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Executive Summary

In the second year of the 6th phase of the Asia-Pacific project (2022-2024), non-linear
composite analyses were performed to identify the detailed physical-dynamic processes in
which major predictors affect the climate variability of the Korean Peninsula, and to use the
results to develop objective and story-based forecasting methods. And for the optimal
integration of various observation-based prediction information, a method for selecting the
importance of predictors based on the reproducibility of detailed dynamic processes of the
predictors was proposed. In addition, considering the impact of climate change, future
renewable energy and drought characteristics changes on the Korean Peninsula were
projected and their causes were analyzed. Lastly, in order to save resources and improve
efficiency in analysis work, the monitoring processes for 3-month climate prediction were
automated, and an advanced system for composite analysis and impact analysis on climate
variability in Korean Peninsula was established.

In the analysis study of detailed dynamic process of summer predictors, a framework
that can reveal the detailed physical-dynamic process of predictors was developed and applied
to the temperature predictors in July. In the case of the positive phase of March European
Z500 predictor, the overlapping of the subtropical/mid-latitude wave propagation resembling
CGT pattern related to the South Asian monsoon activity in June and the east-west wave
propagation from the Atlantic Ocean to East Asia seems to strengthen the barotropic high
pressure in the Korean Peninsula and causes high temperatures. It was found that in the case
of the positive phase, monitoring the strong South Asian monsoon index in June increases the
reliability of the prediction and that in the negative phase, the large amount of snow in
Central Asia in April and the low SST in the Gulf of Mexico in June increase the reliability
of the prediction. In the case of the positive phase of April tropical SST tripole, after the
high temperature of SST in the Philippine Sea is maintained until May in the situation where
the Central Pacific type La Nifia developed, low pressure and convection develops in the
northern Philippine Sea in June-July, resulting in a positive P-J pattern. It was analyzed that
the resulted high pressure in northeastern East Asia tends to cause high temperatures in the
Korean Peninsula. It was found that prediction reliability could be increased by monitoring the
strong South Asian monsoon index in June in the case of a positive phase and the low
tropical SST tripole in May in the case of a negative phase. As such, the possibility of
discriminating the importance of various predictive information was confirmed. As a result, in
the case of the March European Z500 and the April tropical SST tripole, it was confirmed
that the prediction reliability improved when the weight was assigned to the prediction of the
factor according to the tendency of the monitoring factors. In the case of operational
prediction, a method is suggested to determine the importance of the predictor by estimating
the reproducibility of the monitoring factor using the model prediction result.



A significant positive relationship is found between the ENSO and Korean temperature
and precipitation anomalies in December. However, the relationship is distinctively broken in
January, so it is somewhat difficult to predict the Korean climate in January. The North
Pacific Oscillation (NPO) in December is responsible for significant warm anomalies over
Korean Peninsula that peak in January, exhibiting a 1-month leading role. The NPO-related
anticylconic anomalies in December may affect the precipitation decrease in the western
North Pacific, then the East Asian anticylconic circulation remains until January through the
Rossby wave propagation. Additionally, as a result of NPO, the East Asian anticyclonic
anomalies accompany the easterlies on the southern side in December modulate the Jet
weakening. The SST anomalies near East Asia tend to increase in January due to the
wind-evaporation-SST feedback, and the resultant warm SST is favorable for warm Korean
Peninsula in January. The December NPO index as a new precursor may help us to better
understand and predict the temperature variability over Korea in January with a 1-month lag,
and shows an overall improved predictability than that of the Nino3.4 index.

For investigating the impact of the climate change on the wind and solar power
generation potentials over South Korea considering ensemble projections from downscaled
high-resolution bias-corrected future climate change scenario data taken from the National
Institute of Meteorological Science in Korea. Under future global warming, solar power
potentials over South Korea were projected to decrease in spring (March-May) and winter
(December-February) seasons relative to present climate in the late 21st century (2081-2100),
particularly showing the relatively large decrease in the northern part of South Korea. The
decrease tendency was more significant and larger in the high-CO2 emission scenario
(SSP5-8.5) than low-CO2 emission scenario (SSP2-4.5). The projected decrease in solar power
potential in spring was mainly due to increased air temperature by future global warming and
the decrease in winter was attributable to the projected increase in the air temperature and
the decrease in solar radiation at the surface. Wind power potentials which were estimated
with the wind energy density was generally projected to be decreased with future global
warming in all seasons except for summer. This decrease tendency was also larger in the late
21st century of the SSP5-8.5 scenario, especially over the southern part of South Korea in
winter and spring and over the northern part in fall. These results may help optimize the
regional renewable energy generation system development and plans.

For analyzing the future changes in drought indices for regions in Korean Peninsula, we
used the Standardized Precipitation Index (SPI), widely used as a meteorological drought index,
and the Standardized Evapotranspiration Deficit Index (SEDD, used as an agricultural drought
index. SPI calculates the drought index based only on precipitation data and does not reflect
the impact of continued temperature rises. Therefore, using SEDI, which incorporates surface
temperature, wind, net radiation, humidity, and precipitation, we analyzed the future changes
and causes of drought indices in Korean Peninsula. Comparing historical periods(1985~2014),



the results suggest that SEDI forecasts a more severe drought situation in Korean Peninsula
compared to SPI, especially during autumn and in high carbon emission scenario(SSP585). We
investigated the intensification factors behind future drought indices in Korean Peninsula.
During spring, although precipitation increases more than the present, the steep rise in
temperature leads to a higher demand for evapotranspiration, surpassing atmospheric
evaporation, resulting in more severe drought than the present. In autumn, the weakening of
the southern winds entering Korean Peninsula leads to reduced precipitation. Furthermore,
higher net radiation and temperature compared to the present are anticipated, indicating a
more severe drought than during spring.

Due to frequent extreme climate events around the world, the need to quickly establish
a climate monitoring system is increasing. It has become necessary to collect the latest
observation data and establish a periodic extreme climate monitoring system in an effort to
minimize damage to property and human life through continuous monitoring of increasingly
severe extreme weather phenomena around the world. To build the system, a climate
monitoring service and climate analysis service were developed based on observation data
provided by NCEP and the Korea Meteorological Administration. The climate monitoring
service provides up-to-date information on various climate variables, and the climate analysis
service not only synthesizes data or provides results of time series analysis, but also
standardizes the data collection system for quick response to abnormal climate. In addition, in
order to provide rapid monitoring results, an automatic prediction factor production and
information provision system and a time series-based synthetic information provision function
were additionally built for user convenience. By automatically calculating and providing
monthly related climate factors for monthly forecast discussions, work efficiency can be
further improved
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Figure 2.1. Definitions and areas for computation of South Asia Monsoon Index (SMD), Indian
Monsoon Index (IMI), and Western North Pacific Monsoon Index (WNPMI). «eeeeeececeesuscsnsnsuccensanas 5
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Figure 2.3. Scatter plot (1981-2020) of the 3€¥€ % Z500 (x-axis) with Ts in July (y-axis in
C). Vertical dashed lines indicate the +0.75¢ values of the predictor. Red (blue) diamond
shows above-normal (below-normal) temperature in July while cross shows near-normal

o
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Figure 2.4. Composite maps of anomalous (a) 2200, (b) OLR with winds at 850 hPa, and (c)
SST of March in the positive composite years of 3€ % Z500. (d), (e), and (f) are for June,
and (g), (h), and (i) are for July. In (a), (d), and (g), contour lines are 850 hPa geopotential
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Figure 2.1. Definitions and areas for computation of South Asia Monsoon Index (SMD),
Indian Monsoon Index (IMD, and Western North Pacific Monsoon Index (WNPMD.
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Table 2.1. Two primary predictors of July-mean temperatures. Accuracy is computed for
1973-2020.
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Table 2.2. ACC (%) of “3€ % Z500” predictor with respect to different thresholds
for the past 40 years (1981-2020).

Threshold Positive Negative All
+0.43 ¢ 50 53 51
+0.75 ¢ 66 80 73
+1.00 ¢ 66 83 73
+1.300 80 100 85
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Figure 2.3. Scatter plot (1981-2020) of the
39 #% 7500 (x-axis) with Ts in July
(y-axis in C). Vertical dashed lines indicate
the +0.75¢ values of the predictor. Red
(blue)  diamond  shows  above-normal
(below-normal) temperature in July while
cross shows near-normal temperature in
July.
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Table 2.3. Composite years of “3€ 5 Z500” with the threshold of 0.75+. Colors
indicate July-mean temperature in South Korea. Red, black and blue colors indicate
above-normal, near-normal, below-normal temperature in July.

Composite 39 9 7500
Positive composite years | 1981 1990 1994 2001 2008 2010 2013 2018 2019
Negative composite years | 1982 1984 1986 1987 1991 1993 1996 1999 2003 2007




gzl ] QAT YeheE 53 7
1 219 B a}o@; Zwol A7) B,

ot
i)
)
X
o2
2
>
rr
o
k)
>
(o}
9
i
AN
N
fru
N
o I
rlr
Ay

o
=2
Ir
e —
i
O
offt
4z
-0
=2
kl
N
uzg
<)
:zﬂ
-y
=
'
-3

% At g7} ‘%E}‘dt‘r(Figure g,

'.(C)Y

HGT200_O3 (High_yeors) (b) OLR_03 (High_years)
: = PN

i -« =

SST.OS (ng h_years)

e G e oo adis ol o B D508

0] SST_07 (High_years)
| ™ 0 T !a:'\' 0

-56 -40 -24 -8 8 24 40 56 -14 =10 -6 -2 2 6 10 14 -0.49 -0.35 -0.21 -0.07 0.07 0.21 035 0.49

Figure 2.4. Composite maps of anomalous (a) Z200, (b) OLR with winds at 850 hPa, and (c)
SST of March in the positive composite years of 3€ 5% Z500. (d), (e), and (f) are for June,
and (g), (h), and () are for July. In (a), (d), and (g), contour lines are 850 hPa geopotential
anomalies with the levels of [-45, -30, -5, 5, 30, 45]; the first three are in blue and the last
three are in red. In (o), (f), and @), red line indicates climatological 28 °C level. Dots indicate
statistically significant correlations at the 95% level.
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Figure 2.5. Scatter plot (1981-2020) of NA_SST_tri in May (x-axis in C)
and Ts in Jul (y-axis in C) for (a) the positive composite years and (b)
the negative composite years of 39 % Z500. Percentage in the title
indicates accuracy.
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Figure 2.6. Scatter plot (1981-2020) of East Atlantic (EA) pattern in
July (x-axis) and Ts in Jul (y-axis, C) for (a) the positive composite
years and (b) the negative composite years of 3€¥ % Z500. (c)
and (d) are for Scandinavia (SCAN) pattern. Percentage in the title

indicates accuracy.
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(a) EUS00 vs SNC_Mar (b)  EU500 vs SNC_Apr
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Figure 2.7. Composite maps of anomalous snow cover in (a) March and (b) April in the
positive composite years of 3¥€ 3 Z500. Black contours indicate anomalies less than

-0.25.
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winds at 850 hPa of April in the positive composite years of 3€ 3 Z500. (o),
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Figure 2.9. Scatter plot (1981-2020) of 3¥ 3 Z500 (x-axis) and Ts in
Jul (y-axis in °C) for (a) the positive composite years and (b) the negative
composite years of 3¥€ % Z500. Percentage in the title indicates
accuracy.

