A Risk-based Evaluation of Policies for
Sustainable Water System Design in the
Kingdom of Saudi Arabia

Vivek Sakhrani, MIT

Ahmad AlAbdulkareem, KACST
Adnan AlSaati, KACST

Anas Alfaris, KACST & MIT
Noelle Selin, MIT

Olivier de Weck, MIT

315" International

System Dynamics Conference
July 23, 2013

Cambridge, USA




Motivation

BIsN[elglgleKe!

-0% -0%

Sustainable G T R
Water System

-83%
Al Madinah

« Average water level decline of 2 to

3 m / year in non-replenishable BB
aquifers
. . -0%
« Approx. 50 % of water supplied is Najran

desalinated

® Municpal Industrial ® Agricultural

Aggregate Demand (MCM)

1992 1994 1996 1998 2002 2006 2008 2010

Year




Presentation Outline

Motivation Sustainable water system design

Research Question Evaluating policies under uncertainty

Case context Saudi Arabia
Approach Integrated uncertainty + system dynamics
Analysis Multi-atftribute performance over time

Implications Policy prioritization



Framing

Research Question

How do different investment and operating policies
alter the trajectory of system performance over
time and under uncertainty?




Framing

Sustainability and Trade-offs

« Sustainability is defined as a measure of multi-generational,
comprehensive wealth (Arrow et al. 2012, UNU-IHDP 2012 )

« ‘Multi-generational’ —fime is an important factor

e '‘Wealth' — natural resources and infrasfructure have socioeconomic

value
= May be quantified, but not straightforward
= But value varies with time and circumstances-> an implicit
discount ratel

« ‘Comprehensive’ —wealth can increase or decrease in a number of
ways
* Ex. by consuming water for agriculture, industry
« Trade-offs between low value and high value uses
« Both total value and pathways are important!

« Sustainability is thus a relative measure of system performance across
alternative pathways of consuming and generating valuable
resources (El Serafy 2013)




Framing

Water System Planning under Uncertainty

« Long-term planning assumes forecasts for water system services (de Neutville &
Scholtes 2011, Qi & Chang 2011)

 Forecasts can be deterministic or stochastic

« Example: Municipal water demand depends on varying population growth
(persons) and per capita demand (LCD)
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Approach

KSA Water System Risks — and Policies
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Approach

Assessing System Performance

« System performance can be compared using Key Performance
Indicators (KPlIs)

Economic:
Environmental:
Equity:
Technical:

ex. annual system costs, conftribution to GDP
ex. CO2 emissions, volume of effluents

ex. demand shortfalls, health impacts

ex. desalination output, % water tfreated



Approach
Valuing Water Resource Productivity

Water is one of many inputs in agriculture and economic activities

Conftribution 1o GDP of these activities is an indicator of the socio-
economic value of water

= |mprecise indicator: many interactions and links between water and other
inputs (ex. water, electricity, fertilizers and labor in agriculture)

= Partial indicator: many aspects of the social value of water are not
‘priced’ /valued in to GDP

. Water Productivity
ex. health benefits
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Approach
High Level Architecture

Scenarios are studied using an Integrated Uncertainty-System

Dynamics model
« Multidimensional Hierarchically Integrated Framework (MDHIF)
implemented in AnyLogic ™ (AlAbdulkareem et al 2013)

« System dynamics
model nested in agent-

based hierarchy
(Borschev & Filippov 2004,
Schieritz & Milling 2003)

e "“Fuzziness' in
parameters to
infroduce stochastic

Agent Based Modeling System Dynamics VOriOﬂOﬂ (Altunkaynak et al
2005)

« Monte Carlo simulation
(Khatri & Vairavamoorthy

2009) i




Approach
Example: Groundwater sub-system
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Analysis
Deterministic Scenarios

« Deterministic scenarios for initial exploration (2010 — 2035; 25 year horizon)

= Reference Scenario - a benchmark scenario to indicate the status quo

Average per capita demand - 230 LPCD
Population growth — 2% / year

Agricultural consumption grows at 2010 levels
Desalination meets 50% - 60% of municipal demand

= Demand Management — actively influence demand-side changes

= qagricultural demand reduces by 3.7 % / year
= Average per capita demand reduces by 10 % from 230 LPCD to 210 LPCD
» Treatment and reuse of wastewater increases by 1.5 % / year

= Desalination Reliance — supply-side infrastructure addition

= 80% of municipal demand to be supplied by desalination
= Desalination capacity and conveyance infrastructure added

12



Analysis

Demand Management is Dominant Strategy

Annual Water System Electricity Consumption Annualized System Costs - CapEx+OpEx
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Analysis

Including Uncertainty

Probability Distributions of Desalination Output

=> High probability that existing
= /L desalination capacity is
underutilized under uncertain
demand
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Analysis
Valuing Water Use Trade-offs

« The economic return to water use is different for different sectors, implying
different GDP elasticities to demand (ex. 20% reduction in supply to
Agriculture -> 1% reduction in GDP - vs 2% for Non-agri, non-oil GDP)

« Economic return to water use exhibits path dependence — ex. depletion or
contamination of an aquifer for a few years may restrict ability to meet
demand in future

GDP Losses due to Unmet Demand
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Implications

Prioritization of Policy Levers

Potential

Valuing end-use trade-offs differentiates Socio-technical Levers

high-value end uses from low-value

High-value end uses tend to be those with
high water productivity / low water intensity Per Capita Demand (LCD)

Influencing demand reductions Crop-type & production (yield)
(conservation) mitigates the pressure to

always meet it, even if high-value end use _
Industry-type (capacity)

Alternatively, reducing water intensity
(efficiency) allows for supply to high-value

end use with same water budget _
Withdrawal rate (MCM/yr)

Uncertainty analyses help show variability of
policy impact Water collection (MCM/yr)
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