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Abstract
Game theory provides a useful theoretical framework to examine the decision process
operating in the context of environmental assessment, and to examine the rationality and
legitimacy of decision-making subject to Environmental Assessment (EA). The research uses
a case study of the Environmental Impact Assessment and Sustainability Appraisal processes
undertaken in England. To these are applied an analytical framework, based on the concept
of decision windows to identify the decisions to be assessed. The conditions for legitimacy
are defined, based on game theory, in relation to the timing of decision information, the
behaviour type (competitive, reciprocal, equity) exhibited by the decision maker, and the
level of public engagement; as, together, these control the type of rationality which can be
brought to bear on the decision. Instrumental rationality is based on self-interest of
individuals, whereas deliberative rationality seeks broader consensus and is more likely to
underpin legitimate decisions. The results indicate that the Sustainability Appraisal process,
conducted at plan level, is better than EIA, conducted at project level, but still fails to
provide conditions that facilitate legitimacy. Game theory also suggests that Sustainability
Appraisal is likely to deliver ‘least worst’ outcomes rather than best outcomes when the
goals of the assessment process are considered; this may explain the propensity of such
‘least worst’ decisions in practice. On the basis of what can be learned from applying this
game theory perspective, it is suggested that environmental assessment processes need to
be redesigned and better integrated into decision making in order to guarantee the
legitimacy of the decisions made.
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1. Linking rationality and legitimacy of EA with game theory
Environmental Assessment (EA) was established based on a technical-rational model which
argues that better information will lead to better decisions. This follows the logic that
decision-makers display ‘instrumental rationality’ which in the context of EA means taking
the decision, based on the evidence available, which best delivers the goals of EA. However,
the goals of environmental assessment are considered to have changed over time from
environmental advocacy to sustainable development (Morrison-Saunders and Fischer, 2006;
Morrison-Saunders and Therivel, 2006), and there are contested meanings of sustainable
development (Bond and Morrison-Saunders, 2011). This calls into question the extent to
which instrumental rationality is possible, or desirable.
Another issue with decision makers displaying instrumental rationality is the argument that
it allows powerful stakeholders to influence outcomes to meet their own ends. The theory is
that through the application of instrumental rationality ‘knowledge speaks to power’ (Pope
et al., 2013). But Cashmore and Axelsson (2013) argue that knowledge does not necessarily
speak to power as power can control the knowledge made available to decision makers
(Cashmore et al., 2008)
Owens et al. (2004, p.1947) argue that the contested decision-making (e.g. where the
definition of sustainable development is contested, or the outcomes inequitable) creates
decision legitimacy problems: “this brings us to another failure of the technical-rational
model: appraisal based on contested judgments or frames loses legitimacy and becomes
practically inadequate for delivering reasonably consensual policy outputs”. Appelstrand
(2002, p.285), writing about forestry policy, describes this problem of technical-rational
decision-making failing to cope with contested values as a “legitimisation crisis”. Suchman
(1995, p.574) synthesizes understanding from wider literature to define legitimacy as “a
generalized perception or assumption that the actions of an entity are desirable, proper, or
appropriate within some socially constructed system of norms, values, beliefs, and
definitions”. As such, legitimacy in the context of EA contains elements of goal framing (i.e. a
common understanding of sustainability is needed) and of equity (i.e. the outcomes of the
decision need to favour all stakeholders equally). We therefore define a legitimate EA
process as one which all stakeholders agree is fair and which delivers an acceptable outcome
for all parties. This is in line with the definition of Adger et al. (2005, p.83) that legitimacy
means “the extent to which decisions are acceptable to participants and non-participants”.
Therefore to avoid the possibility of EA being manipulated for the instrumental ends of the
powerful, Owens and Cowell (2002) argue that ‘deliberative rationality’ needs to be
exercised. This involves a broad cross section of society agreeing the normative expectations
(of sustainable development) that they could all live with (Gauthier, 2003). In addition, more
inclusive participation is better able to deliver equity in decision making (see, for example,
Kakonge, 1996; O'Faircheallaigh, 2010; Petts, 2003; Shepherd, 1997; Sinclair, 2002; Wiklund,
2011). It is widely recognised that the timing of the participation is crucial in order to
facilitate deliberation, with early participation, as encompassed in the Arhus Convention
(UNECE, 1998) being an essential precondition of a legitimate process (Agterbosch and
Breukers, 2008).
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Deliberative rationality relies on broad participation of stakeholders, including members of
the public. It is not to be confused with the type of deliberation that might take place in a
decision-making committee that typifies many democratic systems. In these committees, a
group (of elected representatives) make a decision which Kugler et al. (2012) argue simply
reinforces the application of instrumental rationality. Kugler et al. (2012, p.473) provide
some hypotheses for why this might be the case, including “the social support of shared selfinterest (or, greed) hypothesis argues that groups are greedier than individuals because
group members provide each other with support for acting in a selfish, in-group-oriented
