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Abstract

This work is concerned with the development of a methodology and tools for aiding
negotiations over shared international water resources. Experience shows that under
conditions of water scarcity, often exacerbated by inefficient management of water
resources (such as under-pricing and over-pumping), the result is real or at least perceived
shortage of water and a drive to obtain as much as possible from disputed water sources.
This frames the conditions under which international negotiations over shared water
resources is conducted in many parts of the world. On the other hand, it has been shown that
concepts of water markets have a potential to increase the efficiency of water utilization
(Shechter, 1994; Becker & Zeitouni, 1998; Fisher et al., 2002), thereby reducing the stress
and the losses due to scarcity. In the context of international negotiations over shared
resources, the market approach aims at determining an efficient allocation of water
resources based on a system of voluntary trade in water, which brings potentially large

benefits to all parties involved.

We propose a collaborative Negotiation Support System (NSS) as a dispute resolution
framework, to assist the parties in searching for feasible and satisfying solutions to
management of the shared resource. It uses features of a water market system that help in
determining an optimal allocation of an international water resource, driven by objectives
and subject to constraints imposed by the negotiators: hydrological, physical, political and
economic. A central component of the NSS is therefore the Water Allocation System WAS
(Fisher et al., 2002) that allocates water while maximizing total social net benefit from
water supply to all consumers in a defined region.

The NSS is designed for support of bilateral negotiations. It is based on symmetry and

provides an identical set of tools to both parties. The negotiation is viewed as consisting of



two main processes: individual decision-making and joint problem solving. The individual
decision support is designed to assist each party in structuring its systems of preferences
related to the water allocation problem. Each party establishes its utility for negotiated
alternatives, using the AHP algorithm (Saaty, 1980) to weigh and combine its various
objectives, with the economic objective being just one of them, into a single utility figure.
Joint problem solving is modeled as an interaction, supported by tools from game theory, in
which the parties have the opportunity to design and select efficient and jointly preferred
solutions. The negotiation process is modeled as an alternating sequence of individual and
joint activities, in which the parties manipulate the set of alternative solutions, aimed at
enlarging the negotiation space by creating and proposing new alternatives, and narrowing
it by removing non-efficient ones. The two processes are repeated in a series of iterations,
which terminate when a stable negotiation solution is reached (or the negotiations fail and

are broken off).

The WAS model provides assistance in both individual and joint decision making. It
supports interactive communication in two senses. First, each party can use WAS by itself,
to examine various water-allocation scenarios, obtaining feedback information about the
implications of each scenario on its country's domestic water economy and consequently on
its other objectives. Second, the two parties can perform a similar analysis jointly, in search
of joint gains. While exploring scenarios for resolving the allocation of the joint water
resources and negotiating "around” the WAS model, the parties have an opportunity to
communicate, evaluate each other's expectations and goals, and interact in a manner that is

less distributive and more integrative.

Even though this work is concerned with bilateral negotiations over international water
resources, we Dbelieve that the same principles can be applied also to multi-lateral
negotiations. In that case, however, negotiation elements specific for multi-party situations,
like possibility of coalition formation, would have to be accounted for and adequately

modeled.

The NSS was tested in two types of simulation experiments. The first was performed as
simulated negotiations with real actors who played a ’negotiation game’ based on a case
study. Half of the participants performed the exercise with the NSS and the other half
without, and the results were compared and statistically analyzed. These exercises were



limited by the duration of the ’game’ and by the computer skills of the participants, so that
the efficacy of only a part of the NSS features could be assessed. The second type of
experiments were performed with 'simulated actors', in which the initial preference
structures were elicited from ’random participants’, while the remaining dynamics of the
“negotiating parties’ was simulated by the researcher. The aim of these latter experiments
was to test and explore in detail the role and capabilities of WAS within the framework of

the NSS, which was not possible in the simulations with real actors.

Jointly, the two types of experiments showed that economic considerations can represent an
attractive way of "enlarging the pie” in negotiations over the allocation of water resources.
The individual decision support provided by the AHP algorithm assisted the parties in
structuring and weighing their preferences with respect to the negotiation problem. The
WAS model and the other NSS components were shown to have the potential to improve
the communication and information exchange between the parties, as well as their creativity

in searching for alternative negotiation solutions.
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Chapter 1

Introduction

1.1 Background

1.1.1 Water scarcity as a cause for international conflicts

Water scarcity is a term that relates to the lack of fresh water for human (urban, agricultural,

industrial) consumption due to insufficient quantity and/or inadequate quality of fresh

water. About 40 percent of the World’s population has already been suffering from different
levels of water scarcity, and the projections indicate that by year 2025, it will affect about

60 percent of the global population (Shmueli et al., 1997). Water scarcity is the result of

natural, hydrological and climatic, and human factors. Basic characteristics of water and

water cycle which increase the potential for water scarcity are:

1. Uneven distribution over the globe. While some parts of the world suffer from excess
rain and frequent floods, about 60 percent of the Earth’s surface are regions where
quantities of fresh water are insufficient to meet the local needs.

2. Seasonal variability. Some regions of the world face a high seasonal variability of
available quantities of fresh water. Arid zones have to deal with a lack of water in the
periods of the year when the need for fresh water is the highest.

3. Global climatic change. During the last few decades, the Earth’s climate has been going
through a global change that is likely to affect water availability in many ways (Gleick,
1993; Kliot et al., 1996). One of the threats of this climatic change is the increase in the
quantities of fresh waters lost to evaporation, as a result of higher average temperatures.



The constant increase in global population is putting an intensive pressure on the world’s
water resources. Demand for water for domestic and industrial uses and agricultural
production is rapidly increasing. As more and more people reach a higher standard of living,
per capita water consumption is likely to continue to increase. In addition, wastes from a
variety of human activities have been polluting surface and underground water resources.

Degradation of water quality is another factor that limits the availability of fresh waters.

New sources of water are becoming scarce and more difficult to develop: higher and more
expensive technologies are required for their planning and operation. According to the
United Nations Commission on Sustainable Development (1997), water shortages in this
century are likely to restrain economic and social development in many parts of the world,

and be a potential resource of international conflicts.

The potential for a water scarcity problem has been referred to as ‘water vulnerability'.
Different indices have been used for the estimation of a country's, or a region's water
vulnerability. Shmueli et al. (1997), estimate that countries whose present water
withdrawals exceed one third of their total renewable supply are considered being at a high
level of water vulnerability. A study of the United Nations (1997) defines high stress
countries as those, which consume more than 40% percent of their fresh water supplies for
agricultural, industrial or domestic use each year, and medium-high stress countries as those
which use from 20 to 40 percent. Falkenmark (1994) uses the annual per-capita water
availability below 1000 mc per person per year as the indicator of a potential for water

scarcity. According to this measure, the Middle East countries are at a high risk.

As water scarcity becomes an inevitable reality in many countries, and the need for fresh
water resources is constantly increasing, the problem of international waters becomes more
and more acute. According to the United Nations Register of International Rivers (1978),
there are more than two hundred sixty international river systems worldwide (these account
for about 47 percent of the Earth’s land area). Fifty-three international basins are shared by
three or more countries. Riparian countries in many of these basins have already been
involved in different types of international disputes regarding the shared waters. Problems
arising in international watersheds include a wide range of navigational, flood regulation,

environmental quality, and, as probably the most sensitive, water scarcity issues.



When dealing with water scarcity problems, governments frequently take decisions to
increase withdrawals from the shared water resource, without considering the needs of their
neighboring countries. Increased withdrawals, diversions, or other regulations in most cases
invoke or exacerbate water scarcity problems in downstream countries. In arid regions,
where already exists a traditional competition over water, such actions are likely to invoke
international disputes (Dinar et al., 1997). When facing a water scarcity or other water
management problems, governments take unilateral actions without considering the needs
of other riparian countries. Typical conflicts are between upstream and downstream
riparians of an international watershed: the upstream riparians are in the position to control
the quantity and the quality of water flowing downstream, and can directly affect the supply

to their downstream co-riparians.

1.1.2 Overview of international water conflicts

Conflicts over international waters have been the subject of a number of studies and
published works (Wolf, 1995; Just and Netanyahu, 1998; Kliot et al., 1996). Even though
more than 280 international water treaties have been signed to date, there are still many

unresolved cases.

Water issue has been one of the several causes for the historical regional tension among the
countries of the Middle East. Jordan has been objecting to the construction and operation of
Syrian dams on the Yarmouk, the major tributary of the Jordan River. The Yarmouk has
also been a conflicting issue between Jordan and Israel. Control and allocation of the Jordan
River and its sources, as well as the use of the aquifers underlying the West Bank have been
the cause of conflict between Israel and its other neighbors too. In two occasions, Syria and

Israel have been involved in armed conflicts (Wolf, 1995).

About 90 percent of the water of the Tigris and the Euphrates originate in Turkey. In 1960s,
Turkey started with the construction of the GAP system on the Euphrates and Tigris. The
system includes 22 dams and 19 hydropower stations (Kliot et al., 1996), and has the
potential of reducing flows as much as 40 percent to Syria and 80 percent to Irag. In 1970s,
when Syria also started with larger withdrawals of the Euphrates flows for irrigation, Iraq

threatened by military attacks.



After the 1947 partition of the Indian subcontinent to India and Pakistan, India remained
with the control of the Indus waters supplying Pakistan’s irrigation canals. In 1948, India
diverted these waters and initiated a series of conflicts between the two riparians which, in
few occasions, threatened to lead to war. India, as the upstream riparian on the Ganges
River, has also initiated water development projects that have been seriously reducing water

supplies to the downstream Bangladesh (Wolf, http://www.transboundarywaters.orst.edu).

The Aral Sea in Central Asia, the fourth largest lake on the Earth, has shrunk by more than
70 percent since 1960 and has become highly polluted. Today, the riparians, the five former
republics of the Soviet Union (Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and
Uzbekistan), have been struggling to share the lake (Wolf, http://www.

transboundarywaters.orst.edu).

Other examples of international disputes involve the following river systems (Kliot et al.
1996): Columbia (between the United States and Canada), Rio Grande/Rio Bravo (between
the United States and Mexico), La Plata (Argentina and Brazil vs. Uruguay, Paraguay and
Bolivia), and others.

1.1.3 Claims to water

There is no international law, which, in an unambiguous way, determines the allocation of
water resources shared by independent countries or political entities. In the absence of a
binding rule, parties involved in conflicts over international waters use various criteria to
support their claims. The most frequent are claims according to geography, e.g., from where
a river or aquifer originates and how much of that territory falls within a certain state, and
chronology, that is, who has been the longest consumer of the water from the resource
(Helfgott, 1995).

In disputes between upstream and downstream riparians of a single watershed, upstream
countries often relay on the “doctrine of absolute sovereignty”. This extreme principle
claims that a state has absolute rights to water within its territory (the claims of Turkey and
Ethiopia in the cases of the Euphrates and the Nile, respectively). Downstream countries
usually claim their rights based on the *“doctrine of absolute integrity”. This principle



suggests that every riparian state is entitled to the natural flow of a river system crossing its
borders. In arid regions, the down-stream riparian usually has an older infrastructure that is
in his interest to defend (the claims of Irag and Egypt in the case of the Euphrates and the
Nile, respectively). The principle that assigns greater rights to the older use is referred to as

prior appropriation.

Even though often used as claims, these extreme doctrines have never been a basis for an
international water treaty. Most of the treaties were signed when disputes escalated to the
point were the parties had to make a choice between compromising or entering a war.
Proclivity of the most of the disputed riparian countries to avoid armed conflicts, usually
supported by the supervision of a neutral, third party (international organization or another

country), usually makes them move toward compromising alternatives.

1.1.4 International law

Since the end of the World War |, international law institutions have tried to shape the
guidelines for the intensive use of water resources, focusing especially on the international
watersheds. In 1966, the International Law Association adopted the Helsinki Rules, which
introduced the concept of a “drainage basin” and the general guidelines for “reasonable and
equitable” sharing of a common waterway. While Article 1V of the Helsinki Rules states
that “Each basin State is entitled, within its territory, to a reasonable and equitable share in
the beneficial use of the waters of an international basin”, Article V lists the factors that
should be accounted for when defining what is “reasonable and equitable”. Among these
are: basins geography, hydrology, climate, past and present water utilization, economic and
social needs of the riparians, population, comparative costs of alternative resources,
availability of other resources, avoidance of waste, the degree to which a state’s needs may
be satisfied without causing substantial harm to a co-basin state. The Rules suggest that

eventual international conflicts should be resolved by compensation.

In 1997, the UN General Assembly adopted the “Convention on the law of the Non-
Navigational Uses of the International Watercourses”, which was put up by the
International Law Commission (ILC, the General Assembly legal advisory body). This
Convention provided a framework for the management of the international waters. The term

“international watercourse” was defined and both glaciers and confined aquifers were
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included into the codification. Similar to the Helsinki Rules, the Convention requires
riparian states to communicate and cooperate, exchange information, protect of ecosystems,
and notify eventual emergency situations. “Reasonable and equitable use” within each
watercourse state, with the obligation not to cause significant harm, is the basis of the vague
recommendation for allocation problems. One of the problematic facts of this Convention is
that it does not represent the rights of the political entities who do not have a state with
internationally recognized borders, but might claim water rights (the Palestinians along the

Jordan River, or the Kurds along the Euphrates).

The most updated document that relates to the problems of allocation of international
waters, is the last revision of the Helsinki Rules, the Berlin Rules (International Law
Association, 2004) These new rules do not change the underlying situation, namely that
there is no definitive set of rules for allocation of water, and the same considerations still
appear. The document addresses the following issues:

Equitable utilization;

Protection of the aquatic and aquatic related environments;

Navigation;

Extreme situations related to highly polluting accidents, droughts, and flood control;
Protection of Water Resources and Water Installations during Armed Conflicts;

Administration of an International Drainage Basin;

N o g s~ w b oE

Public Participation, as a means for protection of the interests of communities affected
by water projects;

8. Legal Remedies relate to responsibilities of each riparian state in the case its actions in
the international drainage basin cause environmental harm or damage to persons in

another state;

As is stated in the document, the codification that relates to prevention and settlements of

disputes is yet to be developed. The relevant articles are:
Article 11: Cooperation. Basin states shall cooperate in good faith in the management of

water for the mutual benefit of the participating States, respecting the sovereign equality

and territorial integrity of each State.
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Article 12: Equitable Utilization. Basin States are entitled in their respective territories to
make an equitable use of the waters of an international drainage basin, subject to the duty to
manage the waters of the international drainage basin, separately or jointly, in an equitable

and reasonable manner taking into account the interests of each basin State.

Article 16: Avoidance of Trans-boundary Harm. A basin State shall refrain from and
prevent acts or omissions within its territory that causes significant harm of any kind to
another basin State, except insofar as such harm is necessitated to accomplish an equitable

and reasonable use as provided in Article 12 and is otherwise consistent with these Rules.

The document gives guidelines for the determination of an equitable and reasonable use. It
lists the relevant factors to be included in the consideration for each particular international
watershed. Among these are: geographic, hydrogeologic, hydrologic, climatic, ecological
features of the drainage basin including the extent of the drainage area in the territory of
each basin State and the contribution of each basin state to the waters of the basin; the past,
present, and foreseeable future uses of the waters of the basin and other economic and social

needs in each basin State; ecological integrity of the basin.

Although the International Law Association Rules and the UN Convention on the law of
Non-Navigational Uses of International Water Resources expand the range of possible
resolutions to international water disputes, they do not provide a clear definition of property
rights or unambiguous directions for water allocation. The more powerful country, or the
country with the position advantageous over others in any (for that matter) useful way, still
has the opportunity to influence the arrangements within an international watershed. The
most influencing riparian controls and uses the water resource with little concern for how it
affects the others. Another problem with the ILA Rules and the ILC Convention is that they
are not binding. There is no international organization authorized to apply legal or other

measures on the riparian countries which do not respect them.

1.1.5 Characteristics of negotiation processes and the quality of negotiated

agreements
Negotiations have been the most common way of the attempts to resolve disputes and avoid

armed conflicts over shared water resources (Kliot et al., 1996). During the last two
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centuries, more than 280 treaties have been singed over international water resources.
Among 145 treaties signed in the period between 1874 to 1996 which are included in the
Transboundary Freshwater Dispute Database (Wolf, 1999), twenty relate to non-
consumptional issues (flood control, navigation, or fishing), while all others mainly relate to
distribution of water for consumption (53 treaties), hydroelectric generation (57), industrial
uses (9), and pollution (6).

Negotiations over shared waters last long periods of time. It took ten years of negotiations
to settle the Indus River dispute, 30 years for the Ganges, 40 for the dispute over the Jordan
River (Wolf, http://www.transboundarywaters.orst.edu). During such long periods, due to
inadequate distribution and/or pollution, the quality and quantity of water may seriously
deteriorate and become inadequate for the maintenance of the ecosystems and use by
present and future populations (for example, deterioration of the lower parts of the Jordan
and the Nile Rivers; Gleick, 1993).

The reasons for long duration of the disputes and negotiations are in the very nature of the
issues at stake. When scarce, water resources become strategically very important. A
country which depends on an international water resource, has a high priority to assure the
control over as large a share of that resource as possible. The negotiations are conducted as
a simple bargaining process, in which each party selfishly pursues its own interests. The
communication between the parties is burdened by the lack of mutual confidence and
unwillingness to reveal information and relevant data. Possession of relevant information
and data is of strategic importance. The country in the possession of better data is able to
calculate the possible outcomes from potential negotiation solutions and to better access
potential risks. Furthermore, there usually exists a disagreement about geographical,
historical, hydrological and other facts that are actually in the core of the negotiated issues
(borders, rights, current and future demand for water versus availability of water, etc.). The
countries may also differ in their ability to understand the meteorological and hydrological
processes in the shared watershed. Different scientific approaches may be used to access the

present and future quantities and qualities of the available water.

The countries are often inclined to adopt or interpret certain ‘theories’ in the way that will
best serve their interests. International negotiations over water resources are often

supported, by the means of facilitation or mediation, by a neutral party - a country or
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international organization (Just and Netanyahu, 1998). The task of this party is to improve
the communication and exchange of information between the negotiators, and to assist them

in searching for a way to reconcile their conflicting interests.

Riparians of an international watershed are rarely ready to let other countries or, "third",
neutral parties interfere with their domestic water policy, and are usually, not willing to

establish a cooperative management of shared waters.

When reached, agreements over shared waters are usually strongly affected by the power
asymmetry between the parties. The party that is in a better strategic position usually
succeeds in compelling the acceptance of its interests on its counterpart. In the other hand,
no international law, regulation or institution can enforce the countries to respect the

achieved agreement.

Just and Netanyahu (1988) lists some of the basic obstacles to cooperative management of
shared waters:
Sources of the obstacles to cooperation:

e Competing uses and absence of common goals. In some countries water is a matter of
survival, while in others it is a matter of life quality improvement;

e Desire for food security and self-sufficiency in arid and semi-arid regions;

e Different levels of economic development result in different abilities to invest in
national and international water projects that would improve water utilization;

e Deferent perceptions of the need for the environmental quality. Countries that depend
on the same water resources often differ in the way they deal with water and
environmental quality issues;

e Different cultures, histories and different symbolic meanings of water. Water is
of an important symbolic meaning to many nations. Often, it is perceived as too
important or too sacred to have its natural regime changed;

e Different social values (meanings) of water. In some countries, the government
subsidizes the price of water for the consumers in certain sectors, often agriculture.
Subsidies increase the demand for water and have traditionally been perceived as

harmful to other riparian countries;
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e History of conflicts and mistrust. Countries in some international watersheds have
been involved in a long history of conflicts related to different issues that may or may
not include water. Mistrust developed between these countries prevents them from
entering any kind of joint projects;

e Uncertain climatic changes and unwillingness to comply with long-term

commitments.

Since water is of a high social and strategic importance to disputed parties they conduct the
negotiations in a zero-sum (win-lose) game stile, pursuing their own (national) interests and
goals. Because of the history of conflicts and mistrust, the communication between the
parties is burdened by the lack of mutual confidence so that recognition of eventual joint
interests is extremely difficult. Publicly, water is perceived and discussed in quantities only
— the more one party gains, the more others lose. Bargaining in such manner leaves little or
no space for exploring alternative solutions that will simultaneously improve positions of all
involved parties. If (at all) an agreement is reached, it is usually affected by the power
balance between the parties so that, at least one of them, leaves the negotiation table

unsatisfied.

1.1.6 Alternative Dispute Resolution

As a result of the constant, increasing trend in the demand for fresh water and pressure on
the shared water resources, there has been an increase in the awareness of the water-based
inter-national dependence among the riparian states. According to the studies of Delli
Priscoli (1996), most of the countries realize that as constraints on the resource grow, the
opportunity costs for not cooperating are becoming clearer. However, the imperative need
of the nations to control the water resources puts a major constraint on reaching a
cooperative agreement that would be efficient and beneficial to all parties involved. The
same author states that there is a need for an international water resources management
mechanism that will give incentive for cooperation. Such a mechanism should assure “better
off’ positions to all parties and provide alternative means for ‘control” over the resource.
Traditional means have been taping or diversion by upstream and military interventions by
downstream countries. Instead, a mechanism should be offered that will give the right and
opportunity to all the riparians to take part and control the decision-making process within a
joint, cooperative, and beneficial management of the shared resource.

15



Problematic management of international water resources and related conflicts have been a
subject of interest of different fields, like international law, economics, sociology,
psychology, and other. A number of published works analyze the causes of success or
failure of international “water’ negotiations from different aspects (Dinar et al., 1997, Beach
et al., 1998, Bazerman et al., 1997). During the last two decades, there have been attempts
to assess the potential of Alternative Dispute Resolution (ADR) approach in the specific
area of environmental conflicts. ADR approach includes a wade rage of techniques with
which the parties to disputes voluntarily seek to achieve a settlement of issues (Bingham
and Stedman, 1999). Most are ‘collaborative techniques’, meaning that the goal of the
parties is to reach a voluntary agreement. ADR techniques include dialogue and negotiation,
as processes of direct communication. When assisted by a neutral party, such dialogues
become processes of mediation, facilitation or arbitration, depending on the degree of the

neutral party’s involvement.

ADR techniques are alternative to adversarial processes that usually result in ‘win-lose’
solutions. They involve application of theories and procedures designed to achieve an
agreement that is acceptable and satisfying to all parties. VVarious ADR techniques prescribe
several common rules to the disputed parties:

- educate each other about fundamental interests

- jointly identify options that could be mutually beneficial

- agree on criteria for identifying jointly acceptable solutions

- consider a wide range of alternative solutions.

Delli Priscoli (2003) gives the advantages of the application of ADR approach to water
resources management in general, and to international water disputes, in particular. The aim
of all ADR techniques is to move the disputed parties from a position-based to an interest-
based dialogue. Position-based bargaining starts out by parties taking fixed positions. In
order to reach an agreement, the parties have to make concessions, until they reach a
mutually acceptable solution. Such agreement is a compromise, which does not satisfy all of
the parties’ needs — it meets just enough to be accepted as (no more than) a tolerable
agreement. As is typical for disputes over water resources, people’s positions are not
necessarily the same as their interests. For example, if a country takes the position that it

requires the right to use most (or all) of the annual availability of water in a source shared
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with another country, it is doing so to meet its various interests, one of which may be
assuring a safe water supply. ADR approach assumes that there might be more than one
way to satisfy the interests of a disputed party, as in this particular example, to balance
water demand and water supply within a country. Delli Priscoli (2003) concludes that when
parties concentrate on positions, any concession is perceived as a loss; when concentrating
on interests, the parties may explore and find various ways to meet these interests, some of

which may be mutually acceptable.

ADR techniques and procedures are designed and/or selected to provide the best assistance
in each particular dispute. Disputes can be result of conflicts over values, interests,
relationship, or data, or, as is usually the case in international water disputes, they can have
the combined features of several types of conflicts. When voluntarily accepted, ADR
techniques have potential to improve the communication and information exchange among
the disputed parties, to assist them in recognizing their own and understanding others’
interests and needs, and to provide the opportunities for exploring various solutions to the
conflict. Assumption of the ADR approach is that the outcome, which does not satisfy at
least up to a certain degree, all (or most) of the needs of the disputed parties, is probably
unstable. On the contrary, when all parties walk away satisfied with the outcome, they all
have a stake in making the resolution work and last (Delli Priscoli, 2003).

1.1.7 Economic solutions to water scarcity

Water scarcity often reflects the problems in the management and allocation of water
resources within individual countries. Allocation of water among different users on
domestic level is, in most cases, subject to political decisions. In many countries throughout
the world, governmental water policies seem biased toward certain sectors, mostly
agriculture (Berk and Lipov, 1994). Such water policies are usually designed without a
proper consideration of the economic value of water. Water is treated as an economically
inexpensive commodity, and prices charged to certain users do not reflect real prices.
According to Fishelson (1992), a large fraction of water allocated to agriculture is
producing little if any value net of cost. Reduction in prices contributes to over-pumping
and deterioration of natural water resources. Manny water economists agree that

misallocation of water, and especially a water-policy that favors certain water-use sectors, is
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likely to cause artificial water shortages (Becker and Zeitouni, 1998, Jordan, 1999, Zeitouni
etal., 1994).

Water economists argue that there are major differences between water-sector policies
pursued by governments and the theoretically (economically) efficient water-allocation
models (Berk and Lipov, 1994). Economic efficiency of water allocation is reflected in the
system of prices: prices charged to consumers, supply costs, and the real value of water.
Prices charged to consumers should not be lower than the sum of the marginal cost of
production and the marginal cost of distribution. Uses of water at prices lower than the
marginal supply cost result in overexploitation of water resources and are economically

inefficient.

According to the economic approach, a real price of water should, beside extraction,
delivery, and capital costs, reflect the scarcity rent of water at the source, too. Scarcity rent
takes into account the user cost due to scarcity. For example, consumers may be willing to
pay a positive value for additional unit of water from an already exhausted resource (Fisher
et al., 2002). Tietenberg (1992) and Jordan (1999) go even further by arguing that scarcity
rent should not reflect only the existing, but the potential scarcity of water as well: using
large amounts of water to keep grass green may be appropriate for a region with large
replenishable water supplies, but not when it denies drinking water to future generations. If
prices do not take this higher scarcity value into account, inefficiency is imposed on the

future — too much water us consumed today (Jordan, 1999).

Water economists relate to water as an economic good and propose allocation of water
through a market mechanism. A market mechanism treats water as an ordinary economic
good, and balances the marginal cost of the supply of water with the marginal demand. The
marginal demand of consumers is expressed through their willingness to purchase
additional unit of water. However, there are serious objectives to implementation of a pure
market mechanism on domestic water allocation problems. According to the principle of
marginal demand, if the poor cannot pay as much for a unit of water as the rich, they should
get less water. Opponents to such approach argue that water is a public good, and that safe
water is a basic need and should be available at reasonable levels to everyone (DellaPenna,
1995). Others believe that water serves important ecological, environmental, and aesthetic

benefits in many cases, and should not be allocated to other uses simply on grounds of
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willingness to pay: at least up to some minimal level of availability, water is a social good
whose availability to certain consumers and for certain purposes at prices below market
value provides benefits to society as a whole (reference). From the economic perspective,
this approach relates to water as to a merit good, which consumers should be encouraged

and helped to consume, up to some quantities, for example, by a subsidy.

Perry et al. (1997) summarize different relations to water as a good (basic human need, a
merit good, or an ordinary private good) by suggesting that water satisfies many different
needs, and has properties that make it both a private and a public good. Therefore,”...a
proper water management requires much more sophisticated form of analysis than that
adopted by proponents either of basic needs or of free markets. Water policy must be
formulated in terms of multi-objective decision-making, recognizing that the relevance and

importance of various values of water will vary substantially over different conditions”.

In the last decade, there have been many attempts to apply the basic concepts of market
theory to water allocation problems. These concepts are not limited to domestic water
policies. Beker and Zeitouni (1998) analyzed the efficiency of a decentralized market of
water for Israel and the PNA and compared it with the actual allocation in terms of the
welfare losses. Yaron (1994) related to the arguments that a pure market mechanism may
lead to drastic changes and deviations from status quo in agriculture which needs a long run
supply reliability: he suggested an allocation-pricing policy based on a mix of quota system
with market mechanism, with the later applied only at the marginal segment of the quotas.
He proposed high water prices at the quota margins and gradual adjustment of the quotas
over the years in order to increase the efficiency of water use over time and at the same time

avoid drastic changes in allocation.

We propose a collaborative Negotiation Support System (NSS) as a dispute resolution
framework, to assist the parties in searching for feasible and satisfying solutions to
management of the shared resources. The NSS incorporates some basic concepts of a water
market system to help in determining an optimal allocation of an international water
resource. These concepts are combined with approaches adopted from Decision and Game
Theories, as well as ADR techniques, to provide the negotiators with support and

opportunities to account for the plural meanings of water to their societies.
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1.2 Overview of negotiation support models

Kersten (1985) defines group decisions and negotiations as situations which engage two
or more participants in two types of activities: communication and decision-making.
Negotiation support techniques are aimed at assisting the participants to form, represent
and analyze arguments, exchange information (including offers), and make compromise

decisions.

Formal methods and models for group decisions and negotiations evolved from decision
analytic methods for individual decision making (Kersten, 1985, Fraser and Hipel, 1984,
Hipel and Fraser, 1991).

Negotiation
L Process
Negotlat!on Support
Information System
Negotiation ~ Management NPSS
Group Support System
Decision System NIMS 1992
. Support
St System NSS 1990 NCSS
System GDSS 1989 NPS Negotiation
L. Context
DSS < 1982 Negotiation Ssgpi):t
Preparation
1982 IDSS S?/stem System
Individual
Decision
Support
System

Figure 1.2.1: Evolution of Decision and Negotiation Support Systems
(Thiessen et al., 1992)

Computer based tools and aids have been developed to assist the participants in group
decision making and negotiations. Negotiation Support System (NSS) is a term used in
the literature on interactive computer programs for multi-objective conflict resolution
(Fraser and Hipel 1984; Kersten, 1988). Negotiation Support Systems are a specific type

20



of Group Decision Support Systems (Figure 1.2.1) designed for providing assistance in
situations where there is disagreement among various parties as to what decision to adopt
(Thiessen et al., 1992). They can be categorized according to their functions in the

following way (Nyhart and Goeltner, 1987):

a. Negotiations Preparation Systems, which operate away from the negotiation table and

assist one party only.

b. Negotiation Information Management Systems that can be further divided into:

= Context Support Systems, which are used in the case of negotiation over design,
management or operation of a system. Context models simulate the behavior of the
system being designed and can be used to analyze its performance under different

circumstances.

= Process Support Systems, which are concerned with the dynamics or procedure of
the negotiation process (Thiessen, Loucks and Stedinger, 1992). Process support systems
are designed to assist the process of negotiations by increasing the likelihood of
identifying one or more mutually agreeable proposals when a potential region of
agreements exists. They can help identify better solutions than those that would have
been found without their use.

NSSs have been developed for used in practice, as well as in training and research.
PERSUEDER (Sycara, 1993) is a package for the group decision support, which uses
artificial intelligence techniques (case-based reasoning) and decision theory methods
(multi-attribute utilities). It is able to incrementally propose modifications to a proposal,
to help parties narrow their divergent views. It helps them communicate arguments and
justifications and also suggests plausible arguments. It is an intelligent DSS, capable of
learning from past negotiation cases, and uses this knowledge, as well as participants’
preferences, in determining the proposed compromise. ICONShet
(http://www.icons.umd.edu) is a Web-based simulation software developed specifically
to support on-line negotiations and related activities. It is the basis of the International
Communication and Negotiation Simulations (ICONS) Project which offers opportunities
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for students from around the world to participate in Internet-based negotiation
simulations. ICONSnet was designed to enhance interactive learning by encouraging the
development of critical thinking skills and an awareness of cultural differences in

approaches to negotiation and problem solving.

Some NSSs have been designed to support a third party mediator or to act as mediators
themselves by suggesting solutions to the negotiation problem. They are basically process
support systems but some of them have also the features of a negotiation preparation
system. MEDIATOR (Jarke et al., 1987) is a package which uses a data base-centered
approach to consensus seeking. Each participant uses a DSS to perform an individual
utility analysis of the negotiation problem. A mediator then assists in consensus seeking
by aiding the players in building a group joint problem representation of the negotiation
problem. MEDIATOR has been applied to hostage crises (Jarke et al., 1987), in which a
human mediator creates the database based upon his understanding of the positions of
extremely hostile parties. NEGO (Kersten, 1985) is an interactive system which uses
multi-objective linear programming techniques to establish proposals from each of the
individual participants. It then forms a sequence of compromise proposals based on
relaxed participant demands. The problem is solved when a compromise proposal is
produced that satisfies the revised set of demands.

