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Executive Summary

In the 6th phase of the Asia-Pacific project (2022-2024), we will advance and improve
information of climate monitoring and analysis as well as develop optimizing technology to
produce the best forecasts using various information in order to contribute to long-term
forecasting and to preemptively respond to extreme climate events. To this end, in the first
year, an analysis of the atmospheric variability mechanism in the Atlantic and Indian Oceans
and the impact on the Korean Peninsula was performed, taking into account the importance
in the recent decades. In order to improve climate prediction information and prepare a basis
for optimal utilization of prediction information, qualitative integrated predictions of various
predictors were produced and the results were verified. In addition, considering impacts of
climate change, the future risk of flooding in the Korean Peninsula and changes in typhoon
characteristics were predicted. Finally, the analysis and monitoring system was improved and
advanced to perform climate monitoring, analysis and forecasting tasks more efficiently.

Considering the importance in the recent decades, the effects of North Atlantic variability
and South Asian High variability on the climates of the Korean Peninsula were examined. The
impact of North Atlantic Oscillation (NAO) on the Korean peninsula in spring is nonlinear;
When the NAO is in a positive phase, high and low temperatures appear in the Korean
Peninsula depending on the difference in tropical SST. In the case of high temperatures on
the Korean Peninsula, El Nifio in the central Pacific appears and the Indian Ocean is warm,
while in the case of low temperatures, La Nifia appears in the eastern Pacific and the Indian
Ocean is cold. When the NAO is in negative phase, the opposite tendency appears in the
Arctic region. When there is above-normal Barents sea ice, there is a below-normal
temperatures on the Korean Peninsula, and when there is below-normal sea ice, there is a
tendency to show a above-normal temperature.

In the expansion mode during summer, which is the first variability mode of the South
Asian High, high sea surface temperatures (SSTs) appear in the Indian Ocean in spring, the
temperature rises from the lower atmosphere, and as convection becomes active in the
Arabian Sea inJuly, the expansion mode develops further in the upper layer. It was similar to
the Indian Ocean capacitance effect that occurs when El Nifio in previous winters declines
and La Nifia develops. In particular, when a positive Pacific North America (PNA)
teleconnection appears in July, a anti-cyclonic circulation in the southern part of the Korean
Peninsula and a cyclonic circulation in the Korean Peninsula develop, causing below-normal
temperature and above-normal precipitation in Korea during July. When the north-south
mode, the second variability mode of the South Asian High, moves northward, the Philippine
Sea heats up in the spring and convection becomes active in the subtropical Indian Ocean
and the western Pacific in summer as weak La Nifia continues from the previous winter. It



was found that high pressure developed in mid-latitudes due to wave propagation in the
south-to-north direction. At the same time, atmospheric waves in the west-to-east direction
develop from the warm mid-latitudes of the North Atlantic inducing high pressure on the
Korean Peninsula, and the South Asian High moves north. At this time, due to the overlap of
high pressure by the wave propagation of the south-to-north direction and the west-to-east
direction wave, a strong positive pressure high is developed on the Korean peninsula,
resulting in above-normal temperatures in Korea.

In order to prepare the basis for integrating various predictor information, qualitative
integration was performed through prior discussions with experts. As a result of the
prediction verification, when the temperature in 2022 was neutral or low temperature (March
and October), the predictability was better than that of the simple integration. In addition, it
was found that the Korean peninsula was hot in the spring of 2022 due to positive NAO and
the warm Indian Ocean, and that, in summer, there were few predictors that predicted both
atmospheric circulations and temperatures in Korea.

For evaluating the future flood risk of 26 watersheds in South Korea, we analyze the
change in extreme precipitation with a 100-year return period under future global warming .
In the case of the high COZ2 emission scenario, the number of watersheds with a 100-year
return period precipitation increase of 50% or more compared to the present climate is
predicted to increase significantly in the latter half of the year. On the other hand, in the
case of the low-CO2 emission scenario, after the first half of the year, the increase in the
extreme precipitation significantly is much less than that of the high-CO2 emission scenario.
The above results imply that the possibility of flooding by extreme precipitation can be
reduced in the future when the carbon-neutral policy is successfully achieved. In this study,
based on the cluster analysis of precipitation events over South Korea, the characteristics of
future changes in precipitation-related atmospheric circulation patterns is also analyzed. The
first cluster is characterized by the positive 500 geopotential height (GPH) anomaly to the
southeast of the Korean Peninsula and a negative 500 GPH anomaly in the northeast, and the
second cluster by the positive 500 GPH anomaly in Okhotsk and the negative 500 GPH
anomaly around South Korea. The former tends to gradually move northward with future
climate change, while the Ilatter shows a characteristic of moving the entire pattern
northwards in the middle of the future and moving back around the Korean Peninsula in the
latter half.

As a result of analysis of changes in typhoon characteristics on the Korean Peninsula
according to future climate change, the Northwest Pacific typhoon activity index decreased at
low latitudes, increased at high latitudes, and the change was stronger in the high-CO2
emission scenario during distant-future period. In addition, it is predicted to move further
north, expand east and west, and decrease in the equatorial region in the future, which
implies that more typhoons will occur in the mid-latitude region closer to the Korean



Peninsula. Sea surface temperature also rises steeply, and vertical wind shear, one of the
main factors in the occurrence of typhoons, is predicted to weaken in the southern part of
the Korean Peninsula. It can affect the Korean Peninsula by acting as a favorable condition
for the typhoon to last longer. In addition, using CORDEX-EA, typhoon genesis density, track
density, and intensity for 5 regions over the Korean Peninsula and its vicinity are analyzed.
Both typhoon genesis and track density are expected to decrease in the Northwest Pacific
region and increase in the mid-latitude region close to the Korean Peninsula. Among the 5
regions, the rate of increase in typhoon track density is the largest in regions 3 and 4 in
mid-latitudes, where typhoons rarely occurred. In addition, the strength of a typhoon is
predicted to become stronger in the high-CO, emission scenario compared to the Historical
period. The proportion of typhoons that are stronger than the present increases in all
regions, but among them, region 1, region 3, and region 4 show a characteristic of greatly
increasing, and the ratio of very strong typhoons compared to the present shows the largest
increase in region 3.

Due to the frequently occurring abnormal climate around the world, the need to establish
a rapid climate monitoring system is further increasing. In an effort to reduce property and
human damage through continuous monitoring of extreme weather conditions that are getting
stronger around the world, it is necessary to collect the latest observation data and establish
a periodic abnormal weather monitoring system. For quick analysis, climate monitoring service
and climate analysis service were developed based on observational data provided by NCEP
(National Centers for Environmental Prediction) and KMA (Korea Meteorological
Administration). The climate monitoring service provides up-to-date information on various
climate variables, and the climate analysis service not only composite of data or provides
time-series analysis results, but also standardizes the data collection system to respond quickly
to abnormal weather. In addition, an automatic predictor production and information provision
system was additionally established for the convenience of users to provide rapid monitoring
results. In addition, by establishing a dual system for the convenience of users’ research and
providing simultaneous service on the internal and external networks in APEC Climate Center,
users can freely use the climate analysis system from anywhere. Researchers who mainly use
the internal network can directly access and use the climate analysis system on the internal
network, thereby increasing work efficiency.
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A ale-th7] WsAol evuet 54 715 vAs &S ARt ¢y
g} 71%o FFE HAE V¥ AR F, Edl HBEE B A=
Aot (APCC HarA, 2020, 2021) HohA ko] Gkl that AkA
o BdiALY M Fe3k -ty WMeAde 5d
Oscillation;NAQO) (Hurrell et al., 2003)2. 24 Odd= Ry Br 2k Aoz Z+7h 11 -
A7 wgo] st FElE YEYT. ol & <=
aga A= B Sl HE G A 2= HEA 5 v
4H A At} (e.g., Huang et al., 1998; Bader and Latif, 2003). NAOE HEthA oA wE3}x]
T Odd AE2E Bl sotAlol 7T dFS wA 4 At (Bollasian and Messori, 2018;
Linderholm et al, 201D. &Aoo 2= fFEpAlol HFS 7IEAEZEE 3E F2EAH FH-TY
OfAJof-Fofrlol A HFoll FAlo] YAT =oAL PR FopAof 7| Fol| FEFES FIAH F
At o] w A Fa| FZolAe 43 (Li and Sun, 2015), =& EJEY, AE OIFANA L dF
3t 21z (Ding and Wang, 2005 o] & Huto] &S wH, NAOZF FotAlofel mA]=
FeFol AP o2 Yet=t 73

R
o2
1o
o
——

=3, $eluet BA 712 AAL tisl 89 B4 AAT U7 <@ A ol
b folail depded old @ #e4de swoew fyAcde] $8q WA 5
AA=Z &8 o]t} (APCC, 2021). 13 NAO Als7F $gvet B3 71359

A AN A3t D AF A FEEol T AT A Bajo] o] Rl XA kit W
A o] "Mt BA NAOZE $Eluet 71Fe] W@ GFS MAEA /%S BHsT, O

==
AAEA S HEHE 2ABLA Bk

2 A=<} Wy

=)
A

A

A

v 52 71 WMEAE AHET] SiA Z1EH A AFste F8713E
(Automated Synoptic Observing System, ASOS)®| 627] A -S H#gF 19799 H-E 202
2€~54) A5E AHEsdth € ARe ¥ ASE BT AMESoH, d4¥ A
% w3kof (pentad) A3 B gkt
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NAOE =gk A A ti7] HEAS A5 R7] 93l National Centers for Environmental
Prediction/Department of Energy (NCEP/DOE) Reanalysis 2 (Kanamitsu et al., 2002) At&& A}
£33tk NAO9F S-Elvet B3 7% #AdAdd FaFs vA= Y v dg £4& 9



3] National Oceanic and Atmospheric Administration (NOAA)AIA AlFstes T IEA
(Outgoing Longwave Radiation; OLR) (Liebmann and Smith, 1996) At&& Ab&3luch 9 &
™ 2% Sea Surface Temperature (SST)= NOAA<2| Daily Optimum Interpolation SST version
2 (OISST; Reynolds et al.,, 2002)5 AF-g&3tth =3 NOAA climate data record (CDR)olA] A
Fot= A 7Ivte Ewb =249 A= (Estilow et al., 2015) % National Snow and Ice Data
Centerol A A &3l= 3lW &% (Sea ice concentration) (Cavalieri et al. 1996) A 55 E3 &
= AW FeAol #9Ye] I9ES ARt

NAOE A<st7] fla] HEoiAYd F49 (20-80°N, 90W-30°E)e] 500 hPa A ¢]ax =l o3l
FAE A (Empirical Orthogonal Function: EOF)S #&3ta, 71 A WHA RTo AALEE
AO A= Astg . o]= NOAAS] Climate Prediction Centeroll 4 #|&3}+= Rotated EOF
A4S 7|9t 2 = NAO A<t & Zo|7F UEhA] &+