way”; and “the identifiability hypothesis, which proposes that in interindividual interactions
players assume that they are identifiable and thus can be held accountable … in intergroup
interactions responsibility for a choice is by its very nature obscured”. Thus deliberative
rationality is not necessarily delivered by a decision-making committee.
Game theory has been defined as “the study of mathematical models of conflict and
cooperation between intelligent rational decision-makers” (Myerson, 1991, p.1), and it
assumes that rational decisions based on self-interest (i.e. exhibiting instrumental
rationality) are made by players in a game where there are individual decision-makers
(Poundstone, 1992). Different decision contexts can be modelled using different games
(including cooperative games that allow for deliberation (Colman, 1995)), and these
different games provide insights into the timing of information provision, the levels of
engagement (i.e. extent of participation of stakeholders and so the extent to which
deliberative rationality can be facilitated and legitimacy achieved), and the extent to which
equity (also a prerequisite for legitimacy) is delivered. Where the decision context matches
one of the games that is modelled through game theory, the outcomes in terms of decision
rationality and legitimacy can potentially be predicted. As such, game theory can be applied
to EA cases in order to investigate the rationality and legitimacy of the decision-making that
takes place.
Thus it is clear that the technical-rational model of decision making subject to environmental
assessment (EA)(at all levels: projects, plans, policies) is subject to criticism, and that the
contested nature of the goals and outcomes of EA has led to a ‘legitimisation crisis’. We
argue that there is a need both to apply deliberative rationality in decision making to agree
the goals of EA, and to focus more on the equity of outcomes, to facilitate greater
legitimacy. Based on this context, in this paper we aim to examine the rationality and
legitimacy of decision-making subject to project-level Environmental Impact Assessment
(EIA), and to plan-level Sustainability Appraisal (SA) in England through the lens of game
theory.
Applying game theory to EA decision contexts is a novel means of investigating and
evaluating practice from the viewpoint of rationality and legitimacy. The next section of the
paper introduces game theory, although it is necessarily brief as the literature on this topic is
vast and we introduce the concepts without recourse to the mathematical proofs that
underlie the usual application of the theories. This section introduces the games which will
be matched against the EA processes. The third section explains our methodology for
evaluating the rationality and legitimacy of English EIA and SA by setting out the analytical
framework we have employed, and justifying the selection of case studies. The fourth
section applies the method to the case study and discusses the implications of the results.
Finally, conclusions are provided to clarify our learning in the context of the aim of the
paper.
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2. Overview of game theory literature
In game theory, the basic concept is that there are two or more decision makers (called
‘players’), each of which has a choice of ways of acting (Colman, 1995). In mathematical
applications of game theory, it also has to be possible to quantify the preferences for
decision outcome of each player in order to analyse the different possible outcomes.
Different decision-making contexts are represented by different games which are played by
players who are making rational decisions typically based on self-interest, i.e. displaying
instrumental rationality (Schubik, 1982). The types of games are determined by the types
(and number) of players and the types of decisions that have to be made. The development
of game theory is credited to John von Neumann (Poundstone, 1992). The derivation of
game theory was apparently based on observations of poker players, but Poundstone (1992)
explains the basis for the theory through childhood games. He refers to cake division
whereby to avoid two children fighting over which gets the biggest piece of cake, one child
gets to cut the cake whilst the other then chooses which piece to eat (the cake slicing game).
The argument is that the best strategy for the first child is to anticipate the second child will
choose the largest piece, as a result the first child will likely seek to cut the cake evenly in
order to get the optimum outcome. This is known as the ‘minimax’ principle whereby the
cake cutter will maximum the minimum he/she will get. One of the bases of game theory is
therefore the self-interest of players (Poundstone, 1992).
In the above description, the behaviour is reciprocal in that each player’s decision has an
effect on the outcome for the other. But the example is not typical. In the cake example
both children can see the cake and the outcome is transparent, which is a key determinant
of legitimacy in decision making (Jasanoff, 1997) and a basic principle for environmental
assessment (International Association for Impact Assessment and Institute of Environmental
Assessment, 1999). In reality the outcome is often more complex. Poundstone (1992) points
to the frequent application of game theory to zero-sum games – i.e. those like poker where
one player wins all the money that has been bet by all the individual players in the game, but
all the other player have lost money. In a game of poker – all players exhibit self-interest,
but only one player’s self-interest is satisfied, everyone else loses and presumably feels
aggrieved as a result.
Another game is known as the prisoner’s dilemma. In this case of two game players, neither
knows what the other will do. Each has two possible choices and so there are just four
potential outcomes (Schubik, 1982). It is known as the prisoner’s dilemma because it is best
explained by reference to two prisoners, interrogated separately, whose jail sentences are
dependent on whether they cooperate with the authorities or not, and also on whether the
other prisoner does the same. By way of example, the sentences may be as follows:
•

