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Water & Economic Development

Rainfall Variability vs GDP

1.8
2 16
= d ° ‘Wealthy nations share a small window of
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‘:‘E ° ° / ° ° .
s .
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Mean Annual Rainfall

bubble size = GDP per capita
O = low inter-annual variability of rainfall

Source: Brown and Lall (2008) and adapted by Briscoe (2009)
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Example of Global Patterns of Incident Threat to Freshwater

Source: Vorosmarty, C. J. et al. (2010)
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Key Dimensions of Water Security and Linkage to
Sustainable Development

Linkage
?

Source: Asian Water Development
Outlook, ADB (2007)

Source: Sustainable development,
IUCN programme
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Annual Water Use(Mcm)
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Brunei Darussalam #12

Singapore ] 213
Philippines 199

Indonesia 708
Cambodia #11

GDP(MUSS, 2010)

Burma 10
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Description of confidence:

Very high confidence At least 9 out of 10 chance of being correct
High confidence About 8 out of 10 chance

Medium confidence About 5 out of 10 chance

Low confidence About 2 out of 10 chance

Very low confidence Less than 1 out of 10 chance

Description of likelihood:

Virtually certain >99% probability of occurrence
Very likely 90 to 99% probability

Likely 66 to 90% probability

About as likely as not 33 to 66% probability

Unlikely 10 to 33% probability

Very unlikely 1 to 10% probability
Exceptionally unlikely <1% probability
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Adaptation: Basic concept

* UN (2002) Defines
“Adaptation” as Climae variabiity
measures that human ¥
has taken to adapt f ¥
with climate
variability (settlement,
life ftyle change etc.) 7
and/or any measures
that aims to reduce e m
vulnerability of human 1 ¥
systems or individual
people to adverse -
effect of climate
change.

Relationship between climate
variability and vulnerability (UN, 2002}
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Interview Data Analysis

Perception towards climate change
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Interview Data Analysis

Impacts towards agricultural area
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m No reply Lower Yield (tang/rai)
W:No Past data 83
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Present data 69

Farmer Zoneman RID

What and how the impacts are?

m Cropping patternchanged from the past
® Water shortage due to less water allocation

® Need more water due to higher evaporation

Farmer Zoneman RID
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Interview Data Analysis

Adaptation attitude
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Adjustment in projectlevel

B Improve the drainage system and flood alleviation system
e.g. dike,embankment, pumping station

m Adjust the allocated time or the supply periods
corresponding with the demand and climate

M Improve the controling zates

~ M Excuvation of the borrow pits for the storage

Zoneman RID

3% Adjustment infarm

® Excavate the small ponds for storing water
m Drilled artesian well / shallow pond
u Adjust planting techniques to save water

B Adjust the time of planting or planting calendar

B Modifying breeding seed to resist the climate

Zoneman RID
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Resilience under risk assessment

Frequency Loss Relation

and Risk Reduction Strategies

@ In disaster management our objective is 10 move the loss line as low as possible.
This would need different approaches lor different frequencies.

@ Now, the challenge is 1o manage risks in the left most column, catastrophic events
that are l.:tm bul.' h;wo very high impacts.

/ Early warmug‘\.

\\ Recmer} // Soft.and

Hard ﬁtasulea

g ‘ N—— e —
.3 7 —
_; % i \ - Frequem Flood Losscs \
£ B Infrastmcmre Solut:on //
g e e
Regional or
global risk 001

35U 712 wAaieanuanusbu (resilience) lunssanuuuszuulIudInAuRTE
(a: Srikantha, 2011)
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Climate Shared Socio-Economic Pathways
Change
Outcome S5P 1 S5p2 S5P3 55P4
RCP 3P| Increasing
D Cacd ot mitigation effort
RCP 4.5 3oC World —‘
RCP 6.0 4oC World
Increasing
RCP 8.5 5°C World climate hazard
6°C Wiorld
Baseline
P Warming
Wz - ACR Fepresentative Concentration Pethemys) wWemme e mEmimiourmenu e

e mrrizmion, smenarizd BEne LR S nand 2 vetmnar s e Ens s
rrra e rsrgien A (ece ARe Wal Tessfen o ntneinas s

