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ABSTRACT

The Expert Seasonal Prediction System for Seasonal Outlook in Korea
(ESPreSSO-KR) v1.0 was developed in 2017 to provide reliable seasonal predictions
of monthly mean temperature. It is a hybrid dynamical-statistical system based on
seasonal predictions from the APEC Climate Center Multi-Model Ensemble as well
as its statistical downscaling techniques and expert knowledge. We have added
several new features and sub—modules to the ESPreSSO and proudly present the
new ESPreSSOv2.1. It has been completely re-written in Python, a more general
language than the original GrADS + FORTRAN. The new ESPreSSOv2.1 provides
extended seasonal forecasts with a lead time of up to three-months and
sub-regional (provincial) forecasts as requested by the Korea Meteorological
Administration. Furthermore, a probabilistic categorical forecast module was
developed to generate tercile seasonal forecasts. It also automatically runs in the
background, generates new seasonal forecasts, and sends seasonal outlooks to
subscribers. We also improved maintenance modules so that an administrator can
check the status of ESPreSSOv2.1 at a glance. Each module is self-contained and
replaceable so that an administrator can easily switch computational methodologies.
We compare the technical details of ESPreSSOv1.0 vs. ESPreSSOv2.1 and provide
the practical basis for upgrading ESPreSSO.



Y

C L | M A T E C E N T E R
1. INTRODUCTION -----------mmmmemmaemma oo 1
2, ESPrESSOM2" --snmmsnmmsnmm o 5

2.1 T272HY HHO| HHZA(TE]) - 5
2.2 HEH OB J|5 - 6
2.3 B MEQ| OE J|5 - 6
24 O3 M8l 7|7t9] &R - 7
25 X=3t 7ls L QIEHO|A ThM ---m e 8
3. SCIENCE behind the ESPreSSO (December) ——------- 9
4. RESEARCH RESULTS -~ 12
4.1 ESPreSSO?19| O Zp---mmmmmommmmeeee 12
4.2 ESPreSSO9| G M5 Wt 2 HS - 18
4.3 DRHEO| JIE} MUlF -------------m-mmmmmmmmoeeee 19

5. CONCLUDING REMARKS -------------=--memmmmmooms 20



25715 T 21
I 22 1. ESPreSSO**" performance --------------------- 22
I 22 2. ESPreSSO* core (funcESPreSSO) ------------ 23

I 25 3. ESPreSSOv2.1 outlook example
(2-3-month lead) -~ 30



1. INTRODUCTION

1. INTRODUCTION

X

geolal TSRt A A& FRE Algslr] ffoto], A At AR PIAIRE 715
251 SHE A&7 AA o= A|AH”]: Expert Seasonal Prediction System for
Seasonal Outlook in Korea (ESPreSSO-KR)I& &3l ESPreSSO'10& 7idstqict.
ESPreSSO+= Slo|EHE Het-5A A d& AIAFICEA, APCCO EY ths 23
FFEMulti-Model Ensemble, MME) A dl&3} 7|¢ A& AE719] Al A4S
7Igto & eyt A3tE AE Ags Bitol= AlAolt ESPreSSOY] HHE
T AAEE isHl=r E35] A 10-190131132 555, = Kim er al, 2018)
Bt AT A &/ SHolAE, ESPreSSO] Ad A2 A 2016-
20179 28 71789t =2 P98 HE5E(20179 Heidke Skill Score 715 A&
d= Wi A3 Ay 714 18.8, APCC MME 37.5, APCC 4] 9% 37.5, SCoPS
25.0, ESPreSSO 50.0& EFaL, 201899 F&5] AE AgS ABAlsto] AlF
(APPENDIX D3}l it o'l A5 &3l AR&AS] 875 &= ®tgsto ks T
ESPreSSO*'& 7E(APPENDIX ISt o, o] HuAoA= Ad A7 235 Hig

o= Ame v 2718 7153t A ARl st 714H9l e-e ddstad g

ol

.

o
=

o)

jag

i

ESPreSSOE AT 44 715 239 cl&@te 715 o& AE/Wt 4% mye] B4
3} HAS Testel B2 7150] A3 SolHIE Get-FA A o] Axdoltt.
wetA, ESPreSSO7} QP o] 1 AlZjeiat ol Zake A HshaE el A
742 718 7Vgo] Wast,

A, 719 get B2 o= A= oS Adsol 3lofof etk
=4, B4 Heps AE0] dsiH, dHor: AHE3] v As|oF g,
=

A, A7t 715, 23, 183l ESPreSSOO] thet A4l Zk5=ofof gitt.

