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Asian Water Development Outlook (AWDO)

Strengthening Water Security in Asia and the Pacific
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AU TaNlEI5EI19 AWDO uag SDGs (ADB, 2016)

Key Dimension 1
Household Water Security
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Asia Water Development Outlook 2016
(assess national water security using data around
2012-2015)

Table 4: Years of Publication of the Data Used
in the Asian Water Development Outlook

Asian Water Development Asian Water Development
Qutlook 2013 Qutlook 2016
Key Dimension 1 JMP 2009; DALY 2004 IJMP 2014; DALY 2012
Key Dimension 2 2007-2009 2012-203
Key Dimension 3 200910 2015
Key Dimension 4 2000 2012-2014
Key Dimension 5 2005-2009 2012-2015

DALY = disability-adjusted life year, IMP = Joint Monitoring Programme.
Source: ADB.
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Water Security and Gross Domestic Product (AWDO 2016)

Figure 5: Water Security and Gross Domestic Product
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WATER SECURITY

y=12.553In(x}-52.355
R*=0.85

500 5,000 50,000
GROSS DOMESTIC PRODUCT
fin % per capita)
LAO PDR = Lao People’s Democratic Republic, R? = coefficient of determination.
Mote: Excludes small island nations.

Sources: ADB; World Bank. 2014. World Development Indicators, Government Effectiveness, percentile rank data. Accessed
5 January 2016 from http://wdiworldbank.orgftables
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Water Security and Governance (AWDO 2016)

Figure 6: Water Security and Governance
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LAO PDR = Lac People’s Democratic Republic, R* = coefficient of determination.
Mote: Excludes small island nations.

Sources: ADB; World Bank. 2014 World Development Indicators, Government Effectiveness, percentile rank data. Accessed
E lanuary 2016 from http://wdiworldbank.orgftables
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N15USZLEUAMULUAIAIULNN8 A AWDO 2016

Key Dimension (KD)

Description

Indicators

KD1 Household water security

The extent to which countries satisfy
household water and sanitation
needs, and improve hygiene for

public health

Piped water access (%)
Sanitation access (%)
Hygiene (measured in age-standardized disability-

adjusted years, DALYs)

KD2 Economic water security

The productive use of water to
sustain economic growth in food
and energy

production, industry,

sectors

Productive economies in agriculture (agricultural
dependency, utilization efficiency)

Industry (industrial water productivity, industrial
consumption)

Energy (% hydropower potential developed, %
hydropower dependency)

Resilience storage, inter- and intra-annual rainfall

variability

KD3 Urban water security

The level of water services in urban
areas to support vibrant and livable

water-sensitive cities

Water supply (%)
Wastewater treatment (%)

Drainage (flood damage)

f11: AWDO 2016 (ADB)

Faculty of Engineering, Chulalongkorn University
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N15USZLEUAMULUAIAIULNN8 A AWDO 2016

Key Dimension (KD) Description Indicators

KD4 Environmental water | The extent to which river basins are being | ® River health
security managed well to sustain ecosystem services ® Hydrologic alteration

o Environmental governance

KD5 Resilience to water- The capacity to cope with and recover from the | ®  Floods and windstorms
related disasters impacts of water-related disasters ®  Droughts
®  Storm surges and coastal

floods

f11: AWDO 2016 (ADB)

Faculty of Engineering, Chulalongkorn University 7
www.eng.chula.ac.th
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Thailand National Water Security Assessment (AWDO)

Water Related
Disaster
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Water Security
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ASEAN Water Security Index in 2016

Household
Water Security

Water-Related Economic
Disaster Resilience Water Security
3
Environmenta q Urban
Water Security 5 Water Security
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ASEAN Water Security Index in 2016

Household
Water Security

Economic
Water Security

Water-Related
Disaster Resilience

#—Cambodia

Laos

Yietnam

Environmenta Urban Philippines

Water Security Myanmar

(O ngyl

Water Security

Indonesia
=—ge=Thailand
Malaysia
Brunei Darussalam
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% Households with access to village water supply % Households with sanitation
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CHULA, ZNGINEERING KD2: Economic Water Security

