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Agent-Based Models of a
Banking Network as an Example
of a Turbulent Environment:
The Deliberate vs. Emergent
Strategy Debate Revisited
Duncan A. Robertson

F

ew agent-based models have as yet made their way into the
mainstream of management literature. This article sets out
to introduce an agent-based model for studying different
strategies available to banks. A model is structured that can
be developed in order to give new insight into management debates, and
that can give insight into the most appropriate strategies under differing
environmental conditions. By using agent-based models of strategy at an
abstract level, some insight can be gained to distinguish between strategies that may be appropriate and that warrant further empirical investigation, and those that do not.
An agent-based model is introduced that can be used to study strategies from a bank’s perspective. It contains a network of banks and customers, where customers and banks are boundedly rational and
turbulence is present within the banking environment. Banks can decide
the extent to which they operate in several strategic dimensions. Strategic reviews cause a change in the positioning of the banks, which in turn
causes a redistribution of their customers to competitors, which in turn
feeds back to influence banks’ future strategic analysis and subsequent
movement. By using an agent-based model, insights can be gained into a
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nonlinear world, such insights not being provided by conventional linear
strategic analyses.
First, the strategic management literature specific to the banking sector is reviewed. Next, the strategic groups literature is reviewed, and
from it is borrowed the concept of banks being positioned within a strategy space. This is extended this to an n-dimensional space that can be
thought of as a “strategy hypercube.”1 Banks are located at different positions within this space. In order to understand the dynamics of how a firm
moves within this space, the differences between “deliberate” (planned)
strategies and “emergent” (learning) strategies are discussed. The concept of environmental turbulence is reviewed, the extent of which will
influence the most appropriate strategy. Finally, the rationale for using
agent-based models is discussed, and a simple simulation is introduced
that can capture these aspects of strategy.

BANKING

STRATEGY

Heffernan (1996: 310–28) sets out some of the strategic, as opposed to
financial/economic, issues that are relevant to banks. As Heffernan puts
the problem:
One of the key questions that bank managers need to ask themselves is
this: is there a coherent strategy a bank can adopt which will achieve the
joint objectives of maximizing profitability, shareholder value added, and
survival in the marketplace?

While the study of banks and their role as intermediaries has been widely
discussed within the realms of economics and finance, there has been
remarkably little analysis of banks within the main strategic management
journals. Exceptions include analyses of the founding rates of Italian
banks from a population ecology perspective (Lomi, 1995); the effects of
environmental uncertainty of decision processes (Leblebici & Salancik,
1981); competition, learning, and strategy in Tokyo Banking as a niche
entry decision (Greve, 2000); followers’ entry decisions (Fuentelsaz et al.,
2002); and an evolutionary model of organizational performance (Barnett
et al., 1994).
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STRATEGIC

DIMENSIONS FOR BANKING:
STRATEGIC GROUPS

Strategic groups are defined as groups of firms that follow similar strategies with regard to one or more strategic dimensions (Hunt, 1972; Porter,
1979). Whereas strategic group analysis is usually focused on the positioning and clustering of firms on these strategic dimensions, little
research has been carried out on the dynamics of the firms within these
strategic dimensions, although more recent literature such as Lee et al.
(2002) has modeled the dynamics of the emergence of strategic groups by
using a genetic algorithm-based approach.
The strategic group framework is used merely to identify strategic
dimensions for the banking industry. From this, an abstract space can be
generated that can be used as a basis to locate banks’ strategies (i.e., their
position and movement in position within this space). In the simplest
form of this model, it is assumed that banks are not restricted to the positions that they can occupy. For instance, there are no exogenous “mobility barriers” that are industry dependent: The bank is allowed to take any
position within the strategy space.
While this strategic groups analysis usually takes place on a limited
number of dimensions, this analysis may be extended to an arbitrary
number of dimensions, and a firm can be considered to occupy a position
within this n-dimensional strategic space—a space that I shall refer to as
a “strategy hypercube.”
Generic strategic dimensions produced using the strategic groups
methodology (McGee & Thomas, 1986) include:
◆
◆
◆
◆
◆
◆

Product lines (degree of product diversification/differentiation).
Degree of vertical integration.
Investment behavior.
Relative size of firm (leader/follower classification).
Manufacturing, marketing, and financial variables.
Dimensions of firms’ strategic posture.

