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ABSTRACT

Recent progress in predicting seasonal climate variability has attributed to a major
scientific advancement in dynamical seasonal prediction (DSP). The Asia—Pacific
Economic Cooperation (APEC) Climate Center (APCC) has been devoted to producing
and disseminating the operational multi-model ensemble (MME) seasonal prediction
with a state—of-the-art climate models or systems since 2005. However, there has
been a relative lag in the effective utilization of seasonal forecasts due to the
limitation of available prediction data. In addition to the fact, this project has been
also simulated by the recent advent of new operational communities for MME-based
seasonal climate prediction. Therefore, a multi—year project to develop a prediction
system for new content based on APCC MME seasonal forecasts was launched
in 2017. In the first year, the prediction skill of the potential content to be selected

for the new climate data services has been evaluated comprehensively.

The first objective of this project in 2018, the second year, was to develop an
operational prediction system for forecasts of ENSO type (or phase) and strength
(or intensity) events. The probabilistic approach to ENSO type (El Nifio, ENSO-neutral,
or La Nifia) and strength (strong/moderate/weak El Nifio or La Nifia) events is based
on an uncalibrated MME with equal weighting using a parametric Gaussian fitting
method, which is the most appropriate for use in an operational prediction system
based on the first year of research results from this project. The system has been
fully tested for stability and coherence with the current operation system for MME
seasonal forecasts and is currently in operation. The forecast probabilities of ENSO
type and strength events with a six month lead will be disseminated to APEC



members via our website by the end of this year.

The second objective is to develop an MME-based global drought prediction
system and evaluate its prediction skills in terms of probabilistic forecasting. The
major driver of climate and source of predictability for terrestrial precipitation,
accumulated over six months, have been analyzed and its temporal and spatial
structures have been identified. Investigations of local MME-based drought
predictions were conducted based on drought-prone regions and periods selected
using these results. The (deterministic) MME-based global drought prediction
system (with a six-month lead) developed as prototype in 2017, in particular, has
this year been expanded to a probabilistic forecast system. The usefulness of
probabilistic forecasts in the test-bed has also been verified based on various
measures. Finally, it was found that MME-based drought predictions can provide
useful seasonal climate information and implies further possibilities of being one
of the new content in the climate service.
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Figure 1.1.
Figure 2.1.

Figure 2.2.

Figure 2.3.

=k

Project Structure, -=-============--=mmmmmmmm oo 3

Description of developed probabilistic MME (PMME) prediction system
for ENSO type and intensity forecasts, based on a Gaussian fitting method
for estimation of categories and an uncalibrated MME with equal model
weighting. ==============mmmm e 6

Relative Operating Characteristics (ROC) curves of the PMME prediction
system for ENSO type forecast at lead times of 1, 2, 3, 4 months. ROC
scores (area under the ROC curve) for each category and lead time are
shown in the plot, -==---==--=--=-----=----mmmmm o 6

Verification skills for categorical forecast of (a) APCC and (b) NMME for
drought occurrence, based on (left) hit rate, (middle) false alarm, and (right)
threat score. Drought occurrence is identified when the 6-month SPI index
drops below a particular threshold of —1.0 (see Table 4.2). Here several
verification measures for forecasts being below the threshold based on
a contingency table approach applied at each grid point is computed (Mo
and Lyon 2015). The entries in the table are defined as follows: A is the
number of drought events that are forecast and occur, B is the number
of drought events that are forecast but do not occur, C is the number
of drought events that are not forecast but do occur, and D is the number
of drought events that are not forecast and do not occur. The variable
N is the total number of drought events analyzed from 1983 to 2005.
Based on these values, the hit rate is defined as H = A/(A+C), the false
alarm rate is defined as FAR = B/(A+B), and the threat score is defined
as TS = A/(A+B+C). == 8



Figure 3.1. Schematic diagram for the estimation of forecast probabilities (a) based
on empirical ranking method and (b) based on statistical fitting method
from a forecast PDF for each category, El Nifio, ENSO-Neutral, and La

Figure 3.2. Schematic diagram showing the combination of forecast probabilities from
single-model by applying the total probability formula with equal model
weighting. —=-==-==========mmmm oo 10

Figure 3.3. Seasonal evolution of equatorial Pacific SST and U850 anomalies (5°N-5°S)
from observation and 1-month lead MME predictions for the period
2014JFM to 2017/18DJF. -========mmmmmmm oo 14

Figure 3.4. Time-series of 3-month mean Nifio 3.4 index from observation (red),
individual models (grey), and MME predictions (black) at lead times of
(@ 1 and (b) 4 months for the period 2013JFM to 2017/18DJF. Temporal
correlation coefficients for the MME prediction are also displayed. - 15

Figure 3.5. (a) Observed 3-month mean Nifio 3.4 index and its PMME forecast for
ENSO type (El Nifio, ENSO-Neutral, and La Nifia) at lead times of (b)

1 and (c) 4 months, —-=-=-=-===-=-mmmm oo 16
Figure 3.6. Same as Figure 3.5, except for ENSO strength forecast. ----------- 17
Figure 3.7. Half-pie diagram of PMME prediction system for ENSO intensity forecasts
of 2015JJA. - 18
Figure 3.8. Same as Figure 3.7, except for 2017DJF. --------------------mmmmm-- 18

Figure 3.9. Heidke Skill Scores (HSSs) of individual model and PMME prediction at
lead times of 1 and 4 months for (a) ENSO type and (b) ENSO strength

forecasts for the period 2013JFM-2017/18DJF. ---------------------- 19
Figure 3.10. Flow chart of the PMME prediction system for ENSO type and intensity
forecasts. - 20

Figure 3.11. The directory structures of the PMME prediction system for ENSO type
and intensity forecasts. -----------mmmmmmmmmimm oo 21

Figure 3.12. Example of ENSO Plume MME forecasts for ENSO type. --------- 24
Figure 3.13. Same as Figure 3.12, except for ENSO intensity. ------------------ 24



Figure 3.14.

Figure 4.1.
Figure 4.2.
Figure 4.3.

Figure 4.4.

Figure 4.b.

Figure 4.6.

Figure 4.7.

Example of half-pie diagram of ENSO Plume MME forecasts for intensity
forecasts of 2017JFM., -=------==--=-m-mmmmmmmmmmm oo 25
Defining SPI from accumulated precipitation amount, ---------------- 31
Phase of ENSO events, -----=--=--===-===--=mmmmmmmmmmmmm oo 32

Interannual skewness for the 6-month accumulated precipitation, based
on (a) NDJFMA and (b) MJJASO (taken from 2IE0] 2| 2017).------ 34

Moment ratio diagram for accumulated precipitation at 6 months based
on (left) observations and (right) MME prediction. Red dots denote the
mean of whole samples (taken from 2IZ0| 2| 2017). -------------- 35

(@) Temporal correlation coefficient (TCC) and (b) Anomaly pattern
correlation coefficient (ACC) skills between the observed and MME
simulated 6-month accumulated precipitation. In (a), the right panel shows
the zonal means of the whole global (black line), and ocean (blue line)
and land region (red line) only. Time series of the observed amplitude
of Nifio 3.4 (red line) is plotted in (b).-----------------=--=--------—— 36

(a) Regression coefficients of 6-month accumulated precipitation onto
the Nifio 3.4 index based on observation. (b) Time series of the Nifio
3.4 index and area—averaged precipitation. In (a), the right panel shows
the zonal means of the whole global (black line), and ocean (blue line)
and land region (red ling) only. Time series of the observed Nifio 3.4 (red
line) is plotted in (b). ~--------=-=-mmmmm e 37

(@) Time series of the Nifio 3.4 index (grey line) and area—averaged
precipitation over the global land region based on observations (thick
black line) and MME simulation (thin black line). (b) Correlation coefficients
between area—averaged precipitation over the global land region and Nifo
3.4 index during all, El Nifo, and La Nifa periods. Solid and hatched
bars denote observations and MME. (c) Lag-lead correlation coefficients
between area—averaged precipitation over the global land region and Nifio
3.4 index during all (black lines), El Nifio (red lines), and La Nifa periods
(blue lines) based on observations (thick lines) and MME simulation (thin
lines). (d) Skills of Nifio 3.4 index forecasts during all, El Nifio, and La
Nifia periods. The red and blue lines of observed area—average in (a)



Figure 4.8.

Figure 4.9.

Figure 4.10.

Figure 4.11.

Figure 4.12.

show the values during El Nifio and La Nifia events (chosen which the
absolute magnitude of the Nifio 3.4 index is greater than 0.5C),
respectively. ------=---mmmmm oo 38

(a, b, d, e) Spatial patterns (shading, see scale at bottom) (a, d) over
the globe and (b, ) zoomed-in over Korean Peninsula, and (c, f) Principal
Component (PC) Time series of the first (upper panels) and second (bottom
panels) leading empirical orthogonal function (EOF) of monthly 6-month
accumulated precipitation over the global land. The fractional variance
explained by each mode are provided in upper right of (a) and (d). Time
series of the observed Nifio 3.4 index (red line) is plotted in (c). The dashed
straight lines in (f) show the linear trend of PC time series for the different
[0S0 10 40

Spatial maps of (a, b) observed 6-month time scale SPI and (c, d)
probabilistic MME forecast of drought occurrence (units: %) over (a, ¢)
the global region and (b, d) North American Continent for May to October

Reliability (attributes) diagrams (RDs) (upper of each panel) and frequency
histograms (bottom of each panel) for the 6-month time scale SPI
forecasts initiated from November 1 (left columns) and May 1 (right
columns) for dry (left of each panel) and wet (right of each panel) events
over the globe (top rows), tropics (middle rows), and northern extratropics
(bottom rows). Area of skill in the RD is denoted by shading in gray.
The line with closed circles represents the MME forecasts; the lines with
open circles correspond to single-model forecasts. The area—aggregated
values of BSS over each region are provided to the upper left in RDs
gach panel. -------------mmm oo 43

ROCSs for the 6-month time scale SPI forecasts initiated from (left)
November 1 and (right) May 1 for (top) dry and (botis significant at the
90% confidence level, which was obtained by a Monte Carlo test with
500 random trials, =============mm=mmmmmm oo 45

Regionally aggregated ROCSs for the historial (1983-2005) and real-time
(2015-2017) 6-month time scale SPI forecasts initiated from (left) Nov
1 and (right) May 1 for dry events over the globe (top rows), tropics



Figure 4.13.

Figure 4.14.

Figure 4.15.

Figure 4.16.

Figure 4.17.

Figure 4.18.

Figure 4.19.

Figure 4.20.

Figure 4.21.