B 18

At A AR VA 718 387t et HE7t AE oS AlAE! Expert
Seasonal Prediction System for Seasonal Outlook in Korea (ESPreSSO-KR)l&
59ll, ESPreSSO9] 718t 9%} o & AJARIQl APCCEl MME= ok A% A& 450

AL, FA Al SRt 7122 A AR Histe] 2ds] A /Hlede S TS



2 | MMt 7Igg S8t ST MRIH AX OfE AAY |

SRIKim er al, 2017) B} Stk &, S} 7 T549] 7|22 TRt

o AL LW%E$H@%ﬁﬂﬂzmihﬁwﬁﬁﬂwmmwa
A 9] 5 N(<3)9) RO tiREe] MEH(200%S AWT F ke T, A
9 5] 249 SHE 7N cks AL 29l v} QIck. E3k, BSPress0o] 24 o

QAN Slst mgol ] A o] °ﬂ—°ﬂ g e Aos W, 23/

o
2
rd
N,
o
2

il
02

242 7M1 AAHE Adsk= AEVL 715 dAa 7)EE st 2o
£4, 1|3l ESPreSSO9] AIF Alddol T3t 2|43t AEES 7HA 1L Al Aol o4
S T £ Utk A RISk

M=Z 7HEH ESPreSSO212 AA|Z 02 ESPreSSO09] F+25 F-AJokal Qlo] 11y
o 74 9 75 WA 7|2 Wdn FUslet ESPress09] T4 ¥ 15 5EE B
olum thewt 2.

AR
Agy FIE R 1
. | ; s
ABHoz Adg
4  IEERE 4
< AE7H A GRE AR [ F
< 7)12/71 % o] 3 /2] A < AR A A4 A HE5E S
<3t B3 Hol %A < F/E A E AR 9 < ARE A
« 2] 2Elo] o3 o] 3 < 2AA/FEA OS5 «HF/Ax} 2=
ok 34

. ) ol 3
_ [EEECE | AT \ 472)
A% AR AR A% A8

-A3}E B3
B R L)
3
i -#EH 2389
- 7helo] v

JE 1. ESPreSSOQ 714 U 15 SEE, Kim er al. (2018)0fA] L%



1. INTRODUCTION

ESPreSSOY213} o] ¥jA Q] 7|E B2 tiA|&2 U5}, A&7 AHEE AQst A

AP, S, 283 BERE MELE 710l FHEIAY 71se] A E AH.

b

7)5o] g 271el RS we 5 |, FAHoRE Sl A5 A o

3 o, B A% /)%, LI W50) SAES A AR B 2 4 o))
of Tt £77F UL, olelet 7ol Thesto] ESPresSOIL B olE 2 1-3 Y
Aoy o &8t ohet Setet 107) Aol A ol 7158 TR S JwS s

9irk. ESPresSO2IoH 718 MZ@ 71534 AM 814 AL 71eks] Bejstel thea

# What's new in ESPreSSO?" #

—_

. Completely re—written source code to enhance generality
- from GrADS + FORTRAN to python3
- New graphical interface: 'prettified from GrADS style to python Matplotlib + GIS style

2. Regional anomaly forecast (v2.0)
= In response to KMA's request, ESPreSSO now provides 10 provincial forecasts as a map

3. Probabilistic forecast (v2.1)
- Probabilistic tercile forecast based on deterministic MME and fuzzy relationship

4. Improved automation
- Fully operational at the background without human intervention (optional)
> Automatically generates new seasonal prediction when available, and
> Automatically sends outlook to subscribers (Sommelier + Baristas + Coffeeholics)
- Updated KMA interface

B. Extended forecast up to 3-month lead time
- Up to three-month lead temperature forecast

6. Easier maintenance
- New interface to check status of potential predictor selection
— Interim result tables are exported in ASCIl form
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3. SCIENCE behind the ESPreSSO (December)

ESPreSSO A27t0] 71584} 7]k ejgt o] Exdo] ot ofshe B3 o4
2 PPAITE, AR AR GAISARE A5 o AR 715 At 7] ojst
299 e mefekeu], HoIAE 128 W5 71t BAE V1T e seoR
AR ARl SAAE A THo] Aelg 7has] avkakeh AR e AL
2 gt Wl RS Eote] Hug ool

9 2= 12¢ AA| e 7120 syt B 7% ddolt. ole sAVEA
75 I8 Aeg, FHIE 7|29 MEgd] 9% Ae 4 #ee] "Apgew ofsfd
T At SAFCR Hole A2, =S SR o A SuIWFY Afololtk
12¥2 715402 g5 17|l TEsle] ehteols HAEC] #3282 ¥d= 1
A=, A AZ(TE 2)004 e 7]20] &2 Hie siE7IEY] A4 Ael=
ol E Hid e 2, S&3 EE0] FUEn. o= <Isf et FH FobAof
Adbaoz B2 7|20 Weide Holi, =7t At ez ol ATt ket 34
I ZoMAlo} W5 g2 Al A S 2&(SST) A Y] 932 et 129 e

7120] AYe-FELIS(ENSO) A#E o] Slthe 22 olv] APA-HSon er al,
2014)°14 EAsHT. ENSOO w2t otddh EAE|E Y SST7F H-55HH, SST forcing
2 Gill-type Rossby wave responseE &9l SHE <ol JgFS 7|2t} 19 29
Ak olF ERlg 4= Sl=dl, Ao Bl Yeht= SST 541 HiH|2t S91 %= H
FolA UEh= LS A7 =go] 70|t



10 | AMist 7S S85t SRIT FRIL AE O AR ||

(a) SST & SLP m12
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(c) Prec & wind m12
BON +/pe oosss R
; . 0.6
60N - 0.4
40N 4 0.2
0
20N - -0.2
EQ+ —0.4
-0.6
208

