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Summary 

In 1953 the Netherlands saw the worst devastating coastal flood of the last century. The government 

stepped in and pledged that this should never happen again, bringing science and technology, 

engineering and construction to create the most sophisticated and reliable flood defense protection 

system in the world. However, the government did not realize that it stepped into a vicious circle: 

the better the land in coastal areas is protected, the more attractive it becomes for people to locate, 

the higher the demand for and economic value of these flood prone areas are, and, therefore, the 

more government needs to invest in the protection of these areas. This could have been avoided if 

there was a better understanding of the feedbacks and relationships between the macro-scale 

governmental policies and the micro-scale individual homeowners behavior in a land market. 

Coastal zone management policy in the Netherlands aims at reducing risk, which is defined as the 

probability of a disaster multiplied by economic damage. Direct economic damage depends on land 

patterns and value of properties under risk, which, in turn, are the outcomes of individual 

microeconomic interactions in a land market. Governmental policy might use instruments (e.g. 

taxes, insurance, educational programs) to affect individual motivations and rules of local 

interaction in order to direct land markets in coastal areas towards desired macroscopic outcomes 

(e.g. more safe allocations). However, the transition from micro-behavior to macro-measures used 

by policy-makers is discontinuous, non-linear and may be associated with new, emergent effects 

and properties. Lack of understanding of micro-foundations of macro-phenomena (such as total 

economic value of the area and spatial pattern of location) can make coastal zone management and 

spatial planning policies inefficient and unpredictable.  

The main goal of this thesis is to get insights into how aggregated economic phenomena in space 

emerge from interactions of individual economic agents in a land market. Specifically, this study 

seeks to identify traceable connections between micro and macroeconomic scales exploring a 

hypothetic city, which replicates the structure and complexity of a typical Dutch coastal town. 

Although the application is specific, the model is flexible and can be used in many other cases 

where economic behavior needs to be modeled in a spatially explicit way that involves 

consideration of environmental amenities, natural hazards and spatial externalities. The 

conventional economic approach assumes a representative rational agent and a unique equilibrium 

in the system. To accommodate more spatial and agent heterogeneity and to allow the study to be 

spatially explicit, this thesis adopts an agent-based approach, which helps to understand the effects 
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of relaxing some of the conventional economic assumptions and their implications for coastal risk 

management policy. 

Microeconomic decisions and coastal risk management: Land prices and land patterns and, 

consequently, direct potential economic damage that contributes to total risk in coastal areas, are the 

outcomes of microeconomic decisions in a land market. If perceived, the probability of flooding or 

erosion capitalizes in property prices. Low flood risk awareness biases microeconomic decisions in 

a land market, and leads to inefficient land use outcomes and increase of risk in hazard-prone areas 

Recent surveys provide evidence that coastal flood risk perception is low in the Netherlands 

implying that it might bias efficient land market outcomes. There are factors that influence 

individual flood risk awareness and have measurable effects on individual land market behavior. 

Policy makers may consider using some of these factors (such as risk communication, flood 

insurance or building on high elevation) to increase individual flood risk awareness and to affect 

microeconomic behavior in a coastal land market for the purpose of decreasing total risk in coastal 

areas (Chapter 2).  

Spatially explicit land market: There is a methodological gap between spatial economics models 

and cellular spatial simulation models. In attempt to bridge it, we developed an Agent-based Land 

MArket (ALMA) model. Compared to urban economics a land market in a monocentric city in 

ALMA is modeled in a spatially explicit way and with a possibility to include heterogeneity in 

spatial environment and among agents. In comparison with cellular automata land use models, 

ALMA adds a behavioral component to the cellular grid (agents exhibit microeconomic behavior 

and have flood risk perceptions). Besides, compared to statistical spatial models the agent-based 

land market model does not just report the dependencies between aggregated variables (e.g. land 

price as a function of distance). Rather it allows understanding the processes behind these 

aggregates. A new spatially explicit land market model structure facilitates the coupling of 

economic models with the process-based ones, more prevalent in natural sciences. Chapter 3 

discusses the conceptual design of the agent-based land market model, while Chapter 4 presents the 

first implementation of the ALMA model and its structural validation against conventional 

analytical urban model. 

Land market interactions in a coastal town: After checking that the ALMA model behaves the 

same as a monocentric model in urban economics, we move beyond the restrictions of the 

conventional model, and add more complexity, which conventional analytical land market models 

cannot accommodate. We model a coastal city where both, environmental amenities (coastal view) 

and disamenities (probability of flooding or erosion) are present and are spatially correlated. Our 
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model allows performing sensitivity analysis of spatial patterns and land prices to agent attributes 

and the distribution of spatial amenities and disamenities. It helps developing a deeper 

understanding of the processes that generate observed spatial data (Chapter 5).  

In addition to spatial heterogeneity, we added heterogeneity among economic agents in order to 

move beyond the representative agent concept. Experiments with agents heterogeneous in their 

levels of flood risk perception demonstrated that individuals who underestimate coastal risk drive 

land market into economically inefficient high risk zone. This also implies, that a representative 

agent model normally used for policy decision support would underestimate developments in the 

flood-prone zone and, consequently, the flood damage (Chapter 5 and 6). 

Land market response to changed risks due to climate change: As a next step, we analyzed the 

changes in the outcomes of a coastal land market due to the shift of the erosion line, i.e. increase of 

a probability of erosion because of climate change. A model with homogeneous agents shows that 

urban developments would move landwards. However, if agents are assumed to have heterogeneous 

perception of erosion probability, then there will be more developments in the high risk zone 

(Chapter 6)  

Survey about flood risk perception and location choices used in the spatially-explicit land 

market model: The results of the 2008 survey showed that most Dutch people do not worry about 

coastal flooding affecting them personally, while coastal amenity is an important factor for people 

willing to buy a house. Both these findings imply that, in general, demand for land in coastal areas 

is high. The land market model parameterized with the actual survey data about individual risk 

perception of Dutch population showed that all the area seawards from the erosion line will be 

developed. Although the ALMA model is not a predictive but rather is an explorative model, this 

finding provides some guidance for what might happen to the towns considered by the Poelmann 

Commission, when the actual level of coastal risk awareness in Dutch population is taken into 

account. 

Conclusions with respect to methodology: Agent-based modeling is a powerful methodological 

platform to cover the gap between economic and cellular spatial simulation land use models. The 

land market model, in which centralized price determination mechanism is replaced by spatially 

distributed bilateral trading, conforms with the qualitative behavior of a standard monocentric urban 

model if homogeneity among agents is assumed. There is a big added value of combining agent-

based modeling and micro-level survey data: the latter gives the knowledge about real-world 

preferences and perceptions and the former helps to visualize and quantify the aggregated macro-

features (resulting from micro-interactions) which are of interest to policy-makers.  



 8 

Conclusions with respect to practice: Firstly, our survey showed that the level of coastal flood 

risk awareness is low in the Netherlands while attractiveness of coastal amenities is high. Secondly, 

policy makers may consider affecting microeconomic behavior in a land market, specifically 

individual risk awareness, for the purpose of decreasing total risk in coastal areas. Such instruments 

as risk communication, insurance and building on high elevations serve as effective instruments to 

increase risk awareness. Thirdly, the simulations showed that individuals with low flood risk 

awareness drive urban developments in coastal areas into the zone that a representative agent 

considers economically inefficient. Thus, potential damage from natural hazards in coastal towns 

will grow beyond the level anticipated by policy makers. This also implies that conventional 

economic models used for policy making and decision support (general equilibrium or econometric 

ones – both assuming a representative agent), might misrepresent the aggregated behavior of the 

real-world economic agents that are known to be highly heterogeneous. 
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1 Introduction 

1.1 Problem and background 

This section gives an overview of the scientific problem and background leading to the importance 

of accounting of different economic scales in the spatial context and its value for coastal risk 

management. The section starts with underlining the scaling issue in sciences in general and 

proceeds with the discussion of aggregation in economics in particular. Then, driven by a need for 

the spatially explicit modeling, a brief overview of the treatment of space in economics and 

spatially explicit land markets is provided. The section concludes with the discussion of importance 

of understanding the linkages between microeconomic decisions in space and emerged 

macroeconomic phenomena for flood risk management on macro level.  

1.1.1 Scaling and aggregation in science 

Dynamics in economic and natural systems are driven by processes on different scales. According 

to (Gibson et al., 2000) scale is defined as “the spatial, temporal, quantitative, or analytical 

dimensions used to measure and study any phenomenon”1. Processes and interactions occurring on 

one scale may produce totally different and unexpected properties and phenomena on another scale 

(Axelrod, 1997). For example, individual bees take action based on some environmental conditions 

and the behavior of their closest neighbors. These individual behaviors result in a collective action, 

when a school of fish, or a flock of birds, or a swarm of bees or ants starts to behave as a whole, as 

an entity, producing effects that cannot be explained in the individual level (Janson et al., 2005; 

Couzin, 2009). Similarly, the sheer stress of wind has a uniform effect on water molecules in the 

sea. Yet once they are brought in motion they become parts of wave structures that are impossible 

to explain at the molecular level, and that have a totally different kind of behavior and impact than 

just the water itself (Narayanan, 2003).  

Heterogeneity of the entities on the micro-level and their interactions are also an important 

aspect. In ecology the predator-prey model describes a simplified interaction between the whole 

populations of a predator and a prey. However, in fact, each of the two populations consists of many 

individual organisms with their own behaviors and physical features (i.e. growth rate, individual 

activity, mortality, adaptive behavior, etc.) (Grimm and Railsback, 2005; Voinov, 2008). The 

                                                 
1 This thesis also often uses a notion of level, which is defined as “the units of analysis that are located at the same position on a 

scale” (Gibson et al., 2000). 
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challenge in these multi-scale phenomena is to find a way to translate individual organismic 

properties into aggregated parameters that are used to describe populations. 

In a variety of examples from different branches of science, the transition from one level of 

detail to another is discontinuous, non-linear and may be associated with new, emergent effects and 

properties (O’Neill et al., 1989; Gibson et al., 2000; Levin, 2005; Manson, 2008). This happens in 

all facets of research: in measurement and data processing, in modeling, in interpreting results and 

in explaining theories.  

Often when transitioning from a micro-scale to a macro-scale, one performs an aggregation, 

i.e. one applies a certain formalism to describe the large system with fewer variables. While dealing 

with scaling and aggregation different sciences face some rather general questions: How can 

models, theories and predictions from one scale be applied at other scales? How can state variables 

be aggregated, and how to account for aggregation bias? How can data measured on one scale be 

used on other scales? If scale of observation affects the description of a pattern, how to account for 

changes in descriptive statistics while changing from one scale to another? How to understand and 

describe the emergence of processes on one scale from the underlying elements and local 

interactions on another? How do global processes influence individual behavior and what are the 

cross-scale feedbacks? What are the impacts of scale of analysis upon the perceptions and 

limitations of a researcher? 

Among these daunting questions this thesis will focus on understanding how macro-

phenomena emerge from the interactions of individual elements at the micro-level. The scaling 

problem has both theoretical and applied importance. From the theoretical point of view, the 

essence of any science is in understanding the nature of processes and in proposing and exploring 

mechanisms behind observed phenomena. In particular, describing aggregated patterns in terms of 

processes and elements that produce them is the key to understanding (Levin, 1992). One can 

explain a phenomenon if one “grows” it from the bottom up, from lower hierarchical levels to the 

higher ones (Epstein and Axtell, 1996). From the point of view of applied importance, many real-

world phenomena, such as coastal erosion, accumulation of greenhouse gases or financial market 

bubbles are most prominent on the macro-scale, while they originate from and affect micro-scale 

processes. Thus, to understand potential responses of natural, physical and economic systems to 

exogenous changes and to develop appropriate policy initiatives, one needs to grasp the feedbacks 

between processes on different scales. In particular, to find effective economic policies that can 

change macro-indices, one needs to understand how particular macroeconomic phenomena emerge 

from interactions among microeconomic agents and how these macroeconomic phenomena impact 

microeconomic agents’ behavior. The present study is about the process of aggregation from micro-
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scale to macro-phenomena in economics of land use with a focus on coastal risk management in the 

Netherlands.  

1.1.2 Aggregation in economics 

The economy is a complex system (Arthur, Durlauf et al., 1997; Tesfatsion, 2001). Complex 

systems are characterized by a diversity of components, with local interactions among them, 

producing nonlinear feedbacks between different hierarchical levels (Levin, 2003). Many emergent 

macroeconomic features, such as gross national product, inflation rate, prices and unemployment 

level result from many individual decisions (Dasqupta, 2002). In turn, these aggregated features 

affect individual micro-decisions. Thus, although micro-behavior and macro-features are studied 

separately by micro and macroeconomics, there are mutual feedbacks between the two levels. 

Economists have been attempting for decades to define micro-foundations of macroeconomic 

phenomena (Gupta, 1969; van Daal and Merkies, 1984; Forni and Lippi, 1997; Simon, 1997; van 

der Veen and Otter, 2003; Hommes, 2006; Kirman, 2006). 

The conventional way of aggregation in neoclassical economics is to assume a 

“representative” agent (Varian, 1992) – a typical firm or household, the behavioral model of which 

can be extended to represent the behavior of the whole group of economic agents. In addition, what 

makes aggregation in mainstream economics possible, is the assumptions that the representative 

agent is rational, and that unique market equilibrium exists. The budget constrained utility or profit 

maximization problem for a representative agent is then solved by standard optimization 

techniques.  A macro-phenomenon such as the price for a good is determined at the intersection of 

demand and supply curves of a representative consumer and producer. Similarly, many other 

macroeconomic features are derived via modeled labor, commodity, financial and other markets. 

Thus, a transition from individual microeconomic behavior to a macro-phenomenon is done through 

the mediation of markets. Interactions between agents are assumed to be averaged out by the law of 

large numbers. Such analysis has produced some useful results and elegant mathematical outcomes. 

However, it has been shown that local interactions might cause movements at the aggregated level 

(Hommes, 2006). In fact, the representative agent model, which assumes that the economy behaves 

as a typical individual, starts to run into difficulties when confronted with real data. Specifically, 

microeconomic models faced with aggregated per capita data do not seem to perform well (van 

Daal and Merkies, 1984).  

The departure from the equilibrium concept (Arthur, Holland et al., 1997; Axtell, 2005; 

Arthur, 2006; LeBaron, 2006), introduction of interactions (Manski 2000; Brock and Durlauf 2001), 

heterogeneity (Kirman, 1992; Kirman and Vriend, 2001) and bounded rationality (Simon, 1997) 
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turn out to be essential to explain some economic phenomena, which conventional models cannot 

explain. Driven by the need to accommodate more characteristics of the real-world economic 

systems, another approach to linking micro-foundations and macro-phenomena developed. The 

computational study of economies modeled as evolving systems of autonomous interacting 

heterogeneous agents became known as agent-based computational economics (ACE) (Tesfatsion, 

2001). A representative agent can be replaced by heterogeneous ones in ACE markets. Moreover, a 

macroeconomic phenomenon is not determined in the equilibrium but rather through multiple 

decentralized interactions of economic agents (Tesfatsion and Judd, 2006). In this case the 

aggregated phenomena emerge as a result of the dynamic interactions of heterogeneous agents 

(Gilbert and Troitzsch, 2005). Although economic logic is employed to define behavior of 

microeconomic agents, ACE widely uses simulations, specifically object-oriented programming 

(Wooldridge, 2002), in addition to conventional analytical tools. Many aggregated economic 

phenomena were studied with the help of agent-based markets (Epstein and Axtell, 1996; Arthur, 

Durlauf et al., 1997; Axtell, 2005; Tesfatsion and Judd, 2006).  

Thus, representative agent and ACE approaches are two ways to provide aggregation from 

microeconomic behaviors to macroeconomic features. However, the former does it via centralized 

equilibrium market clearing while the latter does it through heterogeneous agents operating in out-

of equilibrium decentralized market. The current thesis adopts an approach of heterogeneous 

interacting agents in ACE traditions in understanding micro-foundations of macroeconomic 

phenomena. 

1.1.3 Spatially explicit markets in economics 

The interdisciplinary nature of many real-world problems involves understanding of 

interconnections of natural and economic systems on a variety of scales (Gibson et al., 2000; Chave 

and Levin, 2003; Rotmans and Rothman, 2003; Manson, 2008). Different disciplines often use 

different notions of scales for space, time and organizational complexity (Levin, 2003). The 

problem of linking ecological-economic systems, i.e. modeling of human-environment interactions, 

has been widely discussed (O'Callaghan, 1996; Janssen, 2002; Chave and Levin, 2003; Polasky et 

al., 2005; Matthews et al., 2007; Wu and Irwin, 2008). The two systems exert mutual feedbacks 

(Irwin et al., 2007; Parker, Hessl et al., 2008). Moreover, interactions between two systems can be 

non-linear, effects might exhibit time lags, processes take place on different spatial scales, and 

actions leading to environmental pressure in one region might well take place in another. In 

addition, the spatial dimension is extremely important in interdisciplinary research because of 

spatial heterogeneity of the landscape that affects processes in both economic and natural systems. 
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The development of interdisciplinary models implies that economic and natural systems 

should be connected on some basis. The majority of natural sciences research is done in a spatially 

explicit way. Thus, to have a common dimension with natural science models, economic models 

should also be developed in a spatially explicit way (Bockstael et al., 1995). In addition, to pursue 

the interest in understanding micro-foundations of macro-phenomena, the market should be present. 

These two facts lead us to the problem of modeling a spatially explicit land market rooted in the 

concepts of spatial economics. 

The study of space, or land, in economics is a complicated field in itself since economics is 

largely aspatial. Randall and Castle (1985) and Hubacek and van den Bergh (2006) provide the 

detailed reviews of economic studies of land. Here it will suffice to consider two issues: direct 

modeling of land markets and the extent, at which it is spatially explicit in both theoretical and 

empirical economic research.  

Until the nineteenth century theoretical economics considered land as one of the factors of the 

production function along with capital and labor (Randall and Castle, 1985). Later, the importance 

of fertility of land has been recognized (Ricardo, 1821/2001). One of the main foundations of 

spatial economics was laid out by Von Thunen (1826/1966) who recognized the trade-off between 

land price and travel costs to the central market place. Urban economics is largely based on the 

model of Alonso (1964), which extends von Thunen’s model for households’ location decisions and 

was further elaborated by Muth and Mills (Brueckner, 1987). Furthermore, real-estate economics 

focuses on market forces (competition and urban developments) and global processes (credit 

availability) affecting property prices (DiPasquale and Wheaton, 1995). New economic geography 

(Krugman, 1991) and economics of agglomeration (Fujita and Thisse, 2002) analyze the 

endogenous formation of central business district (CBD) and polycentric urban structures. Much of 

regional economics studies concern the introduction of travel costs in general equilibrium models, 

location decisions and clustering of firms, and links between trade and location (Weber, 1965; 

Isard, 1972; Fujita et al., 2001). Environmental economics also touches upon the issue of space 

while being mainly concerned about environmental amenities (Wu, 2001; Wu and Plantinga, 2003). 

The main point in all these different branches of economics dealing with space is that land is a 

scarce resource, which should be allocated efficiently. Economists consider that if no externalities 

are present, a scarce resource should be allocated efficiently via a market for a certain price. Thus, 

theoretical studies of economics of space comprise a land market, which is essential to this thesis 

due to the interest in understanding micro-foundations of macroeconomic phenomena. However, 

even if these economic theories are concerned with land, they usually do it via travel costs without 

spatially explicit consideration of the landscape. Moreover, they are based on the representative 
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agent model (i.e. agent heterogeneity is left-out) and till now consideration of the spatial 

heterogeneity of a landscape is quite limited.  

On the contrary, empirical research in agricultural, real-estate and environmental economics 

underlines that the spatial environment is highly heterogeneous, that land markets are affected by 

governmental policies, and that specific land uses impose externalities on the neighboring land 

(Irwin and Bockstael 2002; Buurman 2003; Irwin and Bockstael 2004; Wu et al. 2004; Levine 

2006). Empirical land market research provides very useful information about the state of the 

market and static connections between spatial characteristics of spatial goods and transaction prices 

at a given moment. Nevertheless, it is not easily applicable to conceptual analysis, which can 

connect microeconomic incentives and macro-phenomena through the market institution. The 

market-clearing hedonic price function is the result of the interaction of supply and demand (Arnott, 

1987) but the process of this interaction is hidden. Thus, any changes in microeconomic preferences 

or changes in policies would result in different relationships (i.e. regression coefficients) of the 

estimated hedonic price function for land (i.e. macroeconomic feature). Another branch of research 

closely related to empirical land use modeling is cellular automata (CA). CA models, which 

highlight spatial heterogeneity of land and distance-dependent externalities, reflect socioeconomic 

influences only implicitly through calibrated parameters without direct modeling of land market and 

economic behavior (White and Engelen, 1993; Batty et al., 1999; Verburg et al., 1999; Jantz et al., 

2003; Benenson and Torrens, 2004; van Delden et al., 2007). In summary, empirical land use 

research provides spatially explicit modeling, but not a direct modeling of the land market which 

connects individual behaviors with macro-outcomes (e.g., land patterns and land prices). 

Therefore, on one hand economic theories concerning space model land markets and by this 

bridge microeconomic preferences and behaviors with equilibrium land prices and patterns but they 

lack spatial explicitness. On the other hand, empirical studies, normally involving spatial statistics 

and GIS2, provide spatially explicit setup. However, in that case direct modeling of a land market is 

absent since hedonic function (i.e. already an outcome of a land market in the previous periods) is 

likely not to be robust if microeconomic agents’ behavior change (or if new participants will be 

entering a land market). Consequently, there is a need to have a spatially explicit land market 

model, which uses the advantages of both empirical and theoretical models of spatial economics. 

This thesis seeks for an approach to accommodate a spatially explicit representation of a 

heterogeneous spatial environment while maintaining links between microeconomic agents’ 

behavior and macro-level land market outcomes. Agent-based methodology, used for various types 

of markets (Tesfatsion and Judd, 2006) and spatially explicit land use modeling (Parker et al. 2002; 

                                                 
2 GIS -  Geographic Information Systems 
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Parker et al. 2003; Matthews et al. 2007), seems to be a useful tool. Apart from for a purely 

scientific interest for aggregation in economics in the spatial context pursued by the present study, 

there is a necessity of direct modeling of land markets in land use models (Parker and Filatova, 

2008; Polhill et al., 2008) that can be summarized as follows: 

 land markets determine the efficient allocation of land (quantity in each location) among 

competitive uses regulated by prices, which emerge as a result of demand and supply 

interactions at each location; 

 as neighborhood structure changes (i.e. spatial externalities change), demand and the 

resulting land prices change as well; 

 if supply and demand for land are considered jointly, then a land use model allows to 

account for the competition (demand or supply excess) which speeds up or slows down 

spatial developments; 

 often interdisciplinary research involves policy recommendations in terms of market 

mechanisms (e.g. subsidies, taxes, insurance), effects of which are hardly testable in land 

use models if direct modeling of a land market is not present. 

To summarize the section and to refer back to the issue of scales in economics discussed 

above, we note once again that the problem of aggregation in economics is a process of explaining 

macro-phenomena, such as market prices, through economic institutions, for example markets, 

assuming certain preferences and incomes at the micro-level. When a research problem involves 

natural sciences and particularly those dealing with space, the scaling issue in economics is 

translated into a question of aggregation of individual preferences via the land market. Thus, the 

conventional problem of aggregating behavior of representative or heterogeneous agents in any 

neoclassical market is translated into a problem of aggregating these behaviors in a land market as 

shown in Table 1.1 

 

Table 1.1: Dominant features and processes on different scales in economics 

 

Scale Neoclassical economics Spatial economics 

MICRO 
 
(individual 
decisions 
making) 

Household consumption behaviour: 
- individual preferences for goods 
- income 
- individual demand (willingness to 

pay) 
 
Firms production: 
- costs of production 
- profits 
- individual supply (willingness to 

accept) 

Households and firms: 
- individual decision where to locate 
- willingness to pay for land 
- land tax or property insurance 
- interactions with other agents (market, social, 

spatial) 
Farmers and developers: 
- opportunity costs of land (agricultural land price) 
- costs of developments 
- willingness to accept 
- investments in public good 
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MACRO 
 
(aggregated 
phenomena) 

- aggregated demand and supply 
- equilibrium (supply equals demand) 
- market prices 
- unemployment rate 
- inflation, etc. 

- aggregate demand for and supply of land 
- spatial equilibrium 
- land price 
- land rent gradients (i.e. land prices as a function of 

distance from the CBD) 
- total economic value of the area 
- spatial patterns 

1.1.4 Coastal risk management and relevance of microeconomic decisions 

About two thirds of the world’s population live along the coast (Costanza et al., 1999). Coastal 

zones include some of the most valuable ecosystems on the planet (Costanza et al., 1997), and the 

expansion of developed urban areas puts these ecosystems under stress. It impacts habitat for 

species, food production, recreation, erosion control, and sediment retention (Martínez et al., 2007). 

In the Netherlands coastal zones require a delicate balance between economic development (70% of 

Dutch Gross National Product is generated in coastal zone (Veraart et al., 2007)) and ecosystem 

functions provided by interactions of land and sea (the Dutch costal zone and the whole country is 

largely protected from flooding and erosion by sand dunes and other safety defense measures 

(Rijkswaterstaat, 2002)). Space, which is of big value for economic development, is ensured in 

coastal zones by ecosystem functions such as sediment retention and erosion control. The concept 

of land-use in economics implies that the spatial configuration of land patterns influence the 

efficiency of the whole economy by affecting transportation costs or the risk of damage caused by 

potential natural hazard. Land should be allocated between all alternative uses efficiently, providing 

adequate protection of humans from natural disasters, as well as protecting natural systems and their 

functions (e.g. erosion control and sediment transport) from human pressure. All these factors make 

the comprehensive coastal zone management necessary. 

The level of complexity in coastal zone management is high since the processes involved take 

place on different analytical, temporal and spatial scales and are heterogeneous in nature. The lack 

of understanding of micro-foundations of macro-phenomena (such as total economic value of the 

area and spatial pattern of location) might make coastal zone management and spatial planning 

policies uncertain and unpredictable. Governmental policy might use instruments (e.g. taxes, 

insurance, educational programs) to affect individual motivations and rules of local interaction in 

order to direct land markets in coastal cities towards desired macro-scopic outcomes. Conventional 

economic models based on the assumption of a representative agent produce some guidance but 

models based on heterogeneous agents (and human behavior is highly heterogeneous) will produce 

qualitatively different results (Forni and Lippi, 1997; Filatova, van der Veen and Voinov, 2008). 

Coastal zone management policy in the Netherlands is shifting to a concept of flood ‘risk’ 

instead of flood probability as a criterion for efficient management (Rijkswaterstaat, 2002). The risk 
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of flooding or erosion is the probability of a disaster multiplied by the expected damage in terms of 

economic values and lives. On one hand, this implies that to decrease flood risk, governmental 

investments in flood protection are likely to be made in areas with high economic value. The 

economic potential of the area under risk is determined by individual land use decisions (van der 

Veen and Logtmeijer, 2005) and by the value of properties under risk (Rijkswaterstaat, 2005d) both 

emerging from many individual interactions on a land market. On the other hand, individual 

demand for certain locations depends of the flood/erosion safety standards and on the individual 

attitudes towards risk. The following conceptual scheme reflects the feedbacks between policy 

decision-making and individual land market decisions (Figure 1.1). 

 

Figure 1.1: Conceptual model of feedbacks between microeconomic behavior and coastal risk 
management on macro-level (CBD – central business district) 
 

At the micro-level economic agents choose a location, which is characterized by certain 

spatial attributes (external factors), by maximizing their utility or profit function (i.e. based on their 

internal factors). A successful transaction on a land market leads to the conversion of the sold piece 

of land from one use to another or change in its price. Many individual interactions on a land 

market lead to the emergence of spatial patterns and land prices that impact the economic value of 

the area at the aggregated level. The risk of flooding is determined based on the new economic 

value of the area (i.e. potential direct damage) and the probability of defense measures failure. 

Changes in total potential flood risk in the area drive changes in coastal policy at the macro-level 
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(possibly, changes in the safety standards or spatial planning) providing new conditions, in which 

individuals make their microeconomic location decisions. The iterative nature of this process may 

be taken into account while developing coastal risk management strategies.  

Currently, policy decisions, including coastal policies, are supported either by a general 

equilibrium model (based on representative agent and driven by aggregated statistical data for 

averages) or econometric predictions (based on the estimated demand curve of a representative 

agent or the probability that a representative agent will exercise a particular land use). This thesis 

will explore how the introduction of heterogeneity among agents and direct modeling of their 

market and spatial interactions might affect economic macro-outcomes, on the basis of which policy 

decisions are made. Therefore, the “growing” of economic macro-phenomena in space from 

bottom-up might serve as a useful laboratory to examine macro-outcomes of many interacting 

heterogeneous agents reacting to changes in macro-environment including changes in policy 

options. 

1.2 Goals, objectives and research questions 

1.2.1 Goal and objectives  

The main goal of the study is to get insight into the aggregation issue in economics in a spatially 

explicit context. Specifically, this thesis seeks to identify traceable connections between micro and 

macroeconomic scales applied to a hypothetic city, which replicates the structure and complexity of 

a typical Dutch coastal city. This puts the results in a practical context and highlights their 

applicability for decision making. To achieve this purpose the following objectives were defined:  

 Provide theoretical insights into the connections between microeconomic spatial location 

decisions, and macroeconomic outcomes and coastal risk management policy; 

 Define a potential method to capture these connections; 

 Develop a model capable of incorporating the economic concepts of land markets in the 

spatial context; 

 Start with a simple model, and then gradually add details comparing it to economic theory and 

to the available empirical data; 

 Explore what practical applications the model results may have for policy makers and give 

some considerations for coastal flood risk management. 
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1.2.2 Research questions  

To reach the goal, the following research questions were formulated: 

Q1:  How do micro-level preferences and perceptions (e.g. flood risk awareness) of economic 

agents affect macroeconomic spatial outcomes and how can policy-makers use these micro-

macro links for coastal risk management? 

Q2:  How can a land market be modeled in a spatially explicit way and what are the challenges 

arising from transforming an economic equilibrium framework into a dynamic spatial context?  

Q3:  How comparable are the results of a land market with homogeneous agents where the 

centralized equilibrium price determination mechanism is replaced by the spatially distributed 

bilateral trading to the results of the conventional monocentric urban model? 

Q4:  What are the results (e.g. land rent gradient, size of the city, welfare metrics) of a spatially 

explicit land market if spatial heterogeneity (e.g. amenities and disamenities) and agent 

heterogeneity are introduced? 

