&= Algde) 1990 #3dof u]s)|
0.1¢ 71tk 4 HAFS 139m s o)l &
(W13.9)2 Agdol] 1792 FHAF B2 S o
1.0¢ ZAasdh sz A3k 7|gA =Y gast
TA AT F7HR T4 gAgth MxT30, MnT-
10, MnT25, PH30, W13.9= EA52 g fond 4
oA wslsk T

oG

4. HBYof 7|get XHE 7|+ SH2 He)

41 F2 J|g29 §
7153t AU e HAHsHA AlSHA K92
542 2 Wskes setsfor stk 72

N AL o] 83 I A, 9 7|Fa k] 4l
B @ A g #HAE AA S 7270 A
Aol AEd AgH7]29] W9l= 7.1~169°CE AL,
7|o] 71 we AL gldF el 7P =2 AY
2 AAxe|h A Fde] zfol= LbEet A
B8] MsheE —0.1~0.7°C WY el 707 =40l
A AR H70] FHA(1981~2010) Ho}h =Qko)
AFelA 0.7°CE 71 3A dsstRaL, 20 A-CGE

Re)

2 gAIEE 7]

o, ofo oy
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Fig. 3. The difference (°C) of new normal (1991~2020) (a) annual mean, (b) maximum and (c¢) minimum temperatures from

1981~2010 normals by weather stations.
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FN

A3 B9t 28 thFig 3a). AHT AL/ mmE 10.7% HASIACHFig. 4a). thAE A
122~203°C2 AMFAx} "olA 7H¢ =1, o= Aae A% FHar)2e] e Bl o] Bl
oM 7 vA vebdth dAga Har)ee Wil th A A5 A9HoR Wl o] G F
—0.2~0.7°Co] 32 th&H A 122°CE 7F A A5 TR gallo] AP AGoMe A, EE
93 Zxel TJolM 7 A sPEAthFig SIS, FElRE, ATl STkt AR S

3b). A HA 72 W= 2.3~13.9°ColaL i To] H9E 59.1~78.6%%E ZAEAA 7HE =
HollA 7P B, 2tk 37°CE wstollA Bl i tiFellA P Wtk REE vasl S o 5871 A
Elgom, MAXE 7P =2 e Bt d¥ T 3 Aol AFert Zasta, 270 A W3zt ¢l
2 71£-0] W3} W 9E —0.1~0.9°Co], DFo} FFol|A Rom, 1271 AFAAM F7tetAThFig. Sa). 9€
7217} 0.9°C, 0.8°CE 714 A d5staen, did, & (68.1%)3 thaH (73.3%)l = W3zt ilar, AA

32
H

=, ZAelA 0.1°C 373 THFig. 3¢). 719 & EXNA 1.5% STt oH, SFoM 67.3%=

LAE YRR AHAA Agdgie] FHEERG s TR B8] 4.6% FAET AHEEE WA

A, AT AR AFAME 2 ZL wj¢ Attt J)E 2908 tksA|R, 729 deo g tEE A
A A AEHEe Ao HEAo] A Wt HeA Hulsmrt gAsh dEd TE52 A

787.3~2,030.0 mm= Akl 7 B3, O thee Wk dol xfol7t AT

1,989.6 mme! AMFFolth, A e WMF =M 7} AdE F#7]29 He= B 66~149C, A&

A AP, 2 S 1,0112mm7F W gAo|th o 18.5~25.5°C, 7} 8.6~19.4°C, A& —5.3~8.3°Co|T}.
el Walg WAL —10.7~7.0%% LEEoA o Za& Tl 7FE B33, U] A-dE A
1,480.6 mmZ 7.0% Z7Fst3, d@HA 1,695.1 AxoNA M =dor TE A™AA tFAEH A

(a) (b) (©

Iy v >
< \ B Ty
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Fig. 4. The difference (%) of new normal (a) annual, (b) spring, (c) summer, (d) autumn and (e) winter precipitation from
1981~2010 normals by stations.
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Fig. 5. The difference (%) of new normal (a) annual, (b) spring, (c) summer, (d) autumn and (e) winter relative humidity from

1981~2010 normals by stations.
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AL AF(11.9°0)E 0.7°C Assldtt. o8 H#7)
2o Z(24.5°C), T9(23.8°C), 15 (23.8°C), &4
(23.1°C)ell A 3 d=t Zorom Um=] 687 A3
A s dE Hadrle e o] Mg & A
HE AF, g#y, THO=Z 0.6°C A3 71
Bet7lo] 7P A vERd A2 A7 3E(19.4°C)
o]3 th&-o 7 Ralo] [75°CE EoeH, 7P v
Uehd A-S g3 (8.6°C)0) 3 2 theo] Bjuio g
10.3°Colt}. 7He 7|9 ¥sl= 3 (14.5°0), &
F(17.1°C)0A FHd FLsHA e, oA
17.1°ColA] 16.9°CE 0.2°C 3F3tdch. Us=A 6970
Aol A Festdon s Fo] 7P & AHLS
AF(13.2°C)Z 0.8°C F53t9 ). AL Ha7|o] 7t
A 2o e MAEY} Fako g 747t 8.3°CS} 5.0°C,
7V RA JEbd AP giAE Y dhew 7zt
-53°C, -3.7°CE JElgth ALd Hd|ee 5X
(3.0°C), &=(3.9°C), FF(-1.5°C), &3H-2.5°C)°llA]