Sectoral Water Productivity

Agriculture Industry OServices
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123 30 1482115319 o
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0.34]| 0.43 D.SDL D.45L D.54|_ 0.44 D.4§1_ D.4§1_

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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KD3: Urban Water Security

% Households in municipality with piped water supply
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Metropolitan Waterworks Authority
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Water Quality Index and Biodiversity Threat

Incident Biodiversity and Water Quality Index (2014)
Surface Water Quality Trends 2005 - 2014
Percentage
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Compensation for water-related disasters during 2003 - 2018
Floods Droughts | Drought from dry days e s
.~ -’“h‘.bili
& — ...
. 0‘ ¢ - ——
. u . ' yafpR Tt
”‘ . 26,235 160 650
0 Vo imuw
O o287 1T A%s
‘ A
SUNAYS (UIN)  1.800,116,453 |

Data from Department of Disaster Prevention and Mitigation Department
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KD1

KD4

KD2

KDS
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Key Dimension 1 mmaﬂ’umﬁﬂLﬁamsqﬂimuﬁm (Household Water Security)

Piped Water Sanitation
KD1 Index Index
(1-5) (1-5)

Thailand 1

$98n31 60% 90-100%

Access to Piped Water
Supply and Improved Score

Sanitation (%)

DALY Index KD1 Total

(1-15)

10

190-500

KD1 Score
(1-20)

13.3

KD1 Index
(1-5)

3

Diarrhea DALYs per
100,000 people

Score

0-60 1

< 190

60-70

190-500

70-80

500-1,200

80-90

1,200-1,800

[N LU T R = ) |

90-100

52 [ = L G5 R A ]

=1,800

f11: AWDO 2016
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T 74 T
Key Dimension 2 ﬂ%ﬂuuuﬂﬁml,ﬁmﬂ'iwgﬂ% (Economic Water Security)

Economic

Agriculture Energy Industry KD2 Total KD2 Score KD2 Index
KD2 (broad)
(1-5) (1-5) (1-5) (1-20) (1-20) (1-5)
(1-5)
Thailand 3.7 3.5 3.5 5 15.7 15.7 4
50,000- 11NN
12-33
100,000 1650
un/m3
GWh/km3  uIn/m3
Reliability Storage-Drought
Score Water Stress Data Availability
Interannual Rainfall CV|  Intra-annual Rainfall CV Storage/TRWR Duration
>0.15 =0.75 <3% >80% <05 L or fewer datz points
2 0.10-0.15 080-0.75 3%-5% 40%-80% 051 5data points
005010 040-060 5%-20% 20%-10% £ data points
il 0.025-0.05 0.20-040 20%-50% 10%-20% 35 Tdztz points
5 <0025 <0.20 >50% <10% »5 AlLB data points
Water Productivity in . T
Water Productivity in Industrial Water . Energy (in term of cpllet\fleme: (:EI Ln,l r.r;um
Score Agriculture Score Productivity core electricity) atform for -ec ricity
. 3 . 3 3 Production
($ million/km?) ($ million/km®) (GWh/km®)
1 0-100 1 <2,100 1 <10,000 230%
2 100-200 2 2,100-5,500 2 10,000-25,000 within 30%
3 200-350 3 5,500-20,000 3 25,000-50,000 within 20%
4 350-1,000 4 20,000-50,000 4 50,000-100,000 within 10%
5 >1,000 5 >50,000 5 >100,000 Regional average or above
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Key Dimension 3 A148UAIUIE1%5ULNBY (Urban Water Security)