39 A9 750 Q) 7 RS AeE ZUAE AR 2093
FYgotrlol £RYF 59 FYokAo} F

2.10). 53] 5€ FYotAot FF 7]-=(5_T500ca)*]
B ol ghol BEH AT

2 AANEHAG 44
& X thFigure
$ 199435} 20180 B3 A8 AY

O
N
rlo
Lo
Y
o
12
>
(@]
3
R
Lo
)
JX?E lo

59 t59 7|20 55 dolAo B0 @ 7hsAde] & AR qAEH= Tt
8 6¥€ SMI A 4=6_SMI in Figure 2.11a)= 78%%] %S ACCE Hol 99 F=3 dXx3= 2
HE Bl ojw dE=siet YA HF A Ho| thF6_OLRwp) Od*l s A 78%2]
ACCE Hols=dH, BAHHEHY & AFG_WNPMDIE AA] 78%2] &2 ACCE H<ItKFigure
2.11c and e). 3 At 4013 7H1981-2020) 6 "LO]'/‘] o} & A —r(ﬁ _SMD¢} FE=sli/d A
a 55 A9 tiF AF(6_OLRwp)7}t 0.089] F#AAFE Ho A2 HFHAFo] *Eoknt. 1A
4 Y Z5000] A& A dolrlol E=ol % G| A0 G/ ds] 55 AY
A A= AaFdol EAste AR HolH ol d FAo] Yt o]fol tig F7t
Z g 3jo}

rr ol

>~1
2
w

7}

o]

fr 2

S
2

_14_



(@) 4_SNC vs Ts(H) 67% (b) 4_sSNC vs Ts(L) 80%
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Figure 2.10. Scatter plot (1981-2020) of snow cover fraction anomalies
over the central Asia in April (x-axis) and Ts in Jul (y-axis, C) for (a)
the positive composite years and (b) the negative composite years of 3€
%3 Z500. (c) and (d) are for air temperature anomalies over the central
Asia in May. Percentage in the title indicates accuracy. Relationships
between Ts in July and detail-process indices are adjusted to be positive.
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Figure 2.11. Scatter plot (1981-2020) of South Asian Monsoon index

(SMD anomalies in June (x-axis) and Ts in Jul (y-axis,

) for (a)

the positive composite years and (b) the negative composite years
of 3¥ ¥ Z500. (¢) and (d) are for OLR anomalies over the
western tropical Pacific in June. (e) and (f) are for Western North
Pacific Monsoon index (WNPMI) anomalies in June. Percentage in
the title indicates accuracy. Relationships between Ts in July and
detail-process indices are adjusted to be positive.
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Figure 2.12. Scatter plot (1981-2020) of South Asian Monsoon index
(SMD anomalies in July (x-axis) and Ts in July (y-axis, C) for (a) the
positive composite years and (b) the negative composite years of 3€
9 Z500. (¢) and (d) are for OLR anomalies over the western
tropical Pacific in July. Percentage in the title indicates accuracy.
Relationships between Ts in July and detail-process indices are
adjusted to be positive.
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Table 2.5. Correlations of East Atlantic pattern (EA) and
Scandinavia pattern (SCAN) in Jul with key variables for

1990-2020.

Index EA in JUL SCAN in Jul

Ts in Jul 0.39* 0.40*

3¢ 9 7500 0.32 0.35*

6_SMI 0.37* 0.24

7_SMI 0.32 -0.08

6_OLRwp -0.30 -0.31

7_OLRwp -0.20 -0.51*
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Figure 2.13. Schematic diagram of underlying mechanisms of positive phases of 3€ % Z500
and impacts on Korean temperature in July.
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Figure 2.14. Monitoring indices and their accuracies of positive phases of 3€ % Z500. In
the scattor plots, relationships between the predictor and detail-process indices are adjusted
to be positive.
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Figure 2.15. Composite maps of anomalous (a) Z200, (b) OLR with winds at 850 hPa, and (c)
SST of March in the negative composite years of 3¥€ 3 Z500. (d), (e), and (f) are for
June, and (g), (h), and () are for July. In (a), (d), and (g), countour lines are 850 hPa
geopotential anomalies with the levels of [-45, -30, -5, 5, 30, 45]; the first three are in blue
and the last three are in red. In (0), (f), and (), red line indicates climatological 28 C level.
Dots indicate statistically significant correlations at the 95% level.
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Figure 2.16. Scatter plot (1981-2020) of SST anomalies over the
North Atlantic in June (x-axis) and Ts in Jul (y-axis, C) for (a) the
positive composite years and (b) the negative composite years of 3

2 #9 Z500. () and (d) are for OLR anomalies over the North
Atlantic in July. Percentage in the title indicates accuracy.

Relationships between Ts in July and detail-process indices are
adjusted to be positive.
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Figure 2.17. Schematic diagram of underlying mechanisms of negative phases of 3€¥ %
7500 and impacts on Korean temperature in July.
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Figure 2.18. Monitoring indices and their accuracies of negative phases of 3¥ &% Z500. In
the scattor plots, relationships between the predictor and detail-process indices are adjusted
to be positive.

24. 49 <o SST =2 A& AR o534y 7+

49 Ao} Aejgel ool SST Wk, 35 Aekel el SST ®A, BAEYe] o SS
A7k g AS(Table 2.6, 49 At SST 422 Fibeo] 79 & AgA ol
A5 AL AFAHol EATL LA JTHAPCC 2021). 49 Lo SST A==
=8 o]Z4 H2E AR 07509 AS Fo v nHdd AS 40%, oo 7w
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Table 2.6. ACC (%) of “49 <& SST 4F=A" predictor with respect to different
thresholds for the past 40 years (1981-2020).

Threshold Positive Negative All
+0.43 0 38 56 45
+0.75 ¢ 40 69 54
+1.00 0 40 60 48
+1.300 29 75 45
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49 Ao SST A=Akt 7€ ST 7]29] scattor plotollA &4 =o|(Figure 2.19)
+0.750 7o =2 Fo] @S = AL E= HY 7S VIS 129 AU gy @k
o] 5w+ 1 Hd 7 B ofyg Ag 7|53 (1989, 1999, Table 2.7 % E=A s}t
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Figure 2.19. Scatter plot (1981-2020) of the
“49 4ol SST A=A (x-axis) with Ts
in Jul (y-axis). Vertical dashed lines
indicate the +0.75¢ values of the
predictor. Red (blue) diamond shows
above-normal (below-normal) temperature
in July while cross shows nea-normal
temperature in July.

Table 2.7. Composite years of “4€ <&o SST 4==}” with the threshold of 0.75¢. Colors
indicate July-mean temperature in South Korea. Red, black and blue colors indicate
abov-normal, near-normal, below-normal temperature in July.

Compopsites 49 A SST A=A
Positive composite years | 1984 1988 1989 1994 1999 2000 2008 2011 2012 2013
1982 1983 1986 1987 1990 1992 1993 1996 2003 2005 2006 2007
2019

Negative composite years

07509 7lEom gol =d sl(ke] A e (o] FHME TEIT
(Table 2.7) Ztehel SAdsle) oie 28 oh7)jsloy W $H% Y T2 AAAHL ARy
o o] AL 49 BW c e

of &9 SST HA}, &3 AlQkell o] Hal, A=l &
A2l 2Ed AL &dAddd 4 dom o]y SST 4=a Fel= 59714 oo A th(Figure
2.200). olw] &) FEjHoll= A3 &9 SST Hxprt B2 =M Central Pacific(CP) B9 Y
o] FEE BRIt &F AQEY] SST &9 HAtet JIES 59 HAXe T97HA] A &=+ ®F
A A ko HaE= 6~7ol <F3td tH(Figure 2.20i and ).

dE el dejdslols 44 FE TEHA AT A7 BAVE e {7 REse
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5ol A&HoR Yehted Alztel wEl 254 EXshs Ege HAvkFigure 2.20b, e,
h, and k). FJA=FNA = 5~6do] &0l ‘:—‘J‘:’f%}“' A=~ ER-FTTe ol 77t Dds)=]
T Fobrol ol WERY A dests 54 dEErHFigure 2.20e and h). 643} 7
doll& e &5 s 55 dF %}%’ri gk 22wse) d&E H9E QI8 Fof
Alobell =t 7%k HBAE Bt P-J dEo] yehuet 7dde 2r19ge] S4o &%

o

(e]
A} 7+A %786‘}71] HoHFigure 2.20g and j). 7€ $Rt=dl= A3 17|t B FF
o= %ol

o] o|uEkA = 7] wEol(Figure 2.20) 49 L) SST A=)
o 0% A% AHES Wn e Aew HeTkTable 26)

:‘o
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Figure 2.20. Composite maps of anomalous (a) Z200, (b) OLR with winds at 850 hPa, and (c)
SST of April in the positive composite years of 4€ <&t SST 4=} (d), (e), and (f) are for
May, (g), (h), and () are for June and (j), (k), and () are for July. In (a), (d), (g), and (),
contour lines are 850 hPa geopotential anomalies with the levels of [-45, -30, -5, 5, 30, 45];
the first three are in blue and the last three are in red. In (c), (f), () and (I, red line
indicates climatological 28 C level. Dots indicate statistically significant correlations at the
95% level.
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(Figure 2.21) 7€2] NINO ARttt 1€ NINO A< AddA7E vf-§- 733k NINO12 A
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Figure 2.21. Correlations of 4¢€ <&t SST A=A} with
monthly ENSO indices. Blue, orange, and grey bars are of
NINO4, NINO3, and NINOI12, respectively.

42 4o SST A=A AA7F -0.75 0 B} e 89 A5 (Table 2.7) 745 2] A3l
of vt = 44 FAsf o] 9 SST HAE, 5 Ao &9 HAE, AL & HA7F v
Ebvb=l(Figure 2.22c) A3 59 A} SAEFY o Habs vwz okt 55 A
Qkel &9 AAITo] 6€7EA] Aeta freolvlshA A @ thFigure 2.22i and ). TEIE Joll= &
o] SST HA7} YetAvr Z =% oFstm FAA Foldx Uetd=A] ool 5o Aol fojn
gk CPEFY sty urt YEld= FEl(Figure 2.20)09F 2Fo]& HRITh

d(Figure 2.22b, e, h, and k) ——.—“] 5%01] A TR F2l
Aot <ol Rt okt EXo] #EdEAT. 7o+
A2 A3 =22v|ge] F&E A=z Q8] Fotrlotd] U8 A7 HArF BEske 9 P-J
HEo] YetUA Hi AHRHo R gRtxd 79 AL HAE FE35MA ®okFigure 2.22g and
). & FolAol A7k WA FAo] dHtEeL Yo fJA|sta FAZHOE Fon|Ety]
ol (Figure 2.22) o] FAdafel nlisl &9 Aol o= A=

2 HQAtHTable 2.6 and 2.7). 4€ &t SST A=A oZAAY 9 gl s AFE== 69%
ol Wk <¢ko] Zholl th3k AT EE 40%E A UEtHFigure 2.23).
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Figure 2.22. Composite maps of anomalous (a) Z200, (b) OLR with winds at 850 hPa, and (c)
SST of April in the negative composite years of 4€ <&o] SST 2==A} (d), (e), and (f) are for
May, (g), (h), and () are for June and (j), (k), and () are for July. In (a), (d), (g), and (),
countour lines are 850 hPa geopotential anomalies with the levels of [-45, -30, -5, 5, 30, 45];
the first three are in blue and the last three are in red. In (c), (f), () and (1), red line
indicates climatological 28 C level. Dots indicate statistically significant correlations at the
95% level.
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Figure 2.23. Scatter plot (1981-2020) of 4¥ <o) SST =#F (x-axis)
and Ts in Jul (y-axis in C) for (a) the positive composite years and (b)
the negative composite years of 3€ 5 Z500. Percentage in the title
indicates accuracy.
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Figure 2.24. Scatter plot (1981-2020) of tropical SST tripole
anomalies in May (x-axis) and Ts in Jul (y-axis, C) for (a) the
positive composite years and (b) the negative composite years of 4
4 4o SST 4+=#k (o) and (d) are South Asian Monsoon index
(SMD anomalies in June. (e) and (f) are are South Asian Monsoon
index (SMD anomalies in July. (g) and (h) are for OLR anomalies
over the western tropical Pacific in July. Percentage in the title
indicates accuracy. Relationships between Ts in July and
detail-process indices are adjusted to be positive.
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Table 2.8. Descriptions of potential detail-process indices for