(middle rows), and northern extratropics (bottom rows). Solid bars denote
the dry event forecasts and hatched bars denote the wet event forecasts.
Dashed line corresponds to climatological forecasts. ---------------- 47

Same as Figure 4.10, but for the different methods of multimodel
combination (see the legend). -----------------=---------mmmmooo oo 48

TCCs between Nifio 3.4 index and 6-month accumulated precipitation
(left column; shading TCC values exceeding the 95% confidence level;
The selected domain for verification analysis is denoted by the rectangle
surrounded by solid lines in red) and their zoomed-in to the domains
selected (right column; the black dots indicate grid points for which
TCC is significant at the 95% confidence level), and composites of
regionally aggregated 6-month time scale SPIs for 7 El Nifo events
(middle column). Dashed line in middle column corresponds to periods
considered, -7 mmmmmm s 50

Discriminated composite PDFs of 6-month accumulated precipitation
anomalies over the Indonesian region for various ENSO phases. -- 51

Same as Figure 4.15, but for observations and simulations. ------- 52

Scatter plots of D (x axis) and two parameters (location in upper and
shape in bottom panels) of empirical CDFs (y axis) based on two different

ENSO phases. —=-======-=======-=mmmmmm oo 53
Same as Figure 4.11, but based on the domains selected for dry (left)
and wet (right) events, -----------=-----m-mmmmmmoo oo B4

Same as Figure 4.10, but based on the domains selected of Indonesia
(upper left), Philippines (upper right), E. Southern Africa (bottom left),
and N. South America (bottom right). -==================-=m-mmme- 56

Composites maps of SPI values from observations and probabilities from
MME for the years of EI Nifio (left) and La Nifa (right). ----------- 57

Same as Figure 4.8, but based on the domains selected of Indonesia
(upper left), Philippines (upper right), E. Southern Africa (bottom left),
and N. South America (bottom right). -====================m-mmme- 58



Figure 5.1. Example of homepage where the probabilistic MME forecast for ENSO
type and strength will be available from December this year. ------ 06

Figure A1. ROCSs for (left) wintertime temperature and (right) summer precipitation
for (top) the AN and (bottom) BN categories. The black contour encloses
the grid points for which ROCSs are significant at the 90% confidence
level (taken from Min et al. 2009). ----------------=----=------momoooo- 85



Table 3.1.

Table 3.2.

Table 4.1.

Table 4.2.
Table 4.3.
Table 4.4.

Table 4.5.

Table 4.6.

C C L | M A T E C E N T E R
X}
Definition of ENSO type and strength based on 3-month mean Nifio 3.4

index anomaly used in the study.-------------==----------mmmmmmm-oo oo 10

Description of participating models in MME ENSO prediction used in the

Flood/drought conditions categorized according to the SPI value. --- 32
El Nifio and La Nifa years. --=---====-=====--===m---mmmmmmmmoooo oo 33

Global mean of basic statistics of accumulated precipitation at 6 months
(taken from 2IB0O| 2| 2017). ----------=---mmmmmmmmm oo 7

Regionally aggregated ROCSs for the 6-month time scale SPI forecasts
initiated from (top) Nov 1 and (bottom) May 1 for dry (left columns) and
wet (left columns) events. The 95% confidence interval (Cl) for the ROC
area is indicated in parentheses. p values indicate Monte Carlo—based
significance levels for which all aggregated ROCSs are statistically
significant at the 99% confidence level (less than 0.001). ----------- 46

Regionally aggregated ROCSs for the 6-month time scale SPI forecasts
for dry (top) and wet (bottom) events for the period covering both historical
and real-time forecast. Values in parentheses are the ROCS for historical
forecasts only. -=====-=====m--mmmmmm oo 59
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Tt 5412 £4(<), Kolmogorov-Smirnov BIAE, B3}/8|2451 7|H 5) U
%2 B7kE B3 ENSO SH/4EE Ao v ZE== Nino 3.4 A50] H27t
= 9 ERY BE Gaussian S2E E-S FRIH Y, ERE9] &3E 27
Al Gaussian fitting &<=9} WHo] B]Epo} WHio] vl Aelehs At Ee, 2
mgo] o2 HY 7|HHISY U HNES T dARE RRE/AEEE A
= goshs i) o] Tkt 7RIS Fofshkes 7l
&, &= vla/grR A3, BE 5U7 YAGICE ENSOE 425k 71E9 &
Wi d<egat7]Ro] ENSO $13/73%= Aol 7 Adsittal g w o). 1 483t
Gaussian fitting WS 2-8st0] 7EEO] ENSO /7= tigt dS2ES 34
Stal, ER o] diESES U Batshs 71Hol APCC YA Sl 7Hd A
ShZ YRtk olgA /idE ENSO /7% EE0S5Z $I't PMME(Probabilistic
MME; Figure 2.1)71%2 Hindcast 7170l tigt A52 437t 23 ENSO f1d+nt

e}
Ay
)
o
o

H(model combination)& %

5) Centro Euro-Mediterraneo peri Cambiamenti Climatici)
6) Canadian Coupled Model version 3

7) Canadian Coupled Model version 4

8) National Aeronautices and Space Administration

9) National Centers for Environmental Prediction

10) Pusan National University

11) Predictive Ocean Atmosphere Model for Australia

12) Seamless Coupled Prediction System
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Figure 2.1. Description of developed probabilistic MME (PMME) prediction system for ENSO type and
intensity forecasts, based on a Gaussian fitting method for estimation of categories and
an uncalibrated MME with equal model weighting.
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Figure 2.2. Relative Operating Characteristics (ROC) curves of the PMME prediction system for ENSO
type forecast at lead times of 1, 2, 3, 4 months. ROC scores (area under the ROC curve)
for each category and lead time are shown in the plot.
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TR A7t AEEe S @R AT A XA TN AAl 8= ofof
st o]& sl A+ 7Ha FAIL} AlSo] digk B840l i+ H Aok ShA[RE AlE W<
5ol Ay A+ & 759G AH|A dE TS off, hFES] 7FEAS0] AgHo R
7 THE T =7 FHoIA AFEIL AH|AL) Eof $irt. APCCE A AARE 7Ha
A A vl FHOIAE S5l A4Sk 2loH, olet AAT 4 ULESF 517] 915
A@=Y 7H8A)) 2017400 AT 7He AISAIAE AL 2 S AR 1 99
Sfjoto] s ekEr 718ake] AEA). 13+ el 201740l A 7he clSo] o
o #E Aol gle ARFlA, 7he Aoet AAAF A HsiA o8 7 Al S
Hud, 784, B394, 784, A58 59 A 7IES ¥R Standardized
Precipitation Index(SPI; McKee et al. 1993, 1995)5 7k& cll&o 23St 71& A4
& A5k SPle A717Hlong-term)®] 2=~ 2ol o't 7145 7Ha2 YErd
W, 7he A Ahmete] AAE a1 Al ARt Aol ok&®, 11Xt APCC MME

715EAmE B8 R 7HE A& gt APATLE FEStel(Sohn et al,
2013a, b: Sohn and Tam 2016), A+ 7 9 7keo] EAE E4sta AT §4

A o] thgt = alE 435S EASHIATHUR 9. MME 71395 A=9] ol & A9
AlZkE A5t} 671 AIZFRAA Q] SPI AISA RS AJ4lstaL, o] IolA Bt E
= BARS 13 7|95k HAF HA(bias correction)] S EA 5T 14+
of /e & AAEE AHEH SPI S50l vl F3lon 7HaA4=2] dutkAel
q&ds A4S B HEe] 7he TA(GE =
32 HE 59 7Y 8 S8 #RlE AS 452 Zﬂ I3l A& &9, 7]‘%
Hhgo] tfsf] o] AYAHMo and Lyon 2015)%}t &6 vl & o AREAY
vl ¢-9je] AWE Hof 2ot oAt ZHEA 4T Jlr% APCC MME AZ &
AmE 7oz AT 7 dSAIA"ES AYshl % 1 AmE A AlSsk=dl 7t

B

13) HEAQI 92 National Oceanic and Atmospheric Administration (NOAA) Climate Prediction Center
(CPO)9 “US Monthly and Seasonal Drought Outlook”
14) http://www.apcc21.org/ser/global.do?lang=en
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Figure 2.3. Verification skills for categorical forecast of (a) APCC and (o) NMME for drought occurrence,
based on (left) hit rate, (middle) false alarm, and (right) threat score. Drought occurrence
is identified when the 6-month SPI index drops below a particular threshold of =1.0 (see
Table 4.2). Here several verification measures for forecasts being below the threshold based
on a contingency table approach applied at each grid point is computed (Mo and Lyon 2015).
The entries in the table are defined as follows: 4 is the number of drought events that
are forecast and occur, B is the number of drought events that are forecast but do not
occur, Cis the number of drought events that are not forecast but do occur, and Dis the
number of drought events that are not forecast and do not occur. The variable Vis the
total number of drought events analyzed from 1983 to 2005. Based on these values, the
hit rate is defined as 4 = A/(A+C), the false alarm rate is defined as FAR = B/AA+B), and
the threat score is defined as 75 = A/(A+B+C).
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A 2.17800A AGRE wieh ol 2 A 13 o] 7 ENSO 914/4%=
N571MZ 24 Wole dYHE, ciSAAH AT 2 ARl A 29)ste,
OIAE T ASHE AlTo] 2F FHet T 4 At Wb 3o M= e
AlAE P 9 A 3d7R0] HARE 9l5(2015JFM-2017/18DJE)°ll gt ENSO 213/
A= FECS AEY C58 4TS 2HE St AdE ASALHES
Gaussian fitting Y& 2§t /ERHO] ENSO $1d/73=0] digt 7He|ared o
2882 F4stu(Figure 3.1), (2) MERDY J&TES D Foshe T
(Figure 3.2), ENSO 9V3/3=5 sk 712 Table 3.13% Zth. ENSO g&&
71l tigt ApAIt A 9 A5 AT 201749 AFEIAE ok viith(Rlgn|
€] 2017).
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Figure 3.1. Schematic diagram for the estimation of forecast probabilities (a) based on empirical ranking
method and (b) based on statistical fitting method from a forecast PDF for each category,
El Nifio, ENSO-Neutral, and La Nifa.
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Figure 3.2. Schematic diagram showing the combination of forecast probabilities from single-model by

applying the total probability formula with equal model weighting.

Table 3.1.
in the study.

Definition of ENSO type and strength based on 3-month mean Nifio 3.4 index anomaly used

ENSO Category

Definition

Strong El Nifio

Nifio 3.4 index = +1.5°

Moderate El Nifio

+1.0° = Nifo 34 index < +1.5°

Weak El Nifio

+0.5° = Nifio 34 index < +1.0°

ENSO-neutral

-0.5° < Nifo 3.4 index < 0.5°

Weak La Nina

-1.0° < Nifio 34 index = -0.5°

Moderate La Nifa

-1.5° < Nifo 3.4 index = -1.0°

Strong La Nifa

-1.5° = Nifio 3.4 index
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AJARRE 2013978 A7

1R ENSO 91/ SEaflSAIAHf et A8 A, APCC7t
A& HE E8sto] ENSO /%
o ot oﬂé% H7FolarAt $ei(Hindcast 717k Higt A&7 B7H= 2P B
11gu] 9] 2017). & IAE Bl ALH 34
o]7] W&ol 3.2%9
Ao ARgE 2] JE&HRE 8519 tHTable 3.2). =, 1
FAIA7], Aol B)oll whet MMEo] roigt melo] 471 274 Aold 4=
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=2, et 71737g0llA Al CANCM39F CANCM4E 201695 E F B 3
A A ool dl MSC(Meteorological Service of Canada)® EWFIl 9loH, &
HAZ3N 713 ASHAE (CMCC)= 20149 595E APCC MME®] Foisk7] Alzk3ct.
T3 APCC= steto|digtate] #4201 8 2 3-5A7E &1t AR 7ol =3
S 71271 A3, A5 w2 Ve 2E SCoPS BEE /H¥stol(Ham et al. 2018),
20179 129455 7]&29] CCSM3(Community Climate System Model version 3)°]
Al SCoPSE AAHES WA sto] APCC MME®] #ofstal et

SRS A5 Ao AASE oS Ame v= sdH7H 2 7| A E of A
AXNZTo 2 AlgEe HAYWAES &85t oA % (Optimum Interpolation SST;
OISST; Reynolds et al. 2002)9] ¥H+ At=o|H, AREH 7|7F 2 st E= wdat
LS 2.5° AR Aoty 242 f8) 2d 3 WS AR 4749 2949 7154k
(1982-20109)°l| Tt BAFE o851t ©, NCEPS] A, mHlo] A5 oxt BAy
= F1sf 1999-2010¢ 715 g2 B-&SHATHET AR Y-8 2hd B A Fraruleh;
Tgu] @] 2017; Kirtman et al. 2014).

