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ABSTRACT

Three regions of Indonesia with different rainfall characteristics were chosen to
develop drought forecast models based on machine learning. The 6-month
Standardized Precipitation Index was selected as the target variable. The models’
forecast skills were compared to the skills of long—range climate forecast models
in terms of drought accuracy and regression-based Mean Absolute Error (MAE).

Indonesian droughts are known to be related to El Nino Southern Oscillation
(ENSO) variability despite regional differences, as well as related to monsoon, local
Sea Surface Temperature (SST), other large—scale atmosphere-ocean interactions
(such as the Indian Ocean Dipole and Southern Pacific Convergence Zone), and
local factors including topography and elevation. Machine learning models were thus
utilized to enhance drought forecast skill by combining local and remote SST and
remote sensing information, reflecting intial drought conditions to the long-range
climate forecast model results.

A total of 126 machine learning models were developed and six long-range climate
forecast models (MSC_CanCM3, MSC_CanCM4, NCEP, NASA, PNU, POAMA) with
1 to 6-month lead times, as well as one climatology model based on remote sensing
precipitation data were used for the three regions of West Java, West Sumatra,
and Gorontalo.

When comparing the results of the machine learning models and long-range
climate forecast models, the West Java and Gorontalo regions showed similar
characteristics in terms of drought accuracy. Drought accuracy of the long-range

climate forecast models were generally higher than the machine learning models



with short lead times, but the opposite occurred for longer lead times. For West
Sumatra, however, the machine learning models and the long-range climate forecast
models showed similar drought accuracy. The machine learning models showed
smaller regression errors for all three regions, especially with longer lead times.

Among the three regions, the machine learning models developed for the Gorontalo
region showed the highest drought accuracy and the lowest regression error. The
West Java region showed higher drought accuracy compared to the West Sumatra
region, while West Sumatra showed lower regression error compared to West Java.
The lower error in the West Sumatra region may be due to the smaller sample
size used for training and evaluation for the region. Regional differences in forecast
skill are determined by the effect of ENSO and the following forecast skill of the
long-range climate forecast models.

Relative importance of input variables of the machine learning models were
evaluated for each region. In all cases, the importance of the SPI6 forecast (SPI6
FCST) was the highest, especially with short lead times. For West Java, month
(MONTH) and the SST forecast of the Nino3 region (NINO3_SST FCST) showed higher
importance. For West Sumatra, locational information including latitude (LAT) and
longitude (LON) has higher importance, probably due to the shape of the region.
For Gorontalo, the importance of SST forecast in SPCZ (SPCZ_SST FCST) was more
obvious compared to West Java. While somewhat high in West Sumatra, the relative
importance of remote sensing variables were generally low in most cases. High
importance of the variables based on long-range climate forecast models indicates
that the forecast skill of the machine learning models are mostly determined by
the forecast skill of the climate models.

A case study was performed for West Java. Drought forecast results for drought
events during 2003-2015 based on the NASA model, indicate that the long-range
forecast models tend to underestimate drought severity, while the machine learning



models tend to forecast drought to a narrower range of drought index values. It
may be solved by testing the design of machine learning model training.

If given information on drought occurrences in advance, loss and damages due
to drought can be reduced by securing resources and planning its efficient allocation.
In order to prevent and reduce drought risk, nonstructural measures such as the
development of a drought monitoring and forecasting system is essential. Through
this study, forecast skill of meteorological drought in Indonesia can be improved.
The drought forecast models developed in this study can help to reduce drought

disaster risk.
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(Aldrian and Sustanto, 2003), Region AE HESH =X|ZQl SST & SPCZe} &9 AF
THHAE 7= Ao=Z d#A UtHAldrian and Sustanto, 2003). Hendon(2003)



< QIEHAoF AHQ] F= ofEE7h A7) wotol XM o2 Jd|EA UERH
ENSO®t =2 Aol dx AL Q&=Fe] SST 54 HAHIOD; Indian Ocean
Dipole)?} #do] Z32 Wtk 3 QI HAlof B 2392k ENSO, AR I=F
SST, =A] SST9| A Q/gehs AHEJY=d], A=vAof A 9Ho] AXT AHHl=
Fdf 4¢ o]F9 T H SHBFY =2 SST, v} 79 o]F9 AR JA=F9 =
< SST, ZLE|AL Fdf 5¢ o|%9] W2 4] SST A o] e 2oz dHA
QlthiHendon, 2003). Juneng and Tangang(2005)< &'goFAlof 73-9- ofida| 7}
El Nino AEiQ} &2 Aol 10 Extended Empirical Orthogonal Function(EEOF)
£ ol&sto] &A% 43 A% ohleE]7t El NinoZb ©Estal oFsfx|= THgolA

Bszog Asghe Wyt

|

R d
ox

=
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Figure 2-3  The annual cycles of the three climate regions (solid lines) using the DCM (adopted from
Aldrian and Susanto, 2003).



2.1.2 QI=HAlOte] 7k Lok

Setiawan et al(2016)2 FF7<-A|4x(Standardized Precipitation Index; SPI)
9] EOF #41& &3l ¥A El Nino A= 4, &, 2F2= U0 El Nino &<t 7t
=0l 9T Bol = AV AY9S =S5t 7 TAYol digt ENSO9] 32
Aol gt Y PRIAE 9-11¢0 7P 3A Yehh=tl(Setiawan et al.,
2016) Aldrian and Sustanto(2003)2] Region A2} Co] 7% A7t 7% HZ9] Al

1 Az719F 7%t ENSO A7 SHEAY 9719 A2 Asfisk= 3% At 7t

S|
4
ol WU & ULE ¢ 4 Ak

1L ol St 59 Adaie thed] FEAT AGeld Fr1gom By

She 97} gom Jeidt B0 Q8 U3 HRY 49 e W At
7¥HA] ek QlEuAlole] WA A WS HE 19009614 20161 687 7t

Y

71 o] 9lon, IS wro oL Lo WY 19729 7HE] A7} 3504 Ho
RS DEAA 7H B2 FE Tk A 71740 disiA 71849 A2 F 104
o] 7FEo 7 9,340 9] AFYARR} 4,804,220 9] H3F, 16,0208 2 o] FA|Z
e LYAIZCHEM-DAT, 2016).

7Fr9] o8 ¥ 7hReEl ARt Aol wAE AN AR, 1A oy A9 El
Nino%t A& 7FEo2 @2 52hE Hoj7} HAYsI¥tKTabor et al., 2015; Table
2-1). A& €01, 1997/1998¥9] 7He2.& 161,144ha%] 53A7} HoiE Jol &
714,512ton8] & AgAito] TAstR o™ 2006W9l= El Nino9 F=7F oFiZolx
73,045ha®] s7Ao| w7} TAYste] & Agakego] 337,468ton FASHTHTable
2-1).
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Table 2-1 Land and production damage caused by El Nifio (adopted from Tabor et al., 2015;
originally from Bank Indonesia’s Laporan Nusantara, May 2014).

Year Intensity of El Nino Land Damage (ha) PLr gfjic(;}coﬁaggz)
1994 Moderate 161,000 700,028
1997 Strong 161,144 714,512
2003 Moderate 114,038 517,504
2006 Weak 73,045 337,468
2009 Moderate 35,000 174,965

2|9l 2015/2016 El Nino ¥A] B2 F3F= 7%=, A=HAlor 47 A
HART g2 H|Z Z5 FaiE 22 v 3470% 712 1670EolAE 7HE T3]
7F HAYSHAIL o] F 87HE9] 437 FHollA= 4lZtet 7heo] AR Ao d=F
(OCHA, 2015). 7Fa o2 <lsf AbE WAJo] shiEo] ARE 433uintgo] nsiE
dom T F4 587 oz 20154 8¥T 9€ol 10¥9] AFgAPL WA¥stL
272,0007°] #3iE AATHOCHA, 2015).

