European
Geosciences Union
General Assembly 2015

Vienna / Austria/ 12-17 April 2015

Disciplinary Session:
Hydrological Sciences

HS7.6

Using Models for Decision
Support and Long Term
Planning under Climate and
Environmental Uncertainty




UNIVERSITY OF PATRAS

al Department of Civil Engineering

O

Evaluation of decision making and negotiation
processes under uncertainties regarding
the water management of Peiros-Parapeiros Dam
in Achaia Region (Greece)

M.V. Podimata & P.C. Yannopoulos



Presenter
Presentation Notes
Good evening Ladies and Gentlemen,
My name is Panayotis Yannopoulos and I am going to present you instead of Mrs Podimata (who unexpectedly could not travel to Vienna), the following presentation with the title :Evaluation of decision making and negotiation processes under uncertainties regarding the water management of Peiros – Parapeiros Dam in Achaia Region (Greece).
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Decision-making in water management

Why it remains a challenging task?
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increasing
complexity/severity
of environmental
problems

growing conflicts in solutions may
the exploitation of be good/bad
water resources but never true/false

< An interdisciplinary research approach is required
|

in order to find a joint, fair and wise agreement among water users
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Let’s start by questioning why decision making in water management remains a challenging task. The increasing complexity of
environmental decision problems (especially now, that we face climate change), the growing number of subjects involved and keen competition between conflicting interests make decisions and decision support difficult. Decision support systems have been developed since the 1970s to help tackle semi-structured
and unstructured decision problems. However, in the majority of cases solution may be good/bad but never true/false. For that reason, the development of decision support systems (DSS) requires an interdisciplinary research approach and involves disciplines such as computer science, decision theory, statistics, knowledge engineering, and organizational science.


Key Concepts

O

Interactive computerized systems
providing assistance in understanding
semi-structured or unstructured
problems and increasing the

(DSS) effectiveness of déecision-making
/

Decision
Support
Systems

Q
(o)
Yy

A set of techniques to model and analyze
strategic conflicts among agents, Conflict
to predict interaction patterns and Analysis
to indentify potential states (CA)
for conflict resolution
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Here you can see the two basic key concepts of our analysis: Decision Support Systems and Conflict Analysis. We tried to focus on the intersection between these two concepts via the concept of Game Theory. In other words, Decision Making in the presence of Competitive Agents is the thematic area of Game Theory, as a scientific discipline.


Contribution of DSS and CA

3

1. Answering What-if Questions
2. Assessing Potential Outcomes

3. Aiding Negotiations
4. Evaluating and Limiting Risk

Provide the
decision-makers
with an insightful
strategic advice
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Why we used this intersection? Actually, we tried to take advantage of the basic contribution of Decision Support Systems and Conflict analysis in order to provide the decision makers with an insightful strategic advice.


Graph Model for Conflict Resolution

G M
C R

A flexible and comprehensive Original formulation: Kilgour et al. (1987)
Decision Support System Full representation:  Fanget al. (1993)
based on conflict analysis —

techniques for deeper ngégi:fbo
understanding of strategic
aspects of conflict games
and envisioning possible

pathways for optimal Wide range of applications
decision making including water resources management
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To assist decision makers in handling water disputes and execute negotiations, a conceptual tool is required. The Graph Model for Conflict Resolution is a Decision Support flexible tool for negotiation support regarding water conflicts. It includes efficient algorithms for estimating strategic moves of water stakeholders, even though there is
a lack of detail concerning their real motives and prospects. It calculates the stability of their states and encourages what-if analyses. It was developed in University of Waterloo in Canada by the research team of Hipel, Kilgour and Fang and has found wide range of applications worldwide.