Z

(3) NAOS+ #dd 7|z B4 &4

A

NAO EUHH S A3l FE A&t CPColA Al-&st= NAO Ao AFHo = wWol
AHg3tE EOF A A Z=& 7|Hto 2 3= NAO A 49 Apold & A3 Ekth. CPC NAO
A== base periodE 1950-2000 7|FS. 2 3leo] Rotated FAE E4& A 83 A WA =5
NAO #j&lo 2 AHYsta, o] 8o projectiond AFZS NAO AF=E A3t o o
1950-2000 717+ 7o = 3 ti7] sjdo] HZ 7% wslo] o3 thr] e HIE wvY
st 7l digk 8<lo] H @3t} Figure 12 1979-2021 717ke] EHUiA Y 94 (20-80N
90W-30E) EOF & WAl mxo] AAES 7|HEo 2 = 98 NAO #€s} A4, 18]31 CPC
ol AFst= NAO A9k ofo tiall 39 &A% NAO #HHES vl AxE et 1
Hol A g2l 4= 9l%o] EOFet CPC 7]Hke] NAO Ao w& Aol= IAXA &L Zoz #
GEo 443 10€8 AQsta F NAO A9 AT 08 ol do= 4 v I3t
HE o] xpo|= A AT

U

<]

CPCe EOF 71¥te] NAO Aet fejvtel 98 7|2 ZAoe] 48 AlgE A4uEgit
Figure 29 UeEbd nke} o] CPCe EOF =5 1979-2021 713t &<t $2lvet €49 e, 2
Foto] A Alvt aA =X {th SAHSE {FoF #HA8Le v 11€ 7123 CPC
718 NAO A= Apolof]l ko] A3 A ol¢ole YA &g+t &, fevie 43 7l£
749k NAO Abole]l Ayl #AAAFo] T4 FoS vt g H 209 7|e 7+
2 A9HEgS U SAZHOE F2o3 FHEAL CPC NAO AFE 7|Fo 7 39S v 14
1149 712, 1149 Zseoll A vebdt (Figure 3). £3], 1199 ZA$ AA 77elgd & 20d
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713F A= 1€ NAOS & &4

kil
o} (Figure 5).

Monthly NAO Pattern&Index, Shading&Bar:EOF, Contour&Line:CPC
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Figure 1. The first mode of monthly 500 hPa geopotential height anomaly from EOF
anlaysis, constituting the NAO pattern and index (shading and bar). The monthly NAO
index obtained from CPC (line) and the regressed monthly spatial patterns of 500 hPa
geopotential height (contour). The correlation coefficients between EOF and CPC
based NAO indices are indicated by the upper-left panel, respectively.



a)Corr. Coeff. : NAO index(Ling:EQF,Mark:CPC) & Kor. Temp.(1979-2021)
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b)Corr. Coeff. : NAQ index(Line:EQF ,Mark:CPC) & Kor. Prcp.(1979-2021)
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Figure 2. The correlation coefficients between monthly NAO
indices and (a) Korean temperature and (b) precipitation for the
period of 1979-2021. The marks indicate NAO index based on
CPC, while the lines indicate NAO index based on EOF.

a)Corr. Coeff. : NAQ index(Line:EOF,Mark:CPC) & Kor. Temp.(2002-2021)
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Figure 3. Same figure as in Figure 2 but for the period of
2002-2021.



a)Corr. Coeff. : NAQ index(Line:EOF Mark:CPC) One Month Lead & Kor. Temp.(1979-2021)
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b)Corr. Coeff. : NAQ index(Line:EOF ,Mark:CPC) One Month Lead & Kor. Prcp.(1979-2021)
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Figure 4. The correlation coefficients between 1 month lead NAO
index and (a) Korean temperature and (b) precipitation for the
period of 1979-2021.

a)Corr. Coeff. : NAQ index(Line:EOF Mark:CPC) One Month Lead & Kor. Temp.(2002-2021)
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Figure 5. Same figure as in Figure 4 but for the period of
2002-2021.
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Regression pattern on NAO index(CPC) January Regression pattern on NAO index(CPC) February
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Regression pattern on NAO index(CPC) March
Regression pattern on NAO index(CPC) April
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Regression pattern on NAO index(GPC) May Regression pattern on NAO index(CPC) June
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Figure 6. The regressed geopotential height at 500 hPa, sea level pressure, 2m air
temperature and precipitation anomalies onto CPC based monthly NAO index from
January to June. The statistically significant anomalies at 95% are designated by diagonal
lines.
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Regression pattern on NAO index(CPC) July
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Regression pattern on NAO index(CPC) September
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Regression pattern on NAO index(CPC) December
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Figure 7. Same figure as in Figure 6 but for from July to December.
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a)Temporal distribution
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Figure 8. (a) Temporal distributions of the positive NAO (gray dots), positive NAO with
positive Korean temperature (red dots), and positive NAO with negative Korean temperature
(blue dots). Composite anomalies of the 500 hPa and 200 hPa geopotential heights and stream
function at 850 hPa for the (b and d) positive NAO with positive Korean temperature cases

and for the (c and e) positive NAO with negative Korean temperature cases. Statistically

significant anomalies at 95% confidence level are indicated by diagonal lines.
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Figure 9. Composite anomalies of SST, OLR, geopotential height at 500 hPa, and snow cover,
and sea ice concentration for the (a~d) positive NAO with positive Korean temperature case
and for the (e~h) positive NAO with negative Korean temperature case.
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Figure 10. Same figure as in Figure 9 but for the 4 pentad before the (a~d) positive NAO
with positive Korean temperature case and the (e~h) positive NAO with negative Korean
temperature case.
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a)Positive NAO KOR. TEMP.
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b)Positive Indian Ocean SST(60-80E,5-15N) KOR. TEMP.
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Figure 11. Composite anomalies of 500 hPa geopotential
height and Korean temperature for the (a) positive NAO
case, (b) positive Indian Ocean SST case, and (c) positive
NAO with positive Indian Ocean SST case. The overlaid
asterisks on the Korean temperature denote individual cases
comprising the composites.
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a)Positive NAO KOR. TEMP.
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Figure 12. Same figure as in Figure 11 but for the
negative SST anomaly over the Indian Ocean.
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222 59 NAO Al7ldl ¢Evet 54 7|29 WEs 545 ARt (Figure 13).
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Figure 13. Same figure as in Figure 8 but for the negative NAO case.
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Figure 14. Same figure as in Figure 9 but for the negative NAO case.

_22_

0.18
01z
0.06

-0.06
-012
-0.18
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Figure 15. Same figure as in Figure 10 but for the negative NAO case.
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Figure 16. Same figure as in Figure 11 but for the
negative NAO case and positive sea ice concentration
over the Barents Sea.
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Figure 17. Same figure as in Figure 12 but for the
negative NAO case and negative sea ice concentration
over the Barents Sea.
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http://www.esrl.noaa.gov/psd/data/correlation/

Asian Summer Monsoon Indices
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Figure 18. Definitions and areas for computation of Indian Monsoon Index (IMD,
South Asia Monsoon Index (SAMI), East Asia Monsoon Index (EAMI), and
Western North Pacific Monsoon Index (WNPMI).
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A =(WNPMD, dolrjo} < A6CAMD F dolrlot &< X[+(CAMDe} SAH A<7} 7}
4§k AMESE BEcHFigure 200). oldF AAEE SAHS BFH ADWstE FopA
o} Beol g @ slo] Mzslhe Ade TR,

rd R
My ot e

(a) Z200 Climatology (Line) with OLR (Shade) in May (b) 7200 Climatology (Line) with OLR {Shade) in Jun

140 170 200 230 260 290 320 350
(C) 2200 Climatology (Line) with OLR (Shode) in Jul (d) 7200 Climatology (Line) with OLR (Shade) in Aug

= S I

Figure 19. 40-year (1981-2020) climatology of Z200 (gray line) from May to Aug with OLR
(color). Red line indicates 12480 m, which represents SAH. Intervals of Z200 are 60m.

Climatol. of SAH(black) and Monscon index(color) Climoto'l. Olf S‘.AH(IMOCK) and. OLIR in.cle>f(color)(*-1.0)
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Figure 20. Monthly variations of SAH index and the three monsoon indices (a). Monthly
variations of SAH index and the OLR indices multiplied by (-1.0) (b).
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(W) dotAol 3719k B HEA

71Z& SAH Zd WHEAHe tg 752 A9 HIES ol &8st A7 FARE B4S 9
83 AFEo] Uk AY HF AFAAE A, B, C, DY A H#(Figure 19c and Table 1)
A1 E S F2 ol &P =ul(Wel et al., 2014, 2015; Ning et al., 2017) o] AFAAAE ¢
o] ¥ AYE s FAGEOE 5255 FAF FH(30~120°E, 15~35°N)ell tha] ¥
72005 o] &3l EOF B4< 3ttt 2 A3 34 49d(1973-202D) 717+l ths 2709
F/E(EOF1, EOF2 in Figure 23} 19 333sl= AlA E(Principal Component, PCl, PC2)<
o o tH(Figure 22).

(@) EOF1(56.4%), r_Ts/Pr= 0.52/ 0.07 (b)EOF2(19.1%), r_Ts/Pr=-0.11/ 0.28

{(C) EOF1(73.3%), r_Ts/Pr= 0.06/ 0.21 (d)EOF2( 9.7%), r_Ts/Pr= 0.47/ 0.05

(€)EOF1(69.6%), r_Ts/Pr= 0.21/ 0.03  (F)EOF2(11.4%), r_Ts/Pr= 0.43/-0.12

[ S E—— ]
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Figure 21. The first (a) and second (b) EOF mode of Z200 in Jun and the numbers in the
title are the 40-year (1981-2020) correlations of PC1 with Ts and with Pr in Jun. (c) and (b)
are the same but for Jul and (e) and (f) are for Aug.
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Figure 22. Time series of PC1 (a) and PC2 (b) of the EOF modes in Jun Ts and with
Pr in Jun. (¢) and (b) are the same but for Jul and (e) and (f) are for Aug. Dashed
lines indicate *£0.43 ¢ threshold.
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Table 1. Key sub-areas of SAH in the previous studies on SAH
interannual variability.

Variability Area
A 55-75° E[27.5-32.5° N
B 85-105° E/27.5-32.5° N
C 55-75° E[20-25° N
D 85-105° E20-25° N
SAH 55-105° E/20-32.5° N

Table 2. Local Variability and the

associated areas.

Variability

Combination

All

A+B+C+D

North-Souht(N-S)

(A+B)-(C+D)

West-East(W-E)

(A+C)-(B+D)

Northwest-Southeast(NW-SE) A-D

Table 3. Correlations of PC1 with the local variability, ALL.

PC1_Jun PC1_Jul PC1_Aug
All 0.95 0.99 0.98

Table 4. Correlations of PC2 with the local variability,
North-South (N-S).

PC2_Jun PC2_Jul PC2_Aug
N-S 0.66 0.90 0.78
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EOF12& A A e that isH o= A B C, D Xde HAF( ‘Al in Table 2)7} &
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Figure 23. Simultaneous 40-year correlation maps of PCl1_Jun with Z200 (a), with OLR and
850 hPa wind (d), with SST (g). (b), (¢) and (h) are for PCI1_Jul. (c), (f), and (i) are for
PC1_Aug. Dots indicate statistically significant correlations at the 95% level.
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$ ¥ ANEY $HEHEEI B A Fdel Hs) SAHE FA 3 o
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|| S
Figure 24. Composite maps of Z200 (a and b) and OLR with winds on 850 hPa (c and d) in
the positive and negative composite years of PCI1_Jul, respectively, in Jul. In (a) and (b),
black line indicates climatological 12480 m and red line does so in the composite years. Dots
indicate statistically significant correlations at the 95% level.
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Table 5. Composite years of positive and negative PC1_Jul (£0.75 ¢ threshold).