Q5:  How might land markets respond (in terms of changed land prices, city size, and amount of 

urban developments under risk) to an increasing probability of flooding or erosion? How 

variations in individual perceptions of erosion probability affect aggregated patterns of 

development?  

Q6:  What are the real-world individual location preferences and perceptions of flood risk in the 

Netherlands? What are the outcomes of a spatially explicit land market where the distribution 

of economic agents’ perception of risk of flooding is parameterized with real-world survey 

data? 

1.3 Thesis outline 

The current study consists of eight chapters. After this Introduction, Chapter 2 focuses on the 

market mechanism, through which probability of flooding enters the microeconomic choice of 

location and on why it matters for coastal risk management. The effects of changes in individual 

flood risk awareness upon land prices and spatial patterns are discussed and a short review of the 

recent surveys of coastal flood risk perception conducted in the Netherlands is presented. 

Consequences of low individual flood risk awareness in coastal land markets are discussed together 

with the policy instruments to increase flood risk awareness.  

Chapter 3 reviews the existing approaches to modeling of land markets and explores various 

spatial micro-simulation models. The justification is provided for the choice of the methodology, 

that is agent based modeling. We outline the challenges related to the equilibrium economic 
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approach, the problems with the choice of economic agents participating in a land market and their 

pricing behavior, and propose some approaches to resolve the challenges.  

Chapter 4 presents the first implementation of a spatially explicit agent-based land market 

model (ALMA), in which equilibrium price determination mechanism is replaced by a series of 

bilateral trades. Experiments reproducing conventional analytical monocentric urban model with 

homogeneous agents are performed (structural validation). Also, the effects of different pricing 

strategies are presented. 

In Chapter 5 the monocentric urban model is extended to account for more than one spatial 

attribute (beyond traditional distance to the CBD). The chapter presents a spatially explicit land 

market model for a coastal city (ALMA-C) where economic agents make trade-offs between coastal 

amenities (seaside view) and disamenities (the probability of flooding or erosion). The effects of 

agents’ heterogeneity with regards to spatial characteristics on aggregated outcomes are 

investigated.  

Chapter 6 considers how macro-patterns change due to changes in spatial characteristics, 

rather than in agents’ preferences as was the case in Chapter 5. This example shows the potential 

dynamics in the land market if the probability of flooding or erosion changes as a result of climate 

change (e.g. ‘erosion line’ shift). Results of experiments of the ALMA-C model with homogeneous 

and heterogeneous agents are discussed. 

Chapter 7 discusses the results of a 2008 survey conducted in the Netherlands, which explores 

coastal flood risk perception and location choices. The analysis of micro-level data provides insight 

into how people actually make decisions about buying properties in flood-prone areas. As a next 

step, the survey results on individual flood risk perceptions are used to parameterize economic 

agents in the ALMA-C model.  

Chapter 8 presents the conclusions in line with the research questions and the main goal of the 

study. The achievements and drawbacks of the current research along with directions for future 

work are presented. In addition, considerations on practical applicability of research results for 

coastal flood management in the Netherlands are outlined. 
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2 Coastal risk management: how to motivate individual 

economic decisions to lower flood risk?3 

Abstract 

Coastal flood risk is defined as a product of probability of event and its effect, measured in terms of 
damage. The focus of this paper is on how to decrease risk by decreasing potential damage. We 
review socio-economic literature to show that total flood damage depends on individual location 
choices in the housing market and on individual flood risk awareness. Low flood risk awareness 
leads to inefficient spatial developments and increased flood risk. We show that personal 
experience, risk communication, financial instruments like insurance from flooding and technical 
instruments like building on high elevations, are factors that increase individual risk awareness. 
Evidence that these factors indeed affect housing prices and land use patterns is provided. We 
discuss proactive instruments that can be used in coastal zone management in the Netherlands to 
increase individual risk awareness. We argue that policy-makers may create incentives giving 
individuals a possibility to make location choices that lead to less total flood risk in the coastal zone 
area. 

2.1 Introduction 

Worldwide the amount of capital in coastal zones susceptible to flooding4 is increasing. According 

to the IPCC the damage from natural disasters in Europe has rapidly increased over the past 

decades, mainly because of the growth of capital accumulated in flood-prone areas (Nicholls et al., 

2007). In the Netherlands where about 70% of the Gross National Product is earned in the areas 

below sea level (Veraart et al., 2007), the issue of decreasing flood risk attracts a lot of attention. 

Risk of flooding in European water management is defined as a function of the probability of a 

flood event and its potential effect (in terms of monetary damage and human causalities) 

(Rijkswaterstaat, 2005a). This implies that lower flood risk can be achieved either by decreasing 

probability of flooding, or by decreasing potential damage from flooding or by combining the two. 

In Dutch water management traditionally the focus has been on reduction the probability of 

flooding by means of engineering defense constructions (i.e., strengthening dikes and dunes) 

(Rijkswaterstaat, 2002; Smits et al., 2006; Bucx et al., 2008). However, the decrease in total flood 

risk due to lowered probability of flood defense failure is vanished if the economic value of the area 

continues to grow in zones vulnerable to flood. Flood risk can be really reduced only if engineered 

coastal defense measures are complemented with an economic use of a flood zone that ensures less 

potential damage.  

                                                 
3 This Chapter is also a paper co-authored with J.P.M. Mulder and A.van der Veen “Coastal risk management: how to motivate 

individual economic decisions to lower flood risk?” Submitted to Ocean and Coastal Management. 
4 Flooding, which is caused either by a break of a dike or high water levels, has two physical effects: inundation and erosion. Here 

when we say flooding (or flood) we assume both effects. 
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The extent of flood damage depends on spatial patterns of residential and commercial areas 

and their values (Rijkswaterstaat, 2005d). Both patterns and prices are the outcomes of many 

individual interactions in the urban land market. Due to several reasons economic developments 

occur in proximity to old economic centres, which originated close to water ways or harbours. First, 

production and business companies benefit from clustering (Fujita and Thisse, 2002). Second, 

households are attracted to economically developed areas because of employment opportunities. 

Third, in addition to these economic factors coastal zones provide important environmental 

amenities, which are highly valued by households (Bin et al., 2008). Thus, all economic forces work 

to promote growth of capital in flood prone areas. 

In coastal zones another vital factor in the decision to buy property or to invest is individual 

flood risk awareness (MacDonald et al., 1987). Low risk awareness leads people to buy properties 

in the zones vulnerable to flooding at higher prices and in higher amounts than would be beneficial 

for a society as a whole. It was shown that people who underestimate flood probability drive urban 

developments to expand to economically inefficient5 zones (Tatano et al., 2004; Filatova et al., 

Under review). In the case of the Netherlands, where it is the society as a whole that pays for flood 

protection measures, individuals can take advantage of that and contribute to increasing flood risk. 

Since safety is assumed to be a governmental responsibility, water management provides no 

mechanisms for individuals to act in a more sustainable way in the light of climate change and sea 

level rise. This paper explores stimuli to motivate individuals to make microeconomic decisions at 

the housing market in the Netherlands that lead to less flood risk at the aggregated level. At the 

same time we highlight the aspects of shared responsibilities between government and individuals 

with regard to flood risk.   

We focus on two research questions: 1) How do individuals make economic decisions at the 

housing market if there is a probability of flooding? 2) What instruments may policy-makers use to 

promote outcomes of a housing market that would lead to less flood risk? First, we outline the 

challenges associated with the current water management in the Netherlands. Next, from the review 

of economic studies we provide both theoretical and empirical evidence of the influence of flood 

probability on land prices and spatial patterns and explore the role of individual risk awareness. 

Third, the results of surveys aimed to elucidate individual coastal flood risk awareness in the 

Netherlands are reviewed. We then discuss four factors that increase risk awareness in coastal 

zones, and have a direct measurable effect on land use patterns and housing prices and, thus, on 

potential flood damage. Finally we draw conclusions on the effectiveness of these factors and 

possibilities to use them in water management. 

                                                 
5 Economic outcome is considered to be economically efficient if no single person can be made better off, without making somebody 

else worse off. Inefficiency means that somebody made it better off by means of making another person worse off. 
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2.2 Challenges for flood risk reduction in the Netherlands 

In the Netherlands, at the macro-level the government took on the responsibility to minimize flood 

risk. Today the country is protected by a system of dike rings with different safety levels, which 

standards are enforced by law (Wet op de Waterkering, 1995). The dikes and dunes in the provinces 

of North and South Holland are supposed to withstand a storm surge with a probability of 

occurrence of once in 10 000 years. Although the probability that a disaster may happen is low, the 

consequences will be dramatic (€ 300 billion for the “Centraal-Holland” dike ring along in prices of 

2000 (Kok et al., 2002)). The present safety standards, related to probabilities of flooding, are based 

on the guidelines developed by the first Deltacommissie (1960). The spatially differentiated 

probabilities have been defined taking into account the number of people living in a certain area and 

the economic value of the area. The second Deltacommissie (Deltacommissie, 2008) has proposed 

to increase the current safety levels by decreasing the probability level by a factor 10.  

However, by only decreasing probability levels one shadows some important hidden 

feedbacks between micro (individual) and macro (policy) decisions in the process of risk reduction. 

The higher the density of population and economic value of a territory (boxes I. and II. in Figure 

2.1) the more reasons the government has to minimize the probability of flooding  (box III. in 

Figure 2.1). However, there is a clear danger of a positive feedback here. The safer it becomes to 

live in the potentially vulnerable areas, the more people and businesses are attracted to settle and to 

invest there (box IV. in Figure 2.1). Moreover, economic forces work to attract more business and 

households seeking jobs to the existing economic clusters in coastal zones. The economic value of 

the territory increases even more (boxes V. and I. in Figure 2.1) and again may motivate the 

government to increase the safety in this area (boxes III. in Figure 2.1). 

 

Figure 2.1: Self-reinforcing loop that fuels the growth of flood risk in coastal zones (CZ) 
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It is a self-reinforcing cycle that has a negative effect on flood risk: the safer it becomes to 

live somewhere, the more economic agents would like to live and work there, and the more the state 

should invest to increase overall safety standards. Eventually, a cost-benefit analysis (CBA) – 

calculating the cost of technical protection measures and the benefits of avoided risk – will indicate 

whether the cycle may continue. The key question is what will happen at the critical point in time 

when the CBA will appear to be negative. In order to postpone or even prevent this point in time, it 

seems worthwhile to investigate ways to interrupt the self-reinforcing cycle and turn it into a 

positive direction of maintaining or even decreasing flood risk.   

With respect to damage reduction the following aspects deserve special attention: 

1. Damage from a flood event is calculated as a sum of direct and indirect economic 

damage and damage from business interruption (Rijkswaterstaat, 2005a; 

Rijkswaterstaat, 2005d). Both spatial patterns and prices of properties play an 

essential role in the potential direct damage. In the Netherlands spatial patterns of 

development are strictly controlled by the government via spatial planning 

(Rijkswaterstaat, 2002). Housing prices, however, are the outcomes of market 

allocation of land between competitive uses where individual choice plays the main 

role. Thus, the risk of flooding is related to land/housing market outcomes, i.e. to 

individual demands for particular locations.  

2. Safety from flooding is a public good. Formally in the Netherlands the government 

has an overall responsibility to decrease flood risk along the coast. However, 

individual location decisions create capital at stake making citizens partly 

contributing to the increased risk of flooding in the coastal zone. The present system 

of water management does not have mechanisms to account for these shared 

responsibilities. There are no incentives at the individual level to make housing 

decisions that would lower potential flood damage. 

Characteristics of the traditional approach to flood safety in the Netherlands, as described 

above, is the dominant role of the government, no active mechanisms for individuals to make land 

market decisions leading to less flood damage and the emphasis on technical measures including 

technical expressions of safety levels. Even though, technically speaking, the probability of a dike 

failure is not zero, this water management practice has created a feeling of absolute safety amongst 

the population (see Section 2.4) and of absolute trust in the government taking care of the safety. 

Can a change in this attitude contribute to a reduction in flood risk? 

We state that if individuals who buy properties in the land market are aware of risks that they 

are taking when settling in a vulnerable zone (box IV in Figure 2.1), then flood risk in coastal zone 
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decreases. We argue that this measure can reduce the growth of flood risk in coastal zones even if 

the safety standards (probabilities of disaster occurrence) (Wet op de Waterkering, 1995) remain 

constant. To support our argument we first prove that individual risk awareness influences land 

prices and spatial patterns and, consequently, flood risk. Second, we discuss possibilities to increase 

individual risk awareness, which affects individual location decisions, so that flood risk in coastal 

zones can be decreased.  

2.3 Land use and housing values in flood prone areas: how does 

probability of flood enter into economic decisions at housing 

market? 

2.3.1 Theory: Urban economics and economic decisions under risk 

The functioning of markets is well studied in economics (Varian, 1992). Economic agents in a land 

market have preferences for properties, from which the demand for land can be determined. The 

supply of housing depends on geographical conditions, spatial planning, and the structural density 

at which developers supply residential or commercial buildings. Conceptually, the price of a spatial 

good (i.e. a house or land) is the intersection point of the aggregated demand and supply curves. 

This is a very simplified view on a housing market; however, it gives us some powerful insights 

into how everything is interconnected. If demand for properties goes up then prices also increase 

(Buurman et al., 2001). For a coastal city this also implies that potential direct damage from 

flooding will increase. For example, if households have strong preferences for a seaside view, then 

demand for coastal properties increases and so do prices. Alternatively, if economic agents are 

aware of the risk of flooding in the locations close to the seaside, then the proximity to the coast 

might serve as a repulsive factor. The aggregated demand for land is likely to decrease pushing land 

prices down.  

Consequently, the lower the demand for some locations, the lower the property price and the 

lower is the direct economic damage from flooding. As a matter of fact, in the Netherlands an 

average price of properties at the coast is higher than the average for coastal provinces. Specifically, 

in the province of Zuid-Holland the difference between average property prices along the coast and 

those more landward, was € 99 400 in 2005 (VLIZ, 2005). This may indicate that coastal amenities 

and economic attractiveness of the Dutch coast exhibit much stronger influence on individuals than 

potential flood damage.  

Urban economics studies location decisions of individual households and firms in a city and 

aggregated urban features such as land prices and spatial structure. The majority of urban models 
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are based on the monocentric urban model (Alonso, 1964). Households search for a location that 

maximizes their utility under budget constraint. Firms search for a location that maximizes their 

profits. This standard urban model was extended to account for several employment centers (Fujita 

and Thisse, 2002), as well as for the influence of environmental amenities (such as a seaside view) 

(Wu and Plantinga, 2003). 

Under conditions of uncertainty, such as when buying properties in an area potentially 

vulnerable to flood or erosion, people maximize expected utility (expected profit). Thus, a choice 

between locating in a flood-prone coastal area and a safe area, might be seen as maximization of 

Von Neumann-Morgenstern utility function (Varian, 1992). The specific characteristic of the Dutch 

coastal zone is that the probability of flooding is very low. At the same time, benefits of locating 

close to the economically most developed area and coastal amenities are very appealing, which 

causes urban developments in the coastal zone to expand.  

Moreover, economic agents may hold subjective beliefs about the probabilities, causes, and 

effects of flood events in the future. These beliefs depend on their experience, income, education 

and other personal factors. As discussed in literature (Slovic, 1987; Varian, 1992; Sjoeberg, 2000) 

economic agents have subjective perceptions of a flooding probability and associated risk. 

Experimental economics has proven that subjective risk perceptions very much depend on how the 

risky situation is framed or presented to an individual decision maker (Kahneman and Tversky, 

1979). Subjective probabilities of an event are updated whenever a hazard event occurs and become 

lower if it does not occur for a long time. Empirical studies also reveal that the perception of risk 

increases after an event (Kaiser et al., 2004) and gradually reduces in the long-term, if an event does 

not happen periodically (Chivers and Flores, 2002). 

Tatano et al (2004) proposed an urban model, in which the probability of a disaster was 

integrated as a qualitative characteristic of land. This model borrows much from the traditional 

monocentric model, except for the fact that a city is divided into two zones: a safe zone and a zone 

vulnerable to a natural disaster. Households are assumed to have some “perception bias” for the 

chance of a disaster. Equilibrium urban spatial pattern and land prices depend on individual risk 

perceptions of a natural disaster. The authors concluded that if risk perception biases exist, then an 

efficient allocation of land in the city is not possible.  

2.3.2 Empirical evidence: Hedonic analysis of housing prices in flood-prone areas 

The influence of risk of flooding on the land prices is also empirically justified by hedonic studies 

(MacDonald et al. 1987; IWR 1998; Daniel et al. 2007). In hedonic price studies a spatial good is 

considered as a differentiated market good with specific quantitative and qualitative attributes 
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(Rosen, 1974). The probability of flooding is an important characteristic of the quality of a spatial 

good and it contributes to the overall property price. To be willing to locate in an area vulnerable to 

natural disaster, economic agents have to receive some compensation for accepting potential future 

losses. This compensation capitalizes in housing prices, meaning that property prices normally 

decrease in the vulnerable areas. The property price discount depends on the perceived loss and 

probability of a disaster (MacDonald et al., 1987). It develops in the competitive markets with 

perfectly informed buyers and sellers. However, information asymmetry, risk perception bias, and 

expectations that the government fully provides public safety, add to the complexity of market 

dynamics (IWR, 1998). 

Using property transaction data, hedonic price researchers estimate the monetary value of 

every significant characteristic of a spatial good. In this case, the probability of flooding will have a 

negative value, which might reduce the total value of a spatial good in the market. Numerous 

studies trying to identify the discount of the housing prices caused by flood risks, were done in the 

USA. The common finding is that a probability of flood decreases property values (Table 2.1). 

Table 2.1: Hedonic estimations of the housing price discount in the flood hazard areas 

Authors, year of 
publication 

Case-study area 
Type of 
natural 
disaster 

Housing price reduction in 
the flood-prone area 
compared to the safe area 

MacDonald, Murdoch, 
and White (1987) 

Monroe, Louisiana Spring river 
flooding 

2.8%-2.9% 

Speyrer and Ragas (1991) New Orleans, 
Louisiana, USA 

Flooding 4,2%-6,3% 

Shultz and Fridgen (2001) Fargo, North Dakota 
and Moorhead, 
Minnesota, USA;  

Spring river 
flooding 

8,8% 

Daniel, Florax, and 
Rietveld (2007) 

North Carolina, USA  River 
flooding 

7% - 13% 

Bin, Kruse and Landry 
(2008) 

North Carolina, USA Coastal 
flooding 

6.2% - 7.8% 

 

In the Netherlands, the hedonic price method rarely has been applied to evaluate flood effects 

on housing values. To our knowledge there is only one study applying it to river flooding (Daniel et 

al., 2007). The results of this hedonic price analysis for the dwellings in the floodplain of Meuse 

River, showed that local housing markets in the Netherlands are sensitive to flood risk. The housing 

sales during the period from 1990-2004 were  analyzed and the result was that the prices of houses 

located in an area inundated in 1993, were ex-ante 7% lower than a similar house located in a safe 

zone, and went down by 14% after the flood.  
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River flooding is a more frequent event than coastal flooding in the Netherlands; people are 

more aware of river flood risks and react accordingly in the housing market. This makes the 

situation different from coastal flooding, which is rarer. 

To summarize the economic literature, we outline three important facts: 

1. Individual decisions matter: Land prices and land use patterns (on which flood risk 

depends) are determined by the total demand and supply of land/housing in the region. 

The latter two are formed by aggregating individual supplies and demands (i.e. 

individual preferences for locations and financial possibilities); 

2. Probability of flood matters: There are attractive and repulsive forces, which influence 

individual decisions on where to locate or to invest, i.e. the individual demand for 

location. These forces are formed by preferences of economic agents over 

characteristics of spatial environment. Probability of flooding, if integrated in location 

decisions, affects housing prices and land use patterns; 

3. Risk awareness matters: Individuals have subjectively perceived probability of the 

hazardous event, which cause economically inefficient biased aggregated outcomes 

such (i.e. land use patterns and land prices). 

2.4 Perception of risk of coastal flooding in the Netherlands 

Water managers operate with probabilities, but people very poorly understand probabilistic risks 

(Slovic, 1987). Especially when an event has a low probability, such as coastal flood in the 

Netherlands, people hardly integrate risk into their decisions (Camerer and Kunreuther, 1989; Bin 

and Kruse, 2006). Risk perception is shaped by socio-economic, demographic and cultural factors 

and by previous individual experience of the hazardous event, and may differ from region to region 

(Williams et al., 1999; Kaiser et al., 2004; Raaijmakers et al., 2008). 

Several surveys, which investigate the level of coastal risk awareness, were carried out in the 

Netherlands. Three of them are at the stage of result analysis (Bočkarjova et al., 2008; Krywkow et 

al., 2008; Terpstra and Gutteling, 2008). The main conclusion from these surveys is that individual 

flood risk perception in the Netherlands is low. To our knowledge there are two other surveys that 

have been completed. In 2000 there was a survey conducted in six Dutch coastal towns (Berg et al., 

2002). The main purpose of that survey was to understand the willingness of coastal residents to 

accept flood risks. The sample was very small and included only 12 households (and 48 for the set 

of questions concerning alternative policies). The main conclusion of the survey was that citizens of 

the coastal towns felt themselves safe and had trust in the defense measures designed by the 

government. The most common answer to the question “Do you think that flooding could happen in 
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the area where you live?” was negative (see (Berg et al., 2002) p. 20) although each of the towns is 

certainly prone to flooding. 

Another survey was conducted under the umbrella of the COMRISK6 project (Kaiser et al., 

2004). It covered several European countries in the North Sea region, including the Netherlands. 

One of the objectives was the analysis of the present state of public perceptions of flood and flood 

defense. About 22.3% of the 400 questionnaires distributed were returned (making the sample 

group of about 89 respondents). Although 34% of respondents had experienced coastal flooding, 

74% of them considered the probability of coastal flooding as “low” and “very low”. Also, 95% of 

respondents did not take any personal measures to be prepared for a storm flood. The survey 

suggested that knowledge about the probability of disaster did not imply awareness about 

consequences.  

It is surprising to conclude that in the Netherlands where 70% of the territory is below sea 

level, citizens have very low coastal flood risk awareness. One possible explanation for this, may go 

back to the history of floods and water management in the Netherlands. The experience of a disaster 

and the time since it occurred strongly influences perceptions of risk (Kaiser et al., 2004). The last 

coastal flood happened in the Netherlands in 1953. That event took away over 1800 human lives, 

destroyed 3 000 houses and 300 farms, over 40 000 houses and 3 000 farms were damaged. The 

inundation of almost 200 000 hectares of land caused an enormous material damage of 3.1 billion 

discounted Dutch guilders (Marchand et al., 2006). After this tragedy the Dutch government 

promised to improve flood defense, so that such a disaster would not happen again 

(Deltacommissie, 1960). The enormous Delta works resulted in construction of a strong wall 

against the sea in the south-west of the country. Coastal engineering constructions, which made the 

Netherlands a country with the highest flood safety standards in the world, have been considered as 

‘the’ solution to the flood problem and have created a feeling of absolute safety. Perhaps, feeling 

safe behind strong flood defenses, the Dutch society has started to experience an effect of dissonant 

perception, i.e. a perception of the past hazardous event as a coincidence, and a conviction that this 

is unlikely to happen again (Kaiser et al., 2004). Dissonant risk perception is attributed to people 

who have much material wealth and have to live their day-to-day lives with a chance of a major 

disaster (Smith, 2001). 

Another explanation for low awareness of coastal flooding in the Netherlands might be the 

fact that the threats along the Dutch coast are actually not visible for ordinary citizens. Indeed with 

the decision to maintain the coastline in the 1990 position (Rijkswaterstaat, 1990), coastal 

nourishments fix the erosion that happens during winter storms. The idea to maintain the coastline 

                                                 
6 http://comrisk.hosted-by-kfki.baw.de/index.html  
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was an appropriate decision; it certainly prevents dune erosion to spread landward. However, it may 

exacerbate a false feeling of safety and further decrease individual risk awareness. 

2.5 Increasing individual flood risk awareness as a complementary 

measure to reduce flood risk. 

Following the logic outlined in the previous sections (see Figure 2.2) we argue that in order to 

decrease risk of flooding in coastal zones, an important option is to increase individual coastal 

flood risk awareness. In this section we discuss how risk awareness can be positively influenced by 

personal experience, risk communication, financial mechanisms and technical engineering 

solutions. We focus on the measurable effect of an increased risk awareness by one of these factors, 

on individual location choices and consequently on land prices and on overall damage from 

flooding in the vulnerable areas.  

 

Figure 2.2: Conceptual links between flood risk, housing market and individual risk awareness 
(CZ – coastal zone) 

2.5.1 Personal experience of a disaster and risk awareness 

Perceived risk and experience of disaster are closely related. People who have ever experienced 

flooding themselves, are likely to have higher flood risk awareness than those who never did (Lave 

and Lave, 1991; Kaiser et al., 2004). There is clear evidence that risk awareness, increased by a 

natural disaster, can change individual location decisions.  
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Example (effect of a hurricane on a housing market): Hallstrom and Smith (2005) 

evaluated whether the prices of properties known to be in risky locations, have adjusted in response 

to the information provided by the hurricane Andrew in Florida, USA. In 1992 this area 

experienced the strongest storm over the last 20 years. This hurricane “nearly missed” Lee County 

and passed the area 75 miles to the south without any damage to Lee County. However, the 

hurricane provided information about the effect of the natural disaster. The housing prices in the 

flood hazard areas went down by 19% after the “nearly-missed” hurricane. This shows how people 

perceive risk implying that home buyers and sellers appear to have incorporated the risk in their 

decisions in the housing market, not just because the actual disaster happened to them, but even 

because the disaster ‘nearly’ happened. It was not damage from flooding that made housing prices 

go down. People’s flood risk awareness was affected and they responded at the housing market with 

lower housing prices in the risk-prone zone. 

Economically speaking, if subjective probability of flooding is updated to the actual 

probability level, then the individually expected utility from a location that is vulnerable to flood, 

decreases. Thus, the demand for urban land in vulnerable zone decreases followed by decrease in 

property prices and in potential direct flood damage.  

Conclusion 1: If individual flood risk awareness increases, then spatial patterns and land 

prices in vulnerable areas may change. These changes decrease potential economic damage from 

flooding and thus total flood risk. 

Examples above show that personal experience is indeed an important factor in increasing 

flood risk awareness. However, stimulating floods in order to promote personal flooding 

experiences, of course is not a reasonable policy instrument. Nevertheless, broadcasting and 

visualizing these previous experiences may be an important component of a risk communication 

strategy. 

2.5.2 Risk communication and risk awareness 

By applying a chain-of safety approach7, European water management, in the first place, aims at 

proactive measures. Increased risk awareness is essential to achieve this. Not only does increased 

risk awareness lead to changes in location behavior and decrease of total flood risk in the area, as 

discussed above; it is also an expression of the willingness of people to respond or accept proactive 

                                                 
7 The chain of safety is an approach to flooding disaster prevention aimed to provide proaction, prevention, preparation, response 

and recovery strategies to minimize the casualties and damage caused by coastal flooding. See details at 
http://www.chainofsafety.com/ 
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actions of government. For example, citizens will be more likely to accept “room for the river8” as a 

flood management strategy, if they are aware that river floods can happen. Thus, increasing flood 

risk awareness is not only a proactive measure in itself; it also creates ground for acceptance of 

other proactive flood protection initiatives of government. Consequently, the government needs to 

find a proper flood risk communication tool or another way to increase individual risk awareness 

(Rijkswaterstaat, 2005b). 

Decision-makers in water management operate with a technical notion of risk. This, however, 

is quite different from the notion of the general public about risk (Plough and Krimsky, 1987; 

Raaijmakers et al., 2008) (see Table 2.2 for the differences between technical and cultural 

rationality). Following a need to communicate different types of risks (health risk, risk from natural 

disasters, industrial risks, risk from genetically modified food and so on) to people, a new scientific 

field has emerged (Plough and Krimsky, 1987). The main challenge in risk communication is that 

the public perception of hazards is inconsistent with the objective information. The question is how 

to present information to the public in order to gain its understanding and acceptance for policy 

decisions. Thus, increasing risk awareness is all about presenting information in a way acceptable 

for the public, specifically, addressing it’s feelings (Baker, 1990). However, informing about 

potential flood risks and not providing real instruments for individuals to act upon this risk, does not 

provide a ground for a shared responsibility for risk elimination between government and 

individuals. 

Table 2.2: Factors relevant to the technical and cultural rationality of risk (After (Plough and 

Krimsky, 1987)) 

Technical Rationality Cultural Rationality 
Trust in scientific methods, 
explanations; evidence 

Trust in political culture and democratic process 

Appeal to authority and expertise Appeal to folk wisdom, peer groups, and traditions 
Risks are depersonalized Risks are personalized 
Emphasis on statistical variation and 
probability 

Emphasis on the impacts of risk on the family and 
community 

 

Risk communication strategies can be based on different theories; for example organizational 

theory (Chess, 2001) or mental model approaches (Kolkman et al., 2007; Wagner, 2007). Special 

attention is paid to the communication of the risk of natural hazards (Baker, 1990; Lave and Lave, 

1991). In particular, Baker (1990) provides a detailed 8-step guide on how to transfer information 

about environmental risks from experts to a non-expert public.  

                                                 
8 ‘Room for the River’ is a package of measures concerning the spatial planning key decisions in the Netherlands. In particular, it 

aims to create more space for rivers to flood in the zones where the least damage is expected to occur (e.g. part of agricultural land 
along the rivers is being transferred into the ‘planned’ flood plains). For details see http://www.ruimtevoorderivier.nl/  
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Risk communication and increase of risk awareness is a very complex and long-term process 

since it has to deal with promotion and establishment of new social or public norms or opinions in a 

society. Bier (2001) reviewed several empirical studies and inferred positive and negative lessons 

learned. There are many obstacles to effective risk communication, including some external and 

internal barriers inside a governmental agency or ministry (such as inadequate resources, lack of 

time, special interests or internal politics) (Johnson and Chess, 2006).  

Example (effect of media coverage of risk on a housing market): Risk is communicated by 

providing information about a hazardous event. With new information, individual beliefs about risk 

are updated. McCluskey and Rausser (2001) tried to measure the evolution of risk perception due to 

information people obtain from the media. Particularly, they have analyzed the effect of news about 

a hazardous waste site published in a local newspaper, on changes in risk perception. The 

hypothesis was that “if the media affects the public perception of risk, then media coverage of 

environmental damage should be a significant factor in determining property values”. They 

concluded that media coverage increases perceived risk, which in turn decreases property prices. 

Gayer, Hamilton and Viscusi (2000) analyzed changes in perceived risk of cancer from hazardous 

waste sites, due to newspaper coverage, and effect of these changes on the housing market. The 

analysis showed that newspaper publicity about the local hazardous waste sites had a negative effect 

on housing prices. 