Basic components

Set of Decision-Makers

U

.Set of States

[ set of directed graphs depicting
available moves among states

User interface
programmed in C++

o

Basic Structure

Input data

Output data

Real - world Conflict

\ 4

v

\ 4

Decision Makers

v

\ 4

Options

A\ 4

Feasible States

A 4

A\ 4

Allowable State
Transitions

A 4

A\ 4

Relative Preferences

v

A\ 4

Individual Stabilities

v

\ 4

Equilibria

v

Interpretation and
Sensitivity Analyses

v

Information to Assist
Decision Makers

Modeling

Analysis
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In this slight you can see the basin components of GMCR II . Actually GMCR II represents a conflict as a movement from state to state (the vertices of a graph) via transitions (the arcs of the graph) controlled by the decision makes. The architecture of that model is depicted on the right column. You can see that it comprises: 1) a modeling subsystem, 2) an analysis engine and 3) an output interpretation subsystem. The modeling subsystem receives user input via the user interface.


Dialog Box

Fie Edit View Confict Modelling Analysis Interpretation  Window Help
D|d| :|n8 &2 Enter a list of options of which at least one must be selected.
Systam Guide | Decieon Makers and Options || Feasiis States | Alowsble Transtions | Sate Ranking | Indvidual Stabity | Equlibra | Status Quo Analysis |

? Current Conflict Model I Enter a list of logical option combinations describing infeasibilities.
i | | [Fomoms
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--DMB
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= EDMC:DECISEDN MAKER C© 4 RS? L. 5.RP
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Enter lexicographic statements in order of priority.

: I[None] LH
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I
Cancel
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Here you can see some of the dialog box of the GMCR Software package


Dialog Box

File Edit View Confict Modelling Analysis Interpretation Window Help C R
D|@|@ %0 &2

System Guide ] Decision Makers and Options Feasible States |Allnwable Transitions ] State Ranking | Individual Stability | Equilibria ] Status Quo Analysis |

Thers e nical [ festle e A state is stable for a DM if it is
not advantageous for the DM to

| DMs [ options KIS unilaterally move away from it
LDL{A 1. OP1 Y

2. 0P2

B ™" >l A solution concept is a mathematical
g o - description of how a DM may behave
Ready in a dispute
3
File Edit View Confict Modelling Analysis Interpretation Window Help

D|@|U| ‘ ‘ | él ?l Solution Concepts

System Guide | Decision Makers and Options I Feasible States | Alowable Transtions } State Ranking I Individual Stabilty ~Equilibria I Status Quo Analysis I Solution Stability Descriptiors UiEEE s
Concepts 4 p Knowledge of Strategic
[~ Sort according to the preferences of the focal DM: [DM A [~ Coaltion Stability Extract Commonalities

Preferences Risk
Nash Stability DM cannot unilaterally move Low Newer Own Ignores risk
Opti to a more preferred state.
ptions General All of the focal DM’s unilateral Medium By Opponent Oown Avoids risk;
&5 DM A OP1 T Metrationality  improvements are sanctioned by conservative

Foresight ~ Disimprovement

subsequent unilateral moves by
others.
Symmetric All focal DM’s unilateral Medium By Opponent Avoids risks;
Metarationality improvements are still sanctioned conservative
even after possible responses by the
focal DM.
Sequential All of the focal DM’s unilateral Medium Takes some
Stability improvements are sanctioned by risks;
subsequent unilateral improvements strategizes.
by otters.
Limited-move  All DMs are assumed to act Variable Strategic Accepts risk;
Stability (L)  optimally and a maximum number of strategizes
state transitions £) is specified.
GMR Nonmyopic Limiting case of limited move High Strategic Accepts risk;
SMR Stability stability as the maximum number of strategizes
state transitions increases to infinity.
SEQ

NM

T Determines how DMs respond with
respect to a given solution concept

&D_\:[B
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Since the user completed some previous steps for removing infeasible states, recording allowable transitions and recording decision makers’ preferences, the graph model generates the feasible states of the conflict. The concept of feasible and stable state is different. A state may be feasible but not stable. GMCR II investigates the stable states by using basic algorithmic analysis that is briefly described in the Table. GMCR II determines how Decision makers respond with respect to a given solution concept (ie Decision maker who thinks according to Nash stability ignores strategic risk. On the contrary, a Decision maker who follows non-myopic stability accepts strategic risk.