= 2. 128 BT TI2 A HEA K29 (a)oheE 2E(RAY), SHEH7 [A(EH), (0)2-m 7[2(xi), 850
hPa BIZFEMHE], (©)d+ () M. SHAXOZ 90% +Z0IM FA0GH 22 Az BARR

HE 7|2 W5y} W ofg] 7|9 QA= 7Nt A5t RYoAE o= Hk Ko
Hot 9 32 e 124 7|2 s wEE APCC MME hindcastd] 1249 HE
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T2 3. 12€ SKiE 712 AAGY APCC-MME hindcast X22| 1983-2005 7[ZtE9t (a)dHetH 2, (b)2-m
712, (0)850 hPa S-Al &k HiE, (d)850 hPa H-2 Biak HIE, (e)d=r, (a7 A&tA+. Ol=
171 MEiolE A2 1180 Y= 128 OIS SANOZ 90% sF0A [0jst 42 Aoz
HAE

oHEbA 12 A 715 @433 7 Aot BYgo] 45 alEste] R fEE

e, BElHsie] qiRde, 123 S Ui VIS dig Ee] A ¢S A
2 AESITHE 1).

E 1. 128 RU=t 712 G2 913t MME GISEO0IN H8E KIEQIRH 29f

varName lon1 lon2 lat1 lat2 description
v850 120°E 162.5°E 22.5°N 50°N in=situ meridional wind
prec 112.5°E 145°E 5°N 25°N Philippines Sea convection
slp 75°E 125°E 27.5°N 57.5°N sea level pressure in China(-)
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4, RESEARCH RESULTS

4.1 ESPreSSO*2'9| 0= Z3}
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5% olWi?l A% EQ (equal chance)Z4] 3 Moz Msict S 7174 A&
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A F7¥eE ofFgoltt.
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Observed (line-dot) & Predicted (box) temp for January Lead-1

5.0 o
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004 _ ) | | oy 04 o B
2.5 l
1985 1990 1995 2000 2005 2010 2015
N> o [ B ==rd Regional forecast

The ESPreSS0™ thinks Kuroshio SST, high pressure

(z500) over the East Sea. and in-situ temperature are
important facters to consider in the APCC MME.In January
2018, Kuroshio 55T is positive, and high pressure (2500)
over the East 5ea is positive As a result, the

ESPress0™ predicts the temp will likely be AN (B_ 5%,
N_30%, A_85%]) around +1.1 K. Note that the prediction skill
{correlation) of ESPreSS0™ in January is r =

0.44during all (training+forecast) period. The correlation
skill for the training (1983-2005) and the independent
forecast(2008-2018) isr = 0.56 and r = 0.34, respectively.

Observed (line-dot) & Predicted (box) temp for February Lead-1
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The ESPreSS0O™ thinks north eastern Eurasian pressure,
low-level southerly wind, in-situ temperature, and
precipitation are important factors to consider in the APCC
MME.In February 2018, in-situ temperature is positive, and
precipitation is negative As a result, the ESPresso™
predicts the temp will likely be NN (B_30%, N_40%, A_35%)
around +0.1 K. Note that the prediction skill (correlation)
of ESPreSS0™ in February isr = 0.25during all
(training+forecast) period. The correlation skill for the
training (1983-2005) and the independent forecast(2008-2018
isr=0.22 and r = 0.26, respectively.
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Observed (line-dot) & Predicted (box) temp for March Lead-1
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The ESPreSS0™ thinks in-situ temperature, low-level

temperature to the east, and seasonal foot-print S5T are
important facters to consider in the APCC MME.In March 2018, :'
low-level temperature to the east is positive, and seasonal
foot-print SST is positive.As a result, the ESPressQ™

predicts the temp will likely be AN (B_10%, N_35%, A_50%)
around +0.6 K. Note that the prediction skill (correlation)

of ESPreSS0™ in March is r = 0.65during all
(training+forecast) period. The correlation skill for the

training (1983-2005) and the independent forecasti2008-2018 B
isr=0.58 and r = 0.73, respectively.

Observed (line-dot) & Predicted (box) temp for April Lead-1
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The ESPreSS0™ thinks temperature to the west (China),
meridional wind, ENSO 55T, 10 S5T, ENSO prcp, and in situ
temperature are important factors to consider in the APCC :' Y
MME.In April 2018, temperature to the west (China) is
positive, ENSO S5T is negative, and in situ temperature is
positive As a result, the ESPreS50™ predicts the temp

will likely be AN (B_15%, N_35%, A_50%) around +0.5 K. Note
that the prediction skill (correlation) of ESPresso™

in &pril is r = 0.45during all (training+forecast)

period The correlation skill for the training (1983-2005) -
and the independent forecast(2008-2018) isr =046 and r =
0.73, respectively. -
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Observed (line-dot) & Predicted (box) temp for May Lead-1

2 -
1 -
AL /N NI /)
i Wi —1- =2 (] ] -1 II iy e
0 .ll EII d ] I' = I II ___
N
-1 4
_2 L T T T T T T T
1985 1990 1995 2000 2005 2010 2015

> [ o ] Regional forecast

The ESPreSS0™ thinks subtropical western Pacific
temperature, southerly wind, in-situ high pressure, and
local high slp are important factors to consider in the APCC s
MME.In May 2018, subtropical western Pacific temperature is
positive, and in-situ high pressure is positive As a result,

the ESPreSs0™ predicts the temp will likely be AN

(B_20%, N_30%, A_45%) around +0.2 K. Note that the
prediction skill (correlation} of ESPresso™ in May is

r = 0.37during all (training+forecast) period.The

correlation skill for the training (1983-2005) and the

independent forecast(2008-2018) isr = 0.31 and r = -0.26, :',,.-

respectively.