Research on strategic groups within the banking industry provides justification for strategic dimensions that are particularly important in the
banking industry. For example, Amel and Rhoades (1987: 31, 1988) use
the following products from balance sheet analyses to locate the positioning and hence determine strategic dimensions of US banks: US Treasury securities; state and local government securities; real estate loans;
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construction loans; farm loans; residential loans; multifamily nonfarm
loans; commercial and industrial loans; loans to individuals; federal funds
bought; individual, partnership, and corporation (IPC) deposits; US government deposits; nontransactions account savings deposits; and time
deposits.
Other authors, such as Hackethal (2001) and Mehra (1996), have indicated other important dimensions, such as considering both marketbased view variables and resource-based view variables.
The same strategic dimensions of the strategy hypercube can be used
in order to position the value-generating assets, the capture of which by
banks gives rise to sustainable competitive advantage. In the simplest
form of the model, these can be considered to be customers of banks: The
greater the number of customers, the greater a bank’s profitability, which
in turn gives rise to competitive advantage. Both the banks and the valuegenerating agents (customers) are located in the same space. While the
strategic dimensions of value-generating agents and banks may differ,
they can coincide in Lancaster’s (1966) “product characteristics space.” If
value-generating agents are restricted to being customers, product characteristics space can be used as a specific example of strategy space. It is
further assumed in this model that the dimensions used are orthogonal; if
the dimensions are nonorthogonal, the topology of strategy space will
change from being an unrestricted space to being a “surface,” and agents’
movements would have to be confined to trajectories on such a surface.

EMERGENT

VS. DELIBERATE DEBATE:

LEARNING

Early models of strategy, for example Porter’s (1980) “five forces” model,
consider the environment of a firm to be essentially static. These conform
to Chandler’s (1962) definition of strategy:
the determination of the basic long-term goals and objectives of an enterprise, and the adoption of courses of action and the allocation of resources
necessary for carrying out these goals.

Little emphasis is placed on the dynamics of strategy.
Later works have emphasized learning as an important factor in
strategic management. In a response to earlier work on “disjointed incrementalism” (Braybrooke & Lindblom, 1963), Quinn (1978, 1980) introduced the concept of “logical incrementalism” to explain why planning
did not describe the actual strategies adopted by managers:
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When well-managed major organizations make significant changes in
strategy, the approaches they use frequently bear little resemblance to the
rational, analytical systems so often described in the planning literature.
(Quinn, 1980)

Mintzberg (1994: 24–5) differentiates between “deliberate” strategies,
where “intentions [are] fully realized” and “emergent” strategies, “where
a realized pattern was not expressly intended.” Limitations to managers’
abilities are introduced by Simon’s (1947, 1957) concept of “bounded
rationality” whereby agents, due to the uncertainty of the future and costs
of acquiring information, act in a way that is not completely rational.
Managers have different schemata, and will also have different causal
maps or mental models (Huff, 1990) that will influence their individual
decision making and therefore the ensuing strategy of the firm.
Chaffee (1985) confirms that one of the objects of strategy is to deal
with changing environments, and agrees that strategy is multidimensional.
Chaffee divides strategy into three models: linear, adaptive, and interpretive. Chaffee notes that the linear model of strategy involves varying the
organization’s links with the environment (by changing its products or
markets or by performing other entrepreneurial actions). The adaptive
model differs from the linear model in that monitoring the environment
and making changes are simultaneous and continuous. Chaffee notes that
this mode is more applicable to an environment that is less susceptible to
prediction and is more dynamic. Finally, Chaffee’s interpretative model
relies heavily on metaphor being used to guide managers, much in the way
that complexity reasoning has largely hitherto influenced management.

TURBULENCE
Few concrete definitions of turbulence exist within the management literature, even though it is a term that is often cited. Chakravarthy (1997:
69) notes that
complexity is a measure of the number of competitive configurations that
a firm must ideally consider in shaping its strategy. The dynamic of the
environment, i.e. the rate at which these configurations change over time
is the other key determinant of turbulence.

