7= #Al E 24 A =2 St

olg 7l TS A L=t

00

-

The Development of Climate Monitoring and
Analytics System for Enhancing a Capability to
Respond to Extreme Climate

O{AfE!, HMEN, B==

2021.12.

APEC7|=MIE



Mm&.‘_nwo}
ﬂzﬂma]ﬂ
ol < i
%w%%ﬂu %sﬂuﬂr_goof
auwwﬂ@uﬁ@ ﬂ@x@ﬁaﬁ
‘uiMnOMﬂ N ‘Hkooiﬂ ~0 ,DI]
‘ayA‘I,HL‘Ll ]OFOW&O‘IQEO XUAl]
@Vﬂx }ﬂr%mﬂﬁ_ Emowd
oTaWLﬂm E) o TN Maﬂﬂ# .
Wﬂmﬂuzom: uful%a,_wrw qmulﬂ-iﬁ M%wa@
%i%ﬁr‘ﬁ Urucﬂpﬁé.mn AT%.OM Naﬁféﬁ ?hﬂ%ﬂ.
ﬂg_ﬁa_.% oﬁaile_us Eg@ﬂ:r ﬂém %%ﬂjo_aﬂ
ﬁeqﬁﬂof ﬂklodﬂ ?%H (¥ DRy _ Mﬂ@zwﬁq
e o X w N =0 aaaa 3 K T3 M <] & 3
i @;oﬁ%w %%awuﬁp gz o wa%u @%ﬂ@nﬂﬂﬁﬂf
o <5 7 mﬂurd%gm q.ge_azo%wr wm.ﬂmhl% &@?%@J%a«
K] w IR H%HXJJ | F 2 @ %owrnmwb A_UTO_EE_EiWﬂW
@oﬂ,ﬂs uuf.i ) 1w§o_ia A_ougio ﬁ]@ﬂj o N
ife @_ZTerm ﬂol@ﬂau WWM%EW TAF%QM%WA#WM%%?
- _ﬁo‘_lr‘ﬂlro,ﬁﬂ HO_UT,.mﬂH._szAIﬁH L.__n_Zo oT.c;o oﬁa.mM _foX JWoKl 2N
50 - N 4T o T o 4},,%; I 5 ° o
ﬂﬁoldlxo E_|7£oﬂy| ﬂlmm :._._ﬂ7A A_'__o]ﬂg_ aoz]_.L_LAj.
aobuﬂa,_ L%Eogmq_s Eg%xﬂf Hfﬂo_/uoi H71r1mﬂo?r.ﬂ.ﬂ
1__1_ E._ L EO o K Zl C,._ o R i} _5 A_l . <® T %0 o o ‘nA_.o = T O
= o o ok T b 7 T ﬂl do f o X Ul ok by © T Ho <X m
= _I_OL] o o s ﬁﬁle_nzl L TR o U,_L_LﬂATo]_w_maA
© 3 w = gqm;aun R 2T e ga x IR
_oﬁ_lv_ﬂ < me]Lﬂmﬁu__o ) H Ju__oL mﬂnﬂo_a‘_owq]nxl
N mos © x o° S = mﬂqzjlb MHEHO_Q ﬂ.sqﬂoAx_.7]
P Aoo MELIHH ZMM Hl_za,l_nALm O— ]A]% _Zlﬂxﬁvo]_l )
@aﬂfﬂ@ﬂ:f W.amﬂom,mcﬂ ﬂguﬁﬁﬁ_ mi:mrmaw ﬂo%%m%%%
) - © I~ ,I]_I f O’,I
v]TL_wTufa megowﬂc,#zho_em]a ﬂd;%onuﬂ 7__oiﬂ§_ m&aﬂi d._m/ﬂl
7.61_"@‘“%0. ‘.ﬁmau,muoo] k,ﬂ; L.oo#‘uAI ™~ dl]].lﬂ_rm D.AA_.EOﬁ NN —~
k1_v iy Al o frs) X Lﬂuda oﬁ]d-;o] 0 0417_2_._.X
0 X° " U T W i % . oy PN AT_ R o
ocdrxlu ) ﬂd:l,%i melE_oL 70 ﬂﬂﬂ = ° o T
HH oé]» i o J T ﬁmﬂ_ému ﬂLm_g. __Léuw oo N A
) ﬂ'mmwm _vLWLrﬂa,@og ® 1dvﬂ m@ﬂ._ﬂo N Hﬂx_._ﬁmau_.fr}
Elkys} HX T W _Yw % 5% 2 Hfﬂuuﬂ7
du_nsnwnm% & = o o L%@E OEPEO %ﬂyﬂo_alj@
&= i+ T X Wﬂ% urzifﬂ} C . O_E»o_z T 2
mEMuWI ulu_nﬂldw Mo_] ﬂpuﬂ/l X @.M@dvo_ _?ﬂn&ue_emﬁmauf@
io° éa% ﬂ@IQﬂ%m OT}E%O ﬂwxu.»o - 1?1:@ K
%%.@ﬂﬂ oTEoo%m — 7o:n_z %Lf ﬂﬂ@uA s
T4 T ® A 27 wou & o o om ﬁg? <o
ﬂﬂa@74 %wm%@ o_%ogid ummumoﬁro_e ﬂﬂ@mﬂwﬁ@7@
e wﬂgaﬁ%57 w_m_%ﬁmo@ M@Eﬁ% Jﬂﬁfor_m@_mu
—_— v ,Iﬂ.”] —_— =
mmﬁ; A WEJ wiﬁw;f
Iy _z iﬂqoﬂa SN T X = x;{oo_e
5= e o = %o 1ﬂ%}ﬁ M__oa:i TR
o ok M o NJ ,ml o o T ﬂn E__v B it ”@n ™ o i
mo@_.ﬂﬁﬂ Wﬂm.ﬂmmu_ﬂu ~#oﬂ|..27d|.§1r
ﬂ%__% - HHW@CH =
~ M. 71u%c 7 O
lﬁ#o_a of R Mw_mm
S %o r %5
iy on_‘ma7m__lL1A.~JM|
— lryA,Llﬂ_H_
O‘OI._OL.‘W;O;O,”O
@_ﬂ@o%
0 0
zge%

AR



Executive Summary

At the APEC Climate Center, a three-year research project was conducted on the
subject of extreme climate monitoring, analysis, and prediction in order to contribute to
strengthening the ability to cope with extreme climates on the Korean Peninsula and in the
Asia-Pacific region. In the first phase (2019) of the project, extreme climate monitoring
techniques were developed to provide timely extreme climate information, and techniques to
effectively apply statistical analysis to analyze and provide the possible causes of extreme
climate events were developed. In addition, a web-based monitoring information service was
established to utilize the developed monitoring technique and provide extreme climate
information.

In the second phase (2020) of the project, improvements were made to the extreme
climate monitoring information web service for the East Asian region that was built and
operated in 2019. New climate monitoring factors for extreme event occurrence in Korea
were developed, and a monitoring factor verification system was established to increase the
usability of climate monitoring factors. By constructing statistical models using the a method
for stochastic heat wave forecasts based on chosen neighbor years and a non-parametric
bayesian machine learning method, we have produced three-month probabilistic forecast
information for extreme hot climate events in Korea with good predictive skills. For
increasing the reliability and usefulness of the forecast information of the Korea
Meteorological Administration’s seasonal forecast model, methods such as a method of
correcting forecast biases were proposed. A extreme climate analysis report were provided
that integrates monitoring, attribution, and post-analysis for the predictive information of the
record-breaking events in 2020 to help identify and improve the climate monitoring factor
setting in observation and prediction errors of the prediction model.

The third phase of this project aims to enhance the capability of operational long-range
forecast by establishing the APCC climate monitoring and analytics system. For developing
this system, it is necessary to understand how the various climate factors affect climate
variability over Korea. Based on the scientific research foundation, this project also aims to
contribute the operational long-range forecast in Korea by analyzing pending issues about
current climate, which includes the analysis on extreme climate, monthly climate issue
analysis. Development of APCC’ s own monitoring and analysis tools would be useful to
accomplish this project more efficiently. Based on this background, APCC climate monitoring
and analytics system is established by comprising the three main parts as scientific research,
contribution to operational long-range forecast, and development of APCC’ s climate
monitoring and analysis tools.



The first part of this project is to identify the influence of ocean and atmosphere
variability over Indian Ocean on climate variability over Korea. As a result of applying a
statistical method to analyze the relationship between the convective activity in the Indian
Ocean and surface air temperature and precipitation fluctuations in South Korea in the
spring, warm and wet condition in March and April appears in Korea through atmospheric
wave propagation forced with convective activity in the Bay of Bengal region. On the other
hand, in May, atmospheric waves propagate toward the Korean peninsula by the convective
activity in the Arabian Sea region, leading to warm and wet month in south Korea. It is
found that the convective activity in the Bay of Bengal and the Arabian sea is possibly
predicted by using sea surface temperature (SST) anomalies in the South Indian Ocean region
and in the Arabian Peninsula region, respectively, at one or two month lead times. In the
case of summer, when the Indian Ocean has a positive (negative) SST anomalies in the spring
after El Nifio (La Nina) peaks, the anomalous northwest Pacific anticyclonic (cyclonic)
circulation is maintained until August (July), and Korea is affected by the southwestely
(easterly or southeasterly) winds. The warming of the tropical Atlantic Ocean in summer
contributes to the northward shift of the La Nifia-decaying summer anomalous Northwest
Pacific (NWP) cyclone, which causes the Korean Peninsula to be affected by the dry
northeast winds, and also to the enhancement of an El Nifio-decaying summer NWP high
pressure system. The tendency of temperature and precipitation in Korea are discussed
further, relating to variability in the Indian Ocean in spring and summer.

For autumn season, it is identified that three distinct convection structures over the
Indo-western Pacific, which cause high temperature extreme events in Korea based on the
k-means clustering analysis. The three clusters are associated with the phase 5 of
Madden-Julian Oscillation, La Nifia, and coupled El Nifio and Indian Ocean dipole, respectively.
To investigate the winter climate variability in relation to thermal forcing from the Indian
Ocean, the two distinctive upper atmospheric circulation patterns over the subtropical
Eurasian continent are identified and their influence on Korean climate is examined
particularly focusing on December.

The next research subject is the development of climate predictors for summer and
winter season for advancing by one month from the current release date of operational
long-range forecast that is, from May and November to April and October for summer and
winter, respectively. In order to find usable climate predictors in April for summer months,
for previously-used predictors that are based on the values later than April, we replaced
original values with the values in March. It was found that predictability does not reduce
substantially especially for the predictors based on sea surface temperatures since their
tendency lasts several months. In addition, in order to improve predictability, we developed a
prediction system based on similarity of detail-processes that 1) diagnoses impacts of a
predictor on the atmospheric variables (i.e., past correlations of geopotentail heights and



vertical motions and 2) computes similarity between the impacts and anomalies of the
atmospheric variables in the target month over a key region (e.g., pattern correlation). This
prediction system was found to increase accuracy of predictors by 20%, compared to that
when the similarities of detail processes are not considered. This system was applied to the
case of summer months in 2021 and succeeded in predicting above-than-normal temperature
in July. In addition, similarity computed by this method can be useful information for not only
prediction but also monitoring and post event-analysis.

For the early release (in October) of operational forecast for winter season monthly
Korean temperatures, the preceding predictors were analyzed. The predictors for the
December case are suggested according to the ENSO phases. Tropical convection from
eastern Indian to western Pacific ocean and arctic sea ice, tropical Pacific and northern
Atlantic SST and arctic sea ice are suggested as predictors in La Nina, neutral years
respectively. For the January case, the preceding patterns which related with the principal
circulation pattern in January were analyzed. The preceding autumn characteristics are
presented in arctic sea ice and development of vertical temperature over the Barents-Kara
sea, SST tripole pattern over the Atlantic ocean during summer, and tropical Pacific SST and
convection. For the February case, it was found that the circulation pattern related with
Korean temperature is changed after the late 1990s. The predictors for the recent period are
proposed as sea ice over the northern Barents sea and difference of the vertical temperature
over the Barents sea and northern Canada, and La Nina-like tropical SST.