Water Supply Wastewater . River Health
Drainge Index Urban Factor KD3 Total KD3 Score  KD3 Index
KD3 Index Index Index
(1-5) (0.8-1) (1-16) (1-20) (1-5)
(1-5) (1-5) (0-1)
Thailand 3 2 1 0.9 0 54 6.8 1
Achievement of
Water Supply
Water Supply (%) Minimum Platform for
Indicator
Electricity Production
1 0-60 60
2 60-70 10
3 70-80 10
4 80-90 10
5 90-100 10
Wastewater
Wastewater Treatment (%) Indicator Bandwidth
Treatment Indicator
1 0-60 60
2 60-70 10
3 70-80 10
4 80-90 10
#a1: AWDO 2016 ° 20100 =
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Key Dimension 3 A2135UAU161%5ULNB9 (Urban Water Security) (s19)

Water Supply Wastewater River Health
Drainge Index Urban Factor KD3 Total KD3 Score  KD3 Index
KD3 Index Index Index
(1-5) (0.8-1) (1-16) (1-20) (1-5)
(1-5) (1-5) (0-1)
Thailand 3 2 1 0.9 0 5.4 6.8 1
Standardized Flood Damage Loss, KD4 River Health
River Health Index Factor
Drainage Indicator 2000-2014 Index
(% of GDP) 5 1
5 0 4 1
4 0.5 3 1
3 6 2 0
2 10 1 0
1 14
Sum of Overall KD3 Score
Subindicators (1-5)
Urbanization Rate
Urbanization Correction Factor AWDO 2016
(% per year) (0-20)
<2 L 0-7.2 1
23 0.9 7.2-11.2 2
>3 08 11.2-15.2 3
. 15.2-19.2 4
7111: AWDO 2016 19.2-20 5
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ANNNUAIUINIUFIINGBY (Environmental Water Security)

1) River Health Index (RHI) — fiansananiadefifinasodawindon 23 Jads a1nnns@nen
Global threats to human water security and river biodiversity 984 Vorosmarty et al.
(2010) LAMIXIMIANUFUNUSAUFILUT 8 AaUs na1Ae Hydrology, Population, Water
demand, Gross Domestic Products, Agricultural land use livestock, Agricultural land use
cultivation, Agricultural production livestock, Agriculture production cultivation W&
Brundaseiseuuuaessaiieiansansvinaanduiaeinet

2) Hydrologic Alteration (Warszawski et al., 2013) mimuawmﬂwﬂmmﬂfw 1AyY11N"S
1809l UUTIaD M NALAAERNS

3) Environmental Governance (Yale Environmental Performance Index (2014)) 555110

1
U 1

VIR LUNITUSUITIANITNSNEINTUMAEFUINAN USEUINNAITINGDs 4 ¢ laun Sesay

=

YoaUSunadentasunisinte, nismavaunisidenmdndngity, fundildvanas wag a3

De

UNUDINUN

f11: AWDO 2016
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23 Drivers used to assess relative threat to biodiversity (Vorosmarty
et al., 2010)

Indicator Theme No. Driver Relative Weight (Biodiversity)

KD4 1. Catchment Disturbance 0.22
1 Cropland 0.31

2 Impervious Surfaces 0.25

3 Livestock Density 0.18

4 Wetland Disconnectivity 0.26

2. Pollution 0.28
5 Soil Salinisation 0.08

6 Nitrogen Loading 0.12

7 Phosphorus Loading 0.13

8 Mercury Deposition 0.05

9 Pesticide Loading 0.10

10 Sediment Loading 0.17

11 Organic Loading 0.15

12 Potential Acidification 0.09

13 Thermal Alteration 0.11

3. Water Resource Development 0.30
14 Dam Density 0.25

15 River Fragmentation 0.30

16 Consumptive Water Loss 0.22

17 Human Water Stress 0.04

18 Agricultural Water Stress 0.07

19 Flow Disruption 0.12

4. Biotic Factors 0.20
20 Non-Native Fishes (%) 0.26

21 Non-Native Fishes (#) 0.21

22 Fishing Pressure 0.34

23 Aguaculture Pressure 0.19




Theme

Driver Pop’n GDP

% area

irrigation

GVPC

% area

livestock

GVPL

Water

w’draw

Catchment

disturbance

Pollution

Water resource

development

Biotic factors

Cropland

Livestock density
Impervious surfaces
Wetland disconnectivity
Soil salinisation
Phosphorus loading
Pesticide loading
Organic loading
Thermal alteration
Nitrogen loading
Mercury deposition
Sediment loading
Potential acidification
Dam density
Consumptive water loss
Agricultural water stress
River fragmentation
Human water stress
Flow disruption
Non-native fishes (%)
Non-native fishes (#)
Fishing pressure