Support for individual negotiators includes stand-alone DSSs which are designed to aid
one party in negotiation preparation and/or in determining a successful course of action.
This group includes Decision Analysis Systems like the Graph Model for Conflict
Resolution (GMCR, Hipel et al., 1999), the model which helps the user to analyze
strategically whether to take part in negotiations, and to decide what choices to make
during negotiations. It requires the user to assess the interests of both sides and uses the
information to help determine what to do, offer or threaten, and how to respond to offers,
actions and threats by the other side. NEGOTIATOR (Bui, 1992) can be used as an
individual DSS or as part of a group decision support system when integrated with
communication software. It utilizes multi-attribute utility methodology and neural

network learning techniques. GENIE (Wilkenfeld et al.,, 1995) is an individual
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negotiation support system that can be used by all participating decision makers in a
crisis situation. Each application by a player operates individually, without any direct
relation to applications of other players. A major task of GENIE is to present a complex
negotiation model to the user in an easily understandable and organized manner. A user
can explore his own various negotiation positions. It also allows a negotiator to evaluate
quickly opponent proposals during actual negotiations. GENIE was experimentally
evaluated in a hostage-crises simulation with a scenario based on a hypothetical hijacking
of a commercial aircraft which involved three parties negotiating in triple bilateral

negotiations: the highjackers, the country of the hostages, and a neutral mediator.

1.2.1 Context and process support in resolution of disputes over water
resources

Computer programs that provide detailed simulations of water resources systems simulate
hydraulic and hydrologic processes. Such are the programs developed by the US Army
Corps of Engineers’ Hydraulic Engineering Center, such as HEC-HMS, HEC-RAS, and
HEC-5 (The US Army Corps of Engineers, http://www.hec.usace.army.mil), used to
model runoff, analyze flood flows, and understand behavior in reservoirs, RiverWare, for
river and reservoir modeling (Zagona et al., 2001), and IRAS - Interactive River-Aquifer
Simulation (Loucks et al., 1995). These models provide support necessary for
understanding the physical system and for evaluation of proposed changes, and have been

used for context support for group decisions and negotiations.

ICANS (Interactive Computer-Assisted Negotiation Support System, Thiessen et al.,
1992) is an example of a process support system with application to water resource
conflicts. Based on information provided to the program, in confidence, by each party, it
assists the parties in identifying feasible alternatives, if any exist, that should be preferred
by each party in the absence of a negotiated agreement. If such alternatives do not exist,
the program can help parties develop counter proposals. Through a series of iterations in
which each party's input data, assumptions, and preferences may change, ICANS can aid

the parties in their search for a mutually acceptable and preferred agreement.
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Examples of systems that integrate both context and process support include the CRSS
(Conflict Resolution Support System, Rajasekaram, et al., 2002), a computerized
technical support system developed to aid conflict resolution through five functional
activities: communication, problem formulation, data gathering and information
generation, information sharing and evaluation of consequences. The basic tools included
in the CRSS are tools for multi-purpose reservoir operation, river flow routing, multi-

criteria decision-making, and spatial data analysis.

Shared Vision Modeling (Palmer et al., 1993) is an approach based on the premise that
“models must reflect the effected parties’ perspective of their water resources system. It
requires identification of the stakeholders involved in the system and recognition of their
primary concerns. The approach is combined with STELLA®II (High Performance
Systems, Inc.), which is an object-oriented, graphical modeling environment, and can be
used to simulate any water system. The stakeholders receive training in STELLA®II, and
develop a model of the physical system, with which they perform simulation of proposed
alternatives and examine the outcomes and consequences of each. The model is
considered joint property of all stakeholders, and is available during the process of

negotiation and conflict resolution.

OASIS (HydroLogics, Inc.) software is a tool that enables parties with diverse and often
conflicting goals - such as cities, power facilities, environmentalists, and agriculturalists -
to work together to develop operating policies and solutions that mutually satisfy their
diverse objectives. It is capable of modeling virtually any water system in the world, from
small and simple to large and complex. OASIS is combination of a graphical user

interface and ocL™

(Operation Control Language) which enables data to be entered as a
series of rules and constraints, and allows the interested parties to model systems in

planning or negotiation sessions and see results almost immediately.

The common features of these and similar models which provide both context and
process support resolution of conflicts related to water resources, are:

24



1) they enable simulation of physical water systems and thus provide means for
exploring and enlarging the space of alternative solutions to the conflict;

2) they concentrate on (physical) feasibility of analyzed alternatives, but do not provide
an objective measure for the ‘quality’ of these alternatives;

3) they require a joint definition of the problem, and a joint agreement on the
constraints imposed on each alternative solution;

4) they do not require detailed structuring and understanding of individual preference
structures; and

5) they do not provide a structural framework for the selection of a single (the best)

alternative solution.

Our NSS belongs to the category of the last three models: it is aimed to support both
context and process of negotiations over allocation of international waters. The concepts
and design of the NSS, as well as the manner in which it deals with the above issues, will

be addressed in next chapters.
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1.3 Aims of the research

The aim of this thesis is to design a negotiation support system (NSS) for parties who
represent politically independent entities with claims to the same water resource.
According to the overview of the real-world cases, the parties to negotiations over
international waters approach the negotiation process with a goal to ensure for
themselves as much as possible of the disputed resource. Thus their basic interests are
mutually conflicting. Frequently, the negotiations are burdened by a long-standing

mistrust or even open hostility.

In terms of negotiation and game theories, such negotiation processes are defined as
distributive bargaining. Distributive bargaining focuses on allocation of “fixed”
resources between the parties, fundamentally a *““zero-sum game”: any gain of one
party represents a loss to the other party (water allocated to one party is not available
to the other). The outcome of the game represents a win-lose situation, where usually
the party that has the power forces the other party to accept its demands, or at least a

major part thereof.

As opposed to distributive bargaining, integrative bargaining is, by definition, a
process wherein the parties search for common or complementary interests, and
explore ways to expand the options which can be shared by the parties, either by
expanding the resource base and/or by incorporating complementary interests into the
common arena (Raiffa, 1982). Instead of a forcing strategy, in an integrative
bargaining the focus is on a so-called "fostering" strategy that is based on the premise
that once the true and full interests of the parties are identified, "win-win" solutions
can be found which leave both parties better situated and more satisfied.

According to Ury et al. (1993), parties involved in a dispute can base their negotiating
strategies on one of three approaches: rights, power, or interests. Focusing on rights
means that parties try to determine how to resolve the dispute by applying some
accepted law or standard of fairness. Since there is no international law that regulates
definitively the allocation of shared waters (see 1.1.4) and standards for fairness are

usually perceived differently by the parties, this approach is likely to lead to a
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distributive, win-lose agreement, or to a compromise that does not realize potential
integrative gains. Focusing on power means that each party tries to convince the other
to make concessions while using some kind of threat. In international water-disputes,
power inequities strongly affect the outcome of negotiations, often with a party who
sees in the preservation of the status quo a prevailing interest. Veto by one participant
is sufficient to paralyze the process. A power approach generally leads to a
distributive agreement, which is likely to evoke new or prolong existing disputes. In
most cases of negotiations over shared waters, agreements, if reached, were based on

"rights™ or "power".

According to the same authors (Ury et al., 1993), in order to achieve an integrative
and mutually beneficial agreement, the parties need to focus on interests, rather than
merely on positions. Focusing on interests means that the parties try to learn each
other's needs, concerns, and priorities, and attempt to reconcile them in the search for
an agreement. Negotiations between sovereign entities who claim rights to the same
water resource are usually burdened by a lack of mutual confidence. National
integrity and security are of a primary concern, and revealing the priorities and
concerns to the counterpart is not perceived as a safe and promising strategy. The
crucial importance of water resources makes each party pursue it's own needs in a

self-oriented, selfish manner.

The negotiation framework proposed in this work is aimed at providing the parties
with incentives to advance from a distributive, rights- or power-based bargaining
process to an integrative negotiation, which can converge to a solution beneficial to
all parties involved. In order to move the riparians from adversarial positions towards
win-win solutions, the interaction based on simple bargaining needs assistance by
additional techniques and skills. The proposed Negotiation Support System (NSS),
combines the tools of individual decision-making analysis, alternative dispute
resolution (ADR) techniques, game theory models and some principles of free market
theory. The model combines these approaches and tools, while relying on the notions
of equity, fairness, efficiency, and stability.

The approach to model design is based on the conclusions drawn from a number of

real-world cases of international water disputes. It recognizes the absence of mutual
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confidence between the parties, and assures a level of confidentiality in the
manipulation of revealed information. Also, the approach does not assume that the
agreement between the parties will be based on cooperation in management of the
disputed and other water resources. It searches for the outcome that will be perceived
as the 'best outcome' by both parties, given the level of their mutual trust and other
negotiations conditions (“the state of the world”) at the time of the negotiations. If the
outcome of a negotiation process supported by the model includes some of the
elements of cooperation in water resources management, it is be because the parties

select that alternative as the most preferred, according to their individual criteria.

The proposed negotiation framework incorporates ADR techniques, including joint
analysis of the effects of proposed solutions, brainstorming, joint search for mutually
preferred solutions, and techniques for solving the problems of fair division (game
theoretic models). These techniques are used to decrease the effect of the power
politics mechanism on the outcome, and increase both parties' feeling of equity and

fairness.

This work brings into the negotiating arena the notion of efficiency, with a double
meaning. In bargaining theory, the term “efficiency” is used to qualify the outcome of
a bargaining process. A solution is considered efficient if it is not possible to move
from it in a direction that increases the gain of both parties simultaneously. Moving
from an efficient solution to increase the gain of one party, results in a decrease of the
gain of the other party. Solutions that are efficient in the sense of the bargaining
theory are referred to as Pareto Optimal or non-dominated solutions. A rational
compromise solution must be chosen among the efficient solutions, since if the
solution is not efficient it is possible to move from it in a way that improves the
outcome for both parties. In regular (‘non-supported’) negotiations, it is up to the
parties to use their cognitive skills to recognize and select an outcome from the set of
efficient outcomes. However, the agreement concerning the outcome will depend also
on the quality of communication and the level of mutual confidence between the
parties. In a distributive bargaining, it may happen that the parties reach an agreement
that "misses™ some of the possible joint gains, and “leaves something on the table”, a

solution that would make all of the parties of them better-off. The negotiation support
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model proposed in this work offers a game-theoretic algorithm which, given a set of
feasible outcomes, selects those that satisfy the efficiency criterion.

An additional meaning of the notion of efficiency in this work is that of economic
efficiency, which relate to the way water resources are utilized. Elements of water
scarcity, which are at the basis of the disputes that are the subject of this thesis, are
often related to an inefficient use of water at domestic and/or international level (see
Section 1.1.7). Efficiency of water use is expressed by a system of prices at which
consumers buy water, shadow prices of water, and supply costs. (see Section 3.3.1).
The negotiation support framework includes a water-allocation optimization model,
which enables an "on-line" analysis of the effects that each proposed (negotiated)
solution has on the system of prices. According to the principles imbedded in the
model, water resources are used in an efficient manner when the prices for consumers
equal (or are close enough) to the sum of supply costs and the shadow value of water

in the source.

Stability refers to a particular quality of the negotiated agreement. In bargaining
theory, a stable solution of a bargaining problem is reached when the parties have no
incentive to move away from that solution. This means that a selection of any other
solution would represent a decrease in the level of satisfaction with the negotiated
outcome. In resolution of disputes over international waters, the notion of stability is
of extreme importance. A 'win-lose' outcome in such disputes is inherently not stable.
If one of the parties leaves the negotiation table unsatisfied, there is a good chance it
will break the agreement sometime in the future. Because of the concept of
sovereignty, the lack of enforcement mechanisms, and the weakness of international
law, the riparians still have the opportunity to deviate from the agreement. Only a
'win-win' outcome, which ensures a mutual benefit, can lay the foundation for a long-

term resolution of the conflict.

The proposed Negotiation Support System supports the following processes:

Structuring of the problem.
The parties approach the negotiations with a basic aim to 'get as much as possible of

the shared water resource'. However, the outcome of the negotiation process affects
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the parties (countries, entities) on both international and national levels. The proposed
model forces the parties to 'break’ that basic aim into a number of relevant domestic
issues and goals (intensification of agricultural production, preservation of
environmental quality, etc.) and international ones (improvement of the regional
relationships, international reputation, etc.). This way, each party can, by himself,
widen the scope of the allocation problem and analyze it from the different
perspectives that are important for him. These perspectives are actually the criteria,
according which the parties judge the quality of the offers that are "on the table". Two
negotiating offers can be compared to each other in terms of a preference relation: a
party either prefers one or the other, or is equally satisfied by both.

Within the set of criteria of a party, there is internal competition: the more an
alternative satisfies some of them, the less it satisfies the others. Furthermore, a party
attaches different importance to different criteria. Without a structure for analysis of
his own decisions, a party may miss solutions that are “best” for him in a multi-
criteria sense. It can happen, particularly in distributive bargaining, that the parties
insist on mutually exclusive solutions until one of them, eventually, breaks the
process. Structuring the problem as a multi-criteria decision process opens up the
opportunity for 'individual' trade-off analysis and decision-making: giving up on one
objective in order to gain more on another. From the perspective of a single party, an
important component of the negotiation process is an individual multi-criteria
decision-making procedure. The NSS includes a utility-theory-based individual
decision support algorithm as an aid in the evaluation of utilities associated with

possible negotiation outcomes.

Analysis of the consequences of proposed negotiation solutions.
Negotiation over allocation of shared waters are frequently conducted at the level of
"rights”, rights based on hydrological, geographical, historical, political or other right-
related arguments. A typical negotiation process does not include an "on-line" (during
the negotiation itself) analysis of how each riparian will actually use his share of the
water resource, once it is determined. Within each country, water resources should be
managed to satisfy defined objectives (economic, social, political, etc.) and with
respect to_given constraints (water availability, capacity of the infrastructure, social

constraints reflected in water policies, etc.). Management of a shared water resource
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that has been a subject to international negotiation is typically analyzed in a post-
negotiation phase within each country separately. One of the assumptions of this
thesis is that knowledge of the consequences of different intra-country management
options for each proposed negotiation solution can add new perspectives in judging
the "quality” of the offered alternatives. These new perspectives for analyzing
different intra-country management scenarios during the negotiation process should
help the negotiating parties be more creative in the search for mutually acceptable
solutions. The negotiation framework proposed in this work includes a model which
enables the negotiating parties explore, 'on-line', the effects of different negotiation
alternatives on the water management objectives relevant for their countries. It is a
water allocation optimization model, WAS (Fisher et al., 2002), which allocates
annual quantities of available water to consumers so as to maximize the total net

benefit from water utilization.

The model can be applied to a single country or to a region which covers the territory
of two or more parties. The consumers are characterized in the model by their water
demand curves — the functions that describe their willingness to pay for additional
units of water. According to the basic principle of market theory, if two consumers
assign different values to the same unit of any good, economic efficiency dictates

allocation of that unit to the consumer which assigns it a higher value.

Real-world deficiencies of this principle in its application to water allocation (such as
allocation of disproportionally large amounts of water to 'rich' countries or sectors
within a country) are counteracted by a system of constraints. These constraints
define, for example, the maximum or minimum quantity of water to be allocated to
certain consumers, fixed prices or other pricing systems at which the consumers
purchase water, governmental subsidies, etc. Other sets of constraints relate to the
limitations of water supply and conveyance system, environmental considerations,
like set-asides or penalties for certain water-uses, etc. The model includes the
possibility of analyzing the justification for and effects of wastewater recycling,
desalination of sea water, expansion of the conveyance system, or other modification
of the physical system. Each negotiated alternative can be introduced into the model

as a 'scenario’ controlled by the system of constraints, and analyzed in terms of
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optimal quantities of water for allocation to consumers, and in terms of net benefit

from water-use.

Expanding the set of alternative solutions.
Individual and group decision support models assist the users in dealing with their
preferences over a known (offered), fixed set of feasible alternative solutions to the
problem. It is not common for decision support system to provide assistance at the
stage at which the alternatives are being created (Kersten, 1993). The ability of the
users themselves to recognize or create "good" alternative solutions, directly affects
their level of satisfaction with the final negotiation outcome. The water allocation
optimization model used in this thesis provides the parties the opportunity to,
individually or jointly, search for additional plausible solutions. Shadow values of the
constraints within the WAS model (particularly, the shadow values of water itself)
provide information about how much the objective function would change if a
constraint were relaxed. Change in the constraints of the optimization model here
means a change of the “scenario” (alternative solution) into a new one. New scenarios
can be explored jointly by the parties. While brainstorming and negotiating “around”
the WAS model, the parties have the opportunity to transform their roles of
negotiators into the roles of (cooperative) problem solvers rather than merely

opponents.

Attitudinal transformation of the parties.
Most decision theory models assume that the decision-maker's perception of a
particular problem and system of values and preferences remain constant during the
decision-making process. Experimental work (McNeal et al., 1988) indicates that an
analysis of a decision-making problem from different angles, or change of its
presentation, may invoke a change in the decision-maker's preference structure. This
is what happens in a negotiation. According to Kersten (1993) there are problems that
need to be continuously redefined and analyzed from different perspectives during the
decision-making process. He argues that a decision support tool should be able to
accommodate shifts in a decision-maker's preference structure or perception of the
problem. The concept of shifts in preferences or attitudinal transformation of the

parties has a central role in the proposed negotiation framework.
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Negotiations over allocation of shared waters usually begin at the level of "rights”,
where emphasis is put on hydrological, geographical, historical, political and other
right-related considerations. The parties approach the negotiations with a prepared
strategy, which consists in merely pursuing their own self interests. The aim of the
negotiation framework proposed herein is to enable the parties to "relax™ the rights-
related constraints and gradually direct their focus on a wider range of national and
international issues that are actually affected by the water allocation problem. The
negotiation support framework is aimed at providing the means for restructuring

parties' goals and preferences, as well as of the alternative solutions.

Selection of efficient and equitable solutions:
The negotiation process reaches the stage at which there is a set of alternative
solutions "on the table". Each of the parties has its preference structure over these
alternatives already defined. When there is no single alternative judged as "the most
preferred” by the both parties simultaneously, the problem is to agree and select one
of the alternatives as final. For the parties, such selection involves making
compromises and the question is how far should each of them compromise. A proper
negotiation assistance should provide the parties with an unbiased means for aiding
the selection of the final negotiated outcome. The proposed NSS offers an algorithm,
based on the concepts of bargaining models from game theory, for the selection of the
efficient and most equitable alternative solution from a set of feasible negotiated

alternatives.

The approach to design of the proposed negotiation framework is based on the
assumption that when parties are equipped with means that allow them to make
projections and evaluate the outcomes of alternative proposals, they will improve their
ability to resolve the conflict.
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Chapter 2

Scope of the work

Negotiation processes are characterized by a number of elements/features. The role of
each of these features in a particular negotiation process and its effect on the negotiation
outcome depends on the specific negotiation situation. Design of a negotiation support
model consists of: (a) identification of the important features of decision-making and
negotiation that need to be captured and supported by the model, and (b) formal or
informal modeling of the identified features. This chapter focuses on the first phase, and
gives the justification for selection of the particular elements of decision-making and
negotiations. The following chapter describes the approaches for the modeling of the

selected elements.

2.1 Features of negotiation processes

Selection of the features of a negotiation process for the modeling, affects directly the
applicability and efficiency of the support system. The basic features of a negotiation
process that directly or indirectly influence the process and the outcome of negotiations,

and can be captured by the model, include:

= The symmetry of the parties in information and resources. Parties are in a

symmetric context when they both have the same information and resources (Gibbons,
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1992). When this symmetry is broken, the relationship between the parties is often
transformed substantially (Raiffa 1982) — the party that has more information and/or
resources can have a larger influence on the outcome; the party is said to have more

"power" (Corfman and Gupta, 1993).

= Time deadlines. When imposed on a negotiation process, time deadlines will have

an effect the negotiation outcome.

= |Interaction. Of all negotiation factors, quality of communication and interaction
between the negotiating parties affects the quality of the outcome to the greatest extent.
Organizing the interaction according to a set of normative (prescriptive) rules of public
behavior (protocol of interaction), reduces the difficulties in communication. Generally,
interaction is specified by two basic aspects: the content (the information that parties

exchange with one another, and the process of interaction (when and how to interact).

= Strategies of interaction. A strategy is informally defined as an individually

chosen action of a party given the rules of public behavior (Faratin, 2000). It is strategic
because the party can have a number of choices of actions that will result in the
achievement of a goal. This multiple choice of actions leads to parties having preferences
and behaving strategically regarding which action to take.

= Rationality of the parties. The term rationality is informally defined as making

appropriate decisions, or "doing the right thing" (Russel and Wefald, 1991). The
rationality of a party is defined with respect to the negotiated issue and the origin of the
party. For example, rationality of a cognitive party is defined in terms of what actions are
legitimate given the party's current believes, desires and intentions (Bratman, 1987). The
rationality of an economic party, on the other hand, is defined in terms of maximization
of the party's preferences over states of the world (Gibbons, 1992; Binmore, 1992).

= Possibility of coalitions. In case of negotiations with more than two parties, some

of the parties can combine their endeavors and resources and act against others as a single

entity with common interests and goals.

= Monolithic interests. Generally, a negotiating party can represent several groups

of people that do not share the same interests. Actions of this party during the negotiation
process have to be agreed upon, or negotiated, internally, among all the influencing

groups.

= Number of issues. Negotiation can be over one or more issues. In case of a multi-

issue negotiation, the parties can consider each issue separately, or, they can negotiate a
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package of solutions supposed to address all issues simultaneously. Negotiation over a
package of issues has an advantage over an issue-by-issue negotiation: in case the parties
value the issues differently, they can trade the satisfaction achieved by less important

(subjectively) issues, for greater satisfaction achieved by more valued ones.

= Auvailable information: uncertainty and risk. Uncertainty arises because parties to

negotiation seldom have full access to the entire information about the world. This lack
of information can be due to a limited knowledge of the domain, or, a “procedural
ignorance”, which occurs when consequences of effects of actions are unknown (Russel
and Norvig, 1995). Risk characterizes the attitude of the decision maker towards choices
or, what is called lotteries, between a sure outcome and an expected outcome (Von

Neumann and Morgenstern, 1944).

The scope of this work is defined by examining the elements of negotiations relevant for
the subject of this work, which is international negotiation over shared waters. Section
2.2 presents the elements important from a multi-party perspective, while section 2.3
presents the elements relevant from a single party’s perspective.

2.2 Multi-party issues

Number of parties. Just & Netanyahu (1998) state that the majority of international
water treaties are between two countries. Bilateral agreements on water resource
management occur even in basins with three or more riparian countries. They conclude
that multi-lateral agreements can be reached only in an advanced state of multilateral
coordination and it must be preceded by bilateral agreements. In view of the experience
and conclusions drawn from real-world cases, this work is aimed at developing a
negotiation support system (NSS) for negotiations between two riparian countries (or
political entities). We believe that the principles embedded in the proposed negotiation
framework could be applied also to multi-lateral negotiations. In this case, however,
negotiation elements specific for multi-party situations, like the possibility of coalition

formation, would have to be accounted for and adequately modeled.
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Symmetry. Parties to negotiation over international waters can be characterized by
asymmetry in various aspects (political power/influence in the region, level of expertise,
capability of assessing information relevant for the negotiation process, etc.). In the
proposed NSS, symmetry is accounted for by providing the same set of supporting tools
to all parties and by applying a game-theoretic model of fair division as the criteria for
selecting the most ‘equitable’ solution among a number of negotiated alternative

solutions.

Rationality. As in any other real-life negotiation, parties of our concern cannot be
considered perfectly rational in the economic sense (i.e. perfect maximizers of their
individual preferences). We believe that actions of the parties involved in negotiations
over international waters are driven by their beliefs and intentions (cognitive rationality).
However, we assume that the assumption about the economic rationality can be applied
for specific conditions, and we propose a mechanism for modeling a combination of

cognitive and economic rationalities, as will be explained in the following Chapters.

Motivations. Parties negotiate in order to achieve certain goals. Interaction of individual
motivations of parties to achieve their own goals directly influences the nature and
outcome of negotiations. The importance of parties’ motivations can be illustrated by an
abstract game called the Prisoner’s Dilemma (Figure 2.2.1). There are two players in this
game and each has a choice of defecting or cooperating (Raiffa, 1982). Each player
receives a payoff that expresses how good, in some subjective sense, the outcome is for
the player. The sum of the payoffs shows how good the outcome is for the two of them as

a society, or a group.

B Cooperate Defect
A
Cooperate 3,3 0,5
Defect 5,0 1,1

Table 2.2.1: The Prisoner’s Dilemma Game

The payoffs for A and B, respectively, are shown as a pair of entries in each box.

Suppose that the players are not allowed to communicate. The “dilemma” comes from
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the following: if both players cared for their joint welfare and decided to cooperate, they
would achieve the highest overall payoff (3+3 = 6). However, if only one of them
decided to defect, he would achieve the highest possible individual payoff (5). If both
players acted in an economically rational manner and tried to maximize their individual
payoffs, they would choose to defect, and their individual, as well as the joint payoff,
would be the lowest (1+1 = 2). If the parties were allowed to communicate, they should
rationally reach the joint decision to cooperate. This example explains the role of

motivation in determining the parties' behavior.

As will be explained in the next chapter, there are two types of game theory models that
simulate different types of parties’ motivations. Cooperative models better describe the
interaction between the parties who care about the joint welfare, while non-cooperative
models are used in case the negotiators are self-oriented and pursue only their own

interests.

Protocol of interaction. The protocol of interaction can be of various degrees of
formality with respect to both process (when and how to communicate) and context (what
to communicate). High-degree structured rules are appropriate in case the interactions are
in danger of leading to chaotic dynamics (Faratin, 2000), when there is a risk that the
parties will exchange inappropriate offers and arguments, or/and will not be able to find a
mutually understandable way of communication. Such interactions are those amongst
computational agents® (Faratin, 2000), or between extremely hostile human negotiators.
In international negotiations over shared waters, the relationship between the parties is
usually burdened by mutual mistrust and, often, hostilities. Such conditions are likely to
exacerbate the communication between the parties, and prevent them from achieving
mutually satisfying solutions, even when such exist. One of the assumptions of this work
is that a structured protocol of interaction may assist the parties to overcome deadlock
situations and advance towards an efficient negotiation outcome. The NSS includes a
protocol of interaction, which guides the parties through the negotiation process. It is
formal with respect to 1) process, since it prescribes sequential steps of individual and
joint decision-making, and 2) context, since it requires a specified formulation of the

! Computational agents are software programs which represent interests of human agents (negotiators) in
interactions with other computational agents (interactions such as buying and selling via the Internet).
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proposed negotiation alternatives. The protocol is aimed at keeping the negotiating
parties focused on efficient and productive elements of interaction. It is of a lower-degree
formality, as it provides the parties with opportunities to argue and jointly brainstorm
over the problem, as well as to be creative and practically unbounded in searching for

alternative negotiation solutions.

2.3 Single-party issues

Individual preference system of a monolithic party. Our work assumes that in
international negotiations over shared waters, the official negotiators are appointed by
their respective governments to represent overall national interests and goals. Therefore,
the NSS is designed to support negotiations between monolithic parties who represent
unique systems of preferences. Internal negotiations within the parties are not within the

scope of this work.

A negotiating party is characterized by it’s individual preference system related to the
negotiation problem. According to Kersten (1988), preferences evolve from the current
understanding of the problem, and typically, are assumed to remain stable. He argues that
in strategic decisions and negotiations, a continuous redefinition of the problem is
required. The experimental work of McNeil, Pauker and Tversky (1988) indicates that re-
evaluation of the problem, and even a change in the way it is presented, may activate new

associations and invoke changes in the preference structure.

This work accepts suggestions regarding a restructurable modeling of the negotiation
process and adopts the following assumptions: 1) a party’s perspectives and preferences
depend on the current alternative to a negotiation outcome (what would happen in case
the negotiations are called off) and, 2) when provided with enough opportunities to re-
evaluate their perception of the problem and re-structure their preferences, the negotiation
parties are more likely to reach a mutually satisfying agreement. As will be presented in

Chapter 4, the proposed negotiation framework supports an iterative format of
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negotiation, which enables formulation and reformulation of the problem, consideration
of each decision alternative separately, understanding preferences over outcomes, and

providing possibilities of evolving/changing perspectives.

Strategies. According to Pruitt and Rubin (1986) there are five basic negotiation
strategies.

1. Contending is an attempt to resolve the conflict on one’s own terms without regard
for the other side’s interests. It is one’s effort to persuade others to agree to a solution that
favors his own interests. This strategy has also been called positional bargaining (Fisher
and Ury, 1981). Contentious strategies include tactics like threats and punishments, and
they tend to yield poor outcomes. Contending may escalate the conflict. When outcomes
are finally reached, they may be low-level compromises. Contention is often used as an

opening negotiation strategy.

2. Problem-solving is an attempt to find mutually appealing solutions. Problem-
solving tactics include: increasing available resources, compensation, exchanging
concessions on low priority issues, minimizing the costs of concessions, and creating new
mutually beneficial options. Mutually beneficial outcomes are more likely to last, to
improve the relationship between the parties, and to benefit the wider society (Fisher &
Ury, 1981). In order to reach such outcomes, the parties must be firm about their
aspirations or goals, but flexible regarding the means used to reach those goals (Pruitt and
Rubin, 1986). The risk of problem solving strategies is that they may backfire if the other

side pursues a contentious strategy (as in the Prisoner’s Dilemma Game).
3. Yielding is an attempt to reduce conflict by lowering one’s aspirations.

4. Inaction is a strategy of keeping a ‘low profile’ and waiting for the other side to

make a move.

5. Withdrawing is breaking off the negotiations.

Pruitt and Rubin (1986) also describe two approaches to modeling parties’ choices of
strategy:

1. Dual concern model views strategic choice as the product of two elements: concerns
for one’s own outcome and concern for the other side’s outcome. When concern for both

self and other is high, problem solving is a more likely strategic choice; a concern for
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one’s own outcome and low concern for the other leads to contending strategies. A low
concern for oneself and high concern for the other, results in yielding strategies.

2. Feasibility model of strategic choice focuses on parties’ assessments of the costs and
effectiveness of the various strategies. According to this model, problem-solving
strategies seem more feasible when there is a mutual trust between the parties, and when
they perceive a common ground and availability of integrative alternatives. Contending
seems more feasible to a party who has more power and the perceived costs of using
contentious tactics are low. Inaction seems most feasible when there are no time
constraints. A party selects to break off the negotiations when the expected benefit from

the alternative negotiation outcome falls below his minimum aspiration.

In a typical distributive type of negotiations, the parties may have difficulties in assessing
the feasibility of various strategies and tactics (because of bad communication, mistrust,
etc.), and therefore are more likely to act according to the dual concern model. In a
typical dispute over shared waters, the parties’ level of concern for their own interests is
very high while for those of the others, usually low. Such dual concern results in parties
selecting contending strategies. One of the roles of the NSS is to assist (direct) the parties
in acting in a more feasibility-like manner: first explore and assess the effects of various

tactics (both contending and problem-solving) and then select the preferred strategy.

Quality of the solution. The quality of an outcome measures how good the outcome is
from the perspective of either the individual or society (Binmore, 1992). Qualitative
models often distinguish between zero-sum and non zero-sum games (Gibbons, 1992;
Raiffa, 1982). Zero-sum games are defined as games where the sum of the individual
payoffs for an outcome equals zero. A more formal explanation of zero-sum games is as
follows: let | be the set of n players. Let S; be the set of m; individual strategies of player
i, Si = S1,...., Smi , and S be the space of all possible joint strategies (combinations of

individual strategies) of all players, S = S;x ... x Sy. LetP,(o ), be the payoff value for

player i, resulting from joint strategy o . Then, a zero sum game is defined as:

Vo eSs, Zn:Pi(a)zo (2.3.1)

i=1
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where the payoffs always sum to zero. It follows that in a two player zero-sum game the
interests of the parties are in conflict and self-interested parties will attempt to maximize
their individual payoff.