Years
+PC1_Jul composite | 1981, 1983, 1987, 1988, 1998, 2006, 2010, 2016, 2018, 2020
-PC1_Jul composite | 1985, 1992, 1996, 1999, 2000, 2004, 2008, 2011

e}

599 sieHes #x FAAFigure 25a and b)olAE FHEAHRE BIA QA5
SST Z(A) AA7F deta Ql=d ol8d 542 1¥95E 53 Yy H€d & A
215 ® <t} IOBW(ndian Ocean Basin Wide Mode) A+ AE%F A 9(40-100°E, 20S-20°N)
SSTe] H+##ks Yehd=d o8¢ I0BWe EF X 9(40-100°E, 0-20°N)e] SST 3=
IOBWno.2 A5t PClyte] € AAAAE A4t thFigure 26). 1 23} 6€, 7€, 8€¥
o] PC1 27 1€7E &9 ZBBAE Holw 53] 549 a7} 0.70, 0.76, 0.780.% v}
T =2 AAAFE 44 Y HFigure 26a). o]E 3 AT AIFAE AATG FAE {2
u]3kA] YebyttHFigure 26b). PC13} 5¢€ I0BWne| 1513 ol% A#3#A A ZAzk(Figure 26
and & EWH 7€ 849 A5 AHAAIE HIEo 53 =& WA 629 Afol o 9
2 AEE BT 699 A ool BEeo R Qg diFete] Addo] 7€

=71 YEhU=Hl(Table 6) ol& doprlol <o) 564l F= Ldslr] wjw<l

=

o

Table 6. Correlations of PC1 with IOBWn in May and with OLR in Jul in the specific regions
of the Indian Ocean that are indicated in the parenthesis.

5€ I0BWn Q=<9 OLR
PC1_Jun 0.70 -0.56 (80-100° E, 10-25° N)
PC2_Jul 0.76 -0.30 (56-78° E, 15-25° N)
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2 v 5ol FH QAEFe SST et ofygt I AYe dFfd 7| HJA st
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#Axpel thF oA7F FElo] YelUH(Figure 24e, @) o]= ¢1xeke] 20 2 23k A7|gt wgd
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Figure 25. Composite maps of SST (a and b), tropospheric (1000-200 hPa) temperature (c and
d), 7850 (e and f), and OLR (g and h) in the positive and negative composite years of
PC1_Jul, respectively, in May. Dots indicate statistically significant correlations at the 95%

level.
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Figure 26. Correlation of PC1 with monthly IOBWn for Jun (green), Jul (Orange), and Aug
(blue) (a) and correlations after detrending (b). 21-year sliding correlations of PCl with
IOBWn in May for Jun (blue), Jul (red), and Aug (yellow) (c) and 21-year sliding correlations
after detrending (d).
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Figure 27. Correlations of IOBWn in May with atmospheric
air temperature at 1000 (blue), 500 (green), and 200
(orange) hPa from Apr to Jul (a). (b) is the same for
PC1_Jul instead of IOBWn. Purple with dashed line
indicates correlations of PCI1_Jul with OLR_Ara (refer to
Figure 24c).

_40_



A AF3 A B2 ZAI(Figures 24 and 255 7|HEo 2 AR FQ QIxE AAHS}
A Ftale] AFEe & YW AAES Figure 280 =AI8A T kel PCI_Jul A4 9
[OBWnS BdRE FdHt & oz 79714 2 9 chFigure 28a).
(1000 hPa ~ 700 hPa) B 7](Tlow_I0) A 122 IOBWno 2 <l3j
FA Y 72 2kt AAStE AEFE Bt v A4S 17 YCAH)S A
7} wulEAwr BEHo| AsAE Holtrl 7€ BSTH ElstA Hed o]s olgnlols) e

{a} Stand. volues of +PC1_Jul composites

2 T L] T L T

£ IOBWn

*"SAH

0 ]
LB DLR_m
ok , .

Jan Feb Mar Apr May Jun Jul

Jan Feb Mar Apr Moy Jun dul

Figure 28. Time series of normalized values of key variables (refer to Figure
24 and 25) in the positive (a) and negative (b) composite years of PCI1_Jul.
Star indicates statistically significant at the 95% level.
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Figure 29. Time series of PCI_Jul, IOBWn in May, and NINO3.4 in
the previous winter (a). Scatter plot of PC1_Jul and IOBwn in May
(1981-2020) (b).
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Figure 30. Correlation of PC1 with monthly NINO3.4
for Jun (green), Jul (Orange), and Aug (blue).
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Figure 31. Scatter plots of PC1 and WNPSH in Jun (a), Jul (b), and Aug (c).
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Figure 32. PCl-regressed SST (shade), 850 hPa winds (arrow)
with climatological U850 that are averaged for 40-100°E.
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Figure 33. Scatter plot (1981-2020) of PC1 with Ts in Jun (a), Jul (b) and Aug (c). (d), (e),
and (f) are for PC2. 15-year running correlations of Ts with PC1 (red) and with PC2 (blue) in
Jun (@), Jul () and Aug Q).
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Figure 34. Scatter plot (1981-2020) of PC1 with Pr in Jun (a), Jul (b) and Aug (c). (d), (e),
and (f) are for PC2. 15-year running correlations of Pr with PC1 (red) and with PC2 (blue) in

Jun (g), Jul (h) and Aug @).
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Table 7. Composite years of positive PC1_Jul (>0.8 ) and PNA in Jul(+0.8 ¢). Underlined
years indicate transition years from EI Nifio to La Nifia. Years in blue (red) indicate
below-normal (above-normal) Ts years with +0.43 ¢ threshold.

Composite years
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Figure 35. Composite maps of Z500 for positive PC1_Jul and positive PNA(PCI1+PNA+)
(@ and for positive PCI_Jul and negative PNA(PC1+PNA-). Dots indicate statistically
significant correlations at the 95% level.
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PC1+PNA+ 7$- % Table 794 & 3 6719 HEL o)A ALdH dYwrt 4H3sH
7Hed Fyyrt veldE gy & dyxr) sk 71eE 2
7 A9F = olF 199539 S ALt EE sjo 5€ IOBWno] 9] #<, 7€ Oceanic Nifio
Index(OND A7} 29 #2S, 7€ PNA A g7} L 3HS BT olo wat skt
H e AL, A T8 B 97 YERETHTable 8). olHd Ad=

AgkA el ztol7t YERNA gkt
_l(_)r_

Table 8. Transition years from EI Niiio to La Nifia and
corresponding values of [OBWn in May, ONI index in Jul,
PNA index in Jul, Ts and Pr in Jul. Values of IOBWn, ONI,
and PNA in blue (red) shade indicate below-zero
(above-zero). For Ts, blue (red) shade indicates below-normal
(above-normal) temperature with +0.43 ¢ threshold. For Pr,
dark  yellow (green) shade indicates below-normal
(above-normal) precipitation with +0.43 ¢ threshold.

Year IOBW5 ONI7 PNA7 Ts7 Pr7
1988 0.17 -1.3 1.6 -0.6 334.7
1995 -0.26 -0.2 -0.7 -0.3 212.7
1998 0.37 -0.8 1.7 -0.6 274
2007 0.06 -0.6 1.7 -1.1 247.3
2010 0.36 -1.1 0.9 0.6 258
2016 0.39 -0.3 0.5 0.6 309.7
2020 0.42 -0.4 1.2 -2.1 427.7
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Figure 36. Schematic diagram of underlying mechanisms of positive PC1 and impacts

on Korean temperature and precipitation in Jul.
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Figure 37. Simultaneous 40-year correlation maps of PC2_Jun with Z200 (a), with OLR and
850 hPa wind (d), with SST (g). (b), (e) and (h) are for PC2_Jul. (c), (f), and (i) are for
PC2_Aug. Dots indicate statistically significant correlations at the 95% level.
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Table 9. Composite years of positive and negative PC2_Jul (+0.75 ¢ threshold).

Years
+PC2_Jul composite | 1994, 2000, 2006, 2008, 2010, 2013, 2018
-PC2_Jul composite | 1992, 1993, 1997, 2002, 2004, 2015, 2019, 2020
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Pos. PC2 composite Neg. PCZ2 composite
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Figure 38. July composite maps of Z200 (a and b), OLR with winds at 850 hPa (c and
d), and SST (e and f) in the positive and negative composite years of PC2_Jul,
respectively. In (a) and (b), black line indicates climatological 12480 m and red line
does so in the composite years. Dots indicate statistically significant correlations at the
95% level.
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WA Figure 3907} E@h o= s Welds) AZole BAF WAy} wDeey P

FoME BA Qo) Aol AFHATF B Bl Ax Bo] WPl wet 790 9
= B3] 757 3w AckFigure 380, olHF AT B B w3 @Hs) B3 o
FOWRE Qs ¥ 3P B Al sy 1 B 3

'y
5ol et (Figure 41) A2 o= Foprop a7]]fo] HA&sHA

Pos. PC2 composite

HGT850_04

| — ]
—1.05 —0.75 —0.45 —0.16 0.15 0.45 O.75 1.05

Figure 39. Composite maps of SST in Apr (a and b), OMG (c and d) in Apr, and SST in
May (e and f) in the positive and negative composite years of PC2_Jul, respectively. Dots
indicate statistically significant correlations at the 95% level.
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PL2-regressed SETOoloR Winds i WRCIEC 1408 with U-wind_Clrmatoiocgyling

7
it

Moy : Mar Apr by Aug
Figure 40. PC2-regressed SST (color), 850 hPa winds (arrow) with climatological U850 that are
averaged for 120-140°E.

PC2-reg HGT/Winds(M-Z THH:
fa) HHE0-90E] () WP{110-150E]

Figure 41. PC2-regressed geopotential height (lines) and wind vectors for 60-90° E (a)
and for 110-150° E (b). X-axis represents latitudes and y-axis does vertical levels. Line
interval is 3 m. Colors indicate upward motion (blue) and downward motion (red).
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Figure 42. 40-year correlation maps of PC2_Jul with
Z200 in Jan (@ and Jul (b). Dots indicate
statistically significant correlations at the 95% level.
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(Figure 43a AHE ALHRE BHAA A7IHd 580 A4(Z850_10/WP)H ™
Fejws) BA 10 HABTHSST_WP). S-AeiHoF ot oA ol FOLR_IO/WP)7H
243 4SS 593 79 HDA} YAY FIE 1L 4YRE Skt 699
Aok folulgh 2ho]S melth wopAlol 1r]qke] Bxel i
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Figure 43. Time series of normalized values of key variables (refer to Figure
38 and 39) in the positive (a) and negative (b) composite years of PC2_Jul.
Star indicates statistically significant at the 95% level.
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A7) Az gotAlol a7|¢ke] BRI HEd A S ofdd AYe tiF{ U= g
G5 UEF gE Aot Aol 7RItk w4 WY gFm A9t FopAote] FHEHA 1
Z19ke]l B5 ZstA LEgE ovsty O RtEols 12 Fdo] HsiAl WA sHAl Hoh
ol AFH A UF 9 E5 U 9F FHOE INE FHo] Wdste 71ZE AAG
7122l AT A3H(Yeo et al. 2019; Myoung 202D)et= ¥ X|3t= AFolt}. 1% Myoung (2021)
o = AL&Hol| 59 Polar/Eurasia(PE_DJF) $4Fo] vt Al {-AgE 7] 2t 93] o) =
do] TS & QS X AsH = PC29 149 72002] F#A(Figure 42a)o4 & Alof &%
of 17|14 sEFH INE EFY AUYAH sFo] UYEUE F 29 PE 94l vEva 9
o] PE_DJFe}le] d#Ado] ot Atsdt. AA= PC2& PE_DIF9} 73k 29 AdaA,
S 79 72 A o AHRAAE Zte Ao E yEtTable 10). =3k 449 SST_WP, 7€
A= &= A, 7€ EA A% Fou|g ¢Fo 4AAAE EAoh

Table 10. Correlations of PC2_Jul with important variables and Ts in Jul.
Significant correlations at the 95% level are indicated in bold.