| Location: Peiros-
Peloponnisos

Catchment area

River length

Mean catchment
elevation

Mean annual
precipitation

Flow

Average Discharge
(outlet of the basin)

Maximum flow

Peninsula,

500 km?
33 km

463 m

986 mm
All the year
265 hm3/y

0.5 hm3/d
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Our analysis presents a case study of water decision makers’ evaluations concerning the management of the up-coming technical infrastructure “Peiros-Parapeiros Dam”, in Peloponissos Peninsula. Here you can see the Peiros- Parapeiros Basin and its basic characteristics.



Study Area

Patraikos Gulf

The dam’s construction is the solution of the water

supply problems in the of Patras, the industrial f
area of Patras and the settlements of NW Achaia A

# Industrial Area L

5

—— River network \,\
- Lake Asterion

Dam's watershed

Peiros - Parapeiros Basin ™ /, t :‘he o rred
) construction starte

Water supply area j ) i
in 2006 and is

7 Municipality of Patras . .
still ongoing
Municipality of Western Achaia

5 10 Kilometers

D]MunicipalityofErymanthos [ I R
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This is an other view of our study area. We have a dam under construction. A reservoir is going to be formed. The dam is going to serve the water supply needs of the area with the red outline. We have four main users: three municipalities and an industrial area. These different users have to decide how they are going to manage and operate the new reservoir.


Peiros — Parapeiros Dam

O

High storage dam on Parapeiros River . Low diversion dam on Peiros River

Location Asterion Location Valmadoura
Height 75 m Height 8 m

Crest length (width) 790 m (14m) Crest length 30 m

Area of artificial lake 210 ha

Capacity storage 40.000.000 m3 Water treatment plant

. Pipeline networks Capacity 400 L/s

Diversion pipeline from ,
' Valmadoura to Asterion Total construction budget

Bulk water transmission Budget 140,000,000 €

' to Patras 31.6km
Water supply network to

AP + MWA+ME+MP |
(periurban area) Year 2020 22,000,000 m3

Planned annual abstraction
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Here you can see some basic technical details of the dam.


O

Involved Parties

Municipality of Patras Diverse goals and
Municipality of W.Achaia preferences
Municipality of Erymanthos
Industrial area of Patras

Conflicts and
contradictions
regarding:

»the jurisdiction
and legal status
of the dam operator

r

»the undertaking of Luck of trust

cost operation
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Handling conflict situations/disputes over water issues and finding an acceptable joint solution remain a thorny issue in water negotiation processes, since finding a formula for wise, fair and sustainable management of a water resource is a complex process that includes environmental, economic, technical, socio-political criteria and their uncertainties.
There are conflicts and contradictions regarding the jurisdiction and legal status of the dam operator and the cost undertaking of the dam operation.




O

Decision Makers Options

SC1: Only 3 Municipalities
SC2: 3 Municipalities + IAP

SC3: Only PM
Patras Municipality (PM) e SC4>SC1>SC3> SC2> SC5

SC4: State
WAM

W.Achaia Municipality (WAM) SC5: Public limited e SC1> SC2> SC5> SC4> SC3

M
Erymanthos Municipality (EM) e SC1> SC2> SC4> SC5> SC3

IAP
Industrial area of Patras (IAP) e SC2> SC5>SC4> SC3> SC1
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We analyzed the positions of all 4 parties involved in the consultation process under 5 different options (Scenarios) and different preference ranking and examined possible conflict resolution states, by using GMCR II.