Existing frameworks for analyzing strategy have not proved useful for
understanding why firms build competitive advantage in times of rapid
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change (Teece et al., 1997). Authors such as D’Aveni and Gunther (1994)
have viewed certain sectors of the business environment, including banking, as “hypercompetitive,” while Kelly and Allison (1999) have reviewed
banking strategy within Citibank, citing its use of tools based in complexity theory.
If the business world is viewed as being complex, it is inappropriate to
consider models developed under paradigms of equilibrium, stability, and
linearity to produce an analysis of a turbulent environment. Just as nonlinear mathematics is required when studying turbulence within engineering, we too must adopt models and tools that capture the nonlinearity
of a firm’s environment. In this model, it is assumed that the dimensionality of the strategy space remains constant; Péli and Nooteboom (1999) provide an overview of the effects of changing dimensionality.
CEOs from other industries have indicated the attractiveness of a turbulent environment should they have “dynamic capabilities” (Teece et al.,
1997):
the only advantage Intel has is that we have been faster to get to some
places than other people have. That implies we have places to go. If I
don’t have places to go, I lose time as a competitive advantage. So give me
a turbulent world as compared with a stable world and I’ll want the turbulent world. (Karlgaard & Gilder, 1996: 63, cited in Lee et al., 2002, italics added)

In this simple model, turbulence is considered to result from changes in
the links with value-generating agents; however, this may be extended to
include changes in the strength of interaction between banks and valuegenerating agents, or by the rapid introduction and removal of new
agents from the strategy space. Chakravarthy (1997) cites falling entry
and mobility barriers and increasing returns to scale as contributing to
turbulence. Furthermore, Chakravarthy suggests several strategies for
coping with turbulence, including “repeat first mover advantages,”
“maintaining network effects,” “going with the flow.” At least at a conceptual level, these can be investigated by the use of agent-based models.

RATIONALE

FOR USING AGENT-BASED MODELS

The use of simulations and agent-based models is a new field for strategic management, although they are becoming more widely used within
other social sciences (Axelrod, 1997; Epstein & Axtell, 1996; Gilbert &
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Troitzsch, 1999). Simulations of banks using agent-based toolkits do exist,
but not in a strategic management context. Askenazi (1997) introduced
the BankNet model using Swarm2 merely in order to demonstrate some
of the graphical elements of the Swarm libraries. However, this model
was developed in an economic context, to study banking intermediation
(Sapienza, 2000). Robertson (2003) describes the use of agent-based
models in management research, while Richardson (2003) notes some of
the limitations of using such a “bottom-up” modeling technique.
As such models are largely developed from an economic perspective,
they focus on the market rather than the individual firm. The goal of any
simulation within the strategic management forum should be to aid in
determining optimal strategic decisions from the point of view of individual firms. This article intends to develop a model of banking as a tool
to inform the debate within the strategic management arena. It should be
noted that it does not purport to be an economic analysis of banking in
general or of a banking market in particular. The Askenazi/Sapienza
BankNet model studies the banking system by positing a system whereby
economic agents work in a framework where operations of deposit and
credit continually take place, in an environment characterized by great
variance of the optimal capital and of cash flows for each agent (heterogeneity), imperfect information, which leads to positive transaction costs
and limited exchanging opportunities. (Sapienza, 2000: 165)

While these models are interesting from the point of view of exploiting
some of the graphical elements of the Swarm libraries, or as another way
of analyzing the economic emergence of banks as intermediaries, they do
not enable us to glean information on banks’ most appropriate strategies.