35U 713 nwanpawaauaININ@RIAIEIRIwazFIaanulan &N Bl Ao Ll al

FNWDADINAG 9

Monitor Define goals and

and
review objectives

Identify issues
Actto over scales of
reduce risk interest

Describe
measure of

Choose preferred success & dedsion
criteria

strategy

Imagine
the future
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(Aan: P. Sayers, and et al., 2013)
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7.6 MIIHMABANIATINIIIINUALRIAUNITAARH 1D
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[ & a J =3 o | 2 a A a A
URZNAANWTNALNATW 293 UTUAzADINMIUINANTENUNIZLAA UASINNIAIINTT (AUT)
szydadanaImId gdwinluuni 5)  sasfuludnsazanamiiin nimIaa m3
USUA wazMINAIUT  (mitigation+adaptation+development) ldalanu  wazlAdataTausin
a o o A A4 a X _ _
WNILATEUNIT LWERALAZIANITIANNNULRYINALLNAV (preparation for actions through
reducing and manage risk) w I ansunuanitll3aduanuae scenario base
planning waznsaaaulaazaaridu uwunni1saan (map of solutions) wazisziiuniaifen

ALLNAKA sustainable pathway ()N scenario, options, aspects) éﬁgﬂﬁ 7-16
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miaﬂwaﬂsmumﬂmnﬂﬁﬂuLLﬂammwnﬂﬁmmﬂ (MLIT, 2010) luajumiﬁl,l,mmaaﬂizl,ﬂﬂ
PUAWIN NRNIANEN NANTZNUIRAWINYIINGaLNaIa%as LasANUIN Juwdliuvasnig
a :/ AI g o 3’ U [ :’ aaAa {
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Tutia9915n15d1 Useinadulaiitdy AlTluuuwiAani1saariuwnzasnoiiriuluwgiy
L 4' A @ A o . .
msmﬂmazmmu’lqumu WWENILABWABLAZNNTRANE (Syahril Badri Kusuma, et.
al., 2014)

Ralse level +L1 m in spring

E%

Decrease level and adapt
infrastructure (-0.8m) X

Raise level 40,6 m O

Supply Decrease level within o o
actions current infra (-0.6m) ]

Ralse Ussellake level
within current infra+0.2m o °

More water through Ussel " ==}

Dptimising current policy

Current policy

More efficient water use & 1

Demand
1 Change to drought/salt ’ O
actions bty = O
Change land use O O O - O
Warm L
2050 2100
Crowd -
2050 2100

Evaluate policy actions and develop PATHWAYS.
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Coping with extreme: Hanoi City

* HanoiCity, Capital ofVietnam, locted in ] |
the Red River Delta, lies below theriver
level. The lowest river water levelis2Zm
higher thanthe city level and the highest
level(1971) wasB.6 higher

* One ofthe proposak is to make spilways
along the river dykeupstream. That
wouldreduce the possibility of
e mbankment failure upstream and
provideflood relief to downstream city.

* Measures should be developedto
transfer downstream savings [ benefits
should be usedto compensate
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7.7.1 NMIIUHBITAVNRINA
lunsnuauszaudszing @nane) Alassnsalatanyinsmuuansauns

‘ﬁ’]x‘]’]%l%ﬂ’]‘i'%'@‘ﬁ’ﬁﬁ B91wN1IUTUAvaIdTzing  In1TdsstiuNaNTENUIINEAIWANT

L s

4 a ‘ )y & &
LﬂaU%LLﬂa\‘iﬁﬂ’]Wﬂu&Ia’m’]ﬂ@lﬂ NONIN mn‘smvhmu

o o

ningnadanudaglulfvesasegiouazdonnlu 2 arunande (1) s

o

qz a

W lagliniwennsiuduwiandu (input) iNanTlTaEURINARIGNT 9 LA (2) AN

o

2
v

Ui

A

L REOMILADNTNAIUIANNALNLIG

1) #uNanm NI

fmniumaiamlasldniwensiuduiandu (nput) Wenslfaasaasnia
1 1 g; dl =3 v v & =1 dl 1 =3 v g/ dl
U GHI 157190 7-3 114 7-4 lauaasliiAuisanuidenlasszninsdSanansidinie
NINAA YAAININATHINIVBINAFINGTI 9 LTU NIANBAT NAGARIANTIA UAZNA