There are constant-sum games, in which the parties’ payoff always sum to a fixed
constant ¢ (Binmore, 1992). It can be shown that any constant-sum game can be changed
into an equivalent zero-sum game by simply subtracting the constant ¢ from all of one of

the player's payoffs (Binmore, 1992).

In non-zero (non-constant) sum games, on the other hand, the interests of the players are

not completely antagonistic. A non-zero sum game is defined as:
do,6'eS, D P(c)= D P(c") (2.3.2)
i=1 i=1

where at least one strategy combination is better from the view point of the group. This
allows players to search for mutually more satisfactory outcomes. Such games are also
called "win-win" bargaining (Raiffa, 1982).

As stated in Chapter 1, negotiations over international waters are typically perceived as
zero-sum games. Since the main task of the NSS is assisting the parties in advancing
from zero-sum to a “win-win” bargaining solution, modeling of negotiations has to
include some objective measure of the quality of outcome. This measure will also serve
as a benchmark in (empirically) analyzing the efficiency of the developed negotiation

support framework.

Commitments. Since there is no international law or legal body that can force the parties
to respect the agreement over a shared water resource, it is of crucial importance for the
parties to reach an agreement to which they will have the incentive to commit. According
to Binmore (1992), commitments are linked to the notion of trust and can be modeled
correspondingly. For example, in cooperative domains, parties implicitly trust one
another, since they know that they share a common goal and personal preferences can be
overridden. Non-cooperative models of negotiation, on the other hand, implicitly model

trust through a notion of equilibrium (as will be explained in the next Chapter),

42



specifying a strategy for each agent where deviation from these strategies is individually

irrational. Hence, in non-cooperative models, trust is self-enforcing.

Information. Information is an essential component of any decision making process.
Young (1975) defines information as the knowledge about all those factors, both intrinsic
and external to the decision maker, which affects the ability of an individual to make
choices in any given situation. Even when there is no strategic interaction among a
number of decision makers, the rational decision models identify the following

information requirements for a decision maker:
- a set of alternative outcomes
- a set of preferences over outcomes

- an attitude towards uncertainty and risk

Most game theory models assume that the alternative outcomes are given a priori
(Gibbons, 1992). This assumption excludes all decision making situations in which the
range of alternative can be altered (by removing or adding alternatives). The need for
modifying the set of the outcomes may occur because of a change in the available

information, or due to a change of the set of the parties’ objectives.

The second requirement is that the decision maker must have complete knowledge of his
own preference structure regarding the problem. That is, he must be able to rank all the
alternatives in terms of his preferences. Game theory assumes that these preferences are
transitive and consistent over time (Gibbons, 1992). On the contrary, the assumption of
this work is that the decision maker is allowed to change his perception of the problem
during the decision making process (for example, because of new information) and, as a

consequence, to change the elements and relations within his preference structure.

In negotiations over water resources, uncertainty arises mainly because of the following

reasons:

- Due to the stochastic nature of hydrological processes, availability of water in

disputed resources is subject to a random changes;

43



- Consequences of alternative outcomes are considered with respect to future demands

for water, and these cannot be estimated with accuracy.

- The parties’ knowledge of the problem domain is usually asymmetric and
constrained, on one hand, by the level of their own expertise and resources, and, on
the other, by general limitations in scientific and technological ability to know and

understand all the aspects of the domain;

- Each party has limited information about other parties’ interests, goals and

preferences.

The current version of the WAS model does not account for the stochastic nature of water
availability (the role of the WAS model in the NSS was explained in section 1.3; the full
description of the model will be given in the next Chapter). It is assumed that an average
annual renewable quantity of water can be estimated and agreed upon by the negotiating
parties. Furthermore, the consequences of alternative solutions are described by the WAS
output data. These data provide the basis for limiting the domain of negotiations to those
aspects which comply with the assumption of certain information (“certain” meaning
“completely known”). These are mainly the aspects that relate to within-countries water
demand and water supply relations, physical connections between consumption districts
and available water resources, and physical characteristics of the existing and/or planned
water supply systems. Uncertainty related to these aspects can be accounted for by
performing sensitivity analysis with the WAS model, based on various

assumptions/estimates regarding future values of relevant input parameters.

The proposed NSS provides the parties the opportunities to interact, exchange
information, learn each other’s interests and needs, and gradually improve their mutual
confidence. However, the model also accounts for the parties’ need to keep some level of
confidentiality: it employs decision support tools, which require complete information of
both parties’ preference structures, but can also be used individually, while keeping this

information confidential.

One of the basic assumptions of this work is that the negotiating parties deal with various

degrees of “uncertainty” regarding their individual system of preferences related to the
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water allocation problem. A significant part of the decision support within the NSS is
dedicated to structuring of the negotiation problem into a set of individual negotiation
objectives, as well as to a qualitative analysis and a quantitative representation of the

parties’ individual preferences over alternative negotiation solutions.
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Chapter 3
Related Work

The next step in the design of the negotiation NSS is modeling the relevant
components of the decision-making and negotiation processes explained in the
previous chapter. Negotiation analysis has evolved from the studies on conflict
resolution, mainly based on decision analysis. Decision analysis is concerned with
representation and solution of decision problems. Decision problems arise when there
is a need to resolve conflicts. Individual decision-making is a process in which a
single decision maker has to select an action among a set of feasible actions
(alternatives). Such process is complex when the decision maker has a number of
conflicting objectives, and no single solution achieves “the best” for all objectives.
Group decision making is situation in which a number of decision makers have to
agree upon which course of action to take. If the power to decide is shared among two
or more decision-makers, the decision needs to be negotiated. Kersten (1985) defines
group decisions and negotiations as situations which engage two or more participants

in two types of activities: communication and decision-making.

Decision making within a negotiation framework takes place at two levels: the
individual level, where the parties have to resolve their own weights to be placed on
different goals, and at a public level, at which separate, conflicting interests of the
opponent parties are to be met. Beside conflicts, negotiation processes are
characterized by interdependency of the parties: realization of one party’s objectives
depends on the others, and conversely, each party can influence the final decision.

Game theory extends decision theory to situations where decision-making and actions
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are strategically interdependent, that is, where outcomes of one player’s decisions are
dependent upon the decisions of others and vice versa.

Neither decision theory nor game theory are concerned with designing the alternative
solutions: in both theories, these are usually considered given externally, or
determined a priori (Kersten, 1988). Our proposed negotiation framework includes
the Water Allocation System (WAS, Fisher et al., 2002) as the model for generating,
evaluating, and assessing physical (water allocations and flows within each country)

and economic consequences of alternative negotiation solutions.

The first two sections of the chapter (3.1 and 3.2) give a review of the approaches and
methods of decision analysis and game theory. Section 3.3 presents the Water
Allocation System (WAS) adopted in the thesis for the modeling of the economically

optimal allocation of water resources.

3.1. Decision analysis

Techniques of decision analysis can be applied to different situations to help
represent, analyze and solve decision problems (Keeney and Raiffa, 1976). Individual
decision support techniques differ in the way they account for the available
information about the consequences of alternative decisions (such as costs and
benefits), risks, and the decision-maker’s preferences. With respect to the type of
information about the consequences, Luce and Raiffa (1989) classify decision-making
conditions in the following way: conditions of certainty, in which every course of
action has one and only one consequence, and a choice among alternatives is
equivalent to a choice among consequences; conditions of risk, in which each course
of action will have one of several possible consequences, and the probability of
occurrence of each consequence is known; the probability distributions of the
consequences are unknown, and the decision-maker has to make a choice under

uncertainty.
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Techniques for assisting individual decision-making assume that the solution to a
decision-making problem should be consistent with the decision-maker’s system of
preferences. They are about transforming the decision-maker’s needs and values into
specific objectives, aspirations and goals, and about introducing these into models of
decision (Kersten, 1988).

There are two basic approaches to decision making analysis and support. The first is
concerned with development and application of normative (prescriptive) decision
rules, which prescribe the actions that the decision-maker should take in order to
achieve an optimal solution. Normative rules are based on the assumption of decision-
makers perfect rationality (see Chapter 2 for definition of rationality). The most
common approach to normative analysis for conditions of certainty is based on multi-
attribute utility (MAU) theory, which prescribes obtaining a utility value for each
decision alternative and then selecting the alternative with the highest value. “Multi-
attribute” means that the utility of an alternative is the weighted sum of separate
utilities for the decision-maker’s objectives (Gardiner and Edwards, 1975). As aids
under conditions of uncertainty, models like decision trees, which display the
sequence of decisions and outcomes are used. For each sequence, an expected utility
is computed, based on known probability distributions of all possible outcomes
(Raiffa, 1968).

The second approach to decision analysis evolved from the observed discrepancies
between normative rules and actual behavior (Kersten, 1988). It involves descriptive
techniques, which account for the way people actually make judgments and choices.
Edwards (1954) substitutes subjective probabilities for objective probabilities and
psychological utilities for payoff amounts to produce subjectively expected utility
(SEU). According to Tversky and Kahnemann (1974) decisions are often made using
psychological shortcuts or ‘heuristics’: determining probabilities based on the
similarity of an event to an underlying cause or source of the outcome. This approach
has been used to account for sub-optimal decisions in accounting, management, and

marketing.

48



For reasons explained in Chapter 2, we concentrate on individual decision-making
support under conditions of certainty, whose basic principles are given in the

following.

3.1.1 Multi-objective decision analysis

Multi-objective decision-making analysis (MODM) is concerned with problems in
which the decision maker deals with a number of competing or conflicting objectives.
Obijectives (or decision criteria) are statements of something that one desires to
achieve (Keeney and Raiffa, 1976). Objectives are conflicting when achieving more
of one objective decreases achievement of others. Usually there is no single solution
that is better than all others with respect to all objectives, and the decision-making
problem becomes one of tradeoffs. The decision-maker has to decide how much he is
willing to give up on the achievement of one objective in order to improve the
achievement on the others. A value tradeoff problem can be solved in two ways: the
decision-maker can analyze, informally, in his mind, the importance of the objectives
and the suitability of the alternative solutions to the problem, or, he can explicitly
formalize his value structure within a framework that will guide him in the evaluation
of the alternatives (Keeney and Raiffa, 1976). Multi-objective decision-making
(MODM) theory deals with methods for formal evaluation of individual value
structures. Application of the principles of MODM theory to the design of the
proposed negotiation support system (NSS), is conditioned by the assumption that
each negotiating party (country, entity) is represented by a single decision-maker, or a
group of representatives that, in front of the opponent party, act as a single decision

maker.

3.1.2 Mathematical formulation of a MODM problem

Decision objectives are measured in terms of attributes. Attribute X(a) = x indicates
the level to which objective O is achieved by alternative a. For example, in a domestic
water allocation problem, the annual quantity of water supplied to agricultural
consumers can measure how the objective intensification of agricultural production is

achieved.
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Outcomes of an attribute are referred to as performance levels. When a performance

level is associated with a certain alternative the term consequence is used instead.

A multi-objective decision making problem can be defined as follows:

Let act a be a solution to the problem in the feasible space A
(ae A).X,(a),.,X,(a) are n attributes which map alternative a from A into an n-
dimensional consequence space C. Within the consequence space, act a is represented

by the vector (xi, ..., Xn) Where x; = Xj(a), V i. A graphical representation for a three-

dimensional consequence space (three attributes) is shown in Figure 3.1.1.

A Attribute X;

x=(Xi(a) Xxa), Xs(a))
Alternative space A | _»O

% Attribute X;

Consequence space C

Attribute X>

Figure 3.1.1: Alternative space and a three-dimensional consequence (attribute)

space (Keeney and Raiffa, 1976).

The decision maker's problem is to select an a in A so as to maximize his satisfaction

with the consequence X(a) = (X;,..., X,,)-
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3.1.3 Dominance relation

Two alternatives in alternative space A, are compared according to their
consequences in the consequence space, C. If x and X denote vectors of
consequences of alternatives aand a’, respectively, then, the dominance relation can
be formulated as:

X" dominates x'* whenever: a) x{ > x, Vi, and,
b) x/ > x{, 3.
Consequence x' dominates consequence X' whenever it is as good as x"* with respect

to all attributes, and strictly better than x'* for at least one attribute. If x* dominates

x"", then a"" is not a candidate for "the best alternative”.

3.1.4 Choice of the best alternative

There are two approaches for selection of the best alternative. In the first, the
alternatives are directly compared in terms of their consequences (informal analysis,
Kenney and Raiffa, 1976). In the second, the preference structure over C is first
formalized and the decision-making problem is solved by finding a point in C that

yields the greatest preference according to this structure.

3.1.4.1 Informal analysis
Some procedures of the first approach propose searching for the alternative which

satisfies some or all aspiration levels x7, x5 ..., x2, selected for the n attributes. This

is done in an iterative manner, by increasing the aspiration levels (to reach non-

dominated alternatives) or decreasing the aspiration levels (to find feasible

alternatives). Another procedure searches for alternatives which maximize one

attribute, for given aspiration levels of other attributes, or, the alternatives which
n

maximize the sum inxi(a), where A4, >0,i=1,.,n are the weights of the
i=1

importance of each attribute such that in =1. All procedures for exploring the

efficient frontier are performed iteratively, where in each iteration the decision-maker
has to manipulate the aspiration levels, x°, or, multipliers 4, and to balance,

informally, what he would like to get and what he is ready to give up (reference).
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3.1.4.2 Formal structuring of preferences

A preference structure is defined on a consequence space if any two points are
comparable and no intransitivity exists. The assumption is that the decision-maker
believes that in a specified decision context there is a particular preference structure
that is appropriate for him (Keeney and Raiffa, 1976). In this case, the problem is

formalized as:

find a’ € 4 sothat X(a’ )=X(a), VaecA,
where X(a)=[x,(a)x,(a),..x,(a)],

or, find x’ € Csuchthat x’>x, VxeC

For a formal analysis, comparison of consequences of different alternatives requires
specification of a scalar function v defined on the consequence space C, with the
following property: if the consequences for two distinct acts, « and a , are X(a’) =
(x 1..xn)and X(a ) = (x 1,..x ), then:

V(X)X X ) 2 V(X] X5, X0 )& (X, X)X )= (X],x5,.,x) )

n

where > means "preferred or indifferent to”. Any function with such property is

called a value function (preference function, utility function). It assigns to each object
a value so that the object with a greater value is preferred to objects with lower
values. Ordinal value functions capture only the preference order of alternatives,

while cardinal value functions provide also the strength of the preferences.
Examples of cardinal value functions for » = 2 are:

v(x)=cx,+c,x, c¢,,>0

v(x)=xx? a,p>0

v(x)=cx;+c,x,+c;(x,—b, )*(x,-b, )ﬁ

With a defined value function, the decision maker's problem is a standard

optimization problem: find a € A that maximizes v(x).
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Selecting an appropriate shape of the value function to adequately represent the
decision-maker’s preference structure over a defined consequence space is of crucial
importance in a formalized decision-making problem. Keeney and Raiffa (1976) have

shown that, in many circumstances, a linear additive model:

v(x)= Zw_/x_/.: WX, + WX, +..+ WX,
J=1
where w; is the relative importance of attribute j, j = /,...,n and x; is the value of
attribute ; assigned to alternative x, can be a robust and straightforward approximation
to the SEU concept (subjective expected utility, see section 3.1). They showed that
this model can be used to resolve the difference between how decision makers should

make rational decisions and how they actually make judgments.

In our work, we adopt the linear additive model for structuring of individual systems
of preferences. The methodology selected for deriving subjective linear value

functions is described in the next section.

3.1.5 The Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is a multi-objective decision-making approach
introduced by Saaty (1988). The AHP is a method for individual structuring,
presentation and evaluation of a multi-objective decision problem. It is designed to
select the best from a number of alternatives evaluated with respect to several
objectives (criteria). The method is based on the concepts of decomposition and
synthesis: first, the decision-making problem is defined, its complexity is decomposed
into simpler elements; then the relationships among the elements are recognized and
synthesized to identify the best solution to the problem. The problem is decomposed
in a hierarchical structure to study the functional interactions of its components and

their impacts on the overall decision goal (Figure 3.1.2).
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This aspect of the AHP is no less important than the process of obtaining the
preference structure by giving weights. Structuring the problem, in terms of a
hierarchy with clearly defined positions and relations between the elements, forces the
decision maker to clarify — for himself and for others — his perception of the decision
making problem. In the context of any decision making situation, and in particular in
the NSS (where two sides are interacting iteratively) the structure itself is likely to
change as new information is revealed, and the negotiation procedure proceeds. Also,

during the iterative process, the weights can (and usually will) change.

For assessing the relationship (relative importance) among the elements of the
structure, the AHP utilizes the assumption that human decision makers make good
judgments for small groups of objects. It prescribes pair-wise comparisons which are

used to develop overall priorities for ranking of the decision alternatives.

Overall Decision-Making Goal

level 1 /\
level 2 Criterion 1 Criterion 2
lovel 3 /[\ /\
Sub Sub Sub Sub Sub
criteriony criteriony criterions criteriony criterions
level 4 / “/‘"{\ — \\

Alternative; Alternative, Alternatives; Alternativey,

Figure 3.1.2: Hierarchical presentation of a decision-making problem
3.1.5.1 Methodology and mathematical background
The Analytic Hierarchy Process (AHP) is based on pair-wise comparisons and the use

of ratio scales in preference judgments.

Let Cy,...,Cy be the elements of level | in a hierarchy, for which a decision-maker

(DM) wishes to find the weights of importance, ws,...,wn, with respect to a particular
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element in level I-1. The AHP method requires the DM’s subjective estimation of the
ratios of the elements’ weights:

r.=—— i,j=1..n (3.1.1)

where rj are numerical values associated with verbal statements, as given in Table
3.1.1.

Table 3.1.1: The AHP comparison scale

Verbal statement Scale
Equally important 1
Slightly more i-mportant g
Strongly more -important g
Very strongly r-nore important (73
Extremely mor-e important g

The results of paired comparisons are the entries of the comparison matrix, A:

nl o Vnn

A comparison matrix is (or should be, see below) a positive reciprocal matrix, in
which the elements of the diagonal, ri, are 1 (an element compared to itself). In
practice, the decision-maker is sometimes asked to estimate only the entries of the

upper triangular matrix, and it is assumed that:

r.=—. (3.1.2)

Ty

The weights of the relative importance of the elements, wi,...,w,, are obtained from

the matrix A, by a calculation procedure, based on the following:

If the decision-maker were perfectly consistent in his estimation, the following would

be true:

ror, =—t-—L ——wj—r Vi jk

= = =r,, Vi,jke{l,..n} (3.1.3)
w,
J
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For a perfectly consistent matrix of comparisons (A), the following holds:

w; ..
vy ——= 1, i,j=1...,n
Ww.
1
L 1
rw, -—=n, i=1,..,n,o0r
y-J
j=1 w;
n
rw,=n-w, i=1..n. (3.1.4)

J=1

In matrix form, the last expression is equivalent to:

w, w, || Wi w,
Aw=nw,or, A=| : . Cl=n| (3.1.5)
- w
n n wn Wn
W] Wn

which means that w, the vector of weights, is an eigenvector of A with eigenvalue n.
Since it is desirable to have a normalized solution, the components of w are

n
normalizedto D w, =1.
i=1

Such pair-wise comparisons and calculations are performed, and the vectors of
weights are obtained for all the elements and all the levels of the hierarchy (except for
the single element of the uppermost level). In order to obtain the overall weights of
importance of the alternatives, which are the lowest level of the hierarchy, the
following steps are applied:

- for each level | (except for the uppermost): | = 2,...,m, where m is the
number of the levels in the hierarchy, a n; x n.; matrix is composed of
column-vectors of weights, w;, j=1,...n.1, where n; and n.; are the
numbers of elements in levels | and I-1, respectively;

- the final composite vector of weights of the alternatives is obtained by
multiplying the matrices of all layers:

Wi =M, M, M, (3.1.6)

Wrinar CaN be perceived as a measure of the decision-maker’s overall satisfaction by the
decision alternatives. In this case, equation 3.1.6 is actually an additive linear utility
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function. As example, for a three-levels hierarchy (a hierarchy with a global objective,
a single level of specific objectives, and a level of alternatives), the final composite

vector of weights is obtained as:

wﬁnal:M.?M}:
wi(a;) - wya;) wowi(a, )+ - +w,w, (a;)
S I T R | AP : :
wi(a,) - w,a,) w,ywi(a, )+ - +w,w,(a,)

where Woy,...,Wop are the relative importance of the objectives, and wi(a), i = 1,...,p, j

=1,...,q is the weight of decision alternative a; with respect to objective o;.

3.1.5.2 Measuring subjective inconsistency
Entries of a comparison matrix, rj; are subjective judgments, and they most probably
deviate from perfect consistency. That is, for n weights, the decision maker gives n(n-

1) estimates and the following might be true: 3 i, j,ke{l,..,n} such that

Wijwjk W, .

By applying laws of matrix theory, it can be shown that in case of a positive
reciprocal matrix of size n x n, all eigenvalues are zero, except one, which is n.
Furthermore, if the entries a;; of this matrix are changed by small amounts, then the
eigenvalues change by small amounts as well. Hence, if the entries of a comparison
matrix deviate from perfect consistency by small amounts, its largest eigenvalue is
still close to n and the remaining eigenvalues are close to zero. This fact is used to

calculate the consistency index of a comparison matrix as:

CJ = Zmax (3.1.7)
n—1
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where A4, is the largest eigenvalue of the comparison matrix of size n x n. In

general, if this number is less than 0.1, the subjective judgments represented by the

entries are considered consistent.

3.1.5.3 The AHP method for individual decision support in a negotiation process
In the context of this study, we found that the AHP method can help parties in
understanding their own perception of the water allocation problem. The method
enables detailed structuring of the negotiating problem into relevant components, and
allows dynamic changes as the negotiation proceeds: adding and removing elements
from a hierarchy is easy and requires simple subjective input as well as easy
computing to update the weights of the elements in the changed structure. Even
though there are other approaches to individual decision support (like value trees,
Dodgson et al., 2000), which could be equally suitable as a component of a
negotiation support framework, we selected the AHP as the method that has been
proven as convenient and widely acceptable by individual decision-makers (Saaty,
1980, Shamir et al., 1985).

3.2 Concepts and aims of game theory

Game Theory started as applied mathematics and has become a dominant way of
reasoning in business and macro and microeconomics (Binmore, 1992). A game is
being played whenever people interact with each other. Competing in business,
economics and various forms of bargaining, negotiation, and arbitration are
interactions which have some common features that bring them all under the category
of games. In such interactions there are interacting players (agents, parties) whose
behavior is governed by rules that define what each of the players can do. A player is
viewed as an individual actor even though this term can stand for a company, nation
or any other group of actors who act as a single decision-maker. According to his
believes or knowledge about other player's actions, each player selects strategies
aimed at achieving the goal of the game. Strategies of the opposite players in a game
are interdependent. The quality of the strategies and strategic interdependence affect

the outcome of the game. The outcome of a game is described by a payoff to each
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player. Gardner (1995) combined these features in a definition of a game as “any rule-
governed situation with a well-defined outcome, characterized by strategic

interdependence”.

Game theory makes simplifying assumptions to facilitate mathematical analysis. The
two common assumptions are: (1) complete knowledge of the circumstances in which
the game is played and (2) full rationality of the players. The first assumption implies
that the rules of the game, the outcomes, and the preferences and beliefs of the players
are “common knowledge”. The second assumption refers to how players reason: a
player is assumed to act to achieve the best payoff for himself. He is described as a
maximizer of a specific function, which, in that particular game, reflects his own
satisfaction with the outcome (Binmore, 1990). This function is called the utility or
payoff function. The objective of game theoretic models is to analyze what are the
players' best choices, given a set of possible moves.

3.2.1 Game theoretic approaches to bargaining

Since the concern of this work is negotiation between two parties, the class of game
theoretical models of particular interest is bargaining models. These are derived from
the economic models of game theory, whose basic concern is a rational allocation of
scarce resources through coordination mechanisms such as markets and bargaining
(Binmore and Dasgupta, 1989). Macro-economic models focus on perfect competition
explained through markets, while micro-economic models focus on individual

bargaining in  situations of imperfect competition (Gibbons, 1992).

Bargaining interaction can be analyzed from two perspectives. One perspective
assumes that the players mistrust one another and try to maximize their own benefit
irrespective of others (see Chapter 2 for the Prisoner’s Dilemma game). The other
perspective assumes that the players make binding agreements to coordinate their
actions (strategies). The first perspective, modeled by non-cooperative games, focuses
on process, While the second perspective, modeled by cooperative games, focus on

the outcome of a game.
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3.2.2 The Theory of Cooperative Games

Cooperative game theory considers the space of possible outcomes of a game, without
specifying the game itself in detail. In bargaining, the outcomes are often denoted in
terms of utilities (Binmore, 1992). In case of two-player games, the outcomes are
represented by utility pairs. Cooperative bargaining theory is concerned with the
question of which outcome will eventually prevail, given the set of all possible utility
pairs. A particular set of possible outcomes is also referred to as a bargaining
problem. A function which maps a bargaining problem to a single outcome is called a
solution concept. A solution concept is characterized by the set of axioms which
reflect the desirable properties of the solution (Gibbons, 1992). In such situations,
there are two players who have to negotiate a solution o€ O, where O is the set of
feasible solutions. If they reach an agreement, then they each receive a payoff defined

by their utility function. A utility function U; represents the preference relation > of a

player i (i = 1,2) over the set of outcomes O (Binmore, 1992). If they fail to reach an
agreement, they receive the conflict payoff, Uj(conflict). Conflict payoff, or the
reservation value, represents the minimum acceptable value that the party expects to
get from the bargaining. Reservation value derives from what alternatives are open to
the party in case of no agreement. It is the standard against which any bargaining
(negotiation) solution is measured, and is referred to as the BATNA (the Best

Alternative to Negotiation Agreement, Fisher and Ury, 1981).

The set of possible outcomes and the conflict point ¢ is shown in Figure 3.2.1.
Assuming that both parties behave in a rational manner, the solution to a bargaining
problem satisfies the following: it is not worse than the conflict point, and there is no
other agreement that both parties would prefer.

In every bargaining game, the set of feasible outcomes (O) is bounded by the Pareto
Optimal line. Pareto optimality is defined for a bargaining game (O, c) as follows: let
0, and 0, be two outcomes from the set of feasible outcomes, o0,,0,c0. If
U;(0,)>U,(0,) for i =12, then the negotiators will agree on 0,. Actually, they will
never agree on an outcome that can be improved, from the perspective of at least one
of them, by another feasible outcome. The assumption here is that the players must be
able to know and communicate that o, is better than 01. All the outcomes that cannot
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be improved from the perspective of both players lie on the Pareto or Efficiency
Frontier.

1 Utopia

Efficient (Pareto) A/Nash
Utility of party B frontier

Kalay —
Smorodinsky

7 Conflict (Status Ouo)
0

0 Utility of party A 1

Figure 3.2.1: Utility (payoff) space for two bargaining parties and proposed

“optimal” bargaining solutions.

The aim of cooperative theories is to specify axioms that lead to the selection of a
single point on the Pareto frontier, given the bargaining problem (O, ¢). The most
popular solution concept is the Nash bargaining solution, which requires the following
axioms to be satisfied (Nash, 1950):

» [nvariance under affine transformation. A change in the scale of the utility
function does not change the outcome, only the numbers associated with the
outcomes. This axiom is used to prevent the need to make interparty
comparisons in utility, since negotiators may want or need to transform their
utility functions to convenient scales. For example, if one party has $20 in the
bank, and evaluates the deal that gives him $x as having a utility 20 + x, while
another party evaluates such a deal as having X, it should not influence the
Nash solution. That is, the change of origin does not affect the solution.

»  Symmetry (the anonymity axiom). This states that only the utilities
associated with feasible outcomes and the conflict outcome determine the final
outcome. No other information is required to select the preferred outcome, and
switching the labels of parties does not affect the outcome.

»  Independence of irrelevant outcomes. It states that if some outcomes o are
removed, but the solution, o*, is not, then o* is still the solution.

»  Pareto efficiency. As mentioned above, this axiom refers to the maximum

amount of utility that can be reached. This is the maximum possible amount
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and not a complete aspiration achievement by both parties (the point denoted
as “Utopia” in Figure 3.2.1).

The unique solution that satisfies the above axioms is the Nash solution, defined as:

0* =argmax[U, (0)-U,(c)][U,(0)-U,(c)] (3.2.1)

This is the point which maximizes the product of individual utilities, relative to the
conflict payoff, ¢ (Nash, 1950). The multiplicative form of the Nash solution
represents the concern for equity — the product of the value gains is maximized for

more equal individual gains (Binmore, 1992).

Another solution to a bargaining problem is the reference point. This solution is
observed in experimental bargaining problems where a prominent outcome is used by
negotiators to anchor a point in the set of outcomes O (Raiffa, 1982). The negotiators
can then use this anchorage/reference point which they may attempt to jointly
improve. This point can be used either as a commonly agreed upon starting point, or a
credible final point (Roth, 1985).

Kalai-Smorodinski solution is a point that lies on the Pareto frontier where it
intersects with a line that connects the conflict point with the maximum achievement
of each party's aspiration levels (“Utopia”). This solution is different from the Nash
solution in fact that, instead of the independence of irrelevant solutions, it satisfies the
monotonicity axiom, which implies that an expansion of the feasible set O in a
direction favorable to a particular party, always benefits him. The two solutions may

coincide, depending on the shape of the Pareto frontier.

Thus, cooperative game theory provides a number of criteria for selecting a solution
from a given set of bargaining solutions. The choice of a specific solution is based on
which axioms are reasonable in a specific bargaining context (Gerding et. al, 2000).
Beside the fact that in order to apply a particular solution concept, the parties would
have to agree upon the same set of “reasonable” axioms, another obvious precondition

for any cooperative solution concept is the availability of relevant information. For
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example, to compute the reference point or outcomes that actually lie on the Pareto-
optimal line, the parties have to know the utilities the other party places on all the

outcomes.

3.2.2.1 Side payments

A game in which there is a mechanism to transfer the utilities from one player to
another (for example, in case they measure utilities in the same units), is called a
transferable utility game (TU, as opposed to non-transferable utility games, NTU). In
such a game, the players can make side payments of utility as part of the agreement.
By adding a side payment, payoff values for a bargaining outcome o, (u;(0), u; (0)),
can be changed to (u;(0) + s, ux(o) — s). If s is positive, it represents a payment from
Player 2 to Player 1 (and vice versa). Side payments enable the parties to enlarge the

set of feasible solutions and compensate each other for less satisfying outcomes.

3.2.3 Non-cooperative game theory

Non-cooperative game theory is concerned with specific games which have a well
defined set of rules and game strategies. In order to be well-defined, a game must
specify:

- the set of players;

- sequence of decisions;

- a precise structure of the information flow;

- the players’ preferences over the set of all possible outcomes of the game.

A game must also specify what each player can do and when he can do it, and indicate
who gets how much when the game is over. The structure used to present such
information in game theory is called a tree (Binmore, 1992). Each node of a tree,
other than a terminal node, determines a sub-game. The rules of the game and all
possible strategies are known by the players, prior to the game.

Non-cooperative game theory uses the notion of an equilibrium strategy to determine

“rational” outcomes of a game. Most commonly used concepts are dominant strategy,

Nash equilibrium and sub-game perfect equilibrium. A dominant strategy is optimal
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in all circumstances, no matter what the strategies of the other players are. The
strategies of all players are said to be in Nash equilibrium, if no player can benefit by
unilaterally changing his strategy. In sub-game perfect equilibrium, the strategies for

each sub-game of the game tree constitutes a Nash equilibrium (Gerding et al., 2000).

There are different protocols that can be used by two bargainers to divide a given
quantity of bargaining goods. Some of them are:

1. The Nash demand game. Both players simultaneously demand a certain fraction of
the goods, without knowledge about the other’s demand. In case the sum of demand
exceeds the total amount available, there is no agreement (both players receive their
disagreement payoff). Otherwise, the demands are said to be compatible, and both
players get what they requested. This game has an infinite number of Nash equilibria:
all agreements which are Pareto-efficient, and also “disagreement” outcomes: if both
players ask for more than the whole amount of the goods, no player could ever gain
by unilaterally changing his strategy.

2. The ultimatum game. In this game, one of the players proposes a split of the goods
and the other player has only two options: accept or reject. In case he rejects the offer
both players get nothing. The game has an infinite number of Nash equilibria, and
only one sub-game perfect equilibrium, where the first player demands the whole
quantity of the goods, and the second player accepts it.

