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Abstract

The agent-based model represents the main actors involved in Water Service Delivery (WSD) in Kenya and Ghana. These actors are modelled in terms of a principal and an agent playing different games that reflect different social dilemmas. The payoffs of the various games are defined based on the transparency, accountability, participation and social cost of the relationships between the principal and the agent. The decisions of the bounded-rational actors take into account the expected payoff as well as social comparisons. The decisions adopted by the actors constitute different management practices. The model can be used as a Decision Support Tool showing the best payoffs according to different management practices.
The model is based on empirical research carried out by Transparency Intentional Kenya and Ghana Integrity Initiative.
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1. Purpose

The agent-based model (ABM) addresses the following research question: how is the performance of Water Service Delivery (WSD) affected by the relation between management practices and integrity in terms of transparency, accountability and participation? 
To address this question the ABM simulates games between the main actors involved in the WSD of Kenya and Ghana. These games define a specific social network for Kenya and Ghana. A game is defined by two actor’s relationship. Actors can cooperate or defect (decision) with the peer in order to maximize his payoff. Payoffs are derived from the transparency, accountability, participation and social cost levels identified for the respective transactions between the actors. The decisions of two actors playing a game define a management practice. Management practices are related to the different equilibriums of the social dilemmas identified by the game theory.

The modelled relation between transparency, accountability, participation and social cost and previously defined management practices makes it possible to explain the differences in WSD between Kenya and Ghana. Furthermore, it allows more general conclusions on the factors influencing WSD to be drawn. It can be used as a Decision Support System to show how the performance of the actors and the system evolve when transparency, accountability, participation and social cost change.
The agent-based model is based on both National Water Integrity Studies (NWIS) carried out by Transparency International Kenya (2011) and Ghana Integrity Initiative (2011) in their respective countries. The NWISs compiled information from different case studies in these two countries. In Kenya three case studies were carried out namely Old Town (Mombasa), Migosi (Kissumu) and Kangemi (Nairobi). In Ghana, two case studies were carried out in Nima and Madina (Accra). Consequently two different models are initialized: one for Ghana and one for Kenya.

2. Entities, state variables and scales
The actors relate to each other in games. A game represents a transaction between two actors: one actor playing as an agent that provides a service and the peer playing as a principal that receives the service. The agent receives a return from the principal for the service provided. Services and returns constitute the ‘payoff’ of the relationship.

The entities of the model are the main actors found in the case studies: the users, providers, regulator and government, coupled into pairs of principals and agents and each playing a game defined by the values of the payoff table. The actors can play in multiple games simultaneously. The state variables are the expected utility, payoff and decisions. The agents also have expectations of the principals’ behaviour and a learning capacity.
3. Process overview and scheduling
The processes that are executed for each round of the games are: 1) agent_decision, 2) principal_decision, 3) get_payoff and 4) update_expectation. 

In agent_decision, the agent re-iterates his previous decision if he has been better off than his peers have been on average. The assumption here is that the agent does not have full information of the consequences of acting differently and therefore evaluates his previous decision as ‘good enough’ as long as he is at least as well off as his peers in the network. If this is not the case, he tries to improve through taking a deliberate decision based on the maximization of the expected utility and his expectations of the principal’s behaviour. 

In principal_decision the principal maximizes his payoff based on his knowledge of the agent’s prior decision to cooperate or defect. 
During get_payoff, payoff values are assigned to the agent and the principal taking into consideration both’s decisions and according to the values of the payoff table. 
Finally in update_expectation, the agent’s expectation of the behaviour of the principal is updated based on the principal's decision. The agent’s expectation is influenced by the learning capacity of the agents.
4. Design concepts
Basic Principles: The model builds on the principal-agent theory (Huppert, 2005) where a principal and an agent relate to each other. The relation involves a transaction where the agent offers a service to the principal and the principal pays the agent in return. Under the principal-agent framework, the agent can hide information to the principal, failing ex-ante to provide the service. In his turn, the principal can neglect ex-post the return for the service provided. Finally, an external observer
 can verify and influence the transaction if sufficient information is accessible to him (Bellaubi & Visscher, 2010). Bellaubi & Visscher (2010) characterize transactions according to different levels of transparency, accountability and participation. A transaction sets up a game that is defined according to a payoff table whose values are derived from the transparency, accountability, participation and social cost levels. Different values of the payoff table determine different social dilemmas. In the game, to cooperate means to follow the rule of law, while to defect is equivalent to breaking the rule of law. According to the decision of the agent and principal to cooperate or defect, they each get a payoff representing the value of the service and the return respectively. This is shown in Table 1, where the first entry in each cell gives the payoff of the agent, with R being the reward of mutual cooperation, P being the payoff of mutual defection, T being the temptation to defect, and S being the ‘sucker’s’ payoff. The second entry in each cell gives the payoff for the principal, which is the same as that of the agent. The performance of the transaction is defined as the sum of both payoffs. The decisions of the coupled pairs (i.e. Cc, Dd, Cd or Dc) define different management practices. Ethical management is defined by mutual cooperation between the principal and agent both following the rule of law. Under opportunistic management, the principal and agent both decide to defect, breaking the rule of law. This can represent a ‘corrupted deal’, which may generate social gains for both actors (see below).  Situations in which one actor cooperates and one defects define a pragmatic management.
Table 1 Payoff table. C = agent cooperates, D = agent defects, c = principal cooperates, d = principal defects, where R = r, T = t, S = s, P = p
	