“49 Grj ST A=A

Index Variable Time Region Relationship
: [90~120E, 25~40S] + [120~140E,
d_SSTtr SST May | 0~20N1 - [90~110E. 105~5N] Pos
6_SMI V850-V200 June 70-110E, 10-30N Pos
7_SMI V850-V200 July 70-110E, 10-30N Pos
7_OLRwp OLR July 115-140E, 10-20N Neg
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Figure 2.25. Schematic diagram of underlying

mechanisms of positive phases of 4¢ <o SST ==}
and impacts on Korean temperature in July.
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Figure 2.26. Monitoring indices and their accuracies of positive 4¢
g SST 4F=#} In the scattor plots, relationships between the
predictor and detail-process indices are adjusted to be positive.
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Figure 2.27. Schematic diagram of underlying mechanisms
of negative phases of 4¥€ <&toi SST A=A and impacts
on Korean temperature in July.
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Figure 2.28. Monitoring indices and their accuracies of
negative phases of 49 <At SST A=A} In the scattor plots,
relationships between the predictor and detail-process indices
are adjusted to be positive.
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Figure 2.29. (a) Interannual time series (1981-2020) of Ts in July (red) and SMI in June
(blue), (b) their scatter plot, and (c) their 11-year moving window correlations.
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Figure 2.30. Composite maps of anomalous (a) Z200, (b) OLR with winds at 850 hPa, and (c)
SST of March in the positive composite years of South Asian Monsoon Index in June. (d), (e),
and (f) are for April. In (a), and (d), countour lines are 850 hPa geopotential anomalies with
the levels of [-45, -30, -5, 5, 30, 45]; the first three are in blue and the last three are in
red. In (c), (f), and (), red line indicates climatological 28 C level. Dots indicate statistically

significant correlations at the 95% level.
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Al FolAlotE ko] SCAN H e 3 {FASH 35 Hurp #zEn.
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Figure 2.31. Composite maps of anomalous (a) Z200, (b) OLR with winds at 850 hPa, and (c)
SST of May in the positive composite years of South Asian Monsoon Index. (d), (e), and (f)
are for June, and (g), (h), and (i) are for July. In (a), (d), and (g), countour lines are 850 hPa
geopotential anomalies with the levels of [-45, -30, -5, 5, 30, 45]; the first three are in blue
and the last three are in red. In (c), (f), and (i), red line indicates climatological 28 C level.
Dots indicate statistically significant correlations at the 95% level.
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Table 2.9. Values of predictors and their monitoring variables when 4% SST 4+=#}

and 3€ % Z500 are both positive with respect to the 0.43 ¢ threshold.
15T |39 w9 2500 6_SMI Ts_Jul
1994 0.83 113.18 1.12 3.11
2000 0.95 35.74 0.44 0.81
2001 0.37 115.54 0.83 0.81
2008 0.62 127.39 1.95 1.31
2013 0.72 98.43 0.62 1.41
- =< A5, 49 &4 SST A=5A71 % 759 ZrAIQ1Arl 5_SSTtrig} 3

N,
Jhu

&} tH(Table 2

Table 2.10. Values of predictors and their monitoring variables when 4% SST 4t==%} and 3
4 3 Z500 are both negative with respect to the 0.43 ¢ threshold.

44 SST

3¢ &9

A=} 7 566 B 5_SSTtri 6_SSTna Ts_Jul
1982 -0.92 ~79.95 -0.61 -0.44 -0.79
1986 -0.50 ~75.29 -0.40 -0.32 -1.69
1987 -0.52 -126.15 -0.57 -0.12 -0.79
1993 -1.04 -77.35 -1.00 -0.74 -2.49
1996 -0.53 -198.17 -0.51 -0.38 -0.69
2003 -0.54 -108.68 -0.46 -0.20 -2.29
2007 -0.58 -91.55 -0.42 -0.45 -1.09
T A ESRAAT AZ b B2, 49 Ao SST A=A7F &Fola 39 /3 Z5000] =
7A$E BA8Arh 39 59 75000 S A% #AQIA 6.SSThas F o= *Fﬂtﬂ
B W 49 Ao SST ASAUE Fd Ao HAAA 6.SMIE 19843 Al9latn B
59 oz A=Y X &gt AAZ 7Y 7L UFEE Hd US| S5 o 1998
He A& 7|53t HtH(Table 2.11).
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o
0, 3¢

0.21
0.61
-0.59
-0.89
0.61

Ts_Jul
Ts_Jul
0.11

Q1 5_SSTtri

6_SSTna
-0.78
-0.02
-0.78
-0.25
-0.05
6_SMI
-0.26

Aol gAAR

[
of

}s4cH(Table 12).

6_SMI
0.35
-1.09
-0.51
-0.65
-0.17
(?_:]_
0.00

J|

5_SSTtri

o] gkoloiA]

-88.72
-66.60
-38.83
-109.44
-59.38
Ql 6_SMI= =
o
H
85.99

32
7500
12be] B3 Al AR o

(o]
vl

o 9%

1.04
0.11
0.77
0.80
0.71
49 SST
A
-0.70
_/":

AA7E A= did) B35 g, 49 dof SST A=A7F sola 3¢9 #4 Z5000]

Aste= o

}

9
pil

F Aol 220199 = 49 G SST A=27F =
fr§ Z5000] ¥l A-9-9o A

1984
1985
1988
1999
2012
2019
o] ¥]

Table 2.11. Values of predictors and their monitoring variables when 4% SST A==} is
T 9

positive and 3€ % Z500 are negative with respect to the 0.43 ¢ threshold.

Table 2.12. Values of predictors and their monitoring variables when 4 SST A==} is

negative and 3€ % Z500 are positive with respect to the 0.43 ¢ threshold.
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3. H2dE AT oSex ME U AHAD HAES =5
7% ZALEN HE M
3.1. A7) 7

g el oA B EE Ay =-dR E(El Nino-Southern Oscillation; ENSO)S- 2] A¢
He 7 & 729 U3 WAz A AT A E JFe IEFS A=

A
5 L %(sea surface temperature; SST)o|] WHE& UZAAH
BotAlote] AEH 7% A x=Ho FEFE Foh AU JFoE LA EAEE LY
4 H A4E A7 Hale 22d] 9 A9E B8l sobAotel YA AHAE
1

A7k g} s 24

et
o
o
off
O
o
>
o
o°
Lo
Kl
N
A
A
ret
Lo
>
B
2
£l
N
e
ot
of
)

+(11-12¢)° H AR 7]2o] wi ZF7F w2 Aol ot (Son et al. 2014; Kim et al
2015; 2017; 2018; Kim and Kug, 2018). 121}t o]&d dAyxo] AA4a 1do] =W °f3} 5
o] ¢-Zuzte] 1€ 71%F o=d oz o] I 2HEZ ey 1Y 7% o= &8
F AE Al gZAAE AAF T BE A4 IS o T Favt Ak

E3) $yuete ALFH 7% F - HHFoE HFFgS FE FolAote Uy 43S
ENSO #wl ot} Bejsg ek 2 %5(North Pacific Oscillation; NPO)ell &3l A 4 2t} NPO

v EHE Y d&E UFo R Ayt RV AR g8 A5 HEHoE ukdd fXT
5Z& A7 Aot A AUt AR ol2& B, A 9xol] X G HrIY
< oldE =S 20° N F271A &A= o] Atk (Rogers, 1981; Wallace and Gutzler, 1981;

Linkin and Nigam, 2008). A3 <dFo|A= NPOZF € el <k, Br], 183 Foprole] 71%&
of mAE= F&S AAE vl Yok (Chen and Wu, 2017; Pak et al. 2014; Wang et al. 2007;
Yeh and Kim, 2010; Yu et al. 2012).

1}
A% wUe) ALd e AEEDT 35 = Zz & Qg agEe B
Aol eete] AL, 53 19 7 d=e 98] AT d 129 NPOZ A1
1 g 2 Ad AA4T Aste ol g3ke] S-2bete] 1
2 e dZ4e W F7
N A=S

o,
>
f

A
NPO oA Z9% Begael 1719 (HA713) <88 F=sr] fEo,
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3.2. A5
321 23 7|4 B= A2H™ 22

2 dToAE v A 7% HEAS A ET] &l 713 A AlFske
o 714 #= A ~H=Hl(Automated Synoptic Observing System, ASOS)2] 627] A H oA #Z=H A
BE st € H Ve FFE SA4SAT

3.22. A&H A=

A AT ZF H5e AuEy] 98] € H Climate Prediction Center Merged Analysis
of Precipitation(CMAP; Xie and Arkin, 1997)& AM83tth. = ¥ 3+ National Centers for
Environmental Prediction/Department of Energy Reanalysis 2(NCEP-DOE R2; Kanamitsu et al.
2002)¢) 7] A& AR Aot tr] AR 8 st EE 25° oth e Es
9 ¥ Extended Reconstructed Sea Surface Temperature version 5 (ERSSTv5; Huang et al.
2017) A& AMEstEom 2° o 3 SFEE 7ixit. &4 7|32 1979/80\ 3 FE] 2021/223
7hA 43dolal, ALd 7% WEsAdES B 98 12€3 1€ dia) &4stdth 1Ea BE
Haol 4 71 Fid AF A7 FA 7 AAE AT

3.3. 43
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ENSO= f-guete] Aed dSAdAze] &84l mfs At

Figure 3.1. Schematic diagram for how El Nino influences the
temperature and precipitation over Korean Peninsula in early
winter (FYx ¥ A)).

Z71d B Fhold oA AAE Yot eyt 7|2/ dEde A¥EE dyk

7h AR s 12€d2 HEdET Vo] w3 AUt B2 Aol AT (Table 3.1). & &9

= oo 1298 BEEG 7ol w2 1070 &, Bdd wsedt A7k 71 sfoln BdEn

© BSHA ¥ty A = FEEG g2 107 &, a3 vk A5t

474 &, BdEG AL sz I 2 #SHAHY HE gy s 12€d HdET 7]
7t 4L AFS Bl (Table 3.2).

ojxy dYn/TUEe}t fEuet 7% BEAE LS 2AS11-129) AT, =AS1L)l
ofefl k= 540l Ant. dunrt BAT 142 syt Ve A 5 iy Bl §
ol ded, Hyy sjol= w7z Fd vk 7|2 s Bt dEs Ay

/s Seluebe] 129 715 s Bl ZEAw 18es kAE gl Qo 19
#Begol we AL olsshy] A F7HHQ ATt B

Table 3.1. Temperature and precipitation in December January
during El Nino year (&7]4 X 7}o]d2; - Below, 0: Normal,

+ Above).
_ Temperature Precipitation
El Nino years
- 0 + - 0 +
December 0 7 10 3 4 10
January 4 9 4 5 7 5
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Table 3.2. The same as in Table 3.2 but for La Nina years.