If one prisoner cooperates with the authorities and implicates the other prisoner,
and the other prisoner says nothing, the cooperating prisoner will go free and the
other prisoner will get a ten-year sentence.

•

If both prisoners choose not to cooperate with the authorities, both will go to prison
for two years each.

•

If both prisoners implicate the other, both will go to prison for five years each.
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Table 1 illustrates the potential outcomes from this game based on these example
sentences.
Table 1 Potential outcomes in the prisoner’s dilemma
Prisoner B stays silent

Prisoner B implicates
Prisoner A

Prisoner A stays silent

Each prisoner gets a two
year sentence

Prisoner A gets a ten year
sentence; Prisoner B goes
free

Prisoner A implicates
prisoner B

Prisoner B gets a ten year
sentence, Prisoner A goes
free

Each prisoner gets a five year
sentence

The prisoners know the possible outcomes, but do not know what choice the other prisoner
will make (i.e. each prisoner’s choice is made simultaneously rather than in sequence).
However, whilst the prisoner’s dilemma can, in theory, have any one of four different
outcomes, both prisoners implicating the other is generally considered the ‘solution’ in
mathematical terms (Colman, 1995), meaning that it is the outcome with the highest
probability of occurring, not that it is the best outcome for either player. It is the outcome
from which each player could only do worse by unilaterally changing strategy. This outcome
is thus known as the ‘Nash equilibrium’ (based on Nash (1950) cited by Maskin (2011)).
Perversely, then, game theory tells us that the ‘solution’ is the least bad, rather than best,
solution for either prisoner. Colman (1995) reports that hundreds of studies have confirmed
that players usually choose the Nash equilibrium in the prisoner’s dilemma. However,
players can act morally and act on the basis of societal, rather than self-interest. So whilst
the Nash equilibrium is consistently the most common outcome, it is not the only outcome.
Another classic game is based around the one armed bandit (named after a slot machine
with a lever on one side that the game player would pull) whereby the player has a choice of
one-armed bandits to play and seeks to maximise returns through trial and error (involving
learning). Simon (1959) introduces the binary choice experiment, also called the two-armed
bandit. In this game, the player chooses one of two symbols. In Simon’s description these
are a plus or a minus. If the operator of the game rewards minus two thirds of the time and
plus one third of the time, the expectation is, based on self-interest and rational behaviour,
that a player would then always select minus and be rewarded two thirds of the time.
However, the more common observation is that the player actually chooses minus two
thirds of the time – reflecting the frequency of success. So this brings rewards less often
than is optimal.
Two other potentially relevant games are dictator and ultimatum games. In the ultimatum
game, proposers make an offer and responders can either accept or reject. If the latter, both
get nothing. In the dictator game, the proposer has all the power and says what will happen
– there is no opportunity for the other player (who has no opportunity to ‘play’) to choose
between outcomes (Kugler et al., 2012). In practice in ultimatum games, the most frequent
outcome when the game is played by individuals is that 40% of whatever ‘prize’ is
considered is offered (with a median of 50%), and responders reject offers lower than 30%
5