Table 3.2. Description of participating models in MME ENSO prediction used in the study.

Model Orgcagwda?['ﬁif)n/ Resolution Ens. Size (H/F) Fg;enp:; L Reference
CCSM3 APCC/Korea T851.26 10/10 2013.9-2017.11 | Jeong et al. (2012)
OMCC | CMCC/intaly | T63L19 9/9 2014 5-present A'ees(az%ﬁr(i»et al.
CANCM3 10/10 2013-2015 Scinocca et al.
(MSC) MSC/Canada Te3L3t (20°) (2016-present) (20089)
CANCM4 10/10 2013-2015 Merryfield et al.
(MSC) MSC/Canada Te3L31 (207 (2016-present) (2013)
NASA NASA/USA | 288x181 grid L72 11/11 2013-present | Molod et al. (2012)
NCEP NCEP/USA T62L64 20/20 2013-present | Saha et al. (2014)
PNU PNU/Korea T41L18 5/5(3-10°) 2013-present | Ahn and Kim (2014)
POAMA | BOM/Australia T471.17 33/33 2013-present Lim et al. (2012)
SCoPS APCC/Korea T159L31 10/10 2017.12-present | Ham et al. (2018)

@ Replaced by MSC with 20-ensemble from 2016.

b Usually 5-ensemble, but sometimes it differs from 3 to 10-ensemble.
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S OISST A=A Yehh= ek SST 9 850hPa 515 =4 HFEHUS50)
< AT EH(Figure 3.3), 20154 SR E AHEIolA F3t AFHAL T SH
HFollA et %9 SST HWAE Hol7] A&t 113 AL ofF 73t 9] SST WAt
SEHE oA L o] & Aol A SFHAF UERtHA M3} okstE]o] okt 29
HAE Bt} £3], 201792 2015/169 o5 9t Yo] WA} o] 21 d&o=z A
23 &9 w7 YEsth o]23k SST 2 U850 Ble/dS ARAIZE 171€ MMEAA
] & molsh= Aog Helth E3], 2015/164 o5 Z35t ko] WA} 2016/174
7Ag Rt 2o HAo] gigh = 9 A¥E MMEE HEndo] vls] #=3} FARBH
woJetyleh. SHAITE, 2017/18F SEIH Y 2keh 2] WAt dishA= thy=e] mdo]
#HEET} okolA|, LA RoshHA MME E3t 5U%t Ziks Btk

o2 370 Bt Nifo 3.4 A4 BAE A EH(Figure 3.4), 2011/124¢ oF%t
U o]F 20144 FE7HA] SEAE7E 24 ol A%E T 20144W 7HSRH Nifo
3.4 A5 A7 0.5C o9 k= Kol ot Ayt AIRE|QIe o< 20159 &3
¥ Nifio 3.4 Ag= F43] 371 953 ol A3 AUk AAUR! 1.5T o9
e Holok 2015/16F ALE Nifo 3.4 A= 2.5C olfoZ ofF 74gt dynz
2ol o] AUyt AFEHEA 2016-170 ALE F ¥ okt 2yt Yet
Wk APCC MME®] Zofste ti7]-siF @ do] o &3t 370 Bet Nifio 3.4 A5
£ TS0l4 Yehtal Gli= ENSOQ] W53 tiAlZos & Hojshks 2108 UEto
o, A SUTHGEx 12708=60"tR) 5] = APARE 1(4)7HLNA
0.85-0.94(0.55-0.85)9] ¥¢=S =ctk. 1 Ay, APCC MME7Z} 2oJgt 370 B+
Nifio 3.4 A5 2013JFM-2016/17DJF 713t &<t #=3} A= APAIE 174
0.969] #t= Hal, APAIRE 474l A= 0.862E o &2 5SS &
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Figure 3.5& 2013-201797H4] £ #AE &3l 7dd SEAS71-(PMME)] 9
3 d&E AYk/FTH/Ul digt 7 7o) ASEES vEhd Aot
2015/169 AYx7} Idoly] A7k A&Eoled FHdH] dsf PMMME $9
7oA 7FE =2 SE(60% o)< lI&sHtH2013JFM-2014M])). E3H dY
T YAIGR] 05T oAFe] 2he BEolA] Hol 2014SON-2016AMJ 717t B2t PMMEE
AP 17HL(L1)ONA 2015FMARE AlLjst=(PMME= S8 Y gE°] 65%1/ o=
&3 &I LA AUolA 7 &2 & SEFS Hol, ENSO $43ol o
St ZHE IS AES] B Ao= g0l "t E3F 2015/16E A% AYk AR
1.5C o9 g H9l 2015JJA-2016FMA 7|75t PMMEE AUk &Eo] 95%
olyo = Ags] dl&stoirt. sHAYE 2015/16W WYk WEAZ|E HZol vlg] & A
A w27 d&shes A Btk APAIT /KL E DAYk ZHE oA 7
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di&go] Yol AR Hh 2015/169 AF AU ol: wgHd
2016ASO-OND 7|3t9] okt 2hufe]l thsfiA] PMME® L1°f ¥50] H]sf wl=2A] gt
=, 2016J]JAR-H 2HuelA 7HE w2 EE 3k BEQDskal 2016/17DJF7HA] &2
A0 R &5t o= et AYk/TU 7} 735t AUk /Lol H]s] of&2o]
A Yebetd Hindcast 234" ENSO 910l mhe o&Y Alol& gl & & Utk
20173 shEE7|of] el oket ey 2016/174 Shyukel 9] B0 uls) &4
HIS 702 S5, APAITte] AojdLE ol2fet APFS AXHA FHol 7H
=2 gE @2 2t

ENSO ZZo&2 3709 7H 1 2(@Y/FH/2W) F 71 2 &S A5
ZHITEE 4 Adst, 1 a7 Ay B e ud 49 Bl i /S
/9D AEZEES A YeERAtkFigure 3.6). TE0lA 3719 B Nifio 3.4 A7}
Yk AARER] 0.5C o] gk EQl 71zke] tisiAl PMMEE 2% AUk o] HA3s}
B2 7P =4 d&E3on, 4% Yk 717H2015]JA-2016FMA) 5<7F L1, L4 2%
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PMMEE 238t AYr} S/t dYko] Hls d&EEo] 4 Uedt & &
2015]JA°l Hisi PMME® 739t Yk o] 52 46.3%= HE 7HE Lo HIs 71
= ASot9ckFigure 3.7). 20179 A< Yehd ot 2fuol] disiA= PMME=
Rt Ul 7FE =2 56.3% A&5SES Kol A (Figure 3.8) ENSO 7ol tigh
ZH|EE & HEcke 202 yehgtth 1 A3t Ad 53%E9] ENSO 9/l o
st ERd 2 PMMEQ] 9|&8& Heidke Skill Score(HSS)Z 4w 2 H(Figure 3.9),
ENSO 1/ &S0l qloiA 7idude] Hls) MME7} &2 oSS Kol L]
oA HSS ) 0.6 o9 &2 @5 HoliL Qlrh &, & AtollA /NLet ZEa)S 7149
(Gaussian fitting B2 2-&sto] /WEEAS] ASSES 7951, ol& T<Bot
£ )2 ENSO 9 ¥ A& Fheaglol] tigk d&2o] =32 IRIT 4 AUt
ENSO 914l digt A 5d7te] of&8hg2 2990l tigt Hindcast 7171 vl 23S
o fARRH HSS & E3.2H, ENSO Z%=+= Hindcastol] Hl3] tha &2 &S
719u] @] 2017, Figure 3.26 H|1). oli= £3] 2015/16W 738t duico] thsfiA
PMMEZ} 4€5] 733t AUk & oS3t FE9] 7]ojiert & 20 & AYziHch shAt
o FAAQ B4 floide Bt 11 AARE dSARE S8 A58 HSol gt
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Figure 3.3. Seasonal evolution of equatorial Pacific SST and U850 anomalies (5°N-5°S) from observation
and 1-month lead MME predictions for the period 2014JFM to 2017/18DJF.
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Figure 3.4. Time-series of 3-month mean Nifio 3.4 index from observation (red), individual models

(grey), and MME predictions (black) at lead times of (a) 1 and (b) 4 months for the period
2013JFM to 2017/18DJF. Temporal correlation coefficients for the MME prediction are also
displayed.
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Figure 3.5. (a) Observed 3-month mean Nifio 3.4 index and its PMME forecast for ENSO type (El Nifio,

ENSO-Neutral, and La Nifia) at lead times of (b) 1 and (c) 4 months.
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Figure 3.6. Same as Figure 3.5, except for ENSO strength forecast.
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Probabilistic ENSO Forecast for JJA 2015
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Figure 3.7. Half-pie diagram of PMME prediction system for ENSO intensity forecasts of 2015JJA.
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Figure 3.8. Same as Figure 3.7, except for 2017DJF.
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Figure 3.9. Heidke Skill Scores (HSSs) of individual model and PMME prediction at lead times of 1
and 4 months for (@ ENSO type and (b) ENSO strength forecasts for the period
2013JFM-2017/18DJF.
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! (AFS_Graphic_ENSO_intensity_season.ncl)
(AFS_Graphic_ENSO_intensity_comb.ncl)

HE 2 & Nino 3.4 A= 74t
!
NERHENSO SR/EE H5=HE 8

|

MME ENSO E5/4 & 0| ==&

% B

e

Figure 3.10. Flow chart of the PMME prediction system for ENSO type and intensity forecasts.
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= 29 telze)
- /datal1/OPER/AFS/CODE/FIG/ENSO_prediction (${ENSO}Z A29))

- I Eg 2= Figure 3.113 2

n /gz‘sg A

- ${ENSO}/1_AFS_ENSO_6mon.ncl

- 71&9] ENSO dI5A A8 Aad 2, ENSO /3= SEdSA2" 3 #

ZA29 ARIES F7H
. A7}
- ${ENSO}/OUTOUT/${YYYY}${SEASON}/DATA/

- ${ENSO}/OUTOUT/${YYYY}${SEASON}/Fig/Probability/

¥ ${YYYY}: ol&staAt sk= 5ff (o, 2018)
${SEASON}: cl&stazt shk= A (<], JJASON)



3. ENSO SRY/4= SIS0EAA Tt | 21

g

D 1_AFS_ENSO_6mon.ncl
%///////// _ AFS_patameters_ENSO_6mon.prob.ncl

V/////////// DMME.Users.6mon

e T
Z = "
f///é////%/'/é/{///‘//////’///% t{Funcicomb.ncl] . .
(Func_Prob ENSO_intensity comb.ncl)
(Func_Prob_ENSO_intensity_season.ncl)
(PROB.so)

AFS_Calc_ENSO_probability.ncl
AFS Graph ENSO Run.csh

AFS Graph ENSO_ probability.ncl
AFS_Graph_ENSO_intensity_comb.ncl

AFS_Graph_ENSO_intensity_season.ncl
. AFS Graph ENSO state season.ncl

| oureur [ SRR

Figure 3.11. The directory structures of the PMME prediction system for ENSO type and intensity
forecasts.