3. The alternating-offers protocol. This is a multiple-stage version of the ultimatum
game: one player starts by offering a fraction x of the bargaining goods. If the other
player accepts the offer, he receives x and the first player receives O-x (where Q is the
total amount available). Otherwise, the second player has to make a counter offer in
the next round, which the first player can accept or reject. This process is repeated
until one of the players agrees or until a finite time-deadline is reached. Several
authors have developed solutions to this game, each true for some underlying
assumptions: Stahl (1972) had a solution for a game of finite length in which the
players were forbidden to increase their demands during the play; Rubinstein (1982)
used the assumption that the player’s preferences over the outcomes are time-
invariant; Van Damme et al. (1990) analyzed a variant of the game with a finite
number of alternatives (defined by a smallest unit of division of the good), etc.

4. Monotonic concession protocol is a more restricted protocol than that of the

alternating-offers game: the two players announce their proposal simultaneously. If
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the offers match or exceed the other player’s demand, an agreement is reached. If no
agreement is reached, the players have to make new offers in the next round. They are
only allowed to concede or make the same offer as in the previous round. Because in
each round at least one of the players has to make a concession (or disagreement
occurs), the protocol has a finite execution time if a minimum concession per round is

fixed and is larger than zero (Gerding et al., 2000).

Protocols of strategic games require complete information about the players’
preference functions. For example, in order to make a concession, a player needs to
have some information about the other players’ preferences. This knowledge is crucial
when the values the players put on various outcomes of the game are derived by
multi-attribute utility functions (see section 3.1), meaning that each player has a set of

differently valued attributes (negotiation objectives).

3.2.4 Applicability of game theoretic models of bargaining to real-life

situations

In real-life negotiations, private information such as reservation values (i.e. minimum
acceptable payoffs or BATNAS), preferences over outcomes, attitudes towards risk,
etc., are often kept confidential, and the assumption about common knowledge
regarding the preferences and beliefs of the players (see section 3.2) cannot be
applied. There are game theoretic approaches to modeling optimal behavior of
rational players given the fact that they have incomplete information about the world.
Harsanyi (1967) proposed models which represent characteristics of players, status of
information about the game, information about the opponents etc., considering the
various types of person a player can belong to. Such models assume that the
distribution of types is common knowledge. Players have private information about
their own types, and they can compute subjective (Bayesian) probabilities for the

types of their opponents.
Major arguments that decision and game theories may not be efficient in modeling the

behavior of negotiating parties relate to the following two assumptions (Binmore,
1990, Simon, 1996, Castlefranchi and Conte, 1997; Tversky and Kahaneman, 1981):
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1. Assumption regarding the rationality of individuals, who behave as optimizers.
The question of what is optimal, in game theory models, is independent of actual
human behavior. The argument here is that the question of how do people actually
behave has been reformulated to one of how should people behave given that each
individual were to maximize his utility. Castlefranchi and Conte (1997) state that
economic rationality (striving to maximize utility) is not a model of rationality in
general but only one of a large set of possible human goals. Cognitive scientists claim
that game theory does not consider the entire set of a party’s goals when formulating
the criteria for rational behavior (Simon, 1996). This observation is supported by the
fact the rationality assumption is experimentally unsupported (Roth, 1995).

2. Assumption regarding a complete knowledge about the space of possible
actions and their outcomes. In decision and game theoretic models, the space of
alternatives is assumed to be fully known by the parties. Simon (1996) emphasizes
that to know a solution exists is not to know what the solution is. An extension to this
criticism, important for our work, is that the negotiating parties often do not believe
that a mutually satisfying solution exists, or are unable to recognize one, because of

mistrust and bad communication.

However, game theory has proved useful in modeling social interactions in disciplines
such as economics, political theory, evolutionary theory, moral and social psychology
and sociology. Faratin, (2000, p. 88) utilizes game theory models, because “they hey
have the ability to predict and explain social interactions in a manner which does not
rely on post-hoc explanations (explanations based on coincidental correlations), but
rather on some formal notions”. Another advantage of game theory (Faratin, 2000, p.
88) is “the ability to conceptualize these interactions in a meaningful and formal

prototypical contexts (games) which are appropriate to experimental analysis”.

Contribution of cooperative game theory to this work is that it emphasizes individual
preferences While demonstrating that cooperation and joint gains can emerge from
them. Our approach is to adopt some of the formal decision and game theoretic terms
and tools, such as outcomes, utilities, reservation values, side payments, and
protocols, as well as solution concepts, such as Pareto-optimality, Nash bargaining

solution, and the reference point. However, at the same time, we deal with the
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inadequacy of some underlining assumptions of decision and game theories in
depicting the real world by:

1) Providing a dynamic mechanism for creating and modifying during the negotiation
rounds the preference structure of objectives and their relative importance,

2) Providing a mechanism for analyzing the joint utility space while assuring an
appropriate level of confidentiality;

3) Incorporating a water allocation optimization model into the NSS, to assist the

parties in generation and evaluation of alternative negotiation solutions.

3.3 WAS - Generation and evaluation of negotiation

alternatives

Decision and game theory models are concerned with selecting the optimal alternative
(or strategy) from a set of a priori (externally) defined alternatives (strategies).
Commonly, they are not aimed at providing assistance at the stage at which the
alternatives are being created (Kersten, 1988). In a negotiation process, however, the
ability of the parties to create and recognize "good" alternative solutions, directly
affects the quality of the negotiation outcome — expressed by the level of the parties’
satisfaction. The NSS requires a component that will assist the parties in exploring the
field of feasible solutions to the water allocation problem. We adopt a tool that,
besides assisting the parties in creating and evaluating alternatives, enables exploring
the possibility of achieving additional economic gains.

The Water Allocation System (WAS, Fisher et. al, 2002) is an optimization model
which allocates a given quantity of water among the parties, while maximizing the
overall net economic benefit from water use. Concepts and features of the model are

explained in the following sections.

3.3.1 Economic value of water (following Fisher et al., 2002 and Fisher et
al., 2005)

Most solutions to water allocation problems relate to water only in terms of its

quantities. Demands for water are projected according to needs of different
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consumers. Supplies of available water are estimated and whenever the balance
between the two shows a shortage, engineering and/or political solutions are sought,
to provide more water or somehow allocate the scarce resource. According to this
approach, water allocation between two parties that claim rights to the same quantity
of water is perceived as a zero-sum game: water allocated to one party is not available
to the other. This holds for both within-a-country and international water allocation
problems, since the two parties can represent different types of demands in a single

country, or, two states (or political entities) that share a water resource.

In recent years, there have been attempts to relate to water in terms of values. These
attempts are based on the fact that water is valuable not only because it is essential for
sustaining human life, but because it is scarce (Eckstein et al., 1994). In the countries
that have access to the sea, desalination puts an upper bound on the value of water in
dispute (Fisher et al., 2002). Feitelson and Haddad (2001) give as an example the
dispute over the Mountain Aquifer between the Israelis and the Palestinians. With
desalination as an alternative water resource, the value of the water in this dispute is at
most in the range of a few hundred million dollars per year — an amount of money,

which should certainly be negotiable.

The economic value of water is expressed through the willingness of a user to pay for
a certain amount of water. For the first few units of water a user is willing to pay the
highest price. If, for example, this user were a single household, the most valuable
units of water would be used for drinking and cooking. Values of the next units of
water decrease, since this is the water used to satisfy less essential needs. The
willingness to pay is a function of the amount of water used, and is presented by the

demand curve (Figure 3.3.1).

>
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Figure 3.3.1: Demand Curve
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When an amount of water, Q, is delivered to a user, the total value of that amount of
water to that user is equal to the total area below the demand curve, to the left of Q.
To conform to standard mathematical formulations of the function, the curve does not
intersect the vertical axis, and instead Pmax IS @ cutoff price, which makes the area

under the curve finite.

Summation of demand curves of all users of a sector (urban, industrial or agricultural)
in a district gives the aggregate demand curve for that sector in that district. If the
curve in Figure 3.3.1 represents a sector demand curve and the quantity Q is the total
amount of water allocated to this sector, then, the gross benefits to that sector are
equal to the area below the curve, to the left of Q. These are gross benefits because
there are costs of providing the amount Q of water to the district. The cost function
(Figure 3.2) is an increasing function of the amount of water, and may rise smoothly
or in steps corresponding to different supply sources. For any allocation Q, the net
benefits from the water allocation are calculated by subtracting the total costs of
providing the water (the area under the cost curve, to the left of Q) from the gross
benefits.

If water allocation is aimed to maximize the net benefits, the amount Q* (the
intersection of the two curves, in Figure 3.3.2) is exactly the one to be delivered. A
lesser amount of water would mean that the consumer would be willing to pay more

for additional units than the cost of such additional units.

i N
Price Demand Curve
/ Cost
Optimal /
price p* 7 \l
<l >

Optimal quantity for supply — Q~* Quantity

Figure 3.3.2: Demand and Supply Curves
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A greater amount of water delivered than Q* would mean that the consumer would
not be willing to pay the costs of providing the additional units, and the loss would be

the area between the two curves.

These demand curves capture the private value of water, the value to the consumer.
However, water also has a social value, which can exceed the private one. For
example, one of the ways for a government to support the agricultural sector is to
subsidize its water. In the case of a subsidy by a fixed amount at all quantities, the

demand curve would be changed as shown in Figure 3.3.3:

Price A Private Value

Private + Social
Value

Subsidy
amount

Quantity

Figure 3.3.3: The effect of a fixed subsidy on the demand curve

This means that this water is worth to society more than farmers are willing to pay for
it. The optimal allocation is now determined as the intersection of the cost curve and
the new demand curve. This policy would make farmers use more water than without

the subsidy.

3.3.2 Shadow Prices and Scarcity Rents

Prices in competitive markets measure the willingness of buyers to pay for additional
units of the goods in question (marginal value). When a price is higher than the cost
of providing an additional unit (marginal cost), that unit is worth providing. A price
less than the marginal cost means that production of that good should be cut back.
This system of prices and the profits and losses is a guide for an optimal allocation of

goods.
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There are many reasons why the laws of perfectly competitive markets cannot be
applied in the case of water. A competitive market assumes many private, competitive
producers and buyers. Water is usually not supplied privately and competitively by
many sellers. Thus, the private value of water can differ from its social value. Another
reason is that, because of the scarcity of water, pumping in one location may affect

the availability of water in another location of the same source (e.g., aquifer).

If, in Figure 3.3.2, Q* were the maximum amount of water available, then, P* would
represent the price which consumers would be willing to pay to obtain an additional
unit of water. This price is called the shadow price of water. It can be also defined as
the amount of increase in net-benefits to water users that would be obtained from the

availability of that additional unit of water.

The shadow price of water in a given location is not necessarily equal to the direct
(marginal) cost of producing it there. If demand from a limited water source with zero
pumping cost is sufficiently high, the shadow price of that water would not be zero.
Consumers at that location would be willing to pay a positive price for water, even
though its direct production and supply costs are zero. This positive value of water in
situ 1s called a scarcity rent. When the direct costs of providing the water are zero, the

scarcity rent equals the shadow price of water (Figure 3.3.4).

P = the shadow value of water
C = the marginal cost of supply
Pu P. = shadow value of water
at the source
a,b,c = consumers

l I:)a:PL'l'CLa
0 I:)b:F)a'l'Cab
0 I:)c:F)b'l'Cbc

Figure 3.3.4: Scarcity rent and shadow prices
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Accordingly, in a given location, the shadow price is the sum of the scarcity rent of
water and the direct marginal costs of providing it at that location.

3.3.3 Water Allocation System (WAS)

The methodology for optimal allocation of water has been embedded in the Water
Allocation System (WAS) model. The area in question, covering the territory of one
or more countries (or political entities), is divided into “districts’. Each district has
sources, consumer sectors (urban, agriculture, industry, nature), and is connected to
other districts or to a central conveyance system. Physical and economic data are
given for the districts, consumer sectors, and the connecting conveyance system. The
model maximizes the total net benefit by allocating water among all districts and
sectors, subject to physical, political, administrative and any other imposed
constraints. The model can also include recycling wastewater and seawater

desalination.

Depending on the users’ definition, water resources in the WAS model can be treated
as common pools with respect to a group of consumers, so that no constraints are
imposed a-priori on the allocation of the water from these sources among them. But
there is the possibility to constrain these allocations by defining a minimum,
maximum, or a fixed quantity of water to be allocated to particular consumers,

districts or countries (political entities).

The basic assumptions that underlie the economic approach of the model are:

e Water has value not only because it is important for sustaining human life or
for other uses, but because of its scarcity. Where water is scarce, there is a
private willingness to pay relatively large sums for small amounts of water.
Where water is not scarce, i.e. there is an unlimited supply, it has no
economic value.

e Water can have a social value higher than its private value. The excess of the
social over the private value of water can be reflected in a subsidy.

e Water ownership is a property right entitling the owner to the economic
value of the water. This is true regardless of who actually uses the water.
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e An owner will use a given amount if its water if and only if it values that use
at least as much as the money he would gain from selling the water to
another user. The non-owner will decide to buy if and only if he values the
water at least as much as the money involved in the purchase.

e Economically efficient (optimal) water use does not depend on water
ownership (for example, resolving the question of where water can be
pumped efficiently does not depend on who owns it).

e Water cannot be worth more that the cost of replacing it. In the model, the
possibility of desalinating seawater puts an upper bound on the value of
water in localities where this technology can be used.

e Voluntary trade is always a win-win situation for both the buyer and the
seller. When one party values a quantity of water less than the proposed
selling price, and the other values that same quantity more than its price,
them both parties gain if the former sells to the latter. No party in the system

sells any water unless he finds it beneficial to do so.

The model is based on average annual conditions. Each country is divided into
districts where water is supplied and/or used. Data for supply, demand, and water
treatment for each district as well as data on conveyance between districts (by
pipeline or natural channels) are incorporated in the model. The model considers
water demand by three sectors: households, industry, and agriculture. It takes private
demand curves of all sectors in all districts and accounts for the social value of water
defined by national policies. National policies can be of the following types:
e A limit on extraction from each source, resulting from hydrological,
environmental, political or other considerations.
e A minimum amount of water to be supplied to a consumer.
e A fixed amount of water to be supplied to a consumer.
e The maximum amount of water which will be provided to a consumer,
even if he is willing to buy more.
e A subsidy given to the water supplied to a consumer.
e A price assigned to each quantity of water, which can be different from the
real cost of producing it (this could reflect, for example, the value of water

in situ, such as for preservation of natural assets).
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Water production in each district is defined by its price function. This function is
expressed as a step function: for a given range of water quantities there is a specified

cost per cubic meter.

The demand of water by each sector in each district is given by a demand function,
which gives the quantity of water that consumers will purchase and use, as a function

of the price they are charge for the water.

Given the conditions and constraints specified by the user, the model allocates the
available water so as to maximize net economic benefits from water use. Shadow
values of water are generated as part of the solution. The model can be used to
compute the economic benefits of proposed infrastructure projects. Where two
districts not connected by pipeline, river, or channel, have shadow prices that differ by
more than the estimated cost per unit of water of a conveyance system between them,

construction of such a pipeline is economically justified.

By running the model with and without a projected infrastructure project, the planner
can find the increase in annual benefits that a project would generate, compare them

to the cost of the project and decide whether the project is justified economically.

Water allocation scenarios. WAS can be run in a countrified version, where the area
in question is a single country, with water quantities available from sources shared
with its neighbors defined a-priori. Another option is to run WAS for the region of
two or more countries (the regional version), in which case shared water resources are
treated as common pools (on the international level). Both types of WAS runs can be
performed to reflect various sets of physical, political, administrative and other
constraints. Each set of data and constraints produces a water allocation scenario
(countrified or regional). The set of WAS output data includes the optimal allocations,
total net benefit from water use, shadow prices of water for the consumers and
districts, shadow values of constraints, including scarcity rents for water in the

sources.

74



WAS Mathematical formulation. The WAS model is written in the GAMS
(Generalized Algebraic Modeling System) language, with the MINOS non-linear

optimization module.

For demand curves described by P = BxQ“, where P and Q are the price of a unit of

water and the supplied quantity of water, respectively, and B and « are coefficients
(a is the coefficient of elasticity of the demand curve), the optimization problem is

formulated as follows:

B, x(0D,, + OFRY, )%H

Max 2= Z‘Zd: a, +1 B Z;QS“CS" B
_ZZQTRU x CTR, —Z;QRYM xCR,, — (3.3.1)
i J i
- 22 QTRY, xCTRY, =3 3 [CE, x(QD, +QFRY, )]
i J i

Subject to:

1. Preserved mass-balance of fresh water for sector d in district i:

> 0D, =>0S8,+> OTR, - > OTR, Vi (33.2)

2. Preserved mass-balance of recycled water for sector d in district i:

> OFRY, =Y OR, +> OTRY, - > OTRY, Vi (3.3.3)

3. Quantity of water recycled from use d in district i:
ORY, = PR, x[OD, +QFRY,,]  Vid (3.3.4)
4. Lower limit on the total quantity of water (fresh and recycled) demanded by sector

din district i:

Je
%} " vid (3.3.5)

OD,, +QFRY, = {
id

5. Upper limit on the quantity of water supplied to district i from source s:

0S, <OSMAX,  Vi,s (3.3.6)

6. Upper limit on the percent of water recycled from sector d in district i:

PR, < PRMAX, Vid (3.3.7)

All variables positive
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Where: Indices are:
i = district (i alias j);
d = demand type (urban, industrial, agriculture);

s = supply source;

Parameters are:

a,, = exponent of inverse demand function for demand d in district i;

B4 = coefficient of inverse demand curve for demand 4 in district 7;

CE; = unit environmental cost of water discharged by demand sector d in district ;;
CR;; = unit recycling cost of water supplied from demand sector d in district i;

CS;s = Unit cost of water supplied form supply step s in district Z;

CTR;; = unit cost of water supplied from district i to district ;;

CTRY; = unit cost of recycled water transported from district i to district /;
PRMAX;; = maximum price of water for demand sector d in district z;

OSMAX;; = maximum amount of water from supply step (source) s in district 7;

P;; = shadow price of water for demand sector d in district i (computed).

Variables are:

Z = net economic benefit from water use;

0S;s = quantity of water supplied by source s in district ;

0D, = quantity of water demanded by sector d in district i

OTR; = quantity of freshwater transported from district i to district j;
QTRY; = quantity of recycled water transported from district 7 to district j;
ORY,, = quantity of water recycled from use d in district ;

QFRY,; = quantity of recycled water supplied to use d in district ;

PR;,; = percent of water recycled from sector d in district ;

The WAS model can be used by each party in a pre-negotiation (preparation) stage. A
party can impose various assumptions about its share in disputed sources and options
for inter-connecting neighboring systems, and evaluate his own position with respect

to regional cooperation.
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Chapter 4

The Negotiation Support Model

4.1 Introduction

In this work, negotiation is viewed as an iterative (multi-round) and interactive (the

parties exchange information, views, positions) process. In each round, the parties

perform their own evaluation of the interim results reached so far, the last proposals

that have been made, and their contribution to meeting its objectives. The results

guide the party in the next round, to maintain or change its position, preferences, and

proposals, bringing these into the arena of joint evaluation. The process ends when the

parties decide that they have reached an acceptable negotiated solution, or when a

party decides to break off the negotiations (and accept its BATNA). This process is

supported by the Negotiation Support System (NSS) which is depicted in Figure 4.1.
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Figure 4.1: The Negotiation Support System
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The negotiation is modeled as a combination of two processes: individual decision-
making and joint problem solving. The parties have to operate in two contexts:
jointly, as negotiators, and individually, as decision-makers in their own domain of
interests. The negotiation support model includes tools for assistance in both
individual and joint decision-making. The individual decision support is designed to
assist the parties in structuring and analyzing their own systems of preferences. An
underlying assumption of the approach is that a thorough and well organized
individual analysis of the problem and the related preferences is a precondition for
reaching mutually satisfying integrative negotiated solutions. Joint problem solving is
modeled as an interaction through which the parties have the opportunity to design

and select jointly preferred solutions.

A central tool of the overall NSS is the Water Allocation System (WAS), which
provides assistance in both the individual and joint decision making processes. It can
be used in all the steps of the negotiation process, from the design and proposal of
alternative negotiation solutions to the analysis and evaluation of the impacts of these

solutions on the objectives of each of the negotiating parties.

The design of the NSS is based on the assumption that the parties’ subjective view of
the water allocation problem, of the competition for the resource and of the potential
conflict which is at its basis, as well as the “state of the world”, may change as a result
of the change in their perceptions and positions during the negotiations. The
“position” of a party depends on how far the party is from achieving its objectives.
Changes in the parties’ perception of the negotiation problem directly affect two basic

elements of the negotiation process:
a. The set of solutions to the negotiation problem which are considered admissible;

b. The objectives and the preference structure of the negotiating parties.

The NSS is designed to allow and account for the changes in these two features of the
negotiations. The basis for the negotiation support is the set of alternative negotiation
solutions available (known, proposed) at each round of the negotiations. The
negotiation process is perceived as an alternating sequence of activities by which the

parties manipulate the set of alternative negotiation solutions. These activities are
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aimed at enlarging the set of alternative solutions (by creating and proposing new
ones) and narrowing the set of alternative solutions by removing non-efficient ones,
and eventually, moving towards better joint outcomes. The connectors between the
elements of the flowchart of the NSS (Figure 4.1) indicate that the manipulation of the
set of the alternatives is a result of both individual and joint decision-making. The set
of alternatives is enlarged when a new solution is offered. A new offer can be
designed by a single party, by a mediator, or jointly by the two parties. Removal of
non-efficient offers is determined by the individual preference structures of both
parties, and is supposed to leave at its termination a single solution as the final

negotiation resolution.

Enlarging and narrowing the set of the alternatives are repeated in an iterative manner,
regulated by the protocol of interaction. The iterative process allows the parties to
revise their preference structure during the negotiations and evaluate the dynamic set

of the alternative solutions. Each iteration consists of the following steps:
a. generation (design) of alternatives;

b. evaluation of alternatives;

c. individual structuring of the preferences;

d. selection of the best accepted alternative;

e. test for the stability of this solution.

The next two parts of this Chapter give detailed explanations of the basic principles of
the NSS (Part 4.2), and a presentation of the decision-support tools included in the
model (Part 4.3).
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4.2 Basic principles of the model

4.2.1 Negotiation protocol (protocol of interaction)

Negotiation is a joint problem solving process during which the parties have to
communicate and interact, using an interaction protocol. The quality of
communication will determine quite significantly the value and stability of the
outcome. Parties who claim rights to the same water resource typically presume to
have mutually conflicting interests and are therefore inclined to bargain in a
distributive manner. They often find themselves locked in situations in which it seems
impossible to reconcile the differences, and could therefore prefer to break off the
negotiations. The protocol of interaction should reduce the probability that this will
occur. It is motivated by normative models of interaction, such as the models of game

theory (normative refers to prescriptive rules of the game, Chapter 3).

The protocol of interaction consists of rules which specify the modes of interaction. It
is commonly modeled by an alternating sequence of offers and counter-offers. In our
work the negotiation protocol does not require an alternation of offers. In contrast, it
prescribes an alternation of two procedures, alternative-generation and alternative-
evaluation, designed to move towards negotiated solutions that improve the
achievements of both parties. A new alternative solution may be offered by one or
both of the parties, or by a mediator, ignoring who offered previous ones. Generation
of alternatives is supported by the WAS model, which enables analysis of various
inter- and intra-country water allocation scenarios. Alternative-evaluation is
procedure in which the negotiators act as individual decision-makers. The individual
decision-making process is based on pair wise comparison of the proposed alternative
solutions and of the elements of the negotiators' preference structures. The two
processes, alternative-generation and alternative-evaluation, are repeated in a

sequence of iterations, which terminates when a stable solution is reached.
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4.2.2 Alternative negotiation solutions (alternatives)

On a public level (in terms of shared information), the parties negotiate the allocation

of two commaodities: water and an economic value. From the perspective of party i,

i = {A,B}, a negotiation alternative a is represented by the allocated quantity of water
from the disputed resource, Q;(a), measured in units of volume, and a monetary value
vi(a). The sum of the allocated quantities of water, Q4(a) + Qg(a), is constant over all
the alternatives and equals the amount of water to be shared between the parties from
the disputed source. (Since water sources are always subject to random variability,
this is usually set to be the agreed upon average annual renewable potential of the
water source; considerations of source uncertainty, an important aspect of water
allocation, is beyond the scope of this study). We obviously deal with cases in which
the total amount of water required by the parties is more than the available quantity,
and therefore an alternative that allocates less than all the available water is not

efficient, and is not relevant in our analysis.

vi(a) is the net economic gain to party i from alternative a. If, for example, alternative
a reallocates the disputed water resource so that party 4 gains an additional quantity
of water, the economic value of the total quantity of water available to A4 increases,
according to its water demand curve. Correspondingly, party B loses the same
quantity of water, so that the economic value of its allocated water decreases. In order
to make such an alternative attractive to party B, A can offer B a side payment (see
Section 3.2.2.1). v4(a) and vp(a) are the net economic gain or loss that accrue to each
party by selecting alternative a over a reference alternative a,. The sum v4(a) + vg(a),
varies over the alternatives, and is calculated relative to the reference alternative a,. If

alternative a is (economically) efficient, this sum will be positive.

On a private level (in terms of confidential information), each party evaluates the
efficiency of alternative solutions to the problem according to a set of its own criteria.
The set of criteria of one party is independent of the set of criteria of the other party.
In terms of decision-making theory, these criteria are the parties' objectives or
attributes. Party i can assess the *“quality” of alternative a by analyzing the
"performance” of the corresponding bundle, (Qi(a), vi(a)), with respect to each of his

objectives. If u/(a) is a subjective measure (score) of the degree to which alternative a
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satisfies objective j, j = 1,...,n, then, for party i, alternative a represents the n-tupple
[ui(a),...,.ui"(@)], with n being the number of party i's objectives (criteria). The
subjective measures, u/(a), result from an evaluation of alternative a, as part of i’s

individual decision making process, and will be explained further in Section 4.3.

4.2.2.1 Design of alternatives

The parties design alternative solutions while using, individually or jointly, the WAS
model. Each party can analyze the effects of a solution that has been tabled or of a
solution he is considering to offer, according to the output of a corresponding run of
WAS. For this purpose, there are a few basic results of WAS that are relevant on the
public level and which figure in the bargaining process. Let Qps, Qi(a), qi(a), and
Vi(a) denote the following:

Ops = the average annual renewable quantity of water in the disputed source;

Qi(a) = quantity of water from the disputed resource, allocated to party i, i={4,B},

according to alternative a;

qi(a) = WAS-optimal quantity of water from the disputed resource, to be supplied
to the consumers in i, given Qi(a) (gi(a) < Qi(a)). qi(a) can vary as a function of intra-

country water allocation arrangements (see Chapter 3);

Vi(a) = the annual net economic benefit of party i from the use of water allocated
to it in alternative a. It is the net benefit from the total annual consumption of water in
i, when the annual available supply of water includes gi(a@): Vi(@) = V(Q.' + qi(a)),
where @Q;’ is the annual renewable quantity of water available to i which is not subject
of negotiation. Like g¢i(a), Vi(a) varies as a function of the domestic water
arrangements (scenarios). In case party i considers S scenarios which include Qi(a),

the annual net economic benefit to Z will be denoted by Vy@’), s = 1,..,S.

In any negotiated alternative a, Qps can be allocated in one of the two following
ways:

a. it can be allocated a priori to the parties in quantities Q4(a) and Qg(a), (SO
that Q4(a) + Qgp(a) = Qps), Where each party analyzes the intra-country water-
allocation scenarios posteriori, given Qi(a), i = {A,B};
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b. Qps can be defined as a common pool (Chapter 3); in this case, the regional
version of the WAS model determines the optimal allocation so as to maximize the
joint net benefit from water consumption in the combined area of both countries. The
allocated quantities of the disputed resource (Q4(a) and Qg(a)) and the net benefit

from water use in the two countries will be different for different regional scenarios.

Both types of alternatives can have elements of a regional cooperation.

4.2.3 Economic efficiency of negotiated alternatives (creating ‘new’

value)

Let a, and a be two alternatives and Vi(a,), Vi(a), i = {A,B} the net economic benefits
of party i from the water consumption in cases a, and a, respectively. Av,(a,,a) is the
change in the net benefit to party i obtained by moving from a, to a: Avi(a,a) = Vi(a) -
Vi(a,), and it can be positive, negative, or zero. The two parties jointly create 'new'
economic value if when they move from a, to a the sum of the changes in the net
benefits, Av4(a,,a)+ Avp(a,,a) is positive. That is, alternative a is economically more

efficient than a; if:

Va(a) + Vp(a) > Vy(a,) + Vp(a,).

A negotiator who makes decisions based on a pure economic rationality would agree
to select alternative a over alternative a,, only if @ would improve the resulting net
economic benefit to his own country, that is, if Avi(a,a) is positive. Accordingly, he
would be indifferent between the two alternatives if 4v; = 0, and would reject a if Av;
<0.

Whenever a, and a allocate Qps So that Q4(a,) + Qp(a,) = Qps and Q4(a) + Qp(a) =
Ops, With Qi(a,) # Qi(a), i = {A,B}, and the sum of the changes in the net benefits,
Av(a,a) + Avp(a,,a) is positive, the annual net benefit from water use of one party

increases while of the other decreases. The way 'new' economic value is created in the
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case of the 'a priori allocation' and ‘common pool' alternatives, is explained in the

following:

a. A priori allocation

Let a be an alternative to be compared to the reference alternative a, and let 4 denote
the negotiating party with a higher marginal value of water, given alternative a,. The
sum Av(a,,a) = Av4(a,a)+ Avp(a,,a) Will be positive if alternative a allocates to party

A a quantity of water Q4(a) so that Q.(a) > Q4(a,), as shown in Figure 4.2a.
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Figure 4.2a: ‘New’ economic value — a priori allocation. Q’4, Q’p = quantities
of water that are not subject to the dispute; Qps = total quantity of water in
the disputed source; Qu(a,), Qs(a,) = allocations of water to A and B
according to reference alternative a,; Q4(a), Qp(a) = allocations of water
according to alternative a; AQ = quantity of water transferred from B to A.

Av(a,,a) is positive because the quantity of water 4Q = Q4(a) - Q4(a,), transferred
from B to A, is valued more when consumed by party 4. Relative to a,, alternative a
increases the economic value of water of party 4 by the value of area abfe, and
decreases the economic value of party B by the value of area abdc. The net increase in

joint economic value is positive and shown by the dark area cdfe.

If, according to alternative a, a AQ is transferred from the party with a higher
marginal value of water to the party with a lower marginal value (marginal values
according to alternative a,), the resulting total change in the economic value of the
water consumed in both countries will be negative. a is, then, an economically

inefficient solution, relatively to alternative a,.
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b. Common pool

In case the parties agree to consider a “common pool” alternative, the regional version
of the WAS model will determine the optimal allocations, Q4(a) and Qg(a), subject to
the set of the constraints defined jointly by both parties. Qps will be allocated so that
the joint net benefit for the two countries will be maximal, given the set of constraints.
Still, in a common pool alternative constraints in WAS can be used to control the
conditions of domestic water allocation arrangements in both countries (see Chapter
3). Figure 4.2.b shows a simplified example of a common pool alternative. In case of
zero water supply costs, and no limitations regarding Q4(a) and Qg(a), Qps Will be

allocated so that the marginal values of water in the two countries will be equal.
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Figure 4.2b: ‘New’ economic value — a ‘common pool’ alternative. Q°4, Q’s =
guantities of water that are not subject to the dispute; Qps = total quantity of
water in the disputed source; Q4(a,), Qp(a,) = allocations of water to A and B
according to reference alternative a,; Qu(a), Qp(a) = allocations of water
according to alternative a.

The NSS does not assume that the negotiators are driven by economic rationality
only. Still, to compensate for a decrease in its water allocation a party may agree to

accept a side payment as compensation.

A side payment, vsp, i—;, IS @ monetary value, transferred from party i who gains an

increase in the net benefit from water use, to party j whose net benefit decreases. The
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size of this payment is subject to negotiation (bargaining) between the parties, and
once agreed upon, it serves for the calculation of the final net economic gain of the

parties, earned by moving from a, to economically more efficient alternative a.

