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ABSTRACT

The purpose of this research was to apply seamless statistically downscaled
climate forecast data to water management and agriculture to the 2012-2013 drought
in Thailand and build a risk assessment framework.

Capitalizing on Boreal Summer Intraseasonal Oscillation (BSISO) forecasts and
Multi-Model Ensemble (MME) seasonal prediction provided by the APCC, we
investigated the mechanisms of rainfall in Thailand. We also developed procedures
for the collection, quality control, and downscaling of multi-range climate information
such as sub-seasonal to seasonal (S2S) data, seasonal forecasts, and climate change

scenarios for use in drought, agriculture, and water resources management.

We evaluated the usability of the satellite and meteorological reanalysis data on
ungauged watersheds, considering that there were difficulties in drought analysis
after 2013 due mainly to the large quantities of missing data. The missing values
were filled in using the correlation between observed and MERRA2 data which
showed the best results at the daily, monthly, yearly, and 30 year average monthly

time scales. The quality—controlled data were then used for drought analysis.

A Simple Bias Correction (SBC)-based method was used to downscale the ECMWF
(European Center for Medium-Range Weather Forecasts) S2S data against that from
weather stations. In terms of seasonal forecasts, SBC, Climate Index Regression
(CIR), Moving Window Regression (MWR), and Observation-based Moving Window
Regression (MWR-Obs) modules were used to downscale precipitation and
temperature for Northeast Thailand based on the 11 individual models collected for



the APCC's MME. In terms of climate change scenarios the APCC integrated
Modeling Solution (AIMS) platform was used to downscale 29 Global Climate Models
based on the Simple Quantile Mapping (SOM) and Spatial Disaggregation and
Quantile Delta Mapping (SDQDM) methods. SOM was selected for further analyses
using the reproducibility test against the historical period. The performance of the
downscaled forecast data that was developed in this project, including S2S, was

evaluated in the first year.

Two approaches to predict drought in Thailand were developed and modified
throughout two year project. One is based on machine learning using the
standardized precipitation index (SPI) and the other is based on the effective drought
index (EDI). The drought prediction model based on machine learning for ungauged
areas was modified so that S2S data could be used for predictions with a two to
month lead-time in addition to one month predictions. When compared to the SPI3
prediction results from the bias—corrected seasonal forecast data, the latter was
outperformed only for the one month predictions. Nevertheless, combining S2S
and seasonal forecast data with different time scales for application in a drought
prediction model is a novel approach worth following up in further studies. Machine
learning—based drought prediction models with finer time scales may be more

appropriate for use with S2S forecast data.

We also developed a system to forecast droughts with a six month lead-time
using downscaled precipitation forecasts and the EDI. A system to forecast
area—averaged drought over a target region was developed and its prediction skill
was evaluated in the first year. In the second year, a system was developed to
forecast the spatial distribution of drought conditions over a target area based on
the downscaled precipitation data at a station level. The system was applied to the
2012-2013 droughts in Northeast Thailand but showed some limitation in predicting
the spatial distribution of drought at its beginning and end.



While the six month forecast for the Lam Takhong dam inflow was assessed during
the first year, changes in dam inflow according to changes in the climate were
evaluated in the second year. According to the analysis of variations in the monthly
average dam inflow and maximum daily inflow in each month, the dam inflow
increased mainly during the July-October period and the uncertainty range was high
during this period. Both the total and daily maximum inflow increased for all future
periods in all Representative Concentration Pathway (RCP) scenarios; RCP8.5
indicated a higher rate of increase compared to RCP4.5. The increase in available
water due to the increase in dam inflow can be considered for drought risk

management in Northeast Thailand.

We evaluated whether the climate prediction information on various temporal
scales could be used to predict potential rice yield. Rice vield potential were
estimated based on seasonal precipitation forecasts and S2S precipitation forecasts
using correlation analysis and probability density function analysis. In the estimate
that used the seasonal forecast precipitation, shorter lead-times had higher
correlations than those with longer lead-times. When the S2S precipitation forecast
was used, potential rice yield predictions were highly correlated when predicted with
a lead-time of approximately 15 days. When the two forecast climate datasets were
combined, the correlation of the potential rice yields predicted using forecasts with
lead-time of one month (L1) were higher than those with a lead-time two months
(L2), but they were not significant.

The date of the onset of the rainy season is a critical factor for determining planting
dates, and high temperatures and a lack of sunshine during the heading time and
the grain—filling period, which affect yield, could be components of the risk to
potential rice yield during the growing season.

BSISO forecasts can be utilized to predict the onset date three to four weeks



in advance. It is also possible to obtain information such as the amount of
precipitation necessary to determine the planting date using the ECMWF S2S 46
day precipitation forecast. It is also expected that the combination of S2S
temperature, seasonal temperature forecasts with a one month lead-time, or
temperature forecasts on an individual time scale could provide data on the
temperature at which rice yield could fail (e.g., 39 °C) during the heading and
grain—filling periods. Therefore, it was determined that it would be possible to derive
the climate exposure (e.g., drought) risk components for each stage of rice growth
and development during the growing season (e.g., planting phase or maturity stage)
from sub-seasonal and seasonal forecasts.

Finally, we developed a framework for drought risk assessment in agriculture and
water resources management using multi-range climate data for Thailand based
on the Hyogo Framework for Action (HFA) and the Sendai Framework for Disaster
Risk Reduction. The concept of climate exposure-sensitivity, which is used mainly
in vulnerability assessments for climate change adaptation, was considered a
component of risk assessment framework. The components of the drought risk index
were defined as functions of hazard, exposure, and vulnerability. The Integrated
Wiater Supply Risk Index (IWSRI) and the Integrated Rice Potential Yield Index (IRPYI),
which could affect dam inflow and agricultural yield, were developed for agricultural
and water resources drought risk assessment, respectively. This will be useful to
predict drought risk in Thailand using multi-range climate data.