GM Conflict model

Each option can be
selected (Y) or not taken (N)

PEIROS-PARAPEIRDS DAM
= ﬁg PM ; PATRAS MUNICIPALITY
1. E1 : ONLY MUNICIPALITIES
‘ 2. E2 : MUNICIPALITIES +BIPE
3.E3: ONLY PM
4.E4; STATE

’ 5.E5:PLC

= E-_‘ EM : ERYMANTHOS MUNICIPALITY

‘ 6. E1: ONLY MUNICIPALITIES

‘ 7. E2 : MUNICIPALITIES +BIPE

’ 8.E3: ONLY PM

4.E4: STATE
‘ 5.E5: PLC
= EE EM : ERYMANTHOS MUNICIPALITY

‘ B. E1: ONLY MUNICIPALITIES

§ SN] In practice, states that cannot occur
- R o amony (infeasible) should be omitted

‘ 11 ET 1 ONLY MUNICIPALITIES
’ 12, E2 : MUNICIPALITIES+BIPE

13.E3: ONLY PM

‘ 14 E4: STATE
’ 15.E5: PLC

E RE BIPE : INDUSTRIAL AREA OF PATRAS

After removing the infeasible ones,

16. E1 - ONLY MUNICIPALITIES

17. E2 : MINICIPALITIES+BIPE
‘ Bounded
’ 18, E3: ONLY PM Feasl‘ble

g Reglon 26 feasible states remain
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Once decision makers and options of action are identified, GMCR II estimates possible states. Although there are 2m  mathematically possible states, only a portion of them may be feasible in practice due to various constraints. In our case we have 4 decision makers and 5 options for each decision maker. So, we have 220 = 1 million possible states. After applying some logic constraints (by using Boolean Algebra), the feasible states are only 26. Isn’t that amazing?!!!!!!


Conflict stablllty analysis

et ser ot g s mepemer i o A state is stable (and constitutes an

D& a7
System Gide | Decision Makers and Options | Feasble States | Alowable Transtions | State Ranking | Individual Stabity Eauilbria | Status Guo Analysis | e q u I I I b rl u m ) If a d e C I S I O n m a ke r h a S

”'iﬁ 7 Costen Satky sl ho incentive to move unilaterally to
another state.

‘1131
.,2132

3.E3

4. E4

Based on the ranking of states,
GMCR Il analyzes the stability of
each state.

5.E5
6_El
7.E2
8.E3
9. E4
10. ES

11. El1

States 2, 8, 20, 24, 25 & 26
constitute strong equilibria
i.e. satisfy all stability concepts.

12.E2

13_E3

14 E4

15.ES

16. El

17.E2

18 E3

State 26 constitutes coalition states
for SC5.

19_E4

20. E5
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Add Custom Type
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subset of two or more DMs.
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As I said before, a state is stable if a decision maker has no incentive to move unilaterally to another state. GMCR II calculates that stability and finds equilibria. When GMCR II calculates stability results, it associates each state with its each decision makers preferences. In our case we have 6 equilibria that satisfy all solution concepts. That means that they are strong equilibria. Notice that state 26 constitutes coalition. State 2 shows that the 3 decision makers will agree that the operation of the dam should be managed by the 3 municipalities. State 26 shows that a public  limited company has to operate the dam. The other states show no coalition.


GMCR Il disadvantages

The simplicity Questions involving allocation in a
continuum are awkward in a graph
model.

There are difficulties in incorporating
clues into a graph model. Strong
reliance to user’s judgment.

The main objective is stability
ain objective identification, rather than the evolution
/ of negotiations (reaching agreement).

Consideration GMCR Il does not take into account the
f negotiators’ power of parties (which is often used,
power in practice, during negotiations).
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GMCR II is a flexible decision support tool. However, it has some drawbacks. We focused on its last one which refers to the power of decision makers that is not taken into account by the model. In practice, we know that during negotiations the concept of power is a very important factor.


Evolutionary Model for
Multilateral Negotiations (EMMN)

A flexible Decision Support | Original formulation: Sheikhmohammady (2009)
System, based on conflict

analysis techniques, aiming at University of
identifying the most likely waterloo

outcome of a negotiation w
I XN
process by taking into account @

the power of negotiators as a

determining factor in the final First application: Negotiations over the
resolution legal status of the Caspian Sea
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For that reason, we used the Evolutionary model for Multilateral Negotiations as a tool, in order to minimize uncertainty about the simulation process of the conflict. It was developed again by the Conflict Analysis Group of the University of Waterloo, but so far it has a few applications. We used this new model in our case study in order to simulate strategic interactions among the three municipalities and the industrial area of Patras.