Sh=17)48ks 7] A133E 535 (2023)

H3l7F 91, A (-3.7°C), ¥ (4.0°C), Z2H7.1°C)
oAl 0.1°C 33ttt U™Al 6571 A AN 35
B, YoM —1.4°CE 78 —2.2°Ce] H]s) 0.8°C
Asate] Zo] 7P Zth 1991~2020d AHd A
7|22 FhT AP F7FsAY ¥t 7]
= SAINE Edol vlste] it AEstlh 539,
AFE BE A-NA a7 s Zo] 71 Zth

AR H 7|9 "ee & 12.3~203°C, o
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olaL, FH72 FAFHAl AAEZAA =31, tjd=
oA wtth B B Hir|2e ®¥sle #E=
(12.9°C), 59(17.8°C), ¥4 (19.3°C), 225(18.6°C) &
7 Ao W3t I, BEE 17.2°CE 0.2°C
s YA 6770 AHANA A3, $x
£ 0.9°C A3k 17.7°CE 2 Zo] 7 Zit} o &
FHar|o] 7P A ved AL o+, M R
Al vehd AHE gi@E ot o5 P Ha 79
W= A FA3E(27.7°C), 743H27.3°C), B3H27.7°C), 4t
2(29.1°C)ll A a3} 2k, i elA 22.8°C
2 7o) 22.1°Cel Ao ®HE) 0.7°C A5kt
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flo

£9(27.3°C), 2%&(28.4°C), 113(28.3°C)IA & 0.1°C
sttt 7HS Wk Havlo] 7P A vERd
A2 AFAEe) AL, 7 B YERd X3S ojdE
oltk. 7He W FHiv|Le WEE(17.3°C), WA
(20.2°C), 24H(21.2°C), A34H21.7°C), ¥H(19.4°C), A
21(20.0°C), -3(20.8°C), 43-(21.5°C), L3(21.6°C),
£74(19.2°C), 2H4(21.1°C), F3(21.3°C) 5 1271 A
HolA 1 s} Fdste] WMzt gl 39 (21.6°C),
5%9(21.7°C), BE(21.0°C), F€(21.0°C), B3H18.7°C)
S N AN = A vl 7S HeF FHa)
o] spstalen, v 5570 AN st
o} Aol 13.8°CE 0.6°C A5ate] A Zo)
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Atk AL B FHarlo] 7P =4 veRd A
& AFAE| AL, 7P WAl YR RS AT ol
I 9o ® gwoA 23°CE 9t AL Ha F
31719 W= A9(2.6°C), 531(6.7°C), Z4H9.7°C),
2(6.7°C), 4(4.8°C), BH(7.3°C)elA +3d 4 2+
Atk M ARELY, X, 1%, B3holA sdea,
6271 Al AEsiant. ZEoM 04°CE M8 =
Al sdsar, A5k FrllA 7P ZA ZHt 0.4°C
st

AE Had HA72L B 1.1~11.6°C, 95 149~
22.7°C, 7} 3.8~16.4°C, A< -10.5~5.1°C H ol A]
UEbstth BE AN AMAREZE 7P =3, s
o] 7pg wtth B B HA72 HYGE.7°0), A
2H(5.2°C), 17 (6.9°C), B9 (9.2°C), A1 (3.1°C), &7
(5.3°C) & o7l X AeA W7t gldnk. 70 A G
9, Ak B, g5, sighelA shdekaL, 6170 A
AollA] Asstaith. Aot FFelA 71 0.8°CE 7}
& 3A dseslen, aigelA 02°CE 7Y =A
sttt A5 B HA 72 FHL(21.6°C), F9F
(21.1°C) & 270 AH-NA WH3l7F g, YA 70
N AReNA FEstded, s Fol 7P =2 A
Ao 9FE 194°ColA 20.1°CE 0.7°C =38ttt
7+ B HA 7S H9.7°C) Z4H11.1°0), Fd
(13.1°C), B4 (13.4°C), Z2F=(14.7°C) = 570 A H el
Al szt ldek 20 A (&= slidhellA shdet
Rom 6571 Aol AFsatit. dFollA 0.9°CE
W 3A sk, gEelA 0.2°cE 7 =A
sPFsIATE AL Ht A9 Wshs $32(-2.5°0),
XAH=4.9°C), B4(=7.1°C), B-3H-9.0°C)- FHd
I 2kt Tl ARHEY, F5H, 24k ALY, g4=,
32k, el sl e, 617 Aol st
Ak BGolA 7P A 02°C A5, el
0.2°C atstsich. foll HA7128] F43 452
233le} A=A F45H 120199 5
EA 9E8E 71 335 A Tkm oW ZAT)EH] &