In addition, the results of evaluating the predictability of potential rice vyield
conducted in this study are based only on case studies, and there is still much
room for the improvement. However, this study is expected to be a good prototype
for the application of seasonal forecast climate data to predicting potential rice yield
since the climate prediction skill is being improved continuously and there are various

spatiotemporal downscaling methods being developed.
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Figure 1. A map of the Lam Takhong Basin in Northeast Thailand and the weather stations of the
Thailand Meteorology Department.
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Table 1. List of used satellite and reanalysis dataset and descriptions
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£& o]&sto] SQM (1)l tiste] SDQDM 71HE B4l € = AAISk=] 9
t}. 7|55} AU A=l 9= SDQDME 7H o & 1133192 Figure 39
A AAE ARG A Bil=e] 55 A9 719 B2 & Adstks ARG 7|FR
& (Global Climate Model, GCM)& A4St & 715 glA3 BA47 APE 7|5 E4
< & AAsk= At 71 Ak

Selection of

1. Raw GCM analysis for excluding worst GCMs = GCMs
2. Analysis of reproducibility and signal changes _‘
using climate extreme indices
2.1 Evaluating reproducibility of climate extreme Selection of
indices for the historical period = downscaling
2.2 Comparing signal changes in climate extreme technique
indices before and after downscaling
3. Evaluating reproducibility of spatial correlations _
among stations using variogram
4. Estimating multi-model ensemble (MME) mean U_ser-centered
and providing uncertainty ranges according to = climate change
number of GCMs projections

Figure 3. Procedures for selection of GCMs and downscaling methods.
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2231 7IA=kE et DAE KNG ks &S et Aw H X

71AISkE 719t mAS A Y T Al At AR 9 AR P S 12pdT S5t
CHARE 9, 2017). oFRE S28 7199& A59] 4% 20179 dS5E A=E M=Eo] A
SHbo} ARE5FIT. o] % hindcast 717k0] 1997-2016%, forecast 71%te] 20174
o] EFl&& 2002-201699] hindcast A=E F=2 ARSI} Hindcaste= 11709] F4F
=2 #4509l d+=dl(control run 170, perturbed run 107H), & 11719 FAES B
ko] ARSI 7he AISEE O] FAo] t|AS Q|| gt dEgE A= Aol2
=, Aol Hisf AAISRRE AmE ARESHA AL $1/d71HEe] AE of-8-sto] HO|R A5t
Art.

2232 71A&E Vgt OAE XY 7k OIER2E 1kst

12pd 2dl 24 A3s B 7|AISks 718 jAS A 7k dlS e Ik
3t 9 At B ES stk Bl Aol Qlol ARl dsHl, dY WS
o A= € ALE FUIeter 1xhd Hdox= 2d - Al Y4718 Al
(3-month Standardized Precipitation Index; SPI3)Q] 7|3k AU H4E AR}
145 Al weRAE 7155 ZKE SPI3 H(SPI3_FCST)E AR8-et i 21 mdlof
A= SV71HE SPI39] 2713k S:13 A5 Al W< Y HpE ARSI S3 A9
4718 SPI3 32 9 Al oY HEE AR, 183 HE Al HYEAH r|end
718t SPI3 HSPI3_FCST)& ARESHIT

123l A=t HSARY] 22 107] IF2= Wwo] o] 5 77/1E =2d wi7iH
T ARSI AT W E-10] ARSI UM A| 37RE A5l ARSSHRET, 23Hd
Toll= dEAE AA9 70%E &9, 30%E A5l vl FEotal Axet TESAH

22 1071 252z weo] 2d vl A fiet wxEsoll AR,

SPI= AiHEEE 7 ER 7RaAls 7HEALE 7 AE ol Akel7E Sl 25 7]
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Ay Bd9] 3¢ ME] a0 vidsHA e 4= Stk wEbA kol2E ZFTH
MES 3712 A/dste] 71AIss Bd 3] ARSI &, A4 MES 7 AJH
(SPI < -1.0), B% AH(-1.0 < SPI < 1.0), H& AEN(SPL ) 1.0)2] Al #7te=2 LHwo]
ol Al F7t] ME 47 ZoRAEE HME 47t AL 7HE a4 )loj2 AeE A5
S A% SPI3 =9 EE HARE 0014 1 Atel9] 49]9] gh& |t ko|2E A
ol TIgt 7141 AES st &0 AR8oHtHRhee and Yang, 2018).

=

1ROl 25 7150 Aag 119 dl&AqAIZt] delat A8sto] Bas}
Gt TESE 98 525 7150l =t MME A 7130)% Aag Agsiol 27)
2, 374 SE AR AR S28 7150l Amo] 84S BWISIAT Z, SPI3
2 JBINE 3R H o] Washd 7k ojEAwAzIo] s AHRE 7|5l

A=+ Figure 49} 2t}

Current Target

5
Obs. Obs. S2S

Current Target

5 5
Obs. S2S MME

Current Target

\3 5
S2S MME MME

Figure 4. Data used to produce SPI3_FCST for 1, 2, and 3-month lead SPI3 prediction. “Obs.” is remote
sensing-based precipitation data, S2S is sub-seasonal to seasonal forecast data, and MME
is Multi-Model Ensemble seasonal forecast data.
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2233 A2 U= M=t Atz 718 JtE OlE JlTst

IAAEOHE Figure 59 Zo] B3 B55 Ago] tis} =8 T8 4 99
74eere olgslo] BEN xjale] WAl EDI Ve 1% o) Aau jE4e
5t vk, 2 Aol 227 TVRE Ao tistel Ul AMSHE 67 olE%
22 olgsle] W24 EDIZ o535 87 MhEE ol83le] % LAY 7t
B B7H4 BEE &3tk AR 150lZ] A U 9] ANt 422 A3
g ol 59 % A Fopo] B o) RTHE A TS A7) 9T
o BHYY B5FL 37| 913 BAo] oplet. wepd A B9l oZH Tk

:
2 At A=E d SRR Mt & i &9 EDIE o|8st 34l Theel 2X2E

)
~

EDI R__ ___\ R

APCC’s 6-month
seasonal forecast [—
(daily & monthly)

3 —0XX000

2 4 \ ~—0XNOOO

Monthly 1

LS 50 \ ——ONX000
[+ \ ——ONNOOO

E D I 14 \ ——ONMO00

) \\Y OMX000
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Figure 5. Flowchart of drought (EDI) forecasting based on downscaled seasonal precipitation forecast.
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SI5hA @ B9 EDIZ o183to] ALk A, WANES HYE GCM At 71
oz ke AASh ARE ol gslo] 227] BE4o] el ke T BIHE Ul
2 olgsto] 71 FHste] ME ZHEEA B BEE WY

Number of o
2.0 / Drough @ “drought occurrence | Droug k\\
Start End

1.0 .