	Principal action

	Agent action
	C

 (following the rule of law)
	D

(breaking the rule of law)

	C

(following the rule of law)
	R, r
	S, t

	D

(breaking the rule of law)
	T, s
	P, p


According to the different values of R, r, T, t, S, s and P, p, we can define three possible games or social dilemmas with different equilibriums (Table 2) that match different management practices. 

Table 2 R, T, S and P values defining social dilemmas and equilibrium strategies and associated management practices according to the game theory
	Game

(social dilemma)
	Payoff

values
	Equilibrium strategy
	Management
 practice

	Prisoner’s Dilemma (PD)
	T > R > P > S
	Dd
	Opportunistic management

	Stag Hunt (SH) game
	R > T > P > S
	Cc

Dd
	Ethical management

Opportunistic management

	Snow Drift (SD) game
	T > R > S > P
	Cd, Dc
	Pragmatic management


The agent behaves boundedly rationally. The assumption here is that the agent does not have full information about the consequences of his actions and therefore evaluates his previous decision as ‘good enough’ as long as he is at least as well off as his peers in the network. If this is not the case, he tries to improve through taking a deliberate decision based on his expectations of the principal’s behaviour. 

Emergence. In the model, the different management practices emerge of the actors’ successive decisions to cooperate or defect with the peer. Management practices are imposed by the different values of transparency, accountability, participation and social cost. Social network does not seem to play a role in defining management practices. The performance of the system results from the different management practices.
Observation. The model output shows the decisions of all the players in all the games over time, accumulated payoff per management practice per game, and the payoff of each actor as well as the total performance of the system.  

Adaptation. The payoff of the principal is affected by the previous decision of the agent, and therefore the principal decides based on the previous decision of the agent. Afterwards the agent adapts his expectations of the principal’s behaviour as explained in the section ‘Learning’.
Objective. The objective of each actor is to maximize his payoff. According to Janssen (2008), we know from experimental research that people not only value material payoff, but also non-material consequences such as the improvement or deterioration of social relationships. In order to include such social costs or gains of the transaction, the payoffs defined in the payoff table include material payoffs as well as the social cost or gain, as explained in detail in the section ‘Submodels’.

Prediction. The agent predicts the behaviour of the principal when he is not better off than his peers are on average. This is explained in detail in the section ‘Submodels’.
Learning: The agent learns from the principal’s behaviour and builds up expectations of the principal’s future behaviour. The agent’s expectation of the principal’s behaviour is influenced by the learning capacity of the agent based on his previous experience.
Interaction. The principal and agent will take decisions to maximize their payoff. The payoffs of both depend on both’s decisions.
Scheduling. The games are played in a sequence (sequential game). This means that the agent moves first and takes a decision that is followed by the principal’s decision (e.g. first the agent delivers water and then the principal decides to pay the bill or not).
Stochasticity. The model is deterministic and the initial decisions of the actors are imposed. There is no influence by random numbers. 
Collectivities. Coupled pairs of principals and agents play simultaneously different games. Games can be changed when changing the values of R, T, S and P according to different accountability, participation and social cost values.
5. Initialization
The NWIS carried out in Kenya and Ghana provide the following inputs:

a) The transparency, accountability, participation and social cost/gain of the transactions between a principal and an agent. These values define the payoff matrix of services and returns. 

b) The structure of the social network, i.e., who plays which game with whom and in what role (what are the games, who is the agent and who is the principal).

c) The actor’s initial decisions as well as the learning capacity of the actors when playing as agents.

6. Input data
The values of, R, T, S and P are derived from the values of accountability, participation and social cost/gain in the case studies.
The initial decision of the principals and agents to cooperate (the actors follow the rule of law in the provision of the service) or defect (the actors break the rule of law in the expected return) as well as the learning capacity of the actors are also introduced manually according to the case studies.

7. Submodels
In agent_decision, the agent re-iterates his previous decision if he has been better off than his peers have been on average. The assumption here is that the agent does not have full information of the consequences of acting differently and therefore evaluates his previous decision as ‘good enough’ as long as he is at least as well off as his peers in the network. If this is not the case, he tries to improve through taking a deliberate decision based on the maximization of the expected utility (EU) and his expectations of the principal’s behaviour (EPC) as follows. 