on average (Kugler, 2012), despite game theory suggesting that the proposer should aim to
keep nearly all of the ‘prize’ given that the responder either takes what they are offered or
gets nothing. Bornstein and Yaniv (1998) found that where groups played the ultimatum
game the proposers offered less and the responders accepted less; i.e. exhibiting more
rational behaviour. But in the dictator game, though equity is rare, it still happens (albeit not
commonly) – and so some proposers clearly care about equity (Bolton and Ockenfels, 2000).
Colman (1995) distinguishes between different levels of engagement through cooperative
and non-cooperative game playing by introducing n-player games, that is, games where
there are more than two players. In such cases, three or more players can enter coalitions
with each other. In a non-cooperative n-player game each player would decide their strategy
independently – that is there would be no coalitions. In cooperative coalitions, there is the
possibility for the players to agree their division of payoffs, which places an entirely different
dynamic on the situation. Bahn et al. (2009) also distinguish between cooperative and noncooperative types of game theory in their examination of the stability of international
environmental agreements. In cooperative theory, all available stakeholders are engaged
and stability is defined as when the sharing of benefits is acceptable to all players. This
displays deliberative rationality whereby agreement is reached on the acceptability of the
outcome. In non-cooperative theory, some are engaged and some are not – and stability is
defined as being where engaged players do not choose to leave, and non-engaged players
do not choose to join. The assumption is that only a stable international environmental
agreement will work and that game theory can help to find how best this might come about.
Thus, whilst game theory assumes that the players act rationally on the basis of self-interest
only; it can accommodate deliberative rationality through the use of cooperative games.
This allows game theory to accommodate societal interests subject to the appropriate
diversity of the groups.
Game theory also introduces different behaviour types. Bolton and Ockenfels (2000) refer
to standard self-interest game theory reflecting competitive behaviour. As such they argue it
is often applied to the behaviour of market organisations. Further they argue that the
prisoner’s dilemma reflects reciprocity behaviour given that one player is acting reciprocally
to the expected plays of another; in this case, both players are acting based on their own
self-interest. The importance of equity in some games is also highlighted (Ibid, 2000) and
reflects a situation where deliberative rationality is more likely to be applied. The type of
behaviour exhibited depends on the game played – which means that the type of behaviour
exhibited in environmental assessment-related decisions can be inferred from the game that
is most closely matched by the decision context.
Learning from the psychology literature is also relevant to the decisions made by players in
game theory. Retief et al. (2015), drawing on Kahneman (2012) to examine the relevance of
learning from psychology to EA, identified the importance of ‘loss aversion’ whereby losses
are given more prominence than gains in decision making. The ‘solution’ in the prisoner’s
dilemma supports this aversion in that decisions are driven by avoiding greater loss rather
than maximising the reward. Retief et al. (2015) also recognised the relevance to EA decision
making of the concepts of priming and framing arguing that the way information is
presented, or the specific information that is presented prior to a decision being made, is
likely to influence the nature of the decision which is made. Framing is especially important
because of the way it taps into the underlying value frame of a person or decision maker
(Lakoff, 2004). Colman (1995) also discusses framing effects in relation to game theory and
cites evidence of significant framing effects amongst game players.
6

3. Methods and analytical framework
In the following analysis the environmental assessment processes in operation in England at
both the project and strategic levels have been used as the case study context for the
decision making which will be investigated through application of game theory. England is
the chosen case study for three reasons. Firstly, the EIA and SEA legislation has to comply
with European Union (EU) Directives, and can therefore be argued to be typical of 28
countries (i.e. the member states of the EU). It should be noted that even within the context
of compliance with EU Directives, the specific details of legislation do vary by country even
within the EU, and so the analysis could be different in other jurisdictions. Secondly, the
environmental assessment systems are mature, well-researched and well understood. This
makes it easier for other researchers to understand the analysis presented and helps to
make it more transparent. Thirdly, the authors are familiar with the procedures and from a
pragmatic perspective are better placed to conduct the analysis. To simplify the analysis, the
paper focuses on EIA within the land use planning sector only as governed by Government
regulations (United Kingdom Parliament, 2011) as these regulations account for between 60
and 70% of all EIAs conducted in the UK across all sectors (Glasson et al., 2012).
In order to meet the aims set out in section 1, there is a need to conceptualise the role of
environmental assessment in decision-making – given that EA is a decision-support tool
rather than a decision-making tool. It is then possible to develop an analytical framework
after Yin (2003; 2012) given that a case study context provides the basis for the analysis.
In conceptualising the role of environmental assessment in decision-making, Dalkmann et al.
(2004) recognised the importance of decision theory to the practice of strategic
environmental assessment (SEA), given that SEA is also designed to influence decisions. They
proposed a new form of SEA encompassing decision theory which they called Analytical
Strategic Environmental Assessment (ANSEA). A key part of their ANSEA process was a
specific stage that involved the identification of decision windows (DW) – the points at
which the ANSEA process would interface with the decision-making process. These windows
are the opportunities for EA to have any influence on the outcomes.
Project-level EIA in England is well detailed in Glasson et al. (2012) and it is beyond our
scope to explain the full process here. Salient characteristics pertain to a set of DWs for
English EIA, which in our opinion, looks as follows:
DW1 – screening – does the proposal require environmental assessment?
DW2 – scoping – what should the environmental assessment focus on?
DW3 – project approval decision – are the impacts acceptable (based on the EIA carried out
and its report)?
Screening and scoping are decisions made about the EIA process itself, with local authorities
being the decision makers – where the tasks are usually delegated by planning committees
to individual planning officers. Planning committees comprising elected representatives of
local authorities typically make the project decision. Depending on the specific legal
requirements and/or practice, there may be more (or fewer) decision windows. However,

7

these three are likely to characterise the majority of environmental assessment systems
globally and provide a suitable basis for exploration using game theory.
The decision windows at strategic level may be different. This paper focuses again on
England where a process called Sustainability Appraisal operates at the strategic level (for
land use, or spatial, plans). Sustainability Appraisal is described in more detail in Therivel and
Fischer (2012); Therivel (2013); Hayes et al. (2014); Hayes and Fischer (2015). A set of
decision windows for English Sustainability Appraisal looks as follows:
DW1 – scoping – what should the environmental assessment focus on?
DW2 – plan proposal – what should the plan look like (based on the environmental
assessment carried out and its report)?
To investigate the research aim, each decision window in the case study context is evaluated
based on an analytical framework based on game theory. Where the case study context fits
the theory, our understanding of the principles and assumption underpinning game theory
will allow us to better understand the nature of the decision making taking place and allow
us to comment on the extent to which instrumental rationality or deliberative rationality is
applied. That is, the analysis allows us to estimate the likely legitimacy of the decision in
contexts where values are contested. Thus the following games will be considered for their
‘fit’ with decision making, from which we can draw learning about the legitimacy of decisiontaking in the decision windows:
•

