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Source: Asian Development Bank.
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Natural climate variability
Precipition deficiency High temperatures, high winds,
(amount, intensity, timing) low relative humidity, greater

sunshine, less cloud cover

drought

Reduced infiltration, runoff,

deep percolation and Increased evaporation
groundwater recharge and transpiration

3
g
[
g
$
H

Agricultural
drought

Reduced streamflow, inflow to
reservoirs, lakes, and ponds;
reduced wetlands,
wildlife habitat

I Economic impacts I | Social impacts I I Environmental impacts ]

AN 2- 6 UTELANVDIN LAY

i Ke-Sheng Cheng, National Taiwan University, September 2021
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o [V 1%

Tuns@EnunAunaalinstd Insewas 3 Usenn bawn

[

Avilgileaingl (Meteorological drought)
* Precipitation anomalies :
* Standardized Precipitation Index (SPI);

* Drought spells (define thresholds of number of days with no rain);

[ v v

BuaINUENAINe (Hydrological drought)

[

Wil
* Soil moisture / discharge / reservoirs:
* Palmer Drought severity Index (PDSI);
* Standardized runoff index (SRI);

* Soil moisture anomalies (SMA);

% Y v

YAINIUNIENYAT (Agricultural drought)

[

Wil
* Crop production / vegetation / available soil moisture:

* Crop moisture index;

* Vegetation indexes (e.g. NDVI)

1. ﬁsﬁﬁwummigm (Standardized Precipitation Index; SPI)

Usunawduladendnidinasionssnudoninuudalaenss avidnuninsgu (Standardized

=

Precipitation Index; SPI) dhunldlunisfinnudaudiwaznisifoudoasmin SPIUudeyanugiu
dfgy dmsulssdivanunisaldeuadluiungun lneund avil SPI azuUsauanuvaenen YR INUT
wazn1sAsukUaeHuINHANTENUINNSAELLUaI TR INA

2. Aviliv1umsgIu Standardized runoff index (SRI);

11



[

su1 SPI wag SRI In1sAIMLaLNUNINISIA fail

Standardized Precipitation Index (SPI) and Standardized Precipitation Index (SPI) and
Standardized Runoff Index (SRI) Standardized Runoff Index (SRI)

Standardized Precipitation Index; SPI | SPlvaue | DroughtCategoy |

2.00 and above Extremely wet

X=X 1.50 t0 1.99 Severely wet
SPI = KXy 1.00 10 1.49 Moderately wet
o
Xi is Rainfal amount in each station 010 0.99 Mild wet

09900 Mild drou
. ‘; , ¢ Xjis average rainfall in each station 2 ot
0e7r 0 B 1.00t0-149 Moderately drought
@ is Standard Deviation
-1.5010-1.09 Seversly drought
-2.00 and less Extremely drought

Standardized Runoff Index; SRI

N \mv ]

£ Drecght Tateewlity 2 —;;
Xi is Runoff amount in each station i \
PO— N
Xj is average runoff in each station 15 Severity

0 is Standard Deviation

2

2NN 2- 7 SPI kae SR LaginaueaInseau

11 Chaiwat Ekkawatpanit lazmady, September 2021
2.3 WUIAAUNISUSUAD LazanAINLEe9INNESTTUYIR UAIUUN

2.3.1 WUUITaea SWAT (Soil and Water Assessment Tool)

wuuatass SWAT iuuvuiassiiannsaesuiednuuznisiinsingnisainissmwduas
IATIEHAN BULNNQNNINEN Ims%aé'ﬂwmsﬁuﬁmmWSﬂwwmaqﬁuﬁzjmﬁwL“T;Iwé’ﬂ waztluuuudranadiil
arwanysoflumsiianeiesduszneundniifinadeuiinasinir 1dud doganislivsslonidiau (and
use data) Yasafu (Soil data) Yeyaaningiuszina (Topographic data) kagdoyaaningiieinia
(Meteorological data)

WUUT1a89 SWAT (Soil and Water Assessment Tool) 1 unuudiaean1esgnningl dmsu
wensalUFananivi unuuaesuilafsnsyaieiind awnsoUssduanmdguiidaududeunis
gnnInelad (Neitsch, Amold, Kiniry, & Williams, 2011) TnefinszvaunsAunaiiivssansnm 1asu
nsgeusuazyssendldeganinwinsluseduaina

2.3.2 SpUUMINeNsal

- nMsluuunaedunisneInsalan1ngiien1AkazN1TIIUEAINAANTE HIRE1YY LUUTIaDY
JAMSTEC /58UUN15A1IANT58I5189AN8 SINTEX-F system

JAMSTEC ihimhssusimiAngmansuazinaluladnmeianaglanveadu famsam

TufianssuniTeuasiaunnvanvaiglugugvildluanduidevesdiu Swnseunguineimansuay

Y 9q

a v

WALULATN1INLLALATUTTENNIALUIININE UBNLUNBIINNITIFUAILTI ML UNLLABALIINAN WY TN AT
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PUILIIUY FI9AVINEINTAUDINIATL YL ENINIYTLUUNITAS1LUUINAD952 8L 819158027 Sintex-F
(severe-weather.eu)
2.3.3 NSUSISIANISUDUY
a A a g v oA A a a a a H a
- ANSUSINSBY wazUsunaniluat@ou Wiaiuussansninnisusmsinluou

- msiuUsSIAusnlueu
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uni 3
Aag1en1sURUANGluUsEIMA LazateUssna
3.1 sTuuMsWeInsal

1. Improved seasonal prediction by the SINTEX-F system -past, present, and future

1ae Takeshi Doi, JAMSTEC/APL

n1sAANIsalanInglenAsegania lnge 1A eddaIusnuAINTRNLEeIENINUITTENNIA
WazUMIANNS (Air-Sea Interaction) TINa191UAUTBU (heat content) INUNIAYNTUSIULUATOU
(Tropical ocean) @KaAON1ITULARBUVBIUTIBINA (remote forcing) Tuainalug) (large-scale) e
daaszuunishuaisuoinieluluniou (tropical atmospheric circulation) wazaufienlesszezlna
(teleconnection) ¥a¢5rUUNS IMaRguINALLUTIMAEAIANA1 (Mid latitude) TngiamzUsingnisal
Wuls (ENSO; EL Nino-Southern Oscillation) Tusimagmsud@vn wazusingmsaidwdeulodsulalna
(I0D; Indian Ocean Dipole) lusmaynsduiie lngdnwazauvasUsngn1saiieass Aeauiaun

aa o [ = = & LY v Ao B

YogunNiiiImee daanslunmd 3- 1 Fululadendnfiduinfounnuuwdsusilussvuusseinia
U A o o v ::4 = & o ° ¢ a
dnfiauinisildszegnaiuiu (3-6 weow) Judunuvesnisianldlunisaianisalaningieiniely

YHANIA

i

. \ » . ”
POCAS
/'

Al 3- 1 Usingnisal ENSO wazUs1ngnnsal I0D
‘ﬁlm Takeshi Doi, JAMSTEC/APL, September 2021

FEUUNIIAIANITAITIEEANTIS SINTEX-F Juszuuiiwamnlag Japan Agency for Marine- Earth
Science and Technology JAMSTEC) meldmnusamileseninsavinmylsunazusemadu EU-Japan
collaboration $3UUN1591809 SINTEX-F1 tJussuuusnlaslduvuiiaosadadians (Numerical

models) FeUsznaulugie
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1) YnoyansIaingioINIA wazaynIAEns

2) 'izwi‘miwﬁﬂﬁ'uLLﬁ'ﬂTaHaLﬁ'anzmmﬂ'ﬂL?uéfwawmaqm (SST-nudging scheme
Initialization) dwvifuasiayadoyaindiluwuudnaesdaiu

3) WUUTIABIA AIUTENTNUTIEINA hazuiad nsluszeaulan (global coupled ocean-
atmosphere general circulation model) wa