Conclusion 2: If a flood risk communication strategy is designed in an appropriate way, it 

may increase individual risk awareness of environmental hazards. With increased risk awareness 

economic agents are likely to integrate flood risk in their location decisions, which might be 

reflected in decreased land prices and decreased flood risk for the area. 

2.5.3 Insurance against flooding as a measure to increase coastal flood risk awareness 

Dikes and insurance are two totally different measures of flood protection. The former reduces the 

probability of a disaster, and the latter reduces the individual damage from flooding. Insurance 

against flooding has been implemented for flood-prone areas in several countries, such as France, 

Germany, the UK and the USA, but not in the Netherlands. Compulsory flood insurance is 

supposed to improve the economic efficiency of the use of the flood-prone areas (Chivers and 

Flores, 2002). One of flood insurance’s primary purposes is to guarantee premiums proportional to 

risk for individuals in vulnerable areas (Krutilla, 1966). Botzen and van den Bergh (2008) discuss 

the feasibility of flood insurance as a risk-sharing mechanism in the Netherlands.   

Yet, in addition to risk-sharing, flood insurance may serve another objective, which seems to 

be ignored in the discussions over its implementation in the Netherlands: in areas where people 
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ignore risks, which is often the case for low-probability high-impact events such as coastal floods in 

the Netherlands, insurance may serve as a measure to communicate this risk and to persuade people 

to integrate it in their decision making. As noted by Chivers (2002) “even if people do not 

appreciate the risk they face by locating in the flood plain for whatever reason, compulsory 

insurance, … will force them to face the social cost of locating in the flood plain”. If compulsory 

flood insurance is present, then risk of flooding becomes explicitly known to people making a 

choice to buy a house or to invest. Since the late 1960s the federal government in the USA has 

emphasized flood insurance as a primary tool for improving location behavior in flood-prone areas 

(Lave and Lave, 1991). To make insurance work as both risk-sharing and risk-communication 

device, information asymmetry should be avoided (Bin and Polasky, 2004) and spatial 

discrimination of risk and its accurate prices should be emphasized.  

In practice insurance implies that individuals and government share the responsibility in the 

case of disaster. As for any public good, safety from flooding may cause a discussion about who 

has to pay for its provision. In the Netherlands, traditionally the government and Water Boards are 

responsible for building and maintaining flood protection structures and guaranteeing a certain 

safety level. All citizens, independently of the fact whether they live in flood-prone or in safe areas, 

have to pay their share of taxes to finance flood protection measures for vulnerable zones. As such 

there is a collective responsibility for flood protection.  

There is an important difference between collective and shared responsibility. Collective 

responsibility means that society as a whole is responsible, but nobody in particular. In this case 

flood defense measures are financed via the tax system, which does not differentiate between risk 

levels in the location of taxpayers and actual tax payment. Shared responsibility means that society 

as a whole (represented by a government decision-maker) and individuals, both play active roles in 

risk reduction. Insurance is an example of a shared responsibility arrangement. Insurance payment 

discriminates on a risk of a natural hazard and individuals can actually choose whether to take it. 

However, since the introduction of an insurance against flooding implies a partially individual 

responsibility for flood risk, the Dutch are very reluctant to it. 

Nevertheless, nowadays insurance against flooding is being discussed by policy makers and 

scientists in the Netherlands. The issue of redistribution of responsibilities for damage between 

government and individuals entered the decision-making process of the Dutch Ministry of Public 

Works and Water Management, when risk management strategies for coastal towns under flood risk 

were discussed (Rijkswaterstaat, 2005b). Each of the strategies included a set of options with 

respect to coastal defense measures, spatial planning, insurance options and risk communication. 

Three of the four proposed policy options implied an establishment of a pool of insurers. For some 
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coastal towns under risk, including the ones described in Chapter 6, insurance if supported by 

government seems feasible (Kok, 2005). 

An option to extend insurance coverage for coastal flood risks at the scale of the whole 

Netherlands is argued to be unattractive due to the potential high damage from flooding and 

impossibility to cover all insurance claims (Kok et al., 2002). However, it might be attractive to use 

in coastal cities under risk, such as discussed by Poelmann commission (2005). For large-scale 

flooding in the Netherlands the reinsurance schemes should obviously be offered, probably 

involving the global private insurance market discussed in literature (Bouwer and Vellinga, 2002); 

this offers new products to effectively transfer risk. Botzen and v.d. Berg (2008) proposed a set of 

insurance arrangements for the Dutch situation . They argue that varying risk premiums across risk 

classes, introducing deductibles, co- and re-insurance and upper limits on coverage, will not only 

make flood insurance feasible in the Netherlands, but will also increase economic efficiency. 

Example (flood insurance and decreased housing values): housing markets in the countries 

where flood insurance is mandatory, reveal a decrease of prices due to insurance pressure on 

individual budgets. Flood insurance largely explains housing price discounting in flood-plains 

where mandatory insurance has been introduced (Speyrer and Ragas, 1991). Shultz and Fridgen 

(2001) showed that flood insurance premiums account for about 80% of a house price decrease in a 

flood-plain. They also associated the decrease in housing prices with increased flood risk 

awareness. Bin et al (2008) reported that the value of flood insurance premiums capitalized into 

housing prices. They concluded that flood insurance conveyed risk information to participants in the 

coastal housing market.  

Conclusion 3: If mandatory flood insurance is introduced, it serves as a flood risk 

communication device that helps to integrate flood risk in the urban land market. Capitalization of 

flood insurance leads to a house price discounting, leading to less direct damage from flooding to 

an area as a whole. Prices in vulnerable zones go down, as it should be from the viewpoint of 

market efficiency. Where possible, Dutch water management needs to apply market mechanisms to 

reduce flood risk in coastal zones. 

2.5.4 Building on higher elevation levels as a measure to increase risk awareness 

Coastal engineering solutions have significantly decreased flood probability but have made people 

unaware of coastal risk (Smits et al., 2006; Wesselink, 2007). There are also engineering solutions 

that can decrease risk of flooding without creating a false feeling of safety. Currently in the 

Netherlands, an option of raising ground level for new spatial developments is discussed as one of 

the adaptation strategies to climate change (Bucx et al., 2008). Under the framework of EU project 
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ComCoast there is a pilot project “Perkpolder”, that aims to develop a new area with housing and a 

hotel to be built on elevated grounds in the Dutch province of Zeeland9. 

Building new developments at higher ground levels does not only decrease potential damage 

from flooding. We claim that it also makes people living in the neighborhood aware of flooding 

since it creates a visible sign that houses are in the vulnerable zone. The traditional methodology to 

increase individual risk awareness is to educate people about risk as discussed in Section 2.5.2; 

which means talking about a problem and making people think about a problem. In combination 

with traditional hydraulic engineering measures, a traditional way of increasing risk awareness is 

emphasizing “water as a threat”: basically a negative message that is given a positive twist by the 

appeal “to live with water”10 .  Contrary to that, an alternative engineering measure like building on 

higher ground levels, offers the opportunity to communicate a positive message: it is about 

building, instead of being liable for erosion; it is about being protected instead of being threatened. 

Moreover, the 2008 Deltacommissie ((2008), p52) refers to the idea of building on high elevations 

as to one of the options to decrease damage due to high water levels.  

Example (lessons from Dutch «Terpen»): Artificial mounds or terpen were used in the 

Netherlands back in 500 B.C.11 and even earlier12. Back in the middle ages terpen, on which 

villages were built, could reach up to 5.5 m above NAP (mean sea level) (Groenendijk, 1997). The 

fact that in the Netherlands in the past there were developments on artificially elevated grounds 

implies that people were aware of flood risk. It illustrates that “higher is safer” is easy to 

understand, which makes developments on terpen a perfect flood risk communication instrument. 

From this point of view, terpen not only provide means to reduce actual flood risk, but also 

increases the awareness of people about this risk. Individuals searching for houses to buy and being 

aware that floods occur in the area, will more likely prefer to choose a location at higher elevation. 

By choosing between a house in the elevated and safe area or in the low and vulnerable place, 

individuals share a responsibility with their government with respect to flood risk reduction. Due to 

their image of a cultural and historical heritage, terpen “do not score badly in the Netherlands” 

(Groenendijk, 1997). It is likely that the average Dutch person will have a positive attitude towards 

buying a house on a terp. The more developments in the zone vulnerable to flood occur on man-

made mounds, the less the potential risk is.  

Example (lessons from Hurricane Katrina): The analysis of the consequences of Hurricane 

Katrina led to many recommendations. In addition to calls for better governmental reaction, for 

                                                 
9  http://www.comcoast.org/  
10  See Communication strategy Nederland leeft met Water ( Netherlands Living with water) of the Netherlands Ministery of 

Transport, Public Works and Watermanagement (http://www.nederlandleeftmetwater.nl/) 
11  Rijkswaterstaat, an official web site of the Directorate-General for Public Works and Water Management, 

http://www.rijkswaterstaat.nl/themas/bescherming_tegen_het_water/hoe_beschermt_rws/terpen/index.aspx 
12  An official web site of Friesland province in the Netherlands  http://www.friesland.org/red/n_terpen.htm 
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strengthening the levees, and for individual preparedness and evacuation plans, there are also 

recommendations for future urban development. Waugh and Smith (2006) mention that plans for 

New Orleans' redevelopment assume that new developments are built at higher elevation. 

Specifically, redevelopment plans included elevated residences and an elevated rail system between 

the city and the airport. According to Rodiek (2007) urban planners should consider landscape 

reconfiguration by creating topographic terraces of varying height with commercial and residential 

developments at the highest level. Naturally, the areas of New Orleans that were on higher ground 

had less physical damage (Cigler, 2007). 

Conclusion 4: Constructing new developments on higher grounds not only decreases direct 

damage in the case of flooding. It also serves as a persistent flood communication signal that 

reminds that flooding may happen, thus reviving individual risk awareness. 

2.6 Discussions and overall conclusions 

Risk of coastal flooding is an important issue in the Netherlands, where the majority of 

economically developed areas is below sea level. Risk, defined as a product of probability and 

damage, can be best reduced by decreasing both multipliers. While most of the effort so far has 

been on reducing probability, in this paper we have been discussing policy options to decrease 

potential damage. We are trying to achieve that, and consequently to define options to reduce flood 

risk in the coastal zone of the Netherlands, by affecting microeconomic decisions in the housing 

market. Changes in flood risk happen due to changes in individual demand for land in flood-prone 

areas, which affects property prices and consequently potential direct damage. With the Dutch 

government being totally responsible for safety, there are no real mechanisms for individuals to 

make choices in the housing market that would lead to less potential damage. Thus, there are no 

instruments to share the responsibility for flood risk reduction between government and individuals, 

although in practice individual choices do affect potential damage. 

Economic theory and empirical evidence show that individual risk awareness affects 

individual location choices. Property prices and spatial patterns change due to increasing risk 

awareness, leading to a decrease in direct damage from coastal flooding. However, results of recent 

surveys on coastal flood risk perception show that risk awareness is low in the Netherlands. It leads 

to inefficient economic land use outcomes. Thus, for water management policy it is important to 

find ways of increasing individual flood risk awareness.  

By reviewing literature and experience in different countries we found four factors that 

influence risk perception and have measurable effects on property prices: 1) personal experience, 2) 

risk communication, 3) financial and 4) technical instruments as risk communication devices. We 
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showed evidence of the effects of these four factors on individual risk perception and location 

behavior. Our main and general conclusion is that if individual flood risk awareness is increased, 

then it is likely that coastal flood risks are integrated in the individual economic decisions at the 

housing market. In this case the housing market reacts by changing spatial patterns and housing 

prices leading to less total flood risk in the area. Thus, we argue that coastal flood risk can be 

reduced by increasing individual coastal flood risk awareness.  

Personal experience of a disaster increases risk awareness and has a strong effect on 

individual location choices and, consequently, can change flood risk in the area. However, being a 

factor that increases awareness, it cannot be used directly by policy makers. Nevertheless, personal 

experiences may play an important role in communicating risk through outreach and education.  

Risk communication, financial and technical mechanisms, can be used by policy makers as 

complementary instruments to increase individual risk awareness and decrease coastal flood risk. 

Risk communication is an important but a long-term process, requiring a change in social norms. 

Both insurance and building on higher elevation have direct measurable effects on individual 

location choices and, consequently, on flood risk reduction. Moreover, these two instruments give 

individuals an opportunity to act, in contrast to risk communication where an individual remains 

passive. They also create a ground for shared responsibility between government and individuals for 

flood risk reduction. There have to be possibilities for individuals to act upon communicated risk. 

Insurance schemes allow individuals to choose to pay different premiums depending on different 

risks in different locations. Similarly, developments built at higher elevation will give individuals a 

choice to live either at, or below, or above sea level, even in the coastal provinces in the 

Netherlands. 

Mandatory flood insurance is an effective risk communication tool. It increases economic 

efficiency of land use in coastal zones. However, it is a forced action and due to the cultural and 

historic background, Dutch citizens might be reluctant to accept it. An advantage and at the same 

time a drawback of this measure is that it may drive investments to more safe areas. On the one 

hand it implies less flood risk in the areas prone to flooding. On the other hand, however, it means a 

loss of investment for some coastal municipalities and lower housing prices for house owners. A 

solution to overcome the negative side of this financial instrument might be to set affordable 

insurance premiums with the aim to discriminate among different flood risk levels. 

Building new developments on higher elevation levels is an effective engineering instrument 

which also increases risk awareness. In addition, it decreases potential flood damage in the elevated 

areas. Nevertheless, attention has to be paid to potential negative effects on flood risk in the 

surrounding, not elevated area. Another problem is the financial feasibility of new spatial 
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developments at high elevation. Both concerns can be addressed by designing a long-term gradual 

introduction of surface accretion, which will slowly (in, say, 100 years time) decrease risk in 

elevated areas. Regarding to the financial aspects, preliminary estimates show that the cost of 

raising surface levels of planned new developments will constitute only about 2% of total current 

Dutch building investments (Meulen et al., 2007). The major advantage of this technical instrument 

to increase risk awareness is that it does not deter investments from coastal zones. Instead it creates 

extra space, safe from flooding, in the coastal zone. Moreover, the government does not need to 

force people to buy houses that are at higher levels, it just needs to provide opportunities for them to 

make this choice. The more aware people become about coastal flood risk, the more they may 

choose to prefer locations at higher elevations. Increasing demand for land uphill will provoke land 

market forces to come into play driving up housing prices on high ground and making it appealing 

to developers to invest more in the elevated houses. The more developments occur on higher 

ground, the more individuals become aware of flood risk and the less potential damage is going to 

occur. This is potentially a self-reinforcing cycle with a positive effect of decreasing flood risk. In 

this case not only the government achieves its goal of decreasing flood risk, but also individuals and 

private investors benefit. It has the potential to make microeconomic behavior working in line with 

policy-goals and thus to exploit the capacity of shared responsibilities for flood risk reduction 

between the government and the citizens. 
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3 A conceptual design for a bilateral agent-based land market 

with heterogeneous economic agents13 

 
Abstract This paper presents a conceptual design for an agent-based bilateral residential land 
market. The design includes interactions between multiple buyers and sellers (household agents, 
developers, and rural land owners) and two local feedbacks to land value—price expectation 
formation based on local neighborhoods and spatial externalities. To address the methodological 
challenges inherent in the transition from equilibrium-based analytical models to agent-based 
simulation, we combine traditional deductive optimization models of behavior at the agent level 
with inductive models of price expectation formation. Relative to previous models, our proposed 
model is more closely linked to urban economics; contains a wider range of drivers of land use 
(LU); and addresses alternative models of division of gains from trade and determination of 
transaction prices, including models of bid and ask price formation. Our proposed approach is also 
closely linked to geographic cellular LU models, potentially uniting the strengths of these two 
disciplinary perspectives. 
 

3.1 Introduction 

Land-use change (LUC) is influenced by interactions between social and biophysical landscapes, 

with economic development, demographic growth, and shifting social conditions occurring 

concurrently with land-cover and climate change. Land itself has many roles: property or 

investment, an administrative unit, soil, a store of mineral resources, or terrain for ecosystems 

functions (Randall and Castle, 1985). Consequently, different disciplines attempt to explain drivers 

of LUC from their own perspectives, and within disciplines, LUC is modeled using a variety of 

approaches: theoretical and empirical, spatial and aspatial, micro and-macro-scale. The result is a 

diversity of explanations of LU development and prescriptions of optimal policies for LU.  

The economic perspective investigates how scarce resources such as land can be allocated 

efficiently between competitive uses, and the land market (LM) is viewed as the main allocation 

mechanism. Yet, many models of LUC exclude economic drivers and/or LM interactions. This 

deficit may occur because of the difficulties inherent in integrating static equilibrium-based a-

spatial economic land market models (LMM), with the dynamic, heterogeneous spatial 

environments of LUC models.  

This paper presents a conceptual design for an agent-based bilateral residential LM that 

includes multiple heterogeneous and interacting buyer and seller agents. We outline a proposed set 

of approaches to address the methodological questions that are raised in the transition from 

                                                 
13 This Chapter is also published as paper co-authored with D. C. Parker "A conceptual design for a bilateral agent-based land market 

with heterogeneous economic agents." Computers, Environment and Urban Systems 32: 454–463, 2008 
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equilibrium-based analytical theoretical models to an agent-based simulation. Relative to previous 

work in economics and cellular modeling, our proposed model is more closely grounded in urban 

economics, but moves that perspective further from equilibrium-based modeling. Although we 

begin from the perspective of economics, our modeling framework emphasizes local spatial 

interactions and linkages between local processes and heterogeneous patterns of LUC, opening the 

possibility for coupling the LMM with other spatially explicit, process based socioeconomic and 

ecological models. While we focus narrowly on modeling LMs, we hope that the discussion will be 

of interest to the broader community of LU modelers, whose activities represent and integrate a 

diversity of disciplinary perspectives and research applications (Nelson and Geoghegan 2002; 

Benenson and Torrens 2004; Veldkamp and Verburg 2004; Crawford et al. 2005; Klosterman and 

Pettit 2005; Brown and Xie 2006; Koomen et al. 2007; Turner II et al. 2007; Koomen et al. 2008; 

Walsh and McGinnis 2008). Our paper lays out a series of open questions and a set of proposed 

approaches, which we hope will stimulate discussion, debate, and new work by the LU modeling 

and spatial economics communities. 

The paper proceeds as follows. We briefly review related literature, including analytical 

equilibrium-based and cellular simulation models of urban systems and other agent-based market 

models. Next, we discuss LMs in the context of agent-based modeling (ABM). We then present the 

conceptual bilateral ABM of residential LMs. First, trading agents and their interactions are defined. 

Next, approaches to modeling agents’ underlying values for buying or selling, the potential 

deviations between those values and their bid or ask prices, and the determination of a transaction 

price are discussed. A conceptual model of developers’ profit maximization behavior is presented. 

We conclude with a discussion of a potential path for transferring the model to an empirical context. 

3.2 Previous residential land market models 

3.2.1 Land in economic theory 

The concept of land rent is central to different economic schools studying land (Randall and Castle, 

1985). In theory, in a LM, the transaction price for land reflects the highest value of any agent in the 

market, the land rent. Under the assumptions of homogeneous land and a representative agent, the 

amount of land consumed for a particular use and its market price can be modeled as an a-spatial 

equilibrium of demand and supply (Arnott et al., 1999; Buurman et al., 2001) (Figure 3.1). 
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Figure 3.1: Schematic structure of the land market model in economics 

Classic economic theory treated land as a factor of production in addition to capital and labor. 

Later Ricardo (1821/2001) formalized the relationship between the quality (fertility) of land and 

land rent, with higher rents for higher-quality/productivity land. Following Randall and Castle 

(1985) the Ricardian rent (Ψ) can be expressed as:  

LFLfpF iii   ),()(      (3.1) 

where F stands for fertility, pi is the market price for the agricultural good produced using labor 

input (f(L,F)), ω is the wage level per unit of labor, and i  is a  proportionality factor 

characterizing the particular crop growth. 

The model of von Thünen (1826/1966) formalizes the relationship between transportation 

costs for agricultural goods to the central business district (CBD) and land rents, demonstrating how 

the location of agricultural activity (in terms of distance (di) from the market located at the CBD) 

depends on the cost of production (ci), transportation costs (ti) and market prices (pi) for an 

agricultural good (i). The per-acre bid price for land is: 

i(di) 
(pi  ci  ti  di)

si        (3.2) 

where si is the acre of agricultural land a farmer occupies. The model assumes that land will be 

allocated to the highest bidder, with the extensive margin at which a bid for one crop exceeds the 

next-lowest valued crop defining locations of bands of crop types in concentric circles around the 

CBD. 

The Von Thünen model was extended for urban LU by Alonso (1964). According to his bid-

rent theory, households choose locations at a certain distance from the CBD based on the utility 

they receive from land and other consumption goods under their budget constraint. The Muth-Mills 

housing model extends the Alonso model to account for density at each location (by introducing a 

housing producer who decides the structural density of development) in addition to the rent 

gradients (see Strazsheim (1987) for review). Other spatial analytical models have been developed 
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to examine the effects of open-space amenities and spatial externalities on land rents (Wu and 

Plantinga, 2003; Caruso et al., 2007; Parker, 2007). 

3.2.2  Cellular spatial simulation models 

The limitations of analytical models for representing neighborhood effects and two-dimensional 

patterns have led to the development of cellular spatial simulations. These models (including 

cellular automata, spatial econometrics models and ABMs) represent economic and market 

influences to varying degrees.  

Cellular automaton models represent transportation and neighborhood influences through 

calibrated parameters, which reflect socioeconomic influences only implicitly (White and Engelen, 

1993; Batty et al., 1999; Jantz et al., 2003; Benenson and Torrens, 2004; van Delden et al., 2007). 

Econometric models calibrate transition coefficients based on relationships between socioeconomic 

drivers and land prices, and may use these calibrated models for simulation modeling to produce 

spatially explicit outcome maps (Irwin and Bockstael, 2002). The estimated coefficients of such 

models reflect but do not directly represent interactions between supply and demand measured at 

some point in time. 

Several cellular models include hypothetical LMs, but with primary emphasis on the demand 

side. The SOME and SLUCE models allow agents to choose the property that maximizes their 

utility without competition from other sellers and assume that the locating agent will outbid the 

current use (Brown et al., 2008). Caruso et al. (2007) develop a sophisticated model of residential 

demand, allowing relocation by renters and a competitive rental market. However, the supply price 

of rural parcels is taken as fixed, and renters are assumed to capture all gains from trade. Parker and 

Meretsky (2004) represent demand a-spatially through a fixed demand curve, and model the land 

conversion decisions of a hypothetical parcel manager. Benenson (1998) uses a simple adaptation 

mechanism to establish the price of houses, in which the price of an occupied house adapts to reflect 

the wealth of the occupant and the average value of neighboring houses. These factors, along with 

the cultural identity of neighborhoods, affect the dissonance of residents, which in turn may 

motivate them to move. Diappi and Bolchi (2008) model supply-side redevelopment decisions of 

landlords and developers, using an exogenous potential land rent function, but endogenous 

capitalized land rents based on the state of upkeep of the property. Ettema et al (2007) developed a 

model that includes location decisions of households and firms modeled as discrete choice and 

regression models. Heckbert and Smajgl (2005) use discrete-choice theory to simulate the demand 

side of a residential market where agents optimize their utility function and estimate property 

affordability. Miller et al (2004) propose two approaches to modeling commercial and residential 
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LMs. In each, supply and demand offers are made by heterogeneous buyers and sellers. The first 

adjusts zonally based prices when markets do not clear. The second determines prices through 

bilateral transactions. Price expectations in the next round are influenced through an estimated 

hedonic price function. McNamara and Werner (2008) model the hotel property market using an 

adaptive model of profit expectation formation by developer agents who supply and sell hotels. 

Hotel owners bid to acquire properties based on expected profits, with the highest bidder winning 

the property. Torrens (2007) models LM interactions with dynamic price updating on both the 

demand and supply side, but the offer prices of residences are not formed based on market 

conditions or agent preferences.  

Several models of agricultural LMs model both demand and supply decisions (Berger, 2001; 

Happe et al., 2006; Polhill et al., 2008). While these models are becoming increasingly more 

sophisticated, they do not model differences between the buyer’s willingness to pay (underlying 

utility or payoffs for the land) and her bid or offer price for the land; nor do they model differences 

between the seller’s willingness to accept (opportunity cost of the sale) and his ask price. 

3.3 Agent-based models, markets, and land-use change 

3.3.1  Why model markets with ABMs? 

Driven by the desire to better represent and explore complex economic systems, applications of 

ABM to economics and market interactions are increasing (Epstein and Axtell, 1996; Arthur, 

Durlauf et al., 1997; Lux, 1998; Kirman and Vriend, 2001; LeBaron, 2006; Tesfatsion and Judd, 

2006). In spite of rapid growth, the field of ABM market modeling is still relatively new. Current 

application areas include financial markets, markets for pollution emissions, auctions for the 

electro-magnetic spectrum, electricity markets, and on-line e-markets (Marks, 2006). These ABMs 

relax traditional restrictive assumptions of economic models: 

1. The concept of equilibrium is central to most economic models. However, economic markets 

are dynamic adaptive systems (Tesfatsion, 2001) and may be out of equilibrium (Arthur, 

2006). The dynamic path to equilibrium can be modeled in greater detail and out-of-

equilibrium properties more fully explored using agent-based market modeling. 

2. Many economic models take a representative agent approach, in which the demand curve of 

one agent is extrapolated to represent the demand for the particular good in the whole 

economy. The limitations of this approach, discussed by (Kirman, 1992), can be overcome 

through ABMs’ ability to represent diverse agent types. 
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3. In standard economic models, agents are assumed to be rational and have perfect information 

about environment. In reality agents have bounded computational ability, memory, and 

perception (Marks, 2006). 

4. Standard economic models exclude most agent–agent and agent-environment interactions 

(Epstein and Axtell, 1996; Tesfatsion and Judd, 2006). Market interactions in ABMs occur 

during price formation and price negotiation. Non-market interactions include externalities, 

information transfer, and social networks. 

3.3.2 Agent-based market models in practice 

Market design for ABM is discussed at length by Marks (2006). The logic of the ABM market 

mechanism is described by Mackie-Mason and Wellman (2006) in three steps (Figure 3.2).  

 

Figure 3.2: Main steps of a market transaction, the core of market mechanism (Summarized from Mackie- 

Mason and Wellman (2006)) 

LeBaron (2006) outlines fundamental questions that need to be answered when designing 

markets, including what kind of good will be traded, how the preferences of individuals will be 

formalized, what kind of mechanism will be used to determine prices, whether agents can learn, 

whether information is private or public, how information is presented and processed, and finally 

what benchmark/criteria will be used to track the operation of a market. Reviewing previous work 

in financial ABM markets, LeBaron identifies several approaches to modeling determination of the 

market clearing price, including price adaptation based on the difference between supply and 

demand, numerical clearing, auction mechanisms, and random connection of trading partners, with 

trades occurring when gains from trade are positive. In many ABM market models, reinforcement 

learning algorithms at the individual agent level are used to establish price expectations and bid/ask 

prices for individual agents (Arthur, 2006; LeBaron, 2006; Tesfatsion, 2006). 

3.3.3 Why model land markets using ABM? 

The advantages of applying ABM in ecological-economic systems are widely discussed (Bousquet 

and Le Page, 2004; Grimm and Railsback, 2005). The rationale for modeling LUC using ABM laid 

out by Parker et al (2003) can be carried forward to argue that ABMs are appropriate for modeling 

LMs. Because land differs from other market goods, ABM market models developed for other 
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applications must be further adapted to model LMs. Drawing on previous research on LMs and our 

own analysis, we summarize the unique features of LMs that motivate development of a new 

variety of agent-based market model. 

A heterogeneous commodity traded by heterogeneous agents: Every property (land 

parcel/house) is immobile and has unique attributes (soil, slope, neighborhood characteristics, 

accessibility) (Buurman et al., 2001). There are several types of buyers and sellers participating in 

the LM. For example, potential sellers include farmers selling agricultural land, developers 

supplying new residences, and relocating households.14 These types of sellers may have different 

motivations, opportunity costs, types of behavior and pricing strategies.15 Within the same type, 

buyers and sellers differ in their location preferences, motivations, resources, and information.     

Spatial and agent-agent interactions: The use of a property affects the use and value of the 

surrounding properties through spatial externalities and local price expectation feedbacks. Agents 

operating in an LM are involved in both market and non-market interactions (Grevers, 2007). 

Importance of non-equilibrium dynamics: LMs are cyclic and are rarely in equilibrium. 

Housing market growth, decline, and bubbles are everyday news. These out-of-equilibrium 

dynamics can be effectively explored with an ABM LM. However, LMs have slower dynamics than 

other markets. The supply of land is fixed or restricted by regulation in the short run (Smith et al., 

1988), limiting adjustment of the LM. Moreover, the purchase of land is an infrequent, high 

transaction cost, long-term investment16, often requiring an extensive search for buyers. As a result, 

relatively few market transactions occur as compared, for example to financial markets. Thus, price 

expectation formation and learning about the behavior of other traders are slower, and traders 

usually form strategic responses based on dynamic market conditions. Sellers and buyers leave the 

market after a successful trade, and rarely interact again with the same trading partner. This 

complicates the implementation of price learning algorithms used in commodity ABM markets. 

An ABM LM that incorporates the heterogeneity, interactions, and non-equilibrium dynamics 

of real-world LMs can be useful in many ways. ABM LMs can be used to explore the effects of 

heterogeneous agent-level drivers of LUC, such as incomes, interest rates, social preferences, and 

credit availability. As discussed by Polhill et al (2008), by providing information about 

                                                 
14 In practice government often plays an important influential role in the LM. Spatial planning policy and zoning regulations directly 

affect the elasticity of land and housing supply. Taxes and subsidies applied to the area under local government jurisdiction exert 
influence upon buyers and sellers choices. 

15 There is a distinction between behavior of buyers and sellers in landownership market and tenants and landlords in rental markets. 
These two types of LMs are interconnected because the market price of land and houses influence the rental price of those. 
However, different models to explain location choice and market prices are used for rental and ownership markets. In our paper we 
focus on ownership LMs rather than on rental markets.  We also do not distinguish between land and property markets; implicitly, 
LMs refer to the market for individual residences.   

16 The fact that housing is a long-term investment implies that agents’ discount rates and access to capital affect land purchase 
decisions.  While we do not include discounting explicitly in the framework presented here, the equations could easily be modified 
to include intertemporal considerations. 
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heterogeneous land rents (private shadow values), ABM LMs may reveal areas where growth 

pressure is high and deviations between private and public shadow values of land.17  Finally, ABM 

LMs can be designed to reflect buyer and sellers’ boundedly rational price expectations and explore 

the effects of adaptive price expectation updating mechanisms.  