MAAZFEZ08(World Food Programme; WFP)Z 20154 12¢¥ 7k= Hsi&
Y= 87 Y 2,4007HE o= QIEFE AASHIET, i 7ReoE <ld)
40%9] & "”*}XV} 50% oldel kg A4S ANeH 2/39 7Pt 7eo= IS
30 7t FE oES AVIsAY F4st Aog YERITHWEP, 2016). 57H % 3
7HRE &S0 E31AL SV § Ve TheoE QIS AHIE &3 AAlFor
1209hg0] Aol "agt Ao = UEIHTHWEP, 2016).

AE=HAloF A/Ho] El Nino®| FaF stoll AU ol & AJAikede] Fashe AL 29
i d(yield)ol Eo1E0147L ofyet & AfuH A (planted area) A7} E01E7]

wo 2 A2A UATHGRISP, 2013). 7 AlAEO] HojQle o= 7Hget 4t

o] E0l57] wizel & A o] st HoHGRISP, 2013). & Artgroly

55 HZo] W Wy wje F HHAE 7= A& r = 0.99, 0.98)T=

g2y A i W W OoA] 2 A e AR dEA A =

0.46; Panuju et al., 2013). & iAol = B2 gRlo] IJ&FS A=t AHpt
+

&e] A3t o] Aibdo] =2 A9 Aeole W2 & 7H 59 ARe]-BAIA



2 QRS vAn] SutEets dolg w49 AT 2 B A
Jgko] AT, HeAY FAtElerel 2 AL

ol & Aoz el UckMakarim, 2000), Ml A1 ke el
7, sho} A0S b AT EF U ABAA A Q50| BatHow YL

ABA1 712 At Makarim, 2000).

2.1.3 QEHAOe] 7t HH M

2131 = & M=

ol y|Alo} 1 A|33%(Undang-Undang Dasar 1945)+ &2 E3st &= 219
AhL 7lo] &sln Qmu|Ajo} &Il BXE 9s) AMgE ojoF $He WAt 9

th. olet TE 2949 AL 20049 A75 HE(Undang-Undang)oll treht gl
=], E3] Ay " T BAE Aokl Aot Department of Public
Workse= AEPAHEAY #AH AY, 379 28, A=, A M, 74, o9&,
ol g3} Y E FI 23 5 Department of Mining and Energy=
AJslrAtd S st HoJUAEHFAO, 20106).

=] ¥ HRZ o9t ZTHFAO, 2010).
* Indonesian Law No. 7/2004: Water Resources Laws
* Government Regulation No. 77/2001: Irrigation

* Government Regulation No. 82/2001: Water Quality Management and

Water Pollution Control
* Government Regulation on Water Resource Management

* Government Regulation on Management of Water Resources in River

System

* Government Regulation on Financing Water Resource Development

* Government Regulation on Rivers
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Government Regulation on Groundwater
Government Regulation on Drinking Water
Government Regulation on Perum Jasa Tirta I
Government Regulation on Perum Jasa Tirta II

Presidential Instruction No. 3/1999: Policy Reformation on Irrigation

Management

Presidential Decree No. 9/1999: Coordination Team on River Water

Use and Development Policies

Presidential Decree No. 123/2001 (renewed by President Decree Number

83/2002): Coordination Team on Water Resources Management

Decision of the Coordinator Ministry on Economy, Finance, and

Industry
Decision of the Coordinator Ministry on Economy

Decision of the Ministry of Settlements and Regional Infrastructures

(Dept of Public Works)
Decision of the Ministry of Internal Affairs
Decision of the Ministry of Environment

Provincial Regulations on formation of the agencies for water resources

development (8 provinces)
Provincial Regulations on water pollution control (4 provinces)

Governor Decisions on development of the Coordination Teams for

Provincial Water Resources Management (8 provinces)

District and Municipality Regulation concerning water resources for

domestic, agricultural and industrial use



ALY Ao} HH= 19699 AlZo R AE F=9] 5704 /iIA 8 (Repelita)e
el ], ol 53] & AFS At I AlAHY &%, T B89
&, vE 9 AxAY A 5& ZFek itk A 1969-199399] 2549] 717t &
ot A AL Hol FHE T oSt H29 NS Adoke WEeR 34
=om M2 W A9 i Soll 2-E w3l 1994-2019419] 717k A
&7Fse JidE $A BEo] S T Qi 7129 5 SH0A HREEeR
FA TeEle] ool giE|lon & gt A FAY 7N Y] & 1 &
2]9] Fa4do] AEEUHFAO, 2016).

o

O
O

2004-20004 717t Bete] SAQe] e FAY BE HAU9] HHpE ol
L ARl =AY 9o 840 FA, AVYE, WzF 9 AX7|o] Fo] A, =2
g B3 x}ﬂ 3 a8 98 Sel S IR YT 4 e

A2 AL AR A fEl
axel 39 ?&ﬁlﬂ yalolch, o 43 S o, 48 5 A9l sl 2
el o] s Y U B B Az AR L 7P AE Ao o F4
o o

5 TAA7]= ACZ(FAO, 2016) 88391 7Ha TA| 9 d&S 53 F2 430

2.1.3.2 T &H M=

QlEyAlote] Ajdte] el Weke a3k BTHADRC, 2012).
* Disaster Management Law No. 24/2007
* Government Regulation No. 21/2008: Operation of Disaster Management

* Government Regulation No. 22/2008: Funding and Managing in Disaster

Assistance

» Government Regulation No. 23/2008: Role of International Agencies and

Foreign Non Governmental Agencies in Disaster Management

* Presidential Regulation No. 8/2008: Establishment of NADM(National
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Agency for Disaster Management: Badan Nasional Penanggulangan Dencana;
BNPB)

F7HGEE] 7131 BNPBOIA 2010-2014E9] 7|7k 2213 Adte] A 4
A2 AY, AAl, &, 53, ZEHo|L FY Y= A T oy, A& RS
< B3 A QA HS 5, A S, A ARE AFeA 215 Ad HsfiR
et Aul= 1 ket gl A, 12al S3Ae|al 2FAQl &9 /HEYS
716k AJd9] 318 52 IISHKADRC, 2012). 2010-20144 9to] =7} 547
AL BH 71FH}, 4 43} A, 271HE AAH, A TE7F 23] Gl
Bl(ADRC, 2012) 34 o3} A4S AlQgt Al o] 25 7k 74 9 7he dlEd

2.1.4 QZHAO[2] 712 B XM A|AE)

A=yAlol 71GHBMKG)S o2 FHS| 71§ FAHE AlFst=t ol F4+F
A4~ (Figure 2-4a; http://www.bmkg.go.id/BMKG_Pusat/Informasi_Iklim/Infor
masi_ Hari_Tanpa Hujan.bmkg), SPI(Figure 2-4b; http://www.bmkg.go.id
/BMKG_Pusat/Informasi_lklim/Indeks_Presipitasi_Terstandarisasi.bmkg), EYF 44
7} (Figure 2-4c; http://www.bmkg.go.id/BMKG_Pusat/Informasi_Iklim/Neraca_
Airbmkg) 59 HUHTY AH I F5 A, AUk AY 59 A5 JEHe} 7%
Holo| gt HEE ISt T3t 7| &7 P EA A= http://cews.bmkg.go.id/
depanbmkg}E B9l 7719 ARFEE olE(Figure 2-4d; http://cews.bmkg go.id/depan.
bmkg?pt=aawmk)stal Ut}
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(c) Sail Moisture Availability (d) Dry Season Onset Prediction

Figure 2-4  Indonesia drought-related information systems.