4) LLUU?&"}@@Q@'mUﬁlﬁlﬁmmzwmﬁﬁi"laaaSw'ﬁwamnﬂ%mmﬁ%ﬁwﬂﬂqu (sea-ice cover) 3
I%Gﬁayjaaquﬁmmmmﬂ%mmﬁﬂLL%\‘I"dﬂmjiJ (restoring observation climatology sea-ice cover) et
ANA15A3297R G 9ilTTanum 9 ensemble member model Usynausae 3 nudging strengths x 3
physical schemes (wind-ocean current) Ine i n 15U uuitoyagungdfaumeia 1l panaa7a
AIALAGBUIINATIARY Liesandyiswaszinsannasvaynsludagty dmsunisaineruszana
AflandmsudeyaFusiu (initial condition) Tutiaguuiimaiam SNITEX-F wiavun 5 a5ty Tnefinng
izl ensemble waznsnageuUiuLAAvosToyaamImanilagldszuu 3DVAR ocean assimilation
wazfiunshaesgauiuiadsanuinadudsnegy wldlunsaamsn meszBeaduanddunim
732

AGCM OGCM Sealce Ensemble Initialization Reforecast
model size every month,
1983-present

F1 ECHAM4 OPAS8 No 9 SST-nudging 24-mo lead
(Luo et al. 2005) T106L19  2°x(0.5°-2°)
L31
F2 ECHAMS OPA9 LIM2 12 Same as F1 12-mo lead
(Doi et al. 2016) T106L31 0.5°x0.5° L31
F2-3DVAR ECHAMS OPA9 LIM2 12 SST-nudging with 24-mo lead
(Doi et al. 2017) T106L31 0.5°x0.5° L31 3DVAR ocean
assimilation
108-ensemble with ECHAMS5 OPAS LIM2 108 SST-nudging with 4-mo lead
F2-3DVAR T106L31 0.5°x0.5° L31 (12xLAF,  3DVAR ocean
(Doi et al. 2019) 9days) assimilation
F2si ECHAMS OPA9 LIM2 12 SST and 12-mo lead
(Morioka et al. 2019) T106L31 0.5°x0.5° L31 SIC-nudging

ﬂ’]W‘ﬁl 3-2 53U‘Uﬂ’]iﬂ’]®ﬂ’]'§ﬂj SINTEX-F
‘ﬁlm Takeshi Doi, JAMSTEC/APL, September 2021

UsganBNINNITAIANTAITIENANIaUDITEUU SINTEX-F dwsuusngnsainisaynsaans

1.1 Ys1ngn1sal Indian Ocean Dipole (I0D)
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Usingmisal 10D Wuusngnisaififntutinasouidurusgasvosmmannsdudelaazdnng
Wasuuasgamadinimeaa svdwmansgnuiugiomavesUszinaooainside Sulafids sauds
Useimadu o flegseu q umaynsduie dwiunsaanisalusingnisal 10D daawth 12 e Tagld
TeyaiFusuiounsngiay amnsnaanisaiarsnildusiugluriadeud 2-4 uazanauiloannisal
Fausifoudl 5 Jull Wesutudoyansate felurregavum msmanisallaslddoyaisuduiion
woAInIeu AnNansalunisaanisalamtdiianuaataaden Fuandunmi 3- 3 Tuifeu
gy w.e. 2562 Usingnisal 10D fMdause (super I0D) danaroaningionialuyseimenening
nzYuoon oawmslds uardlu TenanisvaaeusEUUSINTEX-F lunsaanisaiusingnisal 10D Tulid
Tnglddoyasuduiounamuniiou we. 2561 awnsamansalldlndifssiudeyansrataluuisiaiiou
ngAineu Saaweu e, 2562 Tngluusazszuuinruaainndougeiausiifounguanduduly
ogslsAmuunltiesdadennuuudiass (All ensemble mean) Tutistaned w.a. 2562 fluualifu
\Yu positive 10D aenadosiuteyansiain duandunmil 3- 4 ilesndleldamiEusuludisggmumn
ﬁm’mmmﬂ?{au‘luﬂ'ﬁm@midqaLﬁmmﬂ winter predictability barrier ﬁLﬁmﬁnﬂqquﬁﬁaﬁfmea

UShaumaynsduieiinnuwlsusiugalugisggvung

Correlation skill of DMI prediction

‘ i1

AN 3- 3 NM13AINISAIUITINGNISA 10D §39nth 12 ey

‘1'71Im Takeshi Doi, JAMSTEC/APL, September 2021
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- (b) DMI prediction issued on 1 Nov. 2018 (°C)

— Obs.
F1(individual ens.)
== F1(ensemble mean)
25 F2(individual ens.)
= F2(ensemble mean)
F2-3DVAR(individual ens.)
w2~ 3DVAR(ensemble mean)
= All ensemble mean

“

BT NV DEC AN FEB WAR APR WAY JUN JUL AUG sep
2018 2019

AW 3- 4 mMsaansalusngnisal 10D wa. 2562

‘171Im Takeshi Doi, JAMSTEC/APL, September 2021

1.2 Y1n9n158d EL-Nino Modoki

1510015385 ELNino Modoki tfudsingnisaifiiinduuinuuauiduaudansvesumanyms
wWBTnATinsWaanUTIngmIaiduly (ENSO) Tngnaannisainnisalusingnisal ELNino Modoki
wudluiouduia w.e. 2562 Usingni1sal EL-Nino Modoki I8 nSnasiensiauivesdsingnisel
positive 10D Tutfloudsmiau w.a. 2562 Gﬁqdawaﬁiamiﬂ'aéhsummwmmmmﬂqq LAZAUMNZIUD BN
us9U3 0 Maritime Continent dssalwigaumgiinimeiaanasniiuni dadudnuurvesusingnisal
positive I0D d113UN13AMNITAIAMENURIUIINGN158] ELNino Modoki aunsaainnisaladsniinla
uiiug1nd1 wazranardouosninusingnsal 10D Tusiafoud 2-6 1 elddeyaisuduludiagguun
fauanslunmil 3- 5 dwdunsaamsaiusingnisal ELNino Modoki Tl w.a. 2562 TnelideyaiFusiu
\Weunanau w.a. 2561 dsamnsananisalldlndidssiudeyansiainldmluieudiuinm wa. 2562 &

wanslunmd 3- 6 Fsanunsalusunulunisainnisaldsingnisal 10D luideudamag w.a. 2562 14
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Correlation skill of EMI prediction,

EMI
(b) all

0.7

0.6

0.4

0.3

AMA 3- 5 NMIAANITRNUIINGN15ad ELNino Modoki aewih 12 Loy

‘17'1'm Takeshi Doi, JAMSTEC/APL, September 2021

(b) EMI prediction issued on 1 Nov. 2018 (°C)

— Obs.
F1(individual ens.)
s F1(ensemble mean)
54 F2(individual ens.)
== F2(ensemble mean)
F2-3DVAR(individual ens.)
w2 ~3DVAR(ensemble mean)
q == All ensemble mean

.54

El Nifio Modoki index
~ A«(8+0)x0,5 temperature

JAN APR JuL ocT JAN APR JUL
2018 2019

A 3- 6 M1IAANNTAIUTINGANSAl ELNino Modoki .61, 2562
‘17'1'm Takeshi Doi, JAMSTEC/APL, September 2021

UsganSnmmsaiansalaningiennasieggniavedssuy SINTEX-F

N15AMANI5 NN TVBITEUU SINTEX-F Tutiael w.a. 2526-2563 a1unsaaianisalaamgiila
wiug Tugrsousurau-nuaTus luusnaumaynsduiens Tuan wazumaynsuldilneziueen
, a L a a d‘ o w = 1o a | a
druvinuiuiulianuaanniou dusulssmalnedanuwivdluuiusnuvesdsemelnedisiou
figueuiufowdmiay Awandunmi 3- 7.1 dmsuuTuiaruaiuisaaianisallawiugdesnii

gaunnil dllvgfazuiughgelutinaumaynsuddinas Tuan daudssmalnelinnuaaiandeulutis

9 Y
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Weudiquisuiadeudamen dauandunmi 3- 7.2 dwmsunsaamisalluiiaieudameuiaiou
AAAN .M. 2564 wamsmﬂﬂ'ﬁaﬁl,amqmmﬁﬁLﬁ'm%w%L’;mLLU%?\Iﬂmi’um warUSnaHuiRuty
U3 Maritime Continent Gsdenndasfiunisiannvesusingnsaianiign (La Nina) dawaadlunind
3- 8 AINTIITUU SINTEX-F anunsaaianisalaamnil wasusunasulalndifesiutoyansiainuiiin