The APCC’ s own climate monitoring and analysis system has been developed through
this project. due to abnormal climates that occur frequently around the world, the need to
establish a rapid climate monitoring system is further increasing. as one of the efforts to
minimize damage to property and human life by continuously monitoring extreme weather
phenomena that are getting stronger in various parts of the world, it is necessary to collect
the latest observation data and establish a periodic abnormal climate monitoring system. To
build the system, we developed a climate monitoring service and climate analysis service
based on observation data provided by NCEP and KMA. the climate monitoring service
provides up-to-date state information on various climate variables and the climate analysis
service synthesizes data or provides the results of time series analysis. we standardized the
data collection system to respond quickly to abnormal weather conditions, and established a
system that is convenient for users to provide rapid monitoring results. We have improved
the East Asian Extreme Climate Monitoring System provided through APCC homepage. By
changing the base period to new base period to calculate 10" and 90™ percentile of daily
maximum and minimum temperature, we compared and analyzed difference between during
base period and new base period.

Finally, this project contributes to the operational long-range forecast in relation to the
climate analysis based on the scientific research. The guide book of the operational
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long-range forecast based on climate monitoring and analysis has been improved by applying
the change in the climate base period and recent studies. We have also provided the monthly
climate prediction results based on climate monitoring and analysis. Frequent occurrence of
extreme climate event in recent years is another important issue for dealing in this project.
In order to appropriately respond to extreme climate issue, we have provided timely scientific
information. We have been also participated in the monthly climate analysis discussion and
provided the characteristic feature of the climate variability in Korea. We hope that this
research results are acting for the cornerstone of improving Korean operational long-range
forecast in terms of climate monitoring and analysis.
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2. el Mol f?E[Het 7[Fof o|x= e
7 B3 AR HEA] INtE 7)o vX= FF
1) A5 w7

A sl HEAHL A AA 7159 A "o IFE vA=H, I F siTdH
25 WEAol 8% AHS A AA dFERS B AR o 28 %o e A=tk
S AR T 255 AHT ofAlo}, 57, ofxzg7t #o MEA FFS F7] wwol
(Saji and Yamagata 2003; Yoo et al. 2006), 53] ofAlo} &= A|2Ho] FFTFS e FHHlE 9]
B 712 s d5S A JAEYY dgHE 25 HEAE & d3ste AL we
F8oth BEH JAEY siad 25 s A" 7]F ol i dFEo]l a5t 43E wol 3
Hojgk=d(o], Saji et al. 1999; Klein et al. 1999), £3] E3d xS AHjgts HEA 2T
+ basin-wide EE&4 HF ENSO g 5 5, B BAL v 27] @8 FdE5 9
A A=Y Ao R s 257F o HA Z2 59 HAE ZHA "0 (4, Klein et
al. 1999).

o] Holxe B JAEY dlgH 25 WH3lel O9F #H3 /e Eo] T 7%
DA @EFE HA=A 7IRES BAEA, ANtEY FEFE PR JIEY dFEEl i <l
S 3ad 259 AR S BA45k, dSRIAEA Y 84S ZAE Aot ob&e] Fib
5 71%o 9FS A= thFE-so] ENSOL owst #AE 7HAH, 53 s 7|5 o S
48T F e Ws BAT Aotk
() A5 B
O #F A=

#= sl 2% (sea surface temperature, SST) ¥4< $lalA Extended Reconstructed
Sea Surface Temperature version 5 (ERSST v5; Huang et al. 2017) € A&7} AFEHSUTH
ERSST vb&= 0.5° x0.5° o 3 FEE 7AW, A5 7|3+ 1854 F-E HA|71A] ot W
=733+ 5-AHoutgoing  longwave radiation, OLR):= National Oceanic and Atmospheric
Administration (NOAA)”7} A|&3}= monthly interpolated OLR (2.5° x2.5° )& o]&33t}t. 1
i oir] <=3 E4& 954 National Centers for Environmental Prediction-National Center
for Atmospheric Research (NCEP-NCAR) A|&417 [ (Kalnay et al. 1996) .2 FE|S 3iH 7]
&, AYIE, v, A2 &E(eurh R8T AFEEHAT o] AFolAE 1951 o] %9 #=F
A85ES TALE BASF oM, 1991dddA 20208 Hd 7] o R she, 1951delA A
7hA o] i gl, 98-S, A9k, SST, OLR, ubgae] syt FoH et Bajolxdo &
222 Ay FAZE AA HAJ 28l ENSO A& #%k Nifio3.4 (170°W - 120°W, 5°S -
5°N) SST A4~ A=+ ul= NOAA/Climate Prediction Center (CPC) JAto] Eo A Tt wro} A}
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(Figure 6) Gill-e}9} Z2-H] ¥k-g(Matsuno 1966; Gill 1980)°]™ 200hPa BvI'&4F &AW3F wlbgt
&% 7 FgoR FAHE dolu sto|SE wet SEANst AR 49 J1e/F5 B 3
3% AYDE WY FBBA REE 39 Aok 4P AASY, N5T AgoE 49

o] 7153},

3-49 WA E FASHA 549 dHEE V)2, Ao HEiAE JIES RS AHsh
Ats A= dAFLS A F2E Zreu (Figure 4). GAILS|A ofgkb|o} oA Ol F
ZAsH A 93 #JE = () 2 Bigd 71d (WDl o3 Gill-ety 224H] 3% ¥k
¥ #HbAG (Figure 8). o] W5 4%F dolH Jlol=E ulgl 8% wdFoz AusiAa o,
5€ tE 7|2, Ao IS vAE t7] &3 FAZod 7195tA FkFigure 5). =
of A7t we W ofgpylotsol A FTHURAZR ARtEoA FEHLE FHAS T 17
o A &g HA U 7o sk 9A4T ] gso] wAGT o] s FH VYA
HAates 12053 535 U IH, A5 Skl ZidsiAdEn. 7o FUlste ASe
olgiulo} 3o tF AAZF FAHe] Ho A

= A7HS Eureles 2o shEo] WAEH,
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Figure 1. Spatial patterns of the first leading EOF modes obtained from the SVD analysis for
monthly-averaged ASOS (48 station) (left) precipitation over South Korea and OLR over Indian
Ocean and (right) time series of their principle components in (upper) March, (middle) April,
and (lower) May.
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Figure 2. (Left panels) Spatial patterns of the first leading EOF modes obtained from the SVD
analysis for monthly-averaged ASOS (48 station) surface temperature over South Korea and
OLR over Indian Ocean and (right) time series of their principle components in (upper)

March, (middle) April, and (lower) May.
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Figure 3. Spatial correlation coefficient patterns of Indian Ocean OLR
index from SVD analysis for Korean monthly-averaged (upper)
precipitation and (lower) temperature with 200 hPa (shade) and 1000
hPa (blue and red contours) geopotential height (shade), and 200 hPa
nondivergent zonal winds (black contours) in March. Significant values
at 90 % level according to student t-test are shown in contours and

with gray dots.
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Figure 4. Spatial correlation coefficient patterns of Indian Ocean
OLR index from SVD analysis for Korean monthly-averaged (upper)
precipitation and (lower) temperature with 200 hPa (shade) and 1000
hPa (blue and red contours) geopotential height (shade), and 200 hPa
nondivergent zonal winds (black contours) in April. Significant values
at 90 % level according to student t-test are shown in contours and
with gray dots.
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Figure 5. Spatial correlation coefficient patterns of Indian Ocean
OLR index from SVD analysis for Korean monthly-averaged (upper)
precipitation and (lower) temperature with 200 hPa (shade) and 1000
hPa (blue and red contours) geopotential height (shade), and 200 hPa
nondivergent zonal winds (black contours) in May. Significant values
at 90 % level according to student t-test are shown in contours and
with gray dots.
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Figure 6. Spatial correlation coefficient patterns of Indian Ocean OLR
index from SVD analysis with (upper) diabatic heating and (lower) moist
sink in March. Significant values at 90 % level according to student t-test
are shown with gray dots.
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Figure 7. Spatial correlation coefficient patterns of Indian Ocean OLR
index from SVD analysis with (upper) diabatic heating and (lower) moist
sink in April. Significant values at 90 % level according to student t-test
are shown with gray dots.
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Figure 8. MIJO (upper) frequency and (lower) amplitude by phase during years of the
positive (red) and negative (blue) Indian Ocean OLR index associated with Korean
monthly-averaged temperature and precipitation in March
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Figure 9. Spatial lag-regression patterns of April Indian Ocean OLR index from SVD
analysis for Korean monthly-averaged (left) precipitation and (right) temperature with
OLR (shade), SST (blue and red contours), and surface zonal wind (black contours)
anomalies in preceding (upper) February and (middle) March, and (ower) April.
Significant values at 90 % level according to student t-test are indicated with thick
contours and pink color vectors.
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Figure 10. Lag-correlation patterns of (upper) March, (lower) April Indian Ocean OLR
index from SVD analysis for Korean monthly-averaged precipitation with OLR (shade)
anomalies averaged over 10-15°N, and SST (blue and red contours) and OLR (green
and brown contours) anomalies over 20-5°S from preceding January and subsequent
August. Significant values at 90 % level according to student t-test are indicated
with thick contours.
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from 28°C (contours) averaged over Indian Ocean (40-100°E).
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Figure 12. (left) Spatial lag-regression patterns of May Indian Ocean OLR index from SVD
analysis for Korean monthly-averaged precipitation with OLR (shade), SST (blue and red
contours), and surface zonal wind (black contours) anomalies in preceding (upper) February
and (middle) March, and (lower) April. (right) Lag-correlation patterns of April Indian Ocean
OLR index from SVD analysis for Korean monthly-averaged precipitation with OLR (shade)
anomalies averaged over 10-15°N, and SST (blue and red contours) and OLR (green and
brown contours) anomalies over 20-5°S from preceding January to subsequent August.