3.3.3 & Ext & Y
1) T=tvg A% DMME.Users.6mon
- 9l&staAt sk Sl target_year
- o|=35}31A} 5= AA&: target_season

- ZoJsk= 29 o]&: model_names_gener

> cd /data11/OPER/AFS/CODE/FIG/ENSO_prediction
> vi DMME.Users.6mon

begin

forecast_season = (/"FMAMJJ"/) ; season (DJFMAM, MAMUJA, ...)
forecast_year = 2016 ; forecast year

start_year = 1983 , start year of hindcast

end_year = 2005 ; end year of hindcast

model_names_gener = (/"APCC","CMCC","MSC","NASA","NCEP","PNU","POAMA"/)
mme_names_gener = (/'SCM"/)
end
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2) 4 T

- 7]29] ENSO Prediction A3 3}dof] ENSO S&EHE F7HT=E A)

> ncl 1_AFS_ENSO_6mon.ncl

dir = "/data11/OPER/AFS/CODE/FIG/ENSO_prediction/NCL_CODE_6mon"

begin

; Calculating ENSO/IOD index

system("echo ")

system("echo start MME Timeseries")

system("echo ")

system('ncl " + dir + "/AFS_Calc_ENSO_Timeseries.ncl”)
system('ncl " + dir + "/AFS_Calc_EMI_Timeseries.ncl")
system('ncl " + dir + "/AFS_Calc_IOD_Timeseries.ncl”)

system("echo ")

system("echo start IND Timeseries")

system("echo ")

system("ncl " + dir + "/AFS_Calc_ENSO_Timeseries_model.ncl")
system('ncl " + dir + "/AFS_Calc_EMI_Timeseries_model.ncl")
system("ncl " + dir + "/AFS_Calc_lOD_Timeseries_model.ncl")

system("echo ")

system("echo start Spatial Distribution”)

system("echo ")

system("ncl " + dir + "/AFS_Calc_ANO_MODEL_season.ncl")
system("echo ")

system("echo start Hovmoller Diagram”)

system("echo ")

system('ncl " + dir + "/AFS_Calc_ANO_OBS_MODEL_13month.ncl")

ENSO probabilistic forecast

system("echo ")

system("echo Start Probabilistic ENSO Forecast”)
system('ncl —Q " + dir + "/AFS_Calc_ENSO_probability.ncl’)
system("echo Complete Probabilistic ENSO Forecast”)
system("echo ")

; Graphic Part

system("echo ")

system("echo start MME Timeseries Graphics')

system("echo ")

system('ncl " + dir + "/AFS_Graph_ENSO_month_Timeseries_Web.ncl")
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system("ncl " + dir + "/AFS_Graph_EMI_month_Timeseries_\Web.ncl")
system('ncl " + dir + "/AFS_Graph_IOD_month_Timeseries_Web.ncl")

system("echo ")

system("echo start IND model Timeseries Graphics")

system("echo ")

system('ncl " + dir + "/AFS_Graph_ENSO_month_Timeseries_IND_Web.ncl")
system("ncl " + dir + "/AFS_Graph_EMI_month_Timeseries_IND_Web.ncl")
system('ncl " + dir + "/AFS_Graph_lOD_month_Timeseries_IND_Web.ncl")

system("echo ")

system("echo start Spatial Distribution Graphics")
system("echo ")

system("ncl " + dir + "/AFS_Graph_ANO_Spatial_Web.ncl")

system("echo ")

system("echo start Hovmoller Diagram'")

system("echo ")

system('ncl " + dir + "/AFS_Graph_Hov_OBS_Web.ncl")

system("echo ")

system("echo start Table")

system("echo ")

system('ncl " + dir + "/AFS_Graph_ENSO_month_table_\Web.ncl")
system('ncl " + dir + "/AFS_Graph_EMI_month_table_Web.ncl")
system('ncl " + dir + "/AFS_Graph_IOD_month_table_\Web.ncl")

; ENSO probabilistic forecast
system('csh " + dir + "/AFS_Graph_ENSO_Run.csh")

end

3) 23 SRI(ENSO /7=l izt SEF-E1t BA)

- X]‘E
${ENSO}/OUTOUT/${YYYY}I${SEASON}/DATA/enso_probability_season.nc

-~ a9
${ENSO}/OUTOUT/${YYYY}${SEASON}/Fig/Probability/
Prob_ENSO_State.png(Figure 3.12)
Prob_ENSO_Probability.png(Figure 3.13)
Prob_ENSO_Intensity_${SEASON}.png(Figure 3.14)
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Probabilistic ENSO Forecast for 2017 JFMAM]J
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* ENSO State based on 3M Mean Nino3.4 SST Anomaly (Category Boundries: +/-0.5°C)

© APEC Climate Center

Figure 3.12. Example of ENSO Plume MME forecasts for ENSO type.

Probabilistic ENSO Forecast for 2017 JFMAM]J
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* ENSO Intensity based on 3M Mean Nino3.4 SST Anomaly (Category Boundries: +/-1.5, 1.0, 0.5°C)

© APEC Climate Center

Figure 3.13. Same as Figure 3.12, except for ENSO intensity.
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Probabilistic ENSO Forecast for JFM 2017

Neutral
Weak L

Moderate L © [mmmm— Weak E

‘ ENSO Neutral (53.5%)

ENSO Intensity based on 3M Mean Nino3.4 SST Anomaly (Category Boundries: +/-1.5, 1.0, 0.5°C)

© APEC Climate Center

Figure 3.14. Example of half-pie diagram of ENSO Plume MME forecasts for intensity forecasts of
2017JFM.

3.34 FQ T2
1) meulE A9
= ${ENSO}/AFS_parameters_ ENSO_6mon_prob.ncl(d+ 1)

- output AF= ¥ I9 fHEL], ENSO/IOD Al A9, AE 5 A9

2) ENSO 94 & A= 9=

= ${ENSO}/NCL_CODE_6mon/AFS_Calc_ENSO_probability.ncl

- ENSO 4 ¥ A=l Hiet MME &Ed5 At Z=

= ${ENSO}/NCL_CODE_6mon/PROB.f (PROB.so)

ENSO 91 ¢ 2 7HE|az]of] i3t Gaussian-fitting B'H< 2831 A=
FE 2 objective T

= =
' 74 A

- AFS_Calc_ENSO_probability.ncl I ol loadsfix AR
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3) I9Y B
= ${ENSO}/NCL_CODE_6mon/AFS_Graph_ENSO_probability.ncl(%- 2)
- AP 474E(GBAHE Baholl gt ENSO A= &8E 181 2(d], Figure
3.13)
= ${ENSO}/NCL_CODE_6mon/AFS_Graph_ENSO_state_season.ncl
AYAZE 4HBGAE Bl gt ENSO $14 dl&8E 28 2(q], Figure
3.12)

= ${ENOS}/NCL_CODE_6mon/AFS_Graph_ENSO_intensity_season.ncl(Gd+- 3)

- Z+ APl disHZE, MAM/AMJ/MJJ/JJA) ENSO Z &8k To] 1)
(o], Figure 3.14)

- 1Y YollA] Fucn_Prob_ENSO_intensity_season.ncl load oto] ARE-
= ${ENSO}/NCL_CODE_6mon/AFS_Graph_ENSO_intensity_comb.ncl

- & A& oigt (£, MAMZ} JJA) ENSO Ak d&8hE mo]| 18I (EHo|X]
2)1td YollAl Func Prob_ENSO_intensity comb.ncl load 3to] ARE-
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4. T ks OIE71E iR
41 N2

7HaZ oFEi A ollA FoFet o I o7IF 5 ShelH, =782 2dsto] WA
SHHESCAP 2017). B2 APATtol wa 7k 22 59 7|15 @40 TAvE=s
E5] 21417100 0] B Sk A3 UehdtHTrenberth 2001; Alexander et
al. 2006; Dai 2012; Hao and AghaKouchak 2013; Frich et al. 2002). A\t 54
Wzt vl otmE|7} HiE e, o, 123§ EF A9 58 7heol TRt
A A gor HAEHI 1o, of2e] 7 A RS Hloju A A4
T AAEI ot 7Reo] sEAT B3 AUste], AlE 5o, ulE FARY] AS-
2011493} 2000490l F o] 7|54 72 A2HA 4 31—4 AR &4
op7|3itHAghaKouchak et al. 2012).

7ha2 Z3de] drgete] (Wilhite 2000) 371kt +44 ghe AR olE2, AE7|%
oo} AlZhtIOA A B A ofof 5h= F8%t 7|FAHH F shuolth. §3] 7=
A& 7hr TS AT 2713 H AtiAl 84 F Sfelti(Hao et al. 2018). o]
A AT FEO] 71%GA] R aEARE B85 55 AAHSel Hg 27 diF, 11
% oYE WMO= ‘At 7ls HE A|AH(Global drought information system,
GDIS)"9] Q44 A3t vF QItHWCRP 2012). oA4R1 7HE AR A|AHL 7
HAIRE & AARE Ve el $47] 7R A BT ZESoF shH, oS SsiA]
2T 4 71e9] HEY A A48 ARE 7IREe R 3 7 2R € SAARE 7
A& Al2dl o] digt A7} HES] A= o] YTt o] Qofle AE AR Y
7] 713AEAmE 83 7 A%o] @ alEEofok dith Hao et al.(2014)2 7F=
A9} dl&o] ZAgtEl ZhEZQ] Global Integrated Drought Monitoring and
Prediction System= 4703t v} QloU}, o] gstr g o] AA7|SdEAH o] vty ¢l
o] T2 FAARI WrRio] Z|Htstal Qltt. AP AEYF A& ARE B8 7hE

15) https://www.theguardian.com/global-development-professionals-network/2015/oct/09/why-isnt-th
ere-a-global-body-to-monitor-drought
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o)

e APATLE A EH, Dutra et al.(2014a, b2 ECMWF System 4 X382 HIERC.
23,6, 127§ SPI A+ A5 £3589, Lavaysse et al.(2015)> ECMWEF2]
e AR v e R {9 AY 7he 7] FHE| digt AFE 3R v Uk
NMME Climate Test Bed(CTB)°lAl+, MME At=E o83l AFH oz A 7=
< &5t (Kirtman et al. 2014), 71 &5 A5HRATHYuan and Wood 2013;
Mo and Lyon 2015).

o

APCCE @A AT 7 Al AR AH|AL0) Fof 9o, APCC MME 719915
A7 719e] A 2e Zel= w9 YAk 185le], MME 71 30SA2E S8t A
T 71E S A" A E AR, 54 B2 a7E ol HERAMSE
< &85 A A 7HE & AAE A E A& HUPE BHE iR A4E 59

Zol QEHI B2). 12 GEQl 2017401 74 2] ARt 4 A% Ag %
A% e Aol o3 AAde] 45 AYEA 22 viozstel Wrishgt
(0% B2). F9) A 2% U0l ABEA dZ0= Frste] 1 dl24e B
1, ok AT B5et 5450 S BAsg okgd, obAloh BB A9 1
7RE H1%F A|20] et At ATLE Sle) RS AL, T A9 Fa S5
o} Big 7156t 54 @ md o @Y 5L W7k Shck ol B AT 2

AEA sE8d ol 71F FEE ATz, AR dis 9 AF wde ft 7l

B

APCCollM= @A A 7hg Al FHEZE 2.5°% 2.5° = oo 9 s A=s
ARESH, 1, 3, 6, 127118 &%) SPI9| A REE AlB3Art. o] o A= A
Climate Anomaly Monitoring System(CAMS)¥} AFaFa2- A Outgoing Longwave
Radiation, OLR) <= A|5(Precipitation Index) (OPI) (CAMS OPI; Janowiak and

16) http://www.apcc21.org/ser/global.do?lang=en
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Xie 1999)2, ¥ #
YAF OB RHO| 274 Amolth, 7He oS AAERE 7 A
At&=2F AA =] ofof ﬂEi 2 d+oll= %%_‘ ARE Hx P(reference) A== AR
okt CAMS OPI= AARte s dE A=g Algoh7| 2o APCC MME 715
A= 0] S-S AAE ARESEL 1o, 11 s HolAE ofet g Aol Sttt
(Sohn et al. 2012).