WAL karATEUARNUIINGNITAIA AN SAEnS dmsuuiaiuiuaansallasnirdeyansiain

JUA from may JUA from may

M9 3- 7 M3AAN1salsIegen1a 1.aamgil uag 2.USunar ineuliguieu-duney

%90 .. 2526-2563 InglidoyaEusuiion wauaan

‘1'71'm Takeshi Doi, JAMSTEC/APL, September 2021

AW 3- 8 nMseAnsaigaIMnT warUSanay w.A. 2564
ﬁuﬂ Takeshi Doi, JAMSTEC/APL, September 2021
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2. MINaUIszUUNeInIalauEsmeanwigldduuialveg (Theme 6 Development of
Super Typhoon Damage Prediction System) g Prof. Dr. Yasuto Tachikawa u13ngnaeingn
Tnuvisuszmadilu

Prof. Dr. Yasuto Tachikawa ﬁnﬂu%ﬁﬂnmé’aLﬁEJﬂG}LLmU'izLVlﬂfjﬁu Faduusesruves Cross
Ministerial Strategic Innovation Promotion (SIP) Program la Uiausnsaunisaidusiuisenaield
waded 6 nsiauszuuneInsalaudenisainnigld uruialvg (Theme 6 Development of
Super Typhoon Damage Prediction System) Fananslunni 3- 20 SE'fqLﬂuﬂﬁujmmsﬁﬂmu%’ﬂu
vanvargaatululssimadgyu lasyadunsananudemeandofdasienstmuissuuns
wensalfefitRadelu (Development of A New Hazard Prediction System) iiloatfuayunsifousde
daemvisluszerduilnanaiad gy (Real Time) wagsrozenn n1sdnindsuatsaumavosdaya
wensalfefivAalsuiin (Providing New Hazard Forecast Information) iitel#1fudoyauszneulunis
Woudeuarniswieunisenen waznsiammalulagliinnisliusslevigaalumunisaiuaueinns

N9varans (Development of Maximum Utilization Technology for Hydraulic Facilities)

Thema 6: Development of super typhoon damage prediction system

Core technology
Development of a new hazard prediction system *Ensemble storm surge and inundation prediction system

Real-time storm surge and inundation Real-time long-term/nati idk Lagie e e Il heatiy eciction
prediction system flood prediction system *Ensemble river flow / water level prediction system that
realizes 72 hours ahead prediction

+150m high resolution nation-wide al river flow and water
level prediction system

Providing new hazard forecast information EEEEEREEEEEEEERRE R

information
Providing long-term forecast Providing long-term forecast ) head predicn ithipredict .
information to support the issuance information to maximize the 72 ahead prediction with prediction uncertainty

of evacuation information functions of hydraulic facilities *Worst scenario prediction information
throughout Japan, including small and medium-sized

L To Themes I, II, VII
rivers without forecast information

Development of maximum utilization Expansion of flood control capacity with new forecast
technology for hydraulic facilities infemsation

«Effective pre-discharge of dam reservoir

*Prediction information on river flow and water level

Flood gate operation crisis Integrated dam control decision
management system support system

*Optimal integration operation of dams

34 «Centralized monitoring technology for floodgate opening
Zero escape delay and Early economic recovery  /closing status using long-distance LPWA communication

G : *Remote non-powered floodgate close technology
7 e A Bl i i

AT 3- 9 ATAUNITALIUNUITINETARITN 6 NITWRIUISTUUNYINT A

i1 Yasuto TACHIKAWA, Tokyo University, September 2021
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Development of storm surge/high wave hazard prediction system i

No long-term storm surge predication considering uncertainty
'_T;p_hc;);e-ns_e;l;e- .: —[ Real-time storm surge and inundation prediction system ]—

1
[ 1) Ensemble storm surge/high tide prediction system ] [ 2) Inundation prediction system

1 forecast information :
s.ETide Tavel - T & Inundation
| [=——

[ . rJ Typhoon|

Lo Rl 1 - B ‘:‘ — . K
b .;I'if'phoon i [ Max storm surge deviation o _me series]
- Ou“;}reak | "5 days before 3 days before 39 hours ahead before 24 hours before Typhoola

ndingi

P

Week ensemble p
(132 hours ahead prediction:

(39 hours ahead pred '_ [

Building a prediction system to analyze the three major bays at the same time

1) Secure 72 hours lead time for evacuation and facility operation (long-term ensemble forecast).

2) Zero missed by using ensemble storm surge forecast including worst case forecast information.
3) Providing high resolution inundation information (3.3m resolution) that feels like falling on you.

L&)

© 7T ONRRE
W e

AWM 3- 10 nMsiamszuunensalanudemeannmgladuvuinivg (1)

i1 Yasuto TACHIKAWA, Tokyo University, September 2021

Long-term/nation-wide flood prediction and Integrated dam control decision support systemn

Nation-wide 6-hoursahead real-

Depl of flood for ing with SIP technol -
time flood prediction system-

pioy

Case study for the typhoon &
No. 19 on October

1y pue ease Jo uoisuedx3

Present
flood
prediction
system

JoAu ueyy Aeynquy -u;:el: @

uopnjosal ysiy
pue apim-uonen

------

Integrated dam Normal time
controldecision.  JE"TTT )
support system
uP I

= Cooperative = .
multiple dams Capacity for
operation water use

¢ i et ot s Sl B e

«
(>

Ensemble long-term flood prediction

[ Waterlevel | -

:ilniiiil'nme DR

A9 3- 11 MaRaszuuneInsalaudsmeanmglatusunlvey (2)

ﬁuﬂ Yasuto TACHIKAWA, Tokyo University, September 2021
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Development of Flood gate operation crisis management system

Storm suv?e im_mdaflog area and Present Gate open/close information is not
loodgate ocat‘lorr’lsy in Osaka Bay . j} Targe-scale power s gathered in one place
; o 3

al i [
About 800 water gates of 50 institutions
with difference purposes.

Inundation happens

Mayor m”)) Evacuation order
T WA

In an emergency, all gates must be ¢ 2=
closed to avoid inundation. Self-weight gate closing system |

mVarious floodgates administrated by different organizations SIP Developments
exist, which has no centralized monitoring system.

m93% of the floodgates nationwide are operated by local
people. Under the condition of power loss, the floodgate
cannot be closed, and flood inundation damage occurs. *Remote non-powered floodgate close technology.

Centralized monitoring technology for floodgate opening /
closing status using long-distance LPWA communication.

Al 3- 12 mavannszuuneInsalanudermennmgliduvunalg (3)
ﬁu”l Yasuto TACHIKAWA, Tokyo University, September 2021

3. Drought monitoring in Taiwan using a variable-scale SPI Ta# Professor Ke-Sheng
Cheng Dept. of Bioenvironmental Systems Engineering/Master Program in Statistics National
Taiwan University

Ussmaldniuuszaudgmioudeognsquusslugad 2020 May - 2021 April Wufoudsigunse
fignlusou 100 ¥ dswalsiilugrafvimansuisdseduiishninsedunsgu

v v & o ad a X = H i a g o o
fyudadudesssumaniinuanUiinaiuanananade nsvadulaeniluindsing

I

Jumsviahludu Asiunianeasssdnidumeansnilasunansenu deudddszeznaniniuegisd o

¥
=] v A

AYUNUNINIZIU (The Standardized Precipitation Index, SPI) gn

v
v v =2

Aatl Fed1u150AIAN1ITAIlA N

a

anldlunisnsiadiadeudmisgafisninginsizanunsoaguanuiaunivesdisiailudulaegad

99

UszanSaim 9nn13d15391ul 2010-2014 wudn Usena 35 Usenaann 43 Useineldavil SPTunis
EhazTadouds (esdnsgniesinelanuazenusaudlednilan 2016)

Bachmair et al. (2016) wuindasil SPI uazdaiidy o Aisnsdaanuuaelu fingnihunldlussuy
sz adeudasnisiieudeaimi

WMO é’wqﬁqmﬂmiﬂ%’ﬂmLLazmiUizﬁguL%qﬂgjﬁ’ﬁmifumQL%aaﬁwmﬁLﬁaa%’aaﬁwuau 54 AUAIN
22 Uszina s linusemeld P lunsasnaeudsudansgaiesingudomnldnude wasteya
Uinamuiiogmluiudeyaiisduiisseaier (World Meteorological Organization 2012)

DRI
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- sdlfoudadinusndudmsunisdsafivanunsaldoudsluBeUsunu
- fvdlenunisiasanunsadanaulmdudvianuuiasaingndening) aviiauwi