UMy Twdedsan mmﬂ‘*ﬁﬁw ANURIA Nluﬂﬂﬂﬂ%’l Fon LLC\]&ﬂ"I{L‘ﬁﬁ"I WO IINEIzUUBLa6

AANITNAEAS gwwaanszﬁwﬁwmﬁv 7-19 iﬁ.(ﬂ?.?{aﬁ(ﬂ gmﬁuqmaﬁ



maa U%LLﬂadﬁﬂ’]Wﬂ FoMANUMINIURNBLIAITIR ﬂ’]iﬁu’]“ﬂﬂdvl,‘ﬂ H] uni 7

myndunwidaluluamaa

ﬁ]:Lﬁu"l@Tiﬂmﬂmu@nﬂumﬂdmvxﬁﬂﬁi‘*ﬁﬁwmﬂﬁq@LL@iﬁ;&a@iﬂmdLﬂwgﬁﬁ]madﬁﬂ (NaA"
LﬁmmmsmammLwia::mﬂmum'amﬂ%ﬁmﬁmmU) @‘iﬂﬁq@ athslsfanunslainlu
mansasziianuiayluifvesfaudifinananudaluindenauntihil dwmsumasiu
DARIUNITUUALANALINNT ﬁ]:wmﬂgaﬂ'wmoLﬂwgﬁﬁmaa‘ﬁﬂumﬂq@lm‘ﬂmimm:mﬂ
Uinsliengeninnmeinsasdautnemnn Tagmausmiszgenlganulsifneugsnune
UszznslunieaiiFen nuwldumaawiassgiauazdiauvaslszinalng (yadd
NAAA MR UIaTINYRIUTEINA INnY) ﬁgaﬁu Aansruluniadindrsg Junwrlituidanny
Fasmslinunniu

3nydszidunisuiuistanisihlunisnauiiasegia §9au uasdsuiasen
o ' L3 o ¥ a a g/ d ¥ J J v
dana1 graulponsdndudassimasamahniienadasmagiiuangnmadin neld

a1 laikan aoamw:q]ﬁmmﬂﬁLﬂﬁmmmmvlﬂluamﬂ@

AANITNAEAS gmaaﬂszﬁum"‘mmﬁm 7-20 iﬁ.(ﬂ‘i.?{aﬁ(ﬂ gmﬁuqmaﬁ



unn 7

luluawaa

6t0°LL9O se9'gee 299 VASTANN 9S8 /L1 669°‘Lce 9/8°'9¢ (OLe) Indul jejo
pAANSISTA sce‘eelL o9V ocas c09°‘8 c60'/.8 sLs‘'ce (602) Pappe anjen
6t0°LL9O VA SIotA tAANIASLS: 69.°'86 LOc LeEY €526 209'vee LoE' L (061L) 11Ol ‘ler1ol

%
o

MINILNUING

e

v

(08L-291'S9l
S69'gec oc6‘g8lL 69/ ‘61 LOL'LE 1251 LCL Lov'e g6 ‘el tvelL L -8€lL‘9¢cL)
HOS ‘eoinueg

991l INVS
299 c6 S/.S 6.€ (¢] 6 Z S8l o ‘seoinies Jejiuis
pue Auejlues

€L SSM ‘Alddng

AT AN (e]=pA 205 zelL L sz € 8z L
puUBE SMIOAA J91EAA
selL
958 /2L 60E€ orselL 99+°‘S 8L 661 LS9 [Sr AR 88
‘3713 ‘Aloo9|3
(FEL-0€) ANVIN
669‘Lce 0sS8'6S 8t8L92 €ZL2S 2L 27 98L°‘g oge‘68lL 666 ‘Bulnioeynuen
® Buluin
(62-1)
9/8'9¢ 66t°S 22€L€ 806°C (e} 0 LL eze‘ve ezL'e