Aquaculture pressure
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ANNNUAIUINIUFIINGBY (Environmental Water Security)

RHI Index Flow Index
KD4
(1-5) (1-5)
Thailand 1 1
River Health Index River Health Index Range
1 Bad <0.22
2 Poor 0.221-0.36
3 Moderate 0.361-0.54
al Good 0.541-0.71
5 Excellent =0.71
Environmental Management
e %Range
1 Bad <22
2 Poor 22-36
3 Moderate 36.1-54
al Good 54.1-70.9
5 Excellent =71

f11: AWDO 2016

Faculty of Engineering, Chulalongkorn University
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Governance

(1-5)
4

KD4 Total
(1-15)

6

KD4 Score KD4 Index
(1-20) (1-5)
8 2

Flow Alteration Index

Range (%)

1 Bad =71

2 Poor 54.1-70.9
3 Moderate 36.1-54

4 Good 22.1-36

5 Excellent 22

AWDO 2016
(0-20)

Sum of Subindicators

Overall KD4 Score
(1-5)

0-7.2

7.2-11.2

11.2-15.2

15.2-19.2

19.2-20

5 I RN WA T B ]
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AMUAUAIUIAIUNTISHUAINNINURINUN (Resilience to Water-Related Disasters)

f11: AWDO 2016

Figure 16: Steps Followed in Determining the Resilience Subindicators

E Exposure
Step 1: Basic data + V, Basic
standardization (0-1) Vulnerability

C,,Hard Coping
capacity

C, Soft Coping
capacity

Step 2: Determine Combined

joint score for E, V, C score (sum)

Step 3: Calculate Vulnerability
Vulnerability V

Resilience Res Resilience

Aood and windstorms

(FW)

Drought (D)

Storm Surge [
Coastal Flooding (C)

Population density,
urban and population
growth rates

Governance, poverty,
ODA, infant mortality,
deforestration

GDP, reservoir capacity

Population density,
urban and population
growth rates

Governance, poverty,
ODA, infant mortality,
agrcultural GDP

GDP, reservoir capacity

Population density,
population growth
rates, % are below 1om

Govemance, poverty,
ODA, deforestation,
infant mortality

GDP, paved road
density

Literacy, education, TV,
mobiles, economic
growth

Literacy, education, TV,
mobiles, economic
growth

Literacy, education,
TV, mobiles, economic
growth

Erw VB.., C. E., VB, C E; VB, C.

Vo (En VB, Ve (Es+VB.)* Vs (E+VB)*
(-CrdCrsd -GG 0-C/Coud

Res., = V., Res, =1}V, Res. = V.

Floods and Windstorms : Stomn surges and Coastal

Indicator Res,, DR Rk Sk R ‘ floods Indicator Res,

GDP = gross domestic product, m = meter, ODA = official development assistance.