WAINNNITNEAT LaZAYEAMULILAIN19QNNINEN

Autlfguaaniegailenine,
iU H eI (SP)
. T%Gﬁayjaﬂ'%mmﬁmu
« SUADNITAUIN
. S283IA1V0INSIRAAADUT (WU 1 1o 3 e 12 e )

[

« SEAUANUTULSIBTBUAIT MUl Iawmth wiadu 4 seiv fadl

SPI range Severity level
0~-0.99 Near normal or mild
-1 ~-1.49 Moderate drought
-1.5~-199 Severe drought
<=2 Extreme drought

fatl SPI lglun1sAnmIuanIunsainIsiiaABunas ssuuAnmuLazifeuisatsntilagldnis
LU?ﬁ'auLmameumﬂwaﬂiwumﬂmim?{smuﬂmqﬁmmﬂ Favelausansradvaninsoundales
St wazlinnsNsuTTINagulawmeandulaviv

A9819N151Y sEUURnnINLazRoufuaIminluUsEIAAIN 9

anigolsni: USDM mﬁ'ﬂﬁﬁi’ﬂLLasé’mﬁﬁé’ﬁmmmsﬁa 19U Palmer Drought Severity Index

(PDSI), Standardized Precipitation Index (SPI), n1sluavesnszuati, gunmvesity anudily

AU LagNanIznu

3u: Q1 (Comprehensive index) Wuilafduvas SPI 30 Suway 90 Fu waznsAessveiions

[Aetufiaonndasiu

00aLALAY: SPI

Fuaun: SPI

ansnLe: SPI

Two time scales

-Operation scale (ts)
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Franandmsunisldnumsiiiunuees SPI fegradu msetiiiensvalseniluundn
fifmunszeziaan 10 fu (ten-day-period, TDP) dstiu TefosruinmuasUsadiu SPI uuiiugiu TOP
-Temporal resolution (tr) vessvil
PrnadmsumsinaUianiduaa U%mfmfmuazaﬂmmLfamﬁﬁmu@Lﬂuﬁugm
dmsunisAtuial SPI
-Spatial scale
foe19 SPI dmsunsihseTansuas

ANIFoLUIN

HPRCC 1-month SPI HPRCC 3-month SPI HPRCC 4-month SPI
As of: Tussday, October 19, 2621 As of: T As of: Tu

wsday, October 18, 2021 esday, Octoder 19, 2021

[RRYE CoRrT e S——————— Y el
Nathowad Tabwan Uahversity

A7 3- 13 SPI dmsunmisihseTadeuas ansgowsni

i Ke-Sheng Cheng, National Taiwan University, September 2021

Usenalaniu

9#J-SPI for Drought Monitoring 9%)-SPI for Drought Monitoring 9%)-SPI for Drought Monitoring

(2002/01-2003/12) (2014/01-2015/12)

(2017/01-2018/08)

ystens Englacering Master Program la Stathites,

Y ystems Englneering Master Program in Statistics,
thonal Talwan University

tlonal Taiwan Unhyersity

ystems Engineering Master Program In Statist  /
tional Talwan University

AT 3- 14 SPI @nsunnsuiinseiaionas lawiu

i Ke-Sheng Cheng, National Taiwan University, September 2021

Variable-scale SPI
- 3UA UMY 1-TDP SPI @1%5UNNSATI99UN LAY

- FoudaSunsranulag 1-TDP SPI
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Regional average TOP-rainfall (mm)

Y SR TV

bl

« 1-TDP SPI < -0.5

- temporal resolution LNHTUMNTFUWINTIANUWARUATRsALTUDE

Variable-scale SPI

Drought onset. Drougl}is first detected at the j-th TDP.

A i | |
| TDP %
—
j+1 TDP [ | [} Progressive drought
SPI scale varies fron
j+2 TDP [ | [ ] [ | 1TDP to 4 TDPs.

i+3 TDP O [ | |

2021/12/21 Dept. of Bioenvironmental Systems Engineering/Master Program in Statistics, 36

National Taiwan University

mwﬁ 3- 15 Variable-scale SPI

i Ke-Sheng Cheng, National Taiwan University, September 2021

wsegslanae dnguseasa

- IAYSTUUNTE TN L AIAT L ADUN AU

- Tdwuua1ane Markov model

- N3NNI spatiotemporal Stochastic

afelinanhiugaunduaun nsiuiidazasuanstalannine1vesyn SPI Ly

PANYNUN

2009 May - 2010 April Hydrological Year - Southern Taiwan
Typhoon Morake occurred on August 9, 2009)

2009 May - 2010 April Hydrological Year
(after typhoon Morake)

' ]
\ < D e S SR o
[\ § . -
- — varable-scale SPY
B O S . o | —— s
I i e B —aam S S R e o
8oy » B 8B % ¥ O®» NN B 133456309 W 18 426 20 27 2 3 0 3 2 3N MW W12 3 45 6 T8 "
. Toe
€z —— Reservoir stage
SR -
¢ R S o R Y 5 Fal TS %
¥ N - 3 —
# —— MRS g —
BN T 3
T T 7 4 .2 20 0 B D XN NN MM Y2 3 45 8T 8 9 WM NQ
" n ® ® ®» m oW x 114567 89w u
7
200/12/21 Dot of Blocnvironmenta Systems Englocering Master Program In Statistics, 38 r rl on/m2m Dewtof “""‘“"""“\R“'""l'l""m“"“' Program in Statisties,
e Natlonal Talwan University ¥ P ational Talwan University

ANA 3- 16 SPI UUMAIGNUN

i Ke-Sheng Cheng, National Taiwan University, September 2021

25



JELUURTIVEOUAULAILUY Variable-Scale SPI
- gnfiusnlulRineu 300 CWB
« N39TIRARUABUAIE MY 3 SEAUINIA (regional scales)
-lwngiienie (Climate regions)
fuituszun (Water supply regions)
—Ejmf’]é%‘il,ﬁuﬁﬁ (Reservoir watersheds)
« aaszvuidhsrafouddlagld R Shiny vietl szuufinisufudsadulsedn
Usznelduwiy Uszneusednvae el
1 @anmgilenia
- winlu 8 anngienne
- MFIATITU K-means Cluster
- J999: lon, lat, alt,
mean/sd vosUSinanidusel
Anade Turuanluggdunazuds
2. N¥nensiN
- wiadu 4 m
- agjma’téfﬁwﬁﬂmuw%’wmﬂiﬁ'}

1%

- NURUSENBUAIY AAM NARLIUDEN NALD N1ANANY

Climate
regions

« Southern Taiwan ~

g Eastern Taiwan

* Northern Taiwan

2021/12/21 Dept. of Bioenvironmental Systems ER@RE ARG Program in Statistics, a3
National Taiwan University

v
®

PNONBWN -

RAT

‘zll a Y} & A Y o
Al 3- 17 anmaiienniel uazdnuaziiui Ussmealdniu

i Ke-Sheng Cheng, National Taiwan University, September 2021
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Variable-scale drought monitoring system webpage

AEARL g
KABHE = wEe ®
2EE RSP RRES
":‘ Show 10 v entries AR wm Pl
_ ks n name fon lat alt(m) E% 0 1nf10-049
p -t 67410 Wil 1202048 229932 108 amen i ARG
u;:‘:: 461420 K 1202367 23,0384 81 sanm 2 e
G Fkuiie / w0 WA 1203187 22566 23 aRte. 1 i
LR / w0 WH 1204329 234959 %3 e T
i ,/ / 467530 BRI 1208132 235082 24134 e el
/‘. x s,.:// 467590 @ 120.7463  22.0039 21
L5 ﬁ’;’ z comal0  WEW 120582 233244 25
l\ CoM520  HREE 1202481 233699 15
COMSI0  WAEM 1206993  23.4939 1385
Systems E Program in Statistics,

COME40

*Nationdl Tatwat Eiilversity*

AT 3- 18 Webpage nsinausionas Useinalaniu

i Ke-Sheng Cheng, National Taiwan University, September 2021

winnTsalAwatly lwngauseniu Jianan 1992 - 2004 14 Variable-scale SPI for historical

drought detection
BRSSPI ERRFEL o " . " .
Fﬁ;ﬁ.:,lxs Variable-scale SPI for historical drought detection

1992May-1993April 1993May-1994April 1994May-1995April 1995May-1996April 1996May-1997April 2002May-2003April 2003May-2004April

1\

\/\/  SEEY, — —— —— R

A

1]