LB oS AmE APCC €¥ 670E MME dl&o] AR& 591 6719] A A+
71~

fF Hg dadt dESAAH TA7|F dZ(retrospective forecast T+

hindcast) 225 AojAt}. Table 4.1 & Ao AREH 671 715 A|AHIS] EE3}

B4R v A9 Uit B A7ol4 A8E RE o
25° A% g WPt WAVl U AEL

= O

A% Az

F= ZEO

-

A, 24 713k

2.5°9) % x

HE R

o] TF 717191 1983-200592 AREsHAATE
Table 4.1. Description of the six coupled climate prediction systems used in this study.
. AGCM OGCM Ensemble .
Country | Institute Model Resolution Resolution Vember Period Reference
ACOM2 .
Australia| BoM | POAMA24 | PAMBOD gp g pionon 33 10s3-o01q | COtU etal
T47L17 105 2013
0oGCv4 .
Canada | MSC | CanoM3/4 | A8y apoonxogatat . 10 | 1980-2010| Mermviield
T63L31 LA0 et al. 2013
OPAB.2 .
CMCC-SPS | ECHAMB.3 . . Alessandri
Italy CMCC 9 63119 OR%%gnd 9 1982-2005 et 4l 2010
POP v2.0.1
Korea | APCC | SCoPS | FCHAMB3 1o 0olat 10 19822013 MM etal
T159L31 2018
L40
MOM4
GEQS-517) g Ham et al.
USA NASA GMAO 988x181.72 72(22310 11 1982-2011 2012, 2014
MOM4
GFS Saha et al.
"8 [] o !
USA NCEP | CFSv218 T126L64 1 /3Lz10 lon 17 1983-2005 2014

17) Goddard Earth Observing System Model, version 5
18) Climate Forecast System, version 2
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N
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+ 6711 727349 drbEel
g% o= ASH] A Pearson S HIFORE, ARFAQl WME(Temporal
correlation coefficient, TCC; Barnston 1994) @ 37419l E3Z(Anomaly pattern
correlation coefficient, ACC)e] FAH3ol HdlA HISSIUTE F Probability
Density Function(PDF)] Zlo]& EAXCE H3E37] oA Kolmogorov-Smirnov
test(K-S test)2} Anderson-Darling goodness-of-fit test(A-D test; Stephens 1974)
£ skt

Foll A=l 22} Wroll= B2 al&0 g gfsto] 7hg 548 B7IskE=E WMO
oA Farsk= EE AS7IHQ Reliability(Attributes) Diagram(RD: Hsu and Murphy
1986)1} Areas beneath Relative((Ef= Receiver) Operating Characteristics(ROC,
Zhu et al. 2002) (Mason and Graham 2002; ROC Skill, ROCS), Brier Skill(Brier
1950) Score(BSS)E Z-&3IAHWMO 2002). °J2%t AF 7IHE v R 71 SEdl%
9] -84 (usefulness)& HHl7] 8llA accuracy, reliability, resolution, sharpness,
discrimination® ©f2] ZHo] Higt A& 52 BUISINCE 2 AN AREE
Reliability Diagram(Plot)2] Reliability Curve:= 4FH-9] SE0|&0)|4 &3] ARSEl= 1
1} Zsict tjilo] EREa&9] JAME Bivl HabZl o2 BESHIAIS ojgA| LeRE=A]
HoJEE Frequency Histograms £33 @2] =3t SE|=0)|4] ARE0l= Logarithmic
Ordinate Scale(Barnston and Mason 2011)2 Ar&sHct

423 7= E

A3 B B ARA WIS RS TRt EARKindicator)} H4-E
Ag3te] AW F % UL, TR 7he A58 ] 9sA B elo] Qlojsich
(Heim 2000). 7H2-& 5% 27 4709) 7Helnel(E, 7140, 5, S8, 41514

A 71 B5 S, B Aol 740 AWolA 719le ek BRg b

S8 7Fa= AYstaat FKHayes et al. 1999). 71484 7Fa= Aost7] sl
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WMOelA HiLsH= Z|A|Zte]=(WMO 2009; WCRP 2010), 71 &6] ARSElE 7HE

ARl SPl= AdE A7E &9 dsRAddYES &8 AT 7k A5 AlLH
7Hl:ﬂ- ol oﬂ.__/ﬂ Jlfl7]—— ‘|;|°]' X]._’_i 7&-} Q juil OﬂU] 94 2017) l-:gx—] =45 S 01-7(-]
712 93 % ARRE= Palmer Drought Severity Index(PDSI, Palmer 1965)2}
2] SPIE= = w8 (water balance)¥ EFrE-S AYotA] & of A (historical)
Atz ZA oJEske ARl Ut Ee SPl= o8 7HE Al JFE HlAl=
7HRE9] JF= wrgsto], A 37HolA 2d AbolQ] A fFEOIA Akt HEE J1QF

it WebA Flash Drought(Mo and Lettenmaier 2016)2F 2+ %2 Al7F 1.9
A2 YERNA] & sz ©lo] Qlh. HEhHol| SPT ARAl= ARESH7 o]l HE[shal A& o
B ARSI 4199, 7 2713EE At 7 =S B2 o A SPIE 4AHS
St T2 WA 54713t disiM =AE g A= A 9] 22 (distribution) 2
HYsh=t, F4 Frde BE Gamma X5 7= ZA2=E d#A Utk of7]ofA
dolRl Am REE= A 5Y FES 7= ji—.—sz}% At BE= HPE=T, o] #hol
H}= SPI AJ4=o|thFigure 4.1 FF). SPI9] Fho] (=)ol AXTt A7y 247
(&% AZDE UEiY, 11 A 27]= AeE YeRdtKTable 4.2 %) & A9
3F FHe 7he 52 9% Aoy dISAEe] AHiARl HuE s HE/5w olHl

= Wl BAfsigch

=

[¢)

m

I

Climatological Gamma Standard Normal Distribution
Distribution
z P(SPI<-1) =.1587 P(SPI>1) = .1587
g /
i
1 T
Precipitation -1 0 1
amount 5P|

Figure 4.1. Defining SPI from accumulated precipitation amount.
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Table 4.2. Flood/drought conditions categorized according to the SPI value.

SPI Values Category
>2.0 Extremely wet
1.5 to 1.99 Very wet
1.0 to 1.49 Moderately wet
-0.99 to 0.99 Near Normal
-1.0 to -1.49 Moderate dry
-1.5t0 -1.99 Severely dry
<=2 Extremely dry
424 ENSO Moot 25
AT |4 671 T2l YF= HAE= 78 71FRAAE Hofshr] YsfiAl Nifo
3.4 AE o&sto] ABIAE B4, 7He F A S AHSIATHASE #2). 7 A

TollA AREE Niflo 3.4

OISSTE

HFFOZ 1983-2005(239)2 7152

sl WAE AL 370 E olE Batd A=E o5t Nino 3.4 gho] 471

ol d&H & ENSO oHIlEZ}

+0.5/-0.5°C2] AAA

ok 9] AZ/58

=2 o
= o=

el 717 59 Ael(7), S(), BolsN0)o2 &
olflE] that T HAS St

ek

o2 RHtom(Figure 4.2 %
s Y/ o= EFSHA

Z), 71 Zlo]

tHTable 4.3). & 23
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Figure 4.2. Phase of ENSO events.
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Table 4.3. El Nifio and La Nina years.

Events Years
El Nifio (7) 1986, 1987, 1991, 1994, 1997, 2002, 2004
La Nifa (7) 1983, 1984, 1988, 1995, 1998, 1999, 2000
Neutral (9) 1985, 1989, 1990, 1992, 1993, 1996, 2001, 2003, 2005

& AolAe A= 29l et 71 7heell 71 Tl AT 7k ClS AlLH
NS HHE IR, A §4] w702 E4S ool 1 5462 B/t
Zo| -0 & Myg=|ojof qirt. WA SPI A= 913t 67 =340 v A=
gelst7] HsiA Figure 4.3 1983|-2005€7FA[2] Z]7tof oigt A+ 9=

S Uepdot. 671 24 Aol vt A Uis ZRolA ol
o, o] 713t Bt FAE BS Ao i SH0= Hldh g A 71| Aol A4
QAR AEAR] 52 ol Bl AL AR BdiAe] HE A4 & AE
25 9 deg Yetdle b, ol 7he 2A0] 8ol Ak&m EEE Ui &3
ofLe}7} tiES] ARt Aoy 7|Fetor Axdt A|Ho] ¥ vt FE €
ATt GRFF o2 AXSt X 99] = EEE gamma ZEE HEE A0 ATA Utk
(Sen and Eljadid 1999). °ol= @&t I JEUC 2= M2 |ASKAL &5k
ol SESHA] ke, ol Bt de =t Ve A B dlSAA"o] etk
ERAT}

A B5 3 AlS ARl 7124R1 SARE 245, A= w2 S-S B|ast
+ Ao AdY=|ofof ATt Table 44= #5 B 2 AR 7|24 4 54& 2
=t o7l 3750 AT B+t S5 Ame 109] 7Pk 4, 9l #e 7HAE
H=(0.53)2F H=(0.17)E 7t MME= &0 vls) £4k
< 27 Bostal k. &, H=E ALt A2 A RARBH
o] 4% I= FARE 9] =2 19, dry event= & HLo

FII‘

1o —|—'
m&"
;9
U‘o
filo
)
o,
<,
)
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(a) NDJFMA
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Figure 4.3. Interannual skewness for the 6-month accumulated precipitation, based on (a) NDJFMA
and (b) MUJASO (taken from 21¥0] 2| 2017).

Table 4.4. Gllobal mean of basic statistics of accumulated precipitation at 6 months (taken from ZI&0]
Q| 2017).