Significant values at 90 % level according to student t-test are indicated with thick contours
and pink color vectors.
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Figure 13. Time series of Indian Ocean OLR index (black) from SVD analysis for Korean
monthly-averaged surface temperature, Nifio 3.4 index (boxed plots) in (upper) March, (middle)
April, and (lower) May. Above- and below-normal surface temperatures indicated with
light-red and light-blue circles, respectively, are also shown. El Nifio (red) and La Nina (blue)
events are represented with colored boxes.
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Figure 14. Time series of Indian Ocean OLR index (black) from SVD analysis for Korean
monthly-averaged precipitation, Nifio 3.4 index (boxed plots) in (upper) March, (middle) April,
and (lower) May. Above- and below-normal precipitations indicated with green and brown
circles, respectively, are also shown. El Nifio (red) and La Nina (blue) events are represented
with colored boxes.
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Wu et al. 2013).
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Table 1. Years classified for a composite analysis

Events Years

1958, 1964, 1969, 1973, 1983, 1987, 1988, 1998, 2003, 2010,

El Nifio, (+) MAM TIO SSTA 2016, 2019, 2020

El Nifio, (=) MAM TIO SSTA N/A

La Nina, (+) MAM TIO SSTA 1957

1955, 1956, 1965, 1968, 1971, 1974, 1975, 1976, 1984, 1985,

La Nina, (-) MAM TIO SSTA 1986, 1989, 1996, 1999, 2000, 2008, 2009, 2011, 2012, 2018

El Nifio, (+) MAM IO SSTA,
(+) JJA TAO SSTA

El Nifio, (+) MAM IO SSTA,
(=) JJA TAO SSTA

La Nina, (-) MAM IO SSTA,
(+) JJA TAO SSTA

La Nina, (=) MAM IO SSTA,
() JJA TAO SSTA

1973, 1987, 1988, 1998, 2010, 2016

1958, 1964, 1983, 2019

1968, 1974, 1984, 1986, 1989, 1996, 1999, 2008

1955, 1965, 1976, 2000, 2012

Qi AUk olF BA A shgo] Yt olMEE 19508 olF I WAHA ek,
UG olF B AEF £ oWEE 19579 Fu A sy :
st7 (o]st La Nina-(9)TIO) o|MlE= 207H¢] afellA ARt 1822 A4 &
Njno-(H)TIO®} La Nina-(HTIO o|HIEE FASE F33tom, o]F olHE F AE
WA SST AA7E F& % 7H dE AR A5 649 el AP, T A5 8
o) sfol siwatlch 1w Aol G SST WA So e M we 27 st 5%
AjH oz oE /b Ak,

Q) A=Y HF5Ao] T qFH 7|Fo HRE= FF

Figure 159} 169 #= 19E2 Table 19 El Nino-(+)TIO9] Z-$-o 3k AU 457
o] 6€5H 8€27tA 9 A 2=, ubg, W JIYg WAl tid FAAF £4S HoErh
dYUx7t 4E st 5% 6€FH < w719k W}

6
o Hdejd & FAoE Tdsio] gk

& o eS| obd Al A F
o] Y-S Wy, 79 YEIE o] FAS Fiu 179 AEoE 1L tEd GAFE ZU)7)
e & FYHI, 89 2E o BASY Nt HEO0FE IAF F7I7F AdETh
Z gt XI5t Y upwelling ARl
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o
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B3 A 7|48 =% Axry s FAHoE ddEty] AR AT ARtEE ek oF
gt FEE WA EA T olF 7dele AVIYAE &AL F Tl S T
O ZgEy, dhles 453 #Hae 94&S AL 8Ydds AZIYA «3 Axl= AEHA
I, dof Al 53 WX 2 Adlg ol Ao FEE] WA EEste AVdA =8 Ak
7F BolA|qk gte = F3AL Fo 9 BEUF YEhYA @it AUk 2o A
Aoz 71 gurke] A& 7|3F W ofgt SAEEGAA S A7|HAE &8 HAto| e A
Ay Boh Yy Ay X7 S AZCE HAE] Ao, AEBEANA TF HAE A
sHAl Ed & i, gFyke] HEO Toste JIEY 59 g 25 HAkel| dig ti7]
A 9% #FE AZ HAxle 9SS 57184 @k (Okumura and Deser 2010).

La Nina-(9)TIO9] 7o tig Rt= 7|2 5 AaFS HW(Table 3), &3 IdFS
= 6-7T9oll= 7129 tiste] BdolAY e A I3 e 6¥92 HdEYg B2 4
&, 742 SAS Aol YEhA &ttt 53] 7€ BEF Auprt Q0 AIZIEA HEERT
2 529 7|EHe] uE 2R Ius HS aH&or ok WdrRog udd 6719 sE
Z 4719] sl A 200mm ©]e] g 7IEstATh SHE FH o3 dir|edd EAS
HolR & 8d& FNIE 7|2 Frrol diste] FEE AIFAHS HolA Ryt

HollA A dyxel gyt HEZ] < JAEY, AR SFAA ti7], sige] a3y A
A g EAL AU JIEYAA Y HAH slaH 5 #AxL, Nifo 3.4 A5, 54 ]
A 99 Hed SlH 71 HJAe] ENSO og A7 HE o3 HESkE AZIZFA FA8 AlA
g BEAoA B FAF & Ao (Figure 17). JEHS A dywrt @F & o, 71
H 250 Ei JIEY &Y dTH 25 AAE 553 Fr7iskr] AFsta, Ayl HA7)
AL&dE o]F 3-4/MYE AAH o] 53l 4€ >,

=9 5w WAk HYolol 22w BAE Y
5 % 194 BATE v, ol
A714A Aol Qwow FaelF Fol WS UG WAV WSk, o) 4974
A&} ol F 6U7A AT @ A=t F1A ool oja)A T-8Y HA
HBY 1719 BAVE oA BB Btk A9 Ul dEsts o B 2o wkg
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Figure 15. Composite patterns of SST (shades) and surface wind (vectors) anomalies for the
events of (left panels) the preceding winter El Nifio and subsequent tropical 10 warming and
(right) the preceding winter La Nina and subsequent tropical IO cooling. Vectors and SST
anomalies, respectively, that are significant at 90 % level are only shown and indicated with
blue and red contours.
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Figure 16. Composite patterns of SLP (shades) and surface wind (vectors) anomalies for the
events of (left panels) the preceding winter El Nifio and subsequent tropical 10 warming and
(right) the preceding winter La Nina and subsequent tropical 10 cooling. Vectors and SLP
anomalies that are significant at 90 % level are only shown and indicated with blue and red
contours, respectively.
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Figure 17. Evolution of SST anomalies in the Tropical IO (TIO) and Nifio 3.4 regions and

zonal wind anomalies in the Northwestern Pacific (TNWP) region averaged for El Nifio and
La Nina events. Thick lines denote the statistically-significant values at 90% level according
to student t-test.

Table 2. Lists of (left) surface temperature and (right) precipitation averaged over
South Korea (ASOS stations) for years of the El Nifo-(+)TIO events. Red (blue)
shades indicate the above (below) normal temperature and green (brown) shades
indicate the above (below) normal precipitation.
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year Jun Jul Aug year Jun Jul Aug_;
1973 -0.7 1.9 1.1 1973 99.8 128.2 1494
1983 -0.4 =1:1 0.5 1983 109.9 268.9 184.3
1987 -0.2 -0.8 -0.8 1987 139.7 464.3 451.3
1988 0 -0.6 0.1 1988 106.6 3347 94.1
1998 -1.4 -0.6 -0.4 1998 274.9 274 474.5
2003 -0.7 -2.3 -1.5 2003 188.9 472.5 3395
2010 0.8 0.6 1.5 2010 60.1 258 375.3
2016 0.8 0.6 14 2016 66.8 309.7 78.2
2019 -0.2 0.1 0.9 2019 148.3 225.8 136.4
2020 1.3 -2.1 1.3 2020 184.2 427.7 420.8
BUNL 2 Fusc s
BUNG FuLCNg




Table 3. Lists of (left) surface temperature and (right) precipitation averaged over
South Korea (ASOS stations) for years of the La Nina-(-)TIO events. Red (blue)
shades indicate the above (below) normal temperature and green (brown) shades
indicate the above (below) normal precipitation.

year Jun Jul Aug year Jun Jul Aug
1974 -1.7 -23 -0.1 1974 110.5 396.2 176.2
1975 -0.8 0.2 0.9 1975 109.6 357.3 113.9
1976 -1 -1.9 -0.8 1976 122.8 103.4 347.2
1984 0.3 0.2 1.3 1984 165.6 2893 2356
1985 -0.7 0.6 1.1 1985 2124 219.6 301.2
1986 -0.4 -1.7 -0.5 1986 230.1 219.2 233
1989 -1.3 -0.8 -0.5 1989 188.2 3775 220.8
1996 -0.5 -0.7 0 1996 302.8 221.9 116.2
1999 0.1 -0.9 -0.8 1999 168.9 2873 360.9
2000 0 0.8 0.1 2000 166.5 2454 392.1
2008 -1.1 13 -0.6 2008 186.9 246.2 191.1
2009 0.3 -1.1 -0.8 2009 132.2 498.8 152.6
2011 04 0.3 -0.2 2011 285.3 498.1 284.8
2012 0.5 0.6 1.1 2012 76.2 298.8 405.2
2018 0.7 2 2 2018 137.5 178.9 304.3

(@) A F-RJV=F-HBF H5AH FE2Eo] dit= AFH 7]F) v & &

=S FF-AE Fs52e&S BAs7] fsliA Table 1e4 vgstdixel, El
Nifio-(£)TIO®} La Nina-(-)TIO 7o tisle AFZH <Edl dAAY sl 2571 e HA
(HWTAO) ¢ = (Figure 18a, 19a)9} &< HAH(-)TAO) ¥= (Figure 18b, 19b)E F&3te] A

3 BAe 9 s

A4 El Nifio-(HTIO-()TAOS] 7%, 6€elle= Gt thA ¥ F3 &5 Ao Atz o=w ¢
o dld & HAZF EA oA, TEREH AR tAYGE TALE Y dFH 25 dHA
7F FAEAT. BRI &9 dlad 2% #xto] digh tirivks #d (5 tir] AW 3-F)
A HEFolA 62 Ay 7o 1A &8 HAUE AstE, O 279 &8k o)A
HolA A3 AAYH A5 tiagelA o s 25 Axe} AHg T o HE Y
A s 71l YeliA R AR HRITh ol Ao A AnoA P& Hd s
H 2%, 3515 vbe, 500hPa 2w 7F AAEY AIZ-AE X5 BT Figure 20a oA &
& AT Ayt HES e F FEH AR A FAA s 717 4o s =
SHA7E YEhY A 69 ol F diadH 5 #HAF oA FUtsta, olF A 717 YER A,
AN T4 BB A s 7177 e AEE FollA % A AsEHe ATFE B
Att. o] wFoll FEjBEFll A Bk e o] AFetA vEeldt
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ot Z& 43S El Niio-(H)TIO-(-)TAO 74-% (Figure 18b, 20b), €t thA oA <2
A5d 2= Axe ASHT A AE BFGIA FF FF Aol BA BB o 2
4 8 WA7E dehh ok 5% U4 BEste dunel AE7 e AdE 1, gy

71
L e Gl FEEHA YElUA SH.

La Nina-(-)TIO-(HTAO 7d-$-(Figure 19a)= HA & dd] i go <2 si¢H &
Az, Ax Ao A ko] si4H &5 #Hxo F&E g A5 HEd 59 AMM 3" o]
0S E9sHA Heldg gHE G E GSIHE T4 = A7IFAE <=3 w3 g"o)
6-8¢ W A 3t o] AVIYA ¥ WA EEFOE INEE FFY FFS etk A
AT g Gl e TE€5E TF HAVF OA] dEEtr] AlFeta, 8€ole o AsiE o] A H

HFoA A7 148 =% Jﬂxki SFSIA 7| A A, Ho 2 o gEE 98-S ST 7¥ A=
Hofol| A A Wt 3l7] AFEE TF Hxte] Y99S Figure 21ae] BAS EA e
At U A EEE 5 Y BB SAA 0.5° C o5t 9] si+H HA}7}E 5

WA e BEY AduT guHes oo A5Hw. ofF Fanw
A 49 74 fAHGE A B FEel e Holth 1AREH A

X
i 5 rlo
ul o
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Qo

>

ol
ol
N 2
>
DL ol
Y ol N ol oot ot 4y > =

ool MRl A-FY BFFNA FF L9 HFH L AR AL FAHAL 79 o]

AEBENA FF AE Do) AGNA BA el AFH LE WA} wedo] k.