1-te

All of the above dro‘Ight events are detected by the variable-scale SP1
Late August

Dept. of Bioenvironmental Systems Engineering/Master Program in Statistics,

2021/12/21
National Taiwan University

55

AN 3- 19 N1sfaenufouds Usemaldviu
i Ke-Sheng Cheng, National Taiwan University, September 2021
asu

9

a o

« Variable-scale SPI aunsatdussinilussansnmadmsunisanaufondaarnisiiou
Aua19aut

« AUNTONTIVTLHLLIAALANUTULHVBANANTAABLAIARZ TIN5 A
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« ¥1A1597899UUU stochastic spatiotemporal UasUSHUUNY TDP LuunatuNuilive
@35719n113503 TOP dwaunn waills anwnsaluldlunsuszdiuanuheziluvessioudsiions

vinule

4. Integration of Water Resources Management for Drought Mitigation lng Chaiwat
Ekkawatpanit wasagy

1. annduan
uhdmsemouuy : U %1 oy waztu lumamievesUsvindlne

1%

9
9
FUUNIINTEOINOUAN © LN dvinnda wazusitndn

Rainfall Anomalies in Thailand\

Flood in CPY  Highest rainfall

Percentage of Rainfall Anomalies in Thailand (mm) L eeesads meseeses W gy gesssesy

s i | — I- ...... II..., ..... ,...\ ..... ..
n-:riii ......... T I— T —
A ...........
Droug! Droug Droug Drought
in Eastern in CPY in until early

Thailand 2020

hitp://www.thaiwater.net/uploads/contents/current/YearlyReport2020/highlight.html

AT 3- 20 WAN1TAIABLAY kAU U INTEEN
11 Chaiwat Ekkawatpanit wagag, September 2021

Water storage in Bhumibol Reservoir Water storage in Sirikit Reservoir

Water storage n Bhumibol Reservon  (61%) Water storage in Sirikit Reservole  (47%)

" Nhugia 15,463 1w on

e

e
——
~. —

v \_/"-

™ g 0 e o e - N 1 ey
wa
@ Uper Rk Cuve © Lowes Ruke Cune @ 2021 ® L[] L R © Lowe - @ L B L]

A 3- 21 YSanaud Weugiina uavlleudsnn

fisn Chaiwat Ekkawatpanit wagay, September 2021
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2. 3ngUszasn
Liflednrdifoudaiivsaudmiunsdanisnsneinsin
2. ileysannisnisaneudevneaindouds
3 35n135ANY
naUszgnAliiuudians SWAT lun1sdnaesuiuaniivh
-nsluUIIans SWAT 91@8n153LAIE9 Standardized Precipitation Index (SPI)
- Tusufnenly Standardized Precipitation Index (SPI) and Standardized Runoff
Index (SRI)
- doyauiinahdundess 3 Weu

Methodology

o
Observe 2012- 2020 National Hydro informatics and Climate Center (NHC) ~> ASCIHI

Forecast 2 weeks from Climate Forecast System Version 2 (NECP) > Bias correction
Forecast 6 months from Climate Forecast System Version 2 (NECP) -> Bias comection l

l

sp| =) SPl | 4mm SR

&SRI
Al 3- 22 33n5Fnw SPI waz SR
fi1n Chaiwat Ekkawatpanit lazmady, September 2021
4.4an13ANY

1. USanauiwinan SWAT Model

Runoff simulation result from SWAT model Runoff simulation result from SWAT model

v “’““’” WLV

b ik i ‘J.'I\_JII, )‘ \,L,JJ; ft

T docoadod Mk

. . A
o [ ]
MM A A LA AL A

mwﬁ 3- 23 SWAT Model calibration results

N, W | J ik

fiun Chaiwat Ekkawatpanit azmade, September 2021



2. SPI 58 3 o uag SRI 918 3 ou Tuuiiduindmszen U 2014,2015 uay
2020,2021

Combined SPI-3 and SRI-3 in Chaophaya River Basin (2014, 2015)

AWl 3- 24 SPIuag SRI 519 3 Loy Nuflguiidmszen
fisn Chaiwat Ekkawatpanit Lazay, September 2021

3. Deep Learning for inflow forecast
Deep Learning for inflow forecast

Hidden
P
(Mo LSTM cell 1
A
Runoftat |8y |\
Upstream 3
PANGSA) s
e | o LSTM cell 2
C
(Chang M r4 |
= e
Dy
o 02
Dn
& LSTM cell n
om | %
)

33

M7 3- 25 Deep Learning for inflow forecast NuNguUNINIEE

fiun Chaiwat Ekkawatpanit lLazmady, September 2021
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5. YoagU
FUAIL TURTITUY
siiiuAuNSoN (WU NMIAAAN wensal)

-NUATIVAIEUULTIREY (@nWMeINA annivien) NTndudmsunisnensal

NINTUINIDUNTIENANYUTENITVBINITINNTNTNYINTUN

3.2 N1SUSUISIANISHVAY

1. Challenges on Flood and Sediment Management of dams under changing climate
in Japan oy Tetsuya SUMI %1i2897U Disaster Prevention Research Institute, Kyoto University

“euvihyelunuuimsidouiionsdnnisgnniouazazneuaindvdnavesnsivdsunlaswes
%agaammiuﬂszmmjﬂu (Challenges on Flood and Sediment Management of Dams under
Changing Climate in Japan)” i 3 Usgiuman laun (1) LmeJﬁﬁ’amnﬁammﬂaamﬁaaﬂwLs'amuLLaz
nsusmadoudiduszansnmii ofusledummnisalgnnsiesuiss (Urgent Action Plan to Safe and
Effective Dam Operation to Cope with Extreme Flood Events) (2) N19L7 11105A15IUAITUTIINA
annfonaznisdanisagnonlugrafuiui elfifinanudedulusunan (increase Flood Mitigation
Function and Sediment Management for Reservoir Sustainability) hag (3) 159U a8 aun1sld
Usglenlandeyanulunisusmsinnisgnndeuazazneu (Rainfall Driven Optimization of Flood and
Sediment Management)

anavimeluauuimadou wiadu 3 Useiu léua

1. gnnay LHUUURN9LT s ui osdunisasiad eussevasadouasd

Usgansnmiiesuilaftumnnisalanndenguuss

2. USuugaitou N Handun1sUTIMNgNNABLaznN15IANI1IRENaULOANEIEUVD981
< 38
LWAULN

3. Aanunmelng AN NUSEANSAINYRIN15IANSUS DU EUTuN1SIRNISUINL LAY
AZNDU

1. gnndey wHuUuansssuinaniiun1saiadauegsUasnfuasivssinsnwiesuiiany
WAN1SalaNNABTITULI
Tt 2018/07 WAnmgnisalivialvglunienguanvesseimagdu aiaanudeneNjuns

fapilusou 30 ¥
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LUDUNINNIT 200 LLWQI@@']LUUﬂ'ﬁ@'JUQ@JQWﬂﬂEJLWBa@ﬂ'J']ﬁJLaENVﬁEJu’W ULNYUVDUY 8 LUAIN

Anlunsusenszuredanidu (DRO / EF)

Flood control operation of dams in the July 2018 Flood

2018/07 Heavy Rain in Western Japan
Event
Human loss Damaged houses Inundated houses

|_dead | missing [ totally collapsed [ half collapsed | _(above floor level)
[ 237 6.767 | 43 | 7173 |

an 200 dams executed flood control operation to reduce Source: MLIT
risks. U 8 dams
spillway gate

‘
& y, o
Source: Fire Defense Agency (as of 9% January 2019) ion(DRO/EF) &
Stagnant rainy front s ey 02090909090 0 0 0 o  WESs 00zl o pecee—weas o2 %
Source: ’ X >
(3:" T\_/P""‘)’" No.7 /..«JJ P Ministry of Land, Infrastructure, L MUIT (100) :
rapirooh, B ' Transport and Togrism (MLIT —
0 owm e, M nsport and Togrism (| Y Y JWA (23) '
¢ '
2,700 dams 4 '
% Local Gov.(435) ; [x
Record-breaking heavy in Japan ‘\ TR J_ 5 )»/ s
rain, mainly in the Under MUIT
western part of Japan Other(power, jurisdiction
agriculture..) ‘
Flood control operation
Worst flood damage DROVEF: Disaster Recuciny 345 Not executed
in recent 30 years in .2 o Exscuted
Japan ; - Executed, but the capacity
Sa insufficient ( 8 )

il 3- 26 wgnisaluhunglunensFusn Ussweglu

3

ﬁm Tetsuya SUMI, Kyoto University, September 2021

A10819n 35U UANITAUANLNYN - Wau Nomura

\Wou Nomura Wawllau Kanogawa baaiiiunis DRO/EF Tuszezusng Tuteiumiugeanuay

LAUUIMUAIUT LN UDE195AL5)