2.1.5 & X[He| Y

Aldrian and Susanto(2003)7} 7%~ £/dol W2t U= Region A, B, C& ©]85
of QIEYAoF 3471E 2k A9 sigste =oF S E42 7K =2 &5t
A¥om Region A, B, Coll sl Zt x| E& 3 7| H9o] =& AAstAtHFigure
2-5a). ol Aol A% 58S 7= A9 s 7Heoll S A= 812lo] o
£ & douE JdE 7EelE 2E9 sl oA tEA UeueAl Bk
QAgtolet. AFER TE AFT o QALuAofe] FAon 7H} wWol gitsl= s
o] Aoleh= HS ilEsto] AA| WA tiH] o] g A HlE&(Figure 2-5b; Table

2-2)0] &2 3= AASIT

AEdAlols F=, A=l ofo] AACIA Al WAz &2 wo] BARITHFAO,
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2016). A=HAlof = HAI & BAkg, &AM, B 5 WA ARE QIEYA
o} BAHA A5tk http://www.bps.go.id). & Aol 74 371 A5t <l
TYAlote] A & 45 WA 20149 7]£0= 13,797,307haZ JUEHAJo} A
A 9] 7.22%0l IS & AL 91% HE7} oA 0] F0IR| I 9% HEE o
A o] 20X THFAO, 2016).

Region A°] HisfiAlE= AF AHKWest Java; Jawa Barat; ©]s} JB), Region Bl
oA AR SulE2KWest Sumatra: Sumatara Barat; ©|5} SB), Region CO
oA LEEZ(Gorontalo; °Jst GO) A9 Aot thHFigure 2-6). 20144
7122 JB A99] MA| WAL 3,537,800ha= 4 42 HAQI 1,979,79%ha= F
& 55.96%% AARtcHTable 2-2). Figure 2-5bS HwW diel A& 2wt FoF 2}
Hh, 7 ApE A H99] & 8 WA Hlgo] dEAoR w2 2S5 & 4 U SB A
92 A "Ho] 4,201,300haclal & 52 HZHo] 503,198ha® 11.98%E AHA|st
o GO A9 A HZHo| 1,125,700ha, & & HZH0| 62,690haZ 5.57%F At
Z|gtcK(Table 2-2).

H)
2
Mo

200549 ¥ WA RS AuEd AmdAor AX o] A
6,722,29%ha®, THAAES BoHA] 1l FA|9] FAY AAHoRE Fo
= 3,133,317ha?] WAL 51 9,855,616hadl WA dis) ALY 35|
o] o]ZojActal & 4 It} ol QlLuAlo} HA WA 5.16%°] sHsti
AR WA 26%0] HGIIHFAO, 2016). I AAS Al A =2 H9- JB, SB,
GO AF9] I Au7t =0 Y= WH2 74} 1,096,022ha, 374,388ha, 19,664ha
2 BAE S8 A HEo] dxHoR 11 W A 71 Wol E8sio] AR
2o Zolun= 201499 & 43t w0 tigh Hl&S 242} 55.36%(HA] W29
30.98%), 74.40%(AA WA 8.91%), 31.37%(AA WAl 1.75%)°1 HITtct
(FAO, 2016; Table 2-2). T A=&ollE= 20128 7[F02 QIEUAlof HA| & A3
AR 9 9] 84%7F )= o] QAL 16%%He] Hof| Sj&st= Aoz LA UTHGRISP,
2013). SHAYE b4 AESH tiE #H7E Eojle AFoletal dR|etE 7HEo] A%t

A9 A7 AU o] Fol B Aol YT WA Heh

W 52 WA U8 olgslel AT Y AL AFSIon B aTel /s

(o o
o

)
24

bl
bl

W
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Legend
Provinces
Region

[ RegionA
I Region B
I Region C
[ ] Intermediate

(b) ii’v
,\\?\\

A

Legend
Provinces
Harvested Area Percentage
[ <=5

[ |s<to<=1s

[ ]10<to<=15

B 5<to<=25

Il 25 <to <56

Figure 2-5  Indonesian provinces (a) grouped for rainfall regions, and (b) with harvested area
percentage.

Table 2-2  Harvested Area of Paddy (2014; BPS, 2016) and Area Equipped for Irrigation (2005; FAQ,
2016)

Harvested Harvested | Area Equipped | Area Equipped
Province Area (he) Total Area (ha) Area for Irrigation | for Irrigation
Percentage (%) (ha) Percentage (%)
West Java (JB) 1979799 3637776 55.96 1096022 55.36
West Sumatra (SB) 503198 4201289 11.98 374388.39 74.40
Gorontalo (GO) 62690 1125707 5.57 19664 31.37
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(a)

(b) West Sumatra (SB) (d) Gorontalo (GO)

Legend (Land Cover)
11 - Irrigated croplands
14 - Rainfed croplands
20 - Mosaic Croplands/Vegetation
30 - Mosaic Vegetation/Croplands
- 40 - Closed to open broadleaved evergreen or semi-deciduous forest
- 50 - Closed broadleaved deciduous forest
- 60 - Open broadleaved deciduous forest
- 70 - Closed needleleaved evergreen forest
- 90 - Open needleleaved deciduous or evergreen forest
- 100 - Closed to open mixed broadleaved and needleleaved forest
- 110 - mosaic Forest - Shrubland/Grassland
I 120 - Mosaic Grassland/Forest - Shrubland
Bl 130 - Closed to open shrubland
140 - Closed to open grassland
150 - Sparse vegetation
- 160 - Closed to open broadleaved forest regularly flooded ( fresh-brackish water)
- 170 - Close broadleaved forest permanently flooded (saline-brackish water)
180 - Closed to open vegetation regularly flooded
Il 190 - Attificial area
200 - Bare areas
Il 210 - Water Bodies
220 - Permanent Snow and Ice

I 230 - No data

Figure 26  Selected provinces and their land cover information based on Global Land Cover
Network(GLCN) data (Source: hitp://mwww.fao.org/geonetwork/).
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22 A=

221 #5 A=

= g2 ARESl7] Y8l Global Historical Climatology Network-Monthly
(GHCN-M) AH =g AESHIH. A+7]9%2d(Global Climate Model; GCM)
o] A7171%9& Atmol HIRA, FIASH 5= AEshe BF S ARE ol&
SfoF stHE & Aol &gt A+ 7| HES Hindcast 717t & 24 7o) S5
&= 1983¢ 1¥5E 200949 849 7|7tof|l s GHCN 7<= At=9] 7MAd= 87t
sttt QITy|Alo} A o= 518709 GHCN A|Ho] EAfsl=t], o] % ol AHY
ol 184 ool 7IEet AmE HFSHA FStRt: mEkA 2 Aol 9

ol A1k £ 7 ARE B 4 AR oAl B89

222 4% M=

F% A=+ Tropical Rainfall Measuring Mission(TRMM) A&2} Global
Precipitation Measurement(GPM) A=E FAoZ 85t TRMMS U=
National Aeronautics and Space Administration(NASA)2} ¥ Japan Aerospace
Exploration Agency(JAXA)ol oJsf 7Hd=lom 1998¢ 1€FH 20149 3¥€71%]
TRMM 3B43°] ¥4 gAF Ame}t @5 ARE 8% ¥¥ A&E v|= Goddard
Earth Sciences Data and Information Service Center(GES DISC)ol|4 &E5}o]
olgstytt. A= AT M= 50°S-50°N, 180°W-180°EelH, 37t shdE+
0.25%0.25°0|cKFigure 2-7).

TRMM 3B43 A=2} v7HA2 732 /87421 GPM Integrated Multi-satellite
Retrievals for GPM(IMERG) A=+ 20144 4€95E 20159 1297FA] NASAS
Precipitation Measurement Missions(PMM)°ll4 &Es}o] o]g&atitt. IMERG At
=29 AT #MP= 90°S-90°N, 180°W-180°Ecl™, I3t sidEx 0.1x0.1°°lth
(Figure 2-8).