3.4 Designed land markets 

3.4.1  Conceptual scheme: tradable good and traders in the land market 

Our conceptual model of an artificial LM combines rules adapted from standard urban economics 

with a cellular spatial simulation model. We move beyond previous work by implementing agents’ 

heterogeneity, a spatially explicit setup, and direct modeling of price formation and market 

transactions. Both demand and supply sides are represented in detail, facilitating model experiments 

focused on the drivers of each. Our approach leads to the emergence of heterogeneous land rent 

patterns without restrictive assumptions to identify prices in equilibrium. Results from the first 

implementation are reported in Filatova et al (2007), and further model analysis is ongoing.  

 

Figure 3.3: Conceptual scheme of the agent-based land market 

Figure 3.3 represents the logic of our model. Essentially, the agent level interactions 

illustrated in Boxes III and IV replace the top-down market clearing conditions that define 

equilibrium in traditional models (Figure 3.1). Based on land characteristics (Box I) and individual 

preferences, buyers and sellers form bid and ask prices for properties, which are functions of their 

willingness to pay (WTP) and willingness to accept (WTA) (Box II), and negotiate with potential 

traders over a transaction price (Box III). If negotiation is successful, then the market transaction 

takes place (Box IV). Current transaction prices influence bid and ask prices in the next time period. 

Moreover, as a property is converted, the altered LU feeds back into the spatial neighborhood (Box 

                                                 
17 The shadow value of a resource reflects the increase in payoffs at the margin that would be provided by an additional unit of the 

resource.  The private shadow value reflects the increase in individual utility or profits; while the public shadow value reflects the 
value to society as a whole.   
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V), through, for example, changes in density, availability of open space, or the social characteristics 

of the neighborhood.  

Extensive previous theoretical and empirical research has been conducted to identify the 

drivers of land value as outlined in Boxes I and V (Anas et al., 1998; Irwin and Bockstael, 2002; 

Lambin and Geist, 2006). However, many open questions remain regarding translation of the 

assumptions of analytical theoretical models into spatially explicit dynamics as represented in 

Boxes II–IV. We therefore focus on these dynamics and refer to previous literature for the other 

aspects of the conceptual model.  

The first step in analysis of a market is to define the participants. Several agent types 

participate on both the supply and demand side (Box II, Figure 3.3), including households, 

developers and rural land owners as seen in Figure 3.4. The market behavior of each actor in the 

LM is discussed below. 

 

Figure 3.4: Interaction between demand and supply side, Box II of Figure 3.3 

3.4.2  Reservation prices, bid and ask prices, and gains from trade 

WTP and WTA for land are reservation prices for land—the maximum price a buyer is willing to 

pay for a good, and the minimum price at which a seller is willing to sell (Figure 3.5). Economic 

theory suggests that reservation prices depend on preferences for characteristics of the spatial good 

(accessibility, availability of environmental amenities, neighborhood characteristics, etc.) and 

agents’ financial resources.  

The difference between the WTP and WTA defines the gains from trade (GFT)—the 

economic surplus that can be captured from the market transaction, and the realized transaction 

price defines the division of the GFT between the buyer and seller.  The realized transaction price 

depends on bid and ask strategies and perceived market conditions. Current theory simply bounds, 

but does not directly identify, that transaction price. In representative agent models of a 
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homogeneous good, the equilibrium market-clearing price is assumed to be the price for all realized 

transactions. However, residential land is generally sold through bilateral bidding and negotiation. 

In this case, a clear distinction should be made between WTP and bid price, and WTA and ask 

price.  Since economic agents try to maximize their GFT, a buyer tends to set a bid price lower than 

her WTP (by b ), and a seller sets his ask price higher than his WTA (by s ) (Equation 3. 3 and 

Figure 3.5).  

bbid WTPP  ;         sask WTAP     (3.3) 

Neither b  nor s  can exceed the total GFT b , if a transaction is to be feasible. For example, 

in Figure 3.5, if the buyer sets her bid price lower than the seller’s WTA, the transaction will not 

occur. The buyer’s strategic incentive is to set her bid price as close to the seller’s WTA as possible, 

but still above. The seller has complementary incentives; he wants to set the ask price as close as 

possible to the buyer’s WTP, but still below. 

 

Figure 3.5:  Price negotiation and division of gains from trade 

In the LM, agents are heterogeneous according to their behavior (e.g. the goal is to maximize 

or satisfy utility vs. profit), their resources (income-constrained households vs. financial capital 

constrained developers), and in the type of land they seek to buy or sell (existing dwellings for 

individual households and rural residential parcels for developers and rural land owners). Thus, 

agents’ WTP and WTA formation varies by sector (household/developer/ rural land owner). In the 

following sections, we review theoretical research regarding reservation and bid/ask price formation 

for different types of agents and propose strategies for calculation of reservation prices. 
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3.4.2.1 Buyer households (residential use) 

As a starting point to model a household’s reservation price, we return to the classical theoretical 

models of residential location based on the framework proposed by Alonso (1964; Strazsheim, 

1987). The conventional economic approach to find a willingness to pay for a housing unit is to 

solve the budget constrained budget-constrained utility maximization problem: maxU(z,s,d), 

 s.t.    z  s  R(d) Y T(d), where, z is a composite good, s is the quantity of land/housing 

purchased, d is the distance from the city centre, R(d) is the distance-dependent land/housing price, 

Y is the household’s budget, and T(d) is commuting cost at distance d. The demands for the 

composite good and for housing as well as land rent ( ),(* udR , Equation 3.4) are derived 

simultaneously by applying market-clearing conditions (assuming that demand is equal to supply at 

equilibrium) and assuming that utility is equal for all agents in the city.  
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This traditional method to identify the households’ willingness to pay at each point in space, 

or bid-rent function, relies on assumptions of representative agents and market equilibrium.  

Economic agent-based LU models in agricultural contexts often represent the choice problem 

of agents as a resource-constrained maximization problem, with agents substituting boundedly 

rational inductively estimated or dynamically evolving prices for expected prices formed through 

some rational expectations mechanism (Berger, 2001; Happe et al., 2006). We pursue a similar 

approach, staying conceptually close to the analytical budget-constrained utility maximization 

Alonso modifications that include open-space amenities, but noting that, in the absence of 

restrictive equilibrium conditions that identify land rent, individual households cannot solve for 

their WTP.  We therefore arrive at: 

Open Question 1:  How can the standard equilibrium-based Alonso model be translated for 

application to heterogeneous agents in a dynamic spatial environment? 

We propose four potential approaches to the problem, moving from the least to most complex. 

Approach 1:  Following Gode and Sunder’s (1993) ABM markets for homogeneous goods, 

assume a WTP function for each agent type, and draw randomly from that function to define a 

population of trading agents. Their “Zero-Intelligence traders” form bids by subtracting some 

random value from their exogenously assigned WTP. The disadvantage of this approach for a good 

with heterogeneous characteristics, such a spatial good, is that WTP is the same for goods with 

different quality. Thus, the bid price does not reflect location-specific amenities. This approach may 

suffice for highly abstract computational experiments, but the potential for translation into a real-

world context is limited. 
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Approach 2: As in approach 1, heterogeneous WTP functions, which depend on agent’s 

preferences and income, are assigned to agents. Approach 2 essentially assumes a set of exogenous 

individual-level demand curves for housing, allowing property-specific values to reflect agent-level 

income and preferences. 

Approach 3: This approach assumes an explicit utility function for housing that reflects 

preferences for proximity to the CBD (P) and green amenities (A) and a fixed, exogenous optimal 

expenditure share for the property dTYY housing  (the share of an exogenous total housing and 

transport cost budget spent on the property). Preferences can be formalized using a Cobb-Douglas 

utility function (Wu and Plantinga, 2003). We then define the following WTP function: 

nn

n
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WTP





    (3.5) 

which bounds WTP by the budget constraint, and exhibits the qualitative properties of a traditional 

demand function. The parameter b is a proxy for the prices of other goods. A buyer decides which 

house to bid on by randomly selecting a subset of houses that are affordable under her budget 

constraint. She then chooses to bid on the house that gives her maximum utility, with her WTP 

given by Equation 3.5. In applications of the first model implementation, we implement agent 

heterogeneity in this context by varying the utility weights of each good or the budget constraint for 

housing, and we implement spatial heterogeneity by varying amenity levels across space (Filatova, 

Parker et al., 2007). This approach may be appropriate in highly regulated housing markets, where 

loans are made based on monthly payments that represent a fixed proportion of income, and where 

this constraint is binding for most agents.   

Approach 4: We propose to implement an Alonso-style approach by replacing the land price 

defined through equilibrium assumptions with a parametric adaptively estimated land rent 


r , whose 

estimation may reflect the boundedly rational price expectations of heterogeneous buyer agents. 

Following traditional models, each agent solves a budget-constrained utility maximization problem 

(Equation 3.6), in which the value of a residence s increases with amenity level A and decreases 

with distance from the CBD d.  

dTdAsrzpYtsdAszU z 


),(   ..  )),(,(  max   (3.6) 

The solution to this maximization problem provides optimal demands for the composite good 

and attributes of the spatial good (amenity levels and accessibility). These optimal solutions can be 

used to derive an analytical demand curve (WTP) for housing as a function of estimated land rent 

and, from that, an optimal housing budget.  
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The challenge in this approach comes from the need to initialize 


r . We propose two solutions. 

First, the model could be initialized using the bid-rent values from analytical solutions to a 

simplified version of the model18. Second, the landscape could be initialized with plausible selling 

prices, given agent utility functions. Agents would form an expected rent by sampling properties 

selling for between 25-40% of their income (a standard budget metric for lenders) and estimating 

prices through a hedonic regression model (similarly to the model proposed by Miller et al. (2004)). 

Either method would be likely to induce some path dependence in model outcomes, which should 

be formally explored. 

Expected rent must be dynamically updated. A new class of  “Real Estate Agents,” who might 

possess differential levels of knowledge and estimation strategies, could estimate 


r  through 

learning algorithms (Arthur, 2006; Tesfatsion, 2006).  As the model runs and price levels change, 

expected land rent could be updated either according to a fixed (each time the agent is active) or 

event driven time schedule. (For example, a buyer may update price expectations following a given 

number of unsuccessful bids.)  Each time price expectations are updated, she will re-solve her 

utility maximization problem, alter her optimal budget share for housing and shift her demand 

curve. This approach promises to endogenously model expectation-driven price dynamics that are a 

prominent feature of real-world housing markets, in which budget shares on housing increase even 

as incomes and preferences remain fixed. This is accomplished while still maintaining a 

theoretically grounded WTP and budget share for housing. 

3.4.2.2 Modeling a buyer’s bid price 

A buyer’s strategy for setting her bid price will likely depend on her WTP and expectations for 

future prices. To our knowledge, few theoretical models of these prices expectations exist. The 

relationship between bid and ask prices are often dependent on the state of the housing market. In 

perceived “sellers’” markets (when demand exceeds supply), bid prices are often higher than ask 

prices. Buyers compete against each other, raising their bids in the hope capturing a desirable 

property. In “buyers’” markets, bids are often below ask prices, and ask prices are often lowered 

over time in the hopes of attracting a buyer.  These dynamic relationships between bid and ask 

prices likely drive cyclical housing market dynamics, but also ideally should be endogenous to our 

model. 

These dynamics lead us to the first of several questions: 

                                                 
18 In the case of homogeneous agents and a homogeneous landscape, this initialization should imply that the model would quickly 

converge to that analytical solution.  This could be an important robustness test for the model.  However, we anticipate that this 
model will be used primarily to analyze heterogeneous agents and landscapes. 
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Open Question 2:  Given a theoretical WTP, how are bid prices set? 

Drawing in part on ABMs of financial markets, we propose two approaches for setting bid 

prices, which could be combined. However, they should be tested independently as well as in 

combination, since they may have comparable effects on market dynamics. If effects are 

comparable, the simplest approach is justified. 

Approach 1: In the current model implementation, the WTP of a buyer is adjusted depending 

on whether it is a buyers’ or a sellers’ market. We introduce a variable ε, which serves as a proxy 

for the state of the market (Equation 3.7).  

)1(  WTPbid PP ,     (3.7) 

where )()( NSNBNSNB  ; NB = number of buyers and NS = number of sellers. If the 

number of buyers and sellers are equal, ε=0 and buyers bid their willingness to pay. If there are 

more buyers than sellers, buyers are in a less favorable situation, and bids will increase. Conversely, 

bids will decrease when sellers exceed buyers. 

This approach is easy to implement in a programming context and potentially leads to 

endogenous cyclical price variations. Based on information available through the web, Realtors and 

housing market analyses, real-world agents are likely to perceive the state of the market and the 

direction of market trends. A disadvantage of this approach is the assumption that agents’ bids may 

exceed their theoretical WTP. This could be remedied by normalizing the bid to fall between WTP 

and an estimated WTA (consistent with Figure 3.5). 

Approach 2: Modification to WTP can be based on information about recent comparable 

sales, average days on the market, and the rate of change of prices. These three pieces of 

information are readily available to buyers.  Information on recent sales could be used to estimate 

an expected sales price for the property, which could be used to modify the agent’s bid relative to 

the ask price. The bid could also be modified up or down depending on whether prices were rising 

or falling. Days on the market and the rate of change of prices would be proxies for the buyer’s 

perception of competition among buyers. Essentially, Approach 2 can be viewed as a strategic 

approach to pricing by the buyer. She forms her best estimate of the highest other bid that the seller 

is likely to receive, and bids no higher than this amount. 

3.4.2.3 Modeling a seller’s decision to relocate 

In the case of a single residential seller, his willingness to accept will be determined by his 

opportunity cost of keeping the residence---the utility that he might gain by selling and moving. 

Several studies investigate household mobility (Kan, 2002; van der Vlist et al., 2002; Clark et al., 

2003). In a comprehensive overview of the theory of household relocation behavior, Clark and Van 
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Lierop (1987) distinguish between inter-urban and intra-urban migration. They argue that main 

reasons for intra-urban migration are transitions to a new life cycle stage, development of more 

attractive housing options elsewhere, changes in the neighborhood, and a desire for greater 

accessibility to central locations. Inter-urban migration is mainly motivated by employment 

changes. Clark and van Lierop describe relocation behavior as a two-stage process. A household 

first decides to move (for one of the reasons mentioned above), and then it searches for the location 

for which the expected utility net of moving costs exceeds the expected utility of staying. Other 

spatially explicit urban simulation models focus in more detail on households’ mobility due to 

ethnic sorting (segregation with respect to the nationality or ethnic group) (Schelling, 1978) and 

wealth preferences (clustering with respect to income) (Torrens, 2007). This background leads us 

to: 

Open Question 3: How should the decision to relocate be modeled? 

We propose three approaches (consistent with urban economic theory) to modeling relocation 

behavior, each of which is likely to apply to different agent types.  

Approach 1: An agent becomes dissatisfied with his neighborhood (due to a change in 

racial/ethnic balance, income disparities, a decline in green amenities or public services (for 

example school quality), or an increase in congestion or commute times, with two possible action 

thresholds for relocation: 

1.  An agent’s current utility level ( itU ) has fallen below the level that he had when he first 

purchased the house ( *
iU ), (probably by a certain threshold) 

*
iit UU  ; 

2. The utility of some other location ( iU
~

) that household i could purchase given his 

housing budget is higher than the utility of the current location ( itU ) net of the utility of 

moving ( mU ), miti UUU ~
; 

Approach 2: Household life-cycle: At thresholds defined by household age and size, agents 

may form their own households, seek an independent residence, then seek a larger residence (more 

bedrooms) or higher levels of open space, neighborhood safety, or school quality. Agents at later 

life stages may seek smaller residences, easier access to local amenities, high-amenity locations, or 

proximity to extended family.  

Approach 3: Job-following migration: If employment locations are included in the model, 

then household workers may follow shifts in employment.  (Note that if employment locations shift 

within the city for a given agent, the commuting times faced by that agent may change, leading to 

dissatisfaction with the neighborhood as discussed in point one.) 
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3.4.2.4 Modeling seller’s WTA and ask price 

Open Question 4: How should WTA be determined for selling households?  

Compensation for the costs paid for the current residence is likely to determine the minimum 

reservation price for most sellers, barring bankruptcy. Households relocating in the same area, 

however, wish to increase their utility. Thus, their WTA will be given by the sales price that allows 

them to purchase the house that achieves the minimum utility increase required to relocate; their 

WTA, thus, is derived from their WTP for another house. A seller agent has an incentive to set an 

ask price as high above his WTA as the market will bear, leading to:   

Open Question 5: How do seller households set their ask prices? 

Approach 1: Sellers may also respond to the perceived market power of buyers by adjusting 

their ask price upwards in the case of a sellers’ market, and downward in a buyers’ market. 

(Equation 3.8 with ε from Equation 3.7) 

)1( WTAPask    (3.8) 

Approach 2: The WTA is adjusted upward or downward based on the difference between the 

WTA and prices in the seller’s neighborhood, dependent on a coefficient of sensitivity ]1;0[ ). 

(Equation 3.9) 

 WTAPAsk , where WTAP ghborhoodaverageNei    (3.9) 

This approach, implemented using Moore neighborhoods, incorporates local spatial price 

feedbacks, and will reinforce the positive price effects of location-specific amenities (Filatova, 

Parker et al., 2007). As in Approach 2 in Section 3.4.2.2, a disadvantage is that sellers may price 

their houses below their WTA, which contradicts economic theory. A modified approach maintains 

links to economic theory, while incorporating local price feedbacks. (Equation 3.10) 

),( ghborhoodaverageNeiAsk PWTAMaxP    (3.10) 

Approach 3: Rather than basing their decision on current sales prices, sellers (or their real 

estate agents) may attempt to forecast a probable sales price, as would buyers, using information 

about recent comparable sales, average days on the market, and the rate of change of prices. A 

variety of reinforcement learning or inductive statistical models could be used to represent this 

process. Obviously, if the same methods were used by both buyers and sellers, bid and ask prices 

would be identical, and the dynamics of bidding up and falling prices would not occur unless driven 

by pure differences in reservation prices (which are likely to occur given heterogeneous agents). 

This leads to: 

Open Question 6:  How can differences in bid and ask prices be modeled?   
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Ask price formation might rely most heavily on recent activity in the physical neighborhood 

of the residence, whereas bid prices formation might be more dependent on opportunity costs of 

bidding on residences in different neighborhoods. Sellers might have private information that they 

try to conceal through a too-high ask price. Sellers and buyers may have heterogeneous degrees of 

urgency for achieving a transaction. Finally, differences in bid and ask prices may arise from the 

differential experience of boundedly rational real estate agents who advise buyers and sellers. If 

however, theoretical and empirical models indicate that bid and ask prices can be assumed to be the 

same, then the process of negotiation need not be modeled explicitly; rather, in trades where GFT 

are positive, the estimated bid/ask price can be used as the transaction price, thereby defining the 

division of GFT.   

3.4.3 New home production--Developer agents 

3.4.3.1  Developers 

Developers (housing producers) serve as an intermediary between farmers willing to sell 

agricultural land and households willing to buy a house. They buy undeveloped land, convert it to 

residential land, and sell housing (see Figure 3.4), meaning that they form an WTP for the 

agricultural land and WTA for new residential units. In the Muth-Mills modification of the Alonso 

model (Brueckner, 1987; Strazsheim, 1987) developers act as housing producers, maximizing profit 

by combining land L(d) and capital K(d) to supply housing H(d) at location d (Equation 3.11). 

 )(),()( dKdLHdH      (3.11) 

The land price R(d) is determined endogenously as a solution of maximization problem of a 

developer (Equation 3.12) and defines the developer’s WTP for agricultural land in the analytical 

problem.  The developer’s profit maximization problem is: 

)()()()()(max dKidLdRdHdp agdx    (3.12) 

where dx  is the profit of developer x at location d, p(d) is the willingness to pay of 

households for a unit of housing at location d, Rag(d) is a price for agricultural land, and i is the 

interest rate. Developers are assumed to be price takers with respect to the price for housing. Thus, 

their price expectations are based on derived demand from the households, which itself comes from 

the theoretical bid-rent functions derived from an Alonso-type model (Equation 3.6). 

In theory, the increased WTP of households nearer to CBD resulting from lower commutes 

leads to a higher optimal density of residences (size and proximity of residences and height of 

buildings) for developers closer to the CBD (Brueckner, 1987; Kraus, 2006). Assuming constant 

returns to scale, the housing producer’s theoretically optimal structural density ( LKSD / , 
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capital-land ratio) and the developer’s WTP for agricultural land (Rag) are derived by maximizing 

profit (Equation 3.13). 

SDiRSDHdpdx  )1;()(max land ofunit per    (3.13) 

Since the price for housing (p(d)) is a function of a households’ preferences, income, distance 

from CBD and travel costs, the structural density also depends on these drivers (Brueckner, 1987). 

Empirical research suggests that developers are motivated by market demand for housing 

(preferences of new-home buyers) and are constrained by policy regulations (Levine, 2006). 

Evidence also exists that developers specialize in particular kinds of development, each of which 

provide different levels of private and public open-space amenities (Vigmostad, 2003). 

Regardless of the complexity with which developers’ profit maximization decisions are 

modeled, again a familiar challenge presents itself---that of modeling price expectation formation 

for households’ WTP when developers face heterogeneous buyers, leading to a pair of questions: 

Open Question 7:  How should the profit-maximizing choice of development type be 

modeled? 

Approach 1: For abstract theoretical models, the translation of the Muth-Mills model with 

optimal density could be used to differentiate housing types by density, with a pool of developer 

agents created who specialize in particular development densities. This approach does not, a-priori, 

account for agent heterogeneity.   

Approach 2:  Models of market segmentation under monopolistic competition (in which 

sellers offer slightly specialized versions of a good that is homogeneous in some basic 

characteristics) could be adapted to reflect heterogeneous preferences of agents for open-space 

amenities, commute times, and property characteristics (Dixit and Stiglitz, 1977; Singh and Xavier, 

1984). 

Either of these approaches would require developers to estimate consumers’ heterogeneous 

WTP functions for different development types, leading to: 

Open Question 8:  How should the willingness to pay of particular groups of individual 

buyers that appears in developers’ profit function be estimated?  

Approach 1: The urban economics literature provides some examples of equilibrium-based 

models of a developer who is able to differentiate among different groups of housing consumers 

(Henderson and Thisse, 1999). The underlying assumption is that potential customers have different 

incomes and WTP for housing, which the developer may be able to extract by providing both 

private and public goods.19  

                                                 
19 We do not discuss migration motivated by local public goods (Tiebout, 1956) here. A discussion of pricing decision of developer 

in the framework of Tiebout model can be found elsewhere (Pines, 1991). 
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Approach 2: Similarly to Approach 3 for seller ask price formation, boundedly rational 

developers estimate inductive hedonic demand curves based on information about agent 

characteristics and recent sales. Developers likely have access to a wide range of resources and 

information to estimate demand—in fact, they may have a staff of economists dedicated to that task. 

While the WTP of individual buyers is private information, accepted bid prices are public 

information. Thus, a hedonic demand curve for each homogeneous housing product could be 

estimated through recent sales data. Given that developers would know these estimates reflect 

interactions between supply and demand, they may set ask prices higher than estimated WTP, then 

reduce housing prices if they remain unsold. 

3.4.3.2 Developers’ WTP for agricultural land 

Open question 9: How should developers’ WTP (expected price) for agricultural land be 

determined? 

Approach 1: An exogenously set inter-temporal opportunity cost for agricultural production 

can be used as the developer’s expected price for rural land, assuming that the developer will be 

able to capture all GFT from the transaction, perhaps accurate only when the supply of conversion 

land is abundant. This approach is simple, but also grounded in economic theory. 

Approach 2: In equilibrium-based models, the price for undeveloped land is assumed to be 

derived from developers’ profit function (Equation 3.12).20  Again, the equilibrium problem could 

be translated into an ABM context by implementing an inductively estimated expected price for 

agricultural land, based on recent sales. 

3.4.4 Price negotiation and the land transaction price 

The process of determining sales prices and executing trades (Boxes III and IV in Figure 3.3) 

raises several questions.  First: 

Open Question 10:  How should sellers decide which bid to accept? 

Sellers status and ask prices are public information, available easily to all buyers. Buyer’s bids 

may be above or below the ask price, as discussed earlier. Two approaches are possible: 

Approach 1:  The seller can accept the first bid that is at or above his ask price. 

Approach 2:  The seller can gather bids over a certain time frame, then accept the highest bid 

that is above his WTA. That time frame may also be endogenous, depending on average local time 

on the market and rates of change of prices. To avoid the complication of buyers withdrawing 

                                                 
20 The theoretical literature presents more complex strategic models of price negotiation with landowners from whom housing 

producers buy undeveloped land.  A game-theoretic approach (Asami & Teraki, 1991) analyzes the outcome of sequential pairwise 
negotiations between a single developer and several landowners over the price to be paid for land. 
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during this interval, the seller agent could collect bid prices simultaneously at a “Sunday open 

house,” then decide which, if any, bid to accept at the end of the round. A buyer then may issue a 

revised bid based updated estimation of WTP and/or a bid price in the next round, if her first bid 

were rejected. In either of these approaches, the accepted price defines the transaction price. 

However, when both buyers and sellers offer their true reservations prices (WTP/WTA), another 

question must be answered: 

Open Question 11:  How should the gains from trade from the transaction be divided? 

Researchers have taken several approaches to this problem, most involving some algorithmic 

division of GFT. Happe et al. (2006) divide the GFTs using the geometric mean of WTP and WTA, 

and Polhill, Parker, and Gotts (2008) impose a Vickery auction so that the auction winner pays the 

bid of the second-highest bidder. (An overview of types of auctions and their applicability to ABM 

is provided in Wooldridge (2002).) Arsenault, Nolan, and Schoney (2007) compare the results of 

several alternative auction mechanisms in their rural LM model, and find that the model results are 

not sensitive to the auction mechanism, suggesting that in simple circumstances, models may not be 

sensitive to assumptions regarding division of GFT. 

A decision about whether/how to model bid and ask prices and division of gains from trade 

may depend on whether cyclical housing dynamics are an important part of the research question. In 

the case of irreversible conversion of open space driven by spikes in housing demand, they may be 

essential to explaining observed dynamics. However, if the purpose of the model is comparison to 

other abstract, theoretical models of effects of open space on property values, a simpler approach 

may suffice. 

3.5 Confronting the conceptual model with the real world: next steps 

3.5.1 Benchmarks for land markets 

Replication of benchmark theoretical models through simplified versions of an ABM is an 

important strategy for structural model validation (LeBaron, 2006) one that we pursue in related 

work (Parker and Meretsky, 2004; Filatova, Parker et al., 2007). We used a set of economic and 

spatial metrics to compare conventional model and ABM LM. Strategies for model calibration, 

verification, and validation appropriate for our model are discussed elsewhere (Parker et al. 2003; 

Grimm and Railsback 2005; Lambin and Geist 2006). 



 61

3.5.2 Empirical modeling 

In principal empirical ABM offer two advantages over traditional reduced-form statistical empirical 

models of land conversion. The first is that demand and supply can be modeled separately, based on 

structural representations of utility and profit functions, to which multiple statistical models may 

contribute. The second is that the dynamics of price formation are explicitly represented, allowing 

for endogenous evolution of land rents in response to shifts in factors that influence supply and 

demand, relocation decisions, and in-migration by new agents.  

The major challenge to translating this framework into an empirical context, however, is to 

empirically parameterize those structural utility and profit functions, so that WTP and WTA 

functions can be derived and dynamically updated. The problem is compounded by the fact that 

utility functions are not observable or directly measurable. Further, while data are available on bid 

and ask prices, we expect that those prices will be lower (higher) than actual WTP and WTA. 

Finally, while data on real estate transactions are available, these data represent the result of 

interactions between demand and supply8 and are rarely easily matched to the demographic 

characteristics of buyers or sellers. 

Several approaches are possible, however, to construct empirical analogs of theoretical 

willingness to pay functions for buyers and willingness to accept functions for sellers.  

Approach 1: Experimental/conjoint analysis: Although there are fundamental problems 

related to parameter and functional form identification, experimental approaches have been used to 

identify potential parameter weights for utility functions. In an experimental setting, agents could be 

endowed with budgets based on fixed prices and allowed to trade housing ‘‘goods” with particular 

characteristics. Alternatively, in a survey setting agents could be allowed to choose among housing 

options based on their actual budgets. 

Approach 2: Revealed preference approaches through statistical models that combine 

household and spatial survey data: In theory, demand and supply curves can be estimated if survey 

data are available that link the characteristics and preferences of buyers/ sellers to actual sales 

transactions. Data on the characteristics of the residence are often linked to transaction/tax 

assessment records, and data on the spatial characteristics of the neighborhood of the house could 

be derived through GIS. Resident surveys can capture information about buyers who currently 

reside in the house. These data provide sufficient information to estimate a demand curve. 

Obtaining similar data on sellers, and linking that data to homes purchased as well as homes sold, 

would require a seller survey and would pose greater challenges for gathering GIS data on sellers’ 

new residences.  
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3.6 Conclusions 

In this paper, we have outlined a detailed conceptual model of a LM with interactions between 

heterogeneous agents—buyer households, relocating seller households, and developers. Our 

proposed model moves beyond existing work by modeling interactions between multiple agent 

types, modeling the process of bid and ask price formation, and proposing agent decision models 

that combine deductive optimization with inductive models of price expectation formation. Our 

discussion is well grounded in economic theory, but also is closely linked to previous cellular 

models of LU originating in geography. Thus, we hope that our presentation will be of interest to 

both urban/environmental economists and cellular spatial modelers and will serve to bring these two 

groups closer together in knowledge and perspective. 

Because restrictive assumptions and equilibrium solutions need not be imposed on ABMs, 

many—perhaps too many!—choices are available to modelers. We have outlined a series of open 

questions that are inherent in making the transition for theoretical equilibrium- based urban 

economic models to agent-based residential LMM, and we have proposed solutions to each of them. 

We plan next to compare the effects of the alternative proposed solutions within our simulation 

model. We also welcome feedback on these proposed solutions, comparative modeling to explore 

their implications, and suggestions for additional alternatives.  
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4 Agent-based urban land markets: agent’s pricing behavior, 

land prices and urban land use change21 

Abstract 
We present a new bilateral agent-based land market model, which moves beyond previous work by 
explicitly modeling behavioral drivers of land-market transactions on both the buyer and seller sides; 
formation of bid prices (of buyers) and ask prices (of sellers); and the relative division of the gains 
from trade from the market transactions.  We analyze model output using a series of macro-scale 
economic and landscape pattern measures, including land rent gradients estimated using simple 
regression models.  We first demonstrate that our model replicates relevant theoretical results of the 
traditional Alonso/Von Thünen model (structural validation). We then explore how urban 
morphology and land rents change as the relative market power of buyers and sellers changes (i.e., 
we move from a “sellers’ market” to a “buyers’ market”).  We demonstrate that these strategic price 
dynamics have differential effects on land rents, but both lead to increased urban expansion. 
 