UftAn1saruautinviauveadiay Nomura

Usinauhwihaidougean 1,992 m3/s faduviunmudiladunniasluuse fRmans Tne S
gmivian 650 ndsuasdirudeTin 5 eulutismeiwedou

UNLSEUdAg
- eudilananaadou eatuUimunmsdaivsunadnidedioutuianssnudwiuiizuuse
- UftRnseuauiwihadeuilinsatuuaznisusuuseesusiiane

-MyFeasiianaInseEnINdtinuleu weaua wargegodulutiaiaiuni/daung

A case example of flood control Flood Control Operation of Nomura Dam

operation - Nomura Dam

L Nomura and Ki dams .
conducted DRO/EF in earlier stages during flood Source: MLIT
pe:

4 Nomura Dam el

Owner: MLIT (Shikoku Regional Development
Bureau)

Purpose. Flood control, Irrigation, City water

Total Reservor capacty. 16 million m* ,

Flood control capacty: 3.5 milion m® | of. DRO/EF Disaster Reducing

Catchment area. 168 km? Operation for an Extraordinary

Dam type: Concrete gravity ‘o0 0 oo || e 530" Flood <Emergency spillway
B Hesx som i . "”'(l,(o M gate operations Source: MLIT

Length 300 m -
) Completion 1981
Location: Ehime Prefecture

The maximum flood discharge into the dam was 1,942 m¥/s, the largest inflow on its record.
River class: A Unf

y, there were 650 houses and five ies in the of the dam.

Catchment area: 1,210 km* Photo: tal /
Length: 1;;.;... .,3.?,.1‘(‘,5."‘..‘{!,‘, N Misunderstanding of small storage volume compare to inflow extreme flood impacts
Major city: Ohzu Takashi Yasukouchl) Z"P""‘"' Mismatching dam fiood control jon and river channel
@SSONS | \iscommunication among dam office, and resi; in times

A 3- 27 dregensdlufuRnsAtuANNYIY - Weu Nomura Useinadiyu

i Tetsuya SUMI, Kyoto University, September 2021
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2. Yudgadou uilsdduntsussmgundeuaznissanisnznouitoanudsuvassraiuiii
F5Uesriu DRO/EF (msv‘hmumawsz@izmaﬁ’]{gﬂLau)

- Wmsnennsaianmernia/dsinahiuieauaugnneldedieiuszansamanniy

- dueamuannsalunismusuivialaensudesifesiuainsiafuih

- WasungmssuiunsmuauivhadiieUssndauiinunsini
3%‘1J%’U1J§ami%’uimaqﬂﬁmwufﬁiammL?%mmmfwiwqmm

- Wiaedudwihidululdlunsdves DRO/EF

- YSuugsnsdeansanandesssrinsdiinnudousazinauna
DRO/EF: Disaster Reducing Operation for an Extraordinary Flood (Emergency spillway gate

operation)
nann1saniiueu 3 Ysenns lag MLIT
- duaASNaNInINISBalATIENe 1N NsenseRueuniey wavansnsnlaldddasaing wu

nsaliunisvaesiniadeswuiveldnnuauisalumslddnieniuauannds

- deaSuninsnisiuanduagaseungy TINUUTUUTMhinUSnaUaedleou Nsdnng

NNIANALNDUTDIBINAUUN
- duaRuRanssunseneNmEAURIU YR NILEsINlISUINd N U fURNMSIe

New policy initiative on comprehensive upgrading of existing

dams for sustainable development (MLIT, 2017)

Reservoir Sedimentation
Management

Dam heightening

Dam and
Reservoir
outlets, flood bypass tunnel | pevelopment

Install additional bottom
D:

Efficient Dam
Maintenance

international
Collaboration
on Dam
Upgrading

Flexible and
Rﬂiable Dam

Install additional bottom

Upgrading
Revitalization under outlets, flood bypass tunnel

Community .Operaﬂon

with Dams

L ing of

Spillway and
Outlet

Structures

Rehablitation [T - -
o Ry aptionta: Climate Change Adaptation |
Integrated Sediment Environment Effects
Hydropower to
Management jon-powered
o Source: MLIT

AN 3- 28 ANSENTEAUIDY

i Tetsuya SUMI, Kyoto University, September 2021
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AMITANITNTANALNDUYDIBMLAULN

Upgrading of Tsuruda Dam by installing three new

-7 f di dii ject
d iss bttt Y bt bottom outlets (completed in 2019)

Heightening to increase
storage volume

Install additional

Heieeen, DOttOM oaq\lﬁ:s to
~: """ increase discharge
capacity
Reservair
P’
e
In ceder to effectively drawdown and keep stored
Source: MUIT <t | volume for flood peak. enough discharge
capacity needed under lower water lovel

Advanced Projects on Reservoir Sedimentation Management
in Japan

important options by
using flood flow with
less environmental

Impacts dowrnstream.

A 3- 29 wnnsaiivisvglluniangfusn Ussmadiu
ﬁm Tetsuya SUMI, Kyoto University, September 2021
3. Anuinmelul

1. Effect of prediction uncertainty on preliminary release operation

Effect of prediction uncertainty on preliminary release
operation

Handling uncertainty contained in the predictions has been issues. It is difficult to know suitable
amount of preliminary
release volume because of
rainfall prediction uncertainty.

S
2 it
. dam Speration "

Before a flood event After the flood event

No preliminary Risk of overflow
release

Normal period N ! ‘ Reene"'",w"ble
- [sIP Model |
Underestimated (/I RBIHA/ <= a MBI 50
prediction L) O ) e e i e
Cross-ministerial Strategic

Before a flood event After the flood t 2
Nohara 2020 SESeT00C D Innovation Promotion Program

AN 3- 30 Effect of prediction uncertainty on preliminary release operation

‘1'7||m Tetsuya SUMI, Kyoto University, September 2021



2. SIP (Cross-ministerial Strategic Innovation Promotion Program) Integrated Reservoir Operation

System

) Example of SIP model application during

- SIP(Cross-ministerial Strategic Innovation Promotion Program)

Integrated Reservoir Operation System = 2019/10 Typhoon Hagibis (No.19)

# Optimization of dam tiood

2 Ensemble 51 1 Ensemble peediction magaton operation
! typhoon track

Rainfall Prediction in Dam Inflow Prediction

raintall prediction 0" by Reservoir Catchment Area = 1 Necessary storage i 2Possible recovery
ECMWE, 51 Enverrle - & | High but storage volume s e = € volume (o flood contral % _ storage volume
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j+ 2| Ensemble High & ’ Erieihiie Lo 7\ SIP Ensemble preliminary release operation (SIP-EPRO) Balancing both
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AWl 3- 31 SIP Integrated Reservoir Operation System
ﬁlm Tetsuya SUMI, Kyoto University, September 2021
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USanaunumn vianeadd Tnesudi sunssiaiivmsuduidunsa (extreme rainy front with linear
precipitation zone) warasléiu vilHAnaNudsmenngnndsiussudgiu
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2.3 Real-Time Reservoir Operarion for Drought Management Considering Operation
Ensemble Predictions of Precipitation in Japan, KaTRIS lag Daisuke NOHARA, September 14,
2021