Cake slicing;

•

Prisoner’s dilemma;

•

Zero-sum game;

•

One-armed bandit;

•

Ultimatum; and

•

Dictator.

To characterise each game, alternative behaviour types exhibited within the game can be
distinguished. The behaviour type tells us the extent to which the values considered are
those of an individual or a group of decision-makers acting in unison (reflecting instrumental
rationality), those of two players actively reflecting on the values of the other (also reflecting
instrumental rationality), or those of a wider set of values that might be expected from the
full range of stakeholders, including the public, that could be involved in a decision window
(reflecting deliberative rationality) and might be more likely to legitimise any decision made.
There are three behaviour types:
•

competitiveness;

•

reciprocity; or

•

equity.

The decision timing is critical as games can be played simultaneously, or in sequence. In the
former, the players will anticipate what the others will do, and make their own decisions at
the same time. In the latter, one player will make their move, and the next will then decide
8

their move based on the new situation. The differences are stark – one timing is based
purely on anticipation and prediction and therefore not transparent, the other on some
knowledge (albeit still with some anticipation), reflecting transparency (which is a necessary
ingredient of legitimacy (Jasanoff, 1997)). Sequential decision-making better reflects
principles of good public participation as embodied in legal instruments like the Århus
Convention (United Nations Economic Commission for Europe, 1998) and, based on
arguments made in the introduction, are more likely to encourage deliberation and lead to
legitimacy. The two decision timing characteristics are thus:
•

simultaneous; or

•

sequential.

Each game introduced in the previous section exhibits particular decision timing and
behaviour type characteristics as set out in Table 2. Hence an understanding of which game
best fits each decision window allows us to draw conclusions about the decision timing and
behaviour type which are characterising the decision made.

Table 2 Typical decision timing and behaviour types of different games
Relevant game*

Decision timing

Behaviour type

•

Cake slicing

•

sequential

•

reciprocity

•

Prisoner’s
dilemma

•

simultaneous •

reciprocity

•

Zero-sum game •

simultaneous •

competitiveness

•

One-armed
bandit

•

sequential

•

competitiveness

•

Ultimatum

•

sequential

•

reciprocity

•

Dictator

•

sequential

•

reciprocity

* NB the game can be subject to loss aversion or framing effects, which could affect the
behaviour type
We have previously explained that there are different levels of engagement in game theory
(Colman, 1995):
•

cooperative; and

•

non-cooperative.

These are important because they reflect the extent to which instrumental rationality
applies (and to which Nash’s equilibrium applies as this is generally applied to noncooperative games), and the extent to which wider stakeholder values can be embedded
which will likely involve the use of deliberative rationality. So for the games considered,
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whilst they may typically be played in non-cooperative ways, it is possible for them to be
played cooperatively. A judgement on the level of engagement therefore has to be made
independently for each decision window based on the characteristics of that decision. Note
that Table 2 assumes instrumental rationality is applied in line with game theory and so no
game is defined as exhibiting equity as a behaviour type. Subject to sufficient levels of
engagement (see below) it may be possible for deliberative rationality to be exhibited in a
game which could change the behaviour type listed.
Taken overall then, the analytical framework assumes that a particular combination of level
of engagement, behaviour type and decision timing is more likely to lead to legitimacy: i.e.
those which deliver equity, are cooperative, and sequential. Table 3 sets out the analytical
framework for the analysis. For each decision window, the relevant game will predetermine
the decision timing and behaviour type; the relevant level of engagement also needs to be
identified and the extent to which this has affected the behaviour type considered. This then
facilitates an analysis of the extent to which the decision in any decision window is
legitimate.