PC2 Cor PE_DJF | SST_WP_Apr | IMI _Jul EA_Jul Ts_Jul
1973-2020 -0.51 0.26 0.30 0.48 0.49
1991-2020 -0.56 0.43 0.36 0.49 0.47
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o] T T2 w2 Fo| FAAAE HUKTable 10, Figure
2 A=, 3¢ kAol 500hPa A ax %
o 2=, 4d ORI sEAdS A=

FHAAE BAHTable 1D. ol# 3 A=
of A AdH oW INE 7Y V& FSAHE

ojm @),

Table 11. Correlations of PC2_Jul with important predictors for Ts in Jul. Significant
correlations at the 95% level are indicated in bold.

39 FebAIoF 5000Pa | 49 SA=F-sdng-gaa| 49 U
A D% A=A 8 s5w ex =g

1973-2020 0.40 0.48 0.40

1991-2020 0.52 0.35 0.50
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e molw 744 A Aztol 71 PEDIF dlZAe] A% 0.8, nr}

Jeol BEnt B AL HYd TYRT ofue} 643} 8ol
A tHTable 12). PE_DJF7} 0.8 0 BT} =
7RG oz} 693 8YolE WERT e ]
S =# HTHTable 13). S8 Ao A%
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rfo
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ol
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Table 12. Ts in Jun, Jul and Aug in the negative
PE_DJF years (K-0.8¢). Blue (red) shade indicates
below-normal (above-normal) temperature with the
+0.43 ¢ threshold.

6 74 8¢
1990 -0.4 0.5 1.1
2001 0.2 0.8 -0.1
2010 0.8 0.6 1.5
2014 0.2 0.2 -1.5
2016 0.8 0.6 14
2018 0.7 2.0 2.0

Table 13. Pr in Jun, Jul and Aug in the positive
PE_DJF vyears (>0.8s). Blue (red) shade indicates
below-normal (above-normal) temperature with the
+0.43 ¢ threshold.

64 74 84
1981 -0.5 1.0 -1.0
1989 -1.3 -0.8 -0.5
1992 -1.4 0.2 -1.0
1993 -0.8 -2.5 -3.1
1995 -1.3 -0.3 1.0
1996 -0.5 -0.7 0.0
2003 -0.7 -2.3 -1.5
2019 -0.2 0.1 0.9
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Figure 44. Schematic diagram of underlying mechanisms of
positive PC2_Jul and impacts on Korean temperature in
Jul.
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Table 14. Validation of simple integration and qualitative integration, and observed
temperature anomaly, predictors and their validation in terms of the related mechanisms

2022 |7|AH S| BEH s |5 7|2 F=8 o5zt A 7| HS

Feb 0/+ 0 -13 [BHUL FE() vs. Q=Y I 2(+)=FH 0F

Mar 0/+ 0/+ 16 |28 Y2 NAO(+), =Y 112(+), 2tL|LF ABK(-)

Apr + 17 |2¥ 29| NAO(+), 3¥ 1= QF L7 Z3H+)

May + 07 |SHMY F9IE 12 W A2 NAO(+), 2HZHZ(+)

Jun + 10 |12 SO MEfE Y SST(+), 38 57 £HYU(+), 48 =F 45

Jul 0/+ 0 13 |42 HCf SST A3 Xk(+) vs. 38! R2HA|OF 7500 XHO|(-)=FE 0=

Aug + + 02 |42 [EtAor =HA(+), 68 BK 3 (+)

Sep 0/+ 0/+ 05 |2tLLF & =2 IOD(0/+)

Oct 0 0 -03  |BfLLf & 9= H2() vs. 98 Of7| I RAK+)=TE oX
4) 99°F
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of
ot
o @
fru
r
-

2
= Zodo] o B %ol NAOSH BhE@ AS =
AW W Aol AAAA HFF ASAAT YA ol PF Aoe Ao F
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D a+94

AFLURE AT LEE bR F5sm Qor, 1850-1900d BEF/le dEl H2
20 (2001~20201)> ¢F 0.99°C <=5t (PCC, 202D, H< 54(2018-2022) 7]
L17+0.13°C %9kTHWMO, 2022). o]} 2& A7 £9sle A% 7IFWSE ste] /]2 7¢)
AT AA FRAM WAL Atk 53 olAHA FL2 AT AL wshe A 73
b F7bSha gtk 20219 79 Fu Aol 7154 b A4E $5E AU, 58 3
A7 Add =Y AFEAGH Ao FEAGd= 7€ 14-15¢€ 9] 100~150mm<] H 7} W3 ok
(WMO, 2022). 20223 3}7] 282 747]Q0 3-5d9] =< o
29 9 g5 54 gel AW Ase} oA mo] WA
NEste], A2 10d B /128 F$ F g AAF 2

5

Seluehs 20209 BE, 592 sl 2 U AL ws) @ 24 Wl Ay a7}
st om, ol H 10@ oyl o 39 oo msfoln, AT 2022l 8Y e T
8-11e) AA QA olF F5A, 4 FAOZ 100mm7t Y& 7124 257} Wel A
A9 ER) A4dE 5 8 AL BAIAR TWIAUL DAS 1000 A1Fes
BIAEE/ A, 2018)0] mEW, A 1069 F Selvet e Z7H16.3mm/10
WRken, Bedses M) BRer, B8 B8 4o Buo st
o= Seluetl A WEFEITE S AFAS guss Aolth md 71 FME Ak oo
42 2y AR B4 md JFAN 35H Y2557 $71
717438+, 2020,
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s
9'1'4
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>

& Aol Bl e ATsre 78 7EEY ?Hi*éﬂr Aol Hed, dE
20201 84 z=dto] WA W HITae= A7 AP = A 2

s4A S rkE AN T AeEs vt sl A R 2= 100-200d
AA el AEH AAHU=H, 7SR Qs olig ¢ @2 HZF

gz vf 7|FEste e S APAEE A4 %
FHsle]l e aHdoF & HaAo] st A Aol

3ol A lkm °H’%+° XP
9] ng) Avel e 2 F(SSP, Shared
Socio-economic Pathway- O’ Neill et al. 201H)E AF&3le 204, 509 100@ ~A|&d W= Z3F
< Ao, AA 7% tiHl my Z|$Rste OE A Wk G HIlEE2A s A
Al TR EE AT et Hriekdh ofed A w4 div] HYEe Y HIE 248
o T APx WSk mg 7xbE, A9 zpolo] U] thet e A A s
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2 A5 49y

oh BEA=R

#= d4H &% (sea surface temperature, SST) #24]2 9J3j 4] Extended Reconstructed
Sea Surface Temperature version 5 (ERSST v5; Huang et al. 2017) ¥ #A27} AR&F AL
ERSST vo&= 0.5° x0.5° o 3 sjH =5 7HAH, A5 7|3+ 18549 FE AA7tA] oltf.
Z&uLE AHoutgoing  longwave radiation, OLR):= National Oceanic and Atmospheric
Administration (NOAA)7} A|-&3&= monthly interpolated OLR (2.5° x2.5° )& o] &3}t 1
g1 7] <=3 248 934 National Centers for Environmental Prediction-National Center
for Atmospheric Research (NCEP-NCAR) A&417 1 (Kalnay et al. 1996)°o.= FE|S] A Qi
=, v ZA87F AEEHAT o] dFoAE 1979~2022d 717te] #E ARES B4 o,
1991394 20203S WA 7|7ro 2 3lod, 195134 dA7kA o] A%, SST, #FE, OLR
Hapol A=At

A 457 F387174B= (ASOS; Automated Synoptic Observing
T ARE 19799 1€ 19EH O J3A AR =™
ASOS A A= € A5E A4 st 2 AdE
712k tgk HA7E AL AT

L = (e}

System) AHel A 7,
(data.kma.go.kr/dataNol A F=FstH o, zt
Lz tste] 1991 oA 202098 Hd

rfo

@3 53 A B4 A fEuEke] AdEadE adske lkmel g E AAE
= 5

=
AR5 THKIm et al. 2022). &

#2A4T P SP Au vlg AF We Adee AR A Al
THYE BEARE BT, AL, AFE, AFE 5L AB FAY A P

MK-PRISM (Modified Korean - Parameter elevation Regressions on Independent Slopes Model)
(Kim et al. 2012; 2013a; 2013b)= &8st A4k = Atk MK-PRISM 94& zAt5 24 2000-2019
712t 5+ ASOS 9774, A5714BS4AWS) 50871, F 6057 #SAoNA AZAE7}F AMEEH
ATt

THPHE  1lkmel TIAE  |EHI AYgleE  MK-PRISMe]  7]4¥ksl  PRIDE
(PRISM-based Dynamic downscaling Error correction) 7|¥ < AF&3le] 4F&% A+ (Kim et al.,
2016). A5 4HE AA S HEFSHA &U0skAE [Figure 45, ARAIEE W 2 4S5 23+ Kim et
al. (2022), Kim et al. (2021), Kim and Kim (2018) =], CORDEX (COordinated Regional
climate Downscaling Experiment) &olAlo} 2@A] Z2AE9] 5o A9 7|& ndES
(HadGEM3-RA, CCLM, WRF, RegCM, GRIMs) %3 A4k®l CMIP6 (Coupled Model
Intercomparison Project Phase 6) 247} 74 =<1 SSP (Shared Socioeconomic Pathways) 7]®F
25km s|g =2 7]3HM3 Alyg] AR E Barnes A3 4 7]¥ (Koch et al. 1983) # -&3}¢]
F3k A BEAES 2 1km A EE AR F, UAaE AR I AlE Aol =1

=9
HA BEARE] QW AR Al FE wAF, 71F mde) AFeE AA%L FFHs 3

ok
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Aol gt w32 FASE L dE 7|FHs AvEle ARE AR 183, AlTL
27F vl 2 g gisiA+= QDM (Quantile Delta Mapping, Cannon et al. 2015) W'H S
2 F7HHoE #Ho RS FYsAT A7IA HlE 7]F Avg o gk A Y S mde

ARG 93 AAAS CMP6 =¥ E F 3k}el UKESM (UK Earth System ModeDe] 6417F %+
7, 3159 2Rzt AMEEJrhSellar et al. 2019). CMIP6 &47t2 E£F AZE F 5719
FH7F dod, ¢ A 7133 28 = SSP1-2.63 SSP5-8.5 ARE 7|Htez A4k H AT
(Figure 46). A= AN A 7w Y2 JAAE Ao HAFHI N HHo 2 2435
BAARES 7HAstE Agd Avg o, 2= Arlee] wE TR FAS Fol 34