CANC | CANC
M3 M4

Variance | 9.84 | 1155 | 1002 | 10.34 | 1017 | 1081 | 1061 | 103 | 9.97 11.3
Skewness | 053 | 041 036 | 043 | 039 | 044 | 043 | 036 | 042 | 048
Kurtosis | 017 | -0.09 | -0.29 | -0.11 | -027 | -0.07 | 003 | -0.25 | -0.19 | 0.04

OBS | MME | APCC | CMCC NASA | NCEP | PNU | POAMA

Figure 4.4+ #S3 MME 7|S0ISARE 7|Hto =, 671 2] 2ol digt =
9} H=9] moment ratio A7+ EXEE scatter diagram Q2 HojEL) ASo|ME A=
2329] Zojfo] AH, Y= FHE 50 SH6kL Hr= 2590 7R @ 7T
T AR vl&2 Ame| E44 23 T JA4S YeRdth MME dSARE: = A

At 7F ZojFo] o vls A}, ShARE, WEolv MME 7]19a]l& AF=olA &9

2 & A= Hatol /RIS AL, F Ams tiFREe] YA FARE AHE 23

E7HE 4 ¢ Atk & Y Q=E THRAHA FTt A2 e PR E, ol2e AR
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Figure 4.4. Moment ratio diagram for accumulated precipitation at 6 months based on (left) observations
and (right) MME prediction. Red dots denote the mean of whole samples (taken from 2IF0|
Q| 2017).
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Figure 4.5. (a) Temporal correlation coefficient (TCC) and (b) Anomaly pattern correlation coefficient
(ACC) skills between the observed and MME simulated 6-month accumulated precipitation.
In (a), the right panel shows the zonal means of the whole global (black ling), and ocean
(blue line) and land region (red line) only. Time series of the observed amplitude of Nifio
34 (red line) is plotted in (b).
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Figure 4.6. (a) Regression coefficients of 6-month accumulated precipitation onto the Nifio 3.4 index
based on observation. (b) Time series of the Nifio 3.4 index and area—averaged precipitation.
In (a), the right panel shows the zonal means of the whole global (black line), and ocean
(blue line) and land region (red line) only. Time series of the observed Nifio 3.4 (red ling)
is plotted in (o).
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Figure 4.7. (a) Time series of the Nifio 3.4 index (grey line) and area-averaged precipitation over the
global land region based on observations (thick black line) and MME simulation (thin black
line). (b) Correlation coefficients between area—averaged precipitation over the global land
region and Nifo 3.4 index during all, El Nifo, and La Nina periods. Solid and hatched bars
denote observations and MME. (c) Lag-lead correlation coefficients between area—averaged
precipitation over the global land region and Nifio 3.4 index during all (black lines), El Nifio
(red lines), and La Nifia periods (blue lines) based on observations (thick lines) and MME
simulation (thin lines). (d) Skills of Nifio 3.4 index forecasts during all, El Nifio, and La Nifia
periods. The red and blue lines of observed area—average in (a) show the values during
El Nifio and La Nifia events (chosen which the absolute magnitude of the Nifio 3.4 index
is greater than 0.5°C), respectively.
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Figure 4.8. (a, b, d, €) Spatial patterns (shading, see scale at bottom) (a, d) over the globe and (b,
e) zoomed-in over Korean Peninsula, and (c, f) Principal Component (PC) Time series of
the first (upper panels) and second (bottom panels) leading empirical orthogonal function
(EOF) of monthly 6-month accumulated precipitation over the global land. The fractional
variance explained by each mode are provided in upper right of (a) and (d). Time series
of the observed Nifio 3.4 index (red line) is plotted in (c). The dashed straight lines in (f)
show the linear trend of PC time series for the different periods.
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Figure 4.9. Spatial maps of (a, b) observed 6-month time scale SPI and (c, d) probabilistic MME forecast
of drought occurrence (units: %) over (a, ¢) the global region and (b, d) North American
Continent for May to October 1988.
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Figure 4.10. Reliability (attributes) diagrams (RDs) (upper of each panel) and frequency histograms
(bottom of each panel) for the 6-month time scale SP! forecasts initiated from November
1 (left columns) and May 1 (right columns) for dry (left of each panel) and wet (right of
each panel) events over the globe (top rows), tropics (middle rows), and northern
extratropics (bottom rows). Area of skill in the RD is denoted by shading in gray. The
line with closed circles represents the MME forecasts; the lines with open circles
correspond to single-model forecasts. The area—aggregated values of BSS over each
region are provided to the upper left in RDs each panel.
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Figure 4.11. ROCSs for the 6-month time scale SPI forecasts initiated from (left) November 1 and
(right) May 1 for (top) dry and (botis significant at the 90% confidence level, which was
obtained by a Monte Carlo test with 500 random trials.
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Table 4.5. Regionally aggregated ROCSs for the 6-month time scale SPI forecasts initiated from (top)
Nov 1 and (bottom) May 1 for dry (left columns) and wet (left columns) events. The 95%
confidence interval (Cl) for the ROC area is indicated in parentheses. p values indicate Monte
Carlo-based significance levels for which all aggregated ROCSs are statistically significant
at the 99% confidence level (less than 0.001).

Initiated from Nov 1

. Dry Wet
Region
ROC (95% Cl) o value ROC (95% Cl) o value
Globe 0.559 (0.535-0.594) { 0.001 0.568 (0.544-0.599) ( 0.001
Tropics 0.591 (0.551-0.632) < 0.001 0.5697 (0.562-0.645) < 0.001
N. Extatropics 0.539 (0.515-0.578) < 0.001 0.544 (0.521-0.579) < 0.001
Initiated from May 1
. Dry Wet
Region
ROC (95% Cl) o value ROC (95% CI) o value
Globe 0.554 (0.535-0.582) { 0.001 0.5648 (0.530-0.572) ( 0.001
Tropics 0.607 (0.566-0.665) < 0.001 0.599 (0.558-0.641) ¢ 0.001
N. Extatropics  0.520 (0.503-0.547) { 0.001 0.523 (0.510-0.546) ( 0.001

19831W-2005A7k4]9] Historical o|®.2] 1 7|7F W 22?1 o&4d5(Table 4.4
Zz) Bt o} 2459 dHWE 9 real-time(2015d-20174) 71719 dj&A4%
< A v B B A2 @Y SHOA diSAAHS PgES Brkeks o Tk 8
Sttt Figure 4.125 Al 990] oigt ROCS? AHES YEPHTHE oA AREH
67l JEAAH ] 983 RS 71207 real-time 7|7t0] AAHAH. Yukog
historical 99| d&452 2 AW MBS 7 thHE 055 do] d&4o] &2
Ao dhEch gt o]gt dE 459 A B2 A AVIY 99, 81 ol
81314} = o|HlES] wet A *J@lﬂt} I-time %9 o1& 452 historical
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Figure 4.12. Regionally aggregated ROCSs for the historial (1983-2005) and real-time (2015-2017)
6-month time scale SPI forecasts initiated from (left) Nov 1 and (right) May 1 for dry
events over the globe (top rows), tropics (middle rows), and northern extratropics (bottom
rows). Solid bars denote the dry event forecasts and hatched bars denote the wet event
forecasts. Dashed line corresponds to climatological forecasts.
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Figure 4.13. Same as Figure 4.10, but for the different methods of multimodel combination (see the
legend).
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Figure 4.14. TCCs between Nifio 3.4 index and 6-month accumulated precipitation (left column; shading
TCC values exceeding the 95% confidence level; The selected domain for verification
analysis is denoted by the rectangle surrounded by solid lines in red) and their zoomed-in
to the domains selected (right column; the black dots indicate grid points for which TCC
is significant at the 95% confidence level), and composites of regionally aggregated
6-month time scale SPIs for 7 El Nifio events (middle column). Dashed line in middle
column corresponds to periods considered.
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Figure 4.15. Discriminated composite PDFs of 6-month accumulated precipitation anomalies over the
Indonesian region for various ENSO phases.
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Figure 4.16. Same as Figure 4.15, but for observations and simulations.

ENSO® w2 7340] &8 £ AA|0] 27|19 et Baat ofg] wd 7k A= ohE
o= B7sky, mdo] BE ENSO phaseol that %% Jae 2 ARty ot

(Figure 4.16 &=). Wehd A4k} F4F Ao 52 7 & 22| Aolg 243le

2215 gRIsH] AsiA, F & 2329 Fdf Ao|(D)°f] FFE F+= IAE BESH =

g 7F B2 9] x}o|(inter-model spread)s 53l 45t tHFigure 4.17 &%

T+ & 227 7= YA (location)@t Oﬂﬂ](shape)oﬂ NZste s, & ot

ulglo] = B 7} x}o|& H|w skt Figure 4. 1701]*1 HolZL 5 B0 = 3g By
]

7}
AR Y2 o= I A A9 7]—?—@@ £ 71915 = 7]63’%_& 7
2 Az AR ofzE|7} FEH A9 H
o Y = ol ARl Hedo] & A Yo BY @Yol Az IA e - U=
= HolE ol2fRt F4=9] 7|9ekd E42 REo| %] 7t Apo|ojA e HojZlt &
Z35ero] e B2 X ¥ ENSO2] phaseo] @E PDF 7t o}'5°] 39, oi= 71 PDFY]
4 §1A19}F To] k. ESE D9} location S PDF] 9t A|9of Astglo] A
/go] w-¢- Fut, shape?] ¥slof| ofet FF 79 Qitt. wWebA ENSO phaseol| whebA]
FrshE EEE AJolg W= A2 A= location?] Atolo]H, o]= 1l 7t 7<= HE
49 2717t A= gEe 2E oA & AqdES &+ AUtk



4. ¥P It 57k WL | 53

EL-NT NT-LN LN-EL
150 180 80
B
0.55 G 24.0 0
— 1204 #: 091 F A - JDS e //
8" i H 0.94 J B 200 -] /
% Vd i 120 4 H 1 :E o -.-. D;/E
g 901 g = 2 160 4 b A
gl P il . ; e il G
s L K H § " A g 120 ¢
o - /b ® / T 20
g i £ g 6o gef g B
3 8 3" o 8.0 - o
a ] } < v < nﬁ“&
' 5 F 20 4 ﬁ 40 4 Jfaﬂ
s P
&5, = < —
0.0 0.2 0.4 08 08 10 0.0 02 0.4 08 08 1.0 0.0 0.2 04 08 08 10
D (supyl Fe(z)-Fidlz)) D (suplFurlz)-Fudz)l) D (supglFulz)-Fealz)l)
B 0.4
= 10 < DEC = 104 Foe = 10 Hd
o F ' o
3 o, x40 @ 2 5 R s
‘:'9’ '"gEF - E b ] o F A “..9. G 1 ipgé e
E 00 - 1 F " E 0.0 - C$‘H;~. A £ o0 c J |
a2 i a B x ! E“uﬁ‘_\ a2 & G
-1 A -4 a | BFS O I = B
] w E " @
<1 10 < 1.0 P <1 1.0 F
008 c B 2 0.00
014 J 031 [+]
B r o
0.0 0.2 L2 L 08 1.0 0.0 0.2 04 0.5 o8 1.0 00 0.2 0.4 05 08 1.0
D (sup| Fe(z)-Furlz)l) D (sup|Furlz)-Fudzil D (supglF izl Falz)l)
Indonesiz Philippines E.Southern Africa N.South America
A OBS B MME C APCC D CMCC E CANCM3
F CANCM4 G NASA H MNCEP I PNU J POAMA

Figure 4.17. Scatter plots of D (x axis) and two parameters (location in upper and shape in bottom
panels) of empirical CDFs (y axis) based on two different ENSO phases.
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Figure 4.18. Same as Figure 4.11, but based on the domains selected for dry (left) and wet (right)
events.
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Figure 4.19. Same as Figure 4.10, but based on the domains selected of Indonesia (upper left),
Philippines (upper right), E. Southern Africa (bottom left), and N. South America (bottom
right).
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Figure 4.20. Composites maps of SPI values from observations and probabilities from MME for the
years of El Nifio (left) and La Nifia (right).
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Figure 4.21. Same as Figure 4.8, but based on the domains selected of Indonesia (upper left),
Philippines (upper right), E. Southern Africa (bottom left), and N. South America (bottom
right).
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Table 4.6. Regionally aggregated ROCSs for the 6-month time scale SPI forecasts for dry (top) and
wet (bottom) events for the period covering both historical and real-time forecast. Values
in parentheses are the ROCS for historical forecasts only.