ABB AN FF BATL AeAE AR 349 o F Al Y FEoR FHsE B

Bt Aol FAAPAA 5 oF 5D Lo B, EAAL 6-5E 4% /T
T [e)

La Nina-(-)TIO-(-)TAO 7-$-(Figure 19b)= 9]¢ 2 %9}
g el M o] e 2= A7 dEhA Fa 23] il
(ZEu FAALE 90% FFAAM FolstA F=). Qo A GFdAE 59 sied 2= HA
7 715 |Ak ddo] Syt A Eshs FERE HolARL T BB Sl Tl 7ot

AFAL 2] ofPhFigure 21b). 281 HAME|HFAAM AL =8 HWAE FsA 7
g 7hA] EolA|RL, o] % ARgbd WdHh o] dE=ElE THOESE oF% AUIYA A= &
To 6-79 UYEZ Wxlo] 4GS BE=E 7104 9o},

1249

e

% thrcsde] 54 ofefA IHtE 7|2 F Fra Aol tiste] Table 3041 &
L}Oaﬂ'é}gili]- o714 1973\ d o] %o thstq 5o Ao MY sl 2= HAXE
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Figure 18. Composite patterns of SST (shades) and surface wind (vectors) anomalies for the
events of (a) the preceding winter El Nifio-subsequent spring tropical IO-summer tropical
Atlantic Ocean (TAO) warming and (b) the preceding winter El Nifio-subsequent tropical 10
warming-TAO cooling. Wind and SST anomalies that are significant at 90 % level are
indicated with black vectors and blue and red contours, respectively.

_32_



(a) lanegElO posTA sst JUN (8 cases)

()

lonegEIO negTA sst, JUN (5 coses)
T

I Il L
T .77, ./////\ . PPAR N N P I P S~
S AN - g~ , NAND 2 N
GOON‘:":/”’:::::(‘(‘:‘ ti 60°N //i/ {\!/./f/////{\:/‘/\“ /}/\\\ ‘.‘_:\’\’{{H/
4 oA - - 4 /// v - i
LA o GASY B N
40°N-‘*’J' N s AT YT N
SRS SN PN A A | e
TUA NG 22 “Wf"‘v 4“,,\.!;,. i
20°N +- ru - 7?’¥f: 20N 4N 3 ) - A B A 7
« A \ 25l
S \iing AT U\'“f“'w
0° A Rt 0° 1 N “//.(ﬂ‘:, :
| IRy fow Gt
20°8 =l 20°S SR
0° 60°E 120°€ 180° 120°W 60°W 0° 0° 60°E 120°E 180° 1 20°W 60°W
S S —— — — Sy ——— —
-10 -08 -06 -04 -02 00 02 04 06 08 1.0 -10 -08 -06 -04 -02 00 02 04 06 08 1.0
lanegEI0 posTA sst JUL (8 coses) IonegEIO neqTA sst JUL (5 cases) o
T s R - NS Sy s VEET
60°N \.,/////):M‘\“;/\\\ 1 60°N j“,‘r?/«"’:‘,‘;‘l}l’, \f, \:\_:\/( \\;:\\?{H// L
\> // toataiin 2G4 / . \ zzr/f/ ‘v\\/\ ‘\'\ - ‘:(\,/
oy 0 A TN ( T
400N 4%k S/.» NI ,'n._n\‘,f 400N Lo "\;/y/\\ RYGDI v/
T sy e DIvvaNy "v://\ NNl
(:(,\f\'/yz, AN :hw‘(/f/’ 'f{& /8 R/
ON v - & o h oAl oN 4 ’ o > AP o, o ) L
o 2 G o [ e 2t
_,H,”{ RN - 7 B 4., RN VAN : ug’,u_
,1\.,/\4\7:\\‘ /'\/,, ‘\.\‘Lu‘\\)\ﬂ,/\;. /',,,..\ \
LI | N ~ AN O N ey, a J . 4 -
0 “'\"§ A :‘,r\/\ ] 0 )HV\.\“\‘\‘\\LL‘ \’\\ - e
i \’\.,/ \/ r‘;‘\ \\\\ _H/u,\‘lu\ iw\ \) \\’,,.4\: “\“H""'
rp =) LK N RN N ~ AV g .
20°5 PR e 20°5 At L - e
0° 60°E 120° 180° 120°W 60°W 0° 0° 60°E 120°€ 1 80° 1 20°W 60°W 0°
I I I I —— T I | I I
-10 -08 -06 -04 -02 00 02 04 06 08 1.0 -1.0 -08 -06 -04 -0.2 00 02 04 06 08 1.0
lanegEIO posTA sst, AUG (8 cases) lanegEI0 neqgTA sst AUG (5 cases
) N -U_,//////_,-‘-,_\\-, P 7 N YN ; \‘5 w { I;;E-
60°N 'iff'u\f""‘,”";,’”""'" PRANT 60°N P (NPIIUER = /7/ -
YN vt 114;-\’ ’/,,-‘A R
_A»‘-\‘,’“,A\\\ OB -\‘x\ .,/,L_\ ,\,14,‘\ L
N T T R " R
4O°N ).\(‘,\:\ /\4‘, t’; A \\I / § 40°N- ,L:///\/\’//‘.,‘//' 'o/' } i
_\,».ﬂ\gi"/_/; N // 4 ] Wora~ >/&,D\\,Q:\,‘,/,,-
“x Vg N /// (VY )2, vy
N o T LA i oy | § e LS|
20N L oS e f///m, 20 \‘}),\:", it
142 s AN
0 _//\fé}f:.i- o 1\\\5%1,:4‘/\\_
res A »(vr [
- ‘A"\‘:\\t B 2 ‘\Q\:fr\:];w'
20°5 B TR | . 200 LT Y SN A8 STEN
0° 60°E 120° 180° 120°W 60°W 0° 0° 60°E 20°E 1 80° 120°W 60°W 0°
I I I I e I | I | I
-10 -08 -06 -04 -02 00 02 04 06 08 10 -1.0 -0.8 -06 —0.4 -02 00 02 04 06 08 10
lanegEI0 posTA sstl SEP (8 cases) . IonegEIO negTA sst SEP (5 coses) o
2 % - e~ o e T i TR . L\ PP AN/
o0 T\ ,.,~ - o STPPIPE G \ o /\\ A\ \\‘///
BOON R~ ms s Va2 s s <l E0 0 F 60N A ey SR
Sl e el (SIS TS
Lo S T A AT \j;:‘\:-,\;,&)y\(:u ¥ N el ;:, NP
son R ITI D N I N o T AR o
| VN7 M GV e KLV SR vl B VAN KA I .‘\\K/ N
,,.:,’» '//.‘\‘ N N, ,////// A AR ’kml.’ N AN NNRRA= 2207 A N A &
) ‘,1‘,\/3/// /_.//////// )”’ ! \.0_200N_//‘ \/( \,i,f‘,,d‘y/ ,,,/,f/”:@w-’,’\
> \l Al \ ~ AN \ o el rey 200 1 W= o N
///“\"//' \\"’/“ "//"“"" /}:/‘:/' "'H\'f‘\'\\l/r"/ /“’ D /7 /';'Cg”’;
N ae f <~ ‘/ s W v 4 AN, SN Y Sy /(/ f/ N
g;*‘/ﬁr( g QU/:;;\;;:;:::,’( G 'r;‘,::j;;u‘j,tfs&' 4 3 118 \,,,\\,//;‘
'0)'(/—'17’&)‘\ \ \‘ur\\w“"\;‘\:/ \ 'rr“" \'\\‘\\\\*‘x = \\’/rr'!\'\‘\‘
I oo WISING /9% KL PPN A."'ﬁ/, N/ JM\\\“\\H"\':‘N’
T T T T T T T T ZOS T T T
0° 60°E 120°E 180° 120°W 60°W 0° 0° 60°E 120°E 180° 120°W 60°W 0°
I I I I I I I
-10 -08 -06 -0.4 -02 00 02 04 06 08 1.0 -10 -08 -06 -04 -02 00 02 04 06 08 1.0

Figure 19. Composite patterns of SST (shades) and surface wind (vectors) anomalies for the
events of (a) the preceding winter La Nina-subsequent spring tropical IO cooling-summer
tropical Atlantic Ocean (TAO) warming and (b) the preceding winter La Nina-subsequent
tropical 10 cooling-TAO cooling. Wind and SST anomalies that are significant at 90 % level
are indicated with black vectors and blue and red contours, respectively.
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Figure 20. Evolution of SST (contours), wind, and 500hPa omega anomalies along
the equator from the composite analysis for (a) the preceding winter El
Nifio-subsequent spring tropical IO warming-summer TAO warming and (b) the
preceding winter EI Nifo-subsequent spring tropical IO-summer TAO cooling
events. Wind and SST anomalies that are significant at 90 % level are only shown
and the significant omega anomalies are indicated with gray dots.
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Figure 21. Evolution of SST (contours), wind, and 500hPa omega anomalies along
equator from the composite analysis for (a) the preceding winter La
Nina-subsequent spring tropical 10 cooling-summer TAO warming and (b) the
preceding winter La Nifia-subsequent spring tropical 10 cooling-summer TAO
cooling. Wind and SST anomalies that are significant at 90 % level are only shown
and the significant omega anomalies are indicated with gray dots.
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Table 4. Lists of (left) surface temperature and (right) precipitation averaged over
South Korea (ASOS stations) for years of the EI Nifio-(+)TIO-(+)TAO events. Red
(blue) shades indicate the above (below) normal temperature and green (brown)
shades indicate the above (below) normal precipitation.

year Jun Jul Aug year Jun Jul Aug |
1973 -0.7 1.9 j % | 1973 99.8 128.2 149.4
1987 -0.2 -0.8 -0.8 1987 139.7 464.3 451.3
1988 0 -0.6 0.1 1988 106.6 334.7 94.1
1998 -1.4 -0.6 -0.4 1998 274.9 274 474.5
2010 0.8 0.6 1.5 2010 60.1 258 375.3
2016 0.8 0.6 1.4 2016 66.8 309.7 78.2
BUEC S EETEED
BUEC RS BUEGHE

Table 5. Lists of (left) surface temperature and (right) precipitation averaged over
South Korea (ASOS stations) for years of the La Nina-(-)TIO-(1)TAO events. Red
(blue) shades indicate the above (below) normal temperature and green (brown)
shades indicate the above (below) normal precipitation.

year Jun Jul Aug year Jun Jul Aug
1974 -1.7 -2.3 -0.1 1974 110.5 396.2 176.2
1984 0.3 0.2 13 1984 165.6 289.3 235.6
1986 -0.4 -1.7 -0.5 1986 230.1 219.2 233
1989 -1.3 -0.8 -0.5 1989 188.2 3775 220.8
1996 -0.5 -0.7 0 1996 302.8 221.9 116.2
1999 0.1 -0.9 -0.8 1999 168.9 287.3 360.9
2008 -1.1 13 -0.6 2008 186.9 246.2 191.1
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o Ut 7HE 12 @4 #3EE AEFAHBE S 99 dF

q A
D I W7
o] AT UEF-AMEHBF Ao thr]-aF Hsdol vt 7 7%, 53 7t=
2 e ol A dFe olslste AS FEE o du AY WMEH F sobr ot 7
ol 7HE & e A 245 UR-SHISENSO)LzA, ol MEHHEFY HFE
ABIAA th7]e] Rossby wHE AuE S Fobrlol 71Fo] FFE vwIAH (Hoskins and
Karoly, 198D). &3], gyt 713 7123 A W54 ENSOS UAHT #HAdS 7HA
HEstet, dux EuUvh 2 A7l fEuE 98 VIR E AR (), dx (U9 =
ol FAIEHA vEUH, v 119 7I$E 12 (AR), tF D)3 5] UEhdth (Son

et al.,, 2014; 2016).

ddl A9 WMEAFo] Folrotd FEFE FXE F8 FERI AHEY AY] i
< ENSO9] 9&Ths ®r= Ho] olyth JAE%9 Indian Ocean Dipole IOD)E >33
¥}, Madden-Julian Oscillation (MJO)2} 22 iR o] thafst A3y HEd o

o Foll &S vA7] Wi 4o AY WEAHH Folrlof 71F9e] FAAA = TP
Al AHAoE HWEY| offgth I F I0De ANEYH FJAEY si+H 2%