Basic components

| Set of Decision-Makers

[set of Alternative Agreements

[ set of states

.Set of possible movements
(fuzzy analysis)

m Basic Structure

> Real —world Conflict

v

Decision Makers

A 4

i

\ 4

> Alternatives

\ 4

Input data
\

A 4

Preferences

A4

Coalition weights
and feasibilities

A4

Movement Types

A 4

User interface

A4

Movements Likelihood

programmed in Microsoft Visual Basic

A4

Output data

States stability

\ 4

Outcome prediction

Modeling

Sl

Analysis
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This newly developed methodology, EMMN,  follows the basic concepts of Conflict Analysis, as GMCR II does. However, EMMN focus in alternative agreements, estimations coalition feasibilities according to the weight power of the decision makers and uses fuzzy criteria for the examination of possible movements. On the right column, you can observe the user interface of EMMN. We applied that model because it makes more realistic predictions of the eventual operational status of Peiros-Parapeiros Dam.


Movement Likelihood of movements

reasons (fuzzy criteria)
Preferential Improvement (Pl) (a;,.C)—>(a.C) . %2 ieC PI—L1={(1) H(aét)r:efxike)ﬂ IS
e Move to a more preferred {PI-L}={P1 -L1}+{P1 - L2} PI-L2= (1) (::hﬁl;je

alternative
(@,,¢)>(a.C’) , CcC' , aacceptableforall ie(C'-C)

Agglomeration (AG) A Ll_{l if (a,,C")is feasible
: S 0 otherwise (AG - L}={AG - L1} + {AG - L2}

e Join a coalition since new state AG—LZ—{l if P(a,)=1,forvieC'-C

is acceptable to all DMs 0 otherwise

. . (a.D) , C=D,CND , a, >a,and(a,D)isfeasibleforall i e D
Disloyalty (DL) 1 if (a,,C)isinfeasible

otherwise
o DL—L}={DL—L1}+{DL-L2

e Move from a coalition to other DL—LZ—{l if P(a,)< Acc, |, for Vie D { =1 f+ j

coalition more preferred 0 otherwise

(@,,¢)>(@,D) , C=D,CND , a <a,,(a;C)isfeasibleand (a,D)is feasible

Strategic Disimprovement (SD)

1 if P(a )< Acc, ,forvieCND
SD-Li= otherwise
. . pa— Wi

e Move from infeasible coalition . S .
. SD_ L2 -1 JieCND ..a,isiniquely worst fori

to alle-ss preferable but feasible =10 otherwise

coalition o131 if P(a )=1forvieD-C

=0 otherwise {SD-L}={SD-L1}+{SD-L2}+{SD-L3}
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In order to identify the potential agreements and specify their likelihoods, the model examines the states according to specific preference rankings. An agreement can be implemented if only and if the supporting coalition is strong enough. The weight of each decision maker in the negotiations reflects partly the feasibility of the state. You can see here some basic algorithms of the model, used to determine the stable and the unstable states. Fuzziness in our criteria measures the likelihood of moves. We have three fuzzy categories: Possible, Likely and Very Likely.


Decision Makers Options

SC1: Only 3 Municipalities
SC2: 3 Municipalities + IAP

SC3: Only PM M
Patras Municipality (PM) e SC4>SC1>5C3> SC2> SC5

SC4: State
WAM

W.Achaia Municipality (WAM) SC5: Public limited e SC1> SC2> SC5> SC4> SC3

M
Erymanthos Municipality (EM) e SC1> SC2> SC4> SC5> SC3

IAP
Industrial area of Patras (IAP) e SC2> SC5>SC4> SC3> SC1
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We applied EMMN by using the same parameters and constants with GMCR II.