4.1 Introduction 

Housing markets are dynamic. Not only housing prices but also the spatial form of the city are the 

result of market allocation of urban land between competing users. Aggregate urban economic 

indicators and the morphology of the city are determined by the adaptive behavior of individual 

agents. Equilibrium-based urban models omit the exploration of urban dynamics. However, real 

world phenomena, such as housing market bubbles, are a manifestation of the cyclic dynamic 

nature of urban markets. We are interested in understanding how the replacement of a centralized 

equilibrium price determination mechanism by decentralized bilateral agent trading dispersed in 

time and space influences morphology and land prices in the city. In the real world, housing prices 

for comparable housing differ in sellers’ and buyers’ markets. It is often observed that prices grow 

unjustifiably in a housing market favoring sellers. We argue that economic agents react to the state 

of the housing market (i.e., buyers’ or sellers’ market) in their pricing strategies. Moreover, if 

buyers are saturated with information about a shortage of properties on the market, they generally 

respond with a willingness to raise their bids.  

This paper presents an agent-based bilateral residential land market model, with a particular 

focus on the formation of WTP/WTA (willingness to pay/ willingness to accept) versus bid/ask 

price for land as well as the division of gains from trade. We apply agent-based modeling (ABM) to 

study land markets in a dynamic way. The ABM allows for spatially explicit modeling and creates 

                                                 
21 This Chapter is also published as paper co-authored with D. C. Parker and A. van der Veen “Agent-Based Urban Land Markets: 

Agent’s Pricing Behavior, Land Prices and Urban Land Use Change” , Journal of Artificial Societies and Social Simulation,  
12(1)3 <http://jasss.soc.surrey.ac.uk/12/1/3.html> 
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the opportunity to visualize the impacts of different factors (such as different preferences for the 

attributes of spatial environment and pricing strategies) on a 2D landscape. 

Representative analytical, cellular, and agent-based models of residential development are 

reviewed by Parker and Filatova (2008). Applications of ABMs to land use (LU) problems are quite 

diverse (Parker et al., 2002; Parker et al., 2003) and include modeling of simplified urban (Otter et 

al., 2001) and semi-urban (Sasaki and Box, 2003) systems without land markets. A discussion of 

the rationale for explicit modeling of land markets in land use models can be found elsewhere 

(Polhill et al., 2005; Parker and Filatova, 2008; Polhill et al., 2008). Several models study the 

effects of hypothetical land markets, but with primary emphasis on the demand side. The SOME 

and SLUCE models allow agents to choose the parcel that maximizes their utility without 

competition from other sellers, assuming that the locating agent will outbid the current use (Brown 

and Robinson, 2006). The micro-simulation model of Miller et al (2004) simulates both commercial 

and residential land markets. Terán (2007) models location behavior of forest landowners who bid 

for desirable parcels. However, price determination within this land market is not explained in the 

paper. Other models of agricultural land markets deal both with demand and supply decisions 

(Balmann and Happe, 2000; Berger, 2001; Happe, 2004; Polhill et al., 2008). The MADCM model 

provides a welfare analysis of the simulated urban land market but considers space to be 

heterogeneous in one aggregated characteristic called “quality” (Grevers and van der Veen, 2008). 

These models are becoming increasingly more sophisticated and can certainly serve as a basis for 

further attempts to include land markets in LU modeling.  

Our model moves beyond previous work in several aspects. First, both demand and supply 

sides are represented in detail, facilitating model experiments focused on the drivers of each. 

Second, to explore welfare effects of land market outcomes, we explicitly model differences 

between the buyer’s WTP and her bid price for the land, and differences between the seller’s WTA 

and his ask price. Finally, we show how the division of gains from trade and spatial patterns depend 

on whether there is a buyers’ or sellers’ market. 

We proceed as follows. First, the economic approach to modeling residential land markets and 

the value added of an ABM are outlined. Second, the bilateral ABM of a residential land market, 

including the assumptions and technical details of our new ALMA-v1.0 model, is presented. Then, 

we present a series of experiments that first replicate results of the conventional Alonso urban 

model, and then explore the implications of interactions between traders and differences between 

WTP/WTA and the actual bid/ask price.  We conclude with a summary of the model results and a 

discussion of their implications and future directions for the model.  



 65

4.2 The traditional economic approach to modeling urban land use and 

value added of ABM 

Agent-based modeling should be viewed as a way to supplement traditional scientific methods and 

expand the boundaries of science to test hypotheses and undertake experiments, rather then as a 

substitute for traditional methods (Parker et al., 2002; Parker et al., 2003). Thus, we develop our 

agent-based land market based on knowledge from urban economics, with the goal of expanding the 

scope of questions that can be investigated through modeling. As discussed in greater detail in 

Parker and Filatova (2008), many traditional models of urban land markets find their roots in the 

monocentric urban model of W. Alonso (1964). According to his bid-rent theory, households 

choose locations at a certain distance from the central business district (CBD) by means of 

maximizing utility they get from the joint consumption of a spatial good (land lot or house) and a 

composite good (all other goods) under their budget constraint (income less transportation costs). 

Applying market-clearing conditions (assuming that demands derived from the consumer’s first 

order conditions are equal to supply at equilibrium) and assuming that utility is equal for all agents 

in the city, one derives the equilibrium land rent R*(d,u). In this case equilibrium rent is the 

maximum rent per unit of land that the representative consumer is willing to pay at distance d while 

enjoying a given utility level u (Fujita and Thisse, 2002). The outcome of the bid-rent model is a set 

of rent gradients (i.e., land prices at different distances from the city center). 

As is typical in economics, certain restrictive assumptions are made to solve for equilibrium 

conditions in traditional urban economic models.  In general these assumptions can contradict real 

world phenomena, and they have created controversy and raised substantial criticism. These 

assumptions fall into four general areas, each of which has a representative example in urban 

economics:   

1. Limitations of the representative agent approach (Kirman, 1992): each agent in the model is 

assumed to be homogeneous with respect to preferences for proximity, open-space amenities, 

resources, and behavior; 

2. Limitations of assumptions of economic rationality, which in urban economic models include 

assumptions of complete information and perfect foresight; 

3. Traditional analytical models do not account for interactions among agents.  However, the 

importance of social interactions (Manski, 2000; Brock and Durlauf, 2001) and the effects of 

spatial externalities on land-use patterns (Irwin and Bockstael, 2002; Parker and Meretsky, 

2004) have been recognized; 
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4. Equilibrium is assumed to occur instantaneously, leaving no space for analysis of out-of-

equilibrium dynamics and adaptation (Arthur, 2006; Tesfatsion, 2006).  

These drawbacks of neoclassical economics are discussed elsewhere in greater detail in 

general (Epstein and Axtell, 1996; Arthur, Durlauf et al., 1997; Axtell, 2005; Tesfatsion and Judd, 

2006), and in application to land markets in particular (Parker and Filatova, 2008). For the purposes 

of this paper, we relax assumption 2 by a small extent, assuming that agents consider only a 

subsample of all available properties.  We relax assumption 3 by explicitly modeling bilateral 

trading between agents (analysis of spatial externalities is left for future work).  We relax 

assumption 4 by allowing market equilibrium to emerge in a step-wise fashion, based on sequential 

rounds of trading.  In line with the objective of this paper we formulate the following research 

questions: 

1. How comparable are the results of the spatially explicit land market, where the 

centralized equilibrium price determination mechanism is replaced by spatially 

distributed bilateral trading, to the results of the benchmark analytical monocentric 

urban model? 

2. How do different price setting strategies of buyers and sellers influence the 

morphology of the city, the micro and macroeconomic outcomes and, particularly, the 

division of gains from trade? 

To answer these questions we constructed an ABM of residential land markets – ALMA 

(Agent-based Land MArket). By modeling spatial and market interactions between buyers and 

sellers explicitly, ALMA allows us to obtain spatial patterns and land prices endogenously as 

economic theory does (Question 1, addressed by the experiments in Section 4.4.2). The bilateral 

market allows us to analyze the evolution of path-dependent land transaction prices, which depend 

on the number of successful transactions in the previous time period and the resulting relative 

power of buyers and sellers in the marketplace (Question 2, addressed by the experiments in Section 

4.4.3).   

4.3 An Agent-based Land Market (ALMA) 

Our Agent-based Land MArket (ALMA) model explicitly simulates micro-scale interactions 

between buyers and sellers of spatial goods and macro-scale feedbacks of market transactions. The 

main agents in the ALMA model are land users operating in an urban area (households, who buy 

land, and farmers, who sell land). The main good they exchange via market mechanisms is a spatial 
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good, which can be viewed as a plot of land or a house. The ALMA model22 was programmed in 

NetLogo (Wilensky, 1999). The model presented in this paper intends to replicate a monocentric 

urban model. We denote this version of our model as ALMA version 1.0 (ALMA-v1.0). 

The land market structure we are proposing borrows much from existing research on spatial 

economics. However, differences show up in the implementation of a spatially explicit setup, and 

direct modeling of price formation and market transactions. Figure 4.1 shows the logic of the land 

market model discussed in this paper. Figure 4.1 is a simplified version of a more general figure 

representing a comprehensive ABM market model described elsewhere (Filatova, Parker et al., 

2007; Filatova, van der Veen et al., 2007; Parker and Filatova, 2008). 

 
Figure 4.1:  Conceptual scheme of the land market 

 

The land market in ALMA is represented as a two-side matching market. Our goal in this 

paper is to present a somewhat simplified version of the standard monocentric urban model 

(Alonso, 1964). Therefore, each spatial good is characterized by distance to the CBD, and by 

uniformly distributed environmental amenities. Buyers form their bid prices for land depending on 

the distance to the CBD, their preferences for commuting, budget constraints, and potentially 

market conditions. Sellers form their ask prices based on a fixed opportunity cost, and potentially 

market conditions. When two trading partners are able to agree upon transaction of a spatial good, 

the land is transferred to the new user. Thus, ALMA-v1.0 produces urban land patterns and land 

prices (land rent gradients) as a result of market allocation of land between competitive users.  The 

environment and main entities of ALMA-v1.0 are shown in Figure 4.2. 

The code of the ALMA model also provides the possibility a) to represent heterogeneous 

environmental amenities and disamenities, b) to account for spatial externalities that serve as 

feedbacks from the changed spatial structure of a neighborhood when a spatial good changes its 

owner, and c) to endow agents with heterogeneous preferences for environmental amenities and 

proximity to the CBD (Filatova, Parker et al., 2007; Filatova and van der Veen, 2007; Filatova, van 

der Veen et al., 2007). For the purposes of this paper this capacity is not utilized.  

                                                 
22 The NetLogo code for ALMA 1.0 will be made publicly available following the defense of the PhD thesis by T. Filatova at the 

University of Twente, the Netherlands. 
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Figure 4.2:  UML class diagram of the ALMA-v1.0 metamodel23 
 

We proceed with the description of ALMA-v1.0 following the MR.POTATOHEAD 

framework (Parker, Brown et al., 2008). First, the spatial environment will be described in detail, 

then we will explain the behavior of economic agents.  We conclude with a description of the land 

exchange mechanism.  

4.3.1 The spatial environment 

Space is an essential component of any land market. ALMA-v1.0 has an explicit spatial 

representation of model dynamics (i.e., the location of the CBD and relative transportation costs 

affect model dynamics and the spatial pattern of land rents resulting from market trades).  Space is 

represented by a grid of equal cells, each of which can be owned by one economic agent. Each cell 

can be viewed as a separate spatial good, e.g. property unit, characterized by several parameters 

(see Figure 4.2). In ALMA-v1.0 each cell has two characteristics: distance from the CBD and level 

of green amenities. In principle, cells can be parameterized with more characteristics if needed.  

                                                 
23 This UML diagram shows that classes “Buyer” and “Seller” inherit from “Traders”. In the actual NetLogo code inheritance is not 

presented exactly as in the tradition of the object-oriented programming. In particular, to differentiate among buyers and sellers we 
do not create “breeds” of different traders. We rather introduce a Boolean attribute “buyer?” and “seller?” whose value can change 
during the model run. This feature is used in the extended version of ALMA model, where buyers who have acquired some 
property in the previous time steps might decide to move because of the changed neighborhood structure. Thus, they need to 
become sellers. In ALMA-v1.0 this procedure is not activated. So, buyers and sellers agents actually can be viewed as separate 
classes with one parent class. 
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The position of the city center (CBD) is exogenous and is in the center of the 2D lattice, i.e. it 

is a point with coordinates (0;0) in a Cartesian coordinate system. A distance of each cell (D) is 

measured as a Pythagorean distance from the center of coordinates. We also estimate relative 

proximity to the CBD (relative meaning that it is compared to the maximum distance in this city) as 

a measure inverse to distance (Equation 4.1). Here Dmax is a distance from the CBD of the most 

remote cell in the simulated landscape, dependent on the extent of the landscape as set by the user.  

In this paper, we run the model on a 29x29 lattice, but the landscape extent may be extended as 

needed. Thus, relative proximity for distance D is given by: 

  (4.1) 

Further, when agents estimate their utility for a certain property unit, they use a normalized 

value of proximity: 

  (4.2) 

The standard monocentric model assumes that households choose a location in the city as a 

result of the tradeoff between land price and transport costs. Transport costs are assumed to be a 

linear function of distance: T(D)=tcu*D, where tcu are transport costs per unit of distance. 

4.3.2 The demand side of the land market (acquires of land) 

Buyers are households searching to buy a house/land lot. At model initialization, the number of 

buyers is defined by the user.  

Budget: As we discussed earlier, in traditional urban economic models households search for 

a location to maximize their utility under their budget constraint. While transferring the equilibrium 

economic framework into an ABM market, we have to make a few assumptions, which arise when 

one attempts to transfer the traditional budget-constrained utility maximization framework to an 

agent-based model (Parker and Filatova, 2008). In ALMA-v1.0, we first assume that the housing 

choice is separable---i.e. the buyer has already decided what portion of her income to spend on 

housing and non-housing goods. This assumption is consistent with traditional real estate markets, 

where in general about 1/3 of household monthly income is spent on housing (i.e, the mortgage 

payment). Thus, we assume that household agents have already estimated their disposable budget 

for housing and transportation before they come to the land market. The budget constraint of a 

buyer is the disposable budget for housing (Yhousing, i.e. “budget” attribute of buyers on Figure 4.2) 

net of transport costs at a certain distance D:  

  (4.3) 
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Second, at this point of the model development it is assumed that each seller owns only one 

spatial good (i.e., one cell) and each buyer is interested only in buying one property unit. We leave 

for future work the question of the amount of floor space/land lot area demanded.  

Utility: Thus, the task of a house buyer is reduced to a) a choice of the housing good that 

gives maximum utility under her budget constraint, and b) estimation of her WTP. Households’ 

utility depends on the qualitative characteristics of a spatial good, which depend on its location, and 

is assumed to have a Cobb-Douglass functional form (Equation 4.4). Here A is the uniformly 

distributed amenity, P is normalized relative proximity estimated according to Equation 4.2,   and 

β are preferences for green amenities and proximity respectively, and  +β=1. For the model 

experiments presented here, we assume that β>0.5. As in the original Alonso model (1964) distance 

is included directly in the utility function because it represents not only the travel costs but also the 

disutility of commuting time to the CBD, which decreases the overall utility of a remote location.  

  (4.4) 
 

Bid price: Given her utility function and budget constraint, a buyer chooses which property to 

bid on by sampling N spatial goods, offered for sale in the current market, that are affordable given 

her budget constraint.  She then calculates the utility of each spatial good, and chooses to bid on the 

one for which her utility is the highest (see Figure 4.3). 

In standard economic theory, the relationship between individual WTP and qualitative 

characteristics of housing is given by the demand curve of a household24. WTP is assumed to be a 

function of utility, individual income and prices of all other goods (Varian, 1992). We propose to 

describe these dependencies with the help of the following function25:  

  (4.5) 
Here, Y and U are calculated according to Equations 4.3 and 4.4 respectively, and b is a 

constant. The WTP function is monotonically increasing approaching Y as U→∞, meaning that 

individual WTP increases with utility but does not exceed her budget. The value of parameter b 

controls the steepness of the function. As b→∞ the function in Equation 4.5 becomes flatter, and at 

U=b, WTP=Y/2, reaching half of its possible value. We can think of b as a proxy of the 

affordability of all other goods to reflect their relative influence on the WTP for housing. As shown 

                                                 
24 Traditionally the demand curve shows the relationship between price and quantity demanded. In our case it is assumed that an 

individual wants to buy only 1 unit of housing. However, because each spatial good is of different quality, then an individual 
actually makes choice of how much quality to buy at a certain price. The amount of quality that the good provides to the individual 
is measured by utility she obtains from its consumption. 

25 This function is known as a Michaelis-Menten function in kinetics or Monod function in biology (Voinov, 2008) 
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in Appendix A, the WTP function (4.5) exhibits the main qualitative properties of the neoclassical 

demand function.  

We differentiate between WTP and a final bid price of a buyer, and between WTA and a final 

ask price of a seller (Parker and Filatova, 2008). In the bilateral trading and negotiation of a land 

market, buyers try to maximize their gains from trade (the difference between their WTP and their 

bid price), as do sellers. Therefore, they will set a bid price below their initial WTP, but they will 

attempt to keep their bid above the WTA of a seller. However, agents are likely to perceive the 

negotiating power of their trading partners depending on whether it is a sellers’ or a buyers’ market. 

In a sellers’ market, demand exceeds supply, and sellers obtain more market power to influence the 

final transaction price, while buyers have to compete more intensely to be able to obtain needed 

goods. In this case the buyer’s bid price is likely to grow in order to increase the chance that they 

will outcompete other buyers and obtain the desired good.  In contrast, in a buyers’ market when 

supply exceeds demand, buyers have more market power to influence prices, and sellers must 

reduce their relative ask prices in order to be able to sell. We believe that these market feedbacks, at 

least partly, explain cyclical dynamics in the housing market. Price adjustments depending on 

demand or supply excess in financial ABM markets are commonly modeled (LeBaron, 2006).  We 

translate this conceptual framework into housing market dynamics using the following strategy to 

adjust bid and ask prices depending on the relative market power of buyers and sellers.  In ALMA-

v1.0 a bid price of a buyer is estimated as follows: 

  (4.6) 
where NB is the number of buyers and NS is the number of sellers. Both variables indirectly 

depend on land prices and the number of successful transactions in the previous time step, since if 

prices are beneficial for both buyers and sellers, they participate in successful trades and leave the 

land market.  If an imbalance of buyers and sellers remains, bid or ask prices will adjust to correct 

the imbalance. At the beginning of each time step, the variable ε is updated and pricing behavior 

changes (See Figure 4.3). 

Properties of ε: If the number of buyers exceeds the number of sellers (i.e., it is sellers’ 

market) then ε>0, and Pbid increases, as buyers compete to be able to buy the spatial good they 

want. Correspondingly, if ε<0, then sellers compete for the buyers, and buyers in their turn are 

willing to pay relatively less and sellers may accept lower bids. 

The relative change in bid price will also depend on the total number of buyers and sellers in 

the marketplace, reflecting the logic that a small number of buyers and/or sellers will increase the 

market power of the participants.  If total number of traders is small, , and the absolute 

value of .  In this case, a change in the relative number of buyers and sellers will cause a 
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relatively large change in bid prices, leading to relatively large change in transaction prices. This 

situation can be viewed as an oligopoly (a market dominated by a few suppliers of a good) or an 

oligopsony (a market dominated by a few buyers), where each dominant agent can influence prices 

significantly. If the total number of traders is large, , and . This situation can be 

viewed as the case of monopolistic competition, where there are many buyers with heterogeneous 

preferences and many sellers who offer heterogeneous goods. In this case, a change in the relative 

number of buyers and sellers will lead to relatively small changes in bid prices and transaction 

prices.  One individual has little influence on land prices as possibilities for substitution are high, 

and the average market price for land changes slowly with time. Thus, in summary, the numerator 

of ε determines whether the final bid price will decrease or increase, and the denominator defines 

the magnitude of the change.  

Bounded rationality: In our model, as in the neoclassical model, agents are assumed to 

maximize utility by choosing the optimal location under the budget constraint. However, there are 

two important distinctions from the neoclassical utility-maximization problem. Neither buyers nor 

sellers account for their future benefits, and in that sense they are myopic, as they do not calculate 

the optimal time to enter the market. Moreover, economic agents are not fully-informed. The search 

for the optimal transaction in any market is costly. This search involves information, time and 

monetary costs, meaning that a global optimum is not likely to be located in real-world housing 

markets.  As well, humans have limited computational abilities: even if they might have full 

information about all houses on the market, it is not a trivial task to find a maximum (of utility) on 

this n-dimensional space (where n is the number of attributes of a spatial good). In other words, 

replicating the limitations imposed on real-world traders by this computational complexity we make 

economic agents in the ALMA model boundedly rational.26  

4.3.3 The supply side of the land market (suppliers of land) 

Sellers represent owners of agricultural land. At model initialization, the user defines the number of 

sellers NS. The model experiments presented in this paper have a fixed number of sellers equal to 

the number of cells in the initial landscape.  Each seller owns one land lot. Consistent with the 

monocentric urban model, in ALMA-v1.0, the supply side is assumed to be willing to give up its 

land at the fixed price of agricultural land, which is the same everywhere in the city (Pag is equal 

200 in our experiments). However, sellers try to capture economic surplus from converting land to 

                                                 
26 The assumption of limited information will be relaxed in a future version of the model in order to explore its implications.  The 

computational capabilities of Netlogo prevent us, for this version of the model, from having agents sample from all affordable 
parcels.  However, sensitivity analysis indicates that model results are not highly sensitive to the number of parcels sampled.  We 
attribute this result to the uniform spatial amenities imposed on this model.   
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urban use. Therefore, we assume that they set their WTA 25% higher than their reservation price 

but still the same everywhere in the city (WTA=250). 

As widely discussed in our earlier paper (Parker and Filatova, 2008), in general, the ask price 

is expected to differ from a seller’s WTA. When sellers form their ask price, they may account for 

the market situation: 

  (4.7) 
The variable ε is estimated as in Equation 4.6. In the case of a buyer’s market, when sellers 

decrease their ask price (Pask), we impose a condition that the ask price cannot go below agricultural 

reservation price (Pag). 

4.3.4 Price negotiation and market transactions (land exchange mechanism) 

Land exchange rules: The algorithm that artificial traders follow is presented in Figure 4.3. 

Location choice and the price for the desirable site are determined jointly. Thus, the decision of an 

agent to buy a house is divided into two stages: a) finding a spatial good that maximizes her utility 

(step III. and IV., Figure 4.3) and b) determining transaction land price (steps V.- IX.). The seller 

gathers all bids for his property offered during the current time step and selects the highest of these 

bids. Nevertheless, the market transaction will only take place if the terms of trade are favorable to 

both the buyer and the seller (see box VIII.). If, however, the buyer’s bid price is higher than the 

seller’s WTA, meaning that gains from trade are potentially positive for both traders, there are 

several possible ways to determine the actual transaction price for the spatial good. Price 

negotiation mechanisms in existing market ABMs vary from simple arithmetic or geometric 

average of bid and ask prices (Berger, 2001) to sophisticated algorithms, such as auctions (Miyake, 

2003; Polhill et al., 2008). For simplicity at this stage of the ALMA model, the price negotiation 

procedure (step IX.) is implemented as a calculation of the arithmetic average of the seller’s price 

and the highest offer-bid of a buyer.  A successful trade is registered by ALMA-v.1.0 (step IX.), 

both buyer and seller update their status (the seller will not sell in the next period, the buyer will not 

search for a land lot to buy, and they will not be counted in the estimation of NB and NS in 

Equation 4.6), the ownership rights on the spatial good are transferred from seller to buyer, and the 

transaction price is registered as the actual price for this specific land lot. Both the exchange of land 

and recording of the market transaction are fulfilled by a “Market” agent (Figure 4.4) and are saved 

in a *.csv (comma separated) file. The numbers of buyers and sellers remaining in the market after 

the transaction will influence the determination of bid and ask prices in the next time step via the 

variable (see Equations 4.6 and 4.7). The model stops running when no more transactions occur, 
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i.e. all the submitted bids are lower than ask prices27. Implicitly we  assume that households (i.e., 

buyers) not settling in this city will search for a location in another city and leave the simulation 

environment, as in the open city model (Strazsheim, 1987; Anas et al., 1998).  

 

Figure 4.3: Conceptual algorithm of trade 

Event sequencing mechanisms: In any given time step, Netlogo activates agents in a random, 

but fixed, sequence. In the first time step of any model run, a preset number of buyers and sellers 

are initialized. Below, we present experiments with and without activation of  (realized via 

assigning “Pure WTP/WTA” or “Market-oriented” pricing behavior to traders).  In the “Pure 

WTP/WTA” case, all buyers are activated in each time step. In the “Market-oriented” case, all 

buyers may not be activated in each time step, but instead will become active in the market at some 

user-defined rate.  Epsilon is calculated using all the initialized buyers and sellers who have not yet 

successfully traded, not only those who are active in trading in a given round.  The number of 

buyers who are active in the market in each time step (buyers from previous time periods who have 

not successfully purchased properties plus newly activated buyers) affects the speed at which  is 
                                                 
27 We are aware that in real world a transaction may happen even if a bid price is lower than an ask price (sellers may accept lower 

bid price if for example the property has been on the market for a long time or if they anticipate that prices will fall further). 
However, implementation of such type of algorithms is left for the future work. 
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updated (see Experiments 4.3-4.6). The lower the number of buyers active in the land market during 

the time step, the more often is updated. Buyers and sellers who have not completed a successful 

transaction remain active in the next time period. The model continues to run until no more 

transactions occur.  

The sequence of events in ALMA-v1.0 is presented in Figure 4.4 below. The scheme is quite 

straightforward and all the components were discussed above. 

 

Figure 4.4: UML time sequence diagram 

 
Innovations of ALMA: The ALMA model allows us to study the division of gains from trade 

in the land market, since there is a differentiation between ask price and WTA, and bid price and 

WTP. A consumer’s (producer) surplus is the amount she (he) benefits from being able to buy (sell) 

a good at a price below her WTP (above his WTA). In the traditional equilibrium framework, the 

price at which everyone buys (sells) is assumed to be the price determined at equilibrium by some 

hypothetical auctioneer, and this price is used to calculate consumer and producer surplus. In our 

ABM market, there is no one unique price for everyone in the market; rather, there is a set of 

individual transaction prices determined by each set of trading partners separately. Consumer (and 

producer) surplus is calculated by comparing WTP (WTA) with the individual transaction price (not 

an equilibrium one). The total economic surplus is the sum of consumer and producer surplus.  In 
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contrast to the approach taken to calculating consumer and producer surplus in the SLUDGE model 

(Parker and Meretsky, 2004), this approach allows us to examine how consumer and producer 

surplus, influenced by relative market power, change as market conditions change.    

4.4 Simulation Experiments  

We performed several experiments with the ALMA model. The model produces spatially explicit 

rent gradients (i.e., land prices at different distances from the city center) and land patterns. We are 

mainly interested in how changes in buyers’ and sellers’ characteristics, environment, and trading 

strategies affect economic indicators and the spatial morphology of the city.  

4.4.1 Macro-scale outcome measures 

In addition to graphical representations, we also present a set of metrics to analyze micro and 

macroeconomic and spatial outcomes, including: 

 Individual utility: the average individual satisfaction from the consumption of a good of a 

certain quality (characterized by certain parameters such as distance or environmental 

amenity), estimated as an average of individual utilities from Equation 4.3; 

 Aggregated utility: the total utility of all individuals settled in the city, estimated as the sum 

of the utilities of urban inhabitants (excluding agricultural users). This metric is often used 

as a measure of social welfare; 

 Buyer’s bid price: the average bid price for urban land, estimated as an average of individual 

bid prices (Equation 4.6). This metric allows us to analyze how bid prices change depending 

on pricing strategy; 

 Urban land price: the average transaction price in the city. The transaction price for the 

bilateral trade is an arithmetic average of a bid and an ask price. We are interested in how 

the transaction price changes depending on whether buyers or sellers account for the market 

situation; 

 Average surplus (for both buyers and sellers): the average amount that buyers (sellers) 

benefit by buying (selling) a good for a price that is lower (higher) than their WTP (WTA). 

It is calculated as an average difference between the transaction price and buyer’s WTP 

(seller’s WTA).  Comparison of the relative proportion of surplus captured by buyers and 

sellers allows us to analyze how the division of gains from trade changes depending on the 

market situation. Total economic surplus (i.e., the sum of a buyer’s and a seller’s surpluses) 

is also often used as a measure of social welfare; 
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 Total property value: the sum of urban land prices in the city. Total property value is 

important for policy analysis, particularly with respect to property taxes rates and receipts, 

funding of public goods from property taxes or estimation of the damage from extreme 

events such as flooding; 

 City size: the number of urban inhabitants (excluding agricultural users). City size is a 

typical characteristic of urban spatial structure often analyzed in urban economics 

(Strazsheim, 1987);  

 Distance at which city border stops: the distance from the CBD of the most remote urban 

cell, or urban extent. Urban extent is also a typical characteristic of urban spatial structure 

used in urban economics.  In the experiments presented here (with no open-space 

amenities), it will be closely correlated with city size; 

 Estimated land rent gradient: an equation that quantitatively characterizes the realized 

transaction price at a given distance from the city center, estimated using linear regression 

analysis.  The land gradient is another typical characteristic of urban spatial structure that is 

analyzed both theoretically and empirically in both urban economics and geography 

(Strazsheim, 1987; Anas et al., 1998).   

All the model experiments presented in this paper were performed on a 29x29 cell landscape. 

Each experiment was performed 30 times to check the robustness of the simulated results against 

random effects using a  t-test. The ALMA parameters that remain unchanged for all model 

experiments are listed in Table 4.1; those that were varied between the 6 experiments are listed in 

Table 4.3. A brief summary of each experiment is presented in Table 4.2. The setup and objective 

of each experiment are discussed below. Tables 4.4 and 4.5 compare the experiments’ outcomes in 

terms of macro and microeconomic and spatial measures. Metrics for each experiment in Tables 4.4 

and 4.5 are average estimates of 30 runs. Outcomes of each on the 30 runs in one parameter space 

do not change qualitatively. In particular, the standard deviation of total property values between 

the 30 runs in Exp 4.1-4.2 is equal to 0 and the standard deviation of total property values between 

the 30 runs of Exp 4.3-4.6 varies from 0.01%-0.04%. 