‘ - Duratlon-[ m

EDI 0.0 \ |
ol Threshoid I N Inte+nsity o
-20 \
) L (Maximum) Intensity )

Figure 6. Conceptual description of drought duration, intensity, and frequency.
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1Al 24 671Y 74w cEARE o83t YELE Woro] el o
Sloitt. 2APAE AL Qb APAISHE 715 Hst (RS o] 8stel W Sl U
whel Wsjeke ARSlGth 1 2AT BYAL Bo 99 S AYHSl
WS Fasich mebd Z15st el e AAS AR 9 W ol e
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225 ME= 05 1}
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TEZ QI3 A 4 71 4 1 E JAe, A A A O At GRS

OlE 4714 7|5Ho] gt B=71F, ECMWFS] S28 91&7]%, APCC MME A&
7159%, £ 71%AE ATt FEEHAT. B olE wigeR #E71% 7Rk



2. SR AR 7|S0155e0| S80U 287k 18t

ECMWEFS] S2S 7190& 9 AlE 7159 7|4, 12]a E3Kblending) 73S 718t
o] ¥ AL AlEFolAo] Fu|HT)

F—.OJ

e

E(

A

ESs
=

O
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AP+ A (lead-time, L)°] 4z FAHES F5EHA dIE 01, ASAIA
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§289] & 5717k 469013, 557172 AR 40U 45URIH, TheF S Al7]
7} 8doletal 7MY FE o, @Al Aol 749 ol A1, & oE 1, BCMWES] 828
o] S 7¥ 9Ll 7S W, 8¥of it APCCE MME A 7|54
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Various combining(blending) ways:

- (considering on) target period or

e = - each planting day or
RIX (experiment) - (Monsoon Onset)

[ s2s + SF simulation |

S28 simulation
SF simulation
Potential

I
|
. i
. 1
i 1
. 1
, 1
f 1
. I
N I
i |
| I
1 1 Yield or i
. Base(Reference)l : (growth j Analysis
: |
| |
i I
h 1
| 1
f 1
i 1
; 1
f 1
. 1
1

Observed Yield

or

Observed crop
responses

(not yet collected)

| responses)

.CUL OBS .WTH SF .WTH S2S WTH

.OuT

FAOSAT or

X + 3
SOL S§2S+SF WTH Public data

Set information:
- Management info. (e.g., planting days, density, etc.)
- Simulation options (e.g., simulation period, etc.)

Figure 7. The database for CERES-Rice simulation (source: modified from the figure 4.63 in 1% research
report).
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Figure 8. The process of combining the seasonal forecast climate data of the APCC MME by lead-time
to evaluate the predictability of the rice potential yield during major rice growing periods in
Northeast Thailand.

2251 7|20EA=S| B EArE G0 28718 ATst

TE7| S 25 APCC MME AE 7|5 S84t ofugl ECMWES] S28 7]%l& =}
F2E Ak e oju] /fdsitk(Figure 99+ H-43 €], 2017). Al&3IA 231 oll=
ECMWFS] S28 71%0|& A=o] &8 5422 ECMWF] S289] &M PAI -1} B
A 7170 weh A, 2 A AI7IEE ECMWFES] $289} A 7|50)& A27t &3
(blending)® 4 A== 7§45} tKFigure 10). 9= £°], ECMWFS] S2589] of|&A415)
A 59 1499 A%, o] dISAYPAH Aol BZ7|F AR5, 5Y 14Y5H 469
0¥ 28971A= ECMWEFY] 828 cll&71% ARE, 121 69 28Y o|Fol= T #5
713 A== Aot 19 ©919] dlolg] Ag vhes 7ot &, 19 @919 #57]
TAZOIA 46 FRE] 717H] A ECMWES] S2S ¢ll&71% A=t tiA =l Ao]
t}. ole} o] ¥ 8 A7)t F Al 717K, AHSHA7] B2 S5A17)) o EFkE=
ECMWF9] S289] ASAPAHAES Adsta, AHE ASHAPAIH Q] EMCWFS] S28
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Figure 9. The concept of combining of APCC MME seasonal forecast climate data and the ECMWF-S2S
(source: modified from the figure 3.17 and 3.19 in 1% research report).

AE0] Auj7IztolA ol FFE HIAE F2 A, A7 I 55417
% 5&AI71E W9 59735t Al7]olt). EBil=r 5@ (Department of Agriculture, DOA)
o] & 7fE(Rice Department, RD)S] HilAo] OJshd, Bi= 55 X HojA ¥
8 Aui717HE 5YollA 9Y7HA] oF 57EolaL, 8 A7 A7 5EolH, 6Hol
SHA| TSA71=HaL ek AEi7IRE S 5571710] ol ol YA DA of gt JF &
FYo] Wt A== A2 oflth 28 % &, IFBF7IE 59 7197 554171
AN RS FAE, o]FA 5Y TS A= AHi717He] FS-, 80| S5AI7
of sigdd A7t Lutdolt. 1A 2 A9 H= CERES-Rice F&ollA B 713t
Ql 8ol 5&A7]0 SHFEA sb7] floh 5Y 14YS TSI AR Yt E HE ol F
=, AR AFolA 1981 2015G7HA] Bt 7] AR @471 549 1495 ek
7] HZoleh8R=t 9, 20179 Ho]A] 54).

CERES-Rice 75 84 WA 1458 129712 19 2919] 715 dlolg Alo]
Z a3ttt Figure 102 ¥ =8 A7t Sofl ECMWES] S287F B A171(<, 7H3HAL7]
% SEA7)) o S0l F HE7IF Amt YR YA|SH APCC MME®] HSA1%
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Growing season VC to VG: Transplanting VG to RP: Heading RP: Grain-filling (Maturi i)
July H

Septemper
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Observation S$2S (46 days) Seasonal Forecast of August (L2) atRun 1
Observation $2S (46 days) Seasonal Forecast of August (L1) at Run 2
Observation $25 (46 days)

Figure 10. The process of blending the S2S forecast climate data of the ECMWF, the seasonal forecast
climate data of the APCC MME system with different time scales, and the observational
climate data as the lead-times during the major growth stages in the rice growing season.
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o} 7% AR olof A R 8 WS ol et Sa% Hrol7] o]t
weh TEde] BE B Ade] dFe UAE JFwE g3 Wb AR
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Growing season

(RHEHZ12H)
shifting shifting growth phases
planting time »  heading time grain filling time
(@S A7) (E=AI7D (E=A17D)

Raining season onset
(271 A& )

Figure 11. Changes in major growth stages (e.g., heading time and grain filling time) by the determination
of planting time (e.g., shorten or delay) during growing season.