HOV ‘e4ninoubv an

o

a|jgqe_| 1ndinO-i1ndu] pueliey | pajlebaibby

a

FaMANUNNIILHULEIRITIANM TN TD9

a
U

(o8t
reL
(009) (605°‘601%°60€) o6l -/91L Q9L €L sel ; (62-1)
-0o¢€ Jejjo uoliw
‘SOl “ejop snN i)
SLNNODDV
-8€L
DINONODT
‘ocL)
INndino puewaq 10OL H3s NVS SSM ERE! ANVIN HOV
|1ejo | leuild (31) uonoesuel] s1IPpSWJIalU|

madasuudasaning

((1e18AN-YTTS) J81BAA 40} BunuNO2OYy OILLOUODIT-JUBWUOIIAUT JO W)SAS)

W@Mrﬁmﬁwgdmm&mﬂo@?ﬁﬂxm m_\éagﬁwﬁﬁé rma?\m(rr%_,ﬂm\_%Gn\jvmﬁwmm@wcﬁ_maﬂ@\mﬁﬂww €L ULLELY

4

IA.Q3.]I0 ATUDUNKIIA

q

U

q

7-21

o

a

3

q

AuANITNAEAS WNaInTalur ANy

a




uni 7
luluauaa

MIIWLNWUIND

o

e

v

o

a

FaMANUNNTILHULEIRITIAN TN TD9

a
U

0 0 0 0 0 0 0 0 0 0 BOS 8} WOl uonoeISqy
0 0 0 0 0 0 0 0 0 0 uoneydiosid Jo uonos|oD Il
0 0 Jajem |10g g1
921 0 108 696 62l 0 0 0 659 182 Jsjempunol g1
8ZLy 0 8zZL'y 0 0 0 0S¥ vl 8zZLy 0 Jojem 80BlUNG LI
S$80JNn0sal
¥06'G 0Le0lL 108 160G 62l 0 0 eradt 189 182
Ja1em puejul wold4 1|
0 0 0 0 0 0 0 0 0 0 uonNQISIP 40} UOROBNSAY "' |
0 0 0 0 0 9 0 0 0 18410
896 0 0 896 0 0 0 0 0 896 puod
9/9°) 0 108 698 6zl 0 098 0 651 182 11em Mo
815G 0 0 815'S 0 0 062 L 0 96€°C z8l'e wees [einjeN
8.6°LE oLeoL 0 8/6'le | 0O 0 16 oSyl | 0 8.6°L¢E JI0/I8SY
00Z°0% oLE0L 108 €6e'6e | 621 0 Lee eradt 598 601°9¢ ©SN UMO 10} UOIOBNSqY "B’ | JuswuosAUS
) . _ . _ _ _ L +ry
00Z°0% oLE0L 108 £6£'6¢ | 621 0 Le'T oSyl | 958°C 601'9¢
=Q'l + €| =) uojoensqe [EJ0L "L ay) wou
(08t
wx[B101 sployasnoH 061 /91 991 /€1 Gel (re1-0€) (62-1)
weysAsoo3 oL (INDW) 81de) 8sn [eoisAud 'V
8¢
‘9eL)
«LOL y3s NVS SSM 373 ANVI HOv SLNNODIV HIALVM

(e1gel indino

-indu| puejiey] perebeaibbe jo AiobBsied AQ) (31) uonoesued) aie|pawlaiu|

maddsuudasaning

((1218AN-YTTS) J81BAA 40} BunuNO2OYy 2ILOUOIT-JUBWUOIIAUT JO WB)SAS)

C;moa Jalages acq,_\,_uc,,_uw_.ﬂ.;,_w rﬂrﬂ\mr\rr%n@\%SPJJOMGmmﬁwE,_m‘umu\mﬁﬂﬂnw V=L WOLELY

o
<)

4

IA.Q7.]I0 ATUDUNKRIIA

q

U

q

7-22

o

a

3

q

AuANITNAEAS INaInTalur ANy

a




unn 7

inluluauwaa

MIIWLNWUIND

o

‘puejiey] ‘yoxbueg ‘ZL0Z AON 6Z-/Z ‘BlSy UOOSUO\ Ul Juswabeuey [ejuswuoAug g Jajep) J0 sebuajjeyd aouaiajuo) [euoleulaiul Z10Z

