Statistical model for seasonal prediction of
wintertime temperature over South Korea
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) Motivation &

* Skill of Dynamical model for wintertime temperature
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— Unreliable predictability for wintertime SAT of the dynamic models
over Eurasia

— Support to operational seasonal prediction of SAT over the Korean
Peninsula(KP)

— Finding predictor and development of statistical prediction model



> Data and Method

* Analysis period and Data
(Considered the temporal coverage of observational SAT data over the
KP)
— NCEP/NCAR R1 circulation (U, GPH, omega) and temperature
— NCEP/NCAR R1 Sea ice concentration (Validated with HadlISIC)
— ERSST v4
— NOAA Snow cover (Validated with IMS 24kim data set)
— CMAP precipitation (Validated with GPCP)
— Observational SAT data at 45 surface station over the KP

— Training periods : 1973-2015 (Boreal winter, Dec. to Feb.)
— Available dataset until 2"d week in November
(Due to utilize for operational prediction)

* Predictors discovery :
— Lag correlation between target month and climate factors
— Understanding Physical and Dynamical linkage
between the predictor and SAT in the KP

* Statistical model :
— Multiple Linear Regression model based on the predictors
— Individual month of winter season for operational seasonal prediction



(> Summary of Predictors &

* Predictors for individual month of winter season

By lag corr. and composite analysis....
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Among all of predictors, SIC and ENSO mainly contribute to predictability !!
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> Relationship between SIC and SAT in East Asia &

* Tropospheric pathway

SAT and Z300 related SIC loss over Barents-Kara sea
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Low SIC over Kara and Barents = increasing SAT - Favorable condition for
development of anticyclonic circulation ano. = Frequent blocking over Ural Mt.
and eastern Europe = Wave propagation, cyclonic circulation ano. over East Asia
—> Cold condition



[ Lag relationship btw. SIC and SAT in KP
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Lag correlation map
btw. SIC in autumn and SAT in KP during winter

- High correlation

over Laptev, Kara and Barents Sea
- Regional difference

according to individual month

I Whether this predictor is
physically related to SAT in KP or not?



> Relationship between SIC and SAT in East Asia &

e

* Stratospheric pathway

SAT and Z300 related SIC loss in early winter (Kim et al. 2014)
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-> Delayed relationship btw autumn SIC and winter AO
The relation reveals well in lag correlation for finding predictor in our model !



> sIC Predictor and its related circulation and SAT

*Predictor for SAT in January : SIC over Kara sea region
In case of low SIC over Kara sea in October.....
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SIC predictor is physically related to SAT over KP in Jan.



(> Impact of ENSO on East Asia in winter &

In EI-Nino developing winter season ....

El-Nino-related circulation = Impact on whole NH circulation including East Asia
In KP, Anti-cyclonic ano. and warm condition in case of EI-Nino

I Whether this mechanism is still working
in relationship btw. our predictor and SAT in KP or not ?



L ENSO Predictor and its related circulation and SAT &

* Predictor for SAT in Dec. : SST tendency (Oct -Sep) in eastern Pacific
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= ENSO predictor is also physically related to SAT in KP



) Statistical models &

Based on 3 predictors in individual month,

No significant correlation among the predictors (not shown)

Target - -
Statistical prediction model

December  0.81*SIC,,+ 0.73*ENSO — 0.19*SAl
January 0.41*SICy 4+ 0.61*ENSOyy — 0.48*Z500,y,, + 0.42*LTrend

February  0.41*SIC, o — 0.54*SST, . — 0.52* SST,+ 0.62*LTrend

- No significant linear-trend of SAT in Dec.
- In contrast, remarkable trend in Jan. and Feb.
- linearly considering trend



{3 Performance of statistical model &

December
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> 2018/199

How about our model prediction in upcoming winter ?

- December : Below normal (-1.6)
- January : near normal or
- February : near normal (+0.4)




Thank you |
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Sea lce Concentration Anomalies, Oct 2018

Josuas Ag pabew Jou esuy [

Snow Advanced Index

October Snow Advance Index (SAI) [km~2/day]
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SST Weekly Anomaly (09 Sep 2018 — 15 Sep 2018)
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Weak EI-Nino > positive SAT in Dec. and Jan.
Positive SST anomaly in Gulf stream = contribution negative SAT in Feb.