~

Aol = REREA, FE R 7HEH HAVE dEdint o] 10D HA] FJAES-AE
o] hFH 2501] DS HHOEZA, BEAHHEYE ofddl 17 T HolAe |

F° A HesAddd 93-S vt (Yuan et al. 2008). $HH, A=<
NAFE & g8 FEZE Circumglobal teleconnection (CGT)
oA B A3 2 §7} heat source & 2“9—0}04 kAo
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7Hed e AEe #AHE UF FRE B43r] #8] National Oceanic  and
Atmospheric Administration (NOAA)o A Al &3t 7F3FaE-AF (Outgoing Longwave Radiation;
OLR) (Liebmann and Smith, 1996) A& & Ar&stATH iR =4S olsfistr] g ti7] W
9] 7% National Centers for Environmental Prediction/Department of Energy (NCEP/DOE)
Reanalysis 2 (Kanamitsu et al., 2002) A&E AL&stAt. d¥ d4+H 2% (Sea Surface
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a)CLS1 vs CLS2 b)CLS1 vs CLS3 c)CLS2 vs CLS3
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Figure 22. Scatter plots of normalized spatial projection coefficients for each event in the
(a)first (green) and second (blue) cluster, (b) first (green) and third (purple) cluster,and (c)
second (blue) and third (purple) cluster against the corresponding cluster composite means.
The event that does not meet the criteria is designated by asterisk.
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a)CLS1(OLR)

b)Temporal distribution
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Figure 23. (a) The spatial pattern of the first cluster of OLR anomaly over the Indo-Western
(b) The temporal distribution of 39 HTE events
considered and the events that are assigned to the first cluster are designated by black bars
while the events that is excluded is designated by diagonal symbol. The anomalous composite
of (c) SST and (e) geopotential height at 850 hPa (shading)and 200 hPa (contour) for the first
cluster. The statistically significant anomalies at 95% confidence level are indicated by diagonal
lines. Nifio 3.4 (bar) and IOD (mark) indices for individual event of the first cluster are
presented in (d) while the occurrence frequency (black bar) and the amplitude (line) of MJO

Pacific for Korean autumn HTE events.

for 8 different phases for the first cluster

are presented in (f).
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Figure 24. Anomalous composite of (a~c) OLR (shading), stream function (contour) and
wave activity flux (vector) at 850hPa, (d~f) stream function (shading) and wave activity
flux (vector) at 200hPa, (g~i) 2m air temperature (shading) and geopotential height at
500 hPa (contour) for the first cluster. The 7-day averaged composite maps for the
(a,d, and g before the start day of each CLS1 case and for the (cf, and i) after the
end day of each CLS1 case are presented.
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b)Temporal distribution
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Figure 25. Same figure as in Figure 23 but for the second cluster.
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Figure 26. Same figure as in Figure 24 but for the second cluster.
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b)Temporal distribution
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Figure 27. Same figure as in Figure 23 but for the third cluster.
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Figure 28. Same figure as in Figure 24 but for the third cluster.
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Figure 29. The spatial pattern and the corresponding principal component time series of
the (a) and (b) first and (c) and (d) second empirical orthogonal functions modes of the
stream function anomaly at 300 hPa during December from 1980 to 2020.
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Figure 30. A scatter plot of normalized PC1 versus
PC2. The classified categories are designated by
colored dots.
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Figure 31. Composite maps of (a) sea surface temperature (SST), (b) outgoing
longwave radiation (OLR) (c) stream function at 300 hPa and (d) at 850 hPa
anomalies during December of positive PC1 category. Streamfunction anomalies
are scaled by 1x10°#%*s !'. The statistically significant anomalies at 95%
confidence level are indicated by diagonal lines.
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POS PC1,Subseasonal Variability
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Figure 32. Anomalous composite of 300 hPa and 850 hPa stream function, 850 hPa wind,
OLR, SST, and 2m air temperature for the positive PC1 category. The 5-day averaged
composite maps before the peak pentad of upper level low pressure anomaly over the
subtropical Eurasian continent are presented.
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Figure 33. Latitude-Height cross section of
the geopotential height averaged over the
60-100E for the peak-2P period of the
positive PC1 category.

Table 6. The Nino3.4, Korean temperature and precipitation

anomaly for the individual year of the positive PC1

category.
Year NINO3.4 | Temperature | Precipitation
1979 0.6 1.0 36.1
1982 2.2 -0.2 30.2
1989 -0.1 1.3 22.5
1991 1.5 1.7 61.4
1992 -0.1 1.1 51.3
1995 -1.0 -1.7 5.8
2001 -0.3 -0.8 28.5
2002 1.1 0.8 46.1
2009 1.6 -0.5 30.0
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Figure 34. Same figure as in Figure 31 but for the negative PC1 category.
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NEG PC1,Subseasonal Variability
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Figure 35. Same figure as in Figure 32 but for the negative PC1 category.
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Figure 36. Same figure as in Figure 33 but
for the negative PC1 category.

Table 7. The Nino3.4, Korean temperature and precipitation
anomaly for the individual year of the negative PCI1

category.
Year NINO3.4 | Temperature | Precipitation
1984 -1.1 -0.3 21.4
1988 -1.8 -0.1
1993 0.1 -0.4
1998 -1.6
1999 -1.7
2007 -1.6
2011 -1.0
2016 -0.6
2020 -1.2
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Figure 37. Same figure as in Figure 31 but for the positive PC2 category.
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POS PC2,Subseasonal Variability

60N
30N 1

0 BOE 120E 180 120W 60W 0O 0 B0E 120E 180 120W B6OW 0 0 B0E 120E 180 120W 60W O
Peak-2P

0 BOE 120E 180

X o
120w 6OW 0

s LT
U T

0 60E 120E 180 t120W eOW O 0 60E 120E 180 120W eOW 0 0 60E 120E 180 120W &sOW 0

T [ o I 75 O O 71
45 0 -7

i B [ [
-135 -9 45 9 135 225 -15 -75 0 75 15 225 -09 -06 -03 0 03 06 09

Figure 38. Same figure as in Figure 32 but for the positive PC2 category.
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Figure 39. Same figure as in Figure 33 but
for the positive PC2 category.

Table 8. The Nino3.4, Korean temperature and precipitation
anomaly for the individual year of the positive PC2

category.
Year NINO3.4 | Temperature | Precipitation
1986 1.2 45.9
1987 1.1 4.8
1994 1.1 15.2
2006 0.9 20.9
2015 2.6 40.6
2018 0.8 28.4
2019 0.5 26.5
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Figure 40. Same figure as in Figure 31 but for the negative PC2 category.
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Figure 41. Same figure as in Figure 32 but for the negative PC2 category.
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Figure 42. Same figure as in Figure 33

but for the negative PC2 category.

Table 9. The Nino3.4, Korean temperature and precipitation
anomaly for the individual year of the negative PC2

category.
Year NINO3.4 | Temperature | Precipitation
1980 0.0 -2.9 35.1
1996 -0.5 0.3 25.7
2005 -0.8 -3.7 16.1
2010 -1.6 -0.6 28.8
2014 0.7 -2.0 25.5
2017 -1.0 -1.6 22.0
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Figure 43. The composite of monthly ONI, Korean SAT and precipitation anomaly
for December for the positive and negaitve phases of first and second EOF modes.
The overlaid marks denote individual cases comprising the composite.
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Table 10. Predictors of June mean temperature

Predictor Variable Location Month Reference
NI4Jan SST 145E-180E/10S-15N Jan KMA (2018)
SNC Snow cover 103E-133E/45N-50N Mar KMA (2018)
NAD SST OOWZ2OWHMON-OON Apr Lim&Seo (2019)
minus 60W-40W/20N-40N
NP SST 160W-120W/20N-40N May Lim&Seo (2019)
WP SST 120E-140E/0-20N Apr Lim&Seo (2019)
PE_DIJF Polar/Eurasia Dec~Feb Myoung (2021)
PE_FMA Polar/Eurasia Feb~Apr Myoung (2021)
N.TAApr SST 300E-330E/0-30N Apr Ham et al. (2013)
TA SST 300E-358E/30S-30N Apr Ham et al. (2013)
I0_Irg SST 40E-100E/10S-20N Apr Xie et al. (2009)
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Table 11. Predictors

of July mean temperature

Predictor Variable Location Time Reference
265E-300E/20N-40N
NAme850 HGT850 , Apr KMA (2018)
minus 225E-295E/50N-65N
10E-40E/25N-45N
EU500 HGT500 plus 60E-90E/20N-50N Mar KMA (2018)
minus 0-45E/55N-70N
BerSea SST 180E-205E/55N-65N Mar-Apr KMA (2018)
SNC_JA Snow cover 120E-140E/40N-50N Apr KMA (2018)
I0Apr SST 90E-105E/10S-0N Apr KMA (2018)
90E-120E/255-40S
PacTri SST plus 120E-140E/0-20S Apr KMA (2018)
minus 90E-110E/10S-5N
NAD SST 60W-20W/40N-60N A
r :
minus 60W-40W/20N-40N Pr Limé&Seo (2019)
NP SST 160W-120W/20N-40N May Lim&Seo (2019)
WP SST 120E-140E/0-20N Apr Lim&Seo (2019)
PE_DJF Polar/Eurasia Dec~Feb  Myoung (2021)
PE_FMA Polar/Eurasia Feb~Apr  Myoung (2021)
TA SST 300E-358E/30S-30N May Ham et al. (2013)
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Table 12. Predictors of August mean temperature

Predictor Variable Location Time Reference
N.AusFeb SST 110E-145E/20S-15N Feb KMA (2018)
SNC_A Snow cover ,105E_135E/48N_60N Apr KMA (2018)
minus 50E-70E/45N-55N
SNC_JA Snow cover 120E-140E/40N-50N Apr KMA (2018)
I0Apr SST 90E-105E/10S-0N Apr KMA (2018)
NAApr SST 320-E360E/55N-65N Apr KMA (2018)
NAD SST OOWR2OWHON-60N Apr  Lim&Seo (2019)
minus 60-40W/20N-40N
NP SST 160-120W/20N-40N May Lim&Seo (2019)
WP SST 120E-140E/0-20N Apr Lim&Seo (2019)

PE_DJF Polar/Eurasia Dec~Feb  Myoung (2021)

PE_FMA Polar/Eurasia Feb~Apr  Myoung (2021)
TA SST 300E-358E/30S-30N Jun Ham et al. (2013)
10 SST 40E-100E/10S-20N Jun Xie et al. (2009)

A8 71e B 5o U@ 49 A dF A N)E 4B
S oiy] 9 oS AR A 397149 W B A a2

2AHE 7hE L gRE 459
A2 AgATs Yol dE S Table 119 79 71€ A=A 12 5 54 dZA 7}
&3 o]ZAAE T (EUS00, PE_DIF)#o] T},

AT FFoIA 48 FA ]FL AT A4 VEL A AZL ASARE AL B
T R A2 F A FF AHS 392 GFY AT o 24 shete] AX e
AAES Aol AT F Ue A0 AETh ABEC], A& U S AT
Aol 49 A A4S 39 AHOE YAE FH Wt A 22 5 YY) WRol

THEZE METa 7FEs = 1981~20101d 9] 30 (@) ik
A

Accuracy(ACO+= 3319 7]xH1981-2013d, 7=33)° wiste] AN, BN, == NN& A5

_73_



7492 2 nAN, nBN, nNNol&t & 7%

o

(RAN+nBN+nNN) <100

ACC= T

[1]

Z A4t
Heidke Skill Score(HSS)+= NOAA Climate Prediction Centere] #H<9= u}e}

(nAN+nBN— T/3) <100

HSS = =23 (2]

2 Al4tstA o
AzFe] AM g wE ACCe W32 Figure 449 YT 49 o]3 9] 7S 7wt
o7 3 QAEY A9E ANHE 3YE YFH oY EHo=E 3Y wE 1 olHo e
o2 3 QA Afe Ve €5 vA &sdth 62 7] AdZY AS AR AHE 34
2 49 A9 NP A& A5 A YA AAEAA dSAe] FAHAY 238 F
7Vete FElE B2k 799 -9 NAme8s02] th7|HeyE o SAo] TASIA T tjirie] <l
Aol Al ZAdo] FAEAY Aestd 8¥e AE wEY UAELS dSAo] At FaFY
S NP, WP, TAIA}F 22 SST 714t QIAke] A9 o &Ao] Asstact odst 245 F
9 7w QA A 2t shgete W

A

s B A9ux 7uk QA w== H
SST 7|9k <lat= 39 AFo® AFAR oZAo] fAH 8 F7leted A o 3o
A ARE ALT F Aee oudth HSSY AAE fAG AAE BYTHIY L),

_74_



(a) ACC (Ts_Jun Pred.)