Table 4.1: Values of parameters unchanged in the simulation experiments 

Symbol Y A b N of cells Pag WTA 

Meaning 

Individual 
budget 

Level of 
green 

amenities 

A 
constant 

in (5) 

Number of 
spatial 

goods in a 
city 

Reservation 
price for 

agricultural 
land 

WTA for 
agricultural land 

without 
consideration of the 

market situation 

Value 800 1 70 841 200 250 
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Table 4.2: Description of the performed experiments 

Experiment # Tested hypothesis  

Exp4.1 An agent-based ALMA model with distributed price determination 
mechanisms reproduces the conventional analytical model behavior given 
similar assumptions, i.e. structural validation holds. 

Exp4.2 Increased tolerance for commuting among buyers (changes in preferences for 
distance - β) causes urban expansion. 

Exp4.3 In the case of a “sellers’ market” gains from trade will not be divided equally 
and the city will expand, assuming that buyers adapt their bid prices based on 
the market situation. 

Exp4.4 The more often buyers are faced with information about market conditions, 
the more likely they are to “panic” and to offer higher bids.  

Exp4.5 In the case of a “buyers’ market” gains from trade will mostly be captured by 
buyers, assuming that sellers adapt their ask prices based on the market 
situation. 

Exp4.6 The more often sellers are faced with information about market conditions, 
the more likely they are to “panic” and to offer lower ask prices. 

 

Table 4.3: Values of parameters changed in the simulation experiments 

Symbol Meaning Exp4.1 Exp4.2 Exp4.3 Exp4.4 Exp4.5 Exp4.6 

NB number of buyers 841 841 925 925 757 757 
NS number of sellers 841 841 841 841 841 841 
MB market behavior 

Pure 
WTP/
WTA 

Pure 
WTP/
WTA 

Buyers:
Market 
oriente

d 

Buyers:
Market 
oriente

d 

Sellers:
Market 
oriente

d 

Sellers:
Market 
oriente

d 
Betta preference for 

proximity to the 
CBD 

0.85 0.7 0.85 0.85 0.85 0.85 

N-
buyers 
in trade 

number of buyers 
activated each trade 
period, i.e. the 
speed of epsilon (ε) 
updating 

all all all 5 all 5 

TCU transport costs per 
unit of distance 

1 1 1 1 1 1 
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Table 4.4: Economic and spatial metric outcomes of the ALMA experiments 

Parameter Exp4.1  Exp4.2  Exp4.3 Exp4.4 Exp4.5 Exp4.6 
Individual utility:   
Mean 

65.48 66.61 63.51 62.19 

St.dev 12.56 12.6 13.29 13.8 
Aggregate utility 30448.82 38431.14 32836.11 34391.27 
Buyers’ bid price:   
Mean 

363.72 369.97 371.99 374.82 342.24 342.26 

St.dev 73.92 73.53 80.21 80.53 83.99 83.98 
Urban land price:    
Mean 

306.86 309.98 311 312.41 286.35 285 

St.dev 36.96 36.77 40.11 40.27 44.99 45.17 
Average surplus 
%:Buyers’ 

50% 50% 39.58% 38.19% 60.59% 62.06% 

Sellers’  50% 50% 60.42% 61.81% 39.41% 37.94% 
Total property 
value 

142690.2 178860.2 160785.6 161494.5 158350.8 157587.1

City size (urban 
population) 

465 577 517 553 

Distance at which 
city border stops 

12.08 13.45 12.81 13.15 

 

Table 4.5: Linear regression estimation results of the ALMA model generated data (the 

transaction price is a dependent variable) 

Parameter Exp4.1  Exp4.2  Exp4.3 Exp4.4 Exp4.5 Exp4.6 
R2: 0.9905 0.9858 0.9913 0.9899 0.982 0.982 
Intercept:              estimate 410.76 413.2 423.9 425.68 412.39 411.57 
St error 0.09 0.1 0.09 0.1 0.14 0.14 
t-Value 4498.96 4136.46 4710.81 4360.21 2936.39 2917.12 
Distance to CBD: estimate -12.81 -11.43 -13.2 -13.25 -14.25 -14.31 
(slope)                    St error 0.01 0.01 0.01 0.01 0.01 0.02 
t-Value -1207.2 -1096.0 -1330.8 -1230.6 -951.96 -951.55 

4.4.2 Replication and sensitivity analysis of Alonso model 

In this set of experiments we explore how the dynamic land market model behaves. We mainly 

focus on the tasks raised by research question 1 in Section 4.2 above. 

Experiment 4.1: The purpose of this paper is first to replicate the benchmark case of the 

analytical Alonso model (i.e. perform structural validation), and then, moving from this comparison 

baseline, to demonstrate the valued added from the agent-based approach. Summarizing the 

baseline assumptions of ALMA-v1.0, buyer agents have homogeneous preferences for proximity to 

the CBD and bid their willingness to pay, which is based on their preferences for proximity, their 
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budget, and the transport cost to their preferred cell. Sellers, i.e. owners of agricultural land, each 

offer land at the same fixed price.  Neither buyers nor sellers account for the market situation (i.e., 

for epsilon). The main difference between this simulation experiment and the analytical model is 

that the centralized land price determination mechanism is replaced by a series of spatially 

distributed bilateral trades. However, since agents are homogeneous and no market situation is 

accounted for while bidding, our model reproduces the standard Alonso pattern of land rents 

predicted by the analytical equilibrium, meaning that transaction prices are equal for all cells at 

equal distance from the CBD. The results from the replication of the Alonso model are presented in 

column “Exp4.1” of Table 4.4. The spatial form of the city and urban land rent gradient are 

presented in Figures 4.5.a and 4.5.b respectively. 

a: Spatial form of a city b: Land rent gradient 

Figure 4.5: Exp4.1, Replication of the Alonso model 

The green area in Figure 4.5.a represents agriculture and the black is urban area. The intensity 

of grey color in Figure 4.5.b symbolizes the value of land: the darker the color, the higher the land 

price. As in the benchmark case of a theoretical monocentric urban model, land prices are higher 

closer to the CBD, and the land rent gradient is decreasing with distance. The urban land price is 

equal for cells that are equidistant from the CBD (as seen in Figure 4.5.c). The city expansion stops 

at the location where bid price of a buyer falls below the agricultural rent (Pask=250). The lightest-

grey area in Figure 4.5.b shows the beginning of the agriculture area (urban-rural fringe) and 

symbolizes the city border.  Note that not all of the buyers in the model ultimately purchase 

properties (only 465 of the 841 buyers engage in transactions).  The parameter settings for Exp4.1, 

then, replicate an open city model, where buyers are assumed to have the opportunity to purchase a 

property in another location, if their WTP for available properties in this region is below the WTA 
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of the current landowners. We did other experiments with the ALMA model, such as changes in 

income or increase in transportation costs – traditional tests performed with analytical urban 

models. As in the base case described in Exp4.1, the ALMA model reproduces qualitative results of 

the conventional equilibrium model. 

We estimated a functional representation of the rent gradient through a linear regression 

analysis of the model-generated data. We tried several functional forms including linear, log-log 

(both sides of the equation are in logarithms), semi-log (the dependent variable is in logarithm and 

the right hand side is in linear forms) and inverse semi-log form (the dependent variable is linear 

and the right hand side is in logarithms). The R2 values from these four model specifications are 

0.9905, 0.9764, 0.8599 and 0.8236 respectively.28  The results of the linear regression model, which 

showed the best fit, are presented in Table 4.5 and in Figure 4.7. The graphic of the regression line 

together with the transaction data from Exp4.1 is presented in Figure 4.7 (the blue line and scatter 

points). 

Experiment 4.2:  We now wish to conduct a sensitivity analysis of how buyer preferences 

influence our proposed metrics (Table 4.4) and change the slope of a rent gradient (Table 4.5 and 

Figure 4.7). The setup Exp4.2 is identical to Exp4.1 (see Table 4.3), but with a lower preference for 

proximity to the CBD for buyer agents (particularly β=0.7 instead of 0.85), which can also be 

interpreted as a higher tolerance for commuting.  The first difference in results from Exp4.1 

manifests itself in the spatial morphology of the city, as seen from comparison of Figures 4.6.a and 

4.5a. The city border has expanded (shifted from 12.08 spatial units in Exp4.1 to 13.45 in Exp4.2), 

and the urban population has increased (from 465 to 577) as can be seen from Table 4.4. The land 

rent gradient (Table 4.5) is decreasing with distance as in Exp4.1. However, the prices of cells at the 

same distance from the CBD in Exp4.1 and Exp4.2 differ due to the difference in preferences 

(compare land prices in Figures 4.5.c and 4.6.c). The price of the most central cell is the same (due 

to the normalization of distance in the utility function), but the prices of more remote cells are 

higher in Figure 4.6.c than in Figure 4.5.c –– with a higher tolerance for commuting, the buyers’ 

willingness to pay for remote cells has increased. Moreover, the price difference between two 

experiments increases with the distance from the CBD, which is consistent with the concavity of the 

utility function with respect to proximity (See Figure 4.6 as well). This result demonstrates the 

advantage of including a preference for proximity in the utility function, as was the case with the 

original Alonso model, rather than simply using transportation costs as a proxy for commuting 

disutility. Average land price is higher in Exp4.2 than in Exp4.1 (explained by the higher rent 

                                                 
28 Although the linear model is the best fit for these data, it is clear from Figure 4.8 that the data-generating process is not exactly 

linear.  Identification of an exact functional form representing the data-generating process is an agenda item for future work.  For 
the purposes of this paper (comparison and discussion of the qualitative properties of the generated land rent gradients), the fit of 
the linear model is sufficiently good. 
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gradient), and total property value in the city is also higher (explained by the greater urban 

expansion) (see Table 4.4). The result is statistically significant at the 99% confidence level as 

confirmed by the t-test (see Appendix B). Since buyers have a higher tolerance for commuting they 

are more willing to buy land in the remote areas. Thus, buyers in Exp4.2 are willing to pay more for 

housing at a given distance from the CBD than are buyers in Exp4.1 at the same location, and they 

also can offer bids higher than sellers’ ask prices on properties at higher distances from the CBD.  

The result is higher average bid prices in Exp4.2 (the average bid price is 363.72 and 369.97 in 

Exp4.1 and Exp4.2, respectively). 

a: Spatial form of a city b: Land rent gradient 

Figure 4.6: Exp4.2, Preferences for proximity are lower than in Exp4.1 in Figure 4.5 

To compare the land rent gradients between Exp4.1 and Exp4.2, we again estimated the land 

rent gradient for the computer-generated data from Exp4.2. The linear regression model again 

showed the best fit in comparison to other functional forms (the R2 is  0.9858 in comparison to 

0.9696, 0.8430 and 0.8061 of log-log, semi-log and inverse semi-log forms respectively). 

Consistent with the results described above, the regression coefficients in Table 4.5 for Exp4.1 and 

Exp4.2 differ. A visual comparison of a regression analysis of the computer generated data (Table 

4.5) from Exp4.1 and Exp4.2 is presented in Figure 4.7. The supply curve of agricultural agents is a 

constant line (equal to 250 in our settings) parallel to the axes OX. The point at which the regression 

line and the line y=250 cross shows the distance at which city expansion stops, i.e. at which the 

transaction price is lower than sellers’ ask price. Both estimated rent gradients are downward 

slopping, meaning that land price is deceasing with distance from the CBD, as in the Alonso bid 

rent theory. However, as expected, the slope of the rent gradient (the regression coefficient for 

distance to the CBD) for Exp4.1 is higher in absolute value than the slope of the rent gradient from 

Exp4.2 (Table 4.5); i.e. the bid rent curve in Exp4.1 is steeper than in Exp4.2. The gap between the 

estimated rent gradients also increases with distance from the CBD, consistent with the explanation 
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presented above--at higher distances from the CBD the more commuting-tolerant buyers will 

always bid higher than the people with strong preferences for proximity to the CBD.  

 
Figure 4.729. Land rent gradients for Exp4.1 and Exp4.2, linear regression fit of the computer generated 
data 
TransPr1(2) – actual land transaction prices from Exp4.1(Exp4.2 – lower preferences for proximity),  
Fitted value – estimated land rent gradient 

4.4.3 Market-oriented buyers and sellers 

In the previous experiments, we have run ALMA-v1.0 with traders who do not account for the 

relative power of buyers and sellers, i.e. for epsilon in Equations 4.6 and 4.7. Both household-

buyers and agricultural sellers thus revealed their true WTP and WTA while submitting bids and 

asks to the market (see Figures 4.1 and 4.2). In the next few experiments, we implement another 

market behavior: instead of revealing their pure WTP/WTA, agents adjust their bids and asks 

depending on whether it is a sellers’ or a buyers’ market–in other words, they become market-

oriented. In order to answer the second research question from Section 4.2 above, we analyze 

macro-scopic model outcomes from experiments that implement different pricing strategies at 

micro-level. We increase or decrease the number of buyers in the land market to replicate buyers’ or 

sellers’ markets, activating ε in Equation 4.6 when the number of buyers exceeds the number of 

sellers, and activating ε in Equation 4.7 when the number of sellers exceeds the number of buyers. 

Code verification using the parameter settings for Exp4.1, but de-activating ε (so that agents submit 

bids and asks without accounting for the market power of each other) confirmed that unequal 

numbers of buyers and sellers at the land market did not affect outcomes for homogeneous agents, 

as expected. 

                                                 
29 The graph shows the comparison of estimated rent gradients of two representative runs of Exp 4.1 and Exp 4.2 
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Experiment 4.3: In this experiment we investigate how the morphology of the city and 

economic indicators will change if buyers change their bidding strategy in a “sellers’ market” 

environment. We assume that while forming their bid price, buyers account for the market situation 

(i.e., account whether it is a buyers’ or a sellers’ market). We run ALMA-v1.0 with a higher number 

of buyers (10% more than sellers; see Table 4.3 for parameter settings). In this case, buyers realize 

that sellers have relative market power and that buyers have to compete for the spatial good, since 

there are more buyers willing to buy the good than there are goods on the market. Per Equation 4.6, 

they therefore increase their bid price above their initial willingness-to-pay in response (but still do 

need exceed their budget constraint).  Agricultural sellers set their ask price at the price of 

agricultural land, i.e. equal to 250 as in previous experiments. The land rent gradient and spatial 

form of the city are shown in Figure 4.8. The simulated land rent gradient is reported in Table 4.5 

and illustrated in black in Figure 4.10. 

Over the time steps of the model run, buyers incrementally raise their bid prices and are 

willing to buy land further from the CBD even if they originally (in Exp4.1) would value it less then 

the Pask. This temporal increase in the bid price can be viewed as an emergent model outcome, since 

it is the result of interactions between bidding agents.  While the behavioral rule that bid prices will 

depend on buyer/seller ratios operates at an individual level, the implementation of this behavioral 

rule depends on the previous decisions of other agents (on the global state of the system).  The 

average bid price (not to be confused with the final transaction price) has increased by 8.27 

monetary units in comparison to the average bid price in Exp4.1 (see Table 4.4). The result is 

statistically significant at the 99% confidence level as confirmed by the t-test (see Appendix B). As 

a result of sellers’ market power and buyers’ competition, there is a significant change in the 

relative proportion of buyers’ and sellers’ surplus. In the case when buyers bid only on the basis of 

their utility (Exp4.1-Exp4.2), the proportions of surplus captured by buyers and sellers are equal. 

However, when sellers have more market power, they capture a higher proportion of gains from 

trade (60.42% vs. 39.58%), making themselves better off. 

In comparison with the outcome of Exp4.1, the city has expanded (compare Figures 4.5.a 

and 4.8.a). The city border has shifted from 12.08 spatial units to 12.81 in Exp4.1 and Exp4.3 

respectively. The urban population has increased by 11.2%. The total value of the property in the 

city increased as well. The land rent gradient still follows the Alonso predictions, i.e. the rent 

decreases with the distance. However, the structure of the land rent gradient differs from Exp4.1; 

prices for land at the same distance from the CBD are not always equal, since buyers bid for the 

parcels at different time steps, each having a different market structure (different value of ε). Thus, 

if equilibrium in the land market is not achieved in one shot but is rather distributed (prices are 
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determined in the bilateral trades in different moments in time), and if market participants respond 

to the relative market power of other participants, then prices for spatial goods with the same 

characteristics might not be homogeneous, even with homogeneous traders. This result differs from 

that of the traditional equilibrium-based theoretical model that assumes a centralized price 

determination mechanism such as a Walrasian auctioneer, which will predict that prices for a good 

of equal quality consumed by homogeneous economic agents will be the same. Sensitivity analysis 

(not presented here) demonstrated also that the larger the gap between the number of buyers and 

sellers in the market the larger the deviation of land prices in Exp4.3 (Figure 4.9.b) from Figure 

4.5.c. 

a: Spatial form of a city b: Land rent gradient 

Figure 4.8: Exp4.3, Buyers competition in a sellers’ market 

Experiment 4.4: Now we would like to show how the speed of ε updating (from Equation 

4.6) influences the model outcome. Our hypothesis is that the frequency with which agents received 

updated information concerning the market situation will affect the evolution of prices. The setup 

for this experiment is basically the same as in Exp4.3 except for changes in the buyer activation 

regime. In Exp4.3, all the buyers initialized in the model can participate in the market (see Section 

4.3.4 for discussion) in the first time step of the model.  The value of ε is updated once per time step 

(see Figures 4.3 and 4.4), using the total number of buyers and sellers participating in a market (the 

original number of each, minus the number of each who have successfully completed a transaction 

in the last time step). In Exp4.4, we allow fewer buyers to participate in market transactions in each 

time step. This means that the variable ε will be updated more frequently. In other words, buyers 

will have access to more accurate information regarding excess demand. More significantly, buyers 

have more frequent opportunities to update their bids to reflect new market conditions.  (Note, 

however, that the number of buyers who are searching for properties (NB) is different than the 
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number of buyers activated in each time step.)  This situation could be viewed as that of a seasonal 

market, where some buyer agents enter earlier than others, and later buyers form bids based in part 

on their perception of current market conditions.  Essentially, market prices are path dependent in 

the market-oriented pricing situation—the bid in a particular time period depends on the market 

situation in the previous time period.  We run Exp4.4 with only 5 buyers activated per time step. 

The results of this experiment run are presented in column Exp4.4 of Table 4.4. 

The spatial form and spatial metrics of the city stay exactly the same as in Exp4.3 (see 

Figure 4.8.a and Table 4.4 column for Exp4.3), as does average individual utility in the city. 

(Intuitively, utility is separate from bid price: having paid more for the property, the buyer still 

receives the same level of utility.)  The differences between the experiments are manifested in land 

prices. Land prices again are decreasing with distance to the CBD but even less gradually than in 

Exp4.1 and Exp4.3. Figures 4.9.a and 4.9.b show land prices as the outcome of Exp4.3 and Exp4.4 

respectively. All the parameters stay the same in these two experiments except for the speed of 

information provision to the buyers. As a result, buyers in Exp4.4 were willing to bid higher prices 

for the same houses as in Exp4.3. For example the most central land lot in Figure 4.9.b (from 

Exp4.4) was purchased for 409 monetary units in Exp4.4 in contrast to 406 in Figure 4.9.a (from 

Exp4.3).  The price for almost every cell in Figure 4.9.b is higher than in Figure 4.9.a. As a result, 

the aggregate economic measures in Table 4.4, such as average bid price and urban transaction land 

price, are higher in Exp4.4 than in Exp4.3. The result is statistically significant at the 99% 

confidence level as confirmed by the t-test (see Appendix B). Most important, the division of gains 

from trade has changed: now sellers capture even more of the total economic surplus from the 

transaction than in Exp4.3. 

a: Land prices, Exp4.3 b: Land prices, Exp4.4 
Figure 4.9: Influence of the speed of ε updating on the land prices at a sellers’ market 
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Figure 4.10 shows land rent gradients estimated using the simulated data from Exp4.4 

(Estimates in Table 4.5). The red dots and red line represent the transaction prices and estimated 

land rent gradient, respectively, in Exp4.4. We compare the estimated land rent gradient to those 

from Exp4.3 (the black line) and Exp4.1 (the blue line). Both land rent gradients from Exp4.3 and 

Exp4.4 are much higher than the land rent gradient from Exp4.1, meaning that buyers bid higher at 

all distances from the CBD in Exp4.3 and Exp4.4. At the same time, we can see that the black line 

is a bit below the red line; i.e. buyers from Exp4.4 would outbid buyers from Exp4.3. The only 

reason for this is the increased speed of information about the market situation provided to buyers at 

the moment of their bid formation, and the corresponding increased speed of updating of bids. 

Interestingly, one of the conclusions from this experiment might be that if there is a sellers’ 

market and information about this fact is provided more often to the buyers (e.g. via newspapers or 

by real estate agents) then buyers will increase their bids for the same type of house, raising housing 

prices in a kind of “artificial panic”. So, simply news of a high demand excess can create the effect 

of a housing bubble, causing prices to rise without an underlying economic rationale.  This implies 

a certain set of incentives for real estate agents.  If they want to increase the final transaction price 

(and the share of it they capture as their fee) they might want to emphasize that there is a demand 

excess in a particular housing market. In early presentations of ALMA, we received many 

comments about the importance of real estate agents to the dynamics of bid and ask price formation.  

This updating mechanisms, and the conclusions that it implies, is a first step toward more formal 

exploration of their potential role in housing market dynamics 

 
Figure 4.1030. Land rent gradients for Exp4.1, Exp4.3 and Exp4.4, linear regression fit of the computer 
generated data 
TransPr4 – actual land transaction prices from Exp4.4,  
Fitted value – estimated land rent gradient: blue – for Exp4.1, black – for Exp4.3, red – for Exp4.4 

                                                 
30 30 The graph shows the comparison of estimated rent gradients of two representative runs of Exp4.1, Exp4.3 and Exp4.4 
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Experiment 4.5: In the previous experiment, we assumed that the number of buyers was 

higher than the number of sellers. Here we investigate the opposite situation: there are more sellers 

than potential buyers. Thus, buyers have market power in this land market. Now sellers are 

competing, and in order to be able to sell their agricultural lots they adjust their ask price depending 

on the market situation (i.e., ε in (7); again note that ε is activated only on the seller side). The 

economic metrics are presented in Table 4.4 and the spatial form of the city as well as land rent 

gradient are shown in Figure 4.11.  The estimated land rent gradient is illustrated in Figure 4.12 and 

reported in Table 4.5. 

a: Spatial form of a city b: Land rent gradient 

Figure 4.11: Exp4.5, Sellers’ competition in buyers’ market 

In this market regime, sellers gradually decrease their ask price until it reaches agricultural 

land price. Since ask prices decrease, land at higher distances becomes more affordable for buyers. 

Thus, remote areas are converted into urban use, and city expands in comparison to Exp4.1 

(compare Figures 4.11.a and 4.5.a). The city border expands as long as the buyers’ highest bid is 

above sellers’ reservation price. The average transaction price for land has decreased by 5.9% in 

comparison to Exp4.1 data (see Table 4.4). The decrease in land prices can also be seen in Figure 

4.11.b, where the colors of land rent gradient became less intense in comparison to Figure 4.5.b. 

The result is statistically significant at the 99% confidence level as confirmed by the t-test (see 

Appendix B). Buyers have more market power in this situation and land prices are determined in 

their favor. As a result, average seller’s surplus has decreased significantly in comparison to Exp4.1 

(60.59% to buyers and 39.41% to sellers).  As we can see from the estimated land rent gradients 

from Exp4.1 and Exp4.5 (Figure 4.12) the latter is lower than the former (see Table 4.5 for 

quantitative measures). 
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Figure 4.1231. Land rent gradients for Exp4.1and Exp4.5, linear regression fit of the computer generated 
data 
TransPr5 – actual land transaction prices from Exp4.5,  
Fitted value – estimated land rent gradient: blue – for Exp4.1, orange – for Exp4.5, dark green – for Exp4.6 

Experiment 4.6: Finally, we ran ALMA with the same settings as in Exp4.5 but with a 

changed activation mode, replicating the logic of Exp4.4. Basically, we changed the number of 

buyers activated each time step in order to increase the speed of ε updating (from Equation 4.7). We 

explore a buyers’ market again but assuming that sellers more frequently update information about 

the market situation and integrate this information while forming their ask prices.  

a: Land prices, Exp4.5 b: Land prices, Exp4.6 

Figure 4.13: Influence of the speed of ε updating on the land prices at a buyers’ market 

                                                 
31 The graph shows the comparison of estimated rent gradients of two representative runs of Exp4.1, Exp4.5 and Exp4.6 
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The spatial form of the city stays exactly the same as in Exp4.5, but the land rent gradients 

change. Prices become even lower than in Exp4.5 (see Table 4.4 and Figures 4.13.a and 4.13.b for 

comparison). The estimated land gradient for Exp4.6 is a bit below the one from Exp4.5 (compare 

green and orange lines in Figure 4.12, see Table 4.5 for quantitative measures). The result is 

statistically significant at the 99% confidence level as confirmed by the t-test (see Appendix B).  

Thus, when sellers receive a consistent flow of information that it is a buyers’ market and update 

frequently in response, they decrease their ask prices to attract potential buyers. Again, experiments 

with the speed of ε updating highlight the importance of the role of the role of information in the 

market and reinforce our interest in future exploration of the role of real estate agents, who serve as 

information providers for both sellers and buyers. 

4.5 Discussions and conclusions  

In this paper, we have presented an agent-based land market model that, in its simplest form, 

replicates the qualitative properties of the standard equilibrium-based monocentric urban market 

model.  We have demonstrated that both micro-scale and macro-scale model behaviors conform to 

the qualitative behaviors of the standard model. The WTP of buyer agents follows traditional rules, 

increasing with income, the relative prices of other goods, and the utility gained from the housing 

good, and decreasing with transportation costs.  The model reproduces the standard result that when 

homogeneous traders operate in a homogeneous landscape, transaction prices (land rents) are the 

same at locations equidistant from the CBD, and land rents decline monotonically as distance from 

the CBD increases. The land rent gradient is estimated through regression analysis, using our 

generated transaction prices as the dependent variable, and distance as the independent variable.  

The extent of the urban area is determined by the location where the bid of the highest-value buyer 

is just equal to the willingness-to-accept of the seller (the opportunity cost of land in a non-urban 

use).   

This replication exercise can be viewed as a sensitivity analysis or structural verification, 

ensuring that the model operates as intended, through comparison to an existing alternative 

theoretical model. We anticipate that the added value of the modeling effort will be seen as we 

move forward from this point. In, fact, it is the features of the model that relax the restrictive 

assumptions of traditional equilibrium models that will provide its utility. Moving beyond 

traditional models, our model separates the underlying valuation of buyers and sellers (their WTP 

and WTA) from their bid and ask prices, facilitating modeling of strategic pricing behavior, and 

analysis of the division of gains from trade under different market circumstances.  The movement 

away from a pure optimization framework allows us to explore boundedly rational formation of bid 
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and ask prices, as influenced by inductive updating of price expectations (see Parker and Filatova 

(2008) for more details). The ability to generate realized transaction data that can be used to 

estimate rent gradients through regression analysis allows us to more closely link our theoretical 

models to real-world data.  Essentially, we have created a computational laboratory in which we 

have a full understanding of the agent-level and spatial factors that influence bid prices, ask prices, 

and realized transactions.  This laboratory lets us explore the statistical predictions that emerge from 

these models, creating an opportunity for greater understanding of the potential processes that have 

generated the transaction data that we observe in the real world.   

In this paper, we explore the implications of the model’s ability to separate WTP (WTA) 

and bid price (ask price) formation for urban morphology and land prices.  Starting from a baseline 

case where both buyers and sellers bid their true valuations, and gains from trade for successful 

transactions are evenly divided, we model bid and ask prices as depending on the relative market 

power of buyers and sellers.  In this model, bid and ask prices adapt as market conditions change.  

We demonstrate that this process of price adaptation results in heterogeneous transaction prices 

over time for properties of the same quality (distance from the CBD in this simple case).  It also 

results in conversion of properties that would not have been converted in the previous situation 

(more urban expansion).  Finally, it results in a higher proportion of the gains from trade from 

transaction accruing to the market agents who have relative market power.   

We then decrease the number of market participants in each time step (or, effectively, 

increase the speed at which participates update their bids).  We show that this more frequent 

updating again increases prices for properties the same distance from the CBD.  It also increases the 

proportion of gains from trade that accrue to the agents with relative market power.  This result 

implies that more frequent provision of information to buyers and updating of bid prices leads to 

higher prices, creating an obvious incentive for agents in the market who benefit from higher prices 

to increase the intensity of provision of market information.   

One interesting result of our analysis is that market-oriented pricing behavior on either the 

buyer or seller side leads to expansion of the urban area, although in one case land prices increase 

relative to the baseline (the sellers’ market), and in the other they decrease.  This result underlines 

the importance of modeling bid and ask price dynamics, rather than just assuming an equilibrium 

price that would result in the capture of equal gains from trade by both market participants.  When 

either side has some relative market power, the result of the decreased bargaining power on the 

other side leads to more market transactions, and expansion of the city.  Given the irreversible 

effects of conversion of rural land to urban uses, this finding is significant, although its full 

implications deserve more detailed consideration.   
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We plan several future directions for this model, including: 

 Exploration of the effects of open-space amenities, including interactions between 

heterogeneous agent preferences and spatial heterogeneity;   

 Modeling price expectation formation based on rates of change of prices (globally and 

within neighborhoods), as described in Parker and Filatova (2008; 2008); 

 Modeling the decision of buyers and sellers to enter and leave the land market.  The current 

model, ALMA-v1.0, is focused mainly on the exploration of land market dynamics and 

changes of economic and spatial macro-outcomes depending on the changes in micro-

settings. There is an extensive literature on triggers for urban relocation (Clark and Van 

Lierop, 1987; van der Vlist et al., 2002). These motives could be included in the ALMA 

model; 

 Modeling the optimal time to enter the land market and the dependence of agents’ desire to 

sell or to buy a spatial good on agent-level factors (financial, social tension etc); 

 Introduction of a “real estate” agent. This may be a natural way to model the process of 

learning about prices (Kirman and Vriend, 2001; LeBaron, 2001; Nicolaisen et al., 2001; 

Tesfatsion, 2006) in a land market context. It will also afford an opportunity to further 

explore the influence of information on the pricing strategies of traders. 