ReAlE dlSc] flsiMe A AAIE

o
1o
4
5
ook
&

of Z-ZAAHoF sh=H,
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ol& ol8|AE 307 Hxo) A2t 2 FEE TRMM &9} GPM IMERG #AH&9] &
]Z_—% 7+ o disfi 17701799 x}ﬁu}o] ZAR. wEhA e i
A St 71 A=mE FHsE] A A 717kl s Precipitation
Estimation from Remotely Sensed Information using Artificial neural Networks
(PERSIANN)-Climate Data Record(CDR) A=E ©o]&st3itt. PERSIANN-CDR Ak
g vlo]aEolB AlA7E EAskA] G 717l sl Aol Al ArE B85t
THEo1A1# 60°S-60°N, 180°W-180°ES} 57k Hfjefl tish 0.25x0.25°9] &1t
T2 1983\ RE AZEcHAshouri et al, 2015; Figure 2-9). AAF T4 9 AbA|sH
&85 Ashouri et al.(2015)°] UERt Tt

Legend

Monthly Precipitation for Jan. 1998 (mm/month)  Administrative Boundary

Value :I Provinces

1147.65
. 573.87

0.10

Figure 2-7  TRMM 3B43 monthly precipitation data for Jan. 1998 (mm/month).
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Legend

Monthly Precipitation for Jan. 2015 (mm/month) Administrative Boundary
Value D Provinces

1213.13
. 606.87

- 0.6

Figure 2-8  GPM IMERG monthly precipitation data for Jan. 2015 (mm/month).

Legend
Monthly Precipitation for Jan. 1984 (mm/month) Administrative Boundary
Value : Provinces

845.03
. 450.27

- 55.51

Figure 2-9  PERSIANN-CDR monthly precipitation data for Jan. 1984 (mm/month)
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2.2.3 XHH2RE K=z

ul= NASA®] Aqua 10l ©AE Moderate Resolution Imaging Spectroradiometer
(MODIS) A9l 4 ARHLE EE 4HEY MYDIIC3 Land Surface
Temperature and Emissivity At=5 o]&dlct. £ A=EE= 0.05%0.05° 379
AER o] tiste] 7t 9 oftt A EHLEE AlFethFigure 2-10). £ A+
oA ARE3H MODIS A=e]l 37t sidEE 2% Zom ul= NASAQ| Earth
Observing System Data and Information System(EOSDIS, http://reverb.echo.nasa.gov)ll

A g5tk



Legend

Daytime LST for Aug. 2002 (Kelvin)  Administrative Boundary e kX 2
[ NoData [ Provinces
<=295

[ 295<to<=300
[ 300 <to <= 305
I 205 < o <= 316.36

Legend .

Nighttime LST for Aug. 2002 (Kelvin) ~ Administrative Boundary S el 7
[_JnoData [ Provinces

[ <= 284

[J284<to<=289
[ 289 < to <= 294

I 294 < to <= 299.05

Legend .

Mean LST for Aug. 2002 (Kelvin) Administrative Boundary . Farei 7
[ InoData [ Provinces

[ <= 290

[J290<to<=295
[ 295 < to <= 300
I 300 < to <= 305.66

©
Figure 2-10 MODIS monthly averaged (a) daytime, (b) nighttime, and (c) mean LST for Aug. 2002.
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224 M A=

78 999 HAHRED)T FA QA G (Near Infrared; NIR)S| FHTIARE:
S olgslE= AR SRRl ARG (Normalized Difference Vegetation
Index; NDVD)E ©|-83t99=dl(Tucker, 1979), AEHLE} v7IA2 Aqua YA
°] MODIS A& EE ARE &85t MYD13C2 Vegetation Indices AHa+= 9§
Al 0.05%0.05" 3= Aol tisted Al E K Figure 2-11).

PNIR ™~ PRED
NDVI= —" 1122 (Eq. 2-1)
Pnirt PrED 4

Legend
NDVI for Jul. 2003 (unitless) Administrative Boundary
C] No Data |:| Provinces

[J<=07

[ Jo7<to<=08

Bl os<to<=09

Il oo<to<=1.0

Figure 2-11  MODIS monthly averaged NDVI for Jul. 2003 (unitless).

225 BEYrE A=

EdTE Ame 200249 79RE 20119 997MA= Aqua 930l EAHE
Advanced Microwave Scanning Radiometer-EOS(AMSR-E) 949 & AYAk=
?l AE-Land3 Surface Soil Moisture ¥ A==2HH Lot ¥ AwE HEls}
At At@E= MODIS A=}t upzb7ix]& u]=k NASAS] Earth Observing System
Data and Information System(EOSDIS, http://reverb.echo.nasa.gov)°llA @&



staom, 2= Fzt =L 0.25%0.25°0cKFigure 2-12). 20129 7€l
20154 12971A19] Ame= YE9] Global Change Observation Mission 1st-Water
(GCOM-W1) Y49 Advanced Microwave Scanning Radiometer 2 (AMSR2) AllA]
Z}2E GCOM-W1 Data Providing Service HARIEE B9 &S50t o]&ol=
4, 37t A== 0.1%0.1°o]tKFigure 2-13).
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Legend Y ﬂ-
Daytime Soil Moisture for Sep. 2011 (%) Administrative Boundary i

[ o Data [ Provinces

[ <= 10

I 10<to<=15

Bl 15<to<=20

I 20 < to <=37.86

Legend ﬁr
Nighttime Soil Moisture for Sep. 2011 (%) Administrative Boundary -

[ NoData [ Provinces

[ <= 10

B ro<to<=15

Il 5 <to<=20

Il 20 < to <= 4134

Legend cQ) ﬂ'
Mean Soil Moisture for Sep. 2011 (%) Administrative Boundary i
[_JnoData [ Provinces

B <= 10

[ ro<to<=15

Bl 5 <to<=20

I 20 < to <= 39.48

©

Figure 2-12  AMSR-E monthly averaged (a) daytime, (b) nighttime, and (c) mean soil moisture data
for Sep. 2011 (%).
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Legend . ﬂl’
Daytime Soil Moisture for Aug. 2015 (%) Administrative Boundary )
[ noData [ Provinces
[ Y
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Figure 2-13  AMSR2 monthly averaged (a) daytime, (b) nighttime, and (c) mean soil moisture data
for Aug. 2015 (%).
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2.2.6 ofirFE2r Az

A 71719 S E Age U= 7| $AEANE (National Climate Data Center;
NCDC)oA]  Alask= Extended Reconstructed Sea Surface Temperature
(ERSST) v4 ARE o]&sttHhttps://www.ncdc.noaa.gov/data-access/marin
eocean-data/extended-reconstructed-sea-surface-temperature-ersst-v4).
ERSST-v4 A== 18549 1€HH AT 2x2°9] &3t Sges 7t Iy
Alot A B of2}t AA SSTY| F&2 AHE7] f3f Aol Higt AeE BT ol&
oA tHFigure 2-14).
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Figure 2-14  ERSST v4 monthly sea surface temperature for Aug. 2015 (degree C).
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2 AFtolA= =oll tiste] 71AIsks 718t 7hgalls REE Zdet o]719g(2015)
7} RIZIAE APECTISAEI(APCO)S] 6711 ool ARgEl= ol 71A] I Hdll
MSC_CanCM3(Meteorological Service of Canada Climate Centre third generation
coupled global climate model), MSC_CanCM4(Meteorological Service of Canada
Climate Centre fourth generation coupled global climate model), POAMA(Predictive
Ocean Atmosphere Model for Australia)) NCEP CFSv2(National Centers for
Environmental Prediction Coupled Forecast System version 2), PNU(Pusan National
University), NASA(National Aeronautics and Space Administration)2] 1-671¥ & 4153
AlZe] 739 9 SSTE o833t A= APCC HolEHo]AZRE 5519 0m A=9]
o, == 2.5%2.5%0]ck

i mdy} o]l52 %3 (Simple Composite Method; SCM) Ho & o)
9 FAE(Multi-Model Ensemble; MME)$F 229 Hindcast 7]7F1 1983-2005
Ao X=E o]&sto] o] Rdl ¥ QlyAlol A[Hof tigt A& H5Z B7ISH
AUH(Figures 2-15 to 2-20). °] & 7% W=pol tisto] Ql=yAfo A H9] 7hEof
gt El Nino9] o] A Yehh= 9-11499] 717 S(Setiawan et al., 2016) 10
o] N7 AAIS(Temporal Correlation Coefficient; TCC; Figures 2-15 to
17)9} B AF A AHHRoot Mean Squared Error; RMSE in mm/day; Figures
2-18 to 20)5 AHHEYTE TCCol QlofA d¥HH oz MFPAZte] Aojd4E o
d5°] oA, AHF o= o7} el BE Tt of = Zpol7} =ikt
THFigures 2-15 to 17). 3] 671¥ APAIZIY] 495 EH MSC_CanCM4 H 2]
35 AR A SAONA ClE Aol W =4 e o= MME SCM9
739-Htt =KFigure 2-17). RMSEE HW¥ AfPA|Izto] Aojztkal A 22} Flo]
=4739] 37+ &ttHFigures 2-18 to 2-20).

teid JAEY 35 7 2do Hlsto] oS Adeo] A UE7]= shARE
gl 7 Aolgt 7HeollE s SRR AXstaAt & AqtoM = Thealls 2d
= 7t 2o disf /fEA o= Agste] HrIskiT
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Figure 2-15 TCC maps for precipitation prediction in October over Indonesian region with laed times
from 1-2 months.