EUagent (C) = EPC * R + (1 – EPC) * S 

and

EUagent (D) = EPC * T + (1 – EPC) * P

For EUagent (C) > EUagent (D), then agent C

For EUagent (C) ≤ EUagent (D), then agent D

In principal_decision the principal maximizes his payoff (EU) based on the knowledge of the agent’s prior decision to cooperate or defect. Therefore,

if at t, agent_decision = C

then EUprincipal (c) = r and EUprincipal (d) = s 

if at t, agent_decision =  D

then, EUprincipal (c) = t and EUprincipal (d) = p

For EUprincipal (c) > EUprincipal (d), then principal c

For EUprincipal (c) ≤ EUprincipal (d), then principal d
During get_payoff, payoff values are assigned to the agent and the principal taking into consideration both’s decisions and according to the values of the payoff table. 

The payoffs defined in the payoff table include the material payoff as well as the social cost or gain, as explained in detail in the following (see Table 3): 

R is the service offered by the agent or the return the principal pays to the agent to get the service when both cooperate. The optimal service/return can be arbitrarily valued as 1, i.e., R = 1. It is assumed that if both act according to the law this has no effect on social relationships.

T is the temptation of the agent to provide only a suboptimal service while receiving an optimal return or the temptation of the principal to receive an optimal service while providing only a suboptimal return. T can hence arguably be higher than R. It depends however on the accountability of the transaction which reflects punishment through the control mechanisms in place. To reflect these considerations we set T = 1.5 - accountability, where accountability ϵ [1, 0] and therefore T ϵ [1.5, 0.5]. 

S is the ‘sucker’s’ payoff as a result of being cheated when offering an optimal service or an optimal return but receiving only a suboptimal return or service. S increases with the level of participation of the transaction and decreases with the social cost involved of not reciprocating. Participation thereby includes the observation of the transaction through third parties (e.g. NGOs, the general public, and the regulator) and the resulting incentive to act according to the law, even if cheated by the peer. This incentive is modelled here as the benefit received by the cheated, if he decides to cooperate. In its turn, the social cost reflects the social consequences for an individual of his personal decision and this becomes relevant in cases where the agent or the principal have strong social ties with the peer, e.g. a bribe that is offered whose rejection causes disturbance in the receiver’s social relationships in terms of social costs
. It is assumed that direct social ties weigh heavier than participation. We therefore set S = (participation / 2) – social cost, where participation ϵ [0,1], social cost ϵ [0, 0.5] and consequently S ϵ [-0.5, 0.5]. 

P is the suboptimal service or return of the principal and the agent respectively when both defect and can be considered almost nil. We consider that when both the agent and principal break the rule of law there is a corrupt deal (Lambsdorf, 2007) involving a social gain as a result of the social ties of reciprocity between the agent and the principal. Social gains are considered to be equivalent to the social costs introduced above, such that P ϵ [0, 0.5].

Table 3 Calculation of the payoffs
	Payoff value
	Formula

	T
	 1.5 - accountability

	R
	1

	S    
	(participation / 2) - social cost

	P
	social gain


Finally in update_expectation, the agent’s expectation of the principal’s behaviour is updated based on the principal's decision. The agent’s expectation that the principal will cooperate (EPC) or defect (1 – EPC) is influenced by the learning capacity of the agents that weights the current experience with the expectations which have been 
built up in previous games.
If the principal decides to cooperate, then the expectation that the principal acts in a similar way in future games is increased:

if at t, principal_decision = c 

then, EPC (t + 1) = EPC (t) + (1 - EPC (t)) * Lc   

with Lc being the learning rate assigned to each agent, where 0 < Lc < 1. 
If the principal decides to defect, then the expectation that the principal cooperates in future time steps decreases: 
if at t, principal_decision = d

then, EPC (t + 1) = (1 - Lc) * EPC (t)

The initial value of EPC is equal to the transparency of the principal-agent transaction. 
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� The model is presented according to the ‘Overview, Design concepts and Details’ (ODD) protocol developed by Grimm et al. (2006), Grimm et al. (2010) and Railsback and Grimm (2012). The main idea of the ODD protocol is to structure the information about the ABM in a logical way so that it is easy to understand the sequence of the modelling. This sequence consists of seven elements that can be grouped in three blocks: Overview, Design concepts, and Details. The Overview presents the overall purpose and structure of the model in three subsections: purpose, state variables and scale, process overview and scheduling. The Design concept section describes the general concepts underlying the design of the model. The Details includes three elements: initialization, input, and submodels, which contain the technical details of the model (Grimm et al. 2006).


� We define an external observer as an independent actor not directly involved in the principal-agent transaction but with possible transactions with the principal, the agent, or both.


� The rationale is that actors may suffer from the so-called ‘Bureaucrat’s Dilemma’: ‘sometimes [bureaucrats] they need to bend rules to remain a participant on network of reciprocity (even at his own risk and without immediate retribution [sic])’ (Fabrega, 2008). Thus, the actors are members of networks and their decisions are influenced by their role as a member of the network.