Table 3 Analytical framework
Relevant game

Decision timing

Behaviour type

Levels of
engagement

DW1
DW2
DW3
DW…

The evaluations made in the next section are clearly heavily contingent both on the decision
windows identified for the two types of environmental assessment and also on the analytical
framework developed above. Changes to either of these will change the analysis. However,
efforts have been made to stick to general principles and assumptions which are widely
reported. The most critical assumptions that observers could question are:
1) An inherent assumption in game theory is that players often act in self-interest and
do so rationally (although section 2 indicated that this is not always the case). This is
a key assumption given that not all authors feel that game theory applies to
environmental assessment because of it; for example, Kørnøv and Thissen (2000)
refer to empirical evidence demonstrating the invalidity of game theory given its
assumption of instrumentally rational behaviour. One could argue that the key
decision-makers in this analysis, the local authorities, are public servants. As such it
can be argued that self-interest and societal interest are the same thing in terms of
their job description. Nevertheless, research by Cheng et al. (2007), albeit in a very
different legislative context, identified that authorities (in China) were prioritising
short-term economic gain over long-term societal benefits. It is the case that
authorities will benefit from rates paid by businesses operating in their geographical
10

area – which could be argued to incentivise development, albeit the rate income will
be spent on projects benefitting the population living within the authority’s
boundaries. Our analysis will assume decision-makers act rationally on the basis of
self-interest, unless the opportunities arise to ensure deliberative rationality applies
instead. We assume that the extent to which this might happen is controlled by the
decision timing, the behaviour type and the level of engagement.
2) The assumption that complex, real-life decision-making can be modelled accurately
by a game is open to debate. Predicting human motivations and preferences in the
light of different value systems, in an additional context of poorly understood
natural systems with large uncertainty inherent in any information fed to decision
makers, is fraught with difficulty. Nevertheless, game theorists continue to strive to
explain decision making using assumptions that can be mathematically modelled.
Our research does not aim to make accurate predictions. Rather we seek to examine
the applicability of the basic assumptions in order to learn about the legitimacy of
existing decisions and to be able to comment on the extent to which it may be
jeopardised where powerful interests apply their own instrumental rationality to the
process.
3) The evaluation made on the basis of the game theory analytical framework and the
environmental assessment decision windows is inherently subjective. Other
observers are at liberty to make different arguments and reach different
conclusions.

4. Game theory and environmental assessment decision windows – what does it tell
us?
Table 4 evaluates the decision windows for project level EIA conducted within the land use
planning sector in England against the analytical framework developed in the previous
section.
Table 4 Games that best match project EIA
Relevant game

Decision timing

Behaviour
type

Level of
engagement

DW1 Screening

Dictator (with
framing effects?)

Sequential

Reciprocity

Non-cooperative

DW2 - Scoping

Ultimatum (with
framing effects?)

Sequential

Reciprocity

Non-cooperative

DW3 – Project
approval
decision

Ultimatum /
dictator

Sequential

Reciprocity

Non-cooperative

For project EIA, then, we see a very limited set of relevant games. For screening, the typical
practice might be for the developer (perhaps through their consultants) to provide
information to the local authority, who will make a screening determination (where
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discretion is allowed by the legislation – which it is in the majority of cases). Ultimately, the
decision is down to the local authority, typically a planning officer operating under powers
delegated by the elected planning committee. So an individual provides a definitive yes or
no answer. The developer can appeal the decision, but it is basically an example of the
dictator game where the decision is sequential to receiving information and in this sense is
non-cooperative. One concern is that the developer will likely frame their dialogue with the
decision maker according to the outcome they wish to see, for example to influence the
decision maker’s exercise of discretion in relation to screening. Broader engagement could
act as a counterweight to such framing.
For scoping, again the developer will likely produce a scoping report to frame the decision
made by the local authority. The local authority will seek additional views before deciding
the scope – and so they make a sequential decision. The scoping opinion will ultimately be
that provided by a planning officer and provides a template to the developer. In this way it
provides them with an ultimatum – deliver this information or a determination of the
planning application will not be made (until the information is provided). The scoping
opinion depends on the cooperation of potentially diverse stakeholders, including the
public, but is ultimately made by the local authority alone, providing it can be justified. As
such it is a non-cooperative decision. Herein lies the paradox of public participation in the
EIA process. The developer will often have sought views of the public in setting out their
proposed scope and so within the EIA process there may be significant cooperation and
transparency. This may or may not inform the decision in the decision window.
After the EIA has been completed and the local authority receives the environmental report,
the project approval decision is made by a planning committee. At that stage it becomes a
group decision which we have seen can reinforce the application of instrumental rationality.
It is not cooperative in involving coalitions of wider stakeholders. A refusal of permission
reflects the dictator game – there is no discussion or compromise possible (beyond legal
appeal). However, granting permission is usually subject to planning conditions, so
contingent on certain things being done which have to be acceptable to the developer –
otherwise nothing will get built; this makes it equivalent to the ultimatum game.
So in terms of game theory, project EIA is typically non-cooperative, and characterised by a
lack of opportunity to deliberate and achieve equity. And in referring to equity, there are
two key players involved – the local authority and the developer – so equity has a limited
interpretation which relies on the local authority acting on behalf of society in order to be
fully equitable. So game theory suggests EIA is unlikely to deliver legitimacy in its current
format in the UK; it can deliver it where the decision maker(s) act on the basis of societal
interests – but there are no actual mechanisms facilitating the application of deliberative
rationality. The sequential nature of the game – whereby decisions are made after
information exchanges hands, is in line with the information processing model of
Environmental Impact Assessment (Bartlett and Kurian, 1999), which is specifically based on
the assumption of rational decision-making based on the evidence of the implications.
However, when viewed through the lens of game theory, the opportunity for the
information to be framed in favour of one outcome in the decision windows, calls into
question the extent to which wider societal values are considered.
We might postulate that the processes could be better designed if reliance on the decision
maker acting in societal interest were not required. That is, an environmental assessment
process which is better integrated into the decision system is needed. This is not a new
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finding (see, for example, Warner, 1996; van Stigt et al., 2013; Sánchez, 2014) but this
analysis does help to clarify the specific problems that might arise through the use of a
rational-technical model which assumes decision making delivers legitimacy, but cannot
guarantee it.
Sustainability Appraisal in England is different from project EIA. It is a process conducted to
try and address the three pillars of sustainability, whilst being compliant with the Strategic
Environmental Assessment (SEA) Directive (European Parliament and the Council of the
European Union, 2001). Fundingsland Tetlow and Hanusch (2012) make the point that SEA is
generally regarded as having more potential to be proactive in ensuring sustainability
outcomes than project-level EIA given the nature of the plans and programmes which are
assessed, that control and facilitate future projects that will be subject to EIA. Given the
analysis using game theory (See Table 5), this does seem to hold true.
Table 5 Games that best match Sustainability Appraisal
Relevant game