Temporal Correlation Coefficient
Variable: prec
Starting month: Jul
Target month: Oct (LT=3)
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Temporal Correlation Coefficient
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Figure 2-16  TCC maps for precipitation prediction in October over Indonesian region with lead times
from 3-4 months.
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Temporal Correlation Coefficient
Variable: prec
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Figure 2-17  TCC maps for precipitation prediction in October over Indonesian region with lead times
from 5-6 months.



Root Mean Squared Error
Variable: prec
Starting month: Sep
Target month: Oct (LT=1)
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Figure 2-18 RMSE maps for precipitation prediction in October over Indonesian region with lead times
from 1-2 months.
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Root Mean Squared Error
Variable: prec
Starting month: Jul
Target month: Oct (LT=3)
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Figure 2-19  RMSE maps for precipitation prediction in October over Indonesian region with lead times
from 3-4 months.



Root Mean Squared Error
Variable: prec
Starting month: May
Target month: Oct (LT=5)
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Figure 2-20 RMSE maps for precipitation prediction in October over Indonesian region with lead times
from 5-6 months.
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Aol E83t B AmEeE 9%, Fx, I%(Figure 2-21) A= EXDE
(Figures 2-6, 2-22, 2-23) A&7} 9t 1% AEE Global 30 Arc-Second
Elevation (GTOPO30) AEE ol83I9=d|, Ags wld AAFRAHU.S. Geological
Survey)ollAl E53t910oH tieF 1x1kme] =S 7HIth EXE Am= 20059
o] GLCN Af&(Figures 2-6, 2-22)2F Il Aqua #M3 % Terra #1d9] MODIS &
AJAFEQ]l MCD12C1 Land Cover Type Yearly®d] 20124 A=E Falsiity. MODIS
MCD12C1 A=+ IGBP(International Geosphere-Biosphere Programme) 575 ©]
Bolgon Il dEE 0.05%0.05° 0l

T+ ARE AMEY GLONAE: W 54 Ha2 4T 2AA Ueguy ds 54
9] A9 Y& WA Ex35l 9l=d MODIS MCD12C19] A&+ 54| WE AA7}
o A vreRdet

Legend Administrative Boundary
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Figure 2-21 GTOPO30 Elevation data (m).
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Figure 2-22  Crop Land Areas from GLCN data for 2005.
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Legend Administrative Boundary
Land Cover Type for 2012 Provinces [ ]
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Figure 2-23  MODIS Land Cover Type for 2012.
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A A JOoK(Tabor et al., 2015) & A4Fo|y AL A =20 F50]
7FsotEE d @RE AitEl A7171%9E A= 9 old) 7HE & VAT =Y
= B7Iot7 10l AgshAl ¥rtal wHstal”] dizeloh

2 dAFods 71 7 AR 7P 9y ARRE 9o WMO (World
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Legend
SPI6 for Aug. 2015 (unitless)
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Figure 2-24  SPI6 for Aug. 2015 (unitless).

232 7I=0E 2R =

U] THEAE dIES {le o]xQ(2015)°l o3 e Z1AsKs 715 7R
5 Hdg HRFOR sto] [IEHAol 7REAIS dIE2 't ZIAS: 7t ThedlS
2EdE 55 Sl vAS /9 7R d5S Hsh AgE 2Ee BE A
o Hsf #5 g& 7INteR st} F7)7|FoSE =S HEAR AH AR o
A% grol EAIsk= % Aol gl UAS Aol diFt 71E oS HRE AYilst

t Ag Baoz sen

2 @A AmHAlol Aot} 47171 F S =de] Hindeast 7]

ed 5 A7} Qol. YA ALT Hsh 2ol I FHOR T A ¥

A et v Aolet EAtE diE AR vAS Ao

2 AN AL %40 ] Hote HA B ARE o1l % A5
A

rﬂ\i
2
Rl

713l €4 SST & Wirt® 719-3iF 42282 gt 7= A=

71ASES Z1AISks 2dof digt A2 ol F(2015)°] GAls] YEhd Sl o]
A9(2015)9] 7Reolls 223 vz, 7he ARAIM Y 7HEAlS 42 T



7171 Y3l Near Normal¥} Moderate Drought HF2] F7tof 9JX|st 72l -0.55
O o]g3to] olHtt 7o At A2 AmE o]&5to] 7|ATks RdS
ot o, o]RF(2015)00M= SRS &2 75t IS = °l8Ste| 7
SHAZIAL F5 B7F Al A7171%0E Y golu 715 g 285
i A Wl tigt 7S A17E AUAA A 9271 Qo] & A+
A7171%0% 24 oy 7% 32 A= ol&sto] 7|ATs RES

L ¥ M oo NN
R A R N

8o o uZi

o Hd 2

= a

oM, mlo

o

[e]

o
28
S} fr

=4

2321 7|HEs 2 2 HA: MY

AP9(2015) 7hHe clE5= SIet 7|AIsks 24 5 AP EF(Decision Tree),
AGEZHAE(Random Forest), =(#)HHE | (Extremely Randomized Tree; ©]
5t ERT) 22< AR&at3let, 2 :rLoﬂ*i% o] F 7k& A&l 7V 4% de
= B39 ERTEYE o]&35t3ltt. ERT 292 Geurts et al.(2006)°1 2Jsf| At
2 Aol deizel a2zt F7Ege & A
HEHAENA= 7 ?—loﬂ/ﬂ o] o]fold wj = wE FE o] 7 AE
Hog Yy 7|22 ARt ERT EEoAE 1 7138 Yolg At Jof
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1% Vg 943 12e B FHoR Agu
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=W 7FEolE oA El Ninof| I8 11#st7] {stod Multivariate ENSO
Index®} = 259 JFES wrYst7] Yol Arctic Oscillation IndexE Y ¥4
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El Nino9 J3F& & & = Nino3 A9 o]Qo| AR AL /AL A, SPCZ
Z99] SST7F 4 o] ZF= O™ Region A, B, CE Wiro] AXeH A+ of
A A dof| whet ZF Q9] FA|H SSTE YY w0 ZEAHHFigure 2-25).
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S HPAFA]$x(Standardized Precipitation Evapotranspiration Index)& &
Stz A 4 S8 57 =4 U oY SPIE A&k B5ole S84
o Ay F2%7F IR A4 Sith E AFoA= BE BFE SPI6THE AR
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et al.2012)9] WHENZE Z53F A BY ofede]o] Z7HE, SST ARe 2d
oi=TE o] S Hd 7| ghofl HEAIA 5 TSIt

« 9(MONTH), 9I=(LAT), AZ(LON), I%=(ELEV)
o Z7F ok B AEW 2%(LST DAY, LST NIGHT, LST_MEAN)
* AHAA8AS(NDVI)

« F2 ozt B EGFE(SM_DAY, SM_NIGHT, SM_MEAN)

=)

/g 7 I AV RCIEAES Aol ARt SPI6 “IE4KSPI6 FCST)