 93

4.6 APPENDIX A: Properties of the demand curve 

In what follows, we would like to explore the properties of the buyer’s willingness to pay (WTP, 
from Equation 4.5) and to compare these properties to the properties of the traditional 
demand curve from microeconomics. This process serves two purposes.  First, it allows us 
to gain a better understanding of the operation of our model at the micro (agent) level.  
Second, in keeping with our goal of replicating a standard economic analytical model, it 
ensures that the micro-level behavior of our model is consistent with the micro-level 
behavior assumed by the Alonso model. To derive some predictions of how our WTP 
function changes as its exogenous parameters change, we performed “comparative statics” 
analysis by estimating first-order derivatives of Equation 4.5 with respect to each parameter, 
while holding all others constant. The sign of the derivative describes the qualitative 
response of the WTP function to a change in the exogenous parameter.  If negative, WTP 
falls; if positive, it increases.  

1.  Income effect: Microeconomic theory predicts that for normal goods an increase in income 
results in an increase in willingness to pay (demand). 

  (4.8) 

This result is in line with microeconomic demand theory, in which an increase in income results in 
a positive change in the WTP, i.e. the demand curve shifts up. This fact means that if a buyer’s 
purchasing power increases, her WTP also increases. 
 
 

2. Changes in total utility:  

Although a buyer’s level of utility is not observed in the real world, willingness to pay for the good 
is often used as an observed indicator to represent people’s choices, for example in environmental 
economics. In theory, consumers are willing to pay more for those goods that bring them higher 
utility. Thus, a buyer’s WTP for a spatial good that provides a higher level of utility should be 
higher than that for a spatial good that offers a lower level of utility.  Certainly, this level of utility 
depends on other factors such as the level of the attributes given by the spatial good, and the buyer’s 
preference weights for these attributes. We examine the effects of the preference weights below. 
However, to ensure the generality of the model, we first confirm that WTP is increasing with the 
utility provided by a particular good. 

  (4.9) 

WTP increases as the utility of the good increases. An individual is willing to pay less for a spatial 
good that brings her lower utility and more for the one that brings her higher utility.  
 
 

3. Preference for proximity effect:  Again, in the real world, individual preferences, as well as 
utility itself, are unobserved. Nevertheless, intuition would predict that higher relative consumer 
preferences for an attribute of a good lead to a higher WTP for a good with relatively high levels 
of this attribute.    
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  (4.10) 

The result shows that WTP behaves differently depending on the characteristics of the spatial good. 
This result depends on the form of the Cobb-Douglas utility function (Equation 4.4), which assumes 
a substitution effect between different characteristics of spatial quality (proximity to the CBD and 
environmental amenities). So, a buyer’s WTP grows as preferences for proximity to the CBD 
increases if the proximity value of the good is higher than the amenity value of the good (P>A). In 
other words, as a buyer’s preference for proximity increases, her willingness to pay for goods that 
provide more proximity than amenities increases, meaning that she will bid higher for a property 
closer to the CBD.  

 

4. Effect of distance:  One of the main properties of the demand for land function in the 
monocentric city model is that land price decreases as distance from the CBD increases. Alonso 
explained this result by the fact that both disutility of commuting and travel costs increase with 
distance from the CBD (Alonso, 1964), p 71. Our WTP function should behave the same way, 
for the same reasons.  

 (4.11) 

The derivative is negative because the expression (-Dmax-1+D) is always negative. This means that 
WTP decreases with distance to the CBD. Thus, it mimics the downward-sloping bid-rent function 
from the monocentric urban model. 
 
 

5. Effect of b: The willingness to pay for a spatial good depends among other factors on the prices 
of all other goods (i.e. composite good). We do not include a composite good directly into the 
utility function due to the factors explained in (Parker and Filatova, 2008). However, the 
parameter b can be interpreted as a proxy for the prices of all other goods. 

  (4.12) 
Demand for housing decreases as b increases. Since the prices for non-housing goods increase 
while income remains constant, then the share of budget for housing decreases because of the 
additional expenses for non-housing goods. With the decrease in money available for housing, the 
WTP for housing also decreases. 
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4.7 APPENDIX B: Results of the t-test between different experiments’ 

runs 

 
To check statistical significance of the differences between experiments’ results, we performed t-

test to compare the two means. Each experiment was run 30 times. The outcomes of all 30 runs 

were recorded in one file and mean value of each of the macro-metrics (Table 4.4) between 30 

model runs in the same parameter space were calculated. Then, the mean values between two 

different experiments of interest were compared. All claimed differences are statistically significant 

at the 99% confidence interval. The results of the t-tests of the most important metrics are reported 

below. The mean ask price remains unchanged in every experiment except 5 and 6, so we report t-

test results for it only in the last two comparisons. Utility changes only between experiments 1 and 

2, so it is reported only in the first test. 

 

# 
Experiments 
compared 

Metrics t value df p value 
Confidence 
interval 

Comment

Exp4.1 vs 
Exp4.2 

Individual 
utility 

-7.852 29897 0 -1.492 -0.755 significant

 Bid price -7.442 29796 0 -8.406 -4.083 significant

1 

 
Transaction 
price 

-7.442 29796 0 -4.203 -2.042 significant

2 Exp4.1 vs 
Exp4.3 

Bid price -9.212 29441 0 -10.587 -5.96 significant

 
 

Transaction 
price 

-9.212 29441 0 -5.293 -2.98 significant

3 Exp4.3 vs 
Exp4.4 

Bid price -3.093 31015 0.002 -5.174 -0.472 significant

 
 

Transaction 
price 

-3.093 31015 0.002 -2.587 -0.236 significant

4 Exp4.1 vs 
Exp4.5 

Ask price 349.698 16589 0 19.401 19.689 significant

 
 

Transaction 
price 

43.74 30522 0 19.304 21.72 significant

5 Exp4.5 vs 
Exp4.6 

Ask price 33.038 33011 0 2.498 2.92 significant

 
 

Transaction 
price 

2.721 33175 0.007 0.072 2.622 significant
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5 Land market interactions between heterogeneous agents in 

a heterogeneous landscape—tracing the macro-scale 

effects of individual trade-offs between environmental 

amenities and disamenities32 

Abstract  
Heterogeneity in both the spatial environment and economic agents is a crucial driver of land 
market dynamics. We present an agent-based land market model that combines the microeconomic 
demand, supply, and bidding foundations of urban economic models with the spatial heterogeneity 
of spatial econometric models in a single methodological platform. Heterogeneous agents exchange 
heterogeneous spatial goods via simulated bilateral market interactions. We model a coastal city 
where both coastal amenities and flooding or erosion disamenities drive land market outcomes, 
facilitating separate analysis of the effects of each driver on land rents and land development 
patterns. We also analyze the implications of homogeneous vs. heterogeneous but unbiased 
perceptions of the probability of flooding. Since buyers with perceptions of flood probability drive 
market outcomes, spatial development under heterogeneous probability perceptions differs 
qualitatively, with more expansion into risky areas. Our results highlight the shortcomings of policy 
models based on representative agent assumptions and the importance of including agent-level data 
in empirical modeling. 

5.1 Introduction 

Land development in coastal cities is shaped by several spatial influences: the attractive forces of 

the amenity value of the coast and proximity to the central business district (CBD) and the repulsive 

force of the risk of flooding and erosion. Empirical data suggest that economic agents participating 

in coastal urban land markets may have heterogeneous perceptions of the probability of a coastal 

hazard, i.e. individual beliefs about the probability of flooding or erosion. Thus, land market 

transactions and resulting development patterns in coastal cities occur in the context of 

heterogeneous agents operating in a heterogeneous spatial environment, influenced by both 

amenities and disamenities. In this paper, we present a theoretical model and series of experiments 

designed to address two related research questions. First, how do spatially coupled amenities, such 

as a coastal view, and disamenities, such as the risk of flooding or erosion, influence patterns of 

urban land use and land rents? Second, within this context, what role do heterogeneous 

perceptions of flooding probability play in shaping land market outcomes, and what land-use and 

rent patterns emerge from the interactions of heterogeneous buyers? To address these questions, we 

develop a theoretical model of a coastal urban land market that includes several sources of spatial 

                                                 
32 This Chapter is also a paper co-authored with D. C. Parker and A. van der Veen “"Land market interactions between 

heterogeneous agents in a heterogeneous landscape—tracing the macro-scale effects of individual trade-offs between 
environmental amenities and disamenities” in Canadian Journal of Agricultural Economics, Under revisions 
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heterogeneity, while also allowing for agent heterogeneity. Our theoretical modeling approach 

relies on traditional microeconomic decision models at the agent level, and also generates spatially 

explicit transaction data that preserve information on the agent-level characteristics of buyers and 

sellers. Thus, our approach creates closer linkages between theoretical urban economics modeling 

and empirical spatial econometric analysis than has been achieved through previous modeling 

approaches. 

Econometric research efforts have provided evidence that spatial heterogeneity is a crucial 

determinant of spatial patterns of development and land rents. Models have successfully estimated 

the effects of spatial amenities on both property prices and land patterns (Irwin and Bockstael, 

2004; Wu et al., 2004). Hedonic price analysis has demonstrated that negative attributes of the 

spatial environment (such as pollution, noise, hazardous waste sites and etc.) also affect spatial 

patterns of residential developments and are capitalized in property prices (see Bin et al. (2008) for 

review). For a coastal city, price discounts dependent on the probability of flooding or erosion are 

seen in flood-prone areas (MacDonald et al., 1987). Attributes of the spatial environment that create 

repulsive or attractive incentives for agents participating in the land market are often spatially 

linked (for example, proximity to the CBD and noise or traffic pollution, living close to the forest 

and risk of forest fires, waterfront amenities and erosion) and need to be studied together. When 

positive and negative amenities are spatially correlated, the price discount due to a disamenity can 

exceed the capitalization value of the environmental amenity (Bin et al., 2008). 

In spite of this growing body of empirical evidence, theoretical spatial economics has been 

lagging behind in including spatial heterogeneity in land market models. The reasons are 

understandable: introduction of too much of diversity in a spatial landscape prevents analytical 

identification of market equilibrium quantities, pattern, and prices of developed land. Several urban 

economics models have, however, departed from the traditional monocentric model (Alonso, 1964) 

and its assumption of the featureless plain landscape by adding a second attribute of quality of land 

in addition to distance from the CBD: environmental amenities (Wu et al., 2004; Caruso et al., 

2007), local public goods (Henderson and Thisse, 1999) or disamenities (Tatano et al., 2004). 

However, to our knowledge there is no analytical theoretical urban model that accounts for more 

than two sources of spatial heterogeneity. 

There are many diverse agents with different roles, resources, and preferences operating in the 

land market (Parker and Filatova, 2008). However, traditional economic market models assume a 

representative agent or a group of identical agents. If heterogeneity among agents is modeled, the 

spatial environment is often assumed to be homogeneous, since again, the combination of both 

factors creates analytical intractability. Currently, spatial economics is able to track the 
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dependencies between agents’ preferences and incomes at the micro-level and macro-level 

equilibrium market outcomes, but is unable to accommodate real world heterogeneity. Yet, 

microeconomic theory predicts that capitalization of different spatial attributes depends on agents’ 

incomes and preferences for spatial attributes. In the real world, individual land users in the coastal 

zone may have different preferences for amenities and subjective heterogeneous perceptions of the 

probability of flooding. 

Econometric analysis is often based only on spatial data: a dependent variable based on land 

transaction prices or transitions and independent variables that represent land suitability, 

neighborhood effects, and travel cost distance (Bell and Irwin, 2002). These models estimate either 

the demand curve of a representative agent for land or the probability that a representative agent 

chooses a specific land use in a specific location. Although these models account for spatial 

heterogeneity, they provide only a snapshot of a market at a certain moment in time, which may not 

be robust if agents’ preferences and incomes or the quality of supplied land change. When used for 

policy analysis, these models cannot be used to explore the effects of agent heterogeneity or 

resources on land-use values and transitions. Some statistical analyses include both spatial and 

agent-level data, such as that conducted by Lynch and Lovell (2003). However, these models may 

be analyzed under the assumption of a representative agent, using statistical data on average agent 

characteristics (income, education, liquidity, etc.) to produce guidelines for policy-making. Thus, 

policy decisions may be based on analysis of representative behavior while the real-world 

population is very diverse. We all know that a model is a simplification of reality. But what is the 

price of some of our simplifications, whether motivated by modeling challenges or by lack of data? 

Current modeling methods cannot answer this question. An important gap remains—the gap 

between spatial analytical theoretical models, which effectively explore linkages between the 

resources and incentives of land market agents and equilibrium land rents, but fail to incorporate 

spatial heterogeneity, and spatial econometric models, which provide empirical evidence of the net 

importance and magnitude of spatial drivers, but fail to analyze the empirical structural drivers of 

land-market outcomes. A theoretical platform is needed to merge the knowledge from these two 

economic sub-disciplines in order to more effectively explore the effects of agent-level drivers of 

land market activity and landscape-level patterns of land value and land-use change.  

In this paper we propose an approach to accommodate multi-dimensional heterogeneity of the 

spatial environment while maintaining links between micro-economic agents’ characteristics and 

macro-level land market macro-outcomes. As a second step, we introduce heterogeneity across 

agents’ preferences for spatial attributes, particularly heterogeneous perceptions of the probability 

of flooding or erosion. We build an agent-based land market model, which borrows heavily from 
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the spatial and environmental economics and agent-based computational economics (ACE) 

perspectives. ACE is used to explore complex adaptive economic systems (Axtell, 2005; Tesfatsion 

and Judd, 2006). It has been widely applied to a variety of market settings, including financial, 

electricity, commodity and labor markets (Arthur, Durlauf et al., 1997; Kirman and Vriend, 2001; 

LeBaron, 2006; Marks, 2006; Tesfatsion, 2006). ACE methodology allows for modeling and 

exploration of key issues not possible in traditional analytical models: out-of-equilibrium dynamics 

(Arthur, 2006), agent heterogeneity (Kirman, 1992), bounded rationality (Simon, 1997), and 

interaction between agents (Axtell, 2005). This is accomplished by replacing centralized price 

determination mechanisms (i.e. equilibrium conditions motivated by a story of a Walrasian 

auctioneer) by decentralized bilateral trading among agents. Agent-based models (ABM) have been 

widely applied to modeling land-use change (Parker et al., 2002). The applicability of ABM to both 

market modeling and spatially explicit land use simulations makes it an ideal tool to model land 

markets (discussed in detail by Parker and Filatova (2008)). 

The paper proceeds as follows. First, the empirical context of the research is presented. 

Second, the model structure and assumptions are briefly discussed. Next, three model  experiments 

with increasing degrees of complexity are presented: the land market with the decentralized price 

determination mechanism in a city with coastal amenities, the same market with the addition of the 

flood risk disamenity, and last, the market with both spatial factors and the inclusion of 

heterogeneous perceptions of the probability of flooding. We conclude by summarizing the main 

results and their application to real-world land markets and policy-making. 

5.2 Trade-offs and individual heterogeneity in the real-world 

Coastal areas are rich in environmental amenities including beaches, dunes and natural habitat for 

many species. At the same time, the risk of flooding or erosion presents a constant threat. Our 

research is motivated by the case of coastal cities. In the Netherlands, both factors influence land 

market activity in regions with high population densities, meaning high potential economic 

damages and risks to public safety. Safety standards in the Netherlands are high in most areas, 

designed to reduce the probability of flooding to as low as 1 in 10,000 years. However, there are 13 

coastal towns deemed “risk towns” (Rijkswaterstaat, 2002), where protection levels are lower and 

development is allowed beyond a legally protected zone (i.e. outside of dikes). The chance of 

flooding or erosion in this areas is unknown but obviously higher than in the protected zone. It is up 

to individuals to decide whether they want to locate in this unprotected area, bearing their own risk 

(Poelmann Commissie, 2005). Insurance from coastal flooding or erosion does not exist in the 

Netherlands. Thus, individual economic agents face a trade-off: to enjoy the high-amenity 
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waterfront and bear the risk or to have lower level of environmental amenities in exchange for a 

higher safety level. Within this context, policy makers would like to understand the likely spatial 

evolution of development, the total economic value of the area, and the extent and value of 

development in the unprotected zones. 

Empirical data provide two important observations about the location preferences of Dutch 

people. First, the average price of property on the coast is higher than the average in the coastal 

province, signalizing the high amenity value of the coast. Specifically, in the province of Zuid-

Holland the difference between average property prices along the coast and landward properties 

was €99 400 in 2005 (VLIZ, 2005). Second, the survey concerning individual coastal flood 

awareness showed that people estimate the probability of coastal flooding as low (Kaiser et al., 

2004). Notably, individual risk awareness is quite dispersed: 37% of respondents considered the 

probability of coastal flooding as very low, another 37% considered it to be low and 22% of the 

sample stated that it is high. This heterogeneity of responses means that people are unequal in their 

perceptions of the probability of coastal flooding and some are likely to underestimate it. However, 

spatial policies are generally formulated assuming a representative agent who perceives risk 

objectively. Thus, policy makers face an additional challenge—how to understand the influence of 

heterogeneous beliefs about the probability of flooding on the distribution of land development and 

land values in the protected and unprotected areas of the coastal cities, where both preferences for 

amenities and probability of a hazard influence development decisions and land values. 

5.3 Model description 

As discussed in Section 5.1, there are no ready-to-use economic tools to analyze the problem 

outlined in Section 5.2. To address this challenge, we have designed and implemented an agent-

based computational model of a land market, ALMA (Agent-based Land MArket model). A 

detailed description of the conceptual model and literature context can be found in Parker and 

Filatova (2008). Details of model mechanisms and operation, summarized here, are found in 

Filatova et al. (2009), and two additional model applications are described in Filatova et al. (2007; 

2008). Our description here focuses in particular on the price setting algorithm for sellers, which 

differs from that used in Filatova et al. (2009). 

Our Agent-based Land MArket model for the Coast (ALMA-C) simulates the emergence of 

urban land patterns and land prices as a result of micro-scale interactions between buyers and sellers 

of land with application to a coastal city. ALMA-C borrows much from the analytical monocentric 

urban model (Alonso, 1964) and its application to a coastal city with amenities (Wu, 2001). 
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Differences show up in the implementation of a spatially explicit setup, direct modeling of price 

formation, and heterogeneity of both agents and the spatial landscape. 

 

 

Figure 5.1: Conceptual scheme of a land market 

Figure 5.133 shows the logic of the land market model discussed in this paper. The main agents 

in the ALMA-C model are land market participants operating in a coastal urban area (economic 

agents, specifically households who buy land and agricultural land owners who sell land). In line 

with the assumptions of the analytical model, ALMA-C assumes that each spatial good is 

differentiated by distance (Dcbd) from the CBD (or its inverse measure—proximity Prox = Dmax 

+1−D), the level of environmental amenities (A) (estimated as a normalized distance to the coast) 

and a distant-dependent objective probability of flooding or erosion (PFobj) (see Equation 5.1). 
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The probability of flooding falls with the distance to the coast Dcoast starting from the 

bounding maximum probability defined by CPF1. CPF2 determines the speed at which the flood 

probability falls. (See Table 5.1 in Section 5.4 for the coefficient values used in this paper.) Other 

attributes of land can be easily added if needed. In ALMA, the centralized price determination 

mechanism of the standard analytical model is replaced by a set of bilateral trades, as summarized 

below.  

Buyer’s behavior Buyer households search for the location that maximizes their expected 

utility (Equation 5.2, where and are individual preferences for green amenities and proximity 

correspondingly) and is affordable under their disposable budget for housing net of transport costs 

(Y). This logarithmic utility functional form is adapted from (Wu et al., 2004). 

                                                 
33 Figure 5.1 is a simplified version of a more general figure representing a comprehensive ABM land market model described 

elsewhere (Parker and Filatova, 2008; Filatova et al., 2009) 
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where ]1;0[damC  is a damage coefficient denoting the loss from flood or erosion and PFi is the 

probability of flooding as perceived by an agent i. This subjective probability is determined by the 

deviation of the agent’s belief about the flood risk (RPdev) from its objective probability (Equation 

5.3)34.  

 [0;1]     ,  idevobji PFRPPFPF   (5.3) 

A buyer first identifies the property that gives her maximum utility. Her willingness to pay 

(WTP) for the property is a function of her expected utility E(U), her individual budget net of travel 

costs (Y) and the prices of all other goods (the influence of which is expressed by a constant b that 

determines the convexity of the WTP for housing). 
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This function exhibits the same qualitative properties (comparative statics) as a standard 

demand function (Filatova et al., 2009). In this paper we assume that agents form their bid price 

equal to their true WTP, Pbid=Pwtp. The effects of other pricing strategies on the division of gains 

from trade are discussed elsewhere (Filatova et al., 2009). Having identified their optimal property 

and bid price, buyers submit their offer-bids to the sellers. 

Seller’s behaviour: The minimum willingness to accept (WTA) of a sellers, or reservation 

price, is equal to the agricultural land price (Pag). Following the strategic pricing approach proposed 

in Parker and Filatova (Parker and Filatova, 2008), we assume that in order to maximize his gains 

from trade, a seller will set an ask price based on his expectation of a buyer’s WTP, as determined 

by Equation 5.4, which depends on the attributes of the spatial good. His ask price will be the 

highest of this estimate and his WTA, Pag. Since in this setting the seller would capture all the gains 

from trade, he is the one who has the space to adjust his price. If a seller cannot sell his spatial good 

during N time steps he decreases his ask price by 3%, with a floor of his agricultural WTA. Sellers 

accept the highest offer-bid that is greater than or equal to their ask price. The final transaction price 

is an arithmetic average of the ask price and the highest bid price. 

Event sequencing and dynamics: ALMA-C is a dynamic model. At initialization, all land is 

assumed to be under agricultural use, and the CBD is exogenously set. In this implementation, all 

buyers and sellers are initially active in the market. Market interactions start when sellers announce 

their ask prices and buyers enter the market to search for the best deal. As sellers accept bids, 

                                                 
34 In this paper, we set the range of PFobj and RPdev such that ]1;0[iPF . 
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transactions are registered, land changes ownership, and the associated buyer and sellers leave the 

market. The model continues in the next round with a reduced number of buyers, sellers, and 

properties on the market. Unsuccessful buyers and sellers continue to participate in the next round 

of the market. The model stops running when no more transactions occur, i.e. all the submitted bids 

are lower than ask prices. Essentially, consistent with the standard story of the operation of an 

invisible hand in the marketplace, market equilibrium is reached when all gains from trade are 

exhausted. 

5.4 Simulation experiments with ALMA-C 

In many situations economic agents operating in an urban land market need to make trade-offs 

between positive and negative characteristics of the spatial environment. Below we perform two 

experiments with the ALMA-C model to study these trade-offs in a coastal urban land market. In 

the third experiment we show the effect of substituting a set of heterogeneous agents for a 

representative agent in the land market.  

The ALMA-C simulations produce spatially explicit rent gradients (i.e., realized land 

transaction prices at different distances from the city center), land patterns, and a set of economic 

and spatial metrics (bid, ask and transaction prices, average individual utility, total welfare of the 

urban population, urban size, and urban extent). In addition to reporting these metrics, we use our 

simulated transaction price data to econometrically estimate land rent gradients for each 

experiment. Our simulated transaction data provide a spatial data set structurally similar to real-

world data used to estimate spatial hedonic models and empirical rent gradients. Transaction prices 

serve as our dependent variable, and the spatial attributes of each property (distance from the CBD 

and amenity values) and individual attributes of buyers (perceptions of the probability of flooding in 

this application) provide the independent variables for the regressions. Our modeling approach thus 

provides a direct link between theoretical urban analytical models and empirical spatial econometric 

models not made in previous modeling work. 

5.4.1 Experimental setup 

The three experiments presented in this paper were performed on a 35x63 cell landscape, initialized 

with 1890 buyers and 1890 sellers. Given the parameter settings used in these  experiments, not all 

buyers will find properties to buy. Thus, our model essentially follows an open city model, where 

buyers are assumed to have an opportunity to locate in another community. Agents are 
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homogeneous with respect to their preferences for green amenities and incomes35 but can be 

assigned heterogeneous perceptions of the probability of flooding. The model parameters used in all 

3 experiments are listed in Table 5.1. 

Table 5.1: Values of the parameters in the simulation experiments 

Symbol Meaning Exp 5.1 Exp 5.2 Exp 5.3 
Y Individual budget 800 800 800 
Pag Price for agricultural land 200 200 200 
TCU Transport costs per unit of distance 1 1 1 
b Constant in WTP-WTA formula36 70 70 70 
ά Individual preference for green amenities 0.6 0.6 0.6 
Cdam Flood damage coefficient NA37 0.16 0.16 
CPF1 Coefficient in the Equation 5.1 NA 0.7 0.7 
CPF2 Coefficient in the Equation 5.1 NA 4 4 
RPdev Individual flood probability perception 

deviation 
NA 0 [-0.15;0.15] 

avRP Mean RPdev in the traders population NA 0 0 
PFobj at the coast Probability of flooding NA 0.7 0.7 

 

Each of the three experiments was repeated 50 times with a different random seed to check the 

robustness of the model results. The random seed affects both the distribution of the individual 

perceptions of the probability of flooding and the order of activation of agents. The statistical 

significance of differences of land prices and welfare measures between model experiments was 

confirmed by t-tests. 

5.4.2 Experiment 5.1: introducing environmental amenities in the bilateral land market 

We first model a monocentric city located along the coast, with spatial amenities provided by 

proximity to the coast and the probability of flooding PFobj and agents’ probability perception 

deviation RPdev in Equation 5.3 set to zero. Thus, E(U) = U from Equation 5.2. This experiment 

reproduces the benchmark analytical urban model of a coastal city by Wu (2001). ALMA-C departs 

from the analytical model by replacing the centralized land price determination mechanism with a 

series of spatially distributed bilateral trades as described in Section 5.3 above. The results provide 

structural validation of the theoretical foundations of our ABM. 

 

 

 

 

 

                                                 
35 Our earlier work explored preference heterogeneity related environmental amenities (Filatova, Parker et al., 2007), proximity to the 

CBD (Filatova, van der Veen and Parker, 2008) and income (Filatova, van der Veen and Voinov, 2008) 
36 See Chapter 4 for the details of WTP-WTA estimation 
37 NA – not applicable  
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Table 5.2: Economic and spatial metric outcomes of the ALMA-C experiments 

 
 

Visualizing the simulated rent gradient: The macro-outcomes of micro-interactions in the land 

market are presented in Table 5.2. Column “Exp.5.1” reports the welfare and spatial metrics of this 

experiment. A snapshot of the spatial distribution of urban land prices (realized transaction prices) 

is presented in Figure 5.2. The dark line on the left represents the ocean and the white circle in the 

middle is the CBD. The intensity of gray color symbolizes the value of land: the darker the color, 

the higher the land price. Exp.5.1 reproduces the qualitative properties of the standard analytical 

equilibrium model of a coastal city if homogeneity among agents is assumed. Land rents have the 

same pattern as in the benchmark model. Specifically, transaction prices decrease monotonically 

with distance from the CBD and distance from the environmental amenity, and cells equally close 

to the CBD and the coastline have the same price.  

Property prices are highest in the area closest to the coastline and the CBD. The city’s expansion 

stops at the location where the bid price of a buyer falls below the ask price of a seller—the 

reservation price of returns to agricultural land. The lightest-gray area in Figure 5.2 shows the city 

border and symbolizes the the urban-rural fringe. Given the high value for amenities relative to 

value of proximity to the CBD used in these simulations, the highest land values occur along the 

coast itself. However, the value of proximity to the CBD is seen in the fact that the form of the city 

and realized land rent gradient is not perfectly linearly spread along the coast. Land rent at the CBD 

is higher than land rent at points along the coast that are the same distance from point C as the 

CBD.  
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Traditionally, the rent gradient, which represents 

the urban land price as a function of distance to the 

CBD, is a curve in 2D space. In a landscape where 

not only proximity to the CBD but also proximity 

to an environmental amenity affects prices, the 

rent gradient becomes a surface in a 3D space. A 

3D scatterplot of the transaction data from Exp.5.1 

is presented at different angles in Figure 5.3. The 

urban land price is on the vertical axis, so higher 

dots represent higher land prices. The two 

horizontal axes are distance to the coast and 

distance to the CBD. Note that this is not a 3D 

representation of the landscape, but a 3D 

visualization of a realized land rent gradient. For 

reference, compare points A, B and C in Figure 

5.2 and Figure 5.3. Again, land rent is highest at 

the coastal location closest to the CBD, and land 

rents at points A and B, the extensive margins of 

urban development, are equal to the returns from 

agricultural land. The simulated land rent gradient 

is convex and declines monotonically, as would be 

expected in an analytical model. 

Figure 5.3: 3D scatterplot of transaction prices for Exp.5.1: only environmental amenities 

Figure 5.2: Rent gradients, Exp.5.1: only 
environmental amenities 
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Estimating the rent gradient: To have a quantitative measure of the land price distribution 

and facilitate comparison between experiments, we estimated the land rent gradient equation via a 

cubic regression using the simulated transaction prices as the dependent variable and distance to the 

CBD and distance to the coast as the two independent variables. The estimated rent gradient is 

presented in the first column of Table 5.3. In the case of homogeneous agents, the variation in land 

prices is completely explained by these two spatial attributes, as expected (R2 is 1). 

Table 5.3: Cubic regression of simulated land prices  

(Notations: Estimate(st.error / t-value), Exp1 is Exp.5.1 and Exp2 is Exp.5.2) 

 

To visualize these results in the form of a traditional 2D rent gradient, we plot a cross section 

of this 3D graph along the perpendicular axis between the CBD and the coastline (segment AC in 

Figure 5.2), translating each of the two independent variables into distance from the coast. This 

estimate is shown by the red line in Figure 5.4). The extent of this line (and the others plotted 

similarly) is determined by the realised urban transaction data; thus the line also shows the extent of 

the simulated urban area. The dashed black line shows the position of the CBD. Consistent with the 

transaction data used to estimate the model, the highest land values occur along the coast. Estimated 

land rent declines monotonically. To the left of the CBD, the decrease in land value associated with 

decreased amenity value is partly offset by the value of increased proximity to the CBD. 

Conversely, estimated land rent falls off more steeply to the right of the CBD, where both effects of 

distance are negative. 
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Figure 5.4: 2D cross section of rent gradient 

5.4.3 Experiment 5.2: trade-offs between amenities and disamenities 

In Exp.5.2 we instantiate the ALMA-C model with a spatial disamenity, specifically a flood 

probability that declines with distance from the coast38. Homogeneous economic agents perceive the 

flood probability objectively, meaning that RPdev = 0 in Equation 5.3. Given this constant flood 

probability, agents maximize expected utility according to Equation 5.2 in Section 5.3. These 

economic agents have to make a trade-off between the amenity value of the coast and the 

disamenity of increased flood risk. This trade-off affects both the individual choice of a desirable 

spatial good in urban land market and its price, i.e. spatial patterns of development and the rent 

gradient. 