Dr. Daisuke Nohara Ing1nsuaztinideainaniunsideidaunaia Ussimagu Ifinauslu
siadio “nsufoRnmssiafuinfinansidagtuientsdanissouds Tnsfinnsanandeyaduneinsal
arauninludse Lﬂ/lmljlﬂ U (Real-Time Reservoir Operation for Drought Management Considering
Operational Ensembles Predictions of Precipitation in Japan)” 1n# enmnistnauelanaai
mmﬁﬁzgﬁummsu’%miﬁauuazéwLﬁuﬁﬂﬁnmaﬁqﬂwﬁu LLasﬂﬂiﬁw%’auuaNuwmmaﬁdawﬁﬁﬁgﬁs85
nagkarsrezeny (Mid-Term and Long-Term Operational Ensemble Predictions of Precipitation) 11
Usgnaunsiinnsalusuuimsideunassnafiuin iﬁuﬁgﬂlﬁﬁﬂLﬁ‘uaﬁ\‘iLLU’JW’Nﬂ’]iﬁW‘i@QﬁNUWS’miﬂj
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BEAM (Hydrological River Basin Environment Assessment Model) Fududnvue Distributed Model
pagAaLTMIRALILIUT AN IMANTIRTIaN Weimuamsssuistivazause Tufidadunisan
anudemeandoudalidosiigadaemaia Stochastic Dynamic Programming (SDP) wagtnaila
Sampling Stochastic Dynamic Programming (5SDP) lunisuausldaniiegensdfnuisaivin
Sameura uiith Yohino Tulssinadu wazdszAvsualunisudmsdanisiy

1. foyarly

UtRnserunuhuuiealngl

funumddglunisdanismineinsinegiedissansnm 1AENITAIVANAIIUNUNIY
yoansudestiluuit

- dayaanaaisatuanmgnninelusuiandimanivesguindudedududmiums
dadulalundazYuodreiivszani nnlunisudesureanaine v usii1uua seasonal
operation $inagA1MuUALAY operation rules

- N13ANANITAIENNINYINILLIANDTS

- m3dansanuliuiveniideglunisneinsal

yaUfuAn1sne1nsalgnnInen (Operational ensemble hydrological forecasts)

- mhonuinsmansalgnninglunsufiRnueineg fesamfenisaianisaignninen
(ensemble hydrological predictions, EHPs)

- EHP Usznausheduiiaanisall ivansyalaeifeuluuduieiuilefiansantaves
nsidulavesteranainFuduluveunan

- sudeyaientuanaliutueudeanmnsauszanaild Tnefiarsannisunsnszateves
msnensaflulsazniafnunnatiiaianisal

- finnsanhnsdeaulafifvsyansnmanndulunmssidusnugiafuih

2. Inguszasd

mseﬁ’%ﬁumuéwLﬁuﬁ‘nmuL’gmaﬁﬂmﬁmimmﬂmimﬂmsaiéqmﬂﬁﬁamsswwn
LLamssmﬂawuaaﬂ‘%mmﬁ’]wuiumfﬁu

firsannsuiiRnsdiusimanh (msdansfoude)
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One-week Ensemble Prediction (EPSW)
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One-month Ensemble Prediction (EPS1) Iagl Japan Meteorological Agency

(JMA)

- N3UsulTIn1sUuRnsse Turesenuiuidmiunsinnisdewas lnefiansanain

AU SN IneNAInnisalldlag EPSW uag EPS1

EPS dntinggiesinengiy UMA) Inhgaufdfinisaianisaliuaadys

T 9

a wa L3

miwﬁ 3.1 ¥aUfUAN1ITAIANITIUNY EPSW Wag EPS1

One-month Ensemble Forecast (EPS1) | One-week Ensemble Forecast (EPSW)

Lead time

33 days 192 hours (8 days)
(264 hours since March 2013)

members

Spatial Coverage Global Japan Area
Spatial Resolution 2.5 degrees grid 1.25 degrees grid
Temporal Resolution 1 day 6 hours
Frequency of prediction | 7 days 1 day

Number of ensemble 50 51

3. NTRULUIAA

Ensemble Prediction of

=== Basin Precipitation —
[ IMA-EPS1 ;“" for the Coming One Month -‘Dailv\f
Weekly updated ¥ R
Ensemble Prediction of
River Streamflow for the

Coming One Month
v
Optimization of Reservoir
Operation Policy for Drought
Management for the Coming
One Month

|

Updating States

lkaAImA

AT 3- 32 NTDUBLUIAAMUNITALTIUIY

i1 Daisuke NOHARA, September 2021
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4. nSAANY Sameura Reservoir, the Yoshino River, Uizmﬂiﬁﬂu

CASE STUDY

Sameura Reservoir, the Yoshino River, Japan
Assumed Operation:  Water supply (Daily operation)
Objective: Water use (Minimization of water deficit at assessed point)

Applied Period: 2007-2010 (Severe droughts observed in 2007, 2008 and 2009)
Storage (for water use): 173,000,000 m?
Catchment area: 472 km?

It was assumed that the assessed point of river flow located just downstream the
b'eservoir -> Only the inflow prediction was considered

133°00 133°30' 134°00' 134°30

3430 —T— — 34°30
. WG * AL YA

3400 A L EL

#y
33'30' 28 33'30

|
g =3 Flow direction
o . 133000 13330 13400 13430’ 1

Sameura Reservoir =

AN 3- 33 NAANYI Sameura Reservoir, the Yoshino River Uizmﬂiﬁﬂu

5. NANISAN®N

RESULTS: ENSEMBLE INFLOW PREDICTION

i1 Daisuke NOHARA, September 2021

1. Ensemble Inflow Prediction

RESULTS: ENSEMBLE INFLOW PREDICTION

— ble inflow . d on 315t May 2007) ple of ble inflow p d on 19th June 2008)
Projected from Projected from
%0 JMA-EPSW _JMA-EPS1
o e [ e o[ —
oy Historical Mean o Historical Mean
Observed Observed
= %0 Zeo - \
z E 50 \ X
Lol 3z _éﬂ Q( VA T N
4 & 1 ; R B S
£ | RN ‘ DS SO R
2 = R >
0 1 =
0 0

N T R A A R T RS 12345678 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Ensemble inflow prediction could estimate the tendency of low inflow

condition

Predicted Days Predicted Days

* One-week Ensemble Forecast could estimate high inflow in the coming
week in some cases

* Ensemble mean prediction tended to provide better estimation of inflow
than historical mean inflow

iflkaiva

iflkAJIMA

m‘wﬁl 3- 34 man15Anw) Ensemble Inflow Prediction

fi111 Daisuke NOHARA, September 2021
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2. Reservoir Operation

RESULTS: RESERVOIR OPERATION RESULTS: RESERVOIR OPERATION RESULTS: RESERVOIR OPERATION
Tht 56itas of reservolr torage Vokmes Siid drocight deniages (17:2009) Trajectorles of storage volume, release and drought damage over two years
Averaged drought damages caused by reservoir operations Smaller Damage

. EPP-W1/SDPs

Averaged drought damage (m?/s) S| s
Mokt 2007 2008 2009 2010 _ 2007-2010 = | —
EPP-W1/SDP 0.181 2.04 0621 0271 0.778
EPP-W1/SSDP 0.235 195 0676 0317 0794

HIST (without prediction) 0.352 249 112 0359 108

!
e ,
1aay e il Shug 15 10 1hav . ok n 0 0.
« Reservoir operation ensemble forecasts S10chgn (IPSTAIIOR] woves ocape MPSIWIALOH - Shcrage (HST) TFMAM) JASOND IFMAMJ | ASOND
performance through the applied years W age (71 g (+57) HIST = Greater Damage

< imprcvemers W EPR-WA(SDP Ly 330 300} 2010) + Reservair operation methods considering ensemble prediction L ||
ABEN IS, 1.1 (R0, SN BNTLZNI YD (EPS1W/SDP, EPS1W/SSDP) pravented from great drought damage by fofl—m=] 4 N
+ Improvement with EPP-W1/SSDP by: 26.5% (2007-2010) performing mild water saving from early days compared to that H it

33.2% (2007), 21.7% (2008), 39.6% (2009), 11.7% (2010) without considering prediction (HIST). ;" \/_/\

Reservoir operation with SSDP tended to keep water storage greater J il
than other cases by conducting water saving from earfier. 0 7y \

. = = TFMAMI JASOND IFMAMI JASOND
illKkAiIMA illkaIMA illKkAIMA

Al 3- 35 NaNSANYY Reservoir Operation
ﬁm Daisuke NOHARA, September 2021

6. Yoasy

- smamsaiyauiiRntg 1 ieuuay 1 SUnvives JMA Wenfutiinashdugninaldsunng
suflunusafuiuuudealnidmiunmssnnssouds

- nsnennsainnsivadvesiluiounth Ussdiulaeld Hydro-BEAM allunuusrassusunas
Yn-1vin

- miﬁf\mmmimﬂmmiqmnﬁwmﬁgﬁwwnLLazﬁsazﬂmqﬁwqqmsﬂﬁﬁ’amiﬁuméwLﬁuugﬂ

AMSUNTIANISAULAS

3.3 N1TUINITIANITUD
3. Water Management under Risk Mapping 1ag Asst. Prof. Pongsak Suttinon,
Chulalongkorn University

nsinnsunelaukuAnuEsS (Risk Mapping) nsdldnw Uszimelng
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New system for economic damage assessment
from satellite image: case of tropical storm Dianmu 2011 and rice
Damage = 5,700 sq.km. or 405 M.USD.