Nino3 A|¥ SST dI&gk 9= 5°S - 5°N, X 150°W - 90°W (NINO3_SST FCST)

AEL A% Qo] SST A&7k 2% 10°S - 10°N, A% 50°E - 70°E (I0_SST FCST)

« SPCZ A|99] SST A&7k %= 15°S - 25°S, A% 160°E - 180°E (SPCZ_SST FCST)

* Region A9 & ¥EF E|EZ 3] SST &3k Y= 15°S - 5°S, A& 120°F -
135°E (LOCAL,_SST FCST)

* Region BY ¥ &= 3] SST &7k 9= 1.5°S - 8°N, F%= 102°F - 110°E
(LOCAL_SST FCST)

* Region CO TFF & SST &4k A= 6°S - 2°N, HXZ 122°E - 135°E

(LOCAL_SST FCST)
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Figure 2-25 Remote and local regions with SST input data.
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StRTHQuan et al., 2012).

dY ¥ 5 A48 A AT RS A= 29t APt SPio A5
ghol SoP7H sledl, 7IAes RS ARA g2 o] 7Rl dlS g VIS #e
= Aot vlasiiTt.
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(Figure 3-2a: Table 3-1a)
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Figure 3-1

Drought Accuracy based on ML and FCST in the JB region.
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Figure 3-2  Comparisons between models for Drought Accuracy based on ML and FCST in the JB
region.
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Table 3-1 Drought Accuracy based on ML and FCST in the JB region.

(@ ML
Model / LT 1 2 3 4 5 6
CLIM 0.47 0.39 0.32 0.30 0.31 0.34
MSC_CanCM3 0.40 0.32 0.28 0.31 0.33 0.36
MSC_CanCV4 0.35 0.32 0.32 0.31 0.31 0.33
NASA 0.42 0.36 0.31 0.32 0.35 0.37
NCEP 0.37 0.32 0.27 0.30 0.29 0.31
PNU 0.42 0.34 0.29 0.28 0.26 0.29
POAMA 0.40 0.35 0.32 0.27 0.28 0.28
(b) FCST
Model / LT 1 2 3 4 5 6
CLIM 0.48 0.27 0.1 0.06 0.02 0.00
MSC_CanCM3 0.49 0.35 0.21 0.16 0.11 0.07
MSC_CanCV4 0.49 0.30 0.19 0.16 0.14 0.08
NASA 0.42 0.28 0.16 0.07 0.02 0.02
NCEP 0.41 0.28 0.08 0.06 0.05 0.09
PNU 0.48 0.30 0.19 0.14 0.04 0.01
POAMA 0.47 0.30 0.21 0.12 0.09 0.04
3.1.1.2 24 MAE

519 MAES] A9E 7h Hzet mRbAR, MSC_CanCM3 2dg A9Jet &
= 4% AgAzto] 171€Q] Afolgt 71& gres 42 FCSTSl MAEZF MLE] H$-
wr} dokor Aol 2-67499 B¢ BE MLO| MAEZ} WokthFigure 3-3).
MSC_CanCM3 Rg9] ALoj= AgiAjzto] 1-270€91 AL7HA] FCSTS] MAE7}F &
1 3-671¥oll= ML MAE7F WktKFigure 3-3a).

ok

Hd 2+ HuE HE, 7HE APAREY] Beelvt 714 sk R AESHA] o
CLIMS] %7} MAE7} 7V ReFal(Figure 3-4b, Table 3-2b) UHA] F9+= HF
MLY MAE7} R9t=d 53] NASA EH9o] He7F 22 o4 gk E{thFigure
3-4a, Table 3-2a).
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Figure 3-4  Comparisons between models for regression MAE based on ML and FCST in the JB
region.
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Table 3-2 Regression MAE based on ML and FCST in the JB region.

(@ ML
Model / LT 1 2 3 4 5 6
CLIM 0.35 0.48 0.55 0.62 0.64 0.60
MSC_CanCM3 0.44 0.54 0.60 0.64 0.64 0.62
MSC_CanC\Vi4 0.46 0.58 0.60 0.64 0.64 0.62
NASA 0.39 0.47 0.55 0.60 0.63 0.60
NCEP 0.50 0.53 0.62 0.65 0.67 0.62
PNU 0.38 0.53 0.59 0.68 0.73 0.68
POAMA 0.43 0.51 0.62 0.66 0.69 0.64
(b) FCST
Model / LT 1 2 3 4 5 6
CLIM 0.31 0.54 0.78 1.02 1.26 1.47
MSC_CanCM3 0.36 0.52 0.76 0.99 1.20 1.48
MSC_CanCM4 0.41 0.64 0.86 1.04 1.23 1.38
NASA 0.36 0.53 0.78 1.07 1.43 1.61
NCEP 0.50 0.62 0.95 1.24 1.50 1.55
PNU 0.36 0.62 0.88 1.07 1.45 1.69
POAMA 0.42 0.62 0.83 1.1 1.21 1.48

3.1.2 A& £DIE2KSB) x|
31.2.1 712 MEe

SB 99| 7HE&2 JB A3t WS o2 A HoErh 7he HYLo] B¢
ML¥} FCSTE] o7} 4] ¢kow e gl AdegAzto] et MLO] 7he Heert &
7|% slal FCSTO 7k Agh=rt =4 Ueh]e StcKFigure 3-5). MSC_CanCMs3,
NCEP 293} CLIMO] A9 BE AgA|7toA] MLo| FCSTRT} 7H% AHeter} 7
AY =A% o2 Bl H%gt gk BRItKFigure 3-5).

=g ZF 7N A g H|wstoe APAZ] wet 22 Ve FYEE Hole W
o W E9] 97} F41o] YehdthFigure 3-6, Table 3-3). Tt NASA =&
o] A% 2714, 4ME 9 5/ Y APAZEY S 714 S5S F8A7IA] P2 FCST

oA 7P =& 7 BE=E HtHFigure 3-6b, Table 3-3b).
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Figure 3-6  Comparisons between models for Drought Accuracy based on ML and FCST in the SB
region.
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Table 3-3 Drought Accuracy based on ML and FCST in the SB region.

(@ ML
Model / LT 1 2 8 4 5) 6
CLIM 0.37 0.24 0.16 0.13 0.13 0.14
MSC_CanCM3 0.38 0.29 0.23 0.10 0.16 0.13
MSC_CanCM4 0.43 0.23 0.22 0.14 0.12 0.08
NASA 0.30 0.21 0.13 0.15 0.13 0.15
NCEP 0.37 0.23 0.08 0.10 0.08 0.09
PNU 0.26 0.15 0.14 0.09 0.05 0.06
POAMA 0.32 0.14 0.17 0.13 0.07 0.09
(b) FCST
Model / LT 1 2 8 4 3 6
CLIM 0.37 0.21 0.08 0.04 0.01 0.00
MSC_CanCM3 0.37 0.22 0.13 0.09 0.03 0.02
MSC_CanC\V4 0.42 0.29 0.19 0.15 0.10 0.03
NASA 0.36 0.32 0.19 0.18 0.17 0.09
NCEP 0.36 0.20 0.08 0.03 0.02 0.00
PNU 0.28 0.19 0.08 0.06 0.08 0.04
POAMA 0.27 0.22 0.12 0.09 0.13 0.05
3.1.2.2 3|H MAE

712 BEEo] A9 MLE FCST Aole] Saigt A% Hol7h ZelbA] ghe Ao
ulstol 319 MAES] A9ols BE melsh HaAiolA ML) B97 9 glo] &
A UekdthFigure 3-7). 53] FCSTO] 49 AgAzio] Lojxd 247t 57151
=8 ML9] 7% LA 2 HE FAIskL ltK(Figure 3-7). 18ol= &5}
T MLY) 7 AT FCSTE} vl @S e AL 93 gre] et 2tiet
£ 7h FhEaele] A9l 055 AFSEA oS Ao 1% AAnet A £
28 4 o] HE Aoz wal

T 71o] Xjolg B 1-471¥e] APAIZIoA MSC_CanCM3 E¥+ MSC_CanCM4
o] 7P W2 0AkE Hoorw 578E AgAlellA= MSC_CanCM4 =&t NCEP
rdo], 8|3 7hY APAZIoAE= NASA 2E3} CLIMO] 7F W oas B
tHFigure 3-8, Table 3-4).
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Figure 3-8 Comparisons between models for regression MAE based on ML and FCST in the SB
region.
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Table 34 Regression MAE based on ML and FCST in the SB region.