Observed (line-dot) & Predicted (box) temp for June Lead-1
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The ESPreSS0™ thinks zonal wind over East Asia, air
temperature near Korean peninsula, and Sea surface
temperature over the Morth Pacific are important factors to s
consider in the APCC MME.In June 2018, air temperature near
Korean peninsula is positive, and Sea surface temperature
over the North Pacific is positive As a result, the

ESPress0™ predicts the temp will likely be AN (B_15%,
N_30%, A_55%) around +0.4 K. Note that the prediction skill
{correlation) of ESPreSS0O™ in June is r = 0.50during

all {training+forecast) period.The correlation skill for the

training (1983-2005) and the independent forecasti2008-2018

isr=0.28 and r = 0.39, respectively.
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The ESPreSS0™ thinks South China precipitation, and
Kuroshio extension southerly (-) are important factors to
consider in the APCC MME.In July 2018, there is no signal As
a result, the ESPreSSO™ predicts the temp will likely \
be AN (B_15%, N_40%, A_45%) around 4+0.5 K. Note that the J
prediction skill (correlation} of ESPresS0™ in July is
r = 0.34during all (training+forecast) period.The o _,-’i
correlation skill for the training (1983-2005) and the . .1."‘5""“‘
independent forecast(2008-2018) isr=0.3%9 and r = 0.41, © ATReT H
respectively. ' )
- N
Observed (line-dot) & Predicted (box) temp for August Lead-1
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Observed (line-dot) & Predicted (box) temp for July Lead-1
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The ESPreSS0™ thinks low-level zonal wind to the

north, local and near SST, and southerly are important

factors to consider in the APCC MME.In August 2018, local

and near SS5Tis positive As a result, the ESPresso™

predicts the temp will likely be NN (B_35%, N_40%, A_25%)
around -0.1 K. Note that the prediction skill {correlation)

of ESPreSS0O™ in August is r = 0.36during all
(training+forecast) period. The correlation skill for the

training (1983-2005) and the independent forecasti2008-2018
is r=10.28 and r = 0.37, respactively.
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Observed (line-dot) & Predicted (box) temp for September Lead-1
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The ESPresS0™ thinks Kuroshio SST, North Pacific High,
in-situ temperature, and southerly are important factors to
consider in the APCC MME.In September 2018, Kuroshio S5T is :'
positive, North Pacific High is negative, in-situ
temperature is positive, and southerly is negative As a
result, the ESPress0™ predicts the temp will likely be

NN (B_25%, N_40%, A_35%) around +0.1 K. Note that the
prediction skill (correlation} of ESPresso™ in

September is r = 0.46during all (training+forecast)
period The correlation skill for the training (1983-2005) -
and the independent forecast(2008-2018) isr=048 andr =

0.39, respectively.

Observed (line-dot) & Predicted (box) temp for October Lead-1
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M e Regional forecast

The ESPreSS0™ thinks low-level temperature, in-situ
temperature, North Pac westerly, and Arabian precipitation
are impertant factors to consider in the APCC MME.In October :' oy
2018, low-level temperature is positive, and in-situ
temperature is positive As a result, the ESPresso™

predicts the temp will likely be AN (B_15%, N_40%, A_50%)
around +0.4 K_ Note that the prediction skill (correlation)

of ESPreSS0™ in October is r = 0.52during all
(training+forecast) period. The correlation skill for the

training (1983-2005) and the independent forecasti2008-2018 .
is r=0.48 and r = -0.11, respectively.
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Observed (line-dot) & Predicted (box) temp for November Lead-1
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The ESPreSS0™ thinks South China Sea convection, 5CS
SLP, SE Asian temperature, meridional wind (SE), and

meridional wind {SW) are important factors to consider in 2 g7
the APCC MME.In November 2018, South China Sea convection|is
negative, SCS SLP is positive, SE Asian temperature is
positive, and mendional wind (SE) is negative.As a result.
the ESPress0™ predicts the temp will likely be AN
(B_20%, N_35%, A_50%) around +0.5 K. Note that the
prediction skill (correlation} of ESPresso™ in
November is r = 0.05during all {training+forecast)
period The correlation skill for the training (1983-2005)
and the independent forecast(2008-2018) isr=-0.09 and r =
N 74 rocnactivale
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Kim, W., S.-R. Yeo, and Y. Kim (2018), Development of the expert seasonal
prediction system: An application for the seasonal outlook in Korea,

Asia-Pac. J Atmos. Sci, 54(4): 563-573, 10.1007/s13143-018-0052-9.
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5. CONCLUDING REMARKS
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Nl ESPreSSO*? core (funcESPreSSO)

ESPreSSO ersion 2.0

### ESPreSSO-KR: Expert Seasonal Prediction System for Seasonal Outlook in
Korea. ###

The ESPreSSO is a hybrid tailored seasonal forecast system.
It is based on the dynamic-model based Multi-Model Ensemble (MME)
forecast provided by APCC, as well as the experts knowledge of climate

system and MME forecast system.