A

MODEL FOR BANKING STRATEGY WITHIN A
TURBULENT ENVIRONMENT

What is distinctive about this model is that there is more than one type of
agent: in this case banks and customers, each exhibiting different behaviors.
Chaffee (1985: 89–90) states “a basic premise of thinking about strategy concerns the inseparability of organization and environment … the
organization uses strategy to deal with changing environments.” The
environment can be thought of as containing sources of competitive
advantage (which in this simple version of the model is restricted to being
customers, although they may in fact be any source), enabling links
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Figure 1 Location of banks (B) and customers (C) in the strategy hypercube
between the organization (bank) and its environment (customers). The
changing environment (from the firm’s perspective) can be seen by the
changes in the links it has with the value-generating agents (customers).
The discipline of strategic management, being a subject that builds on
several parent disciplines such as economics, sociology, and psychology,
does not have the advantage of other disciplines that allow the development of existing models. Agent-based models may be a way of reducing
this difficulty. A level of rigor can be introduced, allowing models to be
built on and altered to fit the level of abstraction required for a different
industry, or a different strategic problem.
This model uses a strategy space similar to that used in strategic
groups as described above. In this representation of strategy as an ndimensional “strategy hypercube,” the firm has a set of coordinates that
describe its strategy. To aid interpretation, although the space is n-dimensional, the description in this article is simplified by representing only
two of the n dimensions.
A population of firms and customers are distributed in the strategy
space (see Figure 1). Value-generating agents (in this simple version of
the model these can be considered to be customers) are also positioned
in the same space. For the moment, customers can be considered to have
a set of requirements that determine their position in the strategy space.
Similarly, banks are positioned according to the strategies they adopt
(although their strategy is more than their static position; it also encompasses the movement within this space).
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Figure 2 Formation of links between banks and customers
Customers set up relationships with banks according to the proximity
of the banks’ strategic positioning in relation to the customer’s strategic
requirements (customers select banks closest to them in strategy space).
Customers are not, however, perfectly rational: They may decide to bank
with a firm that is not closest to them, as long as this meets a minimum
(“cut-off ”) satisfaction level. This incorporates Herbert Simon’s notions of
bounded rationality and satisficing (for example, in Figure 2 customer
agent C1 has a relationship with bank B2, whereas if the customer was
exhibiting purely rational behavior they should be linked with bank B1).

PARAMETERIZATION

OF THE MODEL

In addition to the (x, y, …) coordinates of the customers and the banks,
the following parameters are associated with the customer and bank
agents.

CUSTOMERS
Customers have a satisfaction level, s, associated with the distance
between the customer and the bank (using Euclidean geometry to calculate this distance, so that this calculation can be extended to n dimensions). A representation of the calculation of s is shown in Figure 3. The
introduction of a minimum cut-off satisfaction level where customers
search for a new bank indicates that the customers are only boundedly
rational.
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Figure 3 Measurement of satisfaction level, s
Customers’ satisfaction levels (which are assumed to be proportional
to the distance between their position in strategy space and the location
of the bank with which they have a relationship) are compared at discrete
time intervals with their minimum tolerated (cut-off) satisfaction level. If
the distance between the customer and their bank is less than their cutoff satisfaction level, they do not change banks; otherwise they search for
a bank that more closely matches their needs.3 This introduces a notion of
“customer inertia” into the model.
When they are unsatisfied, customers will look for a bank that closely
matches their requirements. It is assumed that if the customers become
dissatisfied, they will link to the bank that is closest to their position.

BANKS
As this simulation is primarily interested in the strategies of banks, this is
where most emphasis is placed in the design of the model. Banks occupy
a position within the strategy space and derive competitiveness dependent on their location in this strategy space, the level of competitiveness
being influenced by the location of their competitors. In this simple
model, it is assumed that the only source of competitive advantage is
derived from holding and maintaining relationships with valuegenerating agents (in this case, customers generating profits for the bank).
In the results of this model, it is assumed that other banks in the industry are stationary, and that the bank that is “controlled” has three strategies open to it: stay still, follow the lead bank, or move to the “center of
mass” of its customers.

TURBULENCE
In order to introduce a level of turbulence into the model, it is assumed
that customers either stay still (in a nonturbulent environment) or take a
random walk in space (in a turbulent environment). Figure 4 shows an
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Figure 4 The running model
indicative output from the running model. The lighter links between
banks and customers show satisfied customers; the darker links show dissatisfied customers.