S3I3IMVd ‘. PUElieyL JO SSED Ul IBJEAA 10} BURUNOOOY OILLOUODT-[eJUBWUOIAUT JO WBYSAS, *(ZL02) “L ‘eley| pue “S ‘nseN “Y ‘OLOWIN “N “INMVYSLIDOHOOONOE “d ‘UoUMNg :82IN0g

(z661 ‘Buny pue sAepy) uoneasasald waysAsods pue ‘uoessuab Jjemod 21108|90IpAY ‘Bjdwexs 40} (S82INOS JBJeM 8U) WOJ) UMBIPYLIM JOU INg pash

SI Jey} Jojem Se pauep si asn aAldWNSUOD-UOU ‘puey Jaylo 8y} uQ ‘sesodind onsswiop ‘Buunjoejnuew ‘ainynoube ‘sjdwexa Joj ‘JUSWUOIIAUS Jojem S)elpalill 8y} WOy POAOWS) SSIMIBYI0

10 H00)s8AI| J0 suewny Ag pawnsuod ‘sdoso 1o sjonpoid ojul pejesodiooul ‘pejesdsuel) ‘pajelodens Si Jey) UMBIPUNIM I8)BM Se pauljep Si Jejem JO asn aAdwNsSuod ‘SpjoyssnoH pue , 101

JO SUWN|OD SE pajesisn||l ‘Jajem JO asn aAdWNSUOD JO WNS [BJ0} B SI ,,.[e}0l ‘YIS PUB ‘4NVIN YOV JO SUWN|OD Se pajelsn||l ‘I8)em JO asn aAldWNSUO0D JO SaNjeA JO wns e S| 101 910N

e

v

o

a

FaMANUNNIILHULEIRITIANM TN TD9

a
U

ocL'vy oLg'ol G19'C SLS'LY (154 8GY Le'e 0S¥l 189t 60%°'9¢ (z+1=) Jo1em jo asn |ejo] ‘¢
0€6'c 0 608°L (444 06¢ 0 0 0 zes'L 0 Jejem del ‘pg
0 0 0 0 0 0 0 0 0 0 isiem pajeuliessqg '0'¢
0 0 0 0 0 89Y 0 0 0 0 obelomes 0} JslemalseM ‘'
0 0 0 0 0 0 0 0 0 0 191eM pasnay 'e'¢
0 0 :yolym Jo Awouoo3
S}luUN 2]WOU093 JaY)o
0€6°c 0 608°L zzL'e 06¢ 8GY 0 0 ze8’L 0 WOl POAISORI JB1EM JO B8N ou UM
(081
««[B101 SpjoyssnoH 06l -/91 991 yAY" gel (rel-0¢€) (62-1)
weishsoo3 soL (WOW) aiqe} asn [edishud 'Y o2
-8el
‘9¢l)
Lol EES NVS SSM 313 ANVIA Hov SLINNODJV HLVM =
(eigeLindino
-indu| puejiey] pajebaibbe jo Alobsieo AQ) (31) uonoesued} ajeIpawIaiu|

madasuudasaning

(eB) ((Jo1AN-YITS) Jerep) Joj BuRUNODOY DIWIOUODT-JUBWIUOIIAUT JO WR)SAS)

o
)

e
® ~

Grnes mcq.r_ucaﬁ.w?ﬁé Cﬁ_v\_,_.w\m(rrw@:m\_%@n\jvmﬁwmmﬁwcdmaa\mﬁﬂ&w V-L WOLELY

4

IA.Q3.]I0 ATUDUNKIIA

q

U

q

7-23

o

a

3

q

AuANITNAEAS WNaInTalur ANy

a




maa EI‘H:LIJJRdﬁﬂ'IW{“\ﬁa’]ﬂ?ﬂﬁﬂﬂ’ﬁ’)’mlmuﬂ%%’]i’;ﬂ ﬂ’]iﬁ:’]"llﬂdvl,‘ﬂ H] unn 7

myndunwidaluluamaa

va o

FRITUU T AUANNLFIRILAD N TNAWINNALNUGOUTINTY &IN1TDMLIa8N
Ieilugasifagonanaa ¥viaa LaziILad