HO| A7 17 53, A7 ARl ¥ vAE $8% 7|FeE gAd HU A e
FEAL7I T YA B A HEY} FAA7IE S YA grF ARHE ALES
4> QItKFigure 12 and Table 2). 9] o]o} & 9F 45U(°F 1.57]¥) Z2t9] 7|7}
A Z A4 (sunshine hour), YWA7F ¥ 9] A & ¥ke(growth & development)©l] J
FE PR 58], &5 A 309(eF 17hY) 719 dFRAISet duAt= Bo] &4
(heading)ell F&F= vIA=H, & I5Y A9 122 FE $H0 &= 1 +
Qlo] 11.& iléﬂﬂi A4 LHA JoKYin et al, 1996; Shi et al, 2017). H9] &%
T, 409 B2 ARHH o2 WOl 55A]7]0) s o] 71Xt BeHeF 1.571E)S] 7]
2, YuAl= o] Ak AF AR JFE A= FHTE8A(, AHS 2 o4t
ItHPeng et al., 2004). £5 ] 2k A= Aul o] 112

Qlyy
EHo] Sltke I dlSel 7hsdsl| Wl & Wl b2 AEHA Aot o] 55

4
o
3
of

ol
b
A
o

717 EUA e o] AEHA XA Fad Frt AT LE&E o St Table
32 o] A7t St B=AVIE A Y A 2 yERd Zlolot. A B F8

BEA) B 7| P23 Bt BE ABZE U A D 27 7)2, 24 So|

A= .



20 | CEde| 7I5YEE 285 H=Y s X A1 243 Wt |

Growing season
(R EH 21 ZH)
L
etatlveghase reproductive Phase rlpenlrég Fhase

(g OFAH (AH Al AH g’

heading time flowering stage grain filling time

Figure 12. The three critical periods on vegetative phase (VG) and reproductive phase (RP).

Table 2. The derived climate exposure risk indicators at each growth stage of rice

Climate risk component Detailed stages or periods

rainy onset information

daily air temperature _ daily total precipitation

daily total precipitation vegetative stage daily maximum air temperature
daily sunshine duration
daily air temperature range

Growing

season daily air temperature range

) daily air temperature range
reproductive stage i , .
daily maximum air temperature

Table 3. The optimal and threshold temperatures (°C) at growth stages during growing season of rice

Growth and development stage

Base Opt Opt Temp Base Opt Opt Temp Failure

Crop Range Veg Temp Temp Range Temp
Temp Veg | Temp Veg Prod Repro Repro Repro Yield | Repro Yield

Rice 10 26 22-28 24 22-26 22-30 38-40

= &g BV SR ARSS Aot ¥ AR VReE Flad

=S B71E = A& Zo|thFigure 13). P10 WO TFA|7] A 4 HAal ZF<ago]
]l &<, P8O ¥ A1zt B & A4t ZJ=Fo] 80 mm oV
Al g, F-Tx402 W Ai717E Folld &5 A oF 309 &UF 55717 oF 459 B¢
4 Fa7]20] B2 2&(C, 40°) o183 20 £7F A2, Ranges B A4
717 & &5 AT 5571k Bt ABSA 712 veke] duAto|tt. ESE SShine ¥
A1t S DAl 4AIE vt —’F A7 & 2 B2 ¥e AdE=o]
S0 FFES VIRHHZIY ¥ 2014, o) 9

2016). Z4749] 715eF B2 B7F A #e] Hiet ti3(ell, 7tel=2elelA P10 P80
off tiet AR 2 WA GoNA TG FE 5=, A AsA9] e 22
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F-Tx40

P10: days in which precipitation is less than 3 mm to 10 mm before planting season
P80: days with more than 80 mm of precipitation during growing season

F-Tx40: the failure temperature, when the daily maximum temperature is higher than
the optimum growth temperature (for example, 400) about 30 days before heading
and 45 days of grain-filling period in the growing season

Range: daily temperature range below the optimum temperature for growth before
heading and grain-filling period in the growing season

Sshine: number of days less than 4 hours of sunshine

Range Sshine

Figure 13. A conceptual frame of rice production climate exposure risk indicators.
2.3 Zit

2.3.1 TS AZHZ 7I2HEEE H|O[EH[0]A JHH
2311 IAE w92 7l 1 H MES A= 88 &7t

Figure 14= A2 A2 < ©F, € @9, o 99, % 3049 EB8+ =gl it

H|wsto] 7iAE 53} 7Rl tiste] ARPES] Al =RE XY AZHE 185t
o G AT AR AL I R I mIRl Aog oy o ©he, A 94,
304 Y8+ 5 MERRA27F 7P 9451 A1kE B3 0™, CHIRPS, PERSIANN-CDR,
ERA-Interim <419 AEA A3E HArh ESH AAF o2 A S(Correlation
Coefficient)7} 2 7% NRMSEE 2 vHE B3-S Btk o= A3k & Hos}

L A4 ARk AAH BAE 2] & AP S Kol Frh

b
X



22 | U] 715WLS 285 H=9 s ¥ SAI9 243 Wt |

Daily Correlation Coefficient Monthly Correlation Coefficient
-
o
. - -
. 2
H o
S I T E
S .
8 — /= :
~ ! :
E o T w — H I
S ! s @ - ! o
£ : g © :
S S
g . g . .
S o | . S i o .
c © —_ | c © i 2 o
S ! i S =4 !
3 ; i 5 ° —
= — . i
S = N — ‘ S e
o E | B e
o . P
!
- . o :
o R — ~ H
P :
:
.
o o g o
o o
T T T T T T T T
PERSIANN CHIRPS ERA-Interim MERRA2 PERSIANN CHIRPS ERA-Interim MERRA2
Grid data Grid data
(a) daily (b) monthly
Yearly Correlation Coefficient Momhly Average Correlation Coefficient
o
p— =3 —
o | oo [ R
S i Y 1 i
H @ I 1 1
,_ﬁ g) — JR—— i PR —
[ J o ' 0
@ ;
= ! T - © \
= i , z 8
= ! H g o
€ — —_ 1 5 . o
s . T ' ! S i
o Z 4 | | © 34 H
2 . o . c
S ' — s © '
5 : g i
[3 —_ [ H |
2 2 ,
8 S+ 8 2+ i : ®
.
; 0 '
i g 1
o 1 — !
o 7 ! L .
, e
: ©
2 .
T T T T = T T T T
PERSIANN CHIRPS ERA-Interim MERRA2 PERSIANN CHIRPS ERA-Interim MERRA2
Grid data Grid data
(©) vearly (d) 30 vear monthly average

Figure 14. Evaluation results of grid-based observation data by comparison to the station observation
data at (a) daily, (b) monthly, (c) annual, and (d) 30-year monthly average using correlation
coefficient.