Decision timing

Behaviour type

level of
engagement

DW1 - Scoping

Dictator (with
framing
effects?)

Sequential

Reciprocity

DW2 – Plan
proposal

Prisoner’s
dilemma

Sequential

Reciprocity /
Cooperative
competitiveness (potentially)

Cooperative
(potentially)

One-armed
bandit

At the scoping stage, practice varies as to the extent to which a diverse stakeholder set
would be involved in establishing the sustainability objectives against which to appraise the
emerging land use plan (Giddings et al., 2010; Therivel and Fischer, 2012; Thérivel, 2013).
There is the potential for this to be a cooperative process, but it can also be much more
restricted and constrained to the local authority developing the plan and/or their
consultants. There is a final decision on the scope which would reside with those conducting
the appraisal – so the most likely situation is for the scope to be framed by other
stakeholders but then approved by the decision maker.
For the plan proposal, i.e. the plan which has been prepared based on the findings of the
appraisal, there is more than one game at play. The core strategy element of the plan
comprises a number of policies which constrain the consideration of development control
applications (once the plan is adopted). To get to the preferred policy, draft policies are
appraised against the sustainability appraisal objectives. So for each policy area, there is an
element of prisoner’s dilemma because only one preferred policy can be chosen, and
decisions will need to be taken based on the evidence provided by the appraisal. This is a
situation where the most beneficial policy might not win if there are different values at play
– it is possible for the least unacceptable policy to those involved being the one selected
(Nash’s equilibrium). This suggests elements of reciprocity are potentially at play, based on
sequential consideration of evidence, likely in a cooperative environment (to an extent). An
alternative game that might apply is the one-armed bandit in that the choices of plan policy
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options tend to follow particular approaches. An example is given in Table 6 from advice
written for transport planners (Simmons, 2004). It is possible, where such approaches are
used, for the decision makers to favour particular approaches irrespective of the evidence
underpinning them – which is similar to one-armed bandit games.
Table 6 Possible approaches for developing plan policy options. Adapted from: Simmons
(2004)
Approach
Timing of funding

Cost of measure

Geographic split

Alternative options
1.
2.
3.
1.
2.
3.
4.
1.
2.
3.

Relationship with
strategic network
Population growth

1.
2.
1.
2.
3.

Low cost measures first
High cost measures first
Even split of funding
Soft measures (information and advice)
Demand management (physical and fiscal)
Physical improvements to existing network
Expand network
Apportionment of funding based on planned population
growth
Apportionment of funding based on most deprived wards
Apportionment of funding based on accessibility to transport
network
Prioritise measures to complement other authorities’
investments in strategic transport network
Prioritise measures based on local needs
Delivery of measures based on a static population
Delivery of measures based on a “low range” population
forecast
Delivery of measures based on a “high range” population
forecast