70

0 || || II || || I| II || II |I

Nidlan PE_DIF PE_FMA N.TAApr 1o _lrg

S

o

a4

=]

3

o

2

(=]

1

o

m Mar ®Org

(b) ACC (Ts_Jul Pred.)

70

60

50

40

30

20
AR
0

~E~“‘ Q:Pbe t;e‘(’/ & o & * q‘*-? ﬁ.,/

m Mar m Org

(C) ACC (Ts_Aug Pred.)
70
60
50
a0
30
20
10
0
v-“"g s‘?"(/ t-}“(' SR ¢ q“" wa

m Mar mOrg

Figure 44. Accuracy (ACC) of predictors (1981-2013) in (a) June, (b) July, and
(c) August. Blue (orange) bars indicate accuracy based on the values in March
(original month in  Tables 10-12).
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Figure 45. Accuracy (ACC) of predictors (1991-2020) in (a) June, (b) July,
and (c) August. Blue (orange) bars indicate accuracies based on the past
climatology period, 1981-2010 (new climatology period, 1991-2020).
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Figure 46. Heidke Skill Score (HSS) of predictors (1991-2020) in (a)
June, (b) July, and (c) August. Blue (orange) bars indicate
accuracies based on the past climatology period, 1981-2010 (new
climatology period, 1991-2020).
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Figure 47. Lead/lag correlation (1981-2013) maps of a predictor (PE_DJF) (a) with HGT500 and
(b) with OMG500. Red and blue dots indicate statistically positive and negative significant
correlations at the 80% level, respectively.. Anomaly maps of (c) HGT500 and (d) OMG500 in
a specific month of prediction. (e) is (c) overlaid by (a) while (f) is (d) overlaid by (b). The
number in the red box of (e) is pattern correlation coefficient (PCC) between the correlation
values and the anomaly values of HGT500 in the black solid box of East Asia. The number in
the red box of (f) is that of OMG500 not of HGT500.
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Figure 48. Prediction method based on similarity in detail-processes.
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Figure 49. Monthly anomalies of HGT500 in 2018 (contours) overlaid onto the 33-year
(1981-2013) correlations (dots) between PE_DJF and monthly HGT500 (dots) in
January, February, June, and July (eft column). Right column is for OMG500. Red
and blue dots indicate statistically positive and negative significant correlations at the
80% level, respectively. Numbers in parentheses are the PCCs between the anomalies
in 2018 and the 33-year correlation coefficients of each variable (i.e., HGT500 and
OMG500) in the black solid box including Korean Peninsula.
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Figure 50. Monthly PCCs of HGT500 (blue) and OMG500 (orange) in 2018 for PE_DIJF.
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Figure 51. Prediction and verification of July mean temperature in 2018 using 12
predictors itself and with the similarity of detail-processes. Blue and pink colored
cells show BN and AN based on predictor itself, respectively. Red colored cells
show AN based on the similarity of detail-processes. AN_tru indicates success of
AN temperature based on the similarity of detail-processes.
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Figure 52. Monthly anomalies of HGT500 in 2020 (contours) overlaid onto the 33-year
(1981-2013) correlations (dots) between 10 and monthly HGT500 (dots) in May, June, and
July (left column). Right column is for OMG500. Red and blue dots indicate statistically
positive and negative significant correlations at the 80% level, respectively. Numbers in
parentheses are the PCCs between the anomalies in 2020 and the 33-year correlation
coefficients of each variable (i.e., HGT500 and OMG500) in the black solid box including
Korean Peninsula.
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Figure 53. Monthly PCCs of HGT500 (blue) and OMG500 (orange) in 2020 for IO.
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(a) Original vs Detrended (Correlation)
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Figure 54. Number of cases of true AN, true BN, false AN as
BN, and false BN as AN for June, July, and August temperature
predictions using the similarity of detail-processes for 2014-2020.
In (a), blue (orange) indicates original (detrended) values. In (b),
blue (orange) indicates predictions based on correlations
(composites) values using the original values. In (c), blue (orange)
indicates predictions based on correlation (composite) values using
the detrended values.
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|
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Figure 55. Correlations of the PE_DJF with (a) HGT200, (b) HGT850, and (c) OLR in DJF for
1991-2019. (d)-(f) Present the same correlations in MAM and (g-(i) in JJA. Statistical
significance at the 95% level is indicated by dots.
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Figure 56. Schematic diagram of the pathway impacts of PE_DJF on summer circulations and
temperature in Korea.
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Figure 57. Two regions for computing PCC. EA stands for East Asia
and IO/WP does for Indian Ocean and Western Pacific.
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0.5
0.5
0.4 . I
0.3
0.2
I L

0

lam Felb Mlar Mlay Jun Iun

Figure 58. Monthly PCCs of (a) HGT500 (blue) and OMG500 (orange) for EA and (b)
OMG5H00 (orange) for IO/WP in 2018 for PE_DJF.
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Figure 59. Prediction and verification of July mean temperature in 2014-2020 using PE_DJF
with the similarity of detail-processes. (a) is for EA (HGT500 and OMG500) and (b) is for
I0/WP (OMG500).
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PE_DJF 7|12 IR} N i+ HS
1991 NN BN X BN X
1992 NN BN X BN X
1993 BN BN o BN o
1994 AN NN X
1995 NN BN X BN X
1996 BN BN o BN o
1997 NN BN X BN X
1998 NN NN e
1999 BN NN X
2000 AN AN o AN o
2001 AN AN o AN o
2002 NN BN X
2003 BN BN o BN o
2004 NN NN e
2005 NN AN X AN X
2006 BN NN X
2007 BN NN X
2008 AN NN X
2009 BN NN X
2010 AN AN o AN o
2011 NN NN e
2012 AN AN o AN o
2013 AN NN X
2014 NN AN X AN X
2015 NN BN x|
2016 AN AN o AN o
2017 AN NN X
2018 AN AN o AN o
2019 NN BN X
2020 BN NN X
2021 AN AN o AN o

# (HZ/A4 1} /Total) 13/18/31 " 10/6/16

Figure 60. Prediction and verification of July mean temperature for 1991-2021 using PE_DJF
itself and with the similarity of detail-processes. Blue and pink colored cells show BN and
AN.
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Figure 61. Summary of prediction of July mean temperature in 2021 (top). Five predictors
having similarity of detail-processes and their anomalies and PCCs (bottom).
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Figure 62. Definition of the predictor, PacTri with SST anomaly
(contours) map in March, 2021.
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Figure 63. Monthly anomalies of HGT500 in 20121 (contours) overlaid onto the 33-year
(1981-2013) correlations (dots) between PacTri and monthly HGT500 (dots) in January, March,
June, and July (eft column). Right column is for OMG500. Red and blue dots indicate
statistically positive and negative significant correlations at the 80% level, respectively.
Numbers between the columns are the PCCs between the anomalies in 2021 and the 33-year
correlation coefficients of each variable (.e., HGT500 and OMG500) in the black solid box
(I0/WP).
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A X9 1 =(ZZF, HGT200, HGT500, HGT850), 500 hPa <2-%(0OMG500)& Al&3stHtH
(Kalnay et al. 1996). SSTS] 73-¢- ERSST v5 (Huang et al. 2017), OLR9] 7d-% NOAA monthly
interpolated OLRE ©] &3} % T}

3 d2A% F7 L AH FI7

w AFelA A" 6, 7, 8Y A5 AFUAE Table 139} Table 140 YLttt o] <
AE L A4 E Zhol-dA(KMA, 2018)0 71HEsE <lAbseln 64, 74 dAS<lA= Arp 4

| =< Aol o

4y e
AN

Table 13. Predictors of mean precipitation in June (and July).

Predictor Variable Location Time Reference
320-345E/55-60N
NAD4 SST _ / Apr KMA (2018)
minus 280-320E/30-45N
Apr minus
NP_cha SST 160-210E/20-35N M KMA (2018)
ar

NINO SST 200-220E/155-10N Apr KMA (2018)
104 SST 67-85E/11-22N Apr KMA (2018)
Bering SST 175-195E/55-65N Mar KMA (2018)
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Table 14. Predictors of mean temperature in August.

Predictor Variable Location Time Reference
, 295-330E/60-65N Apr minus
NADiff SST _ KMA (2018)
minus 275-320E/25-50N Jan
Apr and
10 SST 60-110E/20S-25N M KMA (2018)
ay
, 115-150E/35-45N
EAdiff SST ) May KMA (2018)
minus 125-180E/10-30N
NINO4 SST 140-160E/0-10N 0.62 KMA (2018)

Azpe] AH gile] W2 o34 WsE gzay_wﬂ(mgure 64) 7g4 1=k Q1ZH104)9}
8 o] =k QA0S AS-

=4 ACC, HSS, “¢3&3A o ojs)
of 712 a2t AHE ¢
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Figure 64. (a) Accuracy (ACC) of predictors of precipitation (1981-2013) in June,
July, and August. Orange (blue) bars indicate accuracies based on the values in
March (original month in Tables 13-14). (b) and (c) are the same as in (a) but HSS
and correlation, respectively.
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Figure 65. Percentage of cases of true AN (AN_AN), true BN (BN_BN),
false AN as NN (AN_NN), false BN as NN (BN_NN), false AN as BN
(AN_BN), and false BN as AN (BN_AN) for (a) June, (b) July, and (c)
August precipitation predictions using the similarity of detail-processes
for 2014-2020.
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Figure 66. Number of cases of true AN (AN_AN), true BN (BN_BN), false AN as NN

