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Brief Intro

Education

● A.B. Harvard  (Environmental Sciences and Engineering)

● M.S. University of California, Davis ( Civil and Environmental 
Engineering with minor in international agricultural development)

Research:

● Center for Watershed Sciences

● Harvard Water Security Initiative

● Harvard Water Federalism Program

Practice

● World Bank (HQ Water Practice)

● Asian Development Bank (FoDP)

● US Army Corps of Engineers (Waterways Experiment Station, 
Vicksburg, MS)

● Hydrologic Engineering Center
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Overview

❖ Section 1: History of the Policy 
Analysis of Water 
❖ Section 2: Techniques for 

Analysis
❖ Section 3: Managing Water 

Resource Conflict
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Why is policy analysis important in water resources?

• Management of rivers is political 
management of international 
rivers is very political…

• The Chinese got it right long ago:

river

+

+ dyke

=

Political 

order
=
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Ancient Hydraulics Works

Early civilizations developed in regions:
• where an abundance of water could 

be distributed over fairly flat land for 
irrigation, and

• where a warm climate produced a 
fast growth of crops.

Thus, it is hardly surprising that the 
earliest remains and accounts of water 
control were to be found in:
• Indus Valley (Pakistan)
• Egypt, 
• Mesopotamia (Iraq), 
• Yellow River Valley of China. 
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Power and control in antiquity (Egypt c. 2000 B.C.)

• Centralized control and allocation - hydraulic empires
• German American historian Karl August Wittfogel

• Regimentation and orderly management

• Preoccupation with food production, river management
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Rome – water, power, and control in pre-modern Europe

• Diverting water great distances 
enabled cities and colonies to 
grow; connected territory

• Enabled development of 
agriculture and trade

• Who got water, how they used it, a 
contested issue 
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Julius Sextus Frontinus (Rome 95 AD)

▪“On the Water Supply of the City of Rome” - Appointed Water
Commissioner for Rome

▪Wrote a history of Roman water policy and law

▪Described water supply system in detail

▪ Described the water management institutions and commented on
their effectiveness, with particular attention to preventing then-
prevalent water.

Spring School on Water Science, Systems & Practice

First memo! 
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BUT WHAT IS POLICY 
ANALYSIS AS WE SEE IT 

TODAY?

Spring School on Water Science, Systems & Practice

Policy analysis Today
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Systematic examination of a public problem.

● Requires proposing alternatives and assessing potential policy 
outcomes vis-à-vis evaluation criteria.

It is an analytic process that is aided by decision-making methods.

Many METHODS…. no global model, but usually has:

Spring School on Water Science, Systems & Practice

What is Policy analysis?

Rational 
Model
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▪ Mostly a product of post-WWII military planning 
▪ Modelling or system analysis techniques - Developed 

during the Second World War to deploy limited 
resources in an optimum manner

▪ Carried out by the RAND Corporation and several 
other "think tanks".

▪ Robert MacNamara, who was Secretary of State and 
World Bank President

▪ Applications: Corps of Engineers, military, late 
1960s, well funded by Lyndon Johnson's Great 
Society, it was extended from military and water 
resource problems to health, education, poverty, etc.
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History of Policy analysis as we see it today
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● Developed at UC Berkeley Goldman 
School of Public Policy

● Eugene Bardach

● Not always taken in exact this order, 
and not all may be significant for 
each problem.  

● Trial and error

● Is iterative.

Spring School on Water Science, Systems & Practice

Eightfold Path
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1. Define the problem.
2. Assemble some evidence.
3. Construct the alternatives.
4. Select the criteria.
5. Project the outcomes.
6. Confront the tradeoffs.
7. Decide!
8. Tell your story.

Spring School on Water Science, Systems & Practice

Eightfold Path
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Eightfold Path – Step 1

1. Define the Problem.
● What is the real problem? Think about criteria but don’t 

confine yourself!

● Define scope and level. 

● Understand the client and their agendas

● What are the interests at stake

● Say it with NUMBERS

● Missing an opportunity is a problem too

Beware of becoming water-centric
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2. Assemble Some Evidence.
● Mass balance is your best friend

●Use analogies, ie. use useful numbers that people 
understand ( For example, 100 MAF is not as useful as 30 
days of storage.)

● Do a literature review.

● Survey “best practice.”

● Compare over place or time….

●For example…

●Per capita availability of river water was

–5,650 cubic meter/year in 1951

–1000 cubic meter/year in 2010

–Expected to decline further to 800 cubic meter/y in 2026.

–Rate of decrease increasing….

Spring School on Water Science, Systems & Practice

Eightfold Path – Step 2
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Eightfold Path – Step 3

3. Construct the alternatives.
 Goals are translated into alternatives.

 What are the options?

 Keep the “status quo” as one of the options

 Go beyond what the political actors are proposing

 Best alternative to a negotiated agreement 
(BATNA)

 Start comprehensive, end up focused.

 Reduce and simplify the list of alternatives.

 Some things will just not work and be too far-
fetched….