Assumptions:

1. The base models should have some level of predictability.

- Systematic biases, however, are acceptable and overcome by ESPreSSO.

- Operational MME set is assumed to be stable.

2. The target variables should be homogeneous and inhomogeneous at the

same time.

- Being homogeneous implies the target variable is physically and
dynamically governed by similar process.
- Being inhomogeneous introduces diversity in the potential predictor

selection.

3. The experts should meet three criteria: climate system, MME system, and

ESPreSSO

- Climate system - understand physical/dynamical processes that govern
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target climate.

- MME system - have experience in operational characteristics of MME
and understand the limitation.

- ESPreSSO per se - understand the ESPreSSO work flow, esp. how the

predictors are handled.

Processes and modules:

1. Selection module

- Experts select potential predictor sets using their knowledge and

experience.

2. Screening module:

- ESPreSSO objectively screens potential predictors based on minimum

usefulness.

3. Mapping module:

- Make regression-based statistical mapping (deterministic + probabilistic).

4. Ensemble module:

- Logical ensemble to produce a stable forecast.
5. Display module:
- Exports ESPreSSO results to subscribers including natural language

outlook.
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References:

1. ESPreSSO:
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The ESPreSSO comes with absolutely no guarantee. Please contact the author

for more details.
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calendar sklearn.linear_model numpy matplotlib.pyplot
csv matplotlib posixpath shapefile
envESPreSSO netCDF4 pandas textwrap

builtins.object

dataESP
dataObs
dataPrd
html
infoESP
class dataESP(pbuiltins.object)
The datakESP class stores ESPreSSO data as a pandas DataFrame.
Attributes:
mark  : index name
data  : pandas DataFrame

file . base data file in CSV format
tarVar : target variable (str)

tarMon : target month (int)

tarLead : target lead (int)

Methods defined here:
__init__(self, info, tarVar, tarMon=4, tarLead=0, mark="Year' file=None)
Initialize dataESP from CSV file if exists.

Updates:
all attributes

col(self, col)

Get list of column data from column value.
get(self, row, col)

Get data value from index row and column values.
row(self, row)

Get list of row data from index row value.
save(self, file)

Save data to CSV file.

class dataObs(dataESP)
Subclass of dataESP - for observation data.

Method resolution order:
dataObs
dataESP

builtins.object
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Methods defined here:

down(self, info, years=None)
Search missing points in the existing data, and download KMA data from their
website.

Updates:
file_dataKMA
load(self, info, und=None)
Search missing points in the existing data, and fillem from KMA data files.

Updates:
data

Methods inherited from dataESP:
__init_(self, info, tarVar, tarMon=4, tarLead=0, mark="Year', file=None)
Initialize dataESP from CSV file if exists.

Updates:
all attributes

col(self, col)

Get list of column data from column value.
get(self, row, col)

Get data value from index row and column values.
row(self, row)

Get list of row data from index row value.
save(self, file)

Save data to CSV file.

class dataPrd(dataESP)
Subclass of dataESP - for prediction data.

Method resolution order:
dataPrd
dataESP

builtins.object

Methods defined here:

load(self, info, other)
Search missing points in the existing data, and fillem from the new ESPreSSO
results.

Updates:
data

Methods inherited from dataESP:
__init__(self, info, tarVar, tarMon=4, tarLead=0, mark="Year, file=None)
Initialize dataESP from CSV file if exists.
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Updates:
all attributes

col(self, col)

Get list of column data from column value.
get(self, row, col)

Get data value from index row and column values.
row(self, row)

Get list of row data from index row value.
save(self, file)

Save data to CSV file.

class html(builtins.object)
HTML interface.

Methods defined here:
parse_htm(self, table)
parse_url(self, url)

class infoESP(builtins.object)

The infoESP class stores ESPreSSO information.

Attributes:
file : file name
mark : index if not assigned <) data.columns[O]
data : an indexed DataFrame <) pd.read_csv(file).set_index(mark)
cols : list of column names <) data.columns.tolist()
rows : list of index names () data.index.tolist()

Methods defined here:
__init__(self, file, mark=None)
Initialize infoESP from CSV file.

Updates:
all attributes

col(self, col)

Get list of column data from column value.
get(self, row, col)

Get data value from index row and column values.
row(self, row)

Get list of row data from index row value.
save(self, file=None)

Save data to CSV file.

aave(data, lat)
Calculate area—weighted average.
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addDomain(address, domain)
Add domain after address@ if neccessary.
get_Region(dataStn, file="/data16/WonMoo.Kim/DATA/ESPreSSO/infoGeo.csv)
Generate regional averages.
get_dataMME(tarVar, tarMon, tarLead, tarExp, bYear=None, blLon=None, blLat=None,
und=None, tooBig=900000000.0)
Get MME prediction data from corresponding experiment files.
get_dataPrd(info, stnID, tarMon, tarLead)
Generate predictor timeseries from the potential predictor information & MMM
data.
get_dataWhy(info, tarYear)
Get important potential predictors and find current status.
moments(data, ref=0)
Calculate moments.
plt_mapKorea(result, vmax=None)
Plot regional forecast on a map.
plt_talk(dict, tarVar, tarYear, tarMon, tarLead, prd)
Plot natural language outlook.
plt_timeSeries(Obs, Prd)
Plot timeseries of observations and predictions.
report(txt, pp, suf=")
Report the progress of ESPreSSO modules by %.
sendMail(sub=None, pre=", mid=", suf=", files=None, to=l[])
Send ESPreSSO outlook to subscribers.
skill_Cor(daObs, daPrd, year=None)
Calculate correlation skill.