Precipitation
0

Temperature
0

3
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January

w7
e

—

2

Nino3.4 (170° W-120° W, 5° S-5° N) A

TR
£

il

SIeE

o

9 124

%

}a3th (Figure 3.2). dYx 444 H

S|

w4

R

oy
_Z_ .
)

3 obAlo} Aol

1t} (Hoskins and Karoly, 1981). Z2ju 1€

skal, O A3 Yyt syt vA=

19

o] Ao FotAol 1A1%E AT GTe

B

_50
X0

o
,_lr.ﬂ
o
Y
"
ﬂ,ﬂ

A5 et

0.51¢]

=
mo

Aol A 1243} 129 A sisFa=

Nino3.4 =gl 3] A

o

A7t 09882 Ao Hl<zsA

1243 1o A

F 12493 1€ Nino3.4 A

Il
yul

713kl o

|
) Y

Uetdoh (29 mAAD. 2822 dUs "5 A

ZFol7b g7

2 &

o

1
|

o FobAoell A7)k

HAA ok 2 A3 199

[

oF 8% 7
WS

Foll A

< H

A=

&t7] ojal,

o %7k ekstE WA FolAlol 1rIgke]

] (Pacific North America; PNA) & 2Aj o

Foll 4 &y

[¢]

.»1510

¢l
yul

gt ez dd H

Zpol 7k Fobalotz el A o

1o

o

o)
o
ojp
R
-
ij ]
=1

il

Z}o

=
L

A

|

_44_



REGR(Nino3.4, Z300/PRCP/Z300)
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Figure 3.2. Regressed geopotential height (shading) and wind (vector) anomalies at 300
hPa (upper), precipitation (middle) and SST (lower) anomalies in December (left) and
January (right) onto the NDJ Nino3.4 index, respectively. The hatches and black vectors
denote the 90% confidence level based on the student t-test.
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COMP(KR TEMP+, SST) COMP(KR TEMP+, PRCP)
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Figure 3.3. Composites of SST (left) and precipitation (right) anomalies in December and
January when the December Korean temperature index is above 1 standard deviation.
The hatches denote the 90% confidence level based on the student t-test.
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Figure 3.4. The same as in Figure 3.3 but for geopotential height (shading) and wind
(vector) anomalies at 300 hPa (left) and 850 hPa (right). The black vectors denote the
90% confidence level based on the student t-test.
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Figure 3.5. Composites of SST (left) and precipitation (right) anomalies in December and
January when the December Korean temperature index is below -1 standard deviation.
The hatches denote the 90% confidence level based on the student t-test.
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Figure 3.6. The same as in Figure 3.5 but for geopotential height (shading) and wind
(vector) anomalies at 300 hPa (left) and 850 hPa (right). The black vectors denote the
90% confidence level based on the student t-test.
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Figure 3.7. The second empirical orthogonal function
mode of December sea level pressure (SLP) anomalies
in the North Pacific (110° E-120° W, 20° -70° N).
Time series of the second principal component of
December SLP anomalies in the North Pacific.
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Table 3.3. Correlation coefficients of the Korean temperature, precipitation indices
and NDJ Nino3,4, WNP precipitation, and NPO indices in December and January,
respectively. The symbol of *(**) denotes the 95%(99%) confidence level based on
the student t-test.

Correlation NDJ N34 | DEC WNP | JAN WNP | DEC NPO | JAN NPO
KOR DEC 0.33* -0.53%* 0.58%*

TEMP | JAN 0.20 -0.09 -0.37* 0.44** 0.23
KOR DEC 0.46%* -0.54** 0.21

PRCP JAN -0.05 -0.05 -0.21 -0.01 0.35%
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Figure 3.8. Regressed SST (left) and precipitation (right) anomalies in December and
January onto the December NPO index, respectively. The hatches denote the 90%
confidence level based on the student t-test.
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Figure 3.9. The same as in Figure 3.8 but for geopotential height (shading) and wind
(vector) anomalies at 300 hPa (left) and 850 hPa (right). The black vectors denote the
90% confidence level based on the student t-test.
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Figure 3.10. The same as in Figure 3.8 but for surface air temperature (left) and
precipitation (right) anomalies.
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Table 3.4. Correlation coefficients of the NPO index in
December and NPO, Nino3,4, and WNP precipitation
indices in December and January, respectively. The
symbol of *(**) denotes the 95%(99%) confidence level
based on the student t-test.

Correlation NPO N34 WNP PRCP
DEC (lag0) 1 0.32* -0.35*
JAN (lag+1) 0.003 0.36* -0.57**
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Figure 3.11. Multiple regressed SST anomalies in December and January onto the NDJ
Nino3.4 (eft) and December NPO (right) index, respectively. The hatches denote the
90% confidence level based on the student t-test.
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Figure 3.12. The same as in Figure 3.11 but for precipitation anomalies.

_55_



MultiREGR(N34, Z300) MultiREGR(NPO, Z300)

60°N[

30%M |-

00

TR s T _ %
90°E I20°E 150°E 180° 150°W 120°W 90°W &0°W

= - - T —— T - - s
=40 =30 =20 =10 0O 10 20 30 40 =40 =30 =20 =10 0 10 20 30 &

Figure 3.13. Multiple regressed geopotential height (shading) and wind (vector) anomalies
at 300 hPa in December and January onto the NDJ Nino3.4 (left) and December NPO
(right) index, respectively. The black vectors denote the 90% confidence level based on
the student t-test.
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Figure 3.14. The same as in Figure 3.13 but for geopotential height (shading) and wind
(vector) anomalies at 850 hPa.
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Figure 3.15. Multiple regressed surface air temperature anomalies in December and
January onto the NDJ Nino3.4 (left) and December NPO (right) index, respectively. The
hatches denote the 90% confidence level based on the student t-test.
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Figure 3.16. The same as in Figure 3.11 but for precipitation anomalies.
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Figure 3.17. The area-averaged
regressed (blue) and multiple
regressed  (red)  precipitation
anomalies in December and
January onto the December NPO
index after removing NDJ
Nino3.4 impact over the WNP
(110-150E, 0-15N) region.
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Figure 3.18. The climatological zonal
(shading) and horizontal (vector) wind at
300 hPa in December (upper) and January
(lower), respectively
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Figure 3.19. Composites of SST (shading) and wind (vector) anomalies at 300 hPa in
December and January when the December NPO (left) and December NPO+NDJ Nino3.4
(right) index is above 0.5 standard deviation. The colored and black vectors denote the
90% confidence level based on the student t-test.
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Figure 3.20. Latitudinal position and magnitude
for climatological zonal wind (U300; black),
summation of climatological zonal wind and
composites  of zonal wind  anomalies
(U300+ U300) at 300 hPa in December when
December NPO (solid and December
NPO+NDJ ENSO index (dash) is above 0.5
(red) and below -0.5 (blue) standard deviation,
respectively. All values are zonally averaged
from 120° E to 180° .
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Figure 3.21. Multiple regressed latent heat flux anomalies in December onto the NDJ
Nino3.4 (left) and December NPO (right) index, respectively. The hatches denote the
90% confidence level based on the student t-test.
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3.3.4. NPOE 8T Ut ALSd 7|12 ASAH AF

2 AFolA AAIG A dSAAR] 12¢€ NPO A+ o F &8317] HsiAe -8
2} Aed 713 Al tid dSAS ATsta 7€ ASAAS Had davt Ao &
Ao A AT AT 124 NPO= f-2luete] 124, 1€ 7|23 @Al IAT e
#Ago] dol o]& A e 7|2 dIFAE FHHLE ARt WA NDJ Nino3.4 A4
0.25, 0.50, 0.75, 1.00, 1.25 EFHAE 7|Fo 2 oWl A& 1HT o gyt 7|2 4
o] =&A F<lstsitt (Table 3.5). & =°, 1979dF8 202237kA & 43d2] £47]
2k NDJ Nino3.4 A57F 0.5 FF3AF o<l sl= 147lel, 1 FolA fejvete] 124 7
1 0.5 &8 o) dl dl= 9ot &, Al 05 FFHTA o] A= dYurt &
ta 2iveke] 124 7120 0.5 EFHUA ojdom 45d FEC] of 64%d AL onTd
o EuEte] 149 7]120] 0.5 BFHUA}F o] FQl sl 672 oF 43%2] J54e K.
Ao e dyne] ZEs daglol ¢yuete] 124 712 s td dFAol =44, 1
T % Yobxtth wbol guyukel f-Eiuete) 712 s dSA S 12€3 1d 2F dYy
= s dSAel vl @A Yebdth

ri JlN' 39 o rx L

o

of

o A R ooz o ot ox
o

NPO9} 37 &M= ¢euet 14 723 *o“ﬂr*é o] A YElAN, 14 7

2

oF FEueke] 7]

124 NPO A58 71202 et 71& 242 BH, NPOO| 259} dagle] 5
gduete] 129 71 5ol FsA Uelhdtt (Table 3.6). 53] 12¢€ NPO A7} 0.5 =5
2t o]l 177K OH ol A 137K 8ol f2juete 129 7= ol #5H 76%2 =2 d=F
AS Holy, tiFEE2 %o NDJ Nino3.4 A|FEth 12€9] 7|2 4% dSAo] dddT. 1
21} 12¢€ NPOS| f-Eluete] 1€ 72 s v o e Ao] ot vide 129 &
o] NPO A2 ogujgbe] 129 7] 84749 oF 44-60% A=el WA o=au, 1o 4
2 oE=AdRT YAu oA FU3 =S kit 1€ 78 shpe 129 71 &7
Hlsstal 53] 0.50, 0.75 £FHALY 45 S50l 27 55%, 56%= H-& otk oA 12¢

u =
71
A

ol
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Table 3.5. The predictability of Korean temperature anomalies in December and
January for its +0.5 standard deviation based on the NDJ Nino3.4 index with
+0.25, 0.50, 0.75, 1.00, 1.25 standard deviation level.

Positive temperature (+0.500) | Negative temperature (-0.500)
ENSO level December January December January
0.250 65% (11/17) 35% (6/17) 28% (5/18) 33% (6/18)
0.500 62% (9/14) 43% (6/14) 27% (4/15) 33% (5/15)
0.750 64% (7/11) 37% (4/11) 20% (2/10) 30% (3/10)
1.000 67% (4/6) 33% (2/6) 0% (0/6) 33% (2/6)
1.250 60% (3/5) 40% (2/5) 0% (0/5) 20% (1/5)

Table 3.6. The same as in Table 3.4 but for December NPO index.

Positive temperature (+0.500) | Negative temperature (-0.500)
NPO level December January December January
0.250 62% (13/21) 29% (6/21) 47% (7/15) 47% (7/15)
0.500 76% (13/17) 29% (5/17) 45% (5/1D) 55% (6/11)
0.750 73% (8/11) 36% (4/11) 44% (4/9) 56% (5/9)
1.000 71% (5I7) 57% (4I7) 57% (4I7) 43% 3I7)
1.25¢0 50% (1/2) 100% (2/2) 60% (3/5) 40% (2/5)

Table 3.6014 A7 12€ NPOeF -¢-2jvtetel 12¢, 1¢ 7|2 &4
3, I FolA, 12¢€ NPO<} NDJ Nino3.4 X <=7} 2+7} 0.5 &FHza o]
(Figure 3.22). 0.5 EFHAE] 7|&S FEuete 72 A54, 53] 9 w°] 3
4 712 A5l M w2 AFoh dSAdAE e AAEHE s AEd & A
o2 g Aoltk (Table 3.7). 71 A 12€l= I 3l FolA 79 o 2y
fso] UEtU™ oF 78%, 712 42 50%9] d5AS=E yepdo. f2iudte] 1d 712 &
°F 56%, 71 M2 50%9] =54 dEbid, 124 NPO$ NDJ Nino3.4 A& &-8&3}
4 718 dFde FAE F US AeE AdEH

AN ooX ox
2 o

— o of

3
=
]
kil
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Figure 3.22. Scatter diagram between the December NPO and Korean
temperature anomalies in December (left) and January (right). The values when
the December NPO+NDJ Nino3.4 index and Korean temperature index is above
(below) +(-)0.5 standard deviation are indicated by the red (blue) dots. The
symbol of ** denotes the 99% confidence level based on the student t-test.