The alternatives are generated at the start of each negotiation iteration. Figure 4.3
shows the protocol for generation of an a priori allocation alternative. The procedure
starts with offer (that can come a party or from the outside) to divide Qps into
quantities Q4(a) and Qg(a). Given these allocations, the parties individually explore
their domestic water allocation, using the countrified version of the WAS model. A
party can analyze a number of domestic scenarios, each subject to a set in-country

constraints and demand functions (see Chapter 3).
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Figure 4.3: Generation of an alternative: a priori allocation.
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While the parties conduct this analysis they can consider offering a side payment to
the party that will be getting a lower water allocation, in order to make the alternative
more attractive. The flowchart in Figure 4.3 shows the side payment protocol for
economically rational parties: 4 will consider offering a side payment to B only if
Qu(a) > Qu(a,), and q4(a) > qa(a,), that is, if alternative a increases the allocation of
Ops and there exists a domestic scenario s such that ¢ increases the total net benefit
from water use to its country. Accordingly, 4 would demand a side payment from B
in case Q4(a) < Q4(a,), and Avy(a’) < 0, Vs. However, the NSS does not assume or
require economic rationality — a side payment can be offered and accepted for reasons
other than economic efficiency. For example, a party which offers a side payment to
gain more water may still consider applying a domestic scenario which includes some
economically inefficient actions, and eventually decreases the total economic value.
The party may, for example, consider desalination of seawater at costs higher than the
shadow prices, in order to reduce the supply from fresh-water resources for
environmental reasons. This party would not be considered "economically rational”,

but rather “environmentally aware”.

Figure 4.4 shows the protocol for generation of a “common pool” alternative. Here, a
WAS scenario is regional, created through a combination of individual and joint
decision processes. Constraints that regulate the domestic water allocation in one
country affect the conditions for optimal domestic allocation in the other country, and
vice versa. For example, if one country decides to subsidize its consumers so they will
use more water, it will exacerbate water scarcity conditions in the other country; (This
case is discussed by Fisher et al., 2005, who analyzed the effects of a hypothetical
subsidy to Israel’s agriculture on water availability and economic benefits from water
use in the Palestinian National Authority). Within the framework of the NSS, a
“common pool” alternative is considered a cooperative alternative created jointly by
the parties. This means that constraints and actions that regulate domestic water
allocations in both countries are also jointly accepted, and that, if required,
compensating side-payments can be negotiated. Otherwise, the parties would not have

any incentive to cooperate.
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For a given scenario, the resulting allocations, Q4(a) and Qp(a), maximize the joint
(regional) net benefit, V4g. In a “common pool” alternative, gi(a) = Qi(a) and 2 Qi(a)
= Qps, i = A,B (theoretically, the “optimal” allocations can sum up to a quantity
which is less than Qps, but under conditions of regional water scarcity this is never
the case). The net economic value to the parties is calculated in the same way as in the

case of an a priori allocation alternative.
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Figure 4.4: Generation of an alternative: common pool.
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4.3 Components of the Negotiation Support Model

4.3.1 Individual decision support

Individual evaluation of the alternatives is a sequence of preference-setting
procedures (performed by the party as the decision maker) and calculations
(performed by the tool for individual decision support), which map the alternatives
from the alternative space into an n-dimensional individual consequence space, with n
being the number of the evaluation criteria. A utility function, defined over the
individual consequence space, assigns a single value to each alternative, and

expresses the party's overall satisfaction with that alternative.

The individual decision support (IDS) model assists the parties at each iteration: to
(a) structure the water allocation problem into a set of the criteria relevant for that
iteration, and (b) qualitatively and quantitatively evaluate the alternative solutions of
that particular iteration. The utility function defined over the individual consequence
space is the final result of the quantitative and qualitative analysis. The model for
individual decision support utilizes the Analytic Hierarchy Process (AHP, Saaty 1980,
Shamir et al., 1985) for individual structuring (presentation and evaluation) of the
water allocation problem (see Section 3.1.5). The hierarchy of each party consists of

three levels as shown on the example in Figure 4.5.

Allocation of a shared water
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Relations in International
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Figure 4.5: Individual hierarchical (3-level) structure of the international water

allocation problem (an example)
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The first (top) level represents the overall aim of the party, the second the party's
objectives (criteria), while the third level consists of the examined alternative
solutions. The first and the third level of both parties' hierarchies are identical and
publicly known at each stage of the negotiations. The elements of the second level,
namely the criteria for the evaluation (and their relative weights), are specific to each
party and assumed to be confidential.

4.3.1.1 Model of objectives (criteria)

Generally, the objectives (criteria) can be of two types:

1. Quantitative objectives, which can take values measurable in their
characteristic units. For example, reliable supply and economic efficiency (net
benefit) from water use are objectives measured in units mcm/year and

$million/year, respectively.

2. Qualitative objectives that cannot be measured by any standard units, such as

national security or social stability.

The negotiation framework is based on dynamic evaluation of the objectives, which
reflect the party’s interests, goals, and perceptions. The dynamics in the set of the
objectives is a function of the change in the negotiation conditions (knowledge,
information, relationship, proposals and other). Another assumption is that for each
party, the set of the objectives is finite and constant for a particular iteration of the
negotiation process, but it may change in any or all of its aspects at the next iteration.

The next sections provide a formal presentation of the objectives model.

a. Quantitative objectives:

Let D =[min{,max;]be the intervals of the values for quantitative objective j
acceptable by party i. There exists a scoring function for each objective
D; : X —[0,1] that represents the score which party i assigns to the value of

objective j, in the range of its acceptable values. The score actually reflects how 'good’
or 'bad’ different values of a quantitative objective actually are, from the perspective
of party i. The notion of a score here informally means the utility of the objective's

value, and the scoring function is the utility function for that objective. The scores are
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normalized to the interval [0,1]. Examples of utility functions for quantitative criteria
are given in Figure 4.6.

i ; -

Uiy Uia U'a

1 j.=.'water availability" 1 i =.'net economic benefit' 1 i.='supply costs'

n » n T » n $ 'II 1
Dimin  meml pimax Dimin  [Smilll D'imax pimin - M piay

Figure 4.6: Examples of utility functions for quantitative objectives of party i. Uij
and D'j are the utility value and the value of objective j for party i, respectively.

b. Qualitative objectives

Qualitative objectives do not have interval values. Still, different solutions to the

allocation problem reflect positively or negatively on each of the qualitative

objectives. A utility function, U; assigns a value from the interval [0,1] to an

alternative solution and, similarly to the scoring function of a quantitative objective,
reflects the level of satisfaction of party i by that solution, with respect to qualitative
criterion (objective) j.

The IDS model admits that the set of the criteria (objectives) of a party may change
during the negotiation procedure. It also allows the utility function of a criterion to
change as a function of the change in the negotiation conditions. The AHP method,
which supports a dynamic change in the structure of the decision problem and assists
in dealing with both quantitative and qualitative objectives, is selected as a suitable
and practical method for generating the utility functions. According to this method,
the utility function of an objective is evaluated in the consequence (outcome) space,
which contains the alternatives that are currently 'on the table'. It does not have to be
evaluated over the whole interval of the possible values of the objective. Discrete

utility values for the alternatives, with respect to a single individual negotiation
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objective, are obtained in the following way (the detailed explanation and the
rationale of the AHP method is given in Section 3.1.5.1):

Let ay,...,ax...,aL be the set of the alternatives at a certain stage (iteration) of the
negotiation process, and oi,- an objective in the set of current objectives of party i
(recall: the set of objectives, as well as their weights may change between iterations).
In order to obtain the weights (scores) that reflect the ‘performance’ of the L
alternatives with respect to objective Oij, the party performs pair-wise comparisons.

The matrix of comparisons is:

a1 3-2 a|_
B ! k;(aivaz) k}(al’aL)
% | K(aa) | L K (2;.3,)
A k;(aL'a1) k}(auaz) !

Figure 4.7: AHP matrix of comparisons of the alternatives;
Comparison according to objective o; of party i. k}(ak ,8, ) is the ratio

of the relative weights of two alternatives, ax and a;, according to
objective j of party i.

k}(ak ,8, ) 1s the ratio of the relative weights assigned to the two alternatives (ax, ai).

The score represents the strength of party i's preference of alternative ax over
alternative a;, with respect to objective Oij, using the AHP scale of scores: from 1
(equal) to 9 (the first dominates the second) and from 1 (equal) to 1/9 (the second
dominates the first). Party i, as the decision-maker, has to fill in only the upper

triangle of the matrix of comparisons, since the values in the lower triangle are their

reciprocals: k} (a,8,)= The utility vales of the alternatives, with respect

ki(a.a)"

to this particular objective, are obtained as the components of the principal eigen-
vector of the comparison matrix are the weights given to each item in the list of

compared items.
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4.3.1.2 Overall utility function

The final output of the IDS model, provided to a party in negotiation iteration, are the
overall utility values assigned to every alternative in the set of alternatives tabled at
that iteration.

The AHP method uses a linear, additive overall utility function (see 3.1.5.1).
Alternative a can be represented by a n-dimensional vector in the individual
consequence space of party i: u = [ui(a),...,un(@)] where uj(@) is the score of
alternative a with respect to objective oi,-, j =1,..,n. The utility function defined over

the individual consequence space of party i is given as:

U.(a)=wu'(a)+w?u’(a)+..+w'u'(a) (4.3.1)
ui(a)zzn:wijuij (4.3.2)

Where w; ! is the weight, or the relative importance of objective j to party i. The
weights w; !, j = 1,...,n, are obtained by the same procedure, using a similar AHP-
matrix of pair wise comparisons among the objectives, ¢ '(0j1,052), where j; = 1,...,n

and j, =1,...,n (Figure 4.8).

o' o' o
o' 1 Cij (01'02) Cij (Ol1on)
% | ¢i(o,0,) L ¢}(0,,0,)
o'y ¢ (0,,0,) | ¢;(0,,0,) 1

Figure 4.8: AHP matrix of comparisons of the objectives of party i.
c'(0j1,052) is the ratio of the relative importance of two individual
objectives, 0j; and oj,, for party i.

Entry ¢'(0;1,0;) is the result of the pair wise comparison and represents the ratio of the
importance of objectives 0j; and 0j, to party i. The IDS model calculates the weights
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of the objectives as the normalized elements of the principal eigenvectors of the

matrix: > w; =1 for ie{ A,B}, (as explained in 3.1.5.1).

=1

4.3.1.3 Manipulation of the set of the objectives
If J' is the set of the objectives in iteration t (J' = {ju,...,jn}), and J-J' is the set of
objectives that are not being used at iteration t, then the manipulation of the set of

objectives is defined by two operations: add and remove.

When a party adds a new objective to the current set, all the weights have to be
recomputed. The computational mechanism demands from the party to perform the
pair wise comparison of the new objective with the rest of the objectives from the set.
Let cy, ..., C, be the scores from the AHP scale of scores (9 to 1/9) by which the party
expresses how much he prefers the new objective over the others. Then, the non-

normalized weight of this new objective is:

Wi, = L (4.3.3)
\/%12+...+%§+1
The new, non-normalized weights of the ‘old’ objectives are:
W, =% i=1..n (4.3.3)
C.

If objective jj is removed from the set of the objectives, then the new, non-normalized

weights of the remaining objectives are calculated by:

i j (4.3.4)

where W;' is the “old’, non-normalized weight of objective i.

In both operations, the final weights of the objectives from the new set are normalized

nW‘ i=1,...,n, with n being the new number of the objectives.

2%

by: w, =
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4.3.2 Iterative manner of negotiations

Definitions from 4.3.1 are the basis for the following assumption incorporated into the
design of the NSS:

For given negotiation conditions, a "state of the world", and a set of L alternative
solutions, party i, i = {A,B}, can be characterized by a (subjective) utility function, U;
which assigns a single score to every n-tupple [ui*(a),...,ui"(@)], | = 1,...,L, where n
is the number of the party’s objectives. This score is a real number on the interval
[0,1], which expresses the level of overall satisfaction of party i accorded to each of

the L alternatives.

The dynamic evolution in the set of the alternative solutions can be shown by
movements in the joint consequence space (Figure 4.9). The NSS is designed to assist
the parties in advancing towards solutions which (jointly) improve their overall

satisfaction.

Utility value for party B
UlB A
UB_BATNA ..................... O O.... Efficiency
ay O frontier
: © Utility valtie for party A
1
Ua BATNA Ua

Figure 4.9: Iterative manner of the negotiation process. U'a and
U's are utility values for parties A and B in negotiation iteration t.
Ua satna and Ug gaTna are the reservation values of the two
parties; a'; is the reference alternative in iteration t.
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The utility function, as a measure of a party’s overall satisfaction, is formulated based
on that party’s preference structure. The NSS allows the parties to change their
systems of preferences, in response to changes in the negotiation conditions and,
when this occurs, the utility functions also change. Stages of the negotiation process
in which the negotiation conditions are constant are called iterations. In Figure 4.2,
U'a and U'g are subjective utility functions of the negotiating parties A and B, in

negotiation iteration t.

In each iteration, the parties negotiate over a set of the alternatives with the aim of
(eventually) selecting a single alternative as "the best", according to a previously
agreed upon criteria (Section 4.3.2.1). The alternative selected as the "best™ in one
iteration becomes the reference alternative solution for the next iteration. This means
that alternatives considered in iteration t are compared relative to one another, as well
as to the reference solution selected as "the best" in iteration t-1. In a general case,
utility scores of a reference solution selected in iteration t-1 calculated by U4 and U"
s will be different from the utility scores of that same solution in iteration t,
calculated by U's and U'g, since the preference structure is allowed to change. The
reference alternative of the first iteration is the "no agreement" alternative, with
utilities Ua gatna and Ug gatna, Where “BATNA” stands for “the best alternative to
negotiation agreement” (see Section 3.2.2). If no alternative in iteration t has a better
performance than the reference solution a,"*, then this will be the final negotiation

resolution.

4.3.3 Joint decision support

When parties have opposed interests, the solution, which maximizes the utility
function of one party, will be unacceptable by the other. A negotiation agreement will
be achieved only if the parties manage to find a jointly acceptable solution. Within the
framework of the NSS, a Game Theory model is included, which assists the parties in
selecting an efficient and equitable alternative, among the set of known, feasible

alternative solutions to the negotiated problem.
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4.3.3.1 Selection of the reference alternative

Selection of the “best” alternative in a single negotiation iteration is performed by
accounting for the utility functions of both parties. Once the parties have evaluated
their utility functions for a given set of negotiation alternatives, their individual
overall rankings can be presented in a joint utility space, as shown in Figure 4.2 as

well as in Figure 3.2.1 in Chapter 3.

The NSS utilizes the Nash bargaining solution as the criterion for selection of the
efficient and most equitable negotiation resolution. According to Nash (1950), the
best alternative in iteration t will be the one which belongs to the efficient frontier and
maximizes the product U'a(a)-U's(a). Of course, in order to apply this model to a
particular negotiation situation, the negotiating parties have to accept the model’s
basic assumptions regarding the efficiency of the solution, as well as the symmetry and
equity among the parties, explained in details in Section 1.3. The translation of
preferences into utility values is supposed to create a situation in which the
preferences of the two parties are commensurable. | added this sentence; please see
whether you agree. Other solution concepts can be applied instead the Nash

bargaining model, as long as it is jointly acceptable by both parties.

4.3.3.3 Optimal weights of the objectives

For a given alternative a, which is supposed to challenge the stability of the last
reference alternative a;, the parties are allowed to ‘relax’ the weights of their
objectives, by assigning an upper and a lower limit to the weight of each objective.
The final weights of the objectives are then obtained by applying a maximization

procedure to the Nash bargaining model, as follows.

Let wa, i = 1,...,n and W, j = 1,...,m, be the weights of the objectives of the two
parties in iteration t. Next, let u'a and Wg, i = 1,...,n and j = 1,...m, be the scores of
alternative a with respect to n objectives of party A and m objectives of party B.
Then, the product of the overall utilities of the two parties resulting from alternative a
is:

U,(a)-Ug(a)=(wyui(a)+...+whur(a))-(wgug(a)+..+wiug(a))
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or, in vector-matrix form:

UA(a)-UB(a):%WTclw, CFL‘?T ﬂ (4.3.5)

where w is the row-vector of weights of the two parties, [Wi\ LWL W ...wg‘], and C is

the matrix obtained by multiplication of the vectors of the scores of alternative a:

The search fort the optimal weights of the objectives of the both parties is the

following quadratic maximization problem:
1+
Max—w C,w (4.3.6)
w2

Subject to the following constraints:
1) W, <w,<w, ,i=1..,n (4.3.7)

wl o <wl <w) i=1..m (4.3.8)

Bmin — B max !

Where the limits on the weights have been provided by the parties as the

accepted range.

(2) The weights of the objectives of each party sum up to 1:
dDwy =1 > wli=1 (4.3.9)
i=1 i=1

(3) The overall utility of a party is greater than or equal to the utility of that party

assured by the previous contract (the last reference alternative):

Ulta) 0 ] [ur(a) @3.10)
0 Uja) [uF(a) -

If there is a feasible solution to this optimization problem, then alternative a will
become the new reference alternative, and in case there are no new proposed

alternatives, it will be the final negotiation resolution.
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4.4 Summary

The basic principles and components of the Negotiation Support System were
presented in this chapter. The protocol of interaction prescribes an iterative manner of
negotiation which combines individual and joint decision making. Iterations are
aimed to support a dynamic relation to the negotiation problem, and to provide the
conditions for a gradual improvement of the parties’ positions. Each iteration is
characterized by (1) the parties’ reservation values (BATNAS), (2) a set of feasible
alternatives, and, (3) sets of the parties’ individual negotiation objectives. Individual
decision support utilizes the AHP method and assists the parties to re-evaluate their
preference systems and the set of their individual negotiation objectives, from one
iteration to another. Generation and evaluation of alternatives is supported by the
WAS model, by which the parties can analyze the consequences of various domestic
and/or regional water allocation scenarios. In each negotiation iteration, the parties
generate (create) alternatives either individually (non-cooperative alternatives) or
jointly (cooperative, alternatives). Within the NSS, a private and a public domain for
evaluation of the alternatives are distinguished. Publicly, each alternative represents a
bundle of two items: the quantity of the allocated water and the economic value of the
alternative. Privately, the alternatives are evaluated in terms of individual utility
functions. Individual decision support assumes that the parties act as maximizers of
their individual utility functions. Joint decision support applies efficiency, symmetry,
and equity as the basic criteria for the selection of “the best” alternative, given a set of
the negotiation alternatives. The iterative manner of negotiations terminates when
there are no (recognizable) feasible alternatives that can challenge the alternative

selected as “the best” in the last negotiation iteration.

Algorithms based on the approaches explained in this Chapter are framed in a
software application written in Visual Basic (Microsoft Visual Studio.Net) and
Matlab (The MathWorks, Inc.) programming languages, aimed for the use in the
experimental evaluation of the NSS.
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Chapter 5
Experimental evaluation of the Negotiation

Support System

5.1 Introduction

The experimental evaluation of the NSS is designed to test the basic premise of the
thesis, that the use of the system improves the process and the outcome of
negotiations over international water resources. The experiments reported here are
exploratory studies, in which general hypotheses are formed that state the underlying
assumptions about some causal factors. Experiments are then conducted by creating a
simulation “laboratory” that generates data, the observation of which either supports

or refutes these general hypotheses (Cohen, 1995).

The experimental evaluation includes the following elements (some conducted in

parallel, and/or iteratively between the different elements):

1. Definition of a set of propositions that define the negotiations and their outcomes,
which are to be tested by the experiments. The basic assumptions regarding the
quality of the negotiation process performed with the NSS system and its outcome are
expressed through these propositions. Each of them relates to a specific feature of the
negotiation process, such as quality of interaction, cooperation, exchange of

information, etc.
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2. Design of the simulation experiments. Simulated negotiations can be performed in
experiments with real actors in which selected participants "play” a negotiation game
(exercise) based on a case study. An additional way to evaluate the NSS is by exercise
with simulated actors, which is based partly on inputs provided by the participants,

and partly conducted by the researcher.

3. Design of the content and format of the data to be collected from the experiments,

and definition of the measures for quantification and analysis of the results.

4. Design of the case study — a hypothetical dispute over international water

resources.

5. Selection of the participants, conducting the simulations, recording of data.

6. Interpretation and analysis of the results.

The assumptions and propositions and the basic approach to the experimental design
are presented in sections 5.1 and 5.2, respectively. Sections 5.3 and 5.4 detail the

logistics, the methodology, and the results of the experiments, while section 5.5 gives

an overall summary of the experimental valuation of the NSS.

5.2 Basic assumptions and propositions

The propositions are formulated as a comparison between negotiations with the NSS

to negotiations without the NSS.

1. When using the NSS the parties are more creative in searching for alternative

negotiation resolutions.

The assumption here is that the use of the NSS expands the space of possible

negotiation resolutions in two ways. First, the facility of exploring a richer set of
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options by performing sensitivity analysis with the WAS model. By changing the
values of the model’s parameters that relate to allocations, infrastructure, and national
and international water policies, a WAS user can access a range of water allocation
solutions which would not be easily recognized otherwise. Second, the AHP method
enables decision-makers to define their objectives in an explicit way and to assign
their importance (weights). Thus the differences in preferences assigned by each party
to his objectives and between the parties become clearer and more obvious, and the
opportunity for trade-off between objectives is more easily recognized.

2. When using the NSS, the parties exchange more information.

It has been recognized that negotiators who ask the other party for information about
their interests, or who provide information about their own interests, make more
accurate judgments and earn higher payoffs (Thompson and Hastie, 1990). While
brainstorming and exploring new solutions with the assistance of the WAS model, the
parties have the opportunity to recognize the advantages of exchanging information,
such as present and expected domestic circumstances and problems related to water
management. Their individual preference structure, organized by the individual
decision support tool (AHP), provides the basis for a more accurate judgment about
the levels of importance and confidentiality of various data.

3. When using the NSS, the parties interact in a more cooperative manner.

When two parties who have a long history of mutual hostilities negotiate, the
advantages of cooperation and cooperative solutions are often overlooked because the
negotiators' target is victory and not necessarily an efficient and mutually agreed
solution. One of the assumptions of the research is that the use of the NSS encourages
the parties to be motivated by the goal of utility maximization. The tools of the
proposed NSS, including the WAS, are supposed to guide them toward cooperative
solutions, which result in higher utility scores to both parties.

4. When using the NSS, the parties are able to define their system of preferences more

clearly.
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This proposition relates to the following assumptions:
4.1 A party which uses the NSS, has a clearer picture about what are his negotiation
objectives, what is the relative importance of each objective, and how much he prefers

one negotiation alternative to another;

4.2 A party which uses the NSS relates to his set of the negotiation objectives in a
more dynamic manner: he adds relevant and/or removes non-relevant objectives
during the negotiation process, and has a greater propensity to adapt and changes the

relative importance of his objectives.

5. The agreed negotiation resolution (when one is reached) is economically more
efficient than in the case of negotiations without the use of the NSS.

The underlying assumption here is that the WAS model, as part of the NSS, helps the
negotiators to recognize the objective value of the economic criteria, and the
opportunity for enlarging the value at stake. We assume that once provided, the
information about the economic outcome of proposed allocation schemes will not be
ignored, and that the parties will search for solutions that not only meet all other
relevant criteria in the best possible way, but are economically efficient as well. In
other words, the economic analysis reduces the risk of "leaving potential gains on the
table" (Raiffa, 1982).

6. NSS users are more likely to achieve a higher level of general satisfaction from the

agreed negotiation resolution.

This proposition rests on the following assumptions:
6.1 The use of the NSS tools expands the negotiation (resolution) space and offers the

opportunity to reach a solution that will result in higher utility scores for both parties.

6.2 The iterative nature of the negotiation process, aided by the NSS, contributes to
maximization of the utility scores. If there is a new iteration, it means that some or all
of the following have occurred: new options are added to the resolution space, new

objectives are added to the set of objectives, the less valued objectives are traded for
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those that are valued more. These procedures are supposed to ‘move’ the Pareto
frontier of the resolution space in the “Northeast direction” of increased utility scores
for both parties.

5.3 Two types of experiments

Two types of experiments were conducted to test the value of the NSS. In experiments
with real actors (ERA), participants act out the negotiation process, half of them
aided by the NSS and the other half without the NSS. Differences in the values of the
relevant experimental variables obtained by these two groups are observed and
analyzed. Exercises with simulated actors (ESA) are conducted by the experimenter
(in our case the researcher herself), using certain (subjective) information elicited
from the participants. ESA are a type of exploratory studies, in which experimental
variables can either be independent or dependent (Cohen, 1995). Independent
variables are defined as those whose values are under the control of the experimenter.
Dependent variables, in turn, are defined as those variables whose values are not
under the control of the experimenter. Instead, the values of these are observed by the

experi menter as measurements.

5.3.1 Experiments with real actors (ERA)

In experiments with real actors the candidates are given the necessary background and
instructions about their role as a party to the negotiation. The negotiation process and
its outcome are then driven by the players alone. These experiments are performed to
test the effect of the use of the NSS on the negotiation process and its outcome. The
Test Group negotiates using the NSS, while the Control Group does it without the

NSS. The results of the two groups are analyzed and compared.

ERA can be paired or independent. In paired experiments the same candidates take
part in the two groups of exercises (with and without the NSS). This is designed to
supposedly neutralize the effects of individual inclinations and skills, such as

propensity to negotiation, computer literacy, and other skills that could influence the
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outcome. However, this is impossible to achieve, since the order in which the two
experiments are taken has an influence. A participant who first negotiates with the
NSS takes with him this experience to the exercise in which he negotiates without the
NSS, and would behave differently if his first experience is to negotiate without the
NSS and only later with it. There seems to be no way to get around these difficulties,
except that some experimental designs may be better than others. We surmise that the
better order would be to negotiate first without the NSS, which would be the more
"natural” situation, and only then with the NSS, which creates the new negotiating

environment.

In independent experiments each candidate negotiates either without or with the NSS,
not both. Conducting the experiments in this fashion is easier, as each candidate has to
spend less time in the exercise. Because we used subjects who were either rather busy
and/or did not have sufficient patience to sit for long hours, we had to resort to
independent experiments. In this mode, the effects of individual factors represent an
additional component of experimental error. Randomizing the selection of candidates
for experiments with and without NSS is a way to minimize these effects, provided
the sample of candidates is large (which unfortunately was not our case). There was
an attempt to select the participants from populations, which were uniform with
respect to some general or specific individual characteristics, as explained further

below.

5.3.2 Exercises with simulated actors (ESA)

Exercises with simulated actors are simulations of negotiations with the NSS,
conducted by me, while using certain subjective information provided by the
participants. Obviously, these experiments relate only to negotiations with the NSS.
The objectives and the initial preference structures are elicited from the participants,
while | controlled all further steps of the process. ESA are actually artificial exercises
whose aim is to show the potential negotiation outcomes resulting from different
subjective inputs of the participants, which represent their (subjective) values and
preferences. Negotiation outcomes are a function of the way in which the NSS, with
all his components, is used with the subjective inputs of the participants. These

artificial exercises show in a step-by-step manner the capabilities and functions of the
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NSS. Alternative negotiation solutions are created by the researcher who casts himself
in the role of both negotiating parties and a mediator. When needed, the researcher
himself contributes with his "subjective” input, fitted to the framework (objectives,
limits) of the preference structure given by the participants. The results and outcomes

of such simulations are presented in a descriptive and analytical form.

5.4 Experiments with real actors

5.4.1 Participants

Two populations were selected from which it was logistically possible and
theoretically justified to recruit candidates for the experiments with real actors. It was
assumed that some of the skills relevant for the negotiation exercise, as well as the
motivation of candidates to participate in the simulations, were uniform over each of

these two populations.

The first group consisted of teachers and trainers in courses on negotiation and
mediation at the Israeli Center for Negotiation and Mediation (http://www.icn.org.il).
They come from various backgrounds, have varied experience of teaching and

coaching in courses, and are practicing mediators.

The second group were engineering students at the Technion, studying towards a BSc
or MSc in various fields. Participation in the experiment was in response to a call for

volunteers, and each participant was paid for a four-hour session.

5.4.2 Case study

The negotiation game played in the simulation exercises was based on the same
hypothetical situation: two neighboring countries, Alfa and Batia, who share a long
history of disagreements and mutual mistrust, claim rights to a common water
resource. The case studies in the two series of exercises, though based on the same
basic idea, differed in the level of complexity of the presented problem and in the
amount of information available to the negotiators. The complete case study, and the
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general and confidential instructions to the participants in the simulations, are given in

Appendix 5.1 (in Hebrew).

5.4.3 Simulation exercises: design and logistics

The six propositions stated in 5.2 were tested by comparing the results from the
simulations performed with and without the NSS. In simulations with the NSS, the
quality of the negotiation outcome, expressed by the utility values and net economic
benefits it brings to the negotiating parties, is calculated during the negotiation
process. In simulations without the NSS, the quality of the outcome is obtained in a
post-simulation analysis: the utility value is obtained by the AHP model, based on the
subjective inputs of the participants, while the net economic benefit is calculated by
the WAS model, by the researcher.

Simulation exercises included three phases. In the first, pre-negotiation (preparation)
phase, the participants were given the case study and the general and confidential
information, which they read and studied individually, in order to become familiar
with the role they were to play. The second phase was the simulated negotiation
game. In the third phase, the participants answered the post-simulation questionnaire,
and those who took part in the simulations without the NSS, also analyzed their
preference structure by the AHP. For both groups, the simulation exercises had to be
designed to fit various logistic constraints. The exercises with and without the support
of the NSS differed only in the second phase: the participants who negotiated with the
model, were instructed to interact according to the steps prescribed by the protocol of
interaction dictated by the model. Those who did not use the NSS, negotiated in an

unstructured and free manner.

The two series of simulation exercises (with the two groups of participants, the
mediators and the students) were conducted at different stages of the research and
model development. The conclusions drawn from the first series of exercises led to

improvement and further development of the model’s components.

In the first series of simulations, with the mediators, the NSS consisted of two

components, the WAS and the AHP models, combined within a simple protocol of
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interaction. This version of interaction protocol consisted of general rules, which
specified the basic elements of interaction (Figure 5.1). In the second series of
simulations, with the students, the NSS was shaped as presented in Chapter 4.

PARTIES TO
NEGOTIATION
y y
AHP Individual evaluation INTERACTION
Definition of individual objectives Offers - Counteroffers
Preference structure veeenp Joint search for new WAS
i alternatives
WAS |—» Search for new alternatives
4 .
: SET OF :
Sannunnn ALTERNATIVES luunnnr

A 4
| Negotiation outcome |

Figure 5.1: Protocol of interaction in the first series of simulation exercises
(mediators).

5.4.3.1 Group I: Mediators

Twelve participants, teachers and coaches in courses on negotiation and mediation
and practicing mediators from the Israel Center for Negotiation and Mediation
(http://lwww.icn.com) participated in the first group of simulation exercises. All the
simulations were performed simultaneously, during a workshop which lasted five
hours. At the beginning of the workshop, the participants were given a half-hour
lecture/explanation about the economic value of water as well as the principles of the
WAS model, and another half-hour lecture about the AHP model. Then, they were
randomly grouped into six pairs, three of which performed the simulation with the
NSS while three other pairs performed the simulation without it. The exercise itself
lasted four hours, including half-an-hour for the negotiation preparation-phase during
which the participants read the case study and general and confidential instructions,
and another half-an-hour for the post-simulation evaluation. The participants in the
simulations with the support of the NSS were not trained to run the model by
themselves. Instead, they were assisted during the game by two "technicians” who
performed the analysis by the NSS for them (the same two technicians gave this
service to all three pairs). The three pairs that played the negotiation game without the

support of the NSS analyzed their preference structure by the AHP model in the post-
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simulation evaluation phase. All participants completed the post-simulation

questionnaire.

5.4.3.2 Group I1: Students

Altogether twenty-four students participated in the second series of simulation
exercises. The exercises were conducted, one per day, in a four-hour session for
negotiations without the NSS and a five-hour session for negotiations with the NSS.
In both cases, | took records and assisted the participants in handling the NS system
(as a “neutral technician™). In the simulations with the NSS, the participants were
given the explanation about the economic value of water, individual and group
decision support methods embedded in the NSS, as well as the instructions regarding
the use of the NSS. In both types of exercises, the simulation game lasted three and a
half hours, including the thirty minutes for reading and understanding the case study.
In the last half-an-hour of the session, the participants completed the questionnaire,
and those who did not negotiate with the NSS, analyzed their preference structure by
the AHP model.

5.4.4 Measures

The following explains the methodology for analysis of the data collected by the

experiments with real actors.