_contact__ = "WonMoo.Kim@apcc21.org'

__copyright__ = 'Patent#10-1901311, Copyright 2018, Team ESPreSSO'

__note__ = 'This version of ESPreSSO was developed just with... = WonMoo 2018-04-04'
__updated__ = '2018-09-03'

now = datetime.datetime(2018, 4, 26, 14, 6, 49, 999852)
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ESPreSSO*2! outlook example (2-3-month lead)

Observed (line-dot) & Predicted (box) temp for February Lead-2
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The ESPres50™ thinks low-level zonal wind at NE Indian
Ocean, south China temperature, Southern Indian Ocean
convection, and Nerthern Indian Ocean convection are .
important factors to consider in the APCC MME._In February
2018, Southern Indian Ocean convection is negative.As a
result, the ESPress0™ predicts the temp will likely be

AN (B_20%, N_35%, A_45%) around +0.5 K. Note that the
prediction skill {correlation) of ESPreSS0™ in

February is r = 0.00during all {training+forecast)

period.The correlation skill for the training (1983-2005)

and the independent forecast(2008-2018) is r = -0.07 and r =

0.12, respectively.

Observed (line-dot) & Predicted (box) temp for March Lead-2
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The ESPres50™ thinks low-level subtropical jet over

India, central Asian temperature, and western Asian SLP are
important factors to consider in the APCC MME.In March 2018, s
central Asian temperature is positive.As a result, the
ESPressO™ predicts the temp will likely be AN (B_15%,
N_35%, A_55%) around +0.6 K. Note that the prediction skill
(correlation) of ESPresSO™ in March isr = 0.55during

all (training+forecast) peried. The correlation skill for the
training (1983-2005) and the independent forecast(2008-2018
is r=0.49 and r = 0.56, respectively.
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Observed (line-dot) & Predicted (box) temp for April Lead-2
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The ESPress0’™ thinks North Pacific high, warm Maritime
continents, low-level temperature to the east, and cold

tongue precipitation are important factors to consider in

the APCC MME.In April 2018, Morth Pacific high is positive,
warm Maritime continents is positive, and low-level
temperature to the east is positive. As a result, the
ESPreSSO™ predicts the temp will likely be NN (B_20%,
N_40%, A_35%) around +0.2 K. Note that the prediction skill
(correlation) of ESPreSSO™ in April is r = 0.40during

all {(training+forecast) period. The correlation skill for the
training (1983-2005) and the independent forecast(2008-2018
is r=10.49 and r = 0.26, respectively.

Regional forecast

Observed (line-dot) & Predicted (box) temp for May Lead-2
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The ESPress0’™ thinks SCS precipitation, SCS 55T, low-
level zonal wind over Korea, KE geopotential, and low-level

T
1985

meridional wind are important factors to consider in the
APCC MME.In May 2018, SC5 55T is positive, low-level zonal
wind over Korea is negative, and KE geopotential is
positive.As a result, the ESPreSSO™ predicts the temp

will likely be AN (B_15%, N_30%, A_55%) around +0.4 K. Note
that the prediction skill (correlation) of ESPresso™

in May is r = 0.35during all (training+forecast) period. The
correlation skill for the training (1983-2005) and the
independent forecast{2008-2018) isr = 0.27 and r = 0.02,

respectively.
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Regional forecast




32 | MMt 7S 285t ShilE TME7

FAE OE AR I

Observed (line-dot) & Predicted (box) temp for June Lead-2
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The ESPress0™ thinks low-level jet, Western Pac. zonal
wind, convection over 5C5, West. Pac. temperature, and South
China temperature are important facters to consider in the .
APCC MME.In June 2018, low-level jet is negative, West. Pac. °
temperature is positive, and Scuth China temperature is
positive As a result, the ESPreSS0O™ predicts the temp
will likely be AN (B_20%, N_30%, A_50%) around +0.3 K. Note
that the prediction skill (correlation} of ESPresso™ .
in June is r = 0.42during all (training+forecast) period. The :
correlation skill for the training (1983-2005) and the )
independent forecast{(2008-2018) isr = 0.16 and r = 0.59,
respectively.
Observed (line-dot) & Predicted (box) temp for July Lead-2
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The ESPress0’™ thinks N_Pac southerly, NP

precipitation, In land China temperature, and NE Pac 55T are
important factors to consider in the APCC MME.In July 2018,
MNP precipitation is positive, In land China temperature is
positive, and NE Pac SST is positive As a result, the
ESPressO™ predicts the temp will likely be AN (B_15%,
N_25%, A_B0%) around +0.9 K. Note that the prediction skill
(correlation) of ESPreSs0™ in July is r = 0.32during

all (training+forecast) period. The correlation skill for the
training (1983-2005) and the independent forecast(2008-2018
is r=0.17 and r = 0.06, respectively.
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Observed (line-dot) & Predicted (box) temp for August Lead-2
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The ESPress0™ thinks in-situ precipitation, southerly,

Regional forecast

low-level jet, and in-situ sea level pressure are important
factors to consider in the APCC MME.In August 2018,
southerly is negative, low-level jet is negative, and in-

situ sea level pressure is negative As a result, the

ESPressSO™ predicts the temp will likely be EQ (B_35%,
M_35%, A_30%) around -0.1 K. Note that the prediction skill
(correlation} of ESPreS50™ in August is r = 0.27during

all {training+forecast) peried. The correlation skill for the
training (1983-2005) and the independent forecasti2008-2018
is r=0.07 and r = 0.29, respectively.