Table 3.7. The same as in Table 3.4 but for December NPO+NDJ Nino3.4 index.

Positive temperature (+0.500) | Negative temperature (-0.500)
NPO+ENSO level December January December January
0.250 75% (9/12) 42% (5/12) 56% (5/9) 56% (5/9)
0.500 78% (719) 56% (5/9) 50% (3/6) 50% (3/6)
0.750 67% (4/6) 67% (2/3) 67% (2/3) 67% (2/3)
1.000 67% (2/3) 67% (2/3) 0% (0/0) 0% (0/0)
1.25¢0 100% (1/1) 100% (1/1) 0% (0/0) 0% (0/0)

122 NPO¢} NDJ Nino3.4 A9 +05 EFHA}E 7
of thal FAE EXS eIt (Figrue 3.23). A X471 <49 AL o, 1299
ZE RS dEoA FYHg 7 Aso]l #ASHEY. Ve e =
T SROA o] FsA EAgT Hidel, 5o A AFE AT A Fol
g tok wow frefmatAl = AT 7o) Wolx &= Aol ot 1€o] HH f-uetet
T R AY, aga dEA 7] shie] #E5HET. I1HEE 12¢9 NPO A+ 9
Uk Btk olyg} FofAlole] I A YT 1Y 7S dSdte AR 8T 4 U

N
o
u
offt
)
>
9
N
12
Lo
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Figure 3.23. Joint composites of surface air temperature anomalies in December and
January when the December NPO+NDJ Nino3.4 index is above 0.5 (left) and below -0.5
(right) standard deviation. The hatches denote the 90% confidence level based on the
student t-test.

=& 129 NPOSH NDJ Nino3.4d A58 =% mejste] 44" sl teshs $elvietel
£ 3@ IR Be, B v, BERTD ¥ TS (Table 3.8, Table 3.9)
A A57) 05 BEAA o4 WE Jzoz AAE 9719 8 FlA 126 T a7}

& 4% B 2] e Bdn wsd slec] B3tk 198 549 S Je 4
%, 3 Sel Baw W, LA shel 71 sl uehdoh 18nE 1296 SUmsh
NPO7L BAlol Ayt $-2uete] 1293 19 =5 BdRg 7lec] B¢ Zolan 43
% itk wdel, A% A57} 05 EEAA ol5Hel 67) 3 FlA 1290l 242 37 7t
dR e 7L, W) usd Jlec BT 19dE 3 slolA 71£ ovoh 27} 3
B 7L, D) sl el A5sdnh. A% A57t 2o 94Y Ao 44w s} %
AF Aol ws) AL oS40l RAY, 1293 19 BF $euele] 7)ol Ja noh AL
WU v5d Aol YOUE oZe] BEF 5 g o sgEh

O
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Table 3.8. Korean temperature anomalies in December and
January when the December NPO+NDJ Nino3.4 index is
above 0.5 standard deviation. Blue (red) shading indicates
below-normal (above-normal) temperature anomalies in
accordance with its -(+)0.5 standard deviation. BNA denotes
the number of below-normal/normal/above-normal years.

December January
2019 1.6 3.1
2015 2.3 -0.6
2006 0.7 1.6
2002 0.9 -1.1
1997 1.1 0.8
1994 1.0 -0.1
1991 1.8 1.9
1987 0.5 1.0
1982 -0.2 0.7
B/N/A 01217 1/3/5

Table 3.9. The same as in Table 3.8 but for
when the December NPO+NDJ Nino3.4 index is
below -0.5 standard deviation.

December January
2010 -0.5 -1.3
2005 -3.6 1.3
2000 0.4 -1.1
1999 0.0 0.7
1995 -1.6 0.0
1983 -1.3 -2.6
B/N/A 3/3/0 3/2/1
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AZAA ] A%E o 129 NPOSE ENSO HRE ol g3t Seutete] ALd 7]
2 A% SARE AYSEON A A% ol 4L nestAT Figure 3.24) s}
gk 93t mHol} B/ By B okt A2olE ABATL ol8F S & B
92 A% /0 FREst HH FEED Ak AF Sol, ALWel Aune] BAo| 5

© K

W, duHoR dunel HWP719 1290 Sty 1eo] Hdn ¥2 JOE A4
% gl ok NPOE cZated tha olggol 9yl mEel, BB o] MES A%
o2 RUHPY Bast Aot oF 1290 NPO %o g4l Bl & 2 AAH o] 1¢0]
selete] e A4 A4T 5 Utk 2HEE ANE SAEE Bd Seluee] ALy
e dAZe] BEY & U O JlUHn B RuAels duk FeelA 1299 NPO &
o ol wASE Feuete] 19 s1eo] Sgse A, B B 5 T A5} w9
4 Aol AAE AAF TEA GAAT, FF NHBHES LelD oS JRE AT
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Figure 3.24. Flowchart of decision process for implementing the December
NPO and ENSO to determine the Korean temperature anomalies in winter
(December and January).
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Ao Ao tig TigsE HUHE Fil, £05 EFHAE o8 o dF AYg=Tt M =
2 A& FJstHY. E3], Nino3.4 A= iyt 12¢€ 7|3 5 dFAo] =A% 1€
o ofEgo] A7) w&el, 12¢€ NPOE &8st vt 12€ 7] otk ofyz} 3 &
AAde R 1¢€ 712 9A 9= 4 U Ijr‘jP NPO&= sllH7|de 2 Aol o9} 2 U]
Hys A& Fa AA dSdd ool Utk ENSOY A9 93t nys} T4 g & o
g3ko] 2o k5] Wl Ninodd A+E BEsHel Seuete] 129 183 F5E A%
3tal, 129 NPO A5 RUEHSE 19 7|L =0 &83 4 98 Aot
o e e fstrys
éz £3 HAt 5 ¢ |
L CWNP SO Z3 - /

Figure 3.25. Schematic diagram showing the teleconnection from WNP precipitation and
WES feedback mechanisms in response of December NPO for warm temperature
anomalies over Korean Peninsula in January with 1-month delay.
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4, ojgl 7|=Hsto| g SHHtE Mo x| M

ATF2GEE AT EE 7HEA st e, 1850~1900d HH ] tiv] H
20d  (2001~20203)2 <F 0.99°C <3ty ar(dPCC, 2021, FH+ 59(2018-2022) HF7]| =&
1.17£0.13° C =AU THWMO, 2022). ooy} WMO<L] 20231d AAle] A+ 7]& B Ao 2
3hH 20232 7HE 710 =2 dE 71EFHS e H, 2023 10€ 7HA HAAF 722 4kdE
o o]x 1850~1900 7]7F ﬂ%‘ﬂ 14°C =gty RuEY gy WMOs JAFAEL d4F
o] mtA =M A AF HHo] 1.5°C & go & 539 oy ¥& AHolgtnw A stgTh

f1eb 2ol AFAsy} st EA Asstes 9 SOl 2E oy X Aikell 9lojA Fa
A7 o|Fo] AT HY A BHo] YTHIEA 2020). 1HEE AF2d3E 93}str] Y3
A8 oF oA A zHElo A g % (Photovoltaic, PV)& £8 dbd 2& Ao A A2~
oz HdEstd= A AAAR] =8Eo] 3 Foltt. 7H4o] vigd AAA A= 7|<E A,
AR g, FA3E BEA4 A Fo=E mEA JE 2 Avle AALE wt Fa

o ZEJE A AAA = AAHo] o, A HA B2 =7kl AR o7 AH
A vlgE FE3] S7FskaL JATHREN2L 2020). 20199-& 71Eo2 AAdUA = AA Ag
T8 27.3%F AA|EH ow, 53] Fg o] 22%, PVE 10%S] MA g A4kl 7138t Sl

Feuets PVel 8-S A4 A duAdoer SAste] Hgo] soE dweln, 2012

W otir] 2030 B2 2.7%0 A 20.8%, T 2.2%00A4 19.1%°= By ExE AAHSA
O (AE 3R 2020). olgk Zo] rFHEE gEstE = kYo dFor AYA ol
o7 Y A gEEE AR FTMAVIEE BH AP SlojA, B B 3 EAd
of o AN Y FFALE SlaA A v &2 W mgolA olE AYAYA A
2Hlol] o Al FES vA= 71FAA 2450 oGA HETA ] thgk o]srt Bas)
o & PV 2AE HallA BAE, Ve, T5 TEE $Y S AY 35 S XTI 7
T 24T A AF Z2 AW FRe DAY 9 duA AE A% 5& SA
otk gty el 71FHstE adste AU A AR 4A A A% PV 2 F
g 2o 715 s Gl i AL A AR AFe A wsd=e] 71FAET}

Fastrt
a¥ER Ol 04?01]*1L lkm sf3=2] ‘/‘f& V= 715 ARE ARESH], W 7%
e 7] 52l
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AW Ta BAL XA 7], vig, A9, FFEF Uik #= A5+ ECMWF
(European Centre for Medium-Range Weather Forecasts)e] reanalysis version 5 (ERAD;
Hersbash et al. 202007} AF&= Atk ERAS A7 717+e 19403 AA|7FA] o]t} o] A+
o &= 1981~2020d 7]171e] 9 BE ARES BAsPon, 1981doA] 20108 Hd 7)
tom stod, 1981 d oA @A74A o] A%k, RSDS, vbg, 7] #AxpAo] A o= ot

422 A= 3 ZA TF = 71 FHES AR AR

nje 7] 3}o PEP—E— Gk A A ol | A Eﬂi‘r A BEALS feiA sevete] AFads
Hote lkmel nalldE AxE #AZSAs 9 SSP 7|dk v 7|3 W3t Augle A5E A
st oHKim et al. 2022b) @Gk A J_oH/E}E_ IR 5= 15, A, A, fUdr 5=
A3k SAA FAME Wl MK-PRISM (Modified Korean - Parameter elevation Regressions
on Independent Slopes Model) (Kim et al. 2012; 2013a; 2013b)& # &3}l AH2+= Sl PRISM
FAsE e o2 JAs FHEKRIGING, Inverse Distance Weighting 5)ell Hls] A 4ke}t 2]
e eElvEte] A BEAS & JUehita ¢ A lthlee et al. 2014). MK-PRISM
9] 48 AFZEA 2000-2019 717t F FH7)FBSA(ASOS, Automated Synoptic Observing
System) 977§ 49} A5 7] #Z=4(AWS, Automatic Weather System) 50871, & 6057 #H=A=A}
571 AR EH AT