Figure 15% TEHE .91 ol 115 THA31201 &0 % 7144 BEA=
o} MERRA2 429 & 9], 9 9], & &9, 309 @] et vl s o] Zoh
MERRA2 A29] 9 TEARS} v]msle] 22 e AT I 99 8% Az 3
MERRA29HS] 9 991 HTHAS olg3le] 22 Argsisict



2. CIEHQ| AR 7|S0iEHE20| S8 #87is nwst | 23

140 600
L ]
120 y=0.8994x+13.766
500 R?=08989 .
< e
100 y=0.54x + 1.6126 400 =
R? = 0.6982 ° . .
o~ o~ . :
= = o &
3 & 300 e ase
s s ° "’ ‘
} o 89 ﬁ‘o
200 ¢
[ ]
100
0
150 0 100 200 300 400 500 600
TMD T™MD
(a) daily (b) monthly
1500 300
y=06556x+42241 ‘e —e—TMD  —@— MERRA2
-
R?=0.705 o 250
X
X ° .
e ® € 200
0%, ¢ £
I ou!." €
)
& 1000 0%e’e ° S 150
Qo
L ] —
... § 100
o ° o
50
500 0 .
- — L—1 - >
500 1000 1500 E2E2E852788¢%3
TMD
(c) vearly (d) 30 vear monthly average

Figure 15. Comparison between station (TH431201) data and corresponding MERRA?2 grid data at (a)
daily, (b) monthly, (c) annual, and (d) 30-year monthly average.
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Figure 16. Result of reproducibility analysis of SOM and SDODM methods: (a) annual total precipitation
and (b) maximum length of dry spell.
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Figure 18. Analysis result of future signal change of SOM and SDQDM methods: (a) annual total
precipitation and (b) maximum length of dry spell.
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Figure 19. Drought monitoring of Northeast Thailand using EDI.
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Figure 20. Result of drought forecasts based on monthly EDI using downscaled seasonal precipitation
forecast information.
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Figure 21. The change of EDI's (average, maximum) intensity for S1, S2, S3 with the RCP 4.5, 8.5
scenarios compared to the past.
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Figure 22. The change of EDI's (average, maximum) duration for S1, S2, S3 with the RCP 4.5, 8.5
scenarios compared to the past.
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Figure 23. The change of the number of EDI's occurrence for S1, S2, S3 with the RCP 4.5, 8.5 scenarios
compared to the past.
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Figure 24. Total Accuracy, Total MAE, Correlation Coefficient values for the training dataset for June
and October based on ML (SF), ML (S2S_SF), FCST_ONLY (SF), and FCST_ONLY (S2S_SF).
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Figure 25. Total Accuracy, Total MAE, Correlation Coefficient values for the test dataset for June and
October based on ML (SF), ML (S2S_SF), FCST_ONLY (SF), and FCST_ONLY (S2S_SF).
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Figure 27. Comparison of errors according to the selection of different GCMs and downscaling technique.
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Figure 28. Changes in 30-year average daily maximum dam inflow for each month according to RCP
scenarios and future periods.

Figure 29+ ¥4 WA3H A

9] 2|c) A TAZIRE ] vl e
HojEh 9 AlUlE W ST vissbl 78~109 7K FHOE FIE 4

T B B 224 9 B FUS VIR SRtel A UERTH-



A2 | UEHR| 7|1SHES 285 B0 5 Y A1 2lA3 Bt ||

2010~2039 2040~2069 2070~2099

g 8

H
a0 fow smo)
g8 8

8

30-year monthly mean flow (cms)

5
z 3
H H
2 2
§ §
RCP g §osoo
500 £ .
z E2000
45 - :
: :
1000 H E1500
$1.000 g
2 1000
500 -
500
0 0 o
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mar Aor My Aug Sep Oct Nov Dec
3500 3,000 6000
5,000, 2,500 5,000
H £ £
£2,500 = =
H 32000 34000
2 2 2
§2.0 s £
RCP & £ H
£ Eisoo Eao0
85 150 £ ]
H 5 H
: E1000 E2000
| ol : :
s 3 3
] ] ]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 29. Changes in 30-year average daily maximum dam inflow for each month according to RCP
scenarios and future periods.
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Figure 30. Percent changes in annual dam inflow according to RCP scenarios and future periods.
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Table 4. The correlation of the seasonal forecast precipitation of APCC MME according to the interannual
variations (i.e., lower than the normal, Below normal; near the normal, Normal; higher than
the normal, Above normal) for leadtimes with the observation-base potential rice yield during
32 years (1984 to 2015)

Correlation between observation-based potential yield and potential yield
estimated from seasonal forecast climate data

Interannual variation L1 L2 L3 L4 L5 L6
Below 0.46 0.46 0.26 0.09 0.17 0.47
Normal 0.25 0.28 0.04 0.21 0.17 0.47
Above 0.28 0.19 0.11 0.05 0.07 0.47
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Figure 31. The black dashed line represents that the rice potential rice predicted from the sub—seasonal
to seasonal forecast precipitation data of the ECMWF (SIM-S2S-PY) for each lead-time from
May 14 to August 13. The grey bar indicates the difference between the SIM-S2S-PY of
the current lead-time and the SIM-S2S-PY of the previous lead-time.
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Figure 32. (A) The relative changes of the potential rice yield predicted from the forecast climates;
the L1 (Run2) and the L2 (Run2)of August of the seasonal forecast of APCC MME in 2015,
respectively, were combined with the ECMWF-S2S by the lead-times of ECMWF-S2S. (B)
Comparison of the boxplots of the observed precipitation, and bias corrected and non-bias
corrected the forecast precipitation of August of the ECMWF-S2S by leadtimes during from
late June to late July in 2015. (C) Represents the corresponding week including into the
target period (August) of the forecast precipitation.
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Figure 35. (A) A conceptual risk assessment frame for rice production based on indicators in major
growing periods derived from the multi-range time scale forecast climate data. (B) Test of
assigning climate exposure risk indicators derived from the observation and the forecast
climate of test bed (Nakhon Ratchasima, TH431201) to the conceptual framework.
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Figure 36. Sendai framework based on Hyogo framework of action for disaster risk reduction
(2015-2030).
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Table 5. Priority actions in Sendai Framework for disaster risk reduction (2015-2030)

Priorities Action

Priority 1 Understanding disaster risk

Priority 2 Strengthening disaster risk governance to manage disaster risk

Priority 3 Investing in disaster risk reduction for resilience

Enhancing preparedness for effective response, and to “Build back Better” in

ety & recovery, rehabilitation and reconstruction

(Source: https://www.unisdr.org/we/inform/publications/43291)
3.2 Ef=3Q| Xi:txlise 2d=t

Munich Re's NatCatSERVICE= ¥t TSI E AAASHE AH412] Haof 5t
2RVl At B71E o= Q= AlACIA 7HE ZEFR] Hlo[eHo]A F Sho]
o} o714 AlgEE A Ao A=E 1980do2 ALY S, 5d = 1 o)A,
a8 pEA o R B 7|7t diste] 24 £ & 4 ok B3 o] A7I9k
SEARl E HE, Ee AR 22 Ad SYEREE BAo] Zhssit