] v

gnnay 1ndayazassmanslanfivhnsdszlunaidanisnnivinlvgves
Uszinaing ludl w.a. 2554 ﬁLﬁ@]ﬁ]’]ﬂN%@]ﬂ%ffﬂﬁUW’lq Iuﬁadqgﬁluﬁuﬁuﬂdﬂﬂﬂa FINA LA
131 66 T9n3alaSUNaNTENUINNUNTINE AuAtnEasnin 11.2 dwls (18,000 A9
Alatuas) Qﬂﬁﬂmu Uszzinindt 13 duan laTunansznuuaziifiodiandn 680 au
YAFIANULEINY UAZNNIFIYLTE mammgﬁﬁ]gﬂﬂiuﬁuvlf?ﬁ 1.43 SURBUIN (46.5 Wik
fuaaaans) mﬂqmm%mm"lﬁ%'uNaﬂszwumﬂﬁq@ﬂs:mm 70 1asigud 31nany
Fowananue 01ananaldinnaenawldTunansznulssanm 90 Woidud nany
FoWnranua Lﬁaﬁmimwamwmaé’mwmﬂﬁuimawa@hwa@lﬁmsﬁmamwaa
Usznalnawuin ermsidulaaass 1.1 wodidud a1n 4.0 wWesiFudlutrsnouiasii
i 2.9 Wafifud ludussan adiFoufildiunanszny mﬂmsgtyl,%mm‘lumu{w
Yiaudszanmh 1.1 LEBaIWUIN %Gﬂé&lLﬁﬁﬁﬁLﬂ%ﬂéNﬂit“ﬁ’]ﬂi ﬁLﬁJiwxmoLLa:ﬁQﬁeﬁ:uﬁ'uma
é‘oﬂm‘ﬁﬁaqmmﬁaaLLawuumzLﬁu"l@TdﬂNaﬂszmmﬂﬁﬂmﬂuﬂ W.F1. 2554 §INANIZNL
domInammuaTEgiaLazsInupeslszine lngluisning ﬁ’mmﬁénﬁmﬁm%’ugﬁmu@
wlovramInawdszing e luauﬂﬂmmﬂl,ﬁ@m@;mitﬁﬁwmuaﬂ'wﬁmmﬁ@ Tudl w.a.
2554 LLazflNﬂﬂizﬂﬂ’ﬂ’]ﬂﬂ’]ﬂﬂa‘lﬂuLLﬂadﬁﬂ’]WQﬁa’m’]ﬂ Usunosdluili Souudas $1wau
u,azﬁﬂmwaawwq srdInansznudatinviuluamanotinels

@139 7-5 YA NUEINEY LLa:msgtny%ﬂmaLﬂmgﬁalw,l,@iazmﬂmwam (RAULIN)

it Damage Total | Public | Private |

Infrastructure

Water Resources Management 8,715 = 8,715 8715

Transport 23,538 6,938 30,476 30,326 150

Telecommunication 1,280 2,558 3,848 1,597 2,251

Electricity 3.186 5716 8,901 5,385 3,517

Water Supply and Sanitation 3,497 1,984 5,481 5,481

Productive

Agriculture, Livestock and Fishery 5,668 34,715 40,381 - 40,381

Manufacturing 513,881 493,258 1,007,139 = 1,007,139

Tourism 5.134 89,673 94,808 403 94,405

Finance & Banking = 115,276 115,276 74,076 41,200

Social

Health 1.684 2,133 3,817 1,627 2,190

Education 13.051 1,798 14,849 10,614 4,235

Housing 45,908 37.889 83,797 - 83,797

Gultural Heritage 4,429 3,076 1,505 3.041 4,463

Cross Cutting

Enironment 375 176 551 212 339
TOTAL 630,354 795,191 1,425,544 141,477 1,284,066

fix1: The World Bank, 2012, Rapid Assessment for Resilient Recovery and Reconstruction Planning, Washington, DC
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