Source: ADB.
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AMUAUAIUIAIUNTISHUAINNINURINUN (Resilience to Water-Related Disasters)

Storm
Flood and
Drought surge/Coastal KD5 Total KD5 Score KD5 Index
KD5 Windstorms
0-5) (0-5) Flooding (Max 15) (Max 20) (1-5)
(0-5)
Thailand 2.5 2.1 3.3 1.9 10.6 2
Sum of Subindicators AWDO 2016 Overall KD5 Score
(0-20) (1-5)
0-7.2 1
7.2-11.2 2
11.2-15.2 3
15.2-19.2 4
19.2-20 5
1111: AWDO 2016
Faculty of Engineering, Chulalongkorn University a6
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Key Dimension 1: Household Water Security

Provision of safe water and sanitation for all people
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Key Dimension 1 m’mil"umﬁ’lLﬁamiqﬂiﬂﬂ‘lﬁiﬂﬂ (Household Water Security)
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Key Dimension 1 m’mﬁumﬁ’]Lﬁan’liqﬂiﬂﬂu%Iﬂﬂ (Household Water Security)
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ATUN 2 AULUAIUNDLATEFNA

Key Dimension 2: Economic Water Security

KD2 Measures the productive use of water to sustain economic

growth in food production, industry and energy sectors
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NAN1SUSSLAUNANARNNTUUITI899IAU 2557

Agriculture

I n d ex ndustrial Water Productivity
($ million/km?3)

E 2 1 0-100 >3 1 <2,100
E} . 2 100-200 1.5-3 5 2.100-5,500

3 200-350 1-15
E 4 4 350-1,000 0.5-1 - 21200=20,000

5 >1,000 <0.5 4 20,000-50,000
- E 5 550,000

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th



oundation toward Innovation

AU 3 AULUAIUIEINTULNDY
Key Dimension 3: Urban Water Security
To describe progress countries are making to provide

better urban water services and management in order to

develop vibrant, livable cities and towns
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Key Dimension 3 AMUUUAIUIE1%IULNBY (Urban Water Security)
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Key Dimension 3 A71u8UA81%5ULBs (Urban Water Security)
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Key Dimension 4: Environmental Water Security

Country’s ability to develop and manage river basins, and

sustain ecosystems services
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Theme 1 Catchment Disturbance

“oivers W orverz W orvers | orvers

Cropland Impervious Surfaces Livestock Density Wetland Disconnectivity

- . (Vorosmarty et al., 2010)

0 0.5 1



Theme 2 Pollution

| overs ) Drvers i Driver7 J§  Drverd

Soil Salinisation Nitrogen Loading Phosphorus Loading Mercury Deposition

- . (Vorosmarty et al., 2010)

0 0.5 1



Pesticide Loading Sediment Loading

~orveriz N oeris

Potential Acidification Thermal Alteration




Theme 3 Water Resource Development

Dam Density River Fragmentation Consumptive Water Loss

- . (Vorosmarty et al., 2010)

0 0.5 1



Theme 3 Water Resource Development

Human Water Stress Agricultural Water Stress Flow Disruption

- - (Vorosmarty et al., 2010)

0 0.5 1



Theme 4 Biotic Factors

| BEwa | [ mEeam | [ ERoem | [ Deed

Non-Native Fishes (%) Non-Native Fishes (#) Fishing Pressure Aquaculture Pressure

- . (Vorosmarty et al., 2010)

0 0.5 1



Hydrological alteration

Number of months

Disturbed Flow exceeds
* +/-20% Natural Flow

[ ] o

R o-2

. --4

N -

N -

N :-o

I o2

Percent Area in Country
. «withflow exceedances
+/- 20% Natural Flow

0
N -0«
B 20 s0%
40-60%
60-80%

I - so%

Frequency that monthly “observed” flow
is >20% different from “natural” flow

Proportion of country where this
difference occurs one month per year

(Warszawski et al., 2013)
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Ffiganmitunadanfiafu (Water Quality Index: WQI)
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(3519) HAULUNATUNITIANTTAMININLNVBUTEWA 52T 20 U (W.A. 2561 - 2580)
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Capacity of a country to cope with and recover rom