Figure 372 Munich Re's NatCatSERVICEOIA Al5sk= A AAl AFA A A
=& &85to] 20169%9] AAA s dRS EAIRE Attt H HiA Qo] Qlkexjo
L dteo] Y[R FHotAoF =7He] AR S AstolH, Bi=o] ¢ 71554 o]
(B, 7he, AR S)ell ot At ssirt st e Sl 4= gl olefet A=At
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o} ¥t 0] 715514 AR o|HIE= 201597} 2016\ Ate]ofl 733t AY A &

oz QA LT B2 AT YAABS 95T & Utk

0|

o Natural catastrophes ® Geophysical events ® Hydrological events

(earthquake, tsunami, volcanic activity) (flood, mass movement)
Selection of significant ® Meteorological events ©  Climatological events
loss events (see table) (storm) (extreme temperature, drought, wildfire)

Figure 37. Global overview of natural disasters by world natural catastrophes in 2016 (Source: Munich
Re, Geo Risks Research, NatCatSERVICE. As of February 2017).

Figure 382 ASEAN 1045+ th.02 %8 Ay 493} 378 el 37
2AFATE UK UNISDR, 2010). ] B9 §59} AI2E, Jel3 718o]
7V 2] Aol fadoll S:31e, ASEAN 1074 % Hejai} lu|Ajol] ofof
ALY 39000 P AL AL 5 Uk
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Risk
Country Dominant disaster Ranklng

Phlllppmes Manila Cyclone, flood, earthquake, volcanos

Indonesm Jakarta Earthquake, tsunami, wild fire 2
Bangkok Flood, cyclone, drought 3
Vietnam Ha Noi Cyclone, flood 4
Singapore Flash flood 5
Malaysia Kuala Lampur Flood, tsunami, cyclone 6
Naypyidaw Cyclone, floods 7
Cambodia Phnom Penh Flood 8
Vientiane Cyclone, flood 9
Bandar Seri Begwan 10

Figure 38. Disaster risk profile of ASEAN region (Source: UNISDR, 2010).

3.3 Hi=2| JtEie] Al

B2 A -8 oA 587t AAsl= HIEo] oF 63%] sigeitt. 12
U 201449 71%%3.‘ Azo] oJstd 99~10¢ 7|3t &3t 9ol ABtoll 50%0l=
oA Eolie2 g1 & o AE=714, 2014).

o] FAl A7] A& A 9710 BAAILE BlEt 02 W WRRRE A5t He
|4 FHESA] F3t A, /Mo R St | fdTFo] FF5] gaste] A77F AR
== 20149 11958 20159 897H] 5485 35 T A7t HASIqirt. E3t
201593 20164 Ateloli= G BB A9 743t AU A7IA] WA B A
9] 7Rar a7t 7REEQIT ol AP | WR-8% 2 Aol HEo] Ay o]
871 @ol 715 HHA 5 ARl & Tei(sd Hsid: USD 1,100 billion in
2016)7} EAYeE Aglo]tH(Figure 39).
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A

I Nino (Right Avis) La Nina (Right Aids)  —=Water supply (4 maor GOMS)  wuuus Average 40 years

Dam Mismanagement

Agricultural Loss:
USD1,100 billion in 2016

Milion: Gubic Motoes

1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1987 1999 2001 2003 2005 2007 2009 2011 2013 2015

Figure 39. Dam mismanagement under abnormal climate of ENSO and impact on agricultural loss in
Thailand (Source: Reality Check Workshop, Bangkok, Thailand, 2016).

34 USHY AR 7|S0SHEe SEE0t &8

| 715CS 719 YIE QIsto] 714 T AA Aol diHlshs ol thgst
9 st Fglom, 7|9} Fofof] o] A gl & (seamless prediction)?] 7Hdo]
Y= et o] A gle dlE2 2R7I(1~3A17h), ©71(1~39), S2S(Sub-seasonal
to Seasonal), A A5(3~671¥), 1AL 7|15 HSK10~1009)°l o277k dA+&
o9 71%E 71&Z gHste Jdoltt.

Figure 40 7]9C]& 2=EtQ] ¥ d& A2 9] BAH FHXE UeaL Qitt gX

Al&(Weather Forecasts)> 2424 4 4 lom, FHHQl =2 HHo] 7Fsoitt
ESH & AZto] HEE O FRAQ ghe] AEEE =Y 7hsdel Ak 1Eu 7%
&(Climate Prediction) A= AZHFR7L Ao o0& d&o] 23w Wt
AprEo| WAEolof o1, o 2 23S HaT SHbof gltk. 3], 528 7|%9&9
AIZEFEOA 2] &3 AE S(Seasonal Prediction)oll Blste] H&= 7ol 2
Q3 Fof Z shfotth. o]=gt 10“47& AHE= E4 714 oMIEE &3k Zo] oyt

Fdo] Hlste] B} AU Albetal AxsAY $E7t 5 Aot 9] 7|95 A5
stal gE MEoE HBE AlFolks #Alo] dutdoltt,
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WEATHER FORECASTS

predictability comes from initial
atmospheric conditions

525 PREDICTIONS

predictability comes from initial
atmospheric conditions, menitoring the
land/sea/ice conditions, the stratosphere

excellent and other sources
SEASONAL OUTLOOKS

_l predictability comes primarily from
- QGOd sea-surface temperature conditions;
% accuracy is dependent on ENSO state
o
< fair
) \
L
e
9 poor

Zero

1-10 days Weekly averages
10-30 days Manthly or saasonal averages
30-90+ days
FORECAST RANGE

Figure 40. A qualitative estimate of forecast skill based on the lead-time of the forecast’s issuing.
(Source: https://iri.columbia.edu/news/qa-subseasonal-prediction—project/)

Table Gi= 71%3k4) P. J. Webster7} AAI3t 3714] AIZH1R9] 7|50l A1 $g
e vsha glek. A, 19014 108 A AIZtEe) 71 50)% ARE ¥y
AR Sze] AeA] 9] Beleh BA2 A7), 48 5 54T 449, 18 A
A8} 28] So B8] Fisatct. B4, 2020004 259 HE ARMFRO] 7] FdS i
wr} Yo wele] 52 Avjeh 48, J2)n $E9 WA A% U @ Hlw A,
5484 B 2 e WA Ago] Bgo] ek, AAe) AL 9%t ot e
o] Agu] wak sy A, 11LoA 31E o] AR o3 ArE 547 B
oA BT 479 eI g3t AT Sgo Bgo| 7i5s)n, Hlo] Hsjo] AEHO
2 WA AL 74 Aro] mE 340 718 So) AT et AR B8] s
sk,
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Table 6. Utility of a three-tier forecast system (by P. J. Webster)

Lead-Time Utility
SEASONAL Long term planning of agriculture, water resource management & disaster
OUTLOOK mitigation especially if high probability of anomalous season (e.g., flood/drought)
. Broad-scale planning schedules for planting, harvesting, pesticide & fertilizer
20-25 DAY - e
application and water resource management (e.g., irrigation/hydro—power
FORECAST S N N .
determination). Major disaster mitigation resource allocation.
1-10 DAY Detailed agriculture, water resource and disaster planning. E.g., fine tuning of
FORECAST reservoir level, planting and harvesting.