K oo

FHNdE  1kme Y= 7|3 HE  Aygl 2+  MK-PRISMel|  7]¥hgl  PRIDE
(PRISM-based Dynamic downscaling Error correction) 7|¥ < AF&3te] 4F=5 Atk (Kim et al.,
2016). A5 4= AAHS TESIA kAR (A w2 AS A= Kim et al
(2022b), Kim et al. (2021), Kim and Kim (2018) %=], CORDEX (COordinated Regional climate
Downscaling Experiment) sofAlo} 26+A] Z2AE Q] 5709 Ao 7|15 wellE-S(HadGEM3-RA,
CCLM, WRF, RegCM, GRIMs) &3l Aj4+#®l CMIP6 (Coupled Model Intercomparison Project
Phase 6) &7}~ 7 2<¢l SSP 7|4k 25km A4 =9] 7| E W3 AlUe]l e A8 S Barnes A% &
21 71 (Koch et al, 1983) A &3l @3t A #FAES 2 lkm i EE HASHATH
WAHE s s 71$HE Alug e A5 AlFAHAH7|$ RdE9Y AlFext 42 Kim
et al. (2020, 2022a) #F=x]= AASL 71FHS} ZFAH digk 9§ FAsH7] AdlA A5
AdH AA Aol E3 A BSAEY I AE Aol 22 wAEAY. 183, AlFAt
7} vla ] 2 ZFsFo] tisiA= QDM (Quantile Delta Mapping, Cannon et al. 2015) W o =2
F7HHoE He BAS FRsAT A7|A vl 7% Ay e dig XY 7|F ZdEY
AES Y3 AAFL CMIP6 28 E 5 3ly<l UKESM (UK Earth System Model)<] 6/\12} 43
A, 3729 RoABI7} AFEHAHSellar et al., 2019). CMIP6 £271» & A2E ZF 579
5 P Qom, A3k A 7|3 As = SSP1-2.5, SSP2-4.5, SSP3-7.0, SSP5-8.5 A=ZE
ﬂ*PQOiE‘r SSP1-2.5& AAAUA 7|& YEE SIMASE AHgo] HAsEHI 8 H
g AARZES sk Alve] 2o, SSP2-4.5+ 7| Fwist ¢ks) g /‘Pﬂﬁxﬂ
b A= 7HEe Alveg] @o]ar, SSP3-7.02 713 k3t A Ao A7 Olfq
=o] 7|$ sl FHepg 72 7}7@5‘}% Alvg] o)t} SSP5-8.5& 47w 9 &

N

irNJ
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R FAL Fol HAA 2
goolth o AFeIAE Lea A
WiEo] Ao Aehh AUhE] o SSP2-45

A §1Fe PEEE AL SUE APHsE A
£ 98l SSP5-858 AH&sIA, olol Hiul
A3

B =

o] AT AMAANAA v WH3lo] o YA BXS QA = A 7] EHSH
AU e A8 E YA A" AY 71E 29 3Z(HadGEM3-RA, CCLM, WRF)¢] =oxg s
o] &3}t

4.2.4. AAANAA LA JAF H7}

PV olux] wbd zhA) #H(power generation potential, PVpot)& [4.113} o] FH =4 (F
715 270l wEkM nominal ¥ &% ol BdF Aso] HY §FE FA o2 %
7Vah= Jerez et al. (2015)¢] WS wskth PVpot WA 42 F8 ouyA|dl A& Tt
(RSDS) %k ofe} ejfg Ao AHAYL & FFS vIA= t7] ey =
sts FHVWSe de=A mddn. 53] 7ol SEUbY PV AHEFS 2T
(Radziemska 2003).

o
N
N

=)

PVpot(t) = Py(t)

o714 STC & TE ANF ZAWRSDSse = 1000 WmHES ouisiy, Pe A5
(Performance ratio)o| ™, 7]-& WH3lo] wE PV A §82 WHIE AW3r] YA 42148 &

25 2 = ok
Po(t)=1+7[T,,t)— Tgr [4.2]

Teer 2 PV A0 2&0]a [43]A4 7 TAS, VWS, RSDSe] d&F& este] sy How
(Chenni et al. 2007), Tgp-=25C y=—0.005°C" 'o|T}.

T (t) = ¢, te, TAS(¢t) -l-cSRSDS(L‘) +¢, VWS(t) (4.3]

A 71A ¢, = 4.3°C, ¢, = 0.943, ¢, = 0.028°Cni* W ', ¢, = —1.528°Colf. 122 FH 7%

71%M3}tol] w2 pvpotol W3ale] thdk TAS, RSDS, VWS 7| AEZ #7317 YsiA
[4.1]-[43]= $AW a3 2o

PV,

(1) =, RSDS(t) + ¢, RSDS*(t) + a,RSDS(t) « TAS(t) + a,RSDS(t) « VWS(t), [4.4]

o, =1.1035x10 °, @, = —1.4x 10 ", @, =— 4715 x 10 °, ¢, = 7.64 x 10 °
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a2 =, PVpot Mgt oA Y Fo

A PVpot (t) = ARSDS(t) (e, + a, ARSDS + 2a,RSDS(t) + a, TAS +a, VWS) [4.5]
+a,RSDS « A TAS
+a,RSDS « A VWS
+a,ARSDS « ATAS
+a,ARSDS « AVWS

[4.5]olA ARSDS= AVWS=0 < H3ld PVpotsle] oigk TASe] 7o, H|S35HA
ARSDS = ATAS= 065 FH3stH VWS 714 E H71E 4 ok RSDS 9] 7|o= APVpor ol A
TASE] 7]} VWSE 7| E wlH & 4 Qo

=8 2 Hrke A¥E] 8 HE xol)d 80mellAM [4.6]AH F59 SXJ]J—Oﬂ ] & 3}
« vt oA "= (WED, Wind Energy Density)& At-&3t F3= ot & WEDE 39 &
A ERle] @I Hets WA o F3ste EEdUAE on .

WED = %QU?’ [4.6]

0

[¢]

A1 pE F/NEE (1225 kg molx A= IF EoldlA FHolth F3 uIAE
Ago] F&2 10mollA ol 2E power law(U,= U, (H/10)/J& o] &3t 80m 7bA £4tE S
o}

29 % Eulo] gFolxn ﬂaol A= 39 3 7 F5 HS S 39 29
A&@3 misec) H FTHR5 m/sec) FE FIHAA FE5 vlER EAHJGFE 4.1D. Y ¢
ERIE Als FHolA d8s *§4‘}‘3}7] NZ&AsEaL, A7A 28 F4£(13 miseo)7tAl AY Aol
HAE F7tetar, olF HMYAFE O ol FUtstAl Feth T T vigho] A A |,
HHle 33 AEALs |34 g ol 35 Pl A 71 F RSt FEFS wol e
gk B4 oA dUdoz fe dgs Aste 73 9 g2 AgE Aiste 7t
SollA o Ao] ¥ 7|FHslel] PFFe Bo| WA v
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Power (kilowatts)
A Rated output speed Cut-out speed

Rated output power J

- Power curve

Cut-in speed

3m/s .....K3m/s...., 25m/s

Typical wind turbine power output with steady wind speed.

Figure 4.1. Wind turbine power curve.
Cut-in speed where the turbine begins to
operate, rated output speed where the
turbine begins to operate at its rated power
and cut-in speed where the rotor is stopped
are indicated.

43. &G A LA AT HE A%

AA BEe] WA F004-2009014 PVpote] AMA W 5L wu, BARTHD
020000 714 2 PVpotg HolT, ALHO100] 1% 4 AABL wYoH, AjHozE
o %—%— ool AU EIThEg 43, of 2& A%, AAH Wse RSDS s

7} AtFig. 44, F B YAFE BHel g A1, e 48R 19n
230 7} OL Ao gre Helth wak RSDS/F EWR Aol ChE A
g4o] BART RSDS7E 2he ol R w7k 7bY wol

@71 TEo| el WLT shsAe] 2 AHoly] WFolth 123 PVpote] RSDS] o &A]
ASAR, 7|20l GlBH Hhgke Boly] WEe] /&9 BjFY A X WA &
o 2a ANE BT 4Bl BoE B HUge REES /@ 2o neln.

sk ol AA ATl A Avees wek Ao Ju ve 71Fuste 21
A7) ANE7)(2021~2040), FHF71(2041~2060), F9F71(2081~210000) PVpote] Ald™ wal dwk-o
Figure 449} 45004 742t mejZch Aga Auel e date] tiiie] RuSe B
Aiksle] tha Z7h A% N1EoT BAHCD FolatA )L molty), Fuky] o Fo
t gasts oz ARHth AT Tl FAMCE Fo% gat A B A
AT ERtTh GBAe BA wd FAe By, 5 2 ga 27 9L, Fw
7l ol% g A%E RAT FlAE @A) 7% e We g o =d 2k BAX
b e Al MalA b Zeh 7heE PVpote e Aol malA 2147] Aukrle] 7}
7 Zbelon], B8 thrE AdoA 90% FEAM FolatA gkon] AAE Wi A
NAT FelF F7HE BATH ol F Fubrle] BAR G thi Bk AY, FER AGolA
Ha 7 ARe Btk ALHe OE Adds 98 2147 AR gass e
A% ST, FE B AY F AUE, ZUE A AY, FAIEE} Ao A% Ao

_75_



)
.

Az Ael oo w

| —
T

agka Ay ellA PVpot W3}

o

|

o) 21417 FW7)RE UEhdTh

S
214171 ZAdt7)o] g3k A=A PVpote] Z+

<= UET 7t

bof B3hayg

PVpot ¥s}le] o]

=
T

AQ] I AHGA 7] TSt w

Ut A=dol=

544 o

Hats FAHE 79

HAT 184 Alnhe] ol A

=
=

x4

1

Il
yul

2 79

s Ke)
&=

W7o H=oll A FA

thH] 21417]

K
T

PVpote] &H=zj 7]

2 AUt

_76_



MAM, PVpot MK—-PRISM
39 f ) L L ! i |
38 1« L
37 A L
36 A F
35 r
34 A S
7 Mean=0.20 [
33 T T T T T T T
125 127 129 131
s B ————
0.10 0.13 0.16 0.19 0.22 025 0.28
LJJIA, P\{pot . ) IMK—FI’RISM
38 1« L
37 A r
36 A F
35 B
34 A +
7 Mean=0.19 [
33 T T T T T T T
125 127 129 131
s B B
0.10 0.13 0.16 0.19 0.22 0.25 0.28
SON, PVpot MK—-PRISM
39 : ) L L | !
38 1= L
37 A 3
36 A r
35 A r
34 A -
7 Mean=0.13 [
33 T T T T T T T
125 127 129 131
e S —————
0.10 0.13 0.16 0.19 0.22 0.25 0.28
DJF, PVpot MK—-PRISM
39 Y h L L i !
38 1= L
37 r
36 A r
35 A r
34 A -
7 Mean=0.12 [
33 T T T T T T T
125 127 129 131