5.4.4.1 Qualitative measure — post-simulation questionnaire

The questionnaire consisted of twenty statements (items), which related to various
characteristics of the negotiation process. Once the exercise ended, the participants
were asked to express the extent to which they agree or disagree with each statement.
The statements were formulated to elicit an answer on a five-level Likert scale:
strongly agree, agree, neither agree nor disagree (undecided), disagree, and strongly
disagree. A fragment of the questionnaire is shown in Figure 5.2 (in English), while
the full questionnaire is presented in Appendix 5.11 (in Hebrew).
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For each of the statements below, please indicate the extent
of your agreement or disagreement by placing a tick in the
appropriate column.

Economic information was most important during the negotiations

Economic information served as a hasis for cooperation

Figure 5.2: A fragment from the post-simulation
guestionnaire.

The twenty statements are composed so that they can be grouped into six sets which
relate to six attributes (features) of the negotiation process: 1) availability and value of
data on economic costs and benefits related to different alternative negotiation
solutions, as provided by the WAS model, 2) negotiators’ clarity about their
individual preference structure, 3) dynamics in their individual preference structures,
4) the level of information exchange during the negotiations, 5) the level of creativity
in searching for alternative negotiation solutions, and, 6) cooperative manner of
interaction. Some of the statements belong to more than one group. For example, a
statement on the level of information exchange can also be a measure of the quality of
cooperation. The six sets of statements and their abbreviations (used in the analysis)

are given in Table 5.1.

The results of the questionnaire were analyzed via the numerical values assigned to
categorical responses: 1 and 2 for “strongly agree” and “agree”, 3 for “undecided”,

and 4 and 5 for “disagree” and “strongly disagree”.

Generally, the phenomenon being studied by a questionnaire (in our case, the
“phenomenon” is a particular feature of the negotiation process), can be measured by a
single- or by a multiple-statement scale (Gliem and Gliem, 2003). A single-statement
scale represents a variable whose values are the direct responses of the participants to
a single statement. A multiple-statement scale is a variable whose values are obtained
by averaging (or summing up) the responses of each participant over the set of

statements which constitute the scale. A set of statements can constitute a scale if the
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answers to these statements have a satisfyingly high Cronbach’s Alpha value
(DeVellis, 1991). The explanation of Cronbach’s Alpha (AC) is given below.

Table 5.1: Statements of the questionnaire arranged into sets, each relating to a

specific feature of the negotiation process

Cronbach’s Alpha is used to test internal consistency of the responses to

1. EC Role of economic data in the negotiation process
11 Your opening arguments were based on economic data
1.2 You relied on economic data from the very beginning of the
process
1.3 During the negotiation process your negotiating arguments were
based on economic data
1.4 Economic information was most important during the negotiations
15 Economic information served as a basis for cooperation
1.6 Economic data helped in creating new alternative negotiation
solutions
1.7 Economic data helped in creating new cooperative solutions
1.8 Other information rather than economic was more important
1.9 Importance of economic information increased during the
negotiations
1.10 Importance of economic information decreased during the
negotiations
2. ORDER Clarity regarding individual system of preferences
2.1 You had a clear picture regarding your criteria (objectives) for
accepting and rejecting offered alternative solutions
2.2 You could clearly distinguish offered alternative solutions and say
how much you preferred one relative to other(s)
13 You could clearly say how much you preferred one negotiation criterion (objective) to
another
3. CHANGE Dynamics in the set of the objectives
3.1 You changed the set of objectives during the negotiations
3.2 Relative importance of your objectives changed during the
negotiations
4. INFO Exchange of information
4.1 You freely discussed with your opponent your objectives and how
important they were to you
4.2 The level of information exchange was high
5. CREAT Creativity
51 The set of alternative negotiation solutions significantly changed
during the negotiations
5.2 The level of creativity was high
6. COOP Cooperative manner of interaction
6.1 The level of cooperation was high
6.2 The level of creativity was high
6.3 The level of information exchange was high
Cronbach’s Alpha (AC)

a

questionnaire, and as a justification for the use of multiple-item scales (item =

statement, question). For a set of N items, it is calculated as:
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co_Nr
1+(N 1) T

(5.4.1)

where 1 is the mean of the inter-item correlation coefficients. The correlation
coefficient, r, measures the relationship between two data sets that are scaled to be
independent of the unit of measurement (i.e., scaled to the same range); it is calculated
as the covariance of two data sets divided by the product of their standard deviations:
v(X,Y
Iy v - covit.Y) (X, ), where: (5.4.2)

OxOy

cOU(X ¥ )= (% =KXy, 7). and o =3 (x —X)’ (5.43)

The closer AC is to 1, the higher is the consistency of the N items. According to De
Vellis (1991), a value below 0.6 is considered unacceptable, while Gliem and Gliem
(2003) state that values greater than 0.7 are high enough to justify the use of the items

as a multiple-item scale.

In our analysis, the following rule was applied: if Cronbach’s Alpha (AC) for a
particular set of statements is high enough (higher than 0.6), the responses of each
participant are averaged over that set so that a single value (“the average response”) is
obtained for each participant. The negotiation feature (attribute) addressed by this set
of statements is, then, represented by a single “explanatory variable”. For example,
the responses of the mediators to the three statements which relate to the quality of
cooperation have an AC value of 0.78, so that they constitute a single (three-
statement) scale, COOP. On the other hand, if the statements in a set had an
unacceptably low AC value, they were re-arranged into subsets, which have a
sufficiently high AC. If some statements could not improve the AC value of any
subset, they were analyzed individually, as single-statement measures. In cases where
the original set of statements had to be broken into several subsets (and/or single
statements), the corresponding attribute of the negotiation process is perceived as
being composed of a number of (not necessarily correlated) sub-attributes, and is
analyzed via more than one explanatory variable. For example, the responses of the
mediators to all ten statements which relate to the role of the economic data in the

negotiation process produced a low AC value (0.54). The set was broken into two

112



two-statement subsets (with AC values of 0.94 and 0.7), and four single statements, so
that the role of the economic data is analyzed by six explanatory variables'.

The participants’ attitude towards the NSS is analyzed in the following way: the
values of each explanatory variable obtained by the participants who negotiated with
the NSS are compared to the values obtained by the participants who negotiated
without the NSS. The comparison is performed by applying a two-stage nested linear
model to each explanatory variable.

Two-stage nested (hierarchical) linear model

Nested (hierarchical) models belong to the family of statistical techniques used for
analysis of the effects of several factors (conditions) on some particular phenomenon
(also referred to as multi-factor analysis). The phenomenon here is a particular
explanatory variable (single or multiple-statement variable). There are two factors: the
first divides the participants into two groups (two levels): those who negotiated with
the NSS and those who negotiated without it. The second relates to the fact that each
participant belongs to a particular pair of negotiators (the number of levels of this
factor equals the number of pairs). Pairs and groups can be represented by the nested
(hierarchical) layout in Figure 5.3.

! Various authors differ on the term “consistency”, and to what Cronbach's Alpha actually measures.
According to the definition stated in the SPSS Manual (SPSS Manual, UCLA Academic Technology
Services: http://www.ats.ucla.edu/stat/spss/fag/alpha.html), it measures how well a number of items
describe a single, one-dimensional variable. According to Bernstein (1995: Bernstein, 1.H.: Web-
correspondence:http://www.math.yorku.ca/Who/Faculty/Monette/Ed- stat/0219.html), a high
value of AC does not mean that the set of items is one-dimensional: a set can consist of two types of
items which correlate highly among their respective subsets, and the set as a whole would have a high
AC, even if the correlations among the items from different subsets were not high. He argues that
Cronbach’s Alpha measures the extent to which item responses correlate highly. In our analysis,
Bernstein’s definition is adopted for the following reason: the statements in the post-simulation
questionnaire were composed and grouped into sets according to negotiation features which were to be
tested, without a specific aim to make these sets one-dimensional or necessarily consistent with respect
to these features. This means that the participants were not expected to be consistent among
themselves: one could have agreed with all the statements of a particular set, while another could have
agreed with some, and disagreed with the rest of the statements of the same set.
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Groups of exercise Negotiations with the NSS Negotiations without the NSS

Pairs 1 2 3 4 5 6
Values of the Y Y121 Y131 Y41 Yas51 Y261
variable Y112 Y122 Y132 Y242 Y252 Y262

Figure 5.3: Layout of a nested hierarchical model for the values of a
single variable, obtained from the responses of twelve participants who
negotiated in six pairs: three with the NSS and three without.

The model is used to test whether the fact that the participants negotiated in a

particular group and pair affected their answers to the post-simulation questionnaire.

The linear model for the two-factor nested design is:
i=1,2
Yik = H+T+ By + &G j=12,..n (5.4.4)
k=12
where yijj is the response variable of the model, that is, the value of the explanatory
variable in case of candidate who negotiated as party k, in negotiating pair j, in group
I. Index i indicates the negotiations with or without the NSS; index k can have values

1 or 2 since the negotiations are bilateral; n is the number of pairs; x is the mean

value of the variable over all 2n participants, 7 ; is the effect of the first factor (group

1), B jis the effect of the second factor (pair), and & gjy is a random error term.

The significance of the two factors (groups and pairs) is tested by conducting an
analysis of variance (by the F-test) for the all terms in the model (Montgomery,1997).
This analysis tests the hypothesis that all the parameters, for an individual factor (7 i,

i = 1,2 for groups and, £, j=1,..,n, for pairs), are zero.

Statistical analysis of the responses to the post-simulation questionnaire was
performed with JMP, A Business Unit of SAS, Version 4. The results are presented in

section 5.3.5.

114



5.4.4.2 Quantitative measures - negotiation outcome

Two quantitative variables were used to assess the quality of the negotiation outcome:
individual overall utilities and net economic benefit, achieved in the final negotiation
resolution. Participants who negotiated without the NSS evaluated their preference
systems and utility values by the AHP method during the post-simulation phase.
Economic net benefits were calculated a-posteriori also, by the researcher. The idea
was to assess the quality of the negotiation by a statistical comparison of 1) individual
overall utilities achieved by the negotiation resolution and the individual Status Quo
utilities (the Status Quo utility of a party indicates the level of his satisfaction by the
situation without the negotiations, or, in case the negotiations are broken), 2)
individual and joint net economic benefits from water use, achieved in the negotiation
resolution, and those assured by the Status Quo scenarios (without the negotiations, or
in case the negotiations are broken). Since the number of the participants in each
group (mediators, students) was too small for a proper statistical analysis, the results

are only presented and discussed in section 5.4.6.
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5.4.5 Results of the post-simulation questionnaire

In both series of simulations, the participants had difficulties in using the NSS system
Nevertheless, in the case of the first series of simulations, with the mediators, both
types of exercises (with and without the NSS) were completed as planned: one half of
the participants negotiated with the NSS, and the other half without. The answers of
the two groups (denoted as W/NSS and WO/NSS, respectively) are statistically
compared (explained in 5.4.4.1) and the results are presented below. In the second
series of simulations, with the students, exercises with the NSS were not successful
(because of time and other logistic limitations) and are therefore excluded from the
analysis. Still, analysis of the students’ responses to the post-simulation questionnaire
showed some differences in the answers of those who reached agreement and those
who did not. Therefore, the statistical procedure (explained in 5.4.4.1) was applied to
the responses of the students (eighteen participants in nine pairs, all negotiated
without the NSS), in order to elicit what particular features of the negotiation process,
as perceived by the participants, affected the negotiation outcome. Throughout the
following presentation of the results, the students who reached an agreement are
denoted as W/AGREE while those who did not as WO/AGREE.

A summary of the statistical analysis of the responses to the post-simulation
questionnaire is presented in Tables 5.2 and 5.3. Variables whose values were
calculated as the average over some or all of the statements from the corresponding
set are denoted “multiple measures”, while variables which represent single
statements are denoted “single measures”. A Nested Linear Regression (NLR) model
is applied to the values of each variable, and the F-test is used to examine whether
there is a significant difference between a) the responses of the participants in two
main groups: “effect NSS” (W/NSS versus WO/NSS) for the mediators, and “effect
agreement” (W/AGREE versus WO/AGREE) for the students, and b) between the
responses of the participants who negotiated in different pairs (“effect pair™). A “plus”
(“+”) in the “effect” columns indicates the significance of the difference in the
answers between the groups (or among pairs) relative to a p-value of 0.05. Each
variable is represented by its mean value, calculated over the two groups, and by the
frequency, according to the number of *“observations” falling in one of the three

aggregated Likert categories: “Agree” (A), “Undecided” (U), “Disagree” (D).
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The responses in the post-simulation questionnaire are analyzed with respect to five
features of the negotiation process: individual system of preferences, level of
creativity, exchange of information, cooperative manner of interaction, and relevance

of economic data.

5.4.5.1. Mediators — statistical analysis of the responses to the questionnaire

A. Individual system of preferences. According to the F-test for the NLR model
applied to the values of variable ORDER, there is a significant difference between the
participants who used the NSS (W/NSS) and those who did not (WO/NSS) regarding
the clarity about their individual systems of preferences. This relates to use of the
AHP model, which deals with the objectives and preferences. The corresponding
values of ORDER, averaged over the two groups, are 2.1 and 3.9, respectively,
showing that the participants who used the AHP model agree that they had a
"clear" picture about the set of their preference structure during the

negotiations, while those who did not use it, do not agree.

The analysis of variable CHANGE shows that the opinions regarding the dynamics
within the set of individual negotiation objectives are statistically similar over the two
groups. The average values of CHANGE are close to 3, corresponding to “undecided”
on the Likert scale. The original responses of the participants (before averaging),
show that four participants who used the AHP model, and only one of those who
did not use it, agree that they changed the set of objectives during the
negotiations. The same four participants form the first group, while three
participants from the second group changed the relative importance of their

objectives.

B. Level of creativity. The F-test for the NLR model applied to the responses to the
average of the two statements on the level of creativity (CREAT), shows that the
effect of the NSS tools was not significant: all the participants agree that the set of
alternatives was enlarged and that creativity in searching for alternative
solutions was at a high level during the negotiations. Values of CREAT, averaged
over the two main groups of mediators, are 2.1, in simulations with the NSS tools, and

2.2 in simulations without the NSS tools.
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Table 5.2: Summary of the answers to the post-simulation questionnaire - Mediators

. Type of | Statement AC Mediators

Variable measure No Value Effect | Effect | Mean | Frequency*** | Mean | Frequency***

' model | pair I* A u|DJ|] I | Al U D

ORDER | Multiple | 11,12,14 0.86 + - 2.1 5 1 0 3.9 0| 2 4

CHANGE | Multiple 16,17 0.83 - + 2.8 4 0 2 3.1 3| 1 2

CREAT | Multiple 15,19 0.65 - - 2.1 6 0 0 2.2 51 0

COOP Multiple | 18,19,20 0.78 - - 1.4 6 0 0 2.1 4 | 3 0

INFO Multiple 13,20 0.31 - - 1.5 6 0 0 1.9 6| 0 0

. 1,2,3,4,5,6,

Multiple 78910 0.54 + - 3.1 1 | 50| 25 |[4] 2] 0

Single 1 - - - 3.8 0 2 4 3.7 0| 2 4

EC Single 2 - - 35 1 | 23] 38 |1] 1] 4

Multiple 3,4 0.94 + - 3.7 1 3 2 2.3 6| 0 0

Multiple 6,7 0.70 - + 2 4 2 0 1.6 6| 0 0

Single 5 - - - 2.3 4 0 2 1.8 5 1 0

* Value of the variable averaged over the group of participants who used the NSS (six participants)

** Value of the variable averaged over the group of participants who did not use the NSS (six participants)

*** Frequency of the variable according to ranges: [1, 2.5] = “Agree”, (2.5, 3.5] = “Undecided”, (3.5, 5] = “Disagree”
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C. Exchange of information. Analysis of the values of INFO shows that all
participants believe they shared information effectively (1.5 and 1.9 are the

average values of INFO for groups W/NSS and WO/NSS, respectively).

D. Cooperative manner of interaction. The F-test for the NLR model applied to the
averaged responses proved that there is no significant difference between the
responses of the participants in the two main groups (the average values of COOP are
1.4, among those who used the NSS, and 2.1 among those who negotiated without it).
On the average, all participants believe that the interaction between the

negotiating parties was conducted in a cooperative manner.

E. Relevance of economic data. The Alpha Cronbach (AC) value for all ten
statements on the relevance of economic information during the negotiations is
relatively low (AC = 0.54; see section 5.3.4.1 for the explanation about the acceptable
values of AC). The NLR model applied to the average values of all ten responses
shows that there is a significant difference between the two main groups of the
participants. The W/NSS participants are, on the average, undecided regarding the
relevance of economic data (with an average response of 3.1), while the WO/NSS
participants agree more than disagree that the economic data did represent relevant
information (with an average response of 2.5). A better insight into the opinion of the
mediators regarding the availability of economic information is obtained when
grouping the EC statements into sub-sets according to high AC values, and also by
analyzing a few relevant statements individually. According to the results, the original
responses to the two statements on the importance of economic information at the
very beginning of the negotiations (statements No. 1 and 2), are statistically similar
between the participants of the two groups: none of the twelve participants
explicitly agree that they based their opening arguments on economic
information; only two participants are certain they relied on the economic
information from the beginning of the negotiation process. Responses to
statements No. 3 and 4, on the importance of economic information throughout the
negotiation process, are analyzed via the average responses of the participants (Alpha
Cronbach value for these two statements is 0.94). Here, the difference in the responses

of the two groups is proven to be statistically significant. Those from W/NSS, who
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had the opportunity to use the WAS model, do not think, on the average, that the
economic information was important: two participants explicitly state it was not,
three are “undecided”, while only one believes that the economic information
was important during the negotiation process (the average response for this group
is 3.7). All six participants from WO/NSS who were dealing only with data
regarding water supply costs, believe that the economic information was

important (the average response for this group is 2.3).

According to the subset of two statements, No. 6 and 7, and statement No. 5, analyzed
individually, all participants, without a significant difference between the W/NSS
and WO/NSS groups, believe that the economic information improved creativity
in searching for new negotiation resolutions, and provided a basis for
cooperation (the average values for these two measures are 2 and 2.3 for those who
used the NSS, and 1.6 and 1.8, for those who did not).

According to these results, it seems there is inconsistency in the responses of the
participants who used the WAS, relating to the three EC variables: they do not think
that economic information was important during the negotiations, but they do believe,
on average, that it improved creativity and cooperation. A detailed examination of the
original individual responses (before averaging), as well as written records taken by
the participants during or immediately after the session, shows the following: four of
the six participants who used the WAS model think that economic information helped
in searching for new non-cooperative and cooperative alternatives, while two do not
think so or are undecided. All three pairs in this group reached an agreement which
included a side payment. The size of side payments was, in all three cases,
proportional to water supply costs. From this it can be concluded that 1) the
participants who used the WAS model, did not utilize the information about the
economic benefits but did use the data on supply costs, 2) the term “economic data” in
the statements of the questionnaire, related to two types of information (costs and
benefits), and this caused the four participants to give contradictory answers: they
related to data on water supply costs when stating that “economic information”
assisted in creativity and cooperation, and to net economic benefits from water use,
when stating that “economic information” was not important during the negotiation

process.
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5.4.5.2 Mediators - summary of the results of the statistical analysis

a. The AHP model assisted the negotiators in constructing and understanding their
individual system of preferences. Those who used the model had a clearly defined
set of criteria according to which they accepted or rejected alternatives. They also
believe they could determine the relative importance of the objectives. Those who
did not use the AHP model did not have a clearly defined set of criteria.
b. Regarding the dynamics within individual system of preferences, the
participants in both groups differ in their opinions: some think that they
consciously changed some of their criteria and/or the relative importance of these
criteria during the negotiations, while others do not think so. The opinion of those
who used the AHP model is not significantly different from those who did not use
it. This can be explained by the lack of sufficient time for the exercise - the AHP
method was used only once, at the beginning of the negotiation process, and could
not affect the dynamics in the set of individual objectives.
c. All participants, without any significant difference between the W/NSS and
WO/NSS group, believe that they freely shared information, were creative in
searching for new negotiation alternatives, and negotiated in a cooperative
manner. As trained mediators, the participants knew what are the benefits of
cooperative negotiations, and were, most probably, pre-disposed to negotiate in
this manner. Even if the level of creativity, information sharing, and cooperation
was not high, in an objective sense, the participants were, nevertheless, persuaded
that they put all their effort to be cooperative and achieve a jointly beneficial
solution.
d. The statements of the questionnaire, on the availability of economic
information during the negotiations, were found to be ambiguous. They related to
both the information about water supply costs, which was available to all
participants, and the information regarding the economic benefits from water use,
which was available only to those who used the NSS tools. Nevertheless, based on
the responses to all ten statements, the following conclusions can be drawn:

= None of the participants based their opening arguments on economic
information. At the very beginning of the negotiations, the participants chose to

rely on other information and objectives, rather than economic, since they did not
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have the opportunity to recognize it's potential (for both enlarging the space of
alternative solutions and achieving joint economic benefits). At some point of the
negotiation process they found themselves "locked" within their opposing
arguments, and unable to advance toward a jointly satisfying solution. Here, they
started looking for new possibilities and involved economic considerations.

= All the participants felt comfortable with the information about water
supply costs: it was clearly presented, easy to understand and manipulate
(calculate). Those who were supposed to utilize the data about the net economic
benefits of alternative negotiation solutions (W/NSS) probably did not fully
understand the meaning of this information, which is not too familiar to people

without background in economics.

5.4.5.3. Students - statistical analysis of the responses to the questionnaire

A. Individual system of preferences. A very low AC value (0.1) was obtained for
the set of three statements which define the variable ORDER, so each statement is
analyzed separately. The participants in the W/AGREE pairs (those who reached
a negotiated solution) feel that they had a clear view about of their individual
objectives (the average over this group is 2.1), while the WO/AGREE pairs (those
who did not reach an agreement) do not share this view (with an average response
of 3.8). The significance of the difference between the two groups is proven by the F-

test applied to the NLR model for this statement.

Responses of the participants from the two groups to the other two statements (No. 12
and 14) are statistically similar. The average response to the statement on the relative
importance of their objectives calculated for all eighteen participants is 3.9, implying
that, on the average, they could not tell how much each objective was important
relative to others. The average response of all participants to the statement on the
clarity regarding the relative "goodness™ of the alternatives is 3: seven participants
believe they could tell how much they preferred one alternative solution to

another, while eleven could not tell or are undecided regarding this issue.

Dynamics in the set of individual objectives (CHANGE): AC value for the set of the
two statements is negative. Nested linear regression models, applied to each of the

two statements separately, show that there is no significant difference between the
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answers of the participants in the W/AGREE and WO/AGREE groups. None of the
participants changed the set of the objectives during the simulation (with 4.1 as
the average response for all eighteen participants). Six participants agree with
the statement that the importance of (some of) the objectives changed during the
negotiations while thirteen others do not agree, or are undecided (with 3 as the

average response).

B. Level of creativity. The participants, on average, agree that the level of
creativity during the negotiations was high. Value of CREAT, averaged over the
whole group is 2.7 (of all eighteen participants, nine believe that creativity was high,

six do not believe so, and three are undecided).

C. Exchange of information. Here, too, there is no significant difference in the
values of INFO between the two groups of the participants (the average score for
W/AGREE is 2.8 and for WO/AGREE is 3.0). Out of all eighteen participants, seven
believe they freely discussed their objectives and preferences with their counterpart
and that the level of information exchange was high, while the rest do not believe, or
are undecided.

D. Cooperative manner of interaction. The results of the analysis of the responses
to the three statements which describe the manner of interaction between the
negotiators show that that there is a significant difference between the answers of the
participants in the two groups. The average values of the COOP are 2.6, for
W/AGREE, and 3.4 for WO/AGREE. On the average, the participants who
reached an agreement agree more than disagree with the statement that the

interaction with their counterpart was conducted in a cooperative manner (out of
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Table 5.3: Summary of the answers to the post-simulation questionnaire - Students

Students
. Type of | Statement AC Frequency* | Mea
Variable ngsure No. Value al;‘l;e;cnt1 Erg?gt Mle*an q** y N Frequency***
' A|lU| DI AU D
Single 11 _ + - 2.1 8120 3.8 0|3 5
ORDER | Single 12 _ - + 28 | 5|3 2|33 |2|3] 3
Single 14 . - - 4 1|1 8 3.8 0|3 5
Single 16 - - 4.1 0O(1] 9 4 01 7
CHANGE Single 17 - : - |31 2|53 29 4]0 a4
CREAT Multiple 15,19 0.81 - + 2.8 5112 3 2.6 4 |11 3
COOP Multiple | 18,19,20 0.59 + + 2.6 512 3 3.4 0| 4 4
INFO Multiple 13,20 0.67 - - 2.8 53] 2 3 4 10 4
. 1,2,3,4,5,6,
Multiple 7.8.9.10 0.64 - - 2.4 7130 2.4 513 0
EC Single 6 ~ - - 24 |6 ]2 21580 o
Single 7 _ + + 1.7 8 12| 0 2.5 0|3 5
Single 5 + - 1.8 | 9110 ] 35 |02 6

* Value of variable averaged over participa_nts in the pairs that reached the agreement (ten participants)
** Value of variable averaged over participants in the pairs that did not reach the agreement (eight participants)
*** Erequency of the variable according to ranges: [1, 2.5] = “Agree”, (2.5, 3.5] = “Undecided”, (3.5, 5] = “Disagree”
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ten participants, five believe that cooperation and creativity were on a high level, and
four believe that the exchange of information was intensive). Those who did not
reach an agreement do not believe, on average, that their interaction was
cooperative (out of eight participants, none believes that the level of cooperation was
high, four agree with the statement that creativity was on a high level, and three

believe that the information exchange was intensive).

E. Relevance of economic data. The participants, on average, believe that the
economic information was important during the negotiation process. There is no
significant difference between the opinions within the two main groups (the average

values of EC for all eighteen participants is 2.4).

Alpha Cronbach for the set of the statements on the assistance of the economic
information to creativity in searching for new alternative solutions (No. 6 and 7), is
negative, implying that the responses of the participants to these two statements are
not directly correlated. Nevertheless, the analysis of the responses by NLR models
applied to each statement individually, and the corresponding F-tests, shows that, for
both statements, there is no statistically significant difference between the opinion of
the participants in the two main groups (W/AGREE and WO/AGREE). On the
average, all of them believe that the economic information assisted in searching
for cooperative and non-cooperative alternative solutions (thirteen explicitly

believe, while five others are undecided).

Responses to the statements on economic information as a basis for cooperation were
significantly different between the two groups (W/AGREE and WO/AGREE). The
participants who reached an agreement believe that the economic data provided
a basis for cooperation, while those who did not reach agreement, do not believe

so (with average responses of 1.8 and 3.5, respectively).

5.4.5.4 Students — - summary of the results of the statistical analysis
Even though the series of simulations with the students did not provide a basis for
exploring the effects of the NSS, some relevant conclusions can be drawn from these

exercises:
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a. A high level of clarity and self-confidence regarding individual preference
structure can provide a good basis for reaching an agreement: the participants in the
W/AGREE pairs believe they had their negotiation objectives well defined, while the
participants in the WO/AGREE could not tell what exactly are their objectives during
the negotiations.

b. Providing the negotiating parties with opportunities and conditions for
cooperation increases the chances that they will reach an agreement: according to the
subjective opinion of the participants in the W/AGREE pairs, the level of the
cooperation was high.

c. Economic considerations in water allocation problems are an attractive
way of enlarging the *““cake”: four out of five reached agreements that include trade in
water; in three out of four that ended without an agreement, still trade in water was

proposed as an alternative.
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5.4.6 Quantitative analysis of the negotiation outcome

Utility values of the negotiation alternatives considered during the simulated
negotiations, and the economic gains achieved by the negotiation outcomes are given
in Tables 5.4 to 5.7: A and B stand for the parties; Alternative 1 is the "Status Quo",
i.e. the original division of water between the parties (which can also be labeled
"Break off", since this would be the result if the negotiations failed, i.e., were "broken
off") while 2 and 3 were created by the parties during the negotiations. “Nash” stands
for the Nash product of the individual utilities; the alternatives which maximize the
Nash values are indicated by bold font. The alternative selected by the parties as their

agreed final solution is indicated by grey background.

Economic gain to a party is calculated as the difference between the net economic
values of water to that party according to the Status Quo alternative and according to
final negotiation outcome. The maximum possible joint gain to the two parties is $238
million, which results when the disputed water resource is treated as a common pool,
with the allocation of 48 and 52 percent to the two parties (see Section 3.3.3 for
explanation of the common pool alternative).

5.4.6.1 Mediators

In the first series of simulations, with the Mediators, the pairs considered up to three
alternative negotiation solutions, including the Status Quo alternative. Five of the six
pairs reached an agreement. Four of these five pairs agreed on the alternative which
maximized the Nash product of the individual utilities (without being aware of it
while they were negotiating): two pairs from W/NSS, and two from WO/NSS. Since

the Nash algorithm was not included in the NSS used in these simulations, the fact

Table 5.4: Utility values of negotiated alternatives — Mediators (grey: agreed alternative; bold:
negotiation alternative which maximizes the Nash value).

Alternative Pair | Pair |1 Pair 111
Neg. solution U(A) | U(B) | Nash | U(A) | U(B) | Nash | U(A) | U(B) | Nash
W'{Eg”t 1 (Status Quo) | 0.47 | 0.08 | 0.04 | 012 | 0.16 | 0.02 | 0.71 | 0.47 | 0.2
NSS 2 068 | 1.0 | 0.68 | 094 | 1.0 | 094 | 056 | 054 | 0.30
3 092 [ 024 [ 022 | 036 | 059 | 0.21 | 047 | 1.0 | 0.47

Alternative Pair IV Pair V Pair VI
Neg. solution U(A) | UB) | Nash | U(A) | U(B) | Nash | U(A) | U(B) | Nash
with | 1 (StatusQuo) | 0.34 | 025 | 0.09 | 0.76 [ 024 | 0.18 | 0.16 | 0.18 | 0.03
the 2 055 | 0.87 | 047 | 049 | 067 | 033 | 10 | 10 | 1.0

NSS 3 075 | 079 | 059 | 0.40 | 0.70 | 0.28 - - -
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Table 5.5: Net economic gains achieved by the negotiation outcome - Mediators
Individual and joint economic gain achieved by the agreement (m$)”
Pair | Pair 11 Pair 111

Negotiations without the NSS A B Joint | A B | Joint | A B | Joint

118 | -122 -4 53 | 100 | 153 0 0 0
Pair IV Pair V Pair VI

Negotiations with the NSS A B Joint | A B | Joint| A B | Joint

66 12 78 54 | 59 113 | 132 | 74 | 206
“Maximum possible joint economic gain = 238 m$

that the pairs selected the Nash-optimal alternatives is not related to the “effect NSS”.
It can be seen as an indication that, according to the majority of the participants in

these simulations, the Nash solution corresponds to the concept of a “fair” solution.

The pair that did not reach an agreement negotiated without the NSS (Table 5.4, Pair
[11). A post-simulation analysis of their preference structures (by the AHP model),
showed that the two other alternatives considered during the negotiations would
increase the utility value of one party (B: from 0.17 to 0.54 or even 1.0), but decrease
the utility of the other (A: from 0.71 to 0.56 or 0.47).

Individual and joint net economic gains achieved by the negotiation outcome are
shown in Table 5.5. The six exercises in this series are not enough to draw any
general conclusion regarding the value of the NSS in achieving economically efficient
agreements (the participants' difficulties in use of the NSS were explained in the
previous section). Nevertheless, it can be seen that all three pairs who negotiated with
the NSS, agreed upon a solution that brought positive economic benefits to both

parties, which is not the case for the WO/NSS group of pairs.

5.4.6.2 Students

In the second series of simulations, with the Students (all negotiated without the
NSS), the pairs considered up to six alternative solutions, including the Status Quo
alternative (“Break off”). Five of the nine pairs reached an agreement. A post-
simulation analysis (by the AHP model) showed that four of these five pairs agreed
upon the alternative which maximized the product of their utilities (“Nash”, Table
5.6a).
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Of the pairs who did not reach an agreement (Table 5.6b), only one (Pair IlI)

confirmed, in the post-simulation evaluation of individual preference structures, that

breaking off the negotiations was the preferred alternative to both parties. For the

other three pairs, at least one alternative (other than the “break off” alternative) was

preferred by at least one of the parties; at least one other of these alternative had a

Nash product higher than the “break off” alternative. It is thought that poor

communication between the parties in negotiating without the NSS prevents them

from understanding the advantages of other alternatives: such effects could have been

recognized only by analyzing the alternatives within a joint utility space.