AE ARGl w1 EA AFe FEEI T FUE JHEske LEA AldE Lot

i 7R > R TR > BRI R EY

JE L 12 S FHSHYE o FIIE

SASE HAM =

27|47} st
CMIPE =& AI%EI('
2 A= \

JISHERES

- PRIDEO] = Z35}0{
. : A S X2 Y
ﬂ.

| XE 71F 22 (FSHE HA =)

Figure 45. Schematic diagram of dynamical and statistical downscaling applied to future
CO; scenario
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Figure 46. (Left) The “challenges space” to be spanned by SSPs (from https://climate.go.kr)
and (Right) Future emissions of CO, across five illustrative scenarios (from IPCC, 2021).

of ATeIME WIANE e 44 BZ % vy Avee F5F ARE AgHYow,
e BEA AW, BY D A0 2 AR FEREL A3 AU AR 4D



=79 85074

-
st

Ay 2170 (Figure 47), =38 11771,

AEzA Aol

i
ol

il

gl
)

-

) _.AL
file)

o|J

N

Np

te £ Hdu 73S AR -

S

A

=
[€)

o
—_

+

1 A= 2170 o

F 2671 9]

k)
yul

AR HEs

o] (Figure 47) 48 43

sl AlvEle 2147 "] (2021-2040), F 4t

o H] (2000-2019'd) 713

stof, @A 715

=
=

4

3|

7] (2041-2060), *wk7] (2081-2100)°1 o

ofefoll A Awd 201, 504, 10013 =)

8 w=| = = i o

= Lio] er : ..Eu x_w.u - . IHQ HO

L e e I B I e i I e
ol oRD RO i E o) oyl K| OROp % RI|OROp RO KR
<| uo| uo ) fal =il T RY B @m| T E
S| | ar 0 80! B0

o < v © ~ o o o ~ o~ o = v ©
£ Bl MRl Rt Bt I Bl e O O] Od] O N NN
Sl e =| =| W[ W) BE | wp
| M| RO ] RO R | gl 30| MO T RO} RO gy
| iod| ol b Kl Wo #ol =0 N0l RNO| NO} i ol .o
AMnE%%%%WWM%%%%@W
= i aljl ai Al o
iof —| | »| < w] W ] o o ) T S D
Tl — v ]

Figure 47. Lists and maps of 26 watersheds over South Korea
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o] AofA K= T 7ol T kWA THel &5t dolEe JAE, v = kW
A 3 S Q) A (centroid), Y. || z;— #, || 5 within-cluster sum of squares (WSS) ©]t}.

ic G,
K-means &3} 842 7]F HstoA dg] A8Ea ot (Cassou et al 2004; Straus et al
2007; Fereday et al. 2008; Dawson and Palmer, 2015; Munoz et al, 2017; Yoon et al. 2020;
Kim et al. 2021; Yeo et al. 2022).
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Figure 48. The (left) 20, (middle) 50, (right panels) 100-year return level precipitations (mm)
from 615 observational station data. From the top to lower panels, there shown return level
precipitations estimated with GEV and Gumbel methods, and obtained from Ministry of
Environment. The return level precipitations are estimated over the period of 2000-2019.
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Figure 49. Examples of the probability density function of observed precipitation data fitted to
GEV and Gumbel probabilistic distribution.
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Figure 50. The 100-year return level precipitations (mm) estimated from (left panels) ASOS
data, (middle panels ) PRISM data, and their difference (right panels). The return level
precipitations are estimated over the period of 2000-2019.
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Figure 51. Distribution of (Left panels) correlation coefficients and (right panels) root mean

squared deviation of ASOS data and PRISM data.
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Figure 52. The 20, 50, 100-year return level precipitation in the 26 watersheds estimated
over 2000-2019.
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Figure 53. Spatial distribution of difference of the 100-year return level precipitations in
the 26 watershed regions estimated over future scenario periods (2021-2040, 2041-2060,
2081-2100) from those estimated over 2000-2019. The upper panels are for the SSP1-2.6
and lower panels for the SSP5-8.5.
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Figure 54. Color charts of the difference of the 100-year return level precipitations in the 26
watershed regions estimated over future scenario periods (2021-2040, 2041-2060, 2081-2100)
from those estimated over 2000-2019. The upper panels are for the SSP1-2.6 and lower
panels for the SSP5-8.5.
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Figure 55. The whisker-box plots for the increase rate (percent) of
the 100-year return level precipitations in the 26 watershed regions
estimated over future scenario periods (2021-2040, 2041-2060,
2081-2100) relative to those estimated over 2000-2019. The upper
panels are for the SSP1-2.6 and lower panels for the SSP5-8.5.
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Figure 56. The spatial distribution of the increase rate (percentage) of the 100-year
return level precipitations in the 26 watershed regions estimated over future scenario
periods (2021-2040, 2041-2060, 2081-2100) from those estimated over 2000-2019. The
upper panels are for the SSP1-2.6 and lower panels for the SSP5-8.5.
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Figure 57. Color charts of the increase rate (percentage) of the 100-year return level
precipitations in the 26 watershed regions estimated over future scenario periods (2021-2040,
2041-2060, 2081-2100) from those estimated over 2000-2019. The upper panels are for the
SSP1-2.6 and lower panels for the SSP5-8.5.
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Figure 58. Color charts of the increase rate (percentage) of the 20-year return level
precipitations in the 26 watershed regions estimated over future scenario periods
(2021-2040, 2041-2060, 2081-2100) from those estimated over 2000-2019. The upper
panels are for the SSP1-2.6 and lower panels for the SSP5-8.5.
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Figure 59. Color charts of the increase rate (percentage) of the 50-year return level
precipitations in the 26 watershed regions estimated over future scenario periods
(2021-2040, 2041-2060, 2081-2100) from those estimated over 2000-2019. The upper panels
are for the SSP1-2.6 and lower panels for the SSP5-8.5.
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Figure 60. Time series of annual maximum of daily total precipitations averaged over the No
12, 15, 19, 16, 4 watersheds in the future scenarios. The red lines are for the SSP5-8.5 and
blue lines for the SSP1-2.6 from five regional models. The thick lines indicate the
multi-model ensemble mean.
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Figure 61. (Upper panel) Charts of the daily climatological mean of precipitations in the 26
watersheds over the 12 calendar months and (lower panel) seasonal cycle of the daily
climatological mean of precipitations averaged over south Korea.
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Figure 63. Color charts of the total monthly precipitations (July) in the 26 watersheds from
2000 to 2019.
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Figure 64. Color charts of the total monthly precipitations (August) in the 26 watersheds from
2000 to 2019.
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Figure 65. Color charts of the total monthly precipitations (September in the 26 watersheds
from 2000 to 2019.
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Figure 66. Color charts for the month in which maximum precipitations occurs in the 26

watersheds from 2000 to 2019.
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Figure 68. Scatter plots of normalized spatial projection coefficients for each event in the

first (blue) and second cluster (green).
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Figure 69. The spatial patterns of the (upper panel) first and
(lower) second cluster of 500 hPa geopotential height and 850 hPa
winds anomaly around Korean Peninsula.
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Figure 70. The composite patterns of Korean total precipitations for the (upper panels) first

and (lower) second clusters.
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Figure 71. The composite patterns of global (left panels) SST and (right panel) OLR anomaly
for the (upper panels) first and (lower) second clusters
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Figure 72. The scatter plots of total precipitations and spatial projection coefficients of 500
hPa geopotential height for the first (blue) and second (green) clusters from June to
September. Rectangular boxes indicate the 1.0 standard deviation of the total monthly
precipitations.
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Figure 73. The spatial patterns of the (upper panel) first and
(lower) second cluster of 500 hPa geopotential height and 850
hPa winds anomaly around Korean Peninsula from the historical
simulations of UKESM.

_95_

= A wE "o v Wi 2
oN



0BS

CLST2

CLST1

30.0

.
O ©
o o
N ~

(4K 0Z) 381D 0 ON

0.0

1990

1980

1970

1960

1950

HIST

CLST2

CLST1

30.0

Q Q
(@] (@]
N ~
(1A 0Z) ¥sI1D 40 ON

0.0

1990

1980

1970

1960

1950

Number of the events in which the normalized spatial coefficients are greater

Figure 74.

than one for the first (black lines) and second (red lines) clusters over the 20-year running
periods from 1948 to 2014 from (upper) reanalysis and (Iower) historical simulation. The x-axis
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Figure 75. The spatial patterns of the (upper panel) first and (Iower) second cluster of
500 hPa geopotential height and 850 hPa winds anomaly around Korean Peninsula from
the SSP5-8.5 scenario simulations of UKESM over (left panels) 2021-2040, (middle)
2041-2060 and (right) 2081-2100.
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Figure 76. The spatial patterns of the (upper panel) first and (lower) second cluster of
500 hPa geopotential height and 850 hPa winds anomaly around Korean Peninsula from
the SSP1-2.6 scenario simulations of UKESM over (left panels) 2021-2040, (middle)
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e AR 2yl WE, U BASE BFY AF, S 8 A2 O P2
A 2 Bask Aok BE e AR BHF) s WA olg BAP 4 4L
BAsa, 71 5s Adel 2ot oed $4 alSe] ol WX 4wE Wast g
o}

HES BT VY AN HFLolt I Wre FFL T woum, oHB
7 gael Wahs B WAWY ol 54 W] Z IFL F F Atk J1FWHE <
S TR Z14E e S4ol Maksa gom, ¥R bR By NEY FE, FE 5
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Bister(2002)= ©Ej%2] #=j% ZF=(Potential Intensity, PDE A A3} 3., Emanuel(2004)-
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oD AAF 23

H A=+ CMIP6(Coupled Model Intercomparison Project Phase 6)ol| A A
238 = K-ACE, UKESM 27] 2g9] ¥xt5olt) ZF gL 9% 1.25° X A
d NEEE 7HAH, FAFE A7EA 2ogk A 7]3t Historical periode 2014
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Socioeconomic Pathways) 7]&®#H3s} Aygl e T Ae8a AJyg] L SSP126(1-2.6), SSP585(5-8.5)
A5+ 2015%9~21000 714 o] €A S AFE-SFATH

o714 SSP1-2.6 AuEl = 34 AR AMEE Hadleta, Fr|FoR "4 wEFs
Agka AlyEleoln, SSP5-8.5 AluE] &= dA et FASHAY F Y

A2
sAow WEe nEa AU E EaT)

WD Fotrlol TAYE A /¥ =Y

CMIP6 &A7F2~ A2l SSPE 7|Hto 2 3la], FolAlof X Yo thdk 25km 3| 4E A
71% =&l CORDEX(COordinated Regional climate Downscaling Experiment)-EA(East Asia, %
ofAloh) 2vA| ZEAHEZRY AL H /e Ao 7]F =dS(HadGEM3-RA, CCLM, WRF,
RegCM, GRIMs)¢] A7t AEE o] & o}oslﬂr CORDEXE AA 71& A3 == 38(World
Climate Research Programme, WCRP)o| A FX3&tx = 715 H3L JFH 7 2 Z S 87}
T DA E AY 7S AW A5E AESH] A e gAY, FEE AY
of s A= oy FHAriHEc]l Ife AGUIEERAES o]&dA A4ksta UTh
CORDEX-EA& solrlob @oel ths] d3atar, mWe] o8 tistEo] st FopAlol 1L
AT Al 7% BES AFsta Aok 64K AEE o] EFOEH,
F= AFE o] R3] HF A Wx(Genesis density) @ & Wx(Track density)ES A 43}
AT

Table 15%= CORDEX-EAS] 7} R¥eo| gl =9 54L& 1#3td, HH| HF MFs F
Z317] 9% dAXNES Yehi Atk HadGEM3-RA =3 o] A 2= RegCM, WRF =33} &
Fot.

e
ol
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Table 15. Model configurations and Thresholds for tracking TCs of 5RCMs in
CORDEX-EA.