(AN_NN), false BN as NN (BN_NN), false AN as BN (AN_BN), and false BN as AN

(BN_AN) for June, July, and August precipitation predictions using the similarity of

detail-processes  for  2014-2020. Blue, orange, and green bars indicate

original/correlation,  detrended/correlation, and  original/composite  combinations,
respectively.
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Figure 67. Number of cases of true AN (AN_AN), true BN (BN_BN), false AN as NN
(AN_NN), false BN as NN (BN_NN), false AN as BN (AN_BN), and false BN as AN
(BN_AN) for June, July, and August precipitation predictions using the similarity of
detail-processes for 2014-2020. Blue, orange, and grey bars indicate using HGT500 in EA,
HGT500 in IO/WP and OMG500 in I0/WP, respectively.
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Figure 68. Time series of the Korean winter temperature anomaly and precipitation
(bar), and their 21-year running mean (line).
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Figure 69. Correlation between Korean temperature, precipitation and Nino3.4 index,
AO index according to the AMO and PDO phase. The statistically significant value at
95% confidence level is overlaid by diagonal line.
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Figure 70. 21-year moving correlation between Korean winter temperature and
Nino3.4 index. The statistically significant value at 95% confidence level is
indicated by thick mark.
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Figure 71. Distribution of the
December Korean temperature
anomalies according to the ENSO
phases. The asterisk indicates mean
value. The statistically significant
value at 95% confidence level is
indicated by red.
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Compo. HGT200 & SLP / El Nino Dec (+)T
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Figure 72. Composite maps of the 200hPa geopetential height anomalies (shading) and
sea level pressure anomalies (contour) for the El Nino years with above normal
December Korean temperature. The diagonal and thick line indicate statistically
significant area at 90% confidence level.
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Figure 73. Composite maps of the OLR anomalies (shading) and SST anomalies (contour)
for the El Nino years with above normal December Korean temperature. The diagonal
and thick line indicate statistically significant area at 90% confidence level.
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Figure 74. As in figure 72, but for the El Nino years with near normal December
Korean temperature.
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Figure 75. As in figure 73, but for the El Nino years with near normal December
Korean temperature.
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Compo. HGT200 & SLP / La Nina Dec (+)T
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Figure 76. As in figure 72, but for the La Nina years with above normal December
Korean temperature.
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Figure 77. As in figure 72, but for the La Nina years with below normal December
Korean temperature.
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Figure 78. (a) Composite hovmoller plots of the OLR anomalies (shading) and SST
anomalies (contour) for the La Nina years with above normal December Korean
temperature. (b) As in (a), but for the below normal temperature. The diagonal and
thick line indicate statistically significant area at 90% confidence level.
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Figure 79. Composite maps of the sea ice concentration anomalies in the preceding
August to October for the La Nina years with above normal December Korean
temperature. The diagonal indicates statistically significant area at 90% confidence level.
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Figure 80. As in figure 79 but for the La Nina years with below normal December
Korean temperature.
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Figure 81. (a) Composite of the area averaged sea ice
concentration anomalies for the La Nina and neutral
condition years with above normal December Korean
temperature. The red line is average over the Barents
to Laptev sea (SIC1), the blue line is average over the
East Siberian to Beaufort sea (SIC2), and the black
solid line is difference between SIC1 and SIC2. The
black dashed lines indicate difference of the individual
year. (b) is same as (a) but for the below normal
temperature.
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Compo. HGT200 & SLP / Neutral Dec (+)T
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Figure 82. As in figure 72, but for the neutral condition years with above normal
December Korean temperature.
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Figure 83. As in figure 73, but for the neutral condition years with above normal
December Korean temperature.
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Figure 84. As in figure 72, but for the neutral condition years with below normal
December Korean temperature.
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Figure 85. As in figure 73, but for the neutral condition years with below normal
December Korean temperature.
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Figure 86. The spatial pattern and the corresponding principal component time series of
the first three SVD modes of the 500hPa geopotential height anomalies (shading, red line)
and 2m temperature anomalies (contour, blue line) during January. The January Korean
temperature anomalies are represented as gray bars with PC time series.
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Figure 87. (a) Correlation coefficients of January Korean
temperature with SVD PCs. (b) Plot of the January
Korean temperature anomalies according to the positive
and negative PCs. The asterisk indicates mean of the
temperature anomalies. The statistically significant value
at 90% confidence level is indicated by red.
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Figure 88. Composite maps of the sea ice concentration anomalies (shading) and 500hPa
temperature anomalies (contour) in the preceding August to October for the positive PC1
years with above normal January Korean temperature. The diagonal and thick line
indicate statistically significant area at 90% confidence level.
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Figure 89. As in figure 88, but for the negative PC1 years with below normal January
Korean temperature.
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Figure 90. As in figure 88, but for the positive PC2 years with below normal January
Korean temperature.
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Figure 91. Composite evolution of the PCH anomalies for the negative
PCl1 and positive PC2 years with below normal January Korean
temperature from the preceding August to February. The diagonal
indicates statistically significant area at 90% confidence level.
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Figure 92. Composite of the Atlantic SST anomalies in the
preceding July and August for the negative PCl and PC3 years
with below normal January Korean temperature. The diagonal
indicates statistically significant area at 90% confidence level.
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Figure 93. Regression map of the 500hPa
geopotential height (shading) and 2m temperature
(contour) in January with respect to the Atl_SST
index in the preceding August. The diagonal indicate
statistically significant area at 90% confidence level.
The Atl_SST index was defined as a difference
between the area averaged SST anomalies (50-15W,
20-40N) - (55-20W, 5S-15N).
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Figure 94. Composite maps of the OLR anomalies (shading) and
SST anomalies (contour) in the preceding October (a) and
corresponding January (b) for the below normal January Korean
temperature year. (c) is same as (b), but for the composite of
the 500hPa (shading) and 850hPa (contour) geopotential height
anomalies. The diagonal and thick line indicate statistically
significant area at 90% confidence level.
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Figure 95. Composite maps of the OLR difference between
corresponding January and preceding December for the positive
(@) and negative (b) Nino3.4 index years. The overlaid contour
denotes OLR anomalies in January.
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Figure 96. As in figure 94, but for the positive PC2 years with
above normal January Korean temperature.
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Figure 97. Composite maps of the (a) 500hPa geopotential
height (shading) and sea level pressure (contour) anomalies,
and (b) OLR (shading) and SST (contour) anomalies for the
below normal February Korean temperature years during
P1. The diagonal and thick line indicate statistically
significant area at 90% confidence level.
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Figure 98. Composite maps of the 500hPa geopotential height anomalies
(shading) and sea level pressure anomalies (contour) for the below normal
February Korean temperature years during P2. The diagonal and thick
line indicate statistically significant area at 90% confidence level.
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Figure 99. The spatial pattern of the first SVD modes of the SST
anomalies (shading) and sea level pressure anomalies (contour) during
February (a) from 1979 to 1999 (P1) and (b) from 2000 to 2020 (P2).
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Figure 100. As in figure 98, but for the sea ice concentration anomalies (shading)
and 850hPa temperature anomalies (contour).
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Figure 101. Composite mean differences of the air temperature
anomalies averaged over the (a) Barents-Kara sea (30-90E 65-85N)
and (b) northern Canada (150-60W 65-85N) between negative and
positive February Korean temperature years during P2.
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Figure 102. As in figure 98, but for the OLR anomalies (shading) and SST
anomalies (contour).
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Figure 103. Regression maps of the 500hPa (shading) and 850hPa (contour) geopotential
height anomalies in February with respect to the DJF Nino3.4 index (a) from 1979 to 1999
(P and (b) from 2000 to 2020 (P2). The diagonal and thick line indicate statistically
significant area at 90% confidence level.
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Figure 105. Schematic plots of the monitoring and prediction
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netedf air.2021 {

dimensions:
level = 17 ;
lat = 73 ;
lon = 144 ;
time = UNLIMITED : // (288 currently)
nbnds = 2 ;
variables:

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 ;
air:least_significant_digit = 1s ;
air:GRIB_id = 11s ;
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air:GRIB_name = "TMP" ;

air:var_desc = "Air temperature"
air:level_desc = "Multiple levels"
air:statistic = "Mean"

= "Individual Obs" ;

air:parent_stat
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)" ;
Data is from NMC initialized reanalysis\n

It consists of most variables interpolated to\n

:description =

"(4x/day).
pressure surfaces from model (sigma) surfaces

:platform = "Model" ;
"NCEP-NCAR Reanalysis 1"

:dataset_title =

:References
http://www.psl.noaa.gov/data/gridded/data.ncep.reanalysis.html

}
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"response”: {
"header": {
"resultCode": "00",
"resultMsg": "NORMAL_SERVICE"
I3
"body": {
"dataType": "JSON",
"items": {
“item": |
{
"stnld": "100",
"stnNm": "CH=",
"tm": "2021-01-01",
"avgTa": "-9.5",
"minTa": "-14.4",
"minTaHrmt": "159",
"maxTa": "-4.5",
"maxTaHrmt" "1337",
"milOMaxRn": ",
"milOMaxRnHrmt": ",
"hriMaxRn": ",
"hr1MaxRnHrmt": ",

", o

"sumRnDur":
"sumRn": "™

"maxInsWs": "17.7",
"maxInsWswd": "290",
"maxInsWsHrmt": "1314",
"maxWs": "9.9",
"maxWsWd": "290",
"maxWsHrmt": "1303",
"avgWs": "6.4",
"hr24SumRws": "5558",
"maxWd": "270",
"avgTd" "-16.3",
"minRhm": "39",
"minRhmHrmt": "1406",
"avgRhm": "58.1",
"avgPv": "1.8"

"avgPa": "927.9",
"maxPs" "1027.2",
"maxPsHrmt": "233",
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"minPs" "1021.1",
"minPsHrmt": "1345",
"avgPs" "1024.5"
"ssDur™: "9.6",

"sumSsHr": "8.8",
"hri1MaxlcsrHrmt": "1200",
"hr1Maxlcsr": "2.06",
"sumGsr": "11.65",

"ddMefs": ",
"ddMefsHrmt": ™",
"ddMes": ",
"ddMesHrmt": ",
"sumDpthFhsc": ",
"avgTca" "1.4",
"avgLmac": "1.4",
"avgTs" "-7.6",
"minTg" "-15.5",
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+ NOAA<9] PSL(Physical Sciences Laboratory)oll A =% <<l Map Room
oA AFste EUEE Al2Hl, T2l ECMWEFS] RUEE AH|2~E H]
PEC 7|$AIH o] EA4] gte Aul2 7S stazt st

o

T 192 NOAAS] Map Room AlM]~& gt ﬂ?ﬂoﬂ Total#} Anomaly A®| =2 HZ
2, A-dEE A AT g8 RUEHPHE HRE B FEoh =3, Animation 75

ol g3tel AFo Fuol WaE FAT & U J15S AFHT Yk

@ Physical Sciences Laboratory About  People Research Data  Products News|Events Leam Q

PSL Map Room - Sea Surface Temperature (SST)

Plots created from daily, weekly, and monthly NOAA Optimum Interpolation (OI) Version 2 SST data.

These graphical products are not guaranteed to be updated on a regular basis. They are intended to serve as examples of our ongoing work. You are free to use
and distribute these images, but we reguest that you acknowledge PSL when you do use them. Please read the disclaimer page for additional information,
including how to cite this work.
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Figure 107. NOAA ‘s website provides the most recent daily, weekly, monthly and Seasonal
mean and anomalies. this is a screen provided for Sea Surface Temperature (SST)
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Figure 108. JMA provides monitoring information for various variables. the user can select
and check the desired condition.
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2m temperature: Weekly mean anomalies

Base time: Thu 07 Jan 2021, Valid time: Mon 11 Jan 2021 - Mon 18 Jan 2021, - T+264 h, Area : Pacific

S [~
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- s
A m ]

Extended range: 2m T weekly mean anomaly, significance level: 10 % (C)
<-10 -10 -6 -3 -1 0 1, 3 6 10 >10
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Figure 109. ECMWF provides the Mapping service on a web based map. users can zoom in
or out on the map to check the values.
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Figure 110. To build a climate monitoring and analysis
and data required for each service was defined.
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system, a service map was designed
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Figure 111. The user interface for the global climate monitoring service provides 200hPa
Geo-potential Height, 500hPa Geo-potential Height, 700hPa Geo-potential Height, 850hPa Geo-
potential Height, Sea level Pressure, etc.