Observed (line-dot) & Predicted (box) temp for September Lead-2
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The ESPress0’™ thinks SCS convection, Kuroshio 55T,
central North Pacfic S5T, Maritime SST, and in-situ
temperature are important factors to consider in the APCC " g

MME.In September 2018, SCS convection is negative, Kuroshio
55T is positive, central North Pacfic S5T is positive, and

in-situ temperature is positive _As a result, the

ESPress0™ predicts the temp will likely be NN/AN

(B_25%, N_40%, A_40%) around +0.2 K. Note that the
prediction skill (correlation) of ESPresso™ in

September is r = 0.33during all (training+forecast)

period. The correlation skill for the training (1983-2005)

and the independent forecast(2008-2018)isr =038 andr =

N 13 rocnoctivale
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Observed (line-dot) & Predicted (box) temp for October Lead-2
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The ESPressO™ thinks SCS T850, KE 55T, in-situ
temperature, and SCS t2Zm are important factors to consider
in the APCC MME.In October 2018, there is no signal.As a .
result, the ESPreSS0™ predicts the temp will likely be =
AN (B_15%, N_40%, A_45%) around +0.4 K. Note that the
prediction skill (correlation) of ESPressS0™ in October
is r = 0.41during all (training+forecast) period. The
correlation skill for the training (1983-2005) and the .,
independent forecast(2008-2018) isr=0.34 and r = 0.02, :
respectively. )
Observed (line-dot) & Predicted (box) temp for November Lead-2
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The ESPress0’™ thinks Maritime S5T, temperature in

China, and meridional wind to China are important factors to
consider in the APCC MME.In Movember 2018, there is no
signal As a result, the ESPressS0™ predicts the temp

will likely be AN (B_25%, N_35%, A_40%) around +0.3 K. Note
that the prediction skill (correlation} of ESPresso™

in November is r = 0.01during all (training+forecast)

period. The correlation skill for the training (1983-2005)

and the independent forecast{2008-2018) isr = -0.08 and r =
0.05, respectively.
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Observed (line-dot) & Predicted (box) temp for December Lead-2
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Regional forecast

The ESPresso™ thinks eq. low-level zonal wind, W. Pac

precipitation, low-lewvel meridional wind at Philippines Sea,

and SE Asian temperature are important factors to consider o

in the APCC MME.In December 2018, there is no signal_As a
result, the ESPreSS0O™ predicts the temp will likely be

AN (B_20%, N_35%, A_45%) around +0.5 K. Note that the
prediction skill (correlation) of ESPresso™ in

December is r = 0.26during all (training+forecast)

period. The correlation skill for the training (1983-2005)

and the independent forecast(2008-2018)isr =029 and r =
0.19, respectively.

Observed (line-dot) & Predicted (box) temp for March Lead-3
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The ESPress0’™ thinks maritime precipitation, eastern

EQ Pacific precipitation, EQ low-level zonal wind W.

Pacific, and in-situ temperature are important factors to 2 Fia7

consider in the APCC MME.In March 2018, in-situ temperature
is positive As a result, the ESPres50™ predicts the

temp will likely be NNJAN (B_25%, N_40%, A_40%) around +0.2
K. Mote that the prediction skill (correlation) of

ESPress0™ in March is r = 0.30during all

(training+forecast) period. The correlation skill for the

training (1983-2005) and the independent forecast(2008-2018
isr=10.26 and r = 0.49, respectively.




36 | MMt 7|HS SE3 S TRIE A OIS AIAH ||

Observed (line-dot) & Predicted (box) temp for April Lead-3
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The ESPress0™ thinks SE Asian temperature, subtropical
T850, and NP Z500 are important factors to consider in the
APCC MME.In April 2018, subtropical T850 is positive, and NP o
Z500 is positive.As a result, the ESPress0™ predicts

the temp will likely be AN (B_20%, N_35%, A_45%) around +0.4
K. Mote that the prediction skill (correlation) of

ESPress0™ in april is r = 0.34during all

(training+forecast) period. The correlation skill for the

training (1983-2005) and the independent forecast(2008-2018
is r=0.40 and r = 0.23, respectively.