> 2018/19 9

500hPa GPH Mean
010c¢t2018 — 310ct2018

Z500 over Tamyr in Oct. = negative correlation
to AO

Positive ano. = contribution to negative SAT in
Feb.
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Considering both condition of predictors and the linear trend of SAT

- December : Below normal
- January : normal or
- February : Below normal




0 For December, Statistical Model & Predictor éig
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ENSO related tropical convection is important
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2 ¢ P 5
’Taw “J&/ : ’\\7‘}\_..

x
50N 1 3 A
P—- - 7 S
S A =" 14 b
40N & e 4
o~ A %
30N e T P0T
Sl &Y
2083 \ Y

80E 100E

(e)FEB

120E

SON

40N

20N 171

. '
7 n —t
3~ "o
b~ s 2 e
C . oL
cucs o® )
“fh Yool €y
~x A, “'d
. 22 (4 A
\ O SCE Y
v AR e

80E 100E

120E

140E

SON

40N

30N AR _‘\' 2

multiple regr

(b)DEC

5%
100E

SON

40N

30N

20N 1]

100E

120E

140E

50N

40N

30N /e

20N {1‘ |

-0.7 -06 -05 -04 -0.3 -0.2 0.2

0.4

100E

0.5

120E

0.6

140E

0.7

Multiple regression based on
both precipitations related ENSO
over Western North Pacific and
Central Pacific

= more explanation of SAT

variability over KP in winter
season than by Nino3.4 index

R&D result from Prof. Kug



* Predictors, Lag correlation(detrended) with SAT in Dec.
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O Relationship

SNOW over Eurasia
Gulf stream
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October is the time to start to cover over Eurasian continet by snow
At this time, if the snow is covered quickly and much, it creates a big anomaly.
The snow cover speed index can reflects

how quickly the snow has been covered and how quickly it has been covered.
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The first is the reflection of solar radiation.

The second is impact trough stratosphere

SAl in autumn shows high correlation to Arctic Oscillation in winter season

Snow related wave pattern is propagated well vertically toward stratosphere. And then
This wave can break the westerly wind accumulately in staratosphere
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In terms of Influential time, tropospheric pathway such as Ural blocking and deepening of East Asian
trough, directly influence the circulation. So, much sea ice loss in autumn tend to remain open sea in
kara Barents, then KP can be cold in the early winter

Stratospheric pathway related to SIC tend to be working in the =712 0| &3 [ working St
because stratospheric process need to take time to accumulate the wave breaking.

ENSO eveolution has its seasonality. That means circulation pattern related to ENSO is somewhat
different among dec, jan and feb. this seasonality is mainly induced by combination of convection
over western and central pacific. Our predictor related to ENSO can reflect well the convection
western and eastern Pacific than just nino 3.4

ENSOE M| AE Z2 SO0t 7t

| can not explain details of ENSO impact of cir. and temp in KP in presentation time limit.

ENSO impact on sat in KP is finally due to teleconnection by ENSO related convection in western and
eastern Pacific.

If you consider jus nino3.4, we can not get the correlation in jan and feb. you can get little

correlation to SAT in just December .(That means relationship have seasonality. Because competition)
Our predictors shows relationship with ENSO but | think our index seem to be reflected well
convection variability in western pacific and eastern pacific then just nino3.4 index



In autumn season, Elnino or Lanina is developing season.

| think Tendency and zonal gradient shows well probability of development to Elnino or
Lanina than the snap shot in specific month.

Because tendency and gradient show developing phase.

So, correlation to sat in KP is higher than based on just nino3 or nino3.4

Tendency’/ 20 0| 2tL{LFRIH Rz 2017 S0 7t=74 OFL|Lf
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= A+0| 7t gl et

In last year is big elnino year. In autumn season elnino is already develop enough.

So out predictor value is small because of tendency, but real elnino is big. So our model
can not reflect impac of real elnino.

| have a plan that Enso predictor can consider both absolute value of SST and tendency

SIC loss in Laptev in autumn is little different to general SIC and its related circulation.
When SIC is less than in normal in autumn, high anomaly develops over norther Siberia,
in contrast, cyclonic anomaly develops in EA including KP. Dipole pattern in East Asian
This dipole pattern is similar to blocking type coldsurge suggested by park et al 2015.
Blocking type cold surge is stronger and longerlasting than wave train type from
upstream. actually blocking occur frequently in that region.

We should research more why dipole pattern in winter season occur?



We investigated the circulation related to the model error .
We get clear wave like pattern over Eurasia
That means that Our model can not simulate the wave pattern propagating from Atrantic

Generally statistcal can not consider all of climate factor related to predictant.
Statistical prediction just give one of information of prediction.
We decided our outlook from many information well.

AO is natural variability that means many climate factor can influence the AO variability.
| think snow is one of factor influencing the AO.

Circulation over Tamyr is also one of factor.
Actually, Snow is not strongly correlated to SIC variability or tamy ciruculation.