Dry
Indonesia Philippines E. Southern Africa  N. South America
All years 0.641(0.660) 0.532(0.519) 0.545(0.535) 0.586(0.615)
El Nifio years 0.684(0.681) 0.626(0.627) 0.519(0.518) 0.699(0.690)
Neutral years 0.641 0.250 0.571 0.362
La Nifia years 0.541(0.655) - 0.544(0.506) 0.618(764)
Wet
Indonesia Philippines E. Southern Africa  N. South America
All years 0.569(0.562) 0.624(0.562) 0.587(0.589) 0.621(0.621)
El Nifio years 0.446(0.446) 0.500(-) 0.635(0.624) 0.648(0.649)
Neutral years 0.634 0.500 0.594 0.585

La Nifa years 0.637(0.640) 0.673(0.583) 0.545(0.553) 0.657(0.657)
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Sea Surface Temperature and ENSO Outlook for September 2018 - February 2019

Thir pravailing ENSOD phase is expected to be posilive, For thie fest halt of ihe forecast period, the Nifiod 4 index indicales & weak positine
El Nifio condition. Afongue of positive Sea Surdace Temperatwe (55T) anomalies in the Hifod.4 region is predicted for the second half of
the forecast period, which means thal El Nifo conditions are expecied 1o persist. Positive 55T anomalies are expecled over he western
Indian Ocean with a slight zonal gradien, which corresponds to the weak, positive phase of the Indian Ocean Dipole by the first half of the
forecast period. The phase is expected 1o aradually bacome neytral by the second hall of the farecast pedod,

Nino3.4 Index for 2018 SONDJIF 10D Index for 2008 SONTF
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R ot =53 1o T L =
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Fig. 1 Predicted Mino 3.4 index and Indian Ocean Dipole mode index (10DMI] from individual madels (A, B, C, O, E, and F) and the
zimple composite Multi-Model Ensemble [MME] method [SCM).
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Fig. 2. spatial distributions of forecasted 55T anomalies for September 2008 - February 2019 over the tropical Indo-Pacific. The

top panel shows the 55T anomaly forecast for September — November 2008 and the bottom panel shows the 55T anomaly
forecast for December 2018 - Febnuary 2019,
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Figure 5.1. Example of homepage where the probabilistic MME forecast for ENSO type and strength
will be available from December this year.
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AFS_parameter_ENSO_6mon.ncl

load "/data11/OPER/AFS/CODE/FIG/ENSQO_prediction/DMME.Users.6mon’
begin

year_name=new((/4/),"float")
if forecast_season.eq."JFMAMJ'then
start_mon_obs = 6

start_mon =1
sea_name = (/"JFM","FMA","MAM","AMJ"/)
year_name = forecast_year

end if

if forecast_season.eq."FMAMJJ"
start_mon_obs = 7

start_mon =2
sea_name = (/"FMA","MAM","AMJ","MUJ"/)
year_name(0:3) = forecast_year

end if

if forecast_season.eq."MAMJJA'
start_mon_obs = 8

start_mon =3 if forecast_season.eq."AMJJAS"
start_mon_obs = 9
start_mon =4
sea_name = (/"AMJ","MJIJ","JJA","JAS"/)
year_name(0:3) = forecast_year

end if

if forecast_season.eq."MJJASO"
start_mon_obs = 10

start_mon =5h
sea_name = (/"MUJ","JJA""JAS" "ASO"/)
year_name(0:3) = forecast_year

end if

if forecast_season.eq."JJASON"
start._ mon_obs = 11

start_mon =6
sea_name = (/"JJA""JAS","ASO","SON"/)
year_name(0:3) = forecast_year

end if

if forecast_season.eq."JASOND"
start._mon_obs = 12
start_mon =7
sea_name = (/"JAS""ASO","SON","OND"/)
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year_name(0:3) = forecast_year
end if

if forecast_season.eq."ASONDJ"
start_mon_obs = 1

start_mon =8
sea_name = (/"ASO","SON","OND","NDJ"/)
year_name(0:3) = forecast_year

end if

if (lead_time.eq.6 ) then
out_figure_dir_season = out_figure_dir+"/"+forecast_year+forecast_season+"/Fig/Probability/"
end if

; SET VARIABLES
variable_names = (/"sst"/)
variable num = dimsizes(variable_names)

; set region

region_name = (/"Nino3","Nino3.4","Nino4","Nino12",""WMIOD","EIOD"/)
region_num = dimsizes(region_name)

region_area = new((/region_num,2,2/),"float" AFS_FillValue)

; set resolution

nlat = 73
nlon = 144
; 2 option

; 2=1 whole region or land only
region_land = (/"sealand’/)  ; whole region: sealand

; 3-1 definition of verification region

; Nino3
region_area(0,0,0) = 210.0
region_area(0,0,1) = 270.0
region_area(0,1,0) = -5.0
region_area(0,1,1) = 5.0
; Nino3.4
region_area(1,0,0) = 190.0
region_area(1,0,1) = 240.0
region_area(1,1,0) = -5.0
region_area(1,1,1) = 5.0
; Nino4

region_area(2,0,0) = 160.0
region_area(2,0,1) = 210.0
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region_area(2,1,0) = -5.0
region_area(2,1,1) = 5.0
; Nino1+2
region_area(3,0,0) = 270.0
region_area(3,0,1) = 280.0
region_area(3,1,0) = -10.0
region_area(3,1,1) = 0.0
; WIOD

region_area(4,0,0) = 50.0
region_area(4,0,1) = 70.0
region_area(4,1,0) = -10.0
region_area(4,1,1) = 10.0
; EIOD

region_area(5,0,0) = 90.0
region_area(5,0,1) = 110.0
region_area(5,1,0) = -10.0
region_area(5,1,1) = 0.0

; 4. calculation of parameters

; 41 calculation of x—y position from longitude—latitude data
region_area_i = new{(/region_num,2,2/), "integer”)
do i_r = 0, region_num-1

doix=0,1
region_area_i(i_r,0,i_x) = floattoint(region_area(i_r,0,i_x) / 2.5)
region_area_i(i_r,1,i_x) = floattoint((region_area(i_r,1,i_x)+90) / 2.5)
end do
end do
;print(region_area_i)
;exit

end
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AFS_Graph_ENSO_probability.ncl

FILE NAME : AFS_Graph_ENSO_probability.ncl
PURPOSE : To draw the figure for probabilistic enso forecast

load "/data11/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"

load "/data11/OPER/AFS/CODE/COMMON/NCL/IDAT _BUILD.nc!"

load "/data11/OPER/AFS/CODE/COMMON/NCL/AFS_GetData.nc!"

load "/data11/OPER/AFS/CODE/FIG/ENSO_prediction/AFS_parameters_ ENSO_6mon_prob.ncl”
load "$AFS/CODE/FIG/SRC/mme_defaults.ncl”

begin
; READ DATA
in_data_dir = "/data11/OPER/AFS/CODE/FIG/ENSO_prediction/OUTPUT/"
if ( lead_time.eq.6 ) then
in_data_dir_season = in_data_dir+"/"+forecast_year+forecast_season+"'/DATA/"
end if
file_name = "enso_prob_season.nc"
in_file = addfile(in_data_dir_season + file_name,"r")
data = (in_file-)enso_prob)*100
ProbEl = dim_sum(data(:,0:2))
ProbNe = data(;,3)
if( start_mon .ge. 10 ) then
syear = forecast_year
eyear = forecast_year + 1
else
syear = forecast_year
eyear = forecast_year
end if
; PLOT

system("'mkdir —p "+out_figure_dir_season)

plot_fname = out_figure_dir_season+"/Prob_ENSO_Probability"
wiyp ="ps’
wks = gsn_open_wks(wiyp,plot_fname)

gsn_define_colormap(wks,"cb_9step”)
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res = True
res@gsnScale = True
res@gsnDraw = False
res@gsnFrame = False
res@gsnStringFont = "helvetica"
res@gsnXYBarChart = True

res@gsnXYBarChartBarWidth =0.18
res@gsnXYBarChartOutlineThicknessF = 0.0

res@vpXF =0.18

res@vpYF = 0.65

res@vpWidthF =06

res@vpHeightF = 0.35

res@tmBorderThicknessF = 1

res@mXBMode = "Explicit’ ; explicit labels
res@tmXBValues = ispan(1,4,1)

res@mxBlabels = sea_name
res@tmXBLabelFontHeightF= 0.013
res@tmXBMajorThicknessF = 1.

res@mXBMajorLengthF = 0.007
res@tmXBMajorOutwardLengthF = 0.007

res@tmYLMode = "Explicit" ; explicit labels
res@tmYLValues = ispan(0,100,10)
res@tmYLLabels = ispan(0,100,10)
res@tmYLLabelFontHeightF= 0.013

res@tmYMajorGrid = True
res@tmYMajorGridThicknessF =01
res@tmYMajorGridLineDashPattern = 0

res@tmYLMajorThicknessF = 1.

res@tmxBOn = True
res@tmxXTOn = False
res@mYLOn = True
res@tmYROn = False
res@trXMinF =05
res@trXMaxF =45
res@trYMinF =0

res@trYMaxF = 100.
res@tiYAxisString = "Probability (%)"
res@tiYAxisFont = "times—-roman"
res@tiXAxisFont = "times—-roman"

res@tiYAxisFontHeightF = 0.017
res@tiXAxisString = "Time Period"
res@tiXAxisFontHeightF = 0.015
res@gsnXYBarChartColors = 14
res@xyLineColors = 0
plot1