Table 5.6a: Utility values of negotiated alternatives — Students who reached an agreement (grey:
agreed outcome; bold: alternative which maximizes the Nash value)

Alternative Pair V Pair VI Pair VII
Solution Ua Ug Nash Ua Us Nash Ua Us Nash
1 (Status Quo) 0.09 095 | 0.09 | 024 | 0.23 | 0.06 | 0.11 | 0.27 | 0.03
2 0.89 032 | 028 | 0.88 | 0.37 | 0.32 | 0.16 | 0.99 | 0.16
3 0.75 0.48 | 036 | 023 | 0.76 | 0.17 | 095 | 0.14 | 0.13
4 0.62 058 | 0.36 | 0.35 | 0.49 | 0.17 | 0.66 | 0.52 | 0.34
5 - - - - - - - - -
6 - - - - - - - - -

Table 5.6a (continued): Utility values of negotiated alternatives —
Students who reached an agreement

Alternative Pair VIII Pair IX
solution Ua Ug Nash Ua Us Nash
1 (Status Quo) 0.15 0.47 | 0.07 | 0.09 | 0.94 | 0.09
2 0.15 0.51 | 0.08 | 0.18 | 0.32 | 0.06
3 0.19 058 | 0.11 1.0 0.27 | 0.27
4 0.60 0.45 | 0.27 - - -
5 0.76 0.51 | 0.39 - - -
6 0.99 0.53 | 0.52 - - -

" BATNA = Best Alternative to Negotiation Agreement

Table 5.6b: Utility values of negotiated alternatives — Students who did not reach an agreement

Alternative Pair | Pair 11 Pair 111 Pair IV

solution Ua Ug | Nash | Us | Ug | Nash Ua Ug | Nash | Upa Ug | Nash
1 (Status Quo) | 0.10 | 0.77 | 0.08 | 0.12 | 0.81 | 0.10 | 0.83 | 0.86 | 0.72 | 0.10 | 0.52 | 0.05
2 099 | 0.34 | 0.34 | 081|095| 0.77 | 043 | 0.26 | 0.11 | 0.06 | 0.83 | 0.05
3 0.10 | 0.32 | 0.03 | 098|026 | 0.26 | 0.31 | 0.49 | 0.15 | 0.78 | 0.33 | 0.26
4 0.80 | 0.21 | 0.17 - - - 0.20 | 0.39 | 0.08 | 0.95 | 0.21 | 0.20

5 0.33 | 0.19 | 0.06 - - - 0.23 | 0.33 | 0.08 - - -

6 0.10 | 0.14 | 0.01 - - - 0.48 | 0.34 | 0.16 - - -

Table 5.7 shows individual and joint net economic gains achieved by the negotiation

agreements (the gain to parties in pairs who did not reach an agreement is obviously
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zero, since the gain is calculated relative to the Status Quo). In all five pairs, the joint
gain is negative. These negotiations were performed without the NSS, so that the
parties did not have any assistance (in the form of the relevant information, or as a
decision support tool like the WAS) in analyzing the economic effects of the

negotiated alternatives.

Table 5.7: Net economic gains achieved by the negotiation outcome - Students

Individual and joint net economic gains achieved by the agreement (m$)”

Pair V Pair VI Pair VII Pair VIII Pair IX

A B Joint | A B | Joint| A B | Joint| A B | Joint| A B | Joint

85 | -108 | -23 | -49 | -6 -55 | 58 | -82 | -24 8 | -37 | -29 | -13 | -11 | -24

“Maximum possible joint economic gain = 238 m$

However, the records taken during the exercises show that four out of five reached
agreements included trade in water. In three out of four simulated negotiations that
ended without an agreement, trade in water was proposed as an alternative; minimum
water supply costs was present as one of the criteria in all four simulations. These data
can be seen as a proof that the parties were interested in the economic aspects of the
water allocation problem, and that they could have benefited from the NSS.

5.4.7 Experiments with real actors (ERA): summary and conclusions

These simulations with real actors, due to the limitations of execution, cannot be
considered a complete evaluation of the Negotiation Support System and its benefits.
Still, some observations can explain, at least in part, the results of the simulations:

- The time given to the participants for learning and understanding the
principles and components of the NSS, as well as the duration of the
negotiation exercise were too short.

- Even within a particular group (students, mediators), the participants greatly
differed in their ability to comprehend the functions of the basic NSS
components.

- In all simulations, a “technician” (the researcher) was present, whose role was
to perform the runs with the WAS model according to instructions from the
participants. However, the information provided by the technician was too

complex (quantities and value of water, shadow prices) for most of the
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participants, so that they did not use it in the expected way, sometimes even
ignored it.

- Because of the lack of sufficient time and the difficulties in using the NSS,
most of the participants lost their motivation and turned to a "simple
bargaining” manner of interaction, ignoring the existence of some or all

negotiation support tools;

The time constraint, which was a major cause for these difficulties, was impossible to
change for various logistic reasons. One way to improve the efficiency of the
experiments could have been design of simulations that would be performed by
participants who would meet on several successive occasions for a few hours each
time. Between these meetings they would have plenty of time and opportunity to learn
and efficiently use all the features of the NSS and explore the effects of a variety of
alternative negotiation solutions with the WAS model. In this way, the potential for an
iterative negotiation process and a gradual improvement of positions would be better
tested.

We can compare this with a case reported in the literature. ICONSnet
(http://www/icons.umd.edu) is a Web-based simulation software that has been used
for negotiation simulations with real actors. The negotiation exercise are among
participants from distant locations (different countries) who communicate through the
internet, in several sessions of practically unlimited duration. In our research it was
impossible to find participants who would have time or would be motivated for any

reason to take part in such prolonged simulations.

Another way to adjust the experiments to these constraints would be simplification of
the case study, which was used in the simulations. Some of the negotiation support
models described in the literature that were evaluated by experimental simulations,
were designed for negotiation processes in which time had a major role (see Chapter
2, negotiations in a hostage crisis, GENIE, Wilkenfeld et al., 1995), or negotiations
where the major difficulty was manipulation of a large amount of data (MEDIATOR,
Jarke et al., 1987). Such negotiation support systems can be evaluated by experiments
based on case studies that are simplified to fit simulation conditions (time constraints,

participants’ skills, etc). The simplification of the negotiation problem in these cases
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could still leave all important features of the support system to be activated and tested,
and contribution of the negotiation support can be fully explored and evaluated. In our
case, simplification of the problem would not allow for testing all features of the
proposed NSS. Data that serve as input for the WAS model would have to be reduced
and presented in an over-simplified manner. That would reduce also the space
(number) of feasible negotiation solutions and give much less opportunity to

negotiators to be creative.
Given all these considerations and constraints, the only feasible way to continue the

experimental evaluation of the proposed NSS system was to perform "Exercise with
Simulated Actors” (ESA, as explained in Section 5.3.2 of this Chapter).
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5.5 Exercise with simulated actors (ESA)

In the following exercise, the initial “independent subjective input” regarding the
ranks of the parties’ negotiation objectives was provided by two particular candidates
from the exercise with real actors (ERA). All other subjective considerations of the

negotiators as of individual decision makers are performed by the researcher.

5.5.1. Background

Two countries, Alfa and Batia, are negotiating the allocation of a shared water
resource — The Aquifer - over which both of them claim rights (see Figure 5.4). The
current arrangement between the two countries is the result of previous negotiations:
Alfa has ownership and the right to use 20 percent, while Batia has ownership and the
right to use 80 percent of the resource. There are other water sources in the region,
which are not in dispute between the two countries. The territory of Alfa is divided
into two separate parts. Annual renewable quantities of water in all the resources,
including the Aquifer, have already been utilized (data about the available water
resources in the Region are given in Appendix 5.111). In order to satisfy the high
demand for water of its consumers, Batia has been desalinating seawater. Except for
expensive seawater desalination, there are no other ways to increase the quantity of
water available to the two countries. Both of them are expecting an increase in
population in the future and are interested in getting as much as possible of the
Aquifer’s water. The two countries have a long history of disputes and hostilities, and

their relationship suffers from lack of mutual confidence.

Both Alfa and Batia, as well as the “outside world”, perceive the negotiations over the
disputed Aquifer as an important part of the ongoing overall peace process, aimed at
improving the relationship between the two countries. Each country is divided into a
number of districts, each represented by three water demand sectors: urban, industry,
and agriculture (basic characteristics of the districts and sectors, in terms of WAS
input data are given in Appendix 5.111). The map in Figure 5.4 shows the location of
sources, demand districts, conveyance system, and the production and conveyance

cost. Both countries have access to the Sea.
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Alfa’s basic concerns

Because of the expected increase in population, it is of crucial importance to Alfa to
intensify it’s agricultural production. Alfa is less prosperous than Batia, and
agriculture is the easiest way to increase its GDP. Intensification of agriculture

depends on the availability of additional quantities of water. Seawater desalination is
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Figure 5.4: The Map of the Region with the disputed countries
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too expensive. Alfa is concerned by the economic efficiency of its overall water
utilization. The Aquifer is a much cheaper water resource.

About 80 percent of the Aquifer’s recharge area is within Alfa’s territory, which it
uses as the basis to claim rights to more than 20 percent of the Aquifer’s waters. Alfa
is also aware that only improved relationship with Batia can provide the basic
conditions for Alfa's further development. However, until this happens, Alfa prefers

to have its water supply independent of Batia.

Batia’s basic concerns

Batia is more prosperous than Alfa. About two thirds of its annual water supply is
used in agriculture. Intensive agricultural production is important to Batia since,
because of the tense relations with its neighbors, it prefers to be independent in food
production. Also, agriculture enables keeping the remote parts of the country (along
the borders) populated, which is important for strategic reasons. Were it not for these
strategic considerations, Batia could allow the agricultural sector to decrease, so that it
could be satisfied with about half of the present annual water consumption. However,
a significant decrease in the agricultural sector would cause unemployment and,
because of the great influence which this sector has on the political scene, would also
cause social instability. If agricultural production were decreased, Batia would also
need to invest heavily in dealing with the resulting unemployment and upset social

stability.

Batia has large expenditures for seawater desalination. Meanwhile, however, there is
no other way to cover the difference between the high annual demand for water and
the available quantities of water in Batia’s natural resources. A decrease in its share in

the Aquifer’s waters would mean an increase in expensive seawater desalination.

Batia is aware that improving relationship with Alfa would bring many benefits, but
until this happens, it prefers to have its water supply independent of Alfa: meanwhile
it limits the supply from the disputed Aquifer to its most populated district, Center -
West, to 15 mcm/year.
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Alfa and Batia’s representatives have each established their own independent sets of
negotiation objectives which relate to interests at the national and international levels
(Table 5.8).

Table 5.8: Negotiation objectives of the two countries

Alpha’s objectives Batia’s objectives

1. Increase of the ownership over the shared 1. Economic efficiency of water use - EC;

Aquifer; 2. Independent water supply - IND;
2. Economic efficiency of water use - EC; 3. Reliable water supply- RELAY;
3. Water supply independent of Batia - IND; 4.Social stability within the country -
4. Intensification of agricultural production in SOC;

Alfa -AGR,; 5. Improvement of the relationship with
5. Improvement of the relationship with Batia - Alfa - RELAT.

RELAT.

5.5.2. The negotiation process

The negotiation process began in a simple bargaining manner, and has reached the
point at which Batia faces the choice between breaking the negotiations or offering to
'give up' additional 20 percent of the resource to Alfa. Giving up 20 percent of the
Aquifer means that the final allocation of the rights of use of the Aquifer's water will
be 40 and 60 percent to Alfa and Batia, respectively. Alfa's representative has the
possibility of responding to this offer by (1) accepting the offer or (2) breaking off the
negotiations. These two alternative responses have different consequences regarding
the objectives set by Alfa. Breaking off means leaving with the right to only 20
percent of the aquifer, while accepting the offer means getting 40 percent of the
aquifer. In order to compare and choose one of them, Alfa has to know what will be
the consequences of each alternative. This depends on the way each allocation will be
utilized within Alfa. Hence, Alfa first uses the NSS to analyze each of these two

alternatives.

5.5.2.1 Alfa’s individual consequence (utility) space

Alfa needs a set of criteria for assessment of the value of different 'domestic’ scenarios
that a specific allocation alternative represents. Assume that this set of criteria
includes all of the Alfa's objectives given above, except the one that relates to Alfa's

part in the Aquifer. This objective is excluded since all the scenarios resulting from a
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particular allocation are equally 'good' with respect to this objective. Alfa uses the
AHP algorithm to calculate the weights (importance) of the four remaining objectives.
These weights are the coefficients of Alfa's utility function according to which the
'best’ scenario for each allocation alternative will be selected. Assume that, having
performed the AHP process on these four objectives, the representative of Alfa comes
up with the following weights:

U*(a, ) =0.424W +0.038w"® +0.424w %R +0.114W AT (5.5.1)

where a; stands for domestic scenario i from the set of all domestic scenarios
considered by Alfa and w;’ is the performance of scenario a; according to Alfa’s
negotiation objective j, j = EC, IND, AGR, RELAT (see 3.1.5.1 for the explanation
of the AHP model and individual utility functions). The weights mean that he
places equal weight on the economic and agriculture objectives, considerably less
weight on the relations with Batia, and an almost insignificant weight on
independence in water management. These weights are merely for illustration, are
subjective values, relevant to a particular negotiator, but in reality they would also
reflect the instructions given by the Leader who sent him to negotiate (see Chapter
2 for the explanation about the assumptions regarding to the systems of values of
the parties to negotiation).

(1) Accepting the '40-60 percent' allocation of the Aquifer

There are many different possible domestic allocations among the various
consumers for using the available water resources within Alfa. These are
analyzed with the countrified version of the WAS (Water Allocation System)
model. Suppose, first, that Alfa considers the present domestic (fixed-price) water
policy, and a free price (or, “unconstrained”) policy, which is supposed to bring
the largest economic benefit from water use (see Section 3.3 for explanation of
these water policies). He would also like to explore the effects of physically
connecting the two distinct parts of the country. Therefore, Alfa’s first four

domestic scenarios are:
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A.1 Policy of current prices fixed at 0.15, 0.65, 0.65 $/mc for the
agricultural, industrial and urban sectors, respectively, with no physical
connection linking the two parts of the country (current water-policy);

A.2 As A.1, with a connection between the two parts;

A.3 'Free price' policy — prices charged to consumers will be defined by a
'market’ solution, according to the demand and supply functions; no connection
between the two parts of the country;

A.4 As A.3, with a connection;

Next, Alfa considers the expected increase in population. He can utilize the
additional quantity of water to intensify agriculture. A way to encourage
agricultural production is to provide a subsidy in the prices charged to agricultural
consumers. Another way to deal with the increased population is to set the
quantities of water, supplied to each district and each water demand sector, at least
equal to the minimum expected future demand for water (Table 5.111.3 in
Appendix 5.111). Alfa formulates these alternatives as the following four domestic

scenarios:

A.5 Free price policy and a subsidy applied to the prices charged to
agricultural consumers, in order to support the farmers and encourage their
production (see Chapter 3 for the explanation of the meaning of the subsidy and
its influence on the demand function); no connection between the two parts of the
country;

A.6 As A.5, with a connection;

A.7 Free price policy constrained by the supply to all consumers greater or
equal to the expected future demand; no connection between the two parts of the
country;

A.8 As A.7, with a connection.

Alfa's negotiator analyzes these alternatives with WAS, and uses the output from the

WAS model for evaluating the scenarios (Appendix 5I1I1). Alfa decides that

alternatives A.5 and A.7 are not relevant for further analysis, and uses the AHP model

to evaluate the other six alternatives: he measures the economic efficiency of the

alternatives according to the net economic benefit, and intensification of agriculture
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according to the quantity of water supplied to the agricultural sector. Alfa considers
that independence in water supply is related to the existence of the conveyance system
between the two disconnected parts of the country. The relations with Batia are
generally better when there is a conveyance system connecting the two parts of the
country, and when Alfa does not subsidize the prices charged to agricultural

consumers.

Utility values of the alternatives with respect to Alfa's objectives, and their final
utility scores for the ‘40-60" allocation proposal (calculated according to Eq. 5.4.1)
are given in Table 5.9.

Table 5.9: Weights of the objectives and utility scores of Alfa’s domestic scenarios, in case of the
‘40-60’ allocation

Utility values for the scenarios according to the objectives

Economic Independent | Intensification Relations

efficiency water supply | of agriculture | with Batia Overall

Scenario 0.424 0.038 0.424 0.114 Utility*

Al 0.16 1.00 0.14 0.30 0.20
A2 0.44 0.33 0.14 0.97 0.37
A3 0.52 1.00 0.07 0.30 0.32
A4 0.59 0.33 0.23 0.87 0.46
A6 1.00 0.33 0.76 1.00 0.87
A8 0.49 0.33 1.00 0.90 0.75

* See Section 3.1.5 for the explanation about the AHP model and individual utility functions.

According to the overall utility values, in case Alfa accepts the ‘40-60° offer, the
‘best” scenario (A.6) would be to subsidize the prices charged to agricultural
consumers and to connect the two distinct parts of Alfa with a water-conveyance

system.

(2) Breaking off the negotiations

In case the negotiations are suspended, Alfa's ownership over the aquifer would
continue to be 20 percent. Currently (the Status Quo alternative), water in Alfa (a total
of 216 mcm) is allocated to the consumers according to a fixed-price policy, at 0.15,
0.65, and 0.65 $/mc for agricultural, industrial, and urban uses, respectively.
Conveyance of water between the two parts of the country does not exist. Alfa
decides to explore other scenarios of domestic water supply for the '20-80' allocation
and uses the NSS to examine the same domestic alternatives for water supply as in the

case '40-60' allocation.
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Table 5.111.6 in Appendix 5.111 gives the results of the WAS simulations for
alternatives A.9, A.10, A.11, and A.12. According to both ‘fixed" and ‘free' price
policies, all the available water in Alfa is consumed. In order to provide the demand
required by the ‘fixed' price policy, Alfa would have to desalinate seawater (A.9,
A.10). In the '20-80" allocation, the alternatives with a subsidy for prices to
agricultural consumers or those which satisfy future demands turn out to be irrelevant,

since they could be implemented only by introducing expensive desalination.

Alfa has to select one of the four scenarios for its domestic allocation which will be
relevant in case the negotiations are suspended. He performs the analysis by the
model for individual decision support and obtains the following ranking of the four
alternatives (Table 5.10):

Table 5.10: Utility scores of Alfa’s domestic scenarios, in case the negotiation are suspended (the
‘20-80’, or, the Status Quo allocation).

Utility values for the scenarios according to the objectives
Economic Independent | Intensification Relations
efficiency water supply | of agriculture | with Batia Overall
Scenario 0.424 0.038 0.424 0.114 utility
A9 0.23 1.00 1.00 0.12 0.57
A.10 0.56 0.33 1.00 0.32 0.71
All 1.00 1.00 0.25 0.37 0.61
Al2 1.00 0.33 0.25 1.00 0.66

According to the final scores, scenario A.2 has the 'best' performance with respect to
the set of Alfa's objectives, given the '20-80" allocation, although the difference

between it and alternative A.4 is not large.

5.5.2.2 Batia’s individual consequence (utility) space

In case Alfa rejects Batia’s offer and demands more than 40 percent of the Aquifer,
Batia can consider breaking of the negotiations. Hence, Batia’s representative has to
analyze the consequences of both ’40-60° and ’20-80° allocations. He sets the
following domestic scenarios for consideration:

B.1 The Status Quo arrangement. Batia’s current water policy uses prices
fixed at 0.17, 1, and 1 $/mc for agricultural, industrial, and domestic consumers,
respectively; water supply from the Aquifer to the Center-West District (CW) is
limited to 15 mcm;
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B.2 As B.1, with no limitation on the supply of the Aquifer’s water to CW,

B.3 Free price policy — prices charged to consumers will be defined by a
market solution, according to the demand and supply functions; supply from the
shared Aquifer to Center-West is limited to 15 mcm;

B.4 As B.3, with no limitations on the supply of the Aquifer’s water to
Cw,

B.5 Supply of water to each consumer in each district is set equal to the
minimum required quantity. Such minimal supply of water affects mostly the
agricultural consumers, since it reduces the allocation to agriculture to half of the
present consumption; supply from the shared Aquifer to the densely populated
area is limited to 15 mcem;

B.6 As B.5, with no limitations on the supply of the Aquifer's water to
Cw,

Batia uses the set of objectives (criteria) which are given in Table 5.8 for assessing of
performance of the six scenarios. Using the AHP model he calculates the weights of

the objectives and defines the following utility function:

U®(a;)=0.042w° +0.335w,"° +0.143w """ +0.396 W °¢ +0.084w ™"  (5.5.2)

where a; stands for domestic scenario i considered by Batia. The greatest weight is
placed on social stability (this can be interpreted as representing the importance placed
in Batia on keeping the water allocation to agriculture, which is an influential sector),
then on independent water management, with lesser importance placed on reliability
and much less on relations with Alfa, and least of all on the economic consequences
(again, there is no attempt to claim that these would be real preferences; they are given

merely as an example, structured to bring out 'interesting' results).

(1) The *40-60" allocation alternative

If Alfa accepts Batia's offer, Batia can use only 60 percent of the annual renewable
quantity of the Aquifer's water. For assessment of the consequences of the six
scenarios for domestic water use, this quantity is added to the other water resources

available to Batia, and the scenarios are analyzed by the countrified version of WAS

141



(the results are in Table 5.111.7 in Appendix 5.111). Batia's representative analyzes the
output of the WAS model and ranks the scenarios using the individual decision
support algorithm (AHP). Batia translates the WAS (quantitative) output into the
qualities of the scenarios to be judged with respect to the five criteria, in the following
way: reliability of water supply is judged according to the quantity of desalinated
water (desalination is the most “reliable” water resource, since it does not depend on
meteorological conditions); relationship with Alfa is better in case Batia does not limit
the supply of water to the Center-West; the effect of the scenarios on the social
stability can be evaluated according to the quantity of water allocated to the

agricultural sector.

The scores of the scenarios according to each of the five objectives, as well as their

final utility, are given in Table 5.11.

Table 5.11: Utility scores of Batia’s domestic scenarios, in case of the ‘40-60’ allocation.

Utility values for the scenarios according to the objectives
Economic | Independent Reliable Social Relations
Scenario Efficiency | water supply | water supply | stability with Alfa Overall
0.042 0.335 0.143 0.396 0.084 utility
B.1 0.08 1.00 1.00 1.00 0.13 0.89
B.2 0.08 1.00 1.00 1.00 0.61 0.93
B.3 0.88 0.49 0.26 0.19 0.50 0.36
B.4 1.00 0.12 0.15 0.19 1.00 0.26
B.5 0.27 0.29 0.15 0.11 0.43 0.21
B.6 0.47 0.31 0.15 0.11 0.91 0.26

In case Batia ends up with the right to use only 60 percent of the Aquifer, the best
scenario for domestic water supply would be one of the two scenarios based on a
fixed-price policy (B.1 and B.2) which have almost the same utility score. However,
according to the objective Relations with Alfa, the only objective on which these two
scenarios differ, scenario B.2 is definitely “better” than B.1 which should make it
definitely preferable. According to scenario B.2, a fixed price policy is implemented
and the supply of water from the disputed Aquifer to the Central West district is not

limited.
(2) Breaking off the negotiations

If case the negotiations are suspended, the relations between the two countries will be

seriously damaged. On the other hand, Batia will remain owner of 80 percent of the
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Aquifer's yield. Batia wishes to analyze all possible (relevant) consequences of the
'20-80" alternative. First, he considers that domestic scenarios for allocation of water
within the country cannot affect the relations with Alfa, once the negotiations are
broken. Hence, the objective Relations with Alfa is excluded from the set of
objectives. Batia uses the AHP, to calculate the new weights of the other four
objectives, and obtains the new utility function:

U®(a,) = 0.035W" +0.573w"° +0.122w A" +0.270w°° (5.5.3)

Next, Batia performs the WAS runs of the six scenarios for domestic water allocation
with 80 percent of the Aquifer’s annual yield and uses the results to analyze the
consequences (Table 5.111.7 in Appendix 5.111). Then the individual decision support
algorithm is used to obtain the scores and final utility values of the scenarios with
respect to the four objectives (Table 5.12).

Table 5.12: Utility scores of Batia’s domestic scenarios, in case the negotiations are suspended
(the "20-80", or, Status Quo, allocation).

Utility values for the scenarios according to the objectives
Economic Independent | Reliable water Social
Efficiency water supply supply stability Overall
Scenario 0.035 0.573 0.122 0.270 utility
B.7 0.11 1.00 0.28 1.00 0.88
B.8 0.11 0.59 0.28 1.00 0.65
B.9 0.40 1.00 0.55 0.35 0.75
B.10 1.00 0.19 0.64 0.35 0.32
B.11 0.21 1.00 1.00 0.19 0.75
B.12 0.58 0.19 1.00 0.19 0.30

B.7 turns out to be the best alternative, according to the overall utility score. It is also
the “best” alternative according to the two most important objectives to Batia:

Independent water supply and Social Stability.

5.5.2.3 Enlarging the set of alternatives: trade in water

If Alfa accepts the '40-60" allocation, it will not use all 40 percent of the Aquifer's
water: according to the results of WAS, it would not be economically justified for
Alfa to use all of its allocation (beyond some particular quantity, it would mean
supply to consumers at costs higher than their willingness to pay for additional unites
of water). One of the parties suggests trade in water. Depending on the 'domestic'
scenario Alfa will decide to adopt (see results in Appendix 5.111), there will be
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between 60 and 143 mcm of the Aquifer's water available for trade (the meaning of
the 'ownership’ and ‘trade’ in water is explained in Chapter 3). Alfa's and Batia's
negotiators accept the mediator's suggestion as worth pursuing and turn to the NSS to

analyze it.

5.5.2.3.1 Alfa's analysis of the ‘trade’ alternative

If Alfa sells to Batia the right to use a certain quantity of water it will, in turn, expect
a side-payment from Batia (see Section 3.2.2.1). The exact quantity of water for trade
and the actual payment will be the subject of negotiation between the two parties.
Alfa estimates the additional benefit by multiplying the whole quantity of water
available for trade (different for each of the six domestic scenarios) by a price of 0.5
$/mc. This is half of the assumed maximum price Batia will be willing to pay, which
is 1 $/mc (the cost of desalination). Alfa decides that the trade affects only the
performance of the domestic scenarios with respect to the objective Economic
Efficiency, performs a new pair-wise comparison of the scenarios and obtains their
scores according to their economic efficiency, as well as their new final cardinal ranks
(Table 5.13, with the value without trade taken from Table 5.9). The utility scores of
the scenarios relative to other objectives have not change, neither has the relative
importance of the objectives. The overall utilities of the six scenarios are calculated
by Equation 5.4.1.

Table 5.13: Utility scores of Alfa's ’s domestic scenarios, in case of
the ‘40-60’ allocation and trade in water.

Utility values

Economic Economic Overall Overall

efficiency efficiency utility utility
without trade with trade without with

Scenario 0.424 0.424 trade trade
Al 0.16 0.56 0.20 0.37
A2 0.44 1.00 0.37 0.61
A3 0.52 1.00 0.32 0.53
A4 0.59 0.56 0.46 0.45
A.6 1.00 0.33 0.87 0.59
A8 0.49 0.21 0.75 0.63

The scenario with the highest final utility value with trade is A.8 - the one that assures
at least the expected future demand to each consumer (each sector of each district in
Alfa), and includes a connection between the two parts of the country. However,
increased economic benefit, as the result of the trade, decreases the differences in

cardinal ranks of the domestic scenarios: the three best scenarios, A.2, A.6, and A.8
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have close utility values. In order to get clearer results regarding the 'performance’ of
each scenario, Alfa goes back to the utilities of the scenarios with respect to each
objective (Tables 5.9 and 5.13). Scenarios A.2 and A.8 are the best according the two
most important Alfa’s criteria (Economic efficiency (Table 5.13) and Intensification of
agriculture (Table 9)), and he decides that one of them should be selected. It turns out
that scenario A.2 is better with respect to the criterion Relationship with Batia, and
therefore, Alfa selects it as the best for the case of a *40-60" allocation and water trade
between the parties. This scenario does not increase water supply to Alfa's agricultural
sector; however, for the side-payment he can get from Batia, Alfa can desalinate at
least 30 mcm of seawater (the minimum traded quantity of water will be 60 mcm, and
it is supposed that Alfa does not agree to trade in water for less than a price of 0.5
$/mc).

5.5.2.3.2 Batia's analysis of the 'trade’ alternative

If Batia purchases the right to use a certain quantity of the Aquifer's water from Alfa’s
40 percent, its total available quantity of water for domestic allocation will increase.
The six scenarios for domestic allocation of water will have different consequences
than in the case of the '40-60" allocation of the Aquifer without the trade. WAS
simulations are performed twice for each scenario: once with 60 mcm and once with
143 mcm - the minimum and the maximum potential quantity of water for trade (the
results of the runs are in Table 5.111.8 in Appendix 5.111). In order to obtain an
estimate of the size of the side-payment, Batia multiplies the additional quantity of
water (60 and 143 mcm) by half of the maximum price Alfa might ask for — which is
the cost of desalination ($1/m3). For each scenario, the estimated payment is

subtracted from the net economic benefit given by WAS.

Batia analyzes the final resulting economic benefit and other relevant results of the
WAS model, and performs the AHP analysis of the six domestic scenarios with
respect to the five objectives (criteria). The relative weights of the objectives are the
same as in Equation 5.4.2. Scores of the scenarios and their final utility values are

given in Table 5.14.
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Table 5.14: Utility scores of Batia’s domestic scenarios, in case of the ‘40-60’ allocation and trade
in water.

Utility values for the scenarios according to the objectives
Independent Reliable
Economic water water Social Relations
Efficiency supply supply stability with Alfa Overall
Scenario 0.042 0.335 0.143 0.396 0.084 utility
B.1 0.09 1.00 1.00 1.00 0.10 0.89
B.2 0.13 0.41 1.00 1.00 0.16 0.69
B.3 0.41 1.00 0.32 0.35 0.27 0.56
B.4 1.00 0.13 0.14 0.35 0.39 0.28
B.5 0.20 1.00 0.14 0.19 0.66 0.49
B.6 0.55 0.13 0.14 0.19 1.00 0.25

Thus, if Batia purchases water from Alfa, the best scenario for domestic water
allocation will be B.1, with a fixed price policy and the supply of water from the
Aquifer to CW limited to 15 mcm/year.

5.5.2.4. Joint utility space

At this stage, Alfa and Batia have three alternative negotiation solutions:

a. Breaking off the negotiations and remaining with the Status Quo (*20-80")
allocation;

b. '40-60' allocation of the Aquifer;

c. '40-60" allocation of the Aquifer and trade in water;

The Status Quo alternative is the parties' Best Alternative to Negotiation Agreement
(BATNA). In terms of the negotiation process as it is modeled by the NSS, it also
represents the Reference Alternative 1, because it is guaranteed to the negotiating

parties.

If one of the other two alternatives is selected as the “best”, it will be one candidate
alternative for the final negotiation resolution. It will also be the new solution
guaranteed to the parties, and its stability as the final negotiation resolution will be
challenged in the next round of the negotiation process (it will then be Reference
Alternative 2).

The three alternatives are publicly represented by the bundles (Qaia(ai), Vara(@i)) and
(QBatia(@i), Veaiia(ai)), where Qaira(ai) and Qgatia(@i) are the allocated quantities of the

Aquifer’s water to the two parties and Vaira(ai) and Vgaria(ai) are the net economic gains
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to the parties achieved by selecting alternative a; over the Reference Alternative 1 (see
Chapter 4), given in Table 5.15. Allocated quantities of the Aquifer’s water to the
parties are the quantities of water to which the parties have the “right to use”. For
example, in the *40-60" allocation alternative without trade in water, Alfa has the right
to use 40 percent of the Aquifer, even though this quantity is far beyond the demand
for water in Alfa; in the "40-60" allocation alternative with trade, Alfa ‘sells’ Batia the
right to use 17 percent of the Aquifer, so that 40-17 = 23 percent is left at Alfa’s

disposal.
Net economic gain in the third alternative ("40-60" alternative with trade in water) is

calculated by assuming that the agreed upon price of a cubic meter of water for trade is

Table 5.15: Allocations and net economic gains achieved by the alternative negotiation
solutions in the first round of negotiations

ALFA BATIA
Allocation of Allocation of
the disputed Net economic gain the disputed Net economic gain
. Aquifer (m$) Aquifer (m$)

Alternative Mcm (%) relative to Ref. Alt. 1 (mcm) relative to Ref. Alt. 1
a. Ref. Alt. 1 0 0
(Status Quo) 126 (20%) 0 504 (80%) 0
b. Accept "40-60° 252 (40%) 11 378 (60%) -118
c. Accept "40-60°
and trade 148 (23%) 65 484 (77%) -64

$0.5, which is half the cost of seawater desalination. In reality, the price is subject to

bargaining between the parties.