3.5 IH'—h'l}E_| 7H|—=| EEII =] E‘“ -E. ?:’E—

3.5.1 M2 g 22

H= HENE X199 5 9 $AR HoF e Al BlATE SRR 74 I
T =R 517] ffsto], o] 7190E FEeE S-8EoF 84]E 8-S 5% T
At T 2 YA (Integrated Disaster Risk Management Framework) 7=}
A A e FHE Tt Ad BRI 7R O eE SieleH, BlAa Bt &
WA 5 Al A AJAIRE HFA 2 Alcto] Q)94 & 2= Aid o mEdel=
o] ZholEERlE WEL g4 A9 E4AS LBstalA} St

Figure 41 HFAQ} Altto] T E 7|Rto R o5l 7|9o& JHE &8
359 2 A Bof At Az St AT meda 159 d A Zedd
A3 33 BdE AT Adtolnh xF2 ARE ol sigetn AARE B, 571,
71700 A% gRbEo] »ydE 4= 9loH, Y—-%{% A GAEPriority 1, 2, 3, 4)
o|g] A |Eo] AXE 4= Ut 2 252 A9 F2(Global, Regional, National,

Local)d tj&so] A|AE & Qo

[El
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Z (Scale)

Global
Regional
National

Local

= Y (Step)

Current

Short-term

Mid-term

Long-term

- = = 2

X : z oz £
mme 0 F G
a a o —

Horizontal Understanding, strengthening, investing and enhancing for disasters risk reduction

Integration, coordination, cooperation, construction, and communication by

Vertical stakeholders in different community level

Figure 41. Conceptual diagram for disasters risk reduction model based on Sendai Framework.
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Decision & Analysis &
Action Understanding

1. Disasters
Pre-Appraisal

w»w

4. Disasters

Risk Management
+ Organization
+ Implementation
+ Learning

Coordination,

Communication
&

Cooperation

2. Disasters
Risk Appraisal

* Risk Assessment
+ Concern Assessment

3. Disasters
Risk Judgement | que—

+ Risk Evaluation
+ Risk Characterization

Figure 42. Disaster risk management framework.

Figure 432 9HA AIARE At 2] ZHAHAE 280P7] At a2 71595
HE 28 THE ElAa 37 ZRAIAE UERL Qlh ot AZFRAE PS 3
S2S 9%)9] 715 Wsd B4 olF 7Nt s 3 Hix HERS A9 et Am At
2 Al54S B7RIAL, 5 H A 2oF AFARI Ve Saa 57 9 IF dISel
7Fedte. Bt ARE 71505 RS E8% v 9 AN BoF dlSE
W 7RE Haa HEE B9 He] SRS Do) wE 7o) AR ot HiE] Ak
of vl-722 tiF] viy, HF AEH AdS AT Weter #-8o] 7hssitt
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Extreme Impact !
Risk Management

Drought risk

Seamless Prediction

Week. 525, Seasonal) * Drought Indices management
» R/S forecastin .
+ Climate Variables . 9 M?“ag'“g
- Preci./Temp, etc +  Agri-Water irrigation system
+ Climate Mode Modeling :;;Itye:‘v arning
- BISISO, ENSO, etc. * Risk Framework Evacuation and
+ Available Drought * Hazard and mitigation |
o Non-structura
Indices Vulnerability
measure (BMP
- SPI, EDI, etc. » Risk Mapping o) (

Figure 43. Drought risk assessment process using multi-scale Climate forecast information.
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AXAEE= AS-HAA F2Fd(Socio-Economic Vulnerability) AEZ &8 4= 9L
o} of7]A e ARl Yad 8R0S ofnfsh, k&7 FOHIS ARl-FA1H
1 FoMd 821 Uttt

ZF Ao diRt FlA= B7RE fiste] lEA(Index)?] 73 S AT B a4l
doH, AR H24: Very High(0.8-1.0), %4 High(0.6-0.8), =4y
Medium(0.6-0.4), AF4: Low(0.2-0.4), Z=M: Very Low(0.2-0.0)9] 5842 &
SHTh ol2f3t Blaa AE o] A8 BlAaa gt 3t AAE Fdke] $-7 71%AS
FEE B8 A 19| 7hE 2o BUHE AAE o 1o, E49 Eike GISY
oA ZHAslste] ElA=e] ditt EE0| 7RSSttt Figure 44w 9 F&a Ae
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» Integrated Risk Index = f (Hazard, Socio-Economic Vulnerability)

Hazards Vulnerability

L m

1Rl(j)=“+ 5 X

Heearg > | Physical Index Range

2= Hazard
B Very Low (0.0-0.2)
] Low (0.2-0.4)
|| Medium (0.4 - 0.6)

Exposure Vulnerability - High (0.6 - 0.8)
B Very High (0.8 - 1.0)

Socio-economic

Vulnerability

Figure 44. Vendiagram of the integrated risk index and its index range.

gl&3E U Eq. (D3 2ol 9314, =84, 1212l FoFge] == vehd 5= 9l

o} ESt 53 7ME BlA3 A$(Integrated Drought Risk Index, /DR)+= Eq. (2)<F
Zro] L5 =4, FoF 9913} 7+ 715 %] (Weighting Factor)Q] &, 18]al H2EY

¢ 3,
Ed Altd Ao o gz Fde] verd 5 o

Risk= f(Hazard,Exposure, Vulnerability) Eq. (1)
IDRI= 3} (h, < H)+ X7 (e; < E)) + 2} _, (v, X V) Eq. (2)
71X, H= 918l 8.1, L2 89 V= HY 89U AusiH 4, e, v,

£ 7 A TEERolh
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G g R0 Y % SR S L] AL T4, 71FNS 5
22 9o (Hazard) ATS] Bt A= 4, 223 A3, AL, A4, 718 W) 5
22 A8 @ AAA A (Vulnerability) A2 9] $70] Baste, @g7od