* Model configuration

RegCM GRIMs WRF ccm
Horizontal Resolution 25km Horizontal Resolution
Vertical Layers 23 sigma 28 sigma 30eta 40 hybrid
Microphysics SUBEX WSM 1 WSM3 Seifert and Beheng
Cumulus Parameterization Emanuel SAS BM) Tiedtke
Radiation CCM3 Chouetal CAM Ritter and Geleyn
Planetary Boundary Layer Holtslag YsuU YSU Davies and Turner
Land Surface CLMm4.5 Noah Noah TERRA ML
Spectral Nudging Yes
* Best track data
Initial & Boundary dat. UKESM B PNT
nitial® Boundary data - Regional Specialized
Simulation Period Historical : 1979-2014 / Future (SSP126, SSP585) : 2015-2100 Meteorological Center
(RSMQC)
Analysis Period Historical : 1979-2014 / Near (Far) Future : 2015-2050 (2065-2100)

* Reanalysis data

* Thresholds for tracking TCs
- ERA-Interim

RegCM GRIMs WRF CCLM

wind speed (m s~') 14 = i *» Method
Vorticity (10°8s™1) £.0 7
Temperature (K) 0

o

Ll
(=]

o | O

- Multi-Model Ensemble

ar | O
A%

~ HadGEMI-RA 28 & Regem, wrreh A X FE S,

(h BHF ZA 2 A

GPI' = 10503(];:[)3( Zg‘ )*(1+0.1 I/S)—Z(%io'l) 6)

HEs X233 9 Aol = 7S dSske o Agste A HE &%
A+ GPI&= al® &%, 93 vtg Alof, t7] 8344 & It A7k 43 B o
A 8JAES o83ty AT F Utk dutd oz Az A9 oA HFol F8E b
A dSeta, A A2 F Axed ds)] oS BEI 95 0}7] A8l AHEE= Aotk
o] Ao AL A E GPI A4 GPI' & €ul A7|¢e] 43 #ASY 2 259
32 1#Hste AAkE = 2| goltd. (Murakami and Wang 2010)

14 A2ol FAE CMPGS] 7| FRee] A% trie] CMP6 RHES] us|4d=rt
100km o149l A 4= 2Pol7] WEel, o] FRMT o Ao FRelA s ArhA 7%
£EEOE FEHE 44 Yk o ATAHE CMP AAT 71 FRD ABF o] §3tel, o
FE 07 R S Age] G olFold At AR GPl §42 GPI' (913 GPDE °| &5
of, GPL W40l thalA 2w SSp Aikel o wle) Al Wak e 2ees Wy
3g ol gdtel 7108 Ple) o] WEE AWnIA ek
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U7t s 74 g Ao , <
FAGI 5] e, s HEg 7|EE vtdEor & QU Aok olF it 5(1992)= gk
To FFS v HFTE FAT o, 59 255 AYHA 574 110~140 Aol & FHs= HF
=, 7790 SRt=e FEAY, &, Adll, Fa A9ESE Ad HFSE Aosta Jrh o]
2 g e HEsta f2 AT, J9 25 ol AHA s HF e ol
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GPl Mean for JASON
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Figure 78. Spatial distribution of GPI mean pattern in the two SSP
scenarios for JASON during (a), (c) near-Future (2025-2054) and (b),
(d) distant-Future (2071-2100) in K-ACE model.
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Figure 79. Same figure as in Figure 78 but for UKESM model.
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H A& 3o g gAsty olFste 545 Hoh (Figure 82,

GPl Mean for JASON (2065—2100)

(a) SSP126(Shade), Hist(Contour)
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Figure 80. GPI difference pattern for JASON in (a)
SSP126 and (b) SSP585 scenario in K-ACE model during
period of 2065-2100.
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Figure 81. Same figure as in Figure 80 but for UKESM
model.

GPl Mean for JASON (2065—-2100)

(a) Hist(Black), SSP126(0Orange), SSP585(Red)
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Figure 82. Constant 7 line of GPI for JASON in
Historical(Black), =~ SSP126(Orange)  and  SSP585(Red)
scenarios in K-ACE model during period of 2065-2100.
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GPl Mean for JASON (2065—2100)

(a) Hist(Black), SSP126(0Orange), SSP585(Red)
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Figure 83. Same figure as in Figure 82 but for
UKESM model.
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Figure 84. GPI change in the two SSP scenarios for JASON during

(@),

(c) near-Future (2025-2054) and (b), (d) distant-Future

(2071-2100) in K-ACE model. (shaded : GPI, vector : 850hPa wind)
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GPI Difference for JASON
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Figure 85. Same figure as in Figure 4 but for UKESM model.

Figure 84¢} 8504 = #A 7|3k din] m|g} 7]3te] At F7kete=A] 2 2 E GPI 2
HlEg WEE 2 4 i, Figure 869 8704 = Zwleel W) 7o) Ao], 1E]a AEk
29 78 F AYE L 7 AW 2o)E AHE £ Q)

Figure 8694+ K-ACE = &o] wo|sl= GPI A4 vl W3le] E4S velin. Aea
Alvte] & SSP126el A& ZrlEier Au|e) Zfol7t FElshA] eai(Figure 86a), L&A AlvhEl 2
SS5859l A= SHHET Hu| oA FAE GPI 571, Eul GPI a7t FEstA vebdo
(Figure 86b)

o] 7172 Period1(2025-2054) 717F EoF A EA9} 1EFA AU LE Hln 3] RBW,
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Figure 86. GPI difference between Periodl and Period2 for (a)

SSP126,

(b) SSP585 scenario for JASON in K-ACE model.
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Figure 87. Same figure as in Figure 86 but for UKESM model.

MrH 57t M =A 7]@0}” Pl(Potential Intensity)e] Alute]l 2®¥, 7178 o] o€
< 7 2y sl AuEgth WA 97 BiF AE<Q JASONe| tisfA K-ACE ¥ UKESM
mgol Pl mo| B4 FHAOR wad 5 At

- 113 -
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Figure 88. Spatial distribution of Pl mean pattern in the two SSP
scenarios for JASON during (a), (¢) near-Future (2025-2054) and (b),
(d distant-Future (2071-2100) in K-ACE model.
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Figure 89. Same figure as in Figure 88 but for UKESM model.
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Pl Difference for JASON
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Figure 90. Spatial distribution of PI difference pattern in the two
SSP scenarios for JASON during (a), (c) near-Future (2025-2054) and
(b), (d distant-Future (2071-2100) in K-ACE model.
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Figure 92. 26.5 line of SST for JASON in Historical(Black),
SSP126(Orange) and SSP585(Red) scenarios in  K-ACE
model during period of 2065-2100.
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Figure 93. Same figure as in Figure 92 but for UKESM

model.
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Figure 94. Vertical Wind Shear change in the two SSP
scenarios for JASON during (a), (c) near-Future (2025-2054)
and (b), (d) distant-Future (2071-2100) in K-ACE model.
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Figure 95. Same figure as in Figure 8 but for UKESM model.
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Figure 96. Spatial pattern of genesis density of CORDEX-EA RCMs for Historical(upper),
SSP126(middle), SSP585(lower panel).
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Figure 97. Genesis Density change of CORDEX-EA RCMs for SSP126(upper), SSP585(lower
panel).
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Figure 98. Track Density of CORDEX-EA RCMs for Historical(upper), SSP126(middle),
SSP585(lower panel).
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Figure 99. Track Density change of CORDEX-EA RCMs for SSP126(upper), SSP585(lower
panel).
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Figure 100. Box plot of track density among 5 CORDEX-EA RCMs for 5
regions. (White: Historical, Yellow:SSP126, Red:SSP585 scenario)
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Figure 101. Change rage of median value of track density among 5
CORDEX-EA RCMs. (White: Historical, Yellow:SSP126, Red:SSP585 scenario)
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Figure 102. Box plot of minimum central pressure in typhoon among 5 CORDEX-EA
RCMs for 5 regions. (White: Historical, Yellow:SSP126, Red:SSP585 scenario)
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Figure 103. Change rate of median value of central pressure in typhoon between
historical and 2 SSP scenarios. (White: Historical, Yellow:SSP126, Red:SSP585 scenario)
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historical and 2 SSP scenarios. (White: Historical, Yellow:SSP126, Red:SSP585 scenario)
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F712QA o)A T A S} d=AA A A D AR AF MHlA FEo] HFHA HAG
aglee dubEe] 2W o3l o we B4 gAE & mEskE A=SH A
% A4S gA AT AFk] Ao HHI AR o] JMsEs U o 3A% 5 4
2t RAT MUl AFS BEE YT
2 A= Py

4 o =202 EA AuH~E 9] NOAAS CDC (Climate Data Center)oll A A|&3t= 1t
Ads BU7H o2 FHstA AHESATH Y T 7|5 FofolA FFOE AESHE NetCDF
(Network common Data form)©.2 FAEo Jom o]d Hd e Aty FHARE s
9o ol BV 4 A= -l Atk FE WM E S 2%(sea surface temperature),
A3 7](surface air temperature), 7<= (precipitation), A7+ A3 H-A}FFH(Outgoing Long
Radiative; OLR), 3™ 7] %t(mean sea level pressure), = @ 2 3| (snow cover and sec ice),
850hPacll 41 & 7](air temperature at 850hPa), 850hPaclA 2] wigta 2 A& =(wind vector
and relative humidity at 850hPa), 500hPacl A 2] X]¢| 3 %(geo-potential height at 500hPa),
200nPacll 41 ¢] ®}&HAH(wind vector and zonal wind at 200hPa), 300hPaol|A]¢] u}&7Hwind
vector and zonal wind at 300hPa), 200hPaolAe] &= elid 2 whakZ(velocity potential and
divergent wind vector)eo|th. ZEA4F 7|3 I ARE S HI 7Y, €¥E A2 A

aheke] Alg-sk it

NCEP¢] A &4 #5+= NetCDF (Network Common Data form)e. =2 FAEHO oy A=w
o] EA wet st stde & Fxo HERE T vk sidE ®=3E 25° xX25° ¢
0.5° xX0.5° ¢ 39 3FEE 7IA M Level ARE Zk= 7] 2(Air Temperature) AR Y 1 ]
2 sl &%(Sea Surface Temperature, SST) 5 thaFer 2 FA AT
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# -*- coding: utf-8 -*-