Thus for Sustainability Appraisal there is more opportunity for cooperative approaches in
decision making than in EIA. Given Cashmore’s (2004) arguments that philosophical beliefs
and values related to the role of science in EIA occurs on a spectrum, this suggests that
Sustainability Appraisal is closer to the conditions for legitimacy than is EIA. However, like
for EIA, delivering legitimacy really depends on the decision makers acting on behalf of
society, which is not guaranteed. We have suggested that legitimacy requires a process
which is sequential, cooperative and exhibits equity. The design of Sustainability Appraisal
means this is more likely than for EIA, but that it is still not built into the design process – it
relies on game players acting in particular ways.
The application of prisoner’s dilemma and one-armed bandit games (again assuming
instrumental rationality) at the strategic decision-making level suggests that there exists the
propensity to achieve Nash’s equilibrium and select solutions which are least bad, rather
those which are most sustainable. This finding is counter to that of Prenzel and Vanclay
(2014) who drew on the prisoner’s dilemma in arguing that the outcome of a potential
conflict between two parties depends on their approach to the potential conflict; they can
either choose concession or escalation. Any individual party can choose escalation and, if the
other party seeks concession, they are likely to gain as a result of this strategy (this would be
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a win-lose situation). However, if one party seeks escalation, then the other may also seek
escalation in order to not be relatively disadvantaged – the outcome of escalated conflict for
both parties is likely to be poor – so this is a lose-lose situation. They define concession by
both parties as win-win which they argue can be facilitated by social impact assessment.
Interestingly, this definition is at odds with what is considered the “solution” in the
prisoner’s dilemma (which is for both parties to escalate). So win-win from a societal point
of view may be unlikely according to game theory under conditions where the prisoner’s
dilemma is valid (which is simultaneous and secret decision-making exhibiting instrumental
rationality). The push for dialogue that should accompany any form of environmental
assessment could ensure these conditions are not met; that is, a move towards greater
transparency and deliberation would be needed to prevent the Nash equilibrium prevailing.
Again this is not currently guaranteed by the legislation.

5. Conclusions
In this paper we drew on game theory to understand where instrumental rationality is
applied in the environmental assessment process, and where deliberative rationality can be
applied through participation in decision-making, thereby increasing the legitimacy of
environmental assessment. We argue that legitimacy is dependent on the timing of decision
information, the behaviour type exhibited by the decision maker and the level of public
engagement. We recognise that providing the opportunity for legitimacy is not the same as
ensuring legitimacy. Thus, whilst we might expect the conditions for legitimacy would be
met if the decision timing was sequential, the behaviour type emphasised equity and the
engagement was cooperative, the socially constructed nature of legitimacy means that this
is not guaranteed; our conceptualisation may be incomplete and could miss some essential
context-specific variables that also influence legitimacy, and could also miss some games
which better describe the decision windows. Conversely, we would regard it as possible for
simultaneous decision-making based on competitive behaviour conducted in a noncooperative way raise no legitimacy issues, but only in case which are not contentious.
Our analysis has remained largely theoretical and so we have not investigated the actual
decisions made in specific cases. Instead we have analysed what is likely to happen and what
can happen within the legal framework for environmental assessment in the case study
context. It is thus unclear whether decision makers actually apply instrumental rationality or
deliberative rationality.
The discipline of considering game theory has led to a focus on the actual decision made on
the intervention which is the subject of the environmental assessment, rather than the
decisions made within the environmental assessment. Much is written about the extent to
which environmental assessment engages diverse stakeholders (e.g., Petts, 1999; Palerm,
2000; Doelle and Sinclair, 2006; O'Faircheallaigh, 2010), but this analysis suggests this misses
the point – environmental assessment does not make decisions – it informs decision makers.
Analysis in relation to game theory reveals some stark omissions in terms of the ability of
environmental assessment to guarantee the legitimacy of decisions. The results also
substantiate the arguments of researchers who consider SEA to be much more likely to
achieve better outcomes than EIA.
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According to Maskin (2011, p.9) Nash’s equilibrium is based very much in the noncooperative line of theory as it pertains to the choice of an individual. Maskin considers
flaws in Nash’s equilibrium and introduces the concept of ‘mechanism design’, whereby the
desired goals are known, but the game that has the equilibrium point as that goal (as
opposed to others) is not known. Mechanism design is potentially a useful approach for
moving from the reality of playing out a game to an understanding of what game should be
played (i.e. how decisions should be made in order to achieve the desired outcome). Thus,
assuming a goal of legitimate decision-making is appropriate, the question we should be
asking is “what game can deliver legitimate decision-making as the Nash’s equilibrium?” This
potentially provides a means of critically analysing existing decision window processes in
environmental assessment with a view to changing them to reflect the ‘right’ game
characteristics. Thus we suggest that mechanism design could provide a useful approach for
designing the operation of decision windows to achieve legitimacy in environmental
assessment within the context of the stated goals of the process.
Our analysis suggests that EA does function as originally intended – to apply instrumental
rationality to decision making. However, the inability of the technical-rational model to deal
with the more contested goals of sustainable development has led to calls for deliberative
rationality to be applied. The application of game theory has suggested that EA in its current
form is not designed for deliberation and will continue to suffer from legitimacy problems.
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