L o dolEuo|Ag &M Uo| AyEolof Tt

H

3.7.1 flotid A Xz ==

Table 72 HEFE §92 +224% 43 H7hE fsto] 2o A= SA4E
UERT it DEM=2 ASTER GlobalollAl Al&shk= 30m A#F 2719] A=E ARSE
9021, Land Use, Land cover, Watershed, River®} #=#3 JHE ofefjo] 34
2014 TR =L TRsai,

Table 7. Data list and source for watershed modeling

Data list Source

ASTER Global DEM: 30x30m resolution

DEM (https://earthexplorer.usgs.gov)

USGS Global Land Cover Characterization (GLCC) database
(https://Ita.cr.usgs.gov/GLCC)

Land use & Land cover | https://earthexplorer.usgs.gov

http://glcf.umd.edu/data

https://landcover.usgs.gov/glc

Global River Basin

Watershed (http:/Amvww.waterbase.org/download_data.htmi)

River https://hydrosheds.cr.usgs.gov

ES BE WIS 712 B) ARE BF /PN A station AEES TS
o 5+ 9lout, olget B34 59| FYUel(Quality Control7t 7 2 olsret &
G otk WO B AR AEA oA JPRE AT AP, AgMERRA

AEAANEES B2 A7 E A7} 7Es5HcE AQMERRAE 1980W~2010E7F419] & 30
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d 71zt Hi%t A= 2371 7hssh, B AR 240 Attt & 57 (Mean, Min
and Max Temperature(°C), Precipitation(mm/day), Solar Radiation(MJ/rnZ/ day),
Relative Humidity at Time of Max Temp(%), Wind Speed(m/s)) 8 H+E A5
Sttt ZF Wi ¥ 37t At Table 83 Zth

Table 8. AgMERRA reanalysis data (Time periods: 1980-2010)

Variable Eff. Res.
Mean, Min and Max Temperature(°C) 0.5°
Precipitation(mm/day) 0.25°
Solar Radiation(MJ/m2/day) 1.0°
Relative Humidity at Time of Max Temp (%) 0.25°
Wind Speed (m/s) 0.25°

(Source: https://data.giss.nasa.gov/impacts/agmipcf)

A AT 7S ARON, 7%, B, DA, ASE, e, Aargueal
5o} o RHE Slo] 15T EUSE, LTHTE), RARE, ARAL, S5
o g7k B8F 4 ek olo] e A= B} ZHE Table 90 Festeick,



Table 9. Global data source and list
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Data Source

Variabl
arebies Satellite Station Reanal./Assimil. Climate Model
GHCN NCEP/NCAR R2 ECMWE S2S forecast
Temperature MODIS ISD ’ NCEP CFSR APCC seasonal
APHRODITE forecast
ECMWE S2S forecast
NCEP/NCAR R2
Wind NCEP CFSR APCC seasonal
forecast
ECMWE S2S forecast
N TRMM, GHCN, NCEP/NCAR R2
Precipitation GPM ISD APHRODITE fPCC seasonal
orecast
Geopotential Height NCEP/NCAR R2 ot 528 forecast
Sea-level pressure NCEP CFSR f
orecast
. NCEP/NCAR R2
Solar Radiation NCEP CFSR ECMWF
) . NCEP/NCAR R2
Relative Humidity NCEP CFSR ECMWF
AMSR-E,
Soil moisture AMSRZ,
SMOS,
SMAP
Cloud fra_ction _ MODIS
or sunshine duration
Vegetation indices
(NDVI, EVI) MODIS
MODIS
Evapotranspiration ET, BESS
ET
Sea surface NOAA Extended
temperature Version 4
Outgoing Longwave NOAA monthly
Radiation interpolated

Bg AR $YY BEARI S-GEof UYL 9
2 2ol Hjvi, o]
9P} BRT ARE HEAE A

T H RE 2AE Wi, A5AA sgEE HE, Az,

3 A BEe gepsich iy Adel 59 % $AY 242

=
P
T

9-H5w - A58

FAE o, ¥ E5Z Table 1000 A25H3H.
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Table 10. List of local data and their source

the case of no

Variables Data Source cooperation from local
partner
Water Lever-Surface Area-Volume Table RID
Daily water lever for each reservoir RID

Irrigation water amount for each irrigation
districts, Inflow streamflow into reservoirs, RID
Outflow from reservoir

Typical agricultural management References
(including irrigation water amount) RID, DOA, MOAC (case study data)
Crop cultivar RID, DOA, MOAC References
o . References (case
Observed phenological information RID, DOA, MOAC study data), FAQ
RID, DOA, MOAC,
Observed yield data Agricultural Census of | FAO
Thailand

3.7.2 M=l-8HH Fofd Xz =5

gad WA olol WAt A% AR B2 5 Shis A8 @ 444 Hor as
o} TG Aot ol AH R 25 of& A7 AALA A WalA gk o]
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A9 A, A Aleq. 124 oI5k 60M o1, A=E A, BT 2,

T %, A=A 5, FANGRE, A PRI, WA AL, 57 Y 5, 5
U5z, 5714 BAE, 7REuls) WA, 1% el 5 oot A E Bl Aush A
glom, thRE B2 A 42S BET 4 Yok, A7 $40] ofHe B
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AquaStat: http://www.fao.org/nr/water/aquastat/main/index.stm

WorldWater: http://worldwater.org/water-data/
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Dam Inflow

Forecasts Lead Time
A
o [ |
Monitoring Week S2S Seasonal
Climate Variables
. /M SWAT
v Precipitation
v Temperature AWS
v E t irati - .
vapatranspiration R/S Machine Learning
v Soil Moisture
Climate Mode BSISO Monsoon Onset
v BSISO
v ENSO(Nino3.4) SPI
v PDO EDI
v 10D
Available » Standardized Precipitation-Evapotranspiration Index (SPEI)
Drought Indices » Palmer Drought Severity Index (PDSI)
* Modified Surface Water Supply Index (MSWASI)
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Figure 45, Forecasts lead-time on dam inflow.
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Figure 46. Forecasts lead-time on rice potential yield.
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Table 11. Conceptual Framework for Integrated Water Supply Risk Index (IWSRI)
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Table 12. Conceptual Framework for Integrated Rice potential Yield Risk Index (IRYRI)
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Figure 47. Example of Long-Range disaster risk outlook in different climate forecasting information.
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Table A-1. Drought categories based on SPI (McKee et al., 1993).

Classification Index Value
Extremely wet(EW) > 200
Very wet(VW) 1.50 to 1.99
Moderately wet(MW) 1.00 to 1.49
Near Normal(NN) 0.99 to -0.99
Moderate drought(MD) -1.00 to —-1.49
Severe drought(SD) -1.50 to -1.99
Extreme drought(ED) < -2.00
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