Spyder Editor

made by Dr JM.Han

from _ future  import print_function
from django.http import HttpResponse
import simplejson as json

import os

import numpy as

import Ngl, Nio

import time

import pandas as pd

import xlwt

import datetime as dt

import cftime as nc4

#import getColor Table as ct

import netCDF4 as nc

from netCDF4 import num2date, date2num, dateZindex

#from cdo import *
#import geojsoncontour

def getVariableExtraced(file, lat_minindex, lat_maxindex, lon_minindex, lon_maxindex):
goal_value = file[lat_minindex:lat_maxindex, lon_minindex:lon_maxindex]
return{goal_value)

else:

tnum = ncd.date2num(dt.datetime(int({y), int{m}, 1},time_unit,calendar="'standard')
print{tnum)
return(tnum)

getTdate(num,time unit):

tdate = nc4.num2date(num,time_unit,calendar="standard")
year =tdate.year

month = tdate.month

day = tdate.day

#print{"tdate=",tdate.year}

return{tdate}

getDate{times, units):

tyear = ncd.num2date({time

tmonth = ncd4.num2date(tim

tday = ncd.num2date(times

thour = ncd.num2date(times,

#tminute = ncd.num2date(times, units
#hour,minute, second

#daysinmonth,

return{tyear, tmonth, tday, thour}

def getdatetoindex{y.m,times):
# tind nc.num2date(num, time_unit,calendar="'standard')
tinde date2index(dt.datetime{int(y),int{m),1), times, calendar="standard’, select="nearest')
#print{"tdate=",tdate.year)

--More-- (14%)

Figure 105. In order to calculate predictive factors based on detailed epidemiology and
provide results, programs for data processing by month, factor, and region were developed.
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Temperature v BOLIECEE 10
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60°N
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0°

30°S

— o

Index 108 712 (@158%) Ly @ e
T 3
1 83 Z0f Q= S4B 25 0.42 -5-~10, 55~ 100 ]
2 8 SO s 2= 0.42 50~ 65, 300 ~ 340 E

0l = 2IXHE T A Anomaly)2f B&3}
Year 82 TOff 2= SST(20.11) 8% SCHA Y SST(20.3) 102 Ha 7| 2(20.4)
2022 -0.03 048 03
2021 0.04 0.39 09
2020 0.43 0.53 -0.6
2019 0.26 091 13
2018 02 -0.82 -15
2017 0.14 -0.02 08

Figure 106. To provide statistical information and current status of predictors, a user
interface was built to provide various information on a single web page.
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Figure 107. In the predictor statistical information, you can select the desired month for

precipitation and temperature and check it.
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Figure 108. Convenience was provided to users by displaying the location information of each
predictor on the map.
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Nest Feel oW FFE MAEA FUAF PRt A% YRS ATAL Yol AEA
= H

SollA AAT BERE AFetar Aok £33, ASAAe HEAELL AFAAS] A S F
l

A BeAF oA AEASA AT FRE 2 AT Ytk
Index 62 Zr= (0= 2R} dEA+= FHE= Y MGt
1 g s £49¢ - 45% 100 ~ 118E, 35 ~ 42N]
2 14 ERE £EY - 45%  [25~ 20E, 50 ~ 62N]
3 1-428 SOMS si+E 25 - 45%  [65~ 80W, 30 ~ 45N]
4 4~52 122 EMENBY == - 50%  [125E ~ 180E, 25 ~ 35]
o 2% xt0]
5 42 SO SEfEY ST 2= . 55%  [180E ~ 130W, -20 ~ 20]
6 452 LMY SfH 2= 0.42 25%  [60W ~ 10E, 30S ~ 30N]

Figure 109. Detailed information was provided to users by providing a related index and
which factors had an effect on a monthly basis. In addition, each factor plays a certain role
and the accuracy is provided in the form of table.
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Regressed Snow anomalies during March

against Kor. June Temp.

Regressed GPH at 850hPa anomalies
during Jun.against Soil moisture May Index

Q) Prn CPHBSD sune amta Sail Weisture teder Sy

Regressed Air Temp anomalies during Jun.
against Soil moisture May Index

P A
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58 £ =& X|FE 0|8&
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b) 7|20l chet 5|7 ufEH

Figure 110. In order to explain why each factor affects precipitation and temperature,
detailed pages are used to explain the cause and reason for the mechanism.
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Figure 111. Users want to compare how much correlation each predictor has with the
observed data. Therefore, each factor from 1981 to the present was expressed as a time
series graph. In addition, it provides a function to compare and view only the parameters
that the user wants to see by using the hide function.
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Ol £ 2AXHE HAHAnomaly)2t 25

4~52 1M ~2

s My 4@ g 36

Year Loiol 21 Lciol ] 2 SMEE ok 4~52 MY 62 2+
=H Txo Q b
(1_0_03} (£0.06) 2 SST(+0.24) %F{E(?I;;)}OI SST(%0.17) SS5T(20.11) (101.6~174.0)
2022 0 0.01 0.82 -0.95 -0.5 -0.06 184.7
2021 0 -0.01 0.24 0.33 -0.24 0.06 916
2020 -0.01 -0.01 il 15 0.06 0.53 0.29 184.2
2019 -0.04 -0.05 0.29 -0.41 0.52 0.22 148.3
2018 -0.04 0.08 0.44 0.64 0.02 -0.16 1375
2017 0.06 0 0.92 -0.31 0.33 0.26 59.7
2016 -0.02 -0.18 1.08 -0.33 0.72 0.26 66.8
2015 -0.02 -0.03 0.23 1.01 0.52 0 96
2014 -0.04 -0.19 0.24 -0.32 0.12 0.02 80.7
2013 -0.04 0.25 0.25 0 -0.07 015 104.4
2012 0.06 0.14 1.04 -0.34 -0.31 -0.25 76.2

Figure 112. The results of each predictor by year are provided as a table. Each predictor is
displayed in color by comparing high, average, and low based on standard deviation. In this
way, intuitive information can be delivered to users, and a sorting function is provided by
selection a heading.
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APEC 7134189 7148 Aulas 71449 9 oy ¥4e F71402 wolok 3
L RoE NFPARMALY EF, thdo] TP} Atk £, APEC /1 FAES UEND
Aul st AEURT 4TERos A o tREe 95 HolH £3 R Auas <l
Aol AFHAL ok AT, REY ATAE WE YN ATE FYsta o]
AHUFe] Al Aol vl B Fa gk Lelste] AgAe] AP g8l 9%
AN A 2B YREoA e Auz 0|58 Tl Basith 9% sBoA A
THE AFARE 9% AxdoA Aeski APEC 7| FAE WFolH A4HE yibolE
LR Az"eA Hestel T Axdo] 7158 B $UF Auz AFS FAFLA
stginh Ea, 2o AFHAD AR BARE ML F7b A2E B3 g Aux
£ FEsnA STk ol@Ad AR Aulzas AAA B AAAE o4l et we
WAE 98l BESE AT AA 2 ST 24 2B AFs] AAEH AAEA o)
e 1 BARE A2DE FHEL ATACNA HAZ NFE EHAR AFS FE 3
A,

(b NCEP A &4 A=

D ==

715 BoloA] FEOE ALL3IE= NetCDF (Network common Data form) gz mio =

A&= 1 9= NOAAS CDC (Climate Data Center)oll Al A &Fdte Y-S AHA7|H o2 F£3 35
AREEERT ole A FUARE S e 2718 o] Y Aol o wmE A

I Aot =3 BSA99 AR} HY AEE A
1HHE ARE T8t ALt v9¢ BEE 7d A5E A3t
I o] olE dHEAERE Wt st VIR ArtEet BRE ALESIAT

HS 9l £¥9 WEE sl 2X(sea surface temperature), X ¥EH 7](surface air
temperature), 7+<=%F(precipitation), 25+ &3} &-A}F(Outgoing Long Radiative; OLR), 3™ 7]
(mean sea level pressure), & @Y % 3| (snow cover and sec ice), 850hPaci 2] 7]-2(air
temperature at 850hPa), 850hPaclA <] wlgka 9 Ao =(wind vector and relative humidity
at 850hPa), 500hPacll A ¢] =] $] a1 %(geo-potential height at 500hPa), 200hPaol A ¢] u}&H(wind
vector and zonal wind at 200hPa), 300hPaol4]¢] u}&ZHwind vector and zonal wind at
300hPa), 200hPaclAe] E=3eld 2 w4k3F(velocity potential and divergent wind vector)©]

o ARAL JIbe OE ARE SR A2 7Y, 98 AR e AT
@ AsF+x

FRHE AR 7B BY TAL NetCDFolth. W] S4o) me} shite] sdo] AF
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netedf air.2021 {
dimensions:

=17 ;

= 73

144 ;
UNLIMITED ; // (288 currently)
=2

float level(level)

level:units = "millibar"
level:actual_range = 1000.f, 10.f ;
level:long_name = "Level" :
level:positive = "down"
level:GRIB_id = 100s ;
level:GRIB_name = "hPa" ;

level:axis = "Z"

float lat(lat) ;

lat:units = "degrees_north" :
lat:actual_range = 90.f, -90.f
lat:long_name = "Latitude" :
lat:standard_name = "latitude" :
lat:axis = "Y" ;

float lon(lon) ;

lon:units = "degrees_east"
lon:long_name = "Longitude"
lon:actual_range = 0.f, 357.5f ;
lon:standard_name = "longitude”
lon:axis = "X"

double time(time) ;

time:long_name = "Time"
time:delta_t = "0000-00-01 00:00:00" ;
time:standard_name = "time"

time:axis = "T" ;

time:units = "hours since 1800-01-01 00:00:0.0" ;

time:avg_period = "0000-00-01 00:00:00" ;
time:coordinate_defines = "start" .
time:actual_range = 1937256., 1944144. ;

float air(time, level, lat, lon) ;

air:long_name = "mean Daily Air temperature"
air:units = "degK" :
air:precision = 2s ;
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air:least_significant_digit = 1s

air:GRIB_id = 11s

air:GRIB_name = "TMP" ;

air:var_desc = "Air temperature"

air:level_desc = "Multiple levels"

air:statistic = "Mean"

air:parent_stat = "Individual Obs" ;

air:missing_value = -9.96921e+36f ;

air:valid_range = 150.f, 350.f ;

air:dataset = "NCEP Reanalysis Daily Averages"

air:actual_range = 177.525f, 319.075f ;
double time_bnds(time, nbnds) ;

// global attributes:
:Conventions = "COARDS" ;
‘title = "mean daily NMC reanalysis (2014)"
‘history = "created 2013/12 by Hoop (netCDF2.3)" ;
:description = "Data is from NMC initialized reanalysis\n",

"(4x/day). It consists of most variables interpolated to\n",
"pressure surfaces from model (sigma) surfaces."
:platform = "Model" ;
:dataset_title = "NCEP-NCAR Reanalysis 1"
:References =
"http://www.psl.noaa.gov/data/gridded/data.ncep.reanalysis.html"
1