i N - —————— g
0.10 0.13 0.16 0.19 0.22 0.25 0.28

Figure 4.2. Seasonal distribution
of photovoltaic power generation
potential (PVpot) from
observational MK-PRISM data.
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Figure 4.3. Seasonal distribution
of downward shortwave radiation
(RSDS) from observational
MK-PRISM data.
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Figure 4.4. Change in seasonal mean PVpot under a future SSP245 scenario relative to
present climate over near-term (2021~2040), mid-term (2041~2060), and long-term(2081~2100)
period.
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Figure 4.5. Change in seasonal mean PVpot under a future SSP585 scenario relative to
present climate over near-term (2021~2040), mid-term (2041~2060), and long-term(2081~2100)
period.
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Figure 4.7. Box plots for change in seasonal mean PVpot under a future SSP245 (blue) and
SSP585 (red) scenario over long-term(2081~2100) period relative to present climate in nine
administrative districts in South Korea. Boxes indicate the multi-model ensemble mean and
circles indicate each ensemble member: filled with colors if change is significant and with
gray if change is uncertain and they are empty if change is negligible.
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Figure 4.9. Change in seasonal mean downward shortwave radiation at the surface (RSDS)
under a future SSP245 scenario relative to present climate over near-term (2021~2040),
mid-term (2041~2060), and long-term (2081~2100) period.
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Figure 4.10. Change in seasonal mean RSDS under a future SSP585 scenario relative to
present climate over near-term (2021~2040), mid-term (2041~2060), and long-term(2081~2100)
period.
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Figure 4.11. Change in annual mean RSDS under a future (upper panels) SSP245 and (lower
panels) SSP585 scenario relative to present climate over near-term (2021~2040), mid-term
(2041~2060), and long-term(2081~2100) period.
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Figure 4.12. Box plots for change in seasonal and annual mean (upper panels) PVpot and
(lower panels) RSDS under a future SSP245 (blue) and SSP585 (red) scenario over
long-term(2081~2100) period relative to present climate. Boxes indicate the multi-model
ensemble mean and circles indicate each ensemble member: filled with colors if change is
significant and with gray if change is uncertain and they are empty if change is negligible.
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Figure 4.13. Box plots for RSDS-, TAS- and VWS-induced change (orange, green, purple
respectively) in seasonal mean PVpot under a future (upper) SSP245 and (lower) SSP585
scenario over long-term(2081~2100) period relative to present climate averaged over South
Korea. Boxes indicate the multi-model ensemble mean and circles indicate each ensemble
member.
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Figure 4.14. Spatial distribution of
seasonal mean wind energy
density (WED) at 80m averaged
over 2000~2019.8
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Figure 4.15. Change in seasonal mean wind energy density (WED) at 80m under a future
SSP245 scenario relative to present climate over near-term (2021~2040), mid-term (2041~2060),
and long-term (2081~2100) period.
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Figure 4.16. Change in seasonal mean wind energy density (WED) at 80m under a future
SSP585 scenario relative to present climate over near-term (2021~2040), mid-term (2041~2060),
and long-term (2081~2100) period.
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Figure 4.17. Change in annual mean wind energy density (WED) at 80m under a future
(upper panels) SSP245 and (lower) SSP585 scenario relative to present climate over near-term
(2021~2040), mid-term (2041~2060), and long-term (2081~2100) period.
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Figure 4.18. Box plots for change in seasonal and annual mean wind energy density (WED) at
80m under a future SSP245 (blue) and SSP585 (red) scenario over long-term(2081~2100) period
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uncertain and they are empty if change is negligible.
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Figure 4.19. Frequency of wind speeds over (left panels) 3~25 m/sec, (middle) 3~7m/sec and
(right) 7~13m/sec at 80m during spring, summer and winter seasons.

_95_



MAM SSP245 (2021-2040) . MAM_, ,  SSP245 (2041-2060) .. MAM SSP245 (2081-2100)

TWS80_3to25 [ %% TWSB0_3to25 [ 9 TWSB0_3t025 I
38 1« r 38 1« r 381« u
37 L 37 L 37 -
36 1 r 361 r 361 u
35 ¢ - 35 ¢ T - 351 -

] W L N3 I i
34 4 o L 34 o L 344 L

i fontid " ) et r T «» i
33 T T T T T T T 33 T T T T T T T 33 T T T T T T T

125 127 129 131 125 127 129 131 125 127 129 131

-20 -10 I (IJ I 10 20 -20 -10 I fl) I 10 20 -20 -10 I OI I 10 20

JA | SSP245 (2021-2040) JA | SSP245 (2041-2060) JA | SSP245 (2081-2100)
39 TWS80_3t025 " %9 TWSB0_3to25 [ %9 TWSB0_3to25 I
38 1« 381« 381« u
37 4 - 37 L 37 -
36 A r 361 r 361 -
35 4 r 354 r 351 -
34 - o F 34 ST T34 o I
33 T T T T T T T 33 T T T T T T T 33 T T T T T T T

125 127 129 131 125 127 129 131 125 127 129 131

—~ENTTTT T T T T — —ENTT T T T T ——

-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20

SON | SSP245 (2021-2040) SON | SSP245 (2041-2060) SON | SSP245 (2081-2100)
39 TWS80_3t025 [ %9 TWSBO_3toz5 [ %% TWSB0_3toz5 I
38 1+« r 381« - 381« u
37 A o371 374 u
36 1 361 r 361 -
35 4 r 354 r 351 u
34 L 34 L 34 3

i i i < " A «» "

33 T T T T T T T 33 T T T T T T T 33 T T T T T T T
125 127 129 131 125 127 129 131 125 127 129 131
e I E— —— O — B I E— — O —
-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20
DJF | SSP245 (2021-2040) DJF | SSP245 (2041-2060) DJF |, SSP245 (2081-2100)
39 TWS80_3t025 " %9 TWSB0_3to25 [ %9 TWs80_3to25 I
38 4. L 384, L38 4. ‘ -
37 L 37 L 37 -
36 A r 364 r 364 i
35 4 r 354 r 3541 u
34 4 L 34 L 34 L
| r i ity " A Junity "
33 T T T T T T T 33 T T T T T T T 33 T T T T T T T
125 127 129 131 125 127 129 131 125 127 129 131
-20 -10 I (IJ I 10 20 -20 -10 I CI) l 10 20 -20 =10 I 6 I 10 20

Figure 4.20. Change in seasonal mean frequency of wind speeds over 3~25 m/sec at 80m
under a future SSP245 scenario relative to present climate over near-term (2021~2040),
mid-term (2041~2060), and long-term (2081~2100) period.
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Figure 4.21. Change in seasonal mean frequency of wind speeds over 3~25 m/secat 80m
under a future SSP585 scenario relative to present climate over near-term (2021~2040),
mid-term (2041~2060), and long-term (2081~2100) period.
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Figure 4.22. Box plots for regionally-averaged change in seasonal mean frequency of wind
speeds over (upper panels) 3~25 m/sec, (middle) 3~7m/sec and (lower) 7~13m/sec at 80m
under a future SSP245 and SSP585 scenario relative to present climate over near-term
(2021~2040), mid-term (2041~2060), and long-term (2081~2100) period. Region corresponds to
753l region.
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Figure 4.237Z Box plots for regionally-averaged change in seasonal mean frequency of wind
speeds over (upper panels) 3~25 m/sec, (middle) 3~7m/sec and (lower) 7~13m/sec at 80m
under a future SSP245 and SSP585 scenario relative to present climate over near-term
(2021~2040), mid-term (2041~2060), and long-term (2081~2100) period. Region corresponds to
3] ok region.
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Figure 4.24. Box plots for regionally-averaged change in seasonal mean frequency of wind
speeds over (upper panels) 3~25 m/sec, (middle) 3~7m/sec and (lower) 7~13m/sec at 80m
under a future SSP245 and SSP585 scenario relative to present climate over near-term
(2021~2040), mid-term (2041~2060), and long-term (2081~2100) period. Region corresponds to
P43l region.
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Figure 4.25. Spatial distribution of correlation coefficients of between (upper) PVpot
and sea level pressure, (middle) PVpot and total cloud cover, and (lower) RSDS and
total cloud cover from ERAS5 reanalysis data. PVpot, RSDS and total cloud cover are
DJF-averaged.
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relative to present climate.
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Figure 5.1 Orographic mask data for CORDEX-EA Phase 2.
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Figure 5.2 East Asia Drought Map in the APEC Climate Center Homepage

(November, 2023).
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Figure 5.3 Temporal variations of (left panel) 1-month and (right) 9-month SPI and
SEDI for the (upper panel) Korean Peninsula and (lower) East Asian region from
1979 to present. The bold line represents a 12-month moving average.
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Figure 5.4 Spatial distribution of SEDI3 from 3MME for (a), (b)
MAM and (c), (d SON during (a), (¢c) near-future(2021~2040), and
(b), (d) distant-future(2081~2100) in SSP126 scenario.
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Figure 5.5 Spatial distribution of SEDI3 from 3MME for (a), (b)
MAM and (c), (d) SON during (a), (c) near-future(2021~2040), and
(b), (d) distant-future(2081~2100) in SSP585 scenario.
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Figure 5.6 Spatial distribution of SEDI3 from HadGEM3-RA for (a),
(b) MAM and (c), (d) SON during (a), (c) near-future(2021~2040),
and (b), (d) distant-future(2081~2100) in SSP126 scenario.
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Figure 5.7 Spatial distribution of SEDI3 from HadGEM3-RA for (a),
(b) MAM and (c), (d SON during (a), (c) near-future(2021~2040),
and (b), (d) distant-future(2081~2100) in SSP585 scenario.
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Figure 5.8 Spatial distribution of SEDI3 from PNU-WRF for (a), (b)
MAM and (c), (d SON during (a), (¢) near-future(2021~2040), and
(), (d) distant-future(2081~2100) in SSP126 scenario.
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Figure 5.9 Spatial distribution of SEDI3 from PNU-WRF for (a), (b)
MAM and (c), (d) SON during (a), (c) near-future(2021~2040), and
(b), (d) distant-future(2081~2100) in SSP585 scenario.
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Figure 5.10 Spatial distribution of SEDI3 from POSTECH-CCLM for
@, b MAM and (o), (@ SON during (a), ()
near-future(2021~2040), and (b), (d) distant-future(2081~2100) in
SSP126 scenario.
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Figure 5.11 Spatial distribution of SEDI3 from POSTECH-CCLM for
@, ® MAM and (), (@ SON during (@, (©
near-future(2021~2040), and (b), (d) distant-future(2081~2100) in
SSP585 scenario.
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Figure 5.12 PDF distribution for SPI3 and SEDI3 in 3MME.
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Figure 5.13 Spatial Distribution of D2(Severe), D3(Extreme), D4(Exceptional) Drought
for (upper) MAM and (lower) SON season during 2021-2100 in SSP126 scenario.
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Figure 5.14 Spatial Distribution of D2(Severe), D3(Extreme), D4(Exceptional) Drought for
(upper) MAM and (lower) SON season during 2021-2100 in SSP585 scenario.
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Figure 5.16 Box plots of contribution of 5 variables(TAS, RN,
PR, UAS, VAS) for SEDI3 during MAM in SSP585 scenario.
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Figure 5.17 Contributions of 5 variables(TAS, RN, PR, UAS, VAS) for
SEDI3 during SON in SSP585 scenario.
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Figure 5.18 Box plots of contribution of 5 variables(TAS, RN,
PR, UAS, VAS) for SEDI3 during SON in SSP585 scenario.
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NE 28& 3 ’éﬁiiﬂ #3ll Box Plots o]&sted Aels) B, 7Hed 7hwAlae] |
0@ W5 vlel e 3% ROM B AR 7] &(TAS)0] 40%2 & 7101]1:-g BolT
BEORIE +12%, W0 R RHVASE $28%% F9l A|AEE Holt AL U + 3
o TheAdds e SUHEeE ke Al Jostal, A 3s ukE 1301—601:0] 7t
T 7k ool V@t Ae & 5 Ao (Figure 5.18)
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Figure 5.19 Surface air temperature difference pattern between
P2(2081-2100) and HIST(1985-2014) for MAM in 3MME,
HadGEM3-RA, PNU-WRF, POSTECH-CCLM in SSP585 scenario.

Figure 519= ®ivlef 713t &<t w42 A32W 7129 @A divl 18a Ay oA
sl I3 BEXE HoFrh. HadGEM3-RA, WRF, CCLM = T ey A AHe) dis|

E 7ol @Al W) S/ ZAeolgta AWsta vk 1 AEY EExe EErin A9
B2 AolstAl vebar Lo, SMMEdIM = X4 ZF=7b o3t = o] ofstAl Helth

Y =

R

A8 wyel BN BEE WA 8 BE, @4 v B3 g0l /A 2A Yehie 23
2 HadGEM3-RA = &o|t}. ¥t POSTECH-CCLM EdolA = dA tiv] 7|9 Wiyt 713
27 vrebs.
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Figure 5.20 Surface air temperature difference pattern between
P2(2081-2100) and HIST(1985-2014) for SON in  3MME,
HadGEM3-RA, PNU-WRF, POSTECH-CCLM in SSP585 scenario.
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Figure 5.21 TAS change during
MAM and SON for the
Near-future and Distant-future
over Korean Peninsula.
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A AyE] o] dis A s B, vl AH9HT AFEH7|2S o] Bls
< HAY (Figure 5.21)
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Figure 5.22 Geopotential height difference pattern at 500hPa
between P2(2081-2100) and HIST(1985-2014) for MAM in 3MME,
HadGEM3-RA, PNU-WRF, POSTECH-CCLM in SSP585 scenario.