Each party performs a pair-wise comparison of these three alternatives, with respect to
his set of relevant objectives. Alfa adds the objective Increase in the ownership over
the Aquifer and calculates the weights of the new utility function he will use to
evaluate the alternatives within the joint utility space. Batia uses the utility function
given in Equation 5.4.2. The results of Alfa’s and Batia’s individual evaluations of the
three negotiation alternatives are given in Tables 5.16 and 5.17. The ‘optimal’
alternative, according to the considerations and criteria given in Chapters 3 and 4, is

the one for which the Nash product of Alfa’s and Batia’s utilities is maximal. The
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utility values of the three alternatives and their Nash products are given in the

following tables:

Table 5.16: Alfa’s utility scores of the alternative negotiation solutions

Utility values for the alternatives (ALFA)
Relations
Alternative Economic | Independent | Intensification with
Efficiency | water supply | of agriculture | Ownership Batia Overall
0.4 0.05 0.39 0.04 0.12 utility
a. Status Quo 0.11 1.00 0.18 0.19 0.13 0.19
b. Accept ’40-60’ 0.26 1.00 1.00 1.00 0.36 0.62
c. Accept '40-60’
and trade 1.00 1.00 0.35 1.00 1.00 0.75
Table 5.17: Batia’s utility scores of the alternative negotiation solutions
Utility values for the alternatives (BATIA)
Alternative Economic | Independent Reliable Social Relations
Efficiency | water supply | water supply | stability | with Alfa | Overall
0.04 0.34 0.14 0.40 0.08 utility
a. Status Quo 1.00 1.00 0.22 1.00 0.11 0.81
b. Accept ’40-60° 0.25 1.00 1.00 1.00 0.43 0.70
c. Accept '40-60°
and trade 0.25 1.00 0.572 1.00 1.00 0.92

Table 5.18: The Nash products of the utility scores of the alternatives in the first round of
negotiations

Utility values The Nash
Alternative Alfa Batia Product
a. Status Quo 0.19 0.81 0.16
b. Accept "40-60’ 0.62 0.70 0.44
c. Accept '40-60’ and trade 0.75 0.92 0.69

According to the Nash product (Table 5.18), the 40-60" alternative with trade in

water is the most fair and therefore, selected as the Reference Alternative 2.

5.5.2.5 The second round of negotiations

The mediator (and/or the parties) decides to challenge Reference Alternative 2 with

“regional” alternatives, which view the disputed Aquifer as a common pool resource.

In a “regional” alternative the optimal allocation of the Aquifer to the two parties is

determined by the regional version of the WAS model (see Chapter 4).

Additionally to the common pool approach, the parties decide to analyze the

implementation of free-price policy in both countries, while ensuring the minimum

future demand for water to each consumer in each district in Alfa, and at least the
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minimum required supply of water to each consumer in each district in Batia. Alfa
decides not to subsidize agricultural production. Batia decides to keep the supply from
the Aquifer to the Central West district limited to 15 mcm/year. Batia is also
concerned about the effect of the free-price policy on agriculture and he proposes to
analyze the alternatives which limit the decrease in the quantity of water supplied to
agriculture in Batia to no more than 20 percent, relative to the present supply, and also
alternatives without this constraint. The present supply in Batia, as well as the supply
according to the agreed upon Reference Alternative 2, is determined by the fixed-price
policy, which allocates about two-thirds of the total water supply in Batia to
agriculture. Alfa would like to explore the alternatives with and without the
connection between its two parts. All these considerations are formulated in the four

regional alternatives given in Table 5.19:

Table 5.19: Regional alternatives considered in the second round of the negotiations

Common characteristics of the four
regional alternatives:

Alfa: Water Decrease in quantity
Free-price policy; conveyance of water supplied to
Ensured minimum future demands; no system between agriculture in Batia
subsidy on prices charged to agriculture Regional the two parts of | (relative to the present
Batia: alternative Alfa supply)

Free-price policy;

Ensured minimum required quantities of 1 No Not limited
water to consumers in Batia; supply from 2 Yes Not limited
the Aquifer to the Central West District 3 No Limited to 20 percent
limited to 15 mcm/year. 4 Yes Limited to 20 percent

Results of the WAS runs for the four alternatives are given in Tables 5.111.9 and
5.111.10 in Appendix 5.111. Table 5.20 presents these regional alternatives as bundles of
the allocated shares in the Aquifer and the net economic gain achieved by selecting each of
them over Reference Alternative 2 (individual net economic gains are calculated by allocating
half of the total net economic gains; in reality, the split of the total gains can be a subject to

bargaining between the parties).
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Table 5.20: Allocations and net economic gains achieved by the alternative negotiation
solutions in the second round of negotiations

ALFA BATIA
Allocation of Allocation of
the disputed Net economic gain the disputed Net economic gain
. Aquifer (m$) Aquifer (m$)

Allerative mcm (%) relative to Ref. Alt. 2 (mcm) relative to Ref. Alt. 2
Reg. Alt. 1 132 (21%) 81 498 (79%) 81
Reg. Alt. 2 175 (28%) 95 455 (72%) 95
Reg. Alt. 3 170 (21%) 69 500 (79%) 69
Reg. Alt. 4 170 (27%) 80 461 (73%) 80
Reference Alt. 2 148 (23%) 0 484 (77%) 0

Suppose that Alfa decides to remove the objectives Independent supply and Ownership
from the set of his negotiation objectives, as non-relevant: their importance relative to
the other three objectives in the first round of negotiations was extremely low (Table
5.16), and he does not consider them more important in this round. He revises his

preferences over the other three objectives and obtains the following utility function:

U*(a;)=0.43w " +0.43w " +0.14w ™ (5.5.4)

Next, suppose that Batia decides that the set of his negotiation objectives should
include the same five objectives from the previous round (Equation 5.4.2), but he is
not sure about their relative importance: once Batia enters water trade, it is better for
her to have good relationships with Alfa. Also, the present potential negotiation
resolution (Reference Alternative 2) does not improve the economic efficiency of
already inefficient (economically) domestic water utilization. He revises his

preferences and obtains the following utility function:

U®(a;)=0.11w"° +0.16w"® +0.16 W™ +0.30w°¢ +0.27w A (5.5.5)

According to this function, Relationship with Alfa turns out to be almost twice as
important as the rest of the objectives. Weights of the other four objectives have

become much closer to one another.

Tables 5.21, 5.22, and 5.23 present the results of Alfa and Batia’s individual

evaluations of the five alternatives and the Nash products of their final utility scores.
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Table 5.21: Alfa’s utility scores of the alternatives in the second round of the negotiations

Utility values for the alternatives (ALFA)
Intensification Relationship
Alternative Economic Efficiency of agriculture with Batia Overall
0.43 0.43 0.14 utility
Reg. Alt. 1 0.58 1.00 1.00 0.82
Reg. Alt. 2 1.00 1.00 1.00 1.00
Reg. Alt. 3 0.33 1.00 1.00 0.72
Reg. Alt. 4 0.58 1.00 1.00 0.82
Reference Alt. 2 0.15 0.25 1.00 0.22

Table 5.22: Batia’s utility scores of the alternatives in the second round of the negotiations

Utility values for the alternatives (BATIA)
Economic | Independent Reliable Social Relations
Alternative Efficiency | water supply | water supply | stability | with Alfa | Overall
0.11 0.16 0.16 0.30 0.27 utility
Reg. Alt. 1 0.58 1.00 0.30 0.16 1.00 0.58
Reg. Alt. 2 1.00 1.00 0.30 0.16 1.00 0.63
Reg. Alt. 3 0.33 1.00 0.56 0.42 1.00 0.68
Reg. Alt. 4 0.58 1.00 0.56 0.42 1.00 0.71
Reference Alt. 2 0.15 1.00 1.00 1.00 0.33 0.73

Table 5.23: The Nash products of the utility scores of the alternatives in the second round of
the negotiations

Utility values The Nash
Alternative Alfa Batia Product
Reg. Alt. 1 0.82 0.58 0.49
Reg. Alt. 2 1.00 0.63 0.63
Reg. Alt. 3 0.72 0.68 0.49
Reg. Alt. 4 0.82 0.71 0.58
Reference Alt. 2 0.22 0.73 0.16

The results show that the Reference Alternative 2 is still “the best” alternative
according to Batia’s preferences in this negotiation round, but it is “the worst”
according to Alfa’s preference system. Obviously, by moving from Reference
Alternative 2 to any other alternative, Alfa gains more satisfaction, while Batia’s
satisfaction with the solutions decreases. However, differences in Batia’s utilities
among the five alternatives are not so significant (they range from 0.58 to 0.73), while
Alfa’s utilities range from 0.22 to 1. The Nash products indicate that the fairest
alternative is the second one. Even though it seems “unfair” towards Batia to select
this alternative as the (potential) final negotiation resolution (Reference Alternative 3),
it is still the solution by which Alfa gains (much) more than Batia loses, relative to
Reference Alternative 2. Net economic gain provided by this solution is equal to both
parties (81 m$).
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5.5.2.6 Stability of the solution (the third round of the negotiation process)

In the next stage of the negotiation process, the mediator and/or the parties explore the
possibility to improve Reference Alternative 3. Up to this point of the negotiation
process, the parties have moved, gradually, from clear dispute positions toward
cooperation in terms of trade in water, and from there toward a regional solution in
which criteria such as Ownership over the Aquifer and Independency in water supply
have lost a great deal of their relative importance. According to Alfa’s two most
important objectives from the last negotiation round, a solution “better” than
Reference Alternative 3 could be the one which increases the economic gain and/or
contributes to intensification of Alfa’s agriculture. The fact that Alfa would approve
of this solution would positively affect the relationship between the two parties —
which is one of the two most important criteria in Batia’s set (Equation 5.4.5). The
mediator considers a scenario which would utilize the regional water sources in an

economically more efficient way.

Since the concerns regarding Independent water supply are removed (by Alfa) or
released (by Batia), the mediator suggests a dependency-based regional scenario, to
challenge the stability of Reference Alternative 3. According to this scenario, a
pipeline added to Batia’s National Conveyance System would supply water to Alfa’s
Coastal Area. In order to balance such dependency of Alfa on Batia, Batia would be
allowed unlimited quantities of water to be supplied from the disputed Aquifer to its
Central West district. The rest of the important features of the scenario are the same
as in the Reference Alternative 2: The disputed Aquifer is treated as a common pool;
Alfa does not subsidize its agriculture, future demands in Alfa are satisfied and

minimum quantities of water to urban and industrial consumers in Batia are assured.

According to the WAS optimized results, the added pipeline supplies an annual
quantity of 38 mcm to Alfa’s Coastal Area. This scenario provides more water to
agricultural consumers in Batia, and a higher joint net economic benefit from water
use, than Reference Alternative 3. The results of the WAS run are given in Tables
5.111.11 and 5.111.12.
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Table 5.24: Allocations and net economic gains achieved by the alternative negotiation
solutions in the second round of negotiations

ALFA BATIA
Allocation of Allocation of
the disputed Net economic gain the disputed Net economic
. Aquifer (m$) Aquifer gain (m$)
Alternative mcm (%) relative to Ref. Alt. 3 (mcm) relative to Ref.
Alt.3

Mutual
dependency 127 (20%) 10 503 (80%) 10
Reg. Alt.
Reference Alt. 3 175 (28%) 0 455 (72%) 0

The new proposed alternative allocates much less of the Aquifer to Alfa than

Reference Alternative 3 (from 28, the allocation decreased to only 20 percent).

However, it still satisfies the future demand for all water uses in Alfa (additional

water is imported from Batia by the new pipeline). Suppose that Alfa does not change

the set and the weights of his negotiation objectives. Then, a possible outcome of

Alfa’s pair-wise comparison of the two alternatives might be as given in table 5.25.

Table 5.25: Alfa’s utility scores of the alternatives in the third round of the negotiations

Utility values for the alternatives (ALFA)
Economic Intensification Relationship
Alternative Efficiency of agriculture with Batia Overall
0.43 0.43 0.14 utility
Mutual dependency 1.00 1.00 1.00 1.00
Regional alternative
Reference Alt. 3 0.50 1.00 0.33 0.69

According to the same set and relative importance of the objectives Batia used in the

second negotiation iteration, the new alternative is better than Reference Alternative 3:

it has a better performance according to all Batia’s objectives, except Independency in

water supply (Table 5.26).

Table 5.26: Batia’s utility scores of the alternatives in the third round of the negotiations

Utility values for the alternatives (BATIA)
Economic | Independent Reliable Social Relations
Alternative Efficiency | water supply | water supply | stability | with Alfa | Overall
0.11 0.16 0.16 0.30 0.26 utility

Mutual
dependency 1.00 0.20 1.00 1.00 1.00 0.87
Reg. Alt.
Reference Alt. 3 0.50 1.00 0.33 0.33 0.20 0.42
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Table 5.27: The Nash products of the utility scores of the alternatives in the third round of
the negotiations

Utility values The Nash
Alternative Alfa Batia Product
Mutual dependency
Reg. Alt. 1.00 0.87 0.87
Reference Alt. 3 0.69 0.42 0.30

It is obvious, that for the assumed preference systems, the new proposed alternative
increases the level of satisfaction of both parties, and therefore, the Nash product as
well (Table 5.27). Under the assumption that neither the parties nor the mediator have
new ideas for the further improvement of the negotiation solution, this alternative is

agreed to be the final negotiation outcome.

5.5.3 Comments on the exercise with simulated actors

The exercise with simulated actors (ESA) shows in detail the stages of a hypothetical
negotiation process, supported by the NSS. Except for the initial “independent
subjective input” regarding the ranks of the parties’ negotiation objectives (provided
by two particular candidates from the exercise with real actors (ERA), all other
subjective considerations of the negotiators as of individual decision makers, are
performed by the researcher. Our argument is that the way the “negotiations” were
“conducted” in this exercise is only one of many, yet indicates how a real negotiation
process might proceed, given the same initial conditions (the same “independent
subjective input”). Furthermore, the conclusions drawn from this exercise are not
affected by the specific “subjective considerations” and “subjective preference

systems” of the researcher, nor by the direction the simulated negotiation process took.

The basic advantage of the exercise with simulated actors over the exercises with
human actors is in the case study which can be complex enough to show (emphasize)
the potential of the components of the NSS (simulations with real actors, at least in

hour case, could have not been performed on such complex case study).
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5.5 Summary

In this Chapter, the results of the empirical evaluation of The Negotiation Support
System were presented. The NSS was evaluated through a series of simulated
negotiation exercises with real actors, and by an explanatory exercise in which the
subjective judgments of the negotiation parties were simulated.

The experimental evaluation was aimed at testing the six basic propositions (given in
5.1) regarding the contribution of the NSS to the quality of interaction between the
negotiating parties and the quality of the final negotiation outcome.

Because of the difficulties explained in 5.3.7, the proposition on contribution of the
NSS to creativity of the parties in searching for new alternative solutions was difficult
to test by exercises with real actors (ERA). However, the explanatory exercise (ESA)
demonstrated how the components of the NSS could be used to enlarge the set of
considered alternatives: a party can use the WAS model to project a simple bargaining
proposition (for example a 40-60 percent allocation of the disputed resource) into a
number of alternatives for consideration within his individual consequence space. He
can also range these alternatives according to their “goodness”, by analyzing his
system of preferences by the individual decision support tool (the AHP model). This
way, from a single alternative, which can be either “acceptable” or “unacceptable”, a

party can create a set of differently valued alternatives.

Also, the NSS provides the assistance to the parties in creating new propositions, both
individually and jointly. By breaking the water allocation problem into a number of
individual negotiation objectives, and by knowing the relative importance of each
objective, a party has a basis to analyze (again, by WAS) and propose alternative
solutions which contribute to his most important objectives. We believe that the most
beneficial way to use the NSS, is negotiation “around” the WAS model in which, the
parties actually bargain over various details of regional water allocation scenarios.

This way, the negotiation over one issue - allocation of the disputed water resource,
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becomes the negotiation over a set of issues which constitute a regional water

allocation scenario.

Only simulations with real actors are appropriate for testing the effect of the NSS on
the extent to which the parties exchange information and negotiate in a cooperative
manner. However, in ERA we conducted, the participants were trained mediators,
already inclined to search for solutions which benefit all involved parties. According
to their subjective opinion, they all, without any difference between those who used
the NSS and those who did not, freely shared information and negotiated in a
cooperative manner. We believe that in simulations conducted even with the same
participants, but in more appropriate conditions (longer duration, proper training of
the participants to use the NSS), the effect of the NSS on the level of cooperation and

information exchange would be more obvious.

Examples of opportunities for cooperation were demonstrated in the explanatory
exercise (ESA).

Contribution of the NSS to the parties’ clarity regarding their individual preference
systems is shown in simulations with mediators. The participants who negotiated with
the NSS had a clear picture regarding the set, as well as the relative importance of
their negotiation objectives, while those who negotiated without the NSS, did not

have.

Dynamic changes in individual preference systems were not proven in simulations
with real actors. We believe the reason for that is first, the lack of time, and second,
the fact that the NSS used in the simulations did not include the protocol of
interaction, which prescribes an iterative manner of negotiation. In the explanatory
exercise (ESA), the iterative manner of negotiation was applied and a possible

scenario of dynamic changes in individual preference systems was demonstrated.

Contribution of the NSS to the economic efficiency of the negotiation outcome was

observed in simulations with mediators: in each of the three pairs who negotiated with
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the WAS model, while in only one pair of those who negotiated without it, both
parties improved their individual net economic benefit by the final negotiation
outcome. However, since the total number of pairs is too small (only six), the ERA
simulations cannot provide a basis for the analysis of these differences in terms of
statistical significance. The explanatory exercise (ESA), shows the way the NSS can
assist in searching for solutions which improve the economic efficiency, provided that
at least one party considers the economic efficiency an important negotiation
objective. Basis for the assumption that economic considerations can be important and
represent an attractive way of enlarging the “cake”, was elicited from the simulation
with real actors: in both series of ERA simulations (with the students and the
mediators), economic considerations were present in most individual sets of

objectives and, in majority of cases, were included in the final negotiation outcome.
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Chapter 6

Summary, conclusions and suggestions for

further studies

6.1 Summary

The objective of this research has been to develop and test a Negotiation Support
System (NSS) for aiding neighboring countries in negotiations over the disputed
allocation of a shared water resource that is used to its full potential. The negotiation
centers on allocating the scarce resource between the two parties, and takes into
consideration all objectives of each party that are affected by the allocation. The NSS
can, in fact, be used by two districts within one country, but the assumption is that
there is no supreme authority above the negotiating parties that can impose upon them
rules of conduct, let alone a specific solution to the allocation issue, and therefore they
have to settle matters between them. Furthermore, there is an underlying assumption
that the relations between the two countries are not cooperative, that communication
between them is poor to begin with, and therefore the NSS should help in overcoming
these difficulties and still strive to reach a mutually satisfactory solution to the

allocation issue.

The main features of the negotiation process and the corresponding elements of the

NSS developed in this study are:

1. Negotiation is modeled as an iterative process. Each iteration contains an

evaluation of objectives and options that is conducted separately by each party,
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and joint evaluation by both parties of solutions proposed for the allocation
problem.

At each iteration, each party re-evaluates its own objectives (such as supply
reliability, support of its agricultural sector, environmental concerns, relations
with its neighbors, international reputation, etc.) and their relative importance.
This is done in view of information, reference alternative and other negotiation
conditions that have been generated during previous iterations (relationship, level
of trust). The updated utility function is used in evaluating further alternative
solutions. Creation of the utility function is performed with the Analytic Hierarchy
Process (AHP, Saaty 1980); components and weights are allowed to change

between iterations.

At each iteration, each party uses its "countrified" version of the Water Allocation
System (WAS, Fisher et al. 2002 and 2005) to determine the optimal utilization of
its allocation from the shared source and all its other sources, so as to maximize
total net benefit within its territory. The optimization is run under a set of
constraints that reflect hydrological, physical, legal, administrative, and any other
conditions resulting from the negotiation process to this point. Maximum net

economic benefit constitutes one (but only one) of the party's objectives.

At each iteration, the parties get together to interact, to create and examine jointly
new proposed solutions, as mapped in the space of their joint utility functions.
They seek to move towards joint improvement of their utilities, towards the
current Pareto frontier (whose location is in fact not known), and move beyond it
(thereby actually creating a new, again not known, Pareto frontier) by redefining
and refining their utilities and constraints. This step uses the Nash approach to
propose a best compromise solution, and is also designed to expand the domain of

admissible solutions in utility space.

This evaluation can be aided by joint use of the WAS model, which is in that case

run in a "regional” version, covering the territory of both parties.

While the allocation is modified from one iteration to the next, the party receiving
more water can offer the other a "side payment”, i.e., a financial compensation of
some magnitude, which the parties can evaluate in view of the loss of net
economic benefit that accrues to the party giving up some water and the economic
gain to the other.
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7. The entire negotiation process is governed by a "protocol of interaction™ between
the parties, that is designed to allow them discrete separate (private) evaluations

and joint (public) ones.

8. The negotiation process ends when the parties cannot find (design) a solution
better (at least from perspective of one of them) from the one selected as the best

in the last iteration (breaking off the negotiations is one of the possible outcomes).

The NSS was evaluated in a series of simulated negotiation exercises with two groups
of real actors (students and professional mediators), and by an explanatory exercise in
which the subjective judgments of the negotiation parties were simulated. The results
showed that economic considerations can represent an attractive means for "enlarging
the pie” in negotiations over the allocation of water resources. The individual decision
support provided by the AHP algorithm assisted the parties in structuring and
weighing their preferences with respect to the negotiation problem. The WAS model
and the other NSS components were shown to have the potential to improve the
communication and information exchange between the parties, as well as their

creativity in searching for alternative negotiation solutions.

6.2 Conclusions

Our NSS applies efficiency, symmetry, and equity as criteria for the negotiation
process and for selection of “the best negotiated” alternative. It differs from other
models (like CRSS of Rajasekaram, et al., 2002, Shared Vision Modeling of Palmer et
al., 1993 and OASIS, HydroLogics, Inc.) in several aspects:

a. The NSS does not require mutual agreement on the issues to be negotiated: each
party structures the overall water allocation problem in its own individual set of

issues and goals, independently of the other party.

b. The NSS requires a detailed examination and specification of each party’s own

individual objectives and preference structure.

c. The NSS prescribes an iterative manner of interaction, so that in each iteration the
parties can evaluate their preference systems from a new and current perspective.
In this way, the NSS provides the opportunity to the parties to gradually change
their attitudes regarding the water allocation problem, and consider solutions that
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they were unaware of or were not ready to consider at the beginning of the
negotiations.

d. The NSS offers the parties a means for joint selection of a single (“the best”)
negotiation solution, from a set of alternatives (using the Nash solution).

6.3 Suggestions for further studies

A noted deficiency of this study is that the simulations were only partially successful.
This was due to the logistic difficulty in getting participants to spend the length of
time that would be required to comprehend fully the NSS and the use of its tools, and
to conduct a sufficiently long sequence of iterations that would demonstrate its value

in improving the negotiation process as well as the negotiation outcome/solution.

We expended much effort in extracting meaningful results from the simulation that
we managed to conduct, and resorted to a self-driven set of simulations to

complement what could be obtained from simulations with real actors.

Hence we suggest further simulated experiments, to build a body of results that
provides more reliable conclusions regarding the validity and value of the NSS. This
could possibly be done via the internet (ICONShet, http://www/icns.umd.edu). The
teams can be located in different countries and come from different backgrounds and
belief systems. Internet communication will allow a lengthy (weeks, months) process
of iterative communication, as prescribed by our NSS. It would provide a better data
base for evaluating the NSS. Furthermore, experience gained in the simulations could
lead to modifications in the NSS, to increase its efficacy as a support for negotiation

of scarce resources.

Another possibility is to expand the perspective to include water quality, in addition to
water quantity. The importance of water quality in international water relations is
increasingly emerging as a critical issue, yet international water law is even vaguer
about quality than about quantity (Shmueli and Shamir, 2001). The optimal allocation
model would then have to be expanded to include water quality, in the sources and the

supplies.
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Figure 1. The Map of the Region
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APPENDIX 5.111:
DATA AND THE RESULTS OF THE WAS RUNS FOR THE
EXERCISE WITH SIMULATED ACTORS

Available sources of water in the region with average annual replenishments:

1. The Northern Source (650 mcm);
2. The Coastal Aquifer (370 mcm);
3. The Aquifer (disputed, 630 mcm)
4. The Southern Source (55 mcm).

Table 5.111.1:Physically feasible water production within the districts,
from the available sources

Districts Sources of water
Batia North The Northern Source
Center West The Coastal Aquifer, The Aquifer (disputed)
Center East The Aquifer (disputed)
South The Southern Source
Alfa The Coastal
District The Coastal Aquifer
WB - West The Aquifer (disputed)
WB - East The Aquifer (disputed)

Table 5.111.2: Current water consumption in Alfa

Water demand sector (water consumption in mcm/year)
Districts in Alfa ["Urban sector Industry Agriculture Total
The Coastal
District 38 3 70 111
WB West 20 1 18 39
WB East 16 1 52 69
Total 74 5 140 220

Table 5.111.3: Future demand for water in Alfa

Water demand sector (demand in mcm/year)
Districts in Batia | Urban sector | Industry Agriculture Total
North 38 3 88 129
Center - West 20 1 23 44
Center - East 16 1 65 82
Total 74 5 176 255

Table 5.111.4: Current water consumption in Batia

Water demand sector (demand in mcm/year)
Districts in Batia [ Urban sector | Industry Agriculture Total
North 90 18 507 615
Central West 290 60 384 734
Central East 115 24 219 358
South 42 6 143 191
Total 537 108 1253 1898
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Table 5.111.5: Minimum required supply of water in Batia

Water demand sector (supply in mcm/year)

Districts in Batia [ Urban sector | Industry Agriculture Total
North 90 18 240 348
Central West 290 60 190 540
Central East 115 24 100 239
South 42 6 70 118
Total 537 108 600 1245

Table 5.111.6 Alfa — Domestic Scenarios

Conveyance
between the Results (WAS)*
Domestic scenario Coastal and Qtot | Qdes | Qagr | Vtot | Qexcs
(water policy) WBW districts | Scen. | mecm | mem | mem | m$ | mcm
‘40-60° (20 percent of the Aquifer for Alfa)
Prices fixed at No connection 1 219 21 140 175 123
(0.65, 0.65, 0.15)? With connection 2 219 0 140 193 123
No connection 3 215 0 122 194 127
Free price policy With connection 4 243 0 146 197 99
Agriculture subsidized by 0.03 | No connection 5 237 0 145 198 105
$/mc (free-price policy) With connection 6 273 0 176 201 69
No connection 79 274 39 184 161 106
Future deamand satisfied With connection 8 281 0 184 195 60
20-80’ (20 percent of the Aquifer for Alfa)
Prices fixed at No connection 1 219 21 140 175 17
(0.65, 0.65, 0.15)? With connection 2 219 3 140 193 0
No connection 3 215 0 122 194 0
Free price policy With connection 4 216 0 123 196 0

Subsidy or assuring future demands are not relevant, since all the available resources are used, and the
additional quantities of water could be provided only by the expensive desalination.

! Qtot = total annual water supply; Qdes = quantity of desalinated seawater; Qagr = total annual

supply to agriculture; Vtot = total annual net benefit from water use; Qexcs = quantity of the

Aquifer’s water, not used; mcm = million cubic meters; m$ = million dollar.

2 “Fixed price” policy with prices charged to urban, industrial, and agricultural consumers fixed to
0.65, 0.65, and 0.15 $/m°, respectively.
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Table 5.111.7 Batia - Domestic Scenarios

Supply from
the disputed Results (WAS)*
Domestic scenario Aquifer to the Qtot | Qdes | Qagr | Vtot
(water policy) Center West Scen. | mcm | mem | mem | m$
‘40-60” (60 percent of the Aquifer for Batia)
Prices fixed at Limited 1 1879 516 1234 | 1619
(1,1,0.17)° Not limited 2 1879 | 516 | 1234 | 1619
Limited 3 1416 53 718 1904
Free price policy Not limited 4 1363 0 691 1939
Supply to each consumer equal | Limited 5 1245 0 600 1834
to minimum demand Not limited 6 1245 0 600 1880
‘20-80’ (80 percent of the Aquifer for Batia)
Prices fixed at Limited 1 1879 391 1234 | 1737
(1,1,0.17)° Not limited 2 1879 | 390 | 1234 | 1746
Limited 3 1542 53 800 1928
Free price policy Not limited 4 1489 0 783 2040
Supply to each consumer equal | Limited 5 1245 0 600 1834
to minimum demand Not limited 6 1245 0 600 1948

! Qtot = total annual water supply; Qdes = quantity of desalinated seawater; Qagr = total annual
supply to agriculture; Vtot = total annual net benefit from water use; mcm = million cubic

meters; m$ = million dollar.

2 “Fixed price” policy with prices charged to urban, industrial, and agricultural consumers fixed
to 1,1, and 0.17 $/m®, respectively.

Table 5.111.8 Batia — trade in water

Quantity | Supply from
Domestic scenario | of water the disputed Results (WAS)*
(water policy) earned by | Aquifer to the Qtot | Qdes | Qagr | Vtot
trade Center West Scen. | mem | mem | mem | m$
(mcm)
‘40-60’ (60 percent of the Aquifer for Batia) with water trade
Limited 1 1879 | 447 | 1234 | 1694
60 Not limited 2 1879 | 447 | 1234 | 1694
Prices fixed at Limited 3 1879 | 389 1234 | 1745
(1,1,017)° 127 | Not limited 4 | 1879 | 391 | 1234 | 1737
Limited 1 1485 53 763 1921
60 Not limited 2 1432 0 740 1997
Limited 3 1543 53 813 1928
Free price policy 127 Not limited 4 1490 0 796 | 2041
Limited 5 1245 0 600 1834
Supply to each 60 Not limited 6 1245 0 600 1918
consumer equal to Limited 5 1245 0 600 1834
minimum demand 127 Not limited 6 1245 0 600 | 1948

! Qtot = total annual water supply; Qdes = quantity of desalinated seawater; Qagr = total annual
supply to agriculture; Vtot = total annual net benefit from water use (does not include the
payment as the result of the trade in water; mecm = million cubic meters; m$ = million dollar.

2 “Fixed price” policy with prices charged to urban, industrial, and agricultural consumers fixed
to 1,1, and 0.17 $/m®, respectively.
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Table 5.111.9 Alfa — regional alternatives

Results (WAS)*
Regional Qtot Qdes Qagr Vtot
alternative mcm mcm Mcm m$
1 262 39 176 162
2 264 0 176 195
3 258 39 176 161
4 259 0 176 194

! Qtot = total annual water supply; Qdes = quantity of desalinated seawater; Qagr = total annual
supply to agriculture; Vtot = total annual net benefit from water use (does not include the
payment as the result of the trade in water; mcm = million cubic meters; m$ = million dollar.

Table 5.111.10 Batia — regional alternatives

Results (WAS)*
Regional Qtot Qdes Qagr Vtot
alternative mcm mcm Mcm m$
1 1535 53 797 1927
2 1494 53 768 1922
3 1695 210 987 1904
4 1688 242 988 1893

! Qtot = total annual water supply; Qdes = quantity of desalinated seawater; Qagr = total annual
supply to agriculture; Vtot = total annual net benefit from water use (does not include the
payment as the result of the trade in water; mcm = million cubic meters; m$ = million dollar.

Table 5.111.11 Alfa — ‘“Mutual dependency’ alternative

Results (WAS)
Regional Qtot Qdes | Qagr Vtot
alternative mcm mcm Mcm m$
Mutual 255 0 176 194
dependency

Table 5.111.12 Batia — “Mutual dependency’ alternative

Results (WAS)

Regional Qtot Qdes | Qagr Viot
alternative mcm mcm Mcm m$

Mutual 1583 133 | 925 | 1944
dependency
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