(Wb A=A

NCEP9] A& 25 += NetCDF(Network Common Data form)©o. & FAEo] Joy A=
o] EA we}t st sl & Fxo HAERE T vk sidxE ®=3E 25° X257 ¢
0.5° X05° ¢ 3 fHE=ZS 712 Level AR E ztE= 7] (Air Temperature) A B} 183
sl v %(Sea Surface Temperature, SST) & ©¥3st FEHZ FAAHT. = 7|43 Al A
TR 3RS AEREE dS5 ANTS 54 135£ AL VELE 3 T BEAE
H 71 Hdd ARSI AR AN &dEe As 714ESA
= o4l 2197 Ao = AAsIAT. ASALTT olddH AH
2t RAA | el AR OH, o]dH Ao tht Xél"%_
AgetAdoh 7% BAFY A 7)1k 1991~2020Lﬂ(30L4) |

l‘

i - E
o i rr
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Ae 8 AAG AR AYsn GG HHT 5+ A=S AR FHR Al U
A Hol e AFH A oMAE WAL & =T Ak FH AAAANE AT
Ae] FA B4 Ase wEH FE JUo 24 AE AR sHoR o FuE A
ok AgAE 24 Azl thsl NetCDFsHdol ofm A, 94 UGz AT = o
W oAdgggo] B Augh A% FEgh FAF WA BA 5 A9x YRS AFAE
= 743t

G, A FRYA 2 AAG BY Aust ﬁm B4 Au sk n S5l e =4
AYSA stero] ARsHon T Utk = AAANAE W HY R dad W
Fo WE Level Ad, 183 BaFgeltt Bapgno] B3 =4 A9 rz FHsHAT 7]
e Amd Yol Uld AAYG Fuk 54 Lol U@ AAD Hu, AEE Ao @ AAD
AR 5 AL A0S HET 5 AR TAAD el AL HUF £ gon oy
Ao Adste] AL M 5 e JEe ATIES AT Ave Tz AFHD
Welg FYstel aUZE F/1A0 BAS ez ¥eE 24T 5 d=E THY,
= e FAFHE Wl A e,

O 4 A% H9 AT 2 AR HF A5 37

25) Wl 29slol ol Aol dhel B4 AAE 2ol olele EAS WA 2 Ame
S wgsta B4 Pel wel Ml ABeE 2EY F Y= /%S Frlskgon
AgAL FHOE ARFE 75e ATsAT

1) A17] & HA37H(1991-2020) 54 &9 o, KMA, 2021.3.25
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Monthly Mean of Sea Surface Temperature
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Figure 113. The legend of the synthetic information provision service of the climate analysis
system is provided at a constant rate between the minimum and maximum values. This can
be inconvenient for users who want to see a specific pattern in detail, so a function was
added to allow users to modify the legend.
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Figure 114. Analyzed results are provided to users in the format of various files.
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Figure 115. Time series analysis service provides analyzed results in various forms. In order
to provide more convenient information, it has been expanded to provide additional results.
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|E] composite_slp_01_[2019.2018]-None_monthly_-90_90_0_360_default Mean, xlsx [C:¥WUsersWgoal_developmentWDownloadsW] - =4 50§ Sh X
Or(Fy  MEEy 220 ESEH)
BB BE H Q0% Q@ @w
&1 fo b4
A | B C o E F G H | J K L & =
1 0 25 b i5 10 126 15 176 20 225 25 275
2 90 1019.4392 1019.4392 1019.4392 1019.4392 1019.4392 1019.4392 1019.4392 1019.4392 1019.4392 1019.4392 1019.4392 1019.4392
3 87.5 (1017.4088 1017.4532 1017.49751017.5439 1017.5919| 1017.627 1017.6738 1017.7126/1017.7565 1017.798 1017.8379 1017.8775
4 8b 1015.1178/1015.01321014.8999|1014.7888 1014.6834 1014.5846 1014.4955 10144206 1014.362 1014.3233 1014.3069 1014.3029 _
=] 825 (1013.0774 1012.7823 1012.5129/1012.2794 1012.079/1011.9229 1011.8039 1011.7319, 1011.702 1011.7105 1011.7557 1011.8379
& 80 1010.2677 1009.8029 1009.4081009.1473 1009.0504 1009.1088 1009.2843 1009.5412 1009.8258 1010.0995 1010.3414 1010.5442
7 775 [1007.1508 1006.4705 1006.1056/1006.0714 1006.3024 1006.698 1007.1436 1007.5613/1007.8999 1008.1366 1008.2766 1008.3456
2 75 1004.7089 1004.2834 1004.102 1004.1085 1004.2101 1004.3466 1004.4597 1004.5121 10044967 1004.45 1004.4028 1004.4261
9 725 (1003.7011 1003.3097 1002.9525 1002.6694 1002.4626/1002.3269 1002.2537 1002.2573/1002.3427 1002.5117 1002.7585 1003.0693
10 70 1003.0081 1002.4161 1001.9608 1001.7516 1001.7436 1001.8802 1002.2282 1002.8742 1003.6517 1004.3188 1004.7799 1005.0891
11 67.5 (1002.5376 1001.8818 1001.6891 1001.8646 1002.2032|1002.8976 1004.3278 1006.1013 1007.3271 1007.6484 1007.4479 1007.2394
12 65 1002.3323 1002.1854 1002.3682 1002.6254 1003.1729 1004.4781 1005.9923 1006.8059 1006.8649 1006.6725 1006.5847 1006.6964
13 62.5 1002.771/1003.1868 1003.7105 1004.8214 1006.673 1007.8698 1007.5669 1006.8963 1006.7823 1006.9569 1007.28221007.7335
14 60 1004.3661 1004.8145 1005.6948 1007.298 1008.7037 1008.5823 1007.6044 1007.1871 1007.1879 1007.4327 1007.9697 1008.4548
15 b7.5 |1007.0484 1006.9476 1007.0495 1007.3116 1007.5957|1007.8052 1007.9868 1008.2013) 1008.521 1009.073 1009.773 10103173
16 bb 1009.946/1009.2701 1009.0311 1009.1355 1009.2581 1009.3956 1009.7076 1010.1598 1010.6697 1011.3427 1012.1604|1012.8533
17 b2.b  [1013.0685 1012.6114 1012.4657 1012.4549 1012.06971011.6041 1011.6472 1012.115/1012.5504 1013.0322 1013.6637 1014.2065
18 50 1016.0197 1015.73541015.56051015.5673 1015.1499 1014.4735 1014.4496 1014.8516 1014.9048 1015.0024 10154206 1015.6237
19 475 [1018.3896 1018.2618/1018.2783/1018.7258 1018.619 1017.569 1016.6242 1016.09111015.5439 1015.5112 1016.469 1016.6758
20 45 1020.7404 1020.2177 10187162 1017.2173 1016.2794 1015.6738 1015.67391016.1807 1016.3718 1016.4729 1016.4895 1016.1016
21 425 (10214271 1018.9746 1016.4855 1014.8864 1014.7045/1014.8484 1014.558 1014.8896 1016.5706 1017.4282 1015.9238 1015.6662
22 40 1020.1481018.8682 1017.9476 1016.6156 1015.5435 1014.8589 1014.2415 1014.002 1014.5834 1015.2878 1014.85521015.1427
23 37.5 (1021.0384 1020.2513 1019.4775/1018.5391 1017.269 1016.206 1015.5246/1015.0334 1014.5569  1014.16/1013.8102 1014.0044
24 3b 1021.9568/1021.5512] 1020.917/1019.9166/1018.9799 1017.971/1016.7658/1015.7162/1015.0738/1014.90811014.7968/1014.4847 | ~
E 4 4 » » | Mean composite 4 >
ZH| [E2:] Q1002 e® 4

Figure 116. The analyzed results are provided in the form of an Excel file including
coordinate information.
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Figure 117. The list of time series analysis services is provided based on the latest
information, so it was inconvenient for the user to manually select the period, but the
function was modified to automatically select up to the latest Syears.
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Figure 118. If the value of the distributed data is missing, text-based information that the
data was not distributed was provided(left), but in order to prevent users from misidentifying,
an image-based program notifying that the data was not distributed was developed.
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Figure 119. If the previous service provided weekly and monthly monitoring cumulative
averages weekly(7days) and monthly (first to last day) information including the selected date.

@ SST, OLR 71¥A F71 A¥j2 AlF

Z1ZRUEHYS Y8 " HeEsE AEW )2(surface air  temperature),
(precipitation), 3| ~7]¢(mean sea level pressure), 850hPacllA 2] 7](air temperature at
850hPa), 850hPaollA <] vl 9 Auls=(wind vector and relative humidity at 850hPa),
500hPacl A ¢] =] 9] a1 %(geo-potential height at 500hPa), 200hPaol A 2] u}&#(wind vector and
zonal wind at 200hPa), 300hPacl 4] w}&=H(wind vector and zonal wind at 300hPa), 200hPaci
Aol &= eld 9 dikE(velocity potential and divergent wind vector)e]t}. A2 4F 717He
dEH A5 5 TRt A 7, € A5E ALkst AlFsta ok AN S A &
o] &&= 34 H 2%(sea surface temperature), A7 “&3} HAFEH(Outgoing Long Radiative;
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Figure 120. SST and OLR services, which are new climate factors by daily, last 7days,
monthly, and yearly, have been added to the global monitoring information service.

Q@ 5 AY Y AR Au= AF

AT 7% =& ol T8I 84AE FEseE AL 559 AW AHE w24 19
o}sl= Aot} 18]ske], NSIDC (National Snow and Ice Data Center)oll A A| &3+ 5= A Y
o 4 Y HEE FHst AA W AEet A 3083t A ARE Rud F Y=
5 ALE 7|He g AFdte AHIAE FEFSAT silS dEsE AG9S 1670 AHe = o
Fa z A9 HE Y SR WEE HT 59 5 ®skel Ho] HoFo] e |
H3lE GA Fod F JEF ARLE AUt AR 7|ve g AFEHE W EYEH
AR md W3lste e |y sy A5, I8 AdsE 22 29 Wst Wk, #A
5 HAFER FAst 55 A9 W WH AAE ARE FH 193 sy H3 AWk E
AEe @85 7|Eo®E HA A7MA RoAFEth =, HZE 5dite] 22 @R E S
20223 129 1¥€S Ag3s 4%, 2018 HH 2022W@71x 9] 119 2¢€98H 12€ 1d471x9] 18
Z Aol tig s dF S Hud £ JAEE IgZE A RAFES st

- 153 -



o & 4B | conapidion s T B @
Northern (Climate Monitoring)_Sealce
(Dally) Sealce extent by region

Flgon 30 - RorPrn rracrers 4aes each s B g 1 - Boaukr S b sescuscrs

Figure 121. Since sea ice in the Arctic region has a great influence on the climate of the
Korean Peninsula, many scientists are monitoring changes in Arctic sea ice. Using the climate
analysis system, NSIDC provided additional service of sea ice information and change
information in the Arctic region
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Figure 122. Additional services were provided for one-month prediction information based on
artificial intelligence developed by APCC.
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Figure 123. The climate analysis system provides analysis information using data from NOAA
or NCEP, but if the distribution of data is delayed, the service is provided using temporary
data, and the analysis information is changed when the data is officially distributed.
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Figure 124. In 2022, information service web vulnerability security checks and weak points
were processed.
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Figure 125. Previous climate analysis system has been serviced using an external internet
network, but synchronization of the system is required for internal internet network service.
To this end, the resources that were different from each other were upgraded.
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when accessing from the internal or external Internet network.
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Figure 127. Inserting web images from the climate analysis system using Microsoft Visual
Basic for Application.
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