RESULTS

FROM THE AGENT-BASED MODEL

The results from an agent-based model may be used to inform debate
within the management literature, or to suggest areas that may be worthy
of empirical research using “real-world” data. Initial results from this
model are set out below.
In the figures below, the relationship between turbulence and the cutoff satisfaction level of customers is investigated. The test bank, Bank 0,
can adopt any of the following strategies: staying still, following the
leader, or a customer-centric strategy. The first strategy (“stay still”)
reflects a deliberate strategy on the part of the banks; the latter strategies
(“follow the leader” and “customer-centric”) represent more “emergent”
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Figure 5 “Stay still” strategy
(Mintzberg, 1994) strategies, the positioning of banks being influenced
from learning about their environment.
The results of the “stay still” strategy, which can be thought of as a
“control run,” suggest that there is little effect of customers’ cut-off level
of satisfaction: On average, the customers are likely to be distributed
evenly among banks, and in such an environment there is little benefit
from adopting such a “stay still” strategy. This in itself is useful, as it confirms the outcome that one would expect from such a configuration.
Results from the model that cannot be predicted intuitively are now
discussed. Figures 6 and 7 show the results from the “follow the leader”
and the “customer-centric” strategies.

Figure 6 “Follow the leader” strategy
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Figure 7 “Customer-centric” strategy
When the test bank adopts the strategy of following the lead bank, the
efficacy of such a strategy is dependent on the cut-off level of satisfaction
of the customers. For example, if this is zero (i.e., all customers behave
“rationally” and form links with their nearest bank), higher profits are
likely to be achieved by this strategy compared to adopting a “stay still”
strategy. Conversely, when there are moderate cut-off levels of satisfaction, such a strategy may not be beneficial as lower profits are achieved
under this strategy as compared to the “stay still” strategy. When there is
a very high cut-off level of satisfaction, customers are unlikely to switch
(almost regardless of the distance between them and their bank) and the
“stay still” level of profits is achieved.
Under a customer-centric strategy, however, the model suggests that
there is a benefit from adopting such a strategy when there is a turbulent
environment (i.e., there is a likelihood of greater profits resulting from
following this strategy in a turbulent environment as opposed to a nonturbulent environment).
Such simulation results can drive hypotheses that such general results
may occur in the “real world” and can drive empirical research to test
whether adopting such a strategy under such conditions does indeed produce this outcome.

EXTENSIONS

TO THE MODEL

The aim of this article is to introduce a simple agent-based model that
shows interesting behavior without being so complex that the dynamics
of the model are confused. However, if researchers choose to extend this
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model in order to produce one that is closer to the actual strategies developed by banks, this could be achieved by myriad extensions, such as
allowing different levels of profit to accrue from different customers or
investigating the effects of differing numbers of banks.

CONCLUSION
Results are presented here from only one particular aspect of this model.
This technique can be used to investigate other phenomena by changing
model assumptions. The aim of this article is to introduce an actual agentbased model to the field of strategic management and to discuss the reasons why it is an appropriate methodological tool to analyze firms who are
in a nonlinear, turbulent environment.
By using agent-based models as outlined above, it is hoped that the
debate within the strategic management literature may be influenced to
move beyond Chaffee’s interpretative mode of strategy and, following
Fuller and Moran’s (2000) call, “move beyond metaphor.”

NOTES
1

2
3

A hypercube is “the analogue in space of [n=] four or more dimensions of [a cube] in
ordinary three-dimensional space (Oxford English Dictionary). I define a “strategy
hypercube” as being an n-dimensional strategy space, the location and movement of a
firm within this space describing that firm’s strategy. As the dimensions used in strategy are constrained (i.e., they are assumed to have maximum and minimum values), we
refer to the “strategy hypercube” as opposed to the “strategy n-space.”
Swarm is a software package for multi-agent simulation of complex systems.
Research into switching behavior (Department of Trade and Industry, 2000) shows that,
in the UK, current and savings accounts exhibit the lowest level of switching behavior,
when compared to a total of nine consumer markets. The results from the research on
current accounts shows that only 6 percent of consumers switched their supplier of current account in the last five years, with 15 percent of respondents considering switching, and the remaining 79 percent of respondents not switching or considering
switching.
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