FUE AR Az £HE FT BS JAARE JwoR 9, 98, I A=
2 HEY YAE J1Eoz W7 2 UX ANE HAFES TASAT v 2RE A
B3 4 Qi 95 AT snelt 24 Wee] Ud BUHY JRE HozT

- 152 -



Climate Analys

KOREA (Climate Monitoring)
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Figure 112. The user interface of the South Korea climate monitoring service provides
average temperature, maximum temperature, minimum temperature, and precipitation
information.
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Figure 113. it has been increased conveniently by providing a calendar function so that

users can easily find the desired date.
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Figure 114. Global monitoring uses a flat map using the Mechatro Projection method to

display information using a method using shadows and lines,

thickness of arrows.
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Figure 115. The monitoring information on the Korean was expressed using the
interporation method for observations based on the data collected at each observatory.
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Figure 116. The daily global monitoring service provides nine types of information for a given
date (200hPa Geo-potential Height, 500hPa Geo-potential Height, 700hPa Geo-potential Height,
850hPa Geo- potential Height, Sea level Pressure, 850hPa Temperature, Surface Temperature,
850hPa wind mean, 850hPa wind anomaly).
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Figure 118. The Weekly Korea monitoring service provides accumulated precipitation and
percentile information on mean and anomaly of average temperature, maximum temperature,
and minimum temperature for the week including the day.
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Figure 119. The last 7 days global monitoring service provides nine types of information for
in last 7 days from a given day (200hPa Geo-potential Height, 500hPa Geo-potential Height,
700hPa Geo-potential Height, 850hPa Geo- potential Height, Sea level Pressure, 850hPa
Temperature, Surface Temperature, 850hPa wind mean, 850hPa wind anomaly).
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Monthly

200hPa GPH Mean 500hPa GPH Mean 700nPa GPH Mean

oo S SR S e R Lol TUL

e s T e T e L L ——
s o Z_?.::‘“f.".";‘* o
850hPa GPH Mean Surface SLP Mean 850hPa TMP Mean

i3 - 3 A2 g DRIy - mdiABoY

850hPa Mean WIND 850hPa Anomaly WIND
; T R e e g
o | |‘M ; ‘ AP T s g JI
{ i : H :'._,-, - e g
I w WE o L ‘i‘:’ i [ =t . i - ] - “|;~
- - - i .__
SRS 2 rmm °

Figure 120. The Monthly global monitoring service provides nine types of information for the
month including the day (200hPa Geo-potential Height, 500hPa Geo-potential Height, 700hPa
Geo-potential Height, 850hPa Geo- potential Height, Sea level Pressure, 850hPa Temperature,
Surface Temperature, 850hPa wind mean, 850hPa wind anomaly).
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Figure 121. The monthly Korea monitoring service provides accumulated precipitation and
percentile information on mean and anomaly of average temperature, maximum temperature,
and minimum temperature for the month including the day.
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o . . Real-time Global Climate Monitoring System
V Physical Sciences Laboratory About  People  Research Data  Prod % APCC )

Basic Variables Climatic Extremes

Climate Indices Interactive

Monthly/Seasonal Climate Composites Blmatc Ecremes

Temperature Related Warm days anomaly

Plot seasonal composites (averages) of the mean or anomalies (mean - total mean) of variables from the NCEP
reanalysis and other datasets. NCEP data is available from Jan 1948 to Oct 2021 . Other datasets have different time
ranges. Note the climatology used for the anomaly and long term mean plots is now 1981-2010 to match the new
climate normal timeperiod.

@ Which variable? | Height | Level?| 1000mb v

@ Beginning month of season: [ Jan ~ |Ending month: [Jan + |

@ Enter years for composites (from 1 to 20): e.g. 1972, For seasons that span a year (e.g. DJF), please enter year of
the LAST month

To subtract one set of years from another, use a minus sign (-) before the years that are to be subtracted.

N N | | | | | | |
I I I —— — — o
@ OR Enter range of years: | Tto]  |(optional minus[ |t b 908 L T T o T
@ ORList of years: Enter filename: | ] 0 30E  60E 90E 120E 150E 180 150W 120W SOW 60W 30W 0

@ OR Years from values in Time Series: | none 5] HEEEE | FTEEEE

If CUSTOM Time Series: | 50 -40 30 20 10 0 10 20 30 40 50

@ Value to composite on:\: |

Type of comparison: | Value v || Greater or equal to value v

@ Lag: Plot composites for| 0 v | months before or after dates chosen
@ Color? | Color ~ | Shading: | Shaded v

Figure 122. the Physical Sciences Laboratory of NOAA provides the servide of
Montly/Seasonal Climate Composites
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Figure 123. for APCC’ s climate analysis system development, it was designed in
consideration of various services such as providing climate monitoring information, providing
composite results, and providing time series results.
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COMPOSITE (Climate Analysis)

® Mean Variables: | Sealevel Pressume v Lewvel: w0a L O Coordinata:
Zr Anomaly 0 =
Period: @ Mani | fanuary  wr | O Mulimoniht | fanany. W = lamiary W 360
1581 v E)
= Year|+): I_EELEU"' | Year) ) | Select = | ® Region: | Ciote w
20 b
Color bar: dimfill
Index
- 4nAT 7,
Sea Level Pressure (Composite) Sl 204

Minimum  B7E.37

maN Median 1012.08
Mean 1008 82
STD 125
Mariance 15323

45°N

00
45°8
90°8
0 90°E 180° 90°W 0°
unit: millibars
O [T [ T

§72 ©76 080 ©84 DBE 902 006 1000 1004 1008 1012 1016 1020 1024 1028 1032 1036 1040 1044 1048 1052

Figure 124. The main interface for the composite service of the climate analysis system was
composed of condition input, analysis result provision, and file provision.
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TIME SERIES (Climate Analysis)

Variable:

Mathod: & Moan

W

Lewvel: | 1000

Calculztion

Coorainata:

Anomaly | 1951 W |~ | . poog w
Period: I RegionA+ BY ! 260

w[from| 2002 w10 2001w RisgioriA = BY

% Reglon:

Air Temperature

]

Figure 125. The main interface for the time series service of the climate analysis system was
composed of condition input, analysis result provision as graph, and file provision.
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COMPOSITE (Climate Analysis)

@® Mean Variables:  Sea leval Pressure ~ | Level:| 1000 v O coordinate:
90

0 360
-8i

) Anomaly
Period: ® Month  January v | O Mul-month: | January  w |~ January v
1981 v
- Year(+): select ~ Year(-): | select = 'i-'Region; Giobal g
2020 v
Color bar: default

GCreate Plot

Figure 126. Composite service provides various menus such as variable selection, period
selection, region selection, and color selection are provided.
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TIME SERIES (Climate Analysis)

Variable:  Ses lavel Pressure ~ | Level:| 1000 v < Region A
Calculation
Method: ® Mean () Anomaty 1991 v~ 2020 v - i Gootdinute;
® Region A a0
Period: O Region(A+ B) 0 360
49
By month v | Jan v | ~ Dec w(flom 2014 ~ t0 2021 W O Region(A - B)
® Region: | Global v

Figure 127. In the search area of the Time series service, various menus such as variable
selection, period selection, region selection, and calculation of values for two regions are

provided.
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Index
Monthly Mean of Air temperature Maxmum 57.27
Minimum  -33.99
° Median  7.79
90 N Mean 54
STD 17.58

Variance 309.04
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Figure 128. AS a result of the composite service, the results analyzed based on th map are
provided as visualized information. in addition, index information for the selected region is
provided
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Figure 129. Time series analysis service provides results so that you can see the change in
values over time using graphs.
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Figure 130. Analyzed results are provided to users in the format of various files.
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Figure 131. The analyzed results are provided in the form of an Excel file including
coordinate information.
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Figure 132. Schedules on the HPC and WEB before improvement extreme climate
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Figure 135. Difference between new base period(1991-2020) and old base
period(1981-2010) of 90th (top) and 10th (bottom) percentile of Daily Maximum
Temperature on January (left), February (middle) and March (right).
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Figure 136. Difference between new base period(1991-2020) and old base
period(1981-2010) of 90th (top) and 10th (bottom) percentile of Daily Maximum
Temperature on April (left), May (middle) and June (right).
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Figure 137. Difference between new base period(1991-2020) and old base
period(1981-2010) of 90th (top) and 10th (bottom) percentile of Daily Maximum
Temperature on July (left), August (middle) and September (right).
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Figure 138. Difference between new base period(1991-2020) and old base
period(1981-2010) of 90th (top) and 10th (bottom) percentile of Daily Maximum
Temperature on October (left), November (middle) and December (right).
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Figure 139. Difference between new base period(1991-2020) and old base

period(1981-2010) of 90th (top) and 10th (bottom) percentile of Daily Minimum

Temperature on January (left), February (middle) and March (right).
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Figure 140. Difference between new Dbase period(1991-2020) and old base

period(1981-2010) of 90th (top) and 10th (bottom) percentile of Daily Maximum
Temperature on April (left), May (middle) and June (right).
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Figure 141. Difference between new base period(1991-2020) and old base
period(1981-2010) of 90th (top) and 10th (bottom) percentile of Daily Minimum
Temperature on July (Ieft), August (middle) and September (right).
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and old base
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Temperature on October (left), November (middle) and December (right).
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Figure 143. Comaparison of base period (1981-2010) and new base
period (1991-2020) for Monthly Mean of Daily Maximum (left) and

Minimum (right) Temperature and over South Korea.
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Figure 144. Monthly extreme climate monitoring map(2021/01) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 145. Monthly extreme climate monitoring map(2021/02) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 146. Monthly extreme climate monitoring map(2021/03) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 147. Monthly extreme climate monitoring map(2021/04) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 148. Monthly extreme climate monitoring map(2021/05) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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(a) Base period (1981-2010) (b) New base period (1991-2020)
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Figure 149. Monthly extreme climate monitoring map(2021/06) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 150. Monthly extreme climate monitoring map(2021/07) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 151. Monthly extreme climate monitoring map(2021/08) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).

- 187 -



(a) Base period (1981-2010) (b) New base period (1991-2020)
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Figure 152. Monthly extreme climate monitoring map(2021/09) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 153. Monthly extreme climate monitoring map(2021/10) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 154. Monthly extreme climate monitoring map(2021/11) for daily maximum temperature
above 90th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 155. Monthly extreme climate monitoring map(2021/01) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 156. Monthly extreme climate monitoring map(2021/02) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 157. Monthly extreme climate monitoring map(2021/03) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 158. Monthly extreme climate monitoring map(2021/04) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 159. Monthly extreme climate monitoring map(2021/05) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 160. Monthly extreme climate monitoring map(2021/06) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 161. Monthly extreme climate monitoring map(2021/07) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 162. Monthly extreme climate monitoring map(2021/08) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 163. Monthly extreme climate monitoring map(2021/09) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 164. Monthly extreme climate monitoring map(2021/10) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).

(a) Base period (1981-2010) (b) New base period (1991-2020)
Days with Tmin < 10" percentile Days with Tmin < 10" percentile
NOV 2021 Unit : days NOV 2021 Unit : days

60°N

50°N -

40°N

{

] o .

{

Monitiy Mean(degree C)
C 10 e .
o
s 8
z2 2
1 1

30°N -

20

‘,Q& © APEC Climate Center

20°N - = 5
g& © APEC Climate Center
al T T 10°N T

1

10°N T

T T

75°E 90°E 105°E  120°E  135°E  150°E  165°E 75°E 90°E 105°E  120°E  135°E  150°E  165°E
| 1 I - | 1 I -
[ East Asia 4 [ East Asia A
I South Korea K B South Korea -2
O I e m_r! | - m

1-10 11-20 20-30 110 11-20 2030

NOV(day of month) NOV(day of month)

Figure 165. Monthly extreme climate monitoring map(2021/11) for daily minimum temperature
below 10th percentile using (a) Base period(1981-2010) and (b) New base period (1991-2020).
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Figure 166. East Asia Extreme Monitoring in APCC web page

for October, 2021.
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