Methodology Application

Data Envelopment Analysis (DEA) Criteria inputs:
(a MCDA model) 1. Population served by dam’s operation
2. Territorial jurisdiction of the dam and

of the watershed

Water release rate

Coverage rate of water supply needs
Administrative capacity and other
administrative characteristics

Criteria scaling:

1. Linear (analogue)

2. Logarithmic (strengthens weak DMs)
3. Power (weakens weak DMs)
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The most challenging step in our case study was the estimation of Decision Makers’ weights. The Data Envelopment Analysis method was applied to find the most favorable set of relative weights for each decision-makes. We used 5 criteria inputs of the decision makers which are depicted in the orange frame. These criteria were considered to be important determinants of the players’ capabilities. We scaled all criteria appropriately in order to compare the data in a fair manner. We used 1) linear scale, 2) log scale and 3) power scale.


Power Index Results & PCA

DM Linear LW Logarithmic LGW Power PW
Weight Rating weight Rating weight Rating
PM 68,53 2 64,57 2 73,45 2
WAM 49,12 3 42,38 3 67,16 3
EM 44,38 4 40,56 4 66,58 4
|AP 70,08 1 70,51 1 73,99 1
S Symbol | Criteria Detail
4 Population served by dam’s
06 1 - operation
PCA BT - Water release rate
27 Coverage rate of water supply
| E ' ' needs
05, 9 0.5 1
/3 ' o Territorial jurisdiction of the dam
=7 < Territorial jurisdiction of the
69 watershed
_ | Power scale
o8 Linear scale Administrative characteristics
-1- A LOG SCALE

Administrative capacity
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In the table, you can see the results of our analysis, by using simple linear programming techniques. It seams that power ranking does not follow different pattern in all cases.
After applying Principal Components Analysis, we found that the set of territorial criteria are highly correlated, in all cases. Principal Components Analysis revealed the internal structure of the data and showed that the first principal component for all cases is the population criterion, which is quite logical assumption.


Evolution of the conflict

Power Threshold = T> 218

PM

WAM
Coalition
EM
{PM,WAM,EM,IAP} Sl
IAP
72 ->5C2
DMs
74-> SC4 [

Coalitions
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Applying EMMN methodology, we had to examine 75 negotiation states,. Considering that only unanimous agreements are feasible, the power threshold for any alternative is > 218 (that represents the sum of Decision – Makers’ weights). This figure illustrates the possible moves from each state to another. Actually, it represents an adjacency graph. The  majority of arrows ends on states 72 and 74. Hence we interpret that this negotiation model predicts as most likely outcome the coalition about the joint operation of the dam by all users and the coalition about the exclusive state control of the dam. These results may differ from GMCR II. This happens because reaching agreement in GMCR II is not the essential goal. In GMCR II, options are actions that might be carried out by the Decision Makers, while in multilateral negotiations the decision makers do not carry only actions but also support a specific alternative as the outcome of negotiation. We believe that EMMN gives a more realistic approach. If negotiators use their power the final outcome is not the stable state the GMCR II calculates.


NOTES

CO nCIUS|On - - ®»Challenge:
_ satisfying all
NOTQS e o involved parties

@ 2 ® 4 regarding the
GMCR IT & EMMN management of a

”

®»Both examine possible
states during
hegotiations

Aore what=if
analyses are
needed o minimize
uncertainty

rFinding a joint
agreement remains

'] 0 \/ iz
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Concluding, we present you two decision support models. Through this research we tried to minimize uncertainty to a certain extent concerning the possible moves/decisions of involved parties regarding the  operation  and  management  of  the  dam  by  developing  and  simulating  potential  strategic  interactions  and multilateral negotiations and finding confidence-building cooperation schemes (cooperative arrangements) over water use and management.




The copyright for GMCR IT is -
owned by L. Fang, K.W. Hipel,
D.M. Kilgour, and X. Peng.
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We would like to thank the copyrighters of GMCR II that gave us this software package to use for our research.
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