 But don’t stop to innovate or pilot new ideas!
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Eightfold Path – Step 4

4. Select the criteria.
●These are important in looking at the best option.

●The more quantifiable your criteria are, the stronger your 
analysis will be

–Criteria in optimization models are objectives

–Linear programming.

Sample criteria for improving river water quality might be:
●effectiveness--how much of an improvement in water quality will 
this alternative produce?
●cost--how much will it cost to improve the quality of the river using 
this alternative?
●technical--do we have the equipment and know-how to use this 
alternative?
●political--is this alternative politically acceptable?
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5. Project the Outcomes.
● Projection = Model + Evidence.

● Analysis methods include systems analysis,  forecasting, 
economic analysis, risk analysis and sensitivity analysis

● Create “positive” and “negative” scenarios.  

● What is the worst that could happen? The best? (negative effects / 
externalities) 

● Create an outcomes matrix 

6. Confront the trade-offs.
● What happens if we select one option over the other?
● Without projecting outcomes, there is nothing to trade-off.
● Simplify the comparison process. 

Spring School on Water Science, Systems & Practice

Eightfold Path – Step 5 & 6
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Eightfold Path – Step 4

● Alternatives in Matrix Rows (Step 3) 
● Criteria in Matrix Columns (Step 4) 
● Outcomes in Matrix Cells (Step 5) 
● Using Matrix for Confronting Trade-offs (Step 6)
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Eightfold Path – Step 6 & 7 & 8

7. Decide!
● You should put yourself in the shoes of the decision-maker at this 

stage.

● The twenty-dollar-bill test.

– If your favourite policy alternative is such a great idea, 
how come it’s not happening already? 

8. Tell your story.
● You, your client, and your audiences

● Tracing and Showing your work.

● Say it with numbers

● One additional pitfall (not mentioned by Bardach but worth noting)

● Blabbering! – Keep It Short and Simple!
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1. Define the problem.
2. Assemble some evidence.
3. Construct the alternatives.
4. Select the criteria.
5. Project the outcomes.
6. Confront the tradeoffs.
7. Decide!
8. Tell your story.

Spring School on Water Science, Systems & Practice

Eightfold Path
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Overview

❖ Section 1: History of the Policy 
Analysis of Water 
❖ Section 2: Techniques for 

Analysis
❖ Section 3: Managing Water 

Resource Conflict
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Techniques to analyse policy

Many methods of analysis:

● Cost Benefit Analysis (CBA) or variants 
(Cost Effectiveness; Cost Utility)

● Operations Research and Systems 
analysis

● Risk analysis

● Sensitivity Analysis
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Cost Benefit Analysis

Cost Benefit 
Analysis

Costs

Direct Costs

Investment

Resources

Personnel

Indirect Costs 

Lost time

Opportunity 
cost

Externalities

Benefits

Tangible 
Benefits

Revenue

Profits

Economic 
gains

Intangible 
Benefits

Knowledge

Damage 
avoided

Societal 
benefits

Capacity 
building
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Cost Benefit Analysis

PV = B1-C1 +   B2-C2 + . . . + BN-CN

(1+r)1 (1+r)2 (1+r)N

For example, the net present value of $1 profit 

at the end of the year when the discount rate is 

5% is:

NPV = $1/(1+.05) = $ .95

It is the discount rate that would make the PV 

of the project just equal to zero. It solves the 

equation:

B0-C0 + B1-C1 /(1+ i) + B2-C2 /(1+ i)2 + .. + BT-CT

/(1+ i )T = 0

Numerically solved…

As a result… we instead use return on 

investment…. ROI is more common than IRR, 

largely because IRR is more confusing and 

difficult to calculate
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Cost Benefit Analysis

● BCR = $8/$3

● ROI = NPV/Costs = $5/$3

● NPV=$8-$3 =$5 
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Operations Research and Systems analysis
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Risk analysis
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Risk analysis
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Sensitivity Analysis

● A method for determining how “sensitive” your model 

results are to parameter values.

● Dealing with uncertainty 

● Where to spend money

● Simplest version: change a parameter, re-do analysis 
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Overview

❖ Section 1: History of the Policy 
Analysis of Water 
❖ Section 2: Techniques for 

Analysis
❖ Section 3: Managing Water 

Resource Conflict
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The Nature of Water Resource Conflict

• Water is not contained in political  boundaries.
Boundary over which rivers cross!

http://maps.esri.com/esri/arcview/world/world.html
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Game Theory in Water? 

Potential causes of water disputes:

• Amount the resource is shared among the nations

• Degree of scarcity of water

• Relative power of each nation

• Accessibility of alternative fresh water supplies.



wing with demand
“Fierce competition for fresh water may well become a 

source of conflict & wars in the future.”         
Kofi Annan, March 2001 

○2

1
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Competing for water – users and uses

Rainfall & GDP growth: Ethiopia 1982-2000

Rainfall & GDP growth: Zimbabwe 1978-1993
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Game Theory: A Brief Introduction● Finding acceptable strategies in conflict situations.

● Game theory is mathematical

● Assumes all human interactions can be understood.