(@ ML
Model / LT 1 2 3 4 5 6
CLIM 0.32 0.40 0.45 0.42 0.43 0.40
MSC_CanCM3 0.30 0.36 0.37 0.40 0.43 0.42
MSC_CanC\V4 0.30 0.36 0.37 0.40 0.42 0.43
NASA 0.35 0.42 0.43 0.42 0.43 0.40
NCEP 0.32 0.40 0.44 0.43 0.42 0.42
PNU 0.39 0.44 0.47 0.43 0.46 0.44
POAMA 0.35 0.44 0.45 0.45 0.48 0.42
(b) FCST
Model / LT 1 2 3 4 5 6
CLIM 0.35 0.56 0.78 0.95 1.12 1.31
MSC_CanCM3 0.35 0.53 0.64 0.86 1.00 1.17
MSC_CanC\V4 0.36 0.51 0.64 0.79 0.85 1.10
NASA 0.40 0.50 0.65 0.78 0.83 1.05
NCEP 0.37 0.61 0.93 1.12 1.24 1.48
PNU 0.52 0.88 1.27 1.71 1.98 2.24
POAMA 0.47 0.70 0.94 1.10 1.20 1.29

3.1.3 1= (GO) X¥
3131 78 ZEk

GO A9l JBot FABIIAE ThE A Holtd] 53] MLY o 4%l
FCSTo] Hlste] %7 Uehdch, 3k Antz ek 7% 48est B A1) 9 SB
Aol ula 45| &4 UrekdehFigures 3-1, 3-5, 3-9).

JB AQoflA= AgPAte] 2-671H9] Hfoll= thFE MLY 7he HE=7 &7
UepgtZole 17§YE AgAIZdole ZE 9 FCSTY 7He A&7t &9kthFigure
3-1). 284 GO A[¥ollAl+= NCEP Zdl} PNU ZE-g AlQlotal= 171 APzt
< ZFE BE AYPAZIIA MLY 7he Y=t FCSTEY =A Yehdth(Figure
3-9). NCEP 2419 A% 1709 APAIZto| ARt FCSTY] 7He =7 MLETH =11



| M ASE VIR ARNES flct 7IRRAr M R S 22 K

PNU 2do] Z¢ 1-270d APAIZ] 3% FCSTY 7Ha Age7t MLEH &7
Uetdth oE BE 39 MLY 7He BE=7t K Figure 3-9).

7 A& Z5S vlud B, 149 AP E 714 Ss5E 8ok &
< PNU 299] FCST el 7Fg 7her 8=t #3Uth & A3 =
7Fe A= #3=T B Aol 2-371d AFAIZtoA CLIMY] 7He HE=7}
=%d A Zo] GO AGollM= 2-370E & 570 APAIZtoA CLIMY] 7HE 7
g7t &4 YebdtiFigure 3-10a, Table 3-5a).
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Figure 3-10  Comparisons between models for Drought Accuracy based on ML and FCST in the GO
region.
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Table 3-5 Drought Accuracy based on ML and FCST in the GO region.

(@ ML
Model / LT 1 2 3 4 5 6
CLIM 0.54 0.57 0.54 0.54 0.56 0.51
MSC_CanCM3 0.55 0.52 0.48 0.45 0.50 0.54
MSC_CanCM4 0.53 0.48 0.47 0.43 0.43 0.49
NASA 0.56 0.49 0.48 0.46 0.47 0.50
NCEP 0.49 0.45 0.47 0.54 0.51 0.48
PNU 0.51 0.38 0.41 0.55 0.43 0.46
POAMA 0.54 0.56 0.54 0.53 0.53 0.53
(b) FCST
Model / LT 1 2 8 4 3 6
CLIM 0.41 0.20 0.1 0.04 0.02 0.00
MSC_CanCM3 0.44 0.22 0.08 0.04 0.00 0.00
MSC_CanCMi4 0.46 0.27 0.14 0.02 0.00 0.00
NASA 0.46 0.32 0.19 0.09 0.03 0.02
NCEP 0.55 0.44 0.37 0.24 0.20 0.16
PNU 0.57 0.41 0.34 0.13 0.04 0.00
POAMA 0.52 0.48 0.30 0.27 0.18 0.18
3.1.3.2 3lH MAE

GO A9} 3] MAES] A% JB A9 FARE ATHE HojF=t|, thit 4 3t
o] ®97H B A9 9 SB AHe] H]s| © ArhFigures 3-2, 3-6, 3-10).

NCEP, PNU, POAMA =H9] L4t 171 AFPATtA MLo] FCSTHEY & 2
2} 78S HojFEn yux] 49 »E MLO| MAE7} FCSTHUtF ZthFigure 3-11).
02 A9} n7IAR FCSTY] @aF gk AdJAIto] Zojd4s o =A J7tst
=t MLO] Z%oll= 4% o2} HE FAIskaL AcKFigure 3-11).

g 7+ Aig vlashd 7MY Aol 2 A9= BF MLl sidehe 1, 2714
AFPAze] 7S NASA medo], 3749 AgPAIzke] 739 MSC_CanCM4 E&3} PNU
Tdo], 23 4-670E AgAZEe] B¢ PNU Zdo] 7FF 22 o ghe Heltk
(Figure 3-12, Table 3-06).
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Figure 3-12  Comparisons between models for regression MAE based on ML and FCST in the GO
region.
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Table 3-6 Regression MAE based on ML and FCST in the GO region.

(@ ML
Model / LT 1 2 3 4 5 6
CLIM 0.27 0.31 0.36 0.38 0.39 0.41
MSC_CanCM3 0.25 0.31 0.36 0.39 0.38 0.41
MSC_CanC\V4 0.25 0.31 0.33 0.41 0.42 0.42
NASA 0.23 0.29 0.35 0.39 0.40 0.41
NCEP 0.30 0.35 0.39 0.40 0.39 0.43
PNU 0.27 0.34 0.33 0.29 0.31 0.34
POAMA 0.32 0.31 0.37 0.41 0.42 0.44
(b) FCST
Model / LT 1 2 3 4 5 6
CLIM 0.29 0.48 0.69 0.88 1.06 1.26
MSC_CanCM3 0.28 0.47 0.72 0.93 1.15 1.50
MSC_CanC\V4 0.26 0.44 0.65 1.00 1.39 1.70
NASA 0.26 0.37 0.58 0.79 1.06 1.38
NCEP 0.26 0.36 0.42 0.53 0.61 0.72
PNU 0.24 0.40 0.52 0.74 0.94 1.25
POAMA 0.26 0.33 0.52 0.68 0.79 0.90

3.1.4 X9 ZH HlW

914 JB, SB, GO Al 1o tis] MLT} FCSTo 2J§t 7+ AaiAlzle wed 7%
Hokw 9 3)7) MAE 2312 ARSLT o] A % 7 oz Al el 714
943t o3 A5e BQl Alst BESEHE o]§le] X9 Aolg Ahwmlch

(Figure 3-13).