Flood risk map in
monetary term

(405 M.USD.)
' Case of Dianmu
A% 2021, rice
(Flood hazard map) (Flood exposure map) (Flood vulnerability map) = —
Sep-Oct 2021 by GISTOA Rice which is harvested in Flooded rice PRI
Source: ONWR Sep-Dec 2021 by GISTDA By ONWR

Al 3- 36 gundy MsUszliuanudeme meldunudianuides
i Pongsak SUTTINON, Chulalongkorn University, September 2021

Mainstream result to M&E implementation

[E=T S \
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g | el shembelowen The result will be calculated in each year ta
\ to monitor and evaluate reduction Y e atd

s 1 e dlerrneh in socio-economic development and y
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Water projects
Budget and operation  OUCE ONWR  yper master plan Master plan under national strategy National strategy/SOG.

awdl 3 37 Wlowne wwugvsmans Sofivhdui
fian Pongsak SUTTINON, Chulalongkorn University, September 2021



Comparison observed data and model result: case of tropical storm Dianmu 2011 and rice __ :

Issue FPO: Fiscal Policy Office (survey) ONWR (satellite image)
Source of input data Survey report: disaster impact in agriculture Model result: satellite image
sector: Ministry of Agriculture and (flooded area and rice cropped area) from GISTDA

Cooperatives (MOAC)

Flooded-rice area 3,284,092 rai or 5,255 sq.km. 3,542,285 rai or 5,668 sq.km.

Damage 10,222 M.THB. or 307 M.USD. 13,662 81U or or 410 M.USD.

Period 1 Sep - 5 Dec 2021 1 Sep - 23 Dec 2021

Data Average rice price: 7500 THB/ton or 225 Actual rice price classified by each rice type (White,
USD./ton Per ton (OAE) Sticky, Hommali rice ), each province (OAE)

tropical storm Dianmu Lion Rock, heavy rainfall

an' swnusenssnuanunisehinionl 2564 dawnsughelne . Jui 8 gaay 2564 Tae dninuasugionsnds nsensnmnds
Source: ONWR

A7 3- 38 WiBUWgURA N38inTg Dianmu

i Pongsak SUTTINON, Chulalongkorn University, September 2021

3.4 nM3wzdgn

1. Optimal irrigation and cropping planning- Taoyuan irrigation area 1a# Yu-Pin Lin,
Associate Dean, College of Bioresources & Agriculture, National Taiwan University

1) i

Tty wlgiuanizwdslutiaaesauUiiiiug dmansenuAsnunIng wasnsHan nandn
ynanYes :nnsiUaBuasanmgiiennia wazmsnsIIn cop26 liniu Sududesiuleuiesessu

FBNANTENU NISUSUN I MULTIULUNULAL WHUATULNBAT

: Agriculture, industry,
Climate thi:"'agt:“"'me Ml people's livelihood
‘ Water competition

Water shortage

Risk assessment management

Short-term adaptation strategy Long-term contingency plan

® Applied in water resources

® Based on climate predictions

8 Provide the government with relevant
8 Provide an assessment of the
decision-making at key time points
benefits of suitable sites
to adjust the irrigation system, fallow
® Changes risks that are converted
cropping, elc
to gains

AN 3- 39 N1IIANTTANUFSINILNALNTIZULHY WAL TZELEN)

‘17{11'1 Yu-Pin Lin, National Taiwan University, September 2021
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2) AU
TunisAnwldluiaa EcoCrop iafinwinnuidusvesivisazviln wazldluna CropwWat tive

ANUIUS UL LY Tuaudneusenauniene 4 ¥89a takn 917 8raea Jupse wazduwme 19n1s
Awandldteyalusdn U 2004, 2015, 2020 lunufnwilaiinisAnuanudsesiiy (Crop risk) Wed

n1sld sunlaigdenia wardinismaaesuiszuu sensor/iot lldlulasanisvadseniusudu

USENBNYU

EcoCrop
model .

: |

CropWat
model

l Existing subsidy sirategy

AT 3- 40 NTOUNITANTUIUY

ﬁu”l Yu-Pin Lin, National Taiwan University, September 2021
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ﬁuﬂ Yu-Pin Lin, National Taiwan University, September 2021
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3.5 msﬂ%’uﬁwaanzjuﬁﬂ%’ﬁwmﬂuﬁwi’u (Community water management in Taiwan)
Iae MingDaw SU, Ph.D., Professor, Department of Bioenvironmental Systems Engineering
National Taiwan University
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Juwuu A1SALEUNNS Uszne
1. 3UUN9 Improved seasonal prediction by the SINTEX-F system -past, present, and | Japan
wansal future Iae Takeshi Doi, JAMSTEC/APL

FPUUNNIAIANSAlAN N TDINATIEAANS SINTEX-F Waulay JAMSTEC

- fimsiiaun 5 ety

Aduvuiassndiaemans (W yateyansiningiionne uagaymsaans ssuu
AinsesiviuuideyaiiteUszanamiSusuvemmayns uuusiasagaiusening
UsT81IM1A Uazumamslusaulan

-Us¥AnEn1mN13AIANTSIsIEnANaYee SINTEX-F

~AuaynsAEns lakn Usingnised I0D wag El-Nino Modoki

~AuanMnTeN1ATIEgaN1a Wakn gamni Usuiamy

Development of Super Typhoon Damage Prediction System lag Yasuto Japan
Tachikawa

MsmITUUNEINSaiAUdsenmelauualng Inegatunisanaiu
devmoandefitishensiaunssuunmanensaldofiadelml Weatuayuns
Weusvaamtividluszazduiinasiallagtu (Real Time) warszerenn Msdnwdew
asaumaveieyanensaifeitRaamin el fifuteyauszneulunsifouss
wazn1swIeun1senen uaznmaimumalulagliianisldusslevdgeanludunms

AIUANDIANTNINYAAANS

Drought monitoring in Taiwan using a variable-scale SPI Ing Ke-Sheng Taiwan
Cheng

183y 14 Variable-Scale SPI Tuns@nmusisudsiaznisiiousvalsminluim
YaUsENIU Jianan 1992 - 2004 @1150NTIUTTHZIAMAZAILTULSIVRATBUA
71MN1597999UU stochastic spatiotemporal voUSnauiey ten-day-period

(TDP) wuuvangiud virliaunsaussfiuanuuasiduveidendsianaindule

Integration of Water Resources Management for Drought Mitigation 1ng Thailand

Chaiwat Ekkawatpanit wazagade

v
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Ine Toduivindauds SPI uay SRI Anwnluiiui quunidinszen

a6



2. USUI59ANIS

\Uau

Challenges on Flood and Sediment Management of dams under
changing climate in Japan lag Tetsuya SUMI

auvied 3 Ussdiuvdn Téun (1) wudfinisiteanuuaendueenassou
waymsuImsideuiiiiusyavsnmiilesuslefuimmnisaignnfoguss (Urgent
Action Plan to Safe and Effective Dam Operation to Cope with Extreme Flood
Events) (2) m'il,ﬁmmmﬁiumimimmqwﬂﬁaLLazmsé’]’ﬂmszﬂauiudwﬁuﬁ’]
WieliAnanuddulusuan (Increase Flood Mitigation Function and Sediment
Management for Reservoir Sustainability) itag (3) mstundounisldussleviann
Poyanulun1suimsianisannsdsuasmgneu (Rainfall Driven Optimization of

Flood and Sediment Management)

Japan

Real-Time Reservoir Operarion for Drought Management Considering
Operation Ensemble Predictions of Precipitation in Japan 1ag Daisuke
Nohara

nsuftimssraiuidnaesdagiuionisianmsfouds lpgia1sanandeya

sunensalaraminlulssmagu

Japan

3. US1159ANIS

141

Water Management under Risk Mapping Mapping Ing Pongsak SUTTINON

nsianIsiAelALNuNALLEES (Risk Mapping) nsdidnw Uszinelne

Thailand

4. N159NS
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