 Decision makers = players. 
 Two person or multi-person games exist.
 Each player can chose between two or more clear choices. 
 The players will act rationally.
 Every decision will lead to a win, a lose, or a draw.
 The rules of the game and the payoffs for each player are 

known by all participants.
 The payoff, or outcome, is at the end of a game.
 Payoffs are often represented in matrix form.
 Payoffs determine what type of game is played.  Solutions of 

a game can be found at equilibrium points.

Spring School on Water Science, Systems & Practice

Game Theory
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Some well-known games...

Prisoner’s Dilemma

Chicken
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Prisoner’s Dilemma
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Chicken Game
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Game Theory: A Brief Introduction Dominating strategy
 A strategy dominates another strategy of a player if it 

always gives a better payoff to that player. It weakly 
dominates the other strategy if it is always at least as good. 

 Nash equilibrium 

 A Nash equilibrium, also called strategic equilibrium, is a 
list of strategies, one for each player, which has the 
property that no player can unilaterally change his strategy 
and get a better payoff. 

 Zero-sum game 

 A game is said to be zero-sum if for any outcome, the sum 
of the payoffs to all players is zero. In a two-player zero-
sum game, one player’s gain is the other player’s loss, so 
their interests are diametrically opposed.

Spring School on Water Science, Systems & Practice

Game Theory
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Important Games
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What is the Nash equilibrium?

 Rule of Thumb method
 First number is the largest number in its own column
 Second number is the largest number in its own row.

Wife

Pak- India 
Match

Hamsafar

Husband Pak- India 
Match

(3, 1) (4, 4)

Hamsafar (0, 0) (1, 3)
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Stag Hunt
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A Game Theory Approach to Understanding the Nile River Basin Conflict (Madani)

Egypt
● 96% of population live in Nile 

Delta/Basin. 
● Entirely dependent on Nile waters –

Only 4% from underground reserves
● Considered most powerful riparian 

Ethiopia
● Generates 85% water reaching Egypt’s 

Aswan Dam
● Second most populated riparian state

Sudan
● 60% of land Mass in Basin
● Swamp – Evap loss of 50% of all water 

in White Nile
● Civil war
● Historically always sided with Egypt in 

Nile Issues

1959 – Egypt and Sudan
75% to Egypt, 25% to Sudan
Rejected by all of the other riparian states 
when they became independent
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A Game Theory Approach to Understanding the Nile River Basin Conflict (Madani)

Upstream Ethiopia Sudan Egypt

No 
retaliation

No 
retaliation

No 
retaliation

1959

ID if no 
retaliation

Abandon 
1959

1959 No ID by 
Sudan and 
Ethiopia

Coop ID if no 
retaliation

Coop if 
Egypt 
coops
Coop if 
Ethipia 
coops

Retaliation 
if ID
Coop if 
Sudan and 
Ethipia 
coop

Abandon 
1959

Coop 
Sudan 
Coop

No ID by 
Ethipia nd 
Upstream

Abandon 
1959

The Graph Model for Conflict Resolution 
• GMCR II (Graph Model for Conflict Resolution, Decision Support System II) 

Draws on game theory but not game theoretic
Developed by University of Waterloo
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A Game Theory Approach to Understanding the Nile River Basin Conflict (Madani)

Six stable equilibria: 
1. Upstream nations, Ethiopia and Sudan develop water independently and Egypt 

retaliates. 
2. Upstream nations and Ethiopia develop water independently and Egypt retaliates. 

Sudan and Egypt maintain the 1959 treaty. 
3. Ethiopia develops independently and Egypt responds with retaliation. Egypt and 

the other nations maintain the 1959 treaty. 
4. Upstream nations develop independently and Egypt responds with retaliation. 

Egypt and others maintain the 1959 treaty. 
5. Upstream nations develop independently and all others cooperate with each other. 

No retaliation occurs. 
6. Upstream nations develop independently and Egypt retaliates. Egypt and others 

cooperate
Takeaway 1: In states (1)  (2) and (3) Egypt still retaliates.
-->Ethiopia’s and Sudan’s strong aversion to retaliation is not enough to 
keep the region free from Egypt’s retaliation, at least under equilibrium 
conditions. 
Takeaway 2: That states (4), (5) and (6) are all stable. 
-->Egypt would retaliate against the upstream nations if the lower three 
nations are working under the 1959 treaty, yet is ambivalent toward 
retaliation against the upstream nations if the lower three are 
cooperating.
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Review

● Water resources policy and planning is an ancient problem.

● Quantitative analysis in water planning date back to at least to Roman time.

● Rational Planning and Eightfold Path - arose later

● Identify, Gather Evidence, Develop Options, Criterion, Analyze, Trade-offs, 
Decide, Tell the story

● Methods of analysis: 

● Benefit-Cost – Evaluating net present values and displaying them in some 
options. Main criteria is profits/benefits

● Systems Analysis – Looks at the best option mathematically.

● Sensitivity analysis – Uncertainties and identifying important parameters.

● Conflict resolution planning 

● Game theory can give us insights as to how people act.

● Co-operation requires win-lose situations should become win-win situations

● Zero sum---> Non zero

● Increasing payoffs for co-operation…

● GMCR is another tool that draws on game theory
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Questions please☺