£ APt qlo] & AFE Bol AlEE 229 TEAIS A e 7N
e 9 39 MAE] Ao GO A ollA 7HF =A Uetth(Figure 3-13). JB A
A3t SB A9 7HE Y=ol 39 MAES wet o2 A3 48 5 olEd, B
£ APAITNA 7HE B8 JB AGolA E=A VAR 319 MAES] lojAl+=
SB A ¥9] @4} gro] AA yeRdtHFigure 3-13). ©]&3t zjole mdlo] 1 ol
Js W7o o83t HE 9] Xfo] &Rl HoZ HIlty F HE U WOl
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Figure 3-13  Regional comparison of Drought Accuracy and regression MAE.
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3.2.3 1= (GO) X¥

GO A9 A8 W9 Ay Fo=E JB A9H fASH vehrle st
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AZOlA PNU B 287t 494 671 AdPAIZtelA MSC_CanCM3 2E& &
B3 A 5 7P 95T oIS 52 Bl Aol SPCZ AH9] SST l&4ke] A
A F9%7F 7P =9 tHFigure 3-16).
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3.3 7I50IE Al =4

9] 2015/2016 El Nino®t &3 Q= dxHlAo} 7HES tide= 7Ed& A
g B4 AAs9 g 7MEoz Qlste] AmulAlotolA] 2015 8Y o]F 142
o] Y& At AF Y715 Z9loH 20154 T 2|0l H|7} WElA] @o} o
Feol A&EEAHGLIDE, 2016). =7Hd] 7181 BNPBE ] A[<of 7}
WHOH(ADRC, 2016), 2015¥0] 1670=9] 10270 F+/Al, 72170 &
RS A2 708 dHFHDMCDD, 2015). Ministry of Agriculture©A]
£ At A 99 7heo] 7P & Ao& Hotow o] A Hoxgk 111,000had] A%
o] 594 7HE& #1 8,000ha AGoA sAEo] Holg YAUTHDMCDD,
2015). AFAA Hog Y2 X2 QAxyAore] J g& R SR AFog
B ot} L AR eARREL O], BE FAF vk g A, dEer
g dRel FHF QEyAor X¥E ZIRITHDMCDD, 2015; Figure 3-17).

Period 31 August 2015
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Indonesian Region Affected by Drought
PROVINCE IN INDONESIA HAVE DROUGHT

Banten, West Java, Central Java, Yogyakarta, East

16 721 Java, Bengkulu, Papua, East Nusa Tenggara, West
Nusa Tenggara, South Sumatera, South Sulawesi,

Lampung, Riau, South Kalimantan, Central
PROVINCE DISTRICT  SUB DISTRICT Kalimantan, Bali

Figure 3-17  Indonesian region affected by drought in 2015 (Source: DMCDD, 2015).
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Aol Hisf 20159 8UFE 1297H] 7ha ol&e AAISIAT. 7he Agert 7
w2 7399 371 MAEZE 718 22 thed] Aol whEt 71719005 g2 o185
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2 599 B8Y 1 o AYAZe)E ol B o83k th
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o wet b B2 H8sHe RS AT B 4 ek T B BuAoA
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3.3.1 7tgkk K=

7HeollE Bl BEE As) AE e BEE ol8dte] JB A99] 20159
8HoNA 129714 7HaAls CI5 $h2 AATSIALBEST) = #at Bluws) Hgtow,
AT Bde 24 &1 AVIRASEY A¥E ddiz AR AFS (o5t
FCST_ONLY)E APAITE 270E ol olA e vlwste] HktH(Figures 3-18 to
3-27).
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I ZHE7E] 2E - FCST ONLY
« 1-370 AgPA]7E MSC_CanCM3 HEo] o= ZkS s ol&
« 4-571 AgPAIZE MSC_CanCM4 249l o= ZH2 Y& o]&

« 6719 A3PAIZE NCEP 29 dl& 32 1= ol&

TRERIS B]4 ~ FCST ONLY
« 17§ AGPAZE CLIMOI1EZHDS I ol
« 2-571Y AFPAZE MSC_CanCM3 HEO] o= ZFS Iz o]&

« 0711Y APAIZE MSC_CanCM4 2E9| o& g2 IH=E of&

20154 8¥9] #= g2 HH JB 55 A 99 kol S5l HiHEe] A9
A 7ol TASHA] k2 Ao YehdthFigure 3-18a). 7Fg $% HE
dZ 0|8 BESTE HH 1-47/1E AFARIHA] 88e HHE A5t 4ele
L Ak Aole o dF 57 A9 VeI oE A9 ¥ Ve vy Z
A&t Ark(Figure 3-18). SHARE APFAIRE 2-670E9] AN & = Ux 71
ok HdS o8t 4 JBY 5 A9ole A5 e A X3
7 Alsks BEe] A W Ve EFeE A=Vt o] Aols EASHA] ot 2

2 Ag8A £ WEClT 5-67kY ARA] Aol A Aelo] s

(Figure 3-19).

20159 949 45 8ol Hlste] 7ig LA A[Ho| A A|Fo= o] HizFa
oz JB A9 ¥t H=rt Ve AdEiol solAl "rKFigure 3-20a). BESTS 7%
1-470E YA 7RaA1 dlE52 w50l 4] 7HAAl Heb 5-670E 334
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7re] A% 8¥9] Ao} vHAIR A A Qof| s Moderate Droughtoll S5t
L RS d=31a Jk(Figure 3-21). FCST_ONLY9] Z-$-oll= 1-270Y AgPA|I7E
of tofAlet EAES] 7MES & olEoh 3-671Yol| tisiAle tiREe] A9 H] 7t
o8 a&stal UrkFigure 3-21). &, 7|AISRs HAT= AREEA 4717|905
g AINES ol8sks AS- 7he AJHE AAET 4ld5kA] A &SIt

20159 10¥ol= 7] JBY &7 47 A 9= AlQJstile ARty or S ]
o E5| BAZ X9 7MHE2 ©L 480 Severe DroughtoA Extreme
Droughto] agddk= 3+ HojEtHFigure 3-22a). BESTY Q0= 2-671€Y A5
AIZE 5] A AA AYe| digt 7R AEE AISstal =t ot Moderate
Droughto|t} Severe Droughto] sl|@ol= 7S $4C0 2 A=odlal o] Extreme
Droughto] sfgdh= ST 72 &3l AA= ekFigure 3-22). 170€ A
AIZEe] B CLIME IHiE ARGSE A, 17199 AuvkE 7|15 fo= A3
o E-tstal 7REol ASkE dl&skA] FotdthFigure 3-22). FCST_ONLYE &
2-371 APAREeE MSC_CanCM3 Hdl ZA3E TIti= o83t A7 I ol
-9 7P tH(Figure 3-23). SHATE 4-67149] A% YoM FHCE &4H 7=
JEiet Aot BEARO 7S dl&sHAl= EotSitkFigure 3-23).

20159 11€0l= JB AHAM 7hgo] WA AR HotE A" FAF A FofA
© Aoz e A7 gotEr il 7heel & e The2 9% 3] 10

o) U[O o

i AED% 2—67H%=£ Z1AgRgl 718k = 71~a 01155 %Z} A9l Ex ikﬂ% Oﬂéﬁ A
£33 cHFigure 3-26). FCST_ONLYE: 2-670Y APAIZE 7HEd&olA MSC_
CanCM3 @ MSC_CanCM4 29l ZAzlg Autdog FAg 7HE-S d&sha Q.
E35] olu] &3t=]7] AR AR AEiE o506 ZolithFigure 3-25).

20159 1292 1193} =g 7 AF3Rlul, BESTY 4% 1709 AR
B9 v 7HE0 2 siaE= The RS dlEsthal glow 899 AeAd 2-6714
7FedlEe A= 7HE AHE WA Aol dis) TestAl diEskal tkFigure
3-26). FCST_ONLY9] 2-670¥ APAIRE 7HFaall&2 1198 tE B 4% 7N

l_.
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S JB A|Y AMuto] AH d=35}ar Qrh(Figure 3-26). ©]2gt FAIgH 710 gt
AdiSgo] BE A77|190E BdoA vEhd A2 ofal of7]oflA AAE MSC_CanCM3

2 MSC_CanCM4 ZdojA] UYepd Ao=Z HRITKALR H|AA]).
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Figure 3-28  Scatterplots (a) between FCST and OBS and (b) between ML and OBS based on NASA

model for 4-month lead time.
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Figure 3-29  Scatterplots (a) between FCST and OBS and (b) between ML and OBS based on NASA

model for 6-month lead time.
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