Observed (line-dot) & Predicted (box) temp for May Lead-3
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The ESPreSS0™ thinks Western North Pacific 55T, Morth
East Asian pressure, and precipitation over South China Sea
are important factors to consider in the APCC MME.In May e
2018, Western North Pacific S5T is positive, and
precipitation over South China Sea is positive. As a result,
the ESPressSO™ predicts the temp will likely be AN
(B_25%, N_35%, A_45%) around +0.2 K. Note that the
prediction skill (correlation) of ESPresso™ in May is

r = 0.40during all (training+forecast) period. The
correlation skill for the training (1983-2005) and the
independent forecast(2008-2018) isr = 0.42 and r = -0.24,

respectively.
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Observed (line-dot) & Predicted (box) temp for June Lead-3
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Regional forecast

The ESPress0™ thinks Z500 over far East Asia, 5C5
convection, Maritime low-level zonal wind, egatorial Western
Pacific t2m, and t2m to the west are important factors to .
consider in the APCC MME.In June 2018, eqatorial Western
Pacific t2m is positive, and t2m to the west is positive.As

a result, the ESPreSSO™ predicts the temp will likely

be AN (B_15%, N_30%, A_55%) around 4+0.4 K. Note that the
prediction skill (correlation) of ESPress0™ in June is

r = 0.46during all (training+forecast] period.The

correlation skill for the training (1983-2005) and the
independent forecast{(2008-2018) isr=0.23 and r = 0.50,

respectively.

Observed (line-dot) & Predicted (box) temp for July Lead-3
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The ESPres50™ thinks S5CS convection, in-situ
temperature, Kuroshio & local 55T, and subtropical zonal
wind are important factors to consider in the APCC MME.In -
July 2018, in-situ temperature is positive, and Kuroshio &

local 55T is positive As a result, the ESPresso™

predicts the temp will likely be AN (B_25%, N_35%. A_40%)
around +0.2 K. Note that the prediction skill (correlation)

of ESPressO™ in July is r = -0.03during all

(training+forecast) period. The correlation skill for the

training (1983-2005) and the independent forecast(2008-2018
is r=-0.29 and r = 0.24, respectively.
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Observed (line-dot) & Predicted (box) temp for August Lead-3
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The ESPress0™ thinks Tropical W. Pac SST, E. 10 55T,
subtropical W. Pac 55T, and in-situ southerly are important
factors to consider in the APCC MME.In August 2018, E. IO .
SST is negative, and subtropical W. Pac SST is positive.As a
result, the ESPreSS0O™ predicts the temp will likely be

AN (B_25%, N_35%, A_402%) around +0.2 K. Note that the
prediction skill (correlation) of ESPresso™ in August

is r = 0.05during all (training+forecast) period. The
correlation skill for the training (1983-2005) and the
independent forecast{2008-2018) is r = -0.18 and r = 0.40,
respectively.

Observed (line-dot) & Predicted (box) temp for September Lead-3
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The ESPresS0™ thinks Maritime 55T, Kuroshio 55T, and
central North Pacific SST are important factors to consider
in the APCC MME.In September 2018, Kuroshio SST is positive, -
and central North Pacific SST is positive As a result, the
ESPress0™ predicts the temp will likely be AN (B_15%,
N_35%, A_50%) around +0.4 K. Note that the prediction skill
{correlation) of ESPreSS0™ in September is r =

0.48during all (training+forecast) period. The correlation
skill for the training (1983-2005) and the independent
forecast(2008-2018) isr = 0.43 and r = 0.67, respectively.
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Observed (line-dot) & Predicted (box) temp for October Lead-3
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The ESPress0™ thinks local 55T, local temperature,

China temperature, and near-by precipitation are important
factors to consider in the APCC MME.In October 2018, there

is no signal As a result, the ESPress0™ predicts the

temp will likely be AN (B_15%, N_40%, A_45%) around +0.3 K.
Note that the prediction skill (correlation) of

ESPress0™ in October is r = 0.48during all
(training+forecast) period. The correlation skill for the

training (1983-2005) and the independent forecast(2008-2018
is r=0.51 and r = 0.40, respectively.
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Observed (line-dot) & Predicted (box) temp for November Lead-3
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The ESPres50™ thinks SE Indian Ocean 55T, westem
Indian Ocean precipitation, NE Indian Ocean prcp, and SE
Indian Ocean prcp are important factors to consider in the
APCC MME.In Novemnber 2018, there is no signal.As a result,
the ESPress0™ predicts the temp will likely be AN

(B_25%, N_35%, A_40%) around +0.2 K. Note that the
prediction skill (correlation) of ESPresso™ in

T
1985

MNovember is r = 0.33during all (training+forecast)

period. The correlation skill for the training (1983-2005)

and the independent forecast(2008-2018) isr=0.23 andr =
0.48, respectively.
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Observed (line-dot) & Predicted (box) temp for December Lead-3

5.0
2.5
004 BEHEMBE 0T [ H A a R I
p iy 0 AT \ TR AR\
2.5 |
T T T T T T T
1985 1990 1995 2000 2005 2010 2015

Bl [Evmnrosian Bl vssnd Regional forecast

The ESPress0™ thinks Philippines Sea prcp, W. Pac i
precipitation, and SE Asian temperature are important -
factors to consider in the APCC MME_In December 2018, there - #
is no signal As a result, the ESPress0™ predicts the

temp will likely be NN (B_25%, N_40%, A_35%) around +0.1 K.
Note that the prediction skill (correlation) of

ESPress0™ in December is r = 0.24during all
(training+forecast) period. The correlation skill for the

training (1983-2005) and the independent forecast(2008-2018
is r=0.30 and r = 0.13, respectively.
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