AZH 713 A dir] &3 "|stE Br] 98] 500hPacl e Ai1EHS HA|
e Wl # A3, SSP585 nEhA Ay oA Wuy FEHAE 3RtE FFo
=dEvt fiA sk EA S Kol ok Eyuith 27|t ol A=
gk ool d Aaxe ExE SEuvded EFo] S EojEol¥A
o2 R®RAY (Figure 5.22).
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Figure 5.23 Geopotential height difference pattern at 500hPa
between P2(2081-2100) and HIST(1985-2014) for SON in 3MME,
HadGEM3-RA, PNU-WRF, POSTECH-CCLM in SSP585 scenario.
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Figure 5.24 Precipitation difference pattern between P2(2081-2100)
and HIST(1985-2014) for MAM in 3MME, HadGEM3-RA, PNU-WREF,
POSTECH-CCLM in SSP585 scenario.
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Figure 5.25 Precipitation difference pattern between P2(2081-2100)
and HIST(1985-2014) for SON in 3MME, HadGEM3-RA, PNU-WRF,
POSTECH-CCLM in SSP585 scenario.
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Figure 5.26 PR change during
MAM and SON for the
Near-future and Distant-future
over Korean Peninsula.

- 131 -

T REEE Bolal Sled, e A A HlA
wol ojbye} 3MMEIAM = &
Aad



B AU edA BE3 hede] 453 wsks v, wede) o Felsng
. ARG Aegel 9% A4gel isa gent, AR 2aday wee)
of Aol st AL & & Yok

MAM VAS 3MME, S5P585 MAM VAS HadGEM3-RA, SSP585
P e R A TS R R i

120E 125E 130E 135E 140E  120E 125E 130E 135E 1408

BENNNE ol [ 1 EE

2 16-12-08-04 0 04 08 12 16 2 2 -16-12-08-04 0 04 08 12 16 2

Figure 5.27 Surface meridional wind difference pattern between
P2(2081-2100) and HIST(1985-2014) for MAM in 3MME,
HadGEM3-RA, PNU-WRF, POSTECH-CCLM in SSP585 scenario.
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Figure 5.28 Surface meridional wind difference pattern between
P2(2081-2100) and HIST(1985-2014) for SON in 3MME,
HadGEM3-RA, PNU-WRF, POSTECH-CCLM in SSP585 scenario.
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VAS Change over 5.Korea
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Figure 5.29 VAS change during
MAM and SON for the
Near-future and Distant-future
over Korean Peninsula.
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6. ALEAL Hold &2 2l 7|7 HAl 24 AI2H

e ATl GFE MAE She hoste Adeld ol uhe mXE JFe
A% =% 2 A AAHO NN BASE o471 EE s e mAE o=l
AEe A% WL o] ATAE R AAE Ado] HmsI Bl S MAR
gol WS Ytk olol meh A& /T @A AATEHY BAYI ME BA Au
ool HS FUHL Utk w3, AA AANA FH AT FF NGB G A%
Hol ZAS B3l A ARHE Hasto] B =PoE AN BE ARE FHNL
FHQ ol 3NF FAG AU AF P4 8 AR AT vz FHol BashA Huct
T3, Y G RES 93 APCCE o Tl AFHE B3 AT 2 ARARE £
of A Atk TFstel FwEe] WE AR B WE B GAE As) w2}
A ARSY AA D NS @A Ao AFske] AHAT AARA o] HsHEH U 7
ARAAE AFE S B BA Aus AFE BED AL

6.2. A5} WY

ARES ZAEAY AR AF3st Au=E 9 APCCY 7]&ZA&A A 2~"l(Climate
Analysis System, CAS)S] €d, 4, ¥ ZUHZ AR} o ZAA FAAG AujzoA A
FHI A= EE SR HRE TR 39k 7122 8EE NOAA CDC (Climate
Data Center)oll A #|F3sl= LS AH7|H2 st o™ 1 2o NSIDCoA Al&3sl= 3l
AR, =9 AEE ZEAT Fd THE 7% EofollA F52=E AE-Sk+= NetCDF
(Network common Data form)©.2 FAEHo o ol 3d ¥l A7ty FAHRE S
o] e E71E 4 U= Aol Ak T3, NetCDFHEAH A FHA e olv|A Y 1
I ARE OdE FRst AFsdt HE W sl 2 %(sea surface temperature),
A FH 7] (surface air temperature), 75 (precipitation), A7 &3} E-AFF(Outgoing Long
Radiative; OLR), 3™ 7]%t(mean sea level pressure), = @ 2 3| (snow cover and sec ice),
850hPacll 41 2] 7]&(air temperature at 850hPa), 850hPacl A 2] w4 W Aulg=(wind vector
and relative humidity at 850hPa), 500hPacll A 2] =]<9]i%(geo-potential height at 500hPa),
200nPacll 41 ¢] w®}&FAH(wind vector and zonal wind at 200hPa), 300hPaol|A]¢] u}&7Hwind
vector and zonal wind at 300hPa), 200hPacl| 2] &=l = "hxk-Z(velocity potential and
divergent wind vector)e|th. 584 7|3t I A5 E 7HtoE dW¥ A5 E A4St A

g3k

Fo =
5oz
[

NCEPe] A& 4 27 = NetCDF (Network Common Data form)e.Z FAEo ot =5
o] EAo we} st e gE Fxo HRE @ Jth dE T3 2.5° xX25° 9

- 136 -



0.5° xX0.5° ¢ &9 P EE 7IAH Level AR E Zk= 7] 2(Air Temperature) F R Y 18X
%o |4 &%(Sea Surface Temperature, SST) & ThFst Fejz FAH )

2
w5 AHe} Hlusty @A o9A W
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2o WSS Mg ®Aste] A

6.3.1. €9 7$AA A5A Z=2TF E

dtEe] Qe FAE JFAAE LA t2e Agol} d2AAE ATsE Fy
=3 gk 5L sl AHE Ao AT B AFHE Feirt Folatr] o] Fu
AR 2E 1% ARAE Z2IRE ) FAA we 2 ZYsofof Bk A d5te 7]
Mo oSS Aty AE AFS] U W, AP, AGE ARA 2P
MED sl SEHU ARAY AAE FEHL ARF AWEL A5 A Z2
29e B3 A4S AuA RS TEHAT. AUD ARE HolR Fee] AU AR A
A A ASAAY B4 9 BAZ AYHES Z2aPe FASAL AeEE A%
o GHEe AE AW olp AR Aol AgAIL Usks W e MdstA 1o s
o7 gsolx @ BY e FEH] Y BASANA AT YTEIAL AREF 74
Hck vlelE Y AL P2E FHE ATH] AFY /52 BEH] A2He AE
o B 4 U= st
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# -*- coding: utf-8 -*

Spyder Editor

made by Dr JM,Han
from _ future impnrt print_function
from d]angu http import HttpResponse
1mpurt 5 5 json
mport
import numpy as np
import MNgl, Nio
import time
import pandas as pd
import xlwt
import datetime as
import cftime as nc
#import getColor Tdblt as ct
import netCDF nc
from netCDF4 import num2date, date2num, dateZindex

#from cdo import *
#import geojsoncontour

def getVWariableExtraced{file, lat_minindex, lat maxindex, lon_minindex, lon_maxindex})
goal_value = file[lat_minindex:lat_maxindex, lon_minindex:lon_maxindex]
return{goal_value}

f getTnum{y.m, time unit,f vari}:
if f_vari ='olr’
tnum = ncd.dateZnum(dt.datetime(int(y}, int(m), 16),time_unit,calendar="standard’)
tnum = nc4.dateZnum({dt.datetime(int{y), int{m}, 1),time_unit,calendar="standard')

print(tnum)
return(tnum})

f getTdate({num,time unit):

tdate = ncd m2date(num,time unit,calendar="standard")
year =tdate.year

month = LdatE manth

day = tdate.day

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

return(tdate)

5, units):
.num2date

= ncd.num2date(time chour
#tminute = ncd.num2date{times 1ts).minute
#hour,minute,second
#daysinmonth,
return({tyear, tmonth, tday, thour)

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

--More--(14%)

Figure 6.1. 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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Zolge] osl 4A Setd & AEE shtel 9 swel WAE 2 &
Holol g FASAT Attt dusis 24 A7 Husu BAn o3 Ju, B3
BE AW AFSE PHOE WS TS

u

d% Wit A4e) 71ed dE 19%E 12977 A4S 5 JES AT et
Mejg Wash Dol sl vAE S FeAAe] AANYRE AS Yol Yoz BAF] AR
Ho FUY 5 UES ARFAE ATHYD A5 BAY ASAA4 B

718 A dFelMds AREATE AP do] HE A N tE 71F W MEE
HAFEE FA3AY. o Kol Bo] ALg3h= 850hPac A 2] 7]-2(air temperature at 850hPa),
A+ A3 BAFeF(Outgoing Long Radiative; OLR), afl4=™ & %=(SST), AZE™ 7]-2(surface air
temperature)oll thall YFF+ WA HRE A F3HTh vpA ) o= 9 AR E
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Figure 6.2. Automated service web interface that provides monitoring and analysis information
for forecast discussions, a user interface was built to provide various information on a single

web page.
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Figure 6.3. In the Automated service web interface that provides monitoring and analysis
information for forecast discussions, you can select the desired month and check it.
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Figure 6.4. The locations of monthly predictors related to precipitation and temperature are
indicated on the map
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Figure 6.5. 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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Figure 6.6. 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 6.7. Users want to compare how much correlation each predictor has with the
observed data. Therefore, each factor from last 10 years 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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Figure 6.8. 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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Figure 6.9. When you select a month for forecast discussion, climate variable monitoring
information for the past three months is provided. If you select November, you can view
information from September to the present.
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Figure 6.10. For forecast discussion, information on changes in monthly sea surface
temperature and wind direction and strength provided by NOAA is collected and provided to
users
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Figure 6.11. For forecast discussion, information on changes in monthly ENSO provided by
NOAA and ECMWF are collected and provided to users
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Figure 6.12. The Arctic sea ice information service automatically collects and provides users
with data provided by NSIDC on changes in sea ice area in the Arctic region and sea ice in
each sea area
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Figure 6.13. Snow cover information provided by Rutgers University was collected and
organized to provide daily snow cover change and monthly average and anomaly information
on the map
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Figure 6.14. AO and NAO information provided by NOAA was collected and organized to
provide each 15 days AO and NAO change and monthly average and anomaly information on
the graph
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Figure 6.15. The user interface for the composite-based climate impact analysis service
placed the condition input screen and result screen simultaneously on one website. This is to
allow users to immediately identify changes in results through various re-input
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Figure 6.16. In the composite-based climate impact analysis service, you can select the
desired month for temperature and regions and check it.
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Figure 6.18. A composite map can be created for various variables through the Above and
Below solutions obtained through time series analysis
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[Fig. 8] 3¥ 20~26%

500hPa GPH Mean anomaly by UM with norm(1991~2020)
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Weekly El Nino Index (Last Week : 2023-04-16~2023-04-22)
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Regression pattern on September Korea Temperature
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Weekly El Nino Index (Last Week : 2023-09-10~2023-09-16)
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[Fig. 14] 98 Nino3 |49} TC W& 4T, 98 L2|Lzo| YIS = TC UE
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*TC frequency passing the region of TC that influenced the Korean Peninsula, which is
determined when the TC's center from the RSMC best track data encounters the box areas
of 32-40N and 120-138E by definition of Typhoon white book (Korea Meteorological
Administration, 2011)
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