3118 - ol - A - RISF o] - Ak - A
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=
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=
)

o] 93.7%)= 3L $17] wE o2 ATETHME, 2019).

AEE Zrrdd Wsdol A dAAG e Wzt
ol YeA] 28ktt. B 73R 140.0~540.9 mm,
& 7}FEES 431.5-935.1 mm, 7FE S ES 163.5~
4654 mm, AL ZFES 532-340.0 mme] F{HEE
& RSt Ho e S AE et gEA
YRR R, Zhrde AL @d)e AL U A
HoA 5 gallol f1Ashs WE A 7P AA
Uelstth &, A5, 7F el M B X3
AAE, AA, Aoz Yedth AL A A
o] B2 5ol 7P B, oA 7 A
Aok A A oA Edgs WA A
2hg sbEste] HslE A A S tHFig. 4). & AT
2 FEAGA A, SEAG g St
AA Frtske FAI7F et AdEERE &
ZdpFol 457l A AA FrkstaL 277 KA 7
28k th ME T 140.0 mmE 10.8% ZA3IAA
o SroAE 3924 mmE 12.1% 718 ThFig.
AE ArdFE gl AdolA A, d
US4 A=, Ak s A= i A
AoA F7tste FAI7F YERETE AE(892.1 mm)el]
M= 7] Wshk g, 1670 A-AA F718)
Ko 5571 AFolA Aastdnt. thellA 774.0 mm
2 FEER 11.0% 2493, 204 683.1 mm
2 7o vl3)] 4.2% Z715FthFig. 4c). 7 7
FHFE FTRAGANA A, FRAGA A Frts)
FA7F et 23 (249.0 mm)olA = 7R T
ZEFo] WMsl7h QI 457 A ™A Z7F 2670 A
oA ZHAskAet HaH oA 416.6 mmE FHIH
o} 182% Z4sIAA, BYolA 302.1 mmE 3
o vl 31.0% S7FIAth(Fig. 4d). AL rEe
WEA G L= FallQt A HFollA] Fashks A7t
TP oH, AT} FeletlA FrtsteE FA417t
UERGTE 93 (65.6 mm)oll A= W37 1913, 3170
Aol A F7FstaL 407 Ao AT B
A 732 mmE FHEET 16.9% 78k, W
TolA 540 mm=z FHA B 25.6% Z718FATh
(Fig. 4e). 532 o5l thiE A HolA] a3k
I AEe WEAYGH Fdx St Aol 7
Adle FAVF FEHA

A AEeE 2o 52.1~77.3%, S 69.2~
90.2%, 7+l 62.4~77.5%, A<l 47.1~73.0%% Y
Ebgth Bolls SAA 773%E 7P =9k, o
TolA 52.1%=Z 7Y wekth s vings o
1 (65.9%)F AH72.4%) = W3t g &
ZAAA 70.9%E 1.5% S7FIR o™, T4 57.6%
2 59% ZA3IAtHFig. 5b). 6178 XA Al
Tt Aasta, 27 A szl HEb ¢l
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Fig. 6. (a) Daily maximum temperature > 30°C days (MxT30) for the new normal (1991~2020), (b) the difference (days) of
new MxT30 from 1981~2010 normals and (c) Daily maximum temperature > 35°C days (MxT35) for the new normal

(1991~2020) by stations.
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Z 2 8k X gro]tH(Chinowsky et al., 2013).
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Fig. 7. (a) Daily minimum temperature < —10°C days (MnT-10) for the new normal (1991~2020), (b) the difference (days) of
new MnT-10 from 1981~2010 normals, (c) daily minimum temperature < —15°C days (MnT-15) for the new normal

(1991~2020).
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Fig. 8. (a) Daily minimum temperature > 25°C days (MnT25) for the new normal (1991~2020), (b) the difference (days) of
MnT?25 from 1981~2010 normals, and (c) diurnal temperature range > 10°C days (DTR10) for the new normal (1991~2020).
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Fig. 9. (a) Daily precipitation > 100 mm days (PD100), (b) one-hour maximum precipitation > 30 mm days (PH30), and (c)
daily maximum wind speed > 13.9 m/s days (W13.9) for the new normal (1991~2020).
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