= gsn_csm_xy(wks,fspan(1.-0.2,4-0.2,4),ProbLa,res)
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res@tmxBOn = False

res@tmxTOn = False

res@tmyYLOn = False

res@tmYMajorGrid = False

res@mYROn = False

res@tiXAxisString ="

res@tiYAxisString ="

res@gsnLeftString ="

res@gsnRightString ="

plotO = gsn_csm_xy(wks,fspan(1.-0.2,4-0.2,4),ProbLa,res)

res@gsnXYBarChartColors = 12

plot11 = gsn_csm_xy(wks,fspan(1.-0.2,4-0.2,4),ProblLa-data(:,6),res)
res@gsnXYBarChartColors = 10

plot12 = gsn_csm_xy(wks,fspan(1.-0.2,4-0.2,4),ProblLa—(data(:,6)+data(:,5)),res)

res@gsnXYBarChartColors = 74

plot2 = gsn_csm_xy(wks,fspan(1.,4.,4),ProbNe, res)
res@gsnXYBarChartColors = 52

plot3 = gsn_csm_xy(wks,fspan(1.+.2,4+.2,4) ProbEl res)
res@gsnXYBarChartColors = 51

plot31 = gsn_csm_xy(wks,fspan(1.+.2,4+.2,4), ProbEl-data(:,0),res)
res@gsnXYBarChartColors = 49

plot32 = gsn_csm_xy(wks,fspan(1.+.2,4+.2,4), ProbEl-(data(:,0)+data(:,1)),res)

res@gsnXYBarChartColors = 6
res@xyLineColors = 6

txres = True
txres@txFontColor =78
txres@txFontHeightF = 0.014
txres@txJust = "Centerleft"

gsn_text_ndc(wks,"” ENSO Intensity based on 3M Mean Nino3.4 SST Anomaly (Category
Boundries: +/-1.5, 1.0, 0.5"+'~S~o~N~"+"C"+")",0.07,0.19,txres)

txres@txFontColor =1
txres@txFontHeightF = 0.011
gsn_text_ndc(wks,"Strong E",0.85,0.495, txres)
gsn_text_ndo(wks,"Moderate E',0.85,0.465,txres)
gsn_text_ndc(wks,"Weak E",0.85,0.435,txres)
gsn_text_ndo(wks,"Neutral",0.85,0.405, txres)
gsn_text_ndc(wks,"Weak L",0.85,0.375,txres)
gsn_text_ndo(wks, "Moderate L",0.85,0.345, txres)
gsn_text_ndo(wks,"Strong L",0.85,0.315,txres)

txres@txFontHeightF = 0.023
txres@txFont = "times—-roman"
Title = "Probabilistic ENSO Forecast for " + forecast_year+ " " +orecast_season
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gsn_text_ndc(wks, Title,0.15,0.72, txres)

txres@txJust = "CenterCenter"
txres@txFontHeightF = 0.013
gsn_text_ndo(wks,sprinti("%0.4i",syear),0.255,0.25, txres)
gsn_text_ndo(wks,sprinti("%0.4i" eyear),0.705,0.25, txres)

lbres = True

lbres@vpWidthF = 0.08

lbres@vpHeightF = 0.07 ; labelbar height

Ibres@IbBoxMajorExtentF = 0.36 , puts space between color boxes

lbres@lbMonoFillPattern = True ; Solid fill pattern

lbres@IblLabelFontHeightF = 0.01 ; font height. default is small

lbres@IbLabelJust = "CenterCenter’ ; left justify labels

lbres@IbPerimOn = False

Ibres@IlgPerimColor = "white"

lbres@IbBoxLineColor =0

Ibres@IbFillColors = (/"62"/)

gsn_labelbar_ndc(wks,1," "0.79,0.53,lbres) ; draw left labelbar column

Ibres@IbFillColors = (/'51"/)

gsn_labelbar_ndc(wks,1," "0.79,0.50,lbres) ; draw left labelbar column

lbres@IbFillColors = (/'49"))

gsn_labelbar_ndc(wks,1," " 0.79,0.47 lbres) ; draw left labelbar column

lbres@IbFillColors = (/"74"))

gsn_labelbar_ndc(wks,1," "0.79,0.44 lbres) ; draw left labelbar column

Ibres@IbFillColors = (/"10"))

gsn_labelbar_ndc(wks,1," "0.79,0.41 lbres) ; draw left labelbar column

Ibres@IbFillColors = (/"2"))

gsn_labelbar_ndc(wks,1," "0.79,0.38,lbres) ; draw left labelbar column

Ibres@IbFillColors = (/"4"))

gsn_labelbar_ndc(wks,1," "0.79,0.35,lbres) ; draw left labelbar column
; Others

; OUTSIDE BOX PLOTTING
resOutBox@gsLineColor = "Grey60"
gsn_polyline_ndc(wks, boxxpts, boxypts, resOutBox)
gsn_polyline_ndc(wks, linexpts, lineypts,resOutLine)

; BOTTOM TEXT SETTING

resBottomText@txFont = "times-roman"
resBottomText@txFontHeightF = 0.014
resBottomDate@txFont = "times-roman"
resBottomDate@txFontHeightF = 0.013
resBottomSimbol @txFont = "text-symbols"

resBottomSimbol @txFontHeightF = 0.014
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; BOTTOM TEXT PLOTTING
gsn_text_ndc(wks,bottomsimbol,simbolxpt,simbolypt,resBottomSimbol)
gsn_text_ndo(wks, bottomtext, textxpt, textypt,resBottomText)
gsn_text_ndc(wks,creatdate, datexpt,dateypt, resBottomDate)

draw(wks)
frame(wks)
delete(wks)

)

; OuTOouT

if ((wtyp.eq.'ps" .or. wiyp.eq."PS" ) then
system("ps2epsi "+plot_fname+".ps "+plot_fname+".epsi")
system("convert —density 150x150 —trim "+plot_fname+".epsi "+plot_fname+".png")
end if
system("'rm —rf "+plot_fname+".epsi")
system('rm —rf "+plot_fname+".ps")

end
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AFS_Graph_ENSO_intensity_season.ncl

FILE NAME : AFS_Graph_ENSO_intensity_season.ncl
PURPOSE : To draw the figure for probabilistic enso forecast

load "/data11/OPER/AFS/CODE/COMMON/NCL/AFS.Definitions"

load "/data11/OPER/AFS/CODE/COMMON/NCL/IDAT_BUILD.nc!"

load "/data11/OPER/AFS/CODE/COMMON/NCL/AFS_GetData.ncl"

load "/data’1/OPER/AFS/CODE/FIG/ENSO_prediction/NCL_CODE_6mon/Func_Prob_ENSO_intensity_season.ncl”
load "/data11/OPER/AFS/CODE/FIG/ENSO_prediction/AFS_parameters_ENSO_6mon_prob.ncl"
load "$AFS/CODE/FIG/SRC/mme_defaults.ncl"

begin
; READ DATA
in_data_dir = "/data11/OPER/AFS/CODE/FIG/ENSQ_prediction/OUTPUT/"
if ( lead_time.eq.6 ) then
in_data_dir_season = in_data_dir+'/"+forecast_year+forecast_season+'/DATA/"
end if
file_name = "enso_prob_season.nc"
in_file = addfile(in_data_dir_season + file_name,"r")
tmp = new((/3/),"float", AFS_FillValue)
dois=0,3
data = (in_file-)enso_prob)*100
tmp_prob = data(is,’)
tmp(0) = dim_sum(data(is,0:2))
tmp(1) = data(is,3)
tmp(2) = dim_sum(data(is,4:6))
prob_str = tostring_with_format(tmp_prob,'%3.1f")
prob_txt = tostring_with_format(tmp_prob,"'%2.1f")
prob_flt = stringtofloat(prob_str)
prob = prob_flt

mmax = maxind(tmp)
if (mmax.eq.0) then
max_id = maxind(tmp_prob(0:2))
end if
if (mmax.eq.1) then
max_id =3
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end if
if (mmax.eq.2) then

max_id = maxind(tmp_prob(4:6)) + 4
end if

; PLOT

system("'mkdir —p "+out_figure_dir_season)
plot_frame = out_figure_dir_season+"/Prob_ENSQO_Intensity_"+sea_name(is)
name = (/ "Strong E","Moderate E", \

"Weak E', "Neutral" )\

"Weak L","Moderate L")\

"Strong L"/)
color = (/'52""51","49""75","9""11","13"/)
wiyp ="ps’
wks = gsn_open_wks(wtyp,plot_fname)
gsn_define_colormap(wks,"cb_9step”)
pcRes = True
pcRes@gsnScale = True
pcRes@gsnDraw = False ; for paneling
pcRes@gsnFrame = False
pcRes@gsnMaximize = True
pcRes@pclLabel = True
pcRes@tiMainOffsetYF = 0.99
pcRes@pcPieSizeF =75
pcRes@pclabel = True
plot = apoc_half_pie2(wks, prob, name, color, pcRes)
; circle (white)
pcRes@pcPieSizeF =40
pcRes@pclabel = False

plot2 = apcc_half_pie2(wks, (/100,0,0/), name, (/"white","white","white"/), pcRes)

circle (grey)

pcRes@pcPieSizeF =20

pcRes@pclLabel = False

plot3 = apcc_half_pie2(wks, (/100/), name, (/"75"/), pcRes)

; circle under arrow

gsRes = True
gsRes@gsMarkerindex =16
gsRes@gsMarkerSizeF = 0.0125
gsRes@gsMarkerColor ="79"

dum = gsn_add_polymarker (wks, plot3, 0.0, 0.0, gsRes)
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; grey bar

pay = (/-10,-10,-25,-25,-10/)

pgX = (/-63,63,63,-63,-63/)

pgRes = True

pgRes@gsFillColor ="79"

dum2 = gsn_add polygon  (wks, plot3, pgx, pgy, pgRes)
; grey bar — left

gsRes@gsMarkerColor ="79"

gsRes@gsMarkerSizeF = 0.0%55

dum3 = gsn_add_polymarker (wks, plot3, -63.0, =17.5, gsRes)
; grey bar — right

gsRes@gsMarkerColor ="79"

dum4 = gsn_add_polymarker (wks, plot3, 63.0, -17.5, gsRes)

; grey bar — left circle

gsRes@gsMarkerColor = color(max_id)
gsRes@gsMarkerSizeF = 0.05
dumb = gsn_add_polymarker (wks, plot3, -63.0, =17.5, gsRes)
; ENSO state
ttxres = True
ttxres@txFontColor =1
ttxres@txFont = "times-roman"
ttxres@txFontHeightF =0.024
Title = "Probabilistic ENSO Forecast for " + sea_name(is) + " " + year_name(is)

gsn_text_ndc(wks, Title,0.5,0.66, ttxres)

ttxres@txFont = "helvetica”
ttxres@txFontHeightF =0.015
ttxres@txFontColor =78

gsn_text_ndc(wks,"™ ENSO Intensity based on 3M Mean Nino3.4 SST Anomaly (Category
Boundries: +/-1.5, 1.0, 0.5"+'~S~o~N~"+"C"+")",0.5,0.12 ttxres)

txres = True
txres@txJust = "CenterCenter"
txres@txFontHeightF = 0.02
txres@txFontColor = "white"

if(max_id.eq.0 )then

prob_name = "Strong El Nino" + " (* + prob_txt(0) + "%)"
end if
if(max_id.eq.1)then

prob_name = "Moderate El Nino" + " (" + prob_txt(1) + "%)"
end if
if(max_id.eq.2)then

prob_name = "Weak EI Nino" + " (" + prob_txt(2) + "%)"
end if
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if(max_id.eq.3)then

prob_name = "ENSO Neutral" + " (" + prob_txt(3) + "%)"
end if
if(max_id.eq.4)then

prob_name = "Weak La Nina" + " (" + prob_txt(4) + "%)"
end if
if(max_id.eq.b)then

prob_name = "Moderate La Nina" + " (" + prob_txt(5) + "%)"
end if
if(max_id.eq.6)then

prob_name = "strong La Nina" + " (" + prob_txt(6) + "%)"
end if
dum10 = gsn_add_text(wks,plot3,prob_name,0,~17.5,txres)

; LabelBar
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ass Ll Reference Figure

'(b:l PREC, Above Normal .

P88 .88¢3

$38 .88 3%

Figure A1. ROCSs for (left) wintertime temperature and (right) summer precipitation for (top) the AN
and (bottom) BN categories. The black contour encloses the grid points for which ROCSs
are significant at the 90% confidence level (taken from Min et al. 2009).
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