impacts of water related disasters
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QJ a 6 %l
ﬂﬂﬁ@ﬂﬂ’ﬁ’%ﬂi']%‘iﬂﬁﬁﬁ]ﬁﬁﬂ’]
. ﬁWL%’wsﬁauaﬂ‘%mmfﬁﬁwmmLmd\‘iﬁﬂﬁmuwéa%ﬁﬁu LATLIENTIINYIR (Water
supply 1,WS1) Usuautirdam (Water supply 2, WSZ) ﬂimmmamai'ﬁmawmmmmm
35 (Water supply 3, WS3) uay mmmaqmimmam}ﬂiﬁmmq6] aiwumlm%%amam
VDILAALDNND
" Gipsnzsimdadiunissanntin (Water supply ratio) LazUsEaNSAwsTRaTIUn (WS2
Allocation efficiency) Gﬂaﬁiﬂ‘ﬁ\‘iﬂ’]iﬁ\‘iﬁﬂLL@%ﬂ’]‘:;\‘i%Jﬂ‘w’] LLagf\;ﬂQU‘fwLLiqﬁwawﬂaamu
o "3meﬁﬂ‘%mmﬁﬁﬂmﬁuawmamusuaa%’g (Water supply 2, WS2) laun USanautiny
Uﬁz@ﬁzmafwmaaiﬂiQﬂﬂidqfwLLazﬂW'gq%’ﬂm LLazU%mmﬁ’@UﬁqmquﬁwLL':?W?’]
" FipseisyAninimnisdaassin (WS3 Allocation efficiency) vasmiasauvasislus:
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(WS2) @mﬁ’wszﬁm%mwmﬁmaiiﬁﬁ (WS3 Allocation efficiency)
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% of GDP in each sector
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GDP per capita (usd)

Water productivity

Country Name 2010 2011 2012 2013 2014 2015 2016 2017 (usd/m?)
Iceland 41,8520 46,182 44563 48,024/ 52,855 51,214 60,530, 70,057 55
Wcome 3,876 4,525 4,775 5,003 5,134 4,792 4,766 5,169

>\—Poland 12,600 13,894 13,146| 13,781 14,342 12,566/ 12,415 13,812 45
Singapore 46,5700 53,238/ 54,716 56,389, 56,957 54,941 55243 57,714 111
Thailand 5,075 5,491 5,860 6,168 5,954 5,846 5,979 6,594 5

Upper middle income 6,295 7,468 7,950 8,399 8,619 7,965 7,865 8,605

Uruguay 11,938 14,166, 15,092 16,881 16,738 15525 15,298 16,246 8
United States 48,375 49,794f 51,451 52,782 54,697, 56,444 57,589 59,532 36
World 9,514/ 10,449 10,559 10,724 10,883 10,172 10,201] 10,714 16

(Source: Food and Agriculture Organization, AQUASTAT data, and World Bank and OECD GDP estimates, 2017)
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Water productivity: usd/cum
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Water productivity of all sectors: usd/cum Water productivity in industry's sector: usd/cum
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Agriculture

Industrial Water Productivity
($ million/km?3)

E 2 1 1 <2,100

E} 2 2 100-200 1.5-3 > 2 100-5,500
3 200-350 1-1.5

E 4 4 350-1,000 0.5-1 - 21200=20,000
5 >1,000 <0.5 4 20,000-50,000

- E 5 >50,000

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th



CHULA 3NGINEERING

AFUNAANINUITI18IMIA U 2016

10 i’)’w’i@mgqq@

10 JWIAFIEA

Province baht/cum
BANGKOK ETROPOLIS 4,244
SAMUT PRAKAN 2,234
BUENG KAN 1,881
CHUMPHON 1,196
SAMUT SAKHON 1,126
RAYONG 1,060
CHON BURI 753
PHUKET 691
NONTHABURI 548
SONGKHLA 402

Faculty of Engineering, Chulalongkorn University

www.eng.chula.ac.th

Province baht/cum
AMNAT HAREON 17
SUPHAN BURI 21
PHICHIT 23
YASOTHON 26
SINGBURI 27
SUKHOTHAI 27
KALASIN 28
CHAI NAT 28
NARATHIWAT 29
0313 PHATTHALUNG 30
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Water productivity in each scenario: usd/cum
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