Figure 5.5 shows the new simulated rent gradient. The main change in the spatial morphology 

of the city is seen in the lack of urban development along the coastline. The city border has shifted 

landwards. Agents’ expected utility is quite low in the primary zone along the coast due to the high 

                                                 
38 Future experiments will explore the effects of heterogeneous flood protection, representing the real-world case of the “risk towns.” 
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flood probability, reducing their WTP below the sellers’ ask price39. For future reference, we will 

refer to the line at which the city’s left seawards border has stopped as the “safety contour”.  

The city extent and total urban area have also 

declined (e.g, the city border has shifted from 

26.93 spatial units in Exp.5.1 to 22.09 in 

Exp.5.2, and urban area is reduced from 622 to 

441 cells) as seen in Table 5.2, Section 5.4.2. 

This result is due to the assumption of the open 

city and the fact that, with positive flood risk 

everywhere, expected utility is lower 

everywhere than in Exp.5.1. The average 

transaction price is lower (compare columns 1 

and 2 in Table 5.2 in Section 5.4.2), as 

expected. Average utility has also declined 

(compare 42.53 to 43.02 in Table 5.2). A t-test 

confirms that these differences are statistically 

significant between experiments at the 0.99% 

confidence level. 

Figure 5.6 shows a 3D scatter plot of the 

land prices in the city. Land prices decreased 

intensively closer to the coast; however, 

because the coastline also provides 

environmental amenities, it still attracts some 

development. This line of development facing 

the coast is seen in curve that stands separately 

from the others. The gradient is still convex, as before. 

Using regression analysis of land price as a function of distance to the CBD and distance to 

the coast (the amenity/disamenity source), we estimated the land rent gradient for Exp.5.2 (see 

column 2 in Table 5.3 in Section 5.4.2). The fit for the cubic regression is good (R2 is 0.9636). The 

estimated coefficients on distance from the coast now reflect the net amenity affects of the coastline 

(amenity value plus flood risk), as they would in an empirical model using real-world data. 

In order to visualize how the estimated rent gradient has shifted, these regression coefficients 

are plotted in the blue line in Figure 5.4. The left dashed blue line represents the “safety contour”, at 

                                                 
39 This result is consistent with the “optimal distance” from a distance-dependent spatial disamenity demonstrated in an analytical 

model by Parker (2007). 

 
Figure 5.5: Rent gradients, Exp.5.2: both spatial 
amenities and disamenities are present) 
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which city stops. No developments occurred beyond it in any of the 50 repetitions of this 

experiment. In contrast to the peak of the estimated rent gradient at the coast in Exp.5.1, the 

estimated rent gradient clearly drops down closer to the coast where the risk of flooding is the 

highest, and estimated rent is highest at the CBD. Estimated rent declines more steeply to the right 

of the CBD, as before. 

 

Figure 5.6: 3D scatterplot of transaction prices for Exp.5.2: both spatial amenities and disamenities are 

present 

5.4.4 Experiment 5.3: heterogeneity among agents 

The case-study of Dutch coastal towns tells us, however, that people do not perceive the 

probability of flooding objectively. Experiment 5.3 is designed to address our second research 

question and shed some light on the micro-economic interactions of heterogeneous agents in a land 

market with heterogeneous spatial goods. Agents in Exp.5.3 are heterogeneous in their beliefs about 

the probability of flooding. To avoid statistical bias and make Exp.5.3 comparable to Exp.5.2, the 

average perception of the probability of flooding is set equal to the objective probability of flood: 

E(PFi) = PFobj. (See Equation 5.3 and Table 5.1 in Section 5.4.1 for more details). Agents’ RP 

deviation RPdev follows a uniform distribution with mean zero and deviations [-0.15;0.15]40. Thus, 

on average, agents perceive the flood probability risk objectively. In essence, this experiment 

compares the outcomes of representative agent behavior (Exp.5.2) with the outcomes of behavior of 

heterogeneous agents who are on average the same as the representative agent. Given our two-

dimensional landscape, multiple repulsive and attractive spatial influences on land rents, and 

                                                 
40 The results of the model run with the normal distribution of RP are qualitatively the same. 
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heterogeneous agent population, this experiment would be quite difficult (and has not been 

successfully performed to our knowledge) using an analytical model. 

Land market outcomes with heterogeneous 

agents (Figure 5.7) differ substantially from those 

with homogeneous agents (Figure 5.5). Intuition 

might suggest that outcomes would be similar to 

the homogeneous risk case, since on average, 

buyer’s bids are equal in both cases. However, 

since land market outcomes are determined 

through multilateral bidding between buyers and 

sellers, model outcomes contradict that initial 

intuition. The results of the simulations, however, 

are easily understood by recognizing the role that 

downward-biased perceptions of the probability 

of flooding have in the land market. Basically, 

those with the lowest perceptions of the 

probability of flooding have the highest WTP for 

higher-risk properties, and thus they are more 

likely to capture the property in competitive 

bidding. In short, those with the lowest risk 

perceptions are driving the market outcomes. 

As a result, the spatial patterns of land use 

differ between Exp.5.2 and Exp.5.3. First, buyers 

settle closer to the coast. In Exp.5.3 about 7% of 

urban developments lie seaward from safety contour (Table 5.2 in Section 5.4.2), where 

representative agents in Exp.5.2 found it too risky to locate. Agents who underestimate risk have 

relatively high expected utility from these locations to the left of the “safety contour”. They are thus 

able to offer a bid price high enough to meet the ask price of sellers. These developments can be 

considered economically inefficient, since the true expected value of development is below the 

agricultural returns. This is not a random outcome. Exp.5.3 was reproduced 50 times with different 

random seeds and the result is consistent: agricultural land is converted into urban use seaward from 

the “safety contour” in a land market with heterogeneous agents. 

The city border has expanded and the urban population has increased compared to the 

homogeneous agent case (see Exp.5.2 and Exp.5.3 in Table 5.2). Again, development occurs in 

 

Figure 5.7: Rent gradients, Exp.5.3: 
heterogeneous agents 
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areas where the objective returns from development are below the agricultural opportunity cost. 

Additionally, the previous symmetry of land use and land rent is lost. Agents with different RPdev 

value land at the same location (with its associated amenity value, flood risk, and distance to the 

CBD) differently. Thus, even though prices are still in general higher in proximity to the CBD, they 

no longer decline monotonically. The city also no longer expands uniformly in all directions. 

Comparing Figure 5.7 to Figure 5.5, more cells are converted at the extensive margin of 

development closest to the coastal areas. The heterogeneity and non-monotonicity of land rents is 

also clearly seen in the 3D scatter plot of the transaction data in Figure 5.8, mirroring the 

heterogeneity found in real-world data. Essentially, heterogeneity in individual attitudes toward 

spatial characteristics of land leads to heterogeneity and asymmetry in realized land rent patterns. 

However, although the transaction data from Exp.5.3 are quite dispersed, they still follow the trend 

of the homogeneous case (compare Figure 5.8 and Figure 5.6). The dispersion (essentially, 

heteroskedasticity) arises from the agents’ heterogeneity. 

Figure 5.8: 3D scatterplot of transaction prices for Exp.5.3: heterogeneous agents 

Standard econometric theory explains the presence of the error term in part through 

unobserved heterogeneity. When this heterogeneity is due to systematic differences in the 

characteristics of buyer agents, the result is bias due to the omitted variable of preference 

heterogeneity. The willingness to pay of the buyers depends on their preferences for spatial 

amenities and their perceptions of the probability of flooding —both unobservable in the real-world. 

However, the beauty of agent-based modeling is in the ability to control agent-level characteristics 

and account for them in analysis of macro-outcomes of the data generated by simulations. Having 

spatial characteristics, individual preferences and probability perceptions recorded together with the 

land transaction data generated by ALMA-C, we gain the opportunity to systematically explore the 
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potential effects of the omitted variable bias in the land price regression analysis. We thus estimate 

two regressions. The first includes the two spatial variables traditionally used in hedonic 

econometric models, also included in the regression from Exp.5.2. This regression essentially 

assumes that individual perceptions of the probability of flooding are constant across the landscape. 

The second includes a third independent variable, the probability perception deviation of the buyer 

agent. 

The results of the land rent gradient estimation for Exp.5.3 are presented in Table 5.3. Column 

“Exp.3A” shows the results of a cubic regression of land price based on the observed spatial data, 

and column “Exp.3B” reports the results of the same regression where the individual RP is also 

included in the set of explanatory variables. As expected, regression “Exp.3B” explains more of the 

variability in transaction prices than “Exp.3A”(R2 is 0.9105 vs. 0.0.8663). The estimated 

coefficients on the other independent variables have also changed, consistent with omitted variables 

bias. For instance, in “Exp.3A” the effects of distance to the CBD are close to zero, and the 

statistical significance is low. In “Exp.3B”, the rent gradient from the CBD is significantly negative, 

as expected41. This simple modeling exercise illustrates that observed variation in real-world 

transaction prices may arise from non-spatially-uniformly distributed unobserved agent-level 

characteristics rather than from unbiased random error. Thus, rent gradient estimates that do not 

control for agent-level heterogeneity are likely to be systematically biased. 

The green line in Figure 5.4 shows the 2D cross section of the estimated rent gradient that 

excludes probability perception deviation (“Exp.3A”). The rent gradient goes beyond the “safety 

contour” (left dashed blue line), while in the representative agent case all land transactions stay to 

the right of this line. The estimated rent gradient lies above the representative agent outcome (the 

blue line representing Exp.5.2) closer to the coast, then below it as distance from the coast 

increases. 

To graphically analyze the effects of the omitted variable bias and the effects of different 

levels of individual flood probability perception on the unbiased estimated land rent gradient, we 

plotted the same estimated land rent gradient from “Exp.3A” along with the estimated land rent 

gradient from “Exp.3B”, evaluated at three different levels of probability perception (minimum 

“Exp3B:low RP”, average “Exp3B:avRP”, and maximum “Exp3B:high RP”) in Figure 5.9. 

 

 

 

                                                 
41 Given that the fit of the model is not perfect, the cubic regression may not be the ideal functional form for this simulated data. 

However, it allows us to compare cleanly between the three experiments, and the model fit is still fairly good. 
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Figure 5.9: Rent gradients of agents with different levels of flood probability perception trading 
in a coastal urban LM 
 

Several points are worth noting. First, as discussed above, agents who underestimate risk 

inevitably bid higher, as seen by the fact that the low RP rent gradient lies above and beyond the 

others everywhere. This is consistent with their offering higher bids for a given risky property and 

bidding on properties seen as too risky by other bidders, causing the city to expand beyond the 

efficient level under homogeneous perception of the probability of flooding.  

Second, as probability perception shifts linearly, estimated land rents shift non-linearly. This 

result is consistent with the risk aversion of the modeled agents. At the CBD, the increase in 

estimated land rent for an decrease in risk from average to high is approximately twice as large as 

the increase for a risk reduction from low to average. 

Finally, the rent gradient from “Exp.3A” lies above the gradient from “Exp.3B” estimated for 

an agent with average perception of the probability of flooding. The regression from 3A has 

produced a biased estimate of the land rent gradient generated by a buyer with correct perceptions 
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of probability. The “real” land market participant with correct perceptions of the probability of 

flooding is in fact more conservative in her WTP for risky land than estimated by 3A. The 

regression results in “Exp.3A” are biased upwards by the transactions that the low perception of the 

probability of flooding buyers captured through the bidding process. Again, by not accounting for 

the way in which the low perception of probability buyers are driving the market outcomes, 

researchers and policy makers may obtain a biased quantitative understanding of the drivers of land 

rents, if they base their analysis only on observed spatial data. 

5.5 Discussions and conclusions 

The empirical problem that motivated our analysis was the need to model the land market in a 

coastal town where both an amenity (the coastal view) and a disamenity (the probability of 

flooding) are present and agents exhibit heterogeneous perceptions toward the latter. The paper 

presents a land market model—ALMA-C—that is able to account for both heterogeneity in the 

spatial landscape and among economic agents interacting in the land market. The centralized price 

determination and land allocation mechanism of traditional analytical models is replaced by a set of 

bilateral trades. Structural validation (Exp.5.1 in Section 5.4.2) demonstrated that under the 

assumption of homogeneous agents, ALMA-C produces results qualitatively identical to an 

analytical equilibrium model (Wu, 2001). Using the ABM methodology, we were able to move 

beyond these traditional results to analyze the effects of multiple spatial factors and agents’ 

heterogeneity, building a land market model that includes more real-world heterogeneity than 

conventional economic models. The results of our experiments have important implications: 

The value of modeling multiple spatial drivers: We argue that both spatial amenities and 

disamenities need to be included in land market modeling, especially if they are spatially correlated. 

By modeling these factors separately, we can now easily perform sensitivity analysis of spatial 

patterns and land prices to agent attributes and the distribution of spatial amenities and disamenities 

in a controlled environment. Not only can the effects of different spatial attributes on land prices 

then be studied separately, researchers can develop a deeper understanding of the processes that 

generated observed spatial data, which could potentially improve the design and structure of spatial 

econometric models. 

The importance of agent-level heterogeneity: To support policy decisions, often either a 

general equilibrium model (based on representative agent and fed with average statistical data) or 

econometric predictions (based on the estimated demand curve of a representative agent or the 

probability that a representative agent will perform particular land use) is used. We have 

demonstrated that the introduction of heterogeneity at the micro-level produces qualitatively 
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different behavior at the macro-level than a representative agent approach. It is important to note 

that the population of heterogeneous agents was set up to be on average the same as a representative 

agent, i.e. their expectations are unbiased. However, when the representative agent is replaced by 

heterogeneous agents, not only does the land price distribution differ, but urban development 

expands into the zone that a representative agent considers economically inefficient. For a coastal 

city, it would mean that development could occur in a zone vulnerable to erosion or flooding in 

which a conventional model with a representative agent would not predict development. This 

implies that potential damage from natural hazards in a coastal town will grow beyond the level 

anticipated by policy makers. 

The importance of agent-level data: For the heterogeneous agent case, we estimated land 

rent gradients using our model-generated data. The land price variation was explained in two stages: 

first using only the spatial attributes of the environment (the data usually available for econometric 

analysis) and second, including data on the individual agent characteristics of buyers, specifically 

flood probability perception (usually unobservable directly in the real-world). Comparison of the 

two regressions showed that estimates based only on spatial data may give policy-makers a biased 

picture of land market dynamics. Thus, it is very important to include individual data when 

possible. We are conscious that agent-level data (for example, a survey about preferences or 

perception of the probability of flooding) are difficult to obtain, especially when coupled with land 

transaction data. It is possible that some proxy for preferences could be developed for statistical 

estimation of the demand function. At the very least, we should be conscious regarding potential 

biases in predictions due to missing agent-level data. An agent-based land market model such as the 

one we present can be used as a computational laboratory to understand the potential implications 

of missing data. 

Risk perceptions as a driver of land market activity: There is an important, and quite 

significant for today’s US housing market situation, link between land prices and individual risk 

perception. The ALMA-C model shows that people who underestimate risk drive land market 

dynamics, causing the city to expand into a high risk zone. Although this paper focuses on the risk 

of natural hazards, the results can be expanded to other types of risks. Real-estate economics views 

a house as an asset, and there are financial risks involved in investment in different properties. If 

property investors/home buyers have heterogeneous perceptions of financial risks, it can lead to the 

conversion of rural land into urban use at locations and in amounts that are economically inefficient. 

Given that conversion of land to urban use is largely irreversible, our work implies important 

linkages between misperceived financial risks of land investments and urban sprawl. In short, an 
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additional causality of the current housing and financial crisis is likely economically inefficient, 

irreversible expansion of our city boundaries.  

In summary, heterogeneity of both land and individual preferences are crucial determinants of 

land market behavior. Our agent-based land market links the micro-characteristics of agents and 

macro-market outcomes, serving as a laboratory where spatial characteristics of the landscape and 

individual perception of those spatial attributes are coupled in a dynamic modeling environment to 

produce simulated land transaction data. With this information, one can easily derive new estimated 

rent gradients, spatial patterns of allocation and spatial distributions of land prices over a 2D 

landscape. This complement of economic, econometric and agent-based models could help to 

improve analysis to support policy making and planning. 
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6 Response of economic agents in a land market to changed 

erosion risks in coastal towns 

6.1 Introduction 

The coastal area, which provides ecosystem functions such as erosion control, and sediment 

retention, is also a very lucrative area for urban developments. On one hand, coastal areas exhibit 

great pressure from human systems: up to two thirds of the world’s population live there (Costanza 

et al., 1999), and demand for coastal land is only growing. On the other hand, the pressure from the 

global changes in natural system is also growing. Climate change is likely to produce more extreme 

events, such as severe storms or hurricanes in addition to a gradual rise of the sea level (Nicholls et 

al., 2007). As a result one should expect an increased probability of flooding or erosion in the 

coastal area. Human and physical (or climatic) pressures lead to the effect known as a ‘coastal 

squeeze’. Coastal squeeze is the situation observed in the coastal margin, which is squeezed 

between fixed landward boundary and the rising sea level (Schleupner, 2008) shrinking the areas 

available for natural coastal processes to take place. To confront the threats of the coastal squeeze, 

some of the forcing factors (i.e. land use, erosion, sea-level rise) should be affected. However, 

controlling global pressure of nature (sea-level rise and erosion) on a local spatial scale is either not 

likely in the short-term or is very costly. Moreover, permanent hard flood defenses only accelerate 

coastal squeeze42 (Sterr, 2008). In contrast, the human component contributing to the coastal 

squeeze seems to be more manageable. At least, the drivers, which underlie human pressure, should 

be investigated with the potential to affect them in the desirable way.  

This chapter explores the drivers of human pressure on the coast. In particular, we are 

interested in the response of economic developments to the increased global climate change 

pressure, e.g. risk of coastal erosion. The central research question is how coastal land markets 

react (in terms of changed land prices, city size, and amount of urban developments under risk) to 

an increasing probability of flooding or erosion. In addition, we are interested in how variations in 

individual perceptions of erosion probability affect aggregated patterns of development and coastal 

squeeze. To pursue this task the spatially explicit land market model –– ALMA-C –– discussed in 

details in previous chapters, is applied. The power of the ALMA-C model is in its ability to register 

how land markets may respond to the changes in the spatial environment under different 

assumptions about individual economic behavior.  

                                                 
42 It happens because hard coastal flood defenses affect natural habitat for species and natural processes such as sediment transport..  
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The chapter proceeds as follows. We first demonstrate the situation in Dutch coastal towns 

and discuss how global physical and human pressure affects the determination of legally stipulated 

flood defence line. Second, we briefly describe the assumptions of the agent-based land market 

model. The model is similar to the one presented in Chapter 5 except for the assumption of the 

increased probability of erosion. Third, the results of the ALMA-C model run are presented. In this 

experiment agents are assumed to perceive the probability of erosion objectively, as a conventional 

economic model would assume. Next, the aggregated outcomes of the land market where agents 

have heterogeneous43 beliefs about probability of erosion are analyzed. Finally, the discussions and 

conclusions are outlined. 

6.2 Dutch coastal towns under risk 

The coast in the Netherlands is protected by a system of dikes and dunes, which have certain safety 

levels defined by law (Wet op de Waterkering, 1995). However, some 13 coastal towns in the 

Netherlands (see Figure 6.1) have areas, which are situated on or seawards of the flood defenses, 

and consequently are not protected in compliance with the legal safety standards, such as 

probability of erosion/flood 1:10000 (Rijkswaterstaat, 2002). Each town is divided into two zones: 

legally protected one (on the right from the black line in Figure 6.2) and a zone where the 

government cannot guarantee any safety level (Rijkswaterstaat, 2005c). The zone on the left side of 

the flood defence line does not have legally stipulated safety standards and is often referred to as 

‘unprotected’ or ‘outside the dikes’ area (buitendijks gebied).  

The flood defence line is based on the physical erosion line estimated by morphological 

models (van der Burgh et al., 2007). The erosion line shows how far landwards the erosion will go 

if there will be a storm of such a strength, which is predicted to happen only once in 10,000 years. 

However, it should be noted that the flood defence line in Figure 6.2 is a politically determined line 

(Rijkswaterstaat, 2005c). Specifically, it is a political decision whether to shift this line landwards 

following the pressure of the natural system or move it seawards under the pressure of the human 

system. For example, the flood defence line at the top of Figure 6.2 abruptly turns landwards, 

although in reality the physical erosion line44 goes parallel to the coast. This happens because the 

area north of the city is a natural park. The political decision was to allow natural coastal processes 

there because it is important for the maintenance of coastal ecosystems. In contrast, if the area 

outside the dikes contains buildings of a high economic value, then policy-makers might decide to 

                                                 
43 Agents’ heterogeneous beliefs are statistically unbiased, i.e. the population of agents on average has zero deviation of their beliefs 

about probability of erosion. In other words, it is the same as a representative agent with objective knowledge about probability of 
a coastal hazard. 

44 Erosion line is not in Figure 6.2 
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shift the flood defence line seawards from the position of the erosion line. This decision implies that 

additional money should be invested to strengthen the dunes, so that the politically-determined 

flood defence line coincidences with the physical erosion line. This interplay of natural and human 

interests and priorities in the process of determining the position of flood defence line is yet another 

illustration of the coastal squeeze.  

 

Figure 6.1: Risk towns, i.e. coastal cities with 
outside the dikes areas  

Figure 6.2: Flood defence line (Kernzone) that 
divides a city into the legally protected and 
unprotected zone 

Figures are from (Rijkswaterstaat, 2005c) 

 

All the 13 Dutch coastal towns have urban developments in the area outside the dikes. As can 

be seen from Figure 6.2 there are quite a few buildings situated in the unprotected area. Thousands 

of individuals live beyond the dikes in the Netherlands (Rijkswaterstaat, 2002). The total potential 

damage for the unprotected areas for 13 coastal towns was estimated at €6.607 millions45 

(Rijkswaterstaat, 2005c). In October 2005 the Commission of Poelmann published an official 

recommendation to the government concerning the future of these coastal cities under risk. The 

Commission advised to allow future developments in the areas beyond the flood defence line at the 

risk of individuals (Poelmann Commissie, 2005). Thus, it would be possible to invest in the 

unprotected areas but individuals should be responsible for the risks they take. However, there is a 

concern that individuals seem largely unaware of the risks involved (Kaiser et al., 2004; Bočkarjova 

                                                 
45 The estimation is done with the help of “Economic GIS” (Huizinga, 2003) based on the HIS-KSM method (Rijkswaterstaat, 

2005d) using from 1995, 1997 and 1999 data ((Rijkswaterstaat, 2005c), p61). 
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et al., 2008; Krywkow et al., 2008; Terpstra and Gutteling, 2008). Moreover, what once was 

considered as unlikely (once in 10,000 years event) can become a much more probable scenario 

under the conditions brought by changing climate and increasing frequency and severity of storms 

with risen sea levels. This can very well cause the erosion line to shift landwards increasing the risk 

of damage in the areas seaward of the flood defence line.  

In what follows we demonstrate how the economic system might respond to the shift of the 

erosion line and the effect such factors as individual perception of erosion probability may have on 

the urban developments along the coast.  

6.3 Experimental setup of the ALMA-C model 

One of the benefits of the ALMA-C model is that it shows how individual preferences are 

aggregated to produce land prices and spatial patterns for land in a coastal city. ALMA is an 

abstract theoretical model, however its main advantage in allowing the connections of micro-

motives of individuals operating in a heterogeneous spatial landscape to macro-indices at the 

aggregated level of a city. If individual preferences or perception of a probability of a coastal 

hazard change, then land prices and spatial patterns also change as a result of multiple interactions 

between agents in a land market. There is empirical evidence of this happening (see Chapter 2), and 

ALMA is able to capture this process (as shown in Chapter 5).  

Similarly, if spatial environmental conditions change (such as erosion probability), these 

changes enter the decision making process of individual economic agents and have effects in the 

macro-level (see Figure 1.1 in Chapter 1). Land market outcomes depend not only on the individual 

preferences of economic agents but also on the quality of spatial goods, i.e. land itself. If the quality 

of land (expressed in the availability of environmental amenities or, in this case, level of erosion or 

flood risk) changes, then individual utility from its consumption also changes, leading to changes in 

aggregated demand for land in the area.  

In the situation when risk of investing in some areas increases, for example due to the shift of 

the erosion line, economic agents operating in an urban land market re-estimate their expected 

utility from locations, possibly modifying the aggregated demand for land. In the experiment below 

we first simulate a shift of the erosion line in a stylized coastal city where all agents perceive 

erosion and flood risk objectively. The second experiment shows how land prices and spatial 

patterns will look like if some agents have lower or higher awareness of coastal risk. Thus, first 

experiment assumes that individuals are rational and are all alike (as a representative agent assumed 
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by conventional economic models) and perceives probability of erosion as it is, i.e. objectively46. 

The second experiment assumes that some individuals might underestimate or overestimate the 

actual probability of erosion, i.e. perceive it subjectively (a deviation in agents’ perceptions of 

actual probability implies that agents are heterogeneous). 

Experiment 5.2 from Chapter 5 serves as a base case for the two experiments presented here. 

Particularly, buyers and sellers behave as described in section 5.3 in Chapter 5. Sellers form their 

ask price based on the expected WTP of buyers but this ask price cannot be lower than the 

opportunity costs of the agricultural land price. Buyers maximize their expected utility and form bid 

price for land based on their true WTP. Sellers choose the highest bid-offer, and whenever it is 

above their WTA, the transaction takes place. Otherwise, both buyer and seller stay in the land 

market and participate in the bidding process in the next time step. The model stops running when 

no more transactions occur, i.e. when all the submitted bids are lower than WTAs of sellers. 

 

Shift of erosion line in the model: For simplicity let us assume that the actual objective probability 

of erosion (PFobj) is distance-dependent47:  
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Obviously, probability of 

flooding or erosion at a 

certain location should be 

estimated in a much more 

advanced way taking into 

account frequency of storms, 

form of the coastline, 

elevation, geomorphology, 

etc. This, however, goes 

beyond the scope of the 

study since at this time 

topography is not considered 

in the ALMA model. 

Technically ALMA-C could 

integrate a vertical gradient (height relative to sea level) to account for these factors. However, this 

                                                 
46 An assumption of a representative agent does not necessary imply that he perceives the probability objectively. As it will be shown 

in Chapter 7, a representative agent can underestimate probability or risk of a coastal hazard. 
47 This function is an inverted form of the Michaelis-Menten function in kinetics or Monod function in biology (Voinov, 2008) 
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Figure 6.3: The probability of erosion as function of the distance from 

the coast. Case 1 is used in Exp.6.1 and Case 2 is for Exp.6.2 
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simplified version of the model uses a homogeneous height to check the pure effect of the shift of 

erosion line. Currently, in ALMA-C we estimate the impact of erosion by assuming that the chance 

of erosion depends on the distance from the coastline, and use the function from Equation 6.1, 

shown in Figure 6.3. 

On the coast (Dcoast=0) the probability of a hazard is quite high but then it goes abruptly down 

reaching the value of 0.0001 (probability of 1:10000). This function in the two cases presented 

below drops to this lower value at different distances from the coast. This is controlled by the 

coefficient CPF2 (see Equation 6.1), which is equal to 4 in case 1 and 5.5 in case 2. In this way we 

represent the shift of the erosion line in our experiments. Other ALMA-C parameters are the same 

in all model experiments as listed in Table 6.1. 

Table 6.1: Values of parameters in the simulation experiments 

Symbol Meaning Exp 5.2 Exp 6.1 Exp 6.2 
Y Individual budget 800 800 800s 
Pag Price for agricultural land 200 200 200 
TCU Transport costs per unit of distance 1 1 1 
b Constant in WTP-WTA formula48 70 70 70 
ß Individual preference for green amenities 0.6 0.6 0.6 
Cdam Flood damage coefficient 0.16 0.16 0.16 
CPF1 Coefficient in the Equation 4.149 0.7 0.7 0.7 
CPF2 Coefficient in the Equation 4.1 4 5.5 5.5 
RPdev Individual erosion probability perception 

deviation 
NA NA Uniform distribution 

[-0.15;0.15] 
avRP Mean RPdev in the traders population 0 0 0 
PFobj at the coast Probability of flooding 0.7 0.7 0.7 

 

The two experiments (Exp 6.1 and Exp 6.2) were repeated 30 times with a different random 

seed to check the robustness of the model results. Experiment 5.2 was also run multiple times as 

discussed above in Chapter 5. The random seed affects both the distribution of subjective 

perceptions of a coastal hazard probability and the order of agents’ activation. The differences in the 

aggregated indices among experiments are statistically significant at 0.99% confidence interval. 

6.4 Model results 

6.4.1 Experiment 6.1: shift of erosion line in a coastal city where individuals perceive 

erosion probability objectively 

In this experiment we explore the changes in the macro-outcomes of a coastal land market if 

probability of erosion changes (according to Figure 6.3). Specifically, we seek to understand how 

land prices and spatial patterns of a city change due to the landward shift of erosion line. Exp 5.2 

                                                 
48 See Chapter 4  for the details of WTP-WTA estimation 
49 See Chapter 4 for Equation 4.1 
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from Chapter 5, that we use as a base case, models a monocentric city located along the coast, with 

spatial amenities (A) provided by proximity to the coast, and with the probability of flooding PFobj 

(Equation 6.1). Economic agents’ erosion probability perception deviation RPdev in Equation 5.3 

(see Chapter 5) is set to zero meaning that individuals perceive erosion risk objectively and are 

making rational decisions on a land market. Exp 6.1 deviates from the base case by assuming that 

the erosion line shifts due to climate change (see Figure 6.3 and Table 6.1). As before, economic 

agents have to make a trade-off between coastal amenity and disamenity associated with the 

increased coastal risk. By shifting the erosion line we now increase the risk of locating closer to the 

otherwise attractive coast. 

The macro-outcomes of these changes in the spatial landscape that drive the micro-

interactions in the land market are presented in Table 6.2. The second column “Exp 6.1” reports the 

welfare and spatial metrics of this experiment, the first column “Exp 5.2” reports the metrics of the 

base case reported in Chapter 5.  

 

Figure 6.4: Rent gradients, Exp 5.2, i.e. base case 
There are some developments beyond the ‘safety 
contour’, i.e. the seawards border of a town from 
Exp 6.1 (when erosion line shifts) 

Figure 6.5: Rent gradients, Exp 6.1 Increased 
probability of erosion pushes the city further 
away from the coast, making the area in general 
less attractive and therefore shrinking the size of 
the whole city. 
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Table 6.2: Welfare and spatial metric outcomes of the ALMA-C experiments 

Parameter Exp 5.2 Exp 6.1 Exp 6.2 
Individual utility:                          Mean 42.53 42.25 42.32 

St. dev. 0.99 0.88 0.97 
Aggregate utility 18754.48 15634.32 17426.57 
Urban transaction price:               Mean 212.93 211.11 210.6 

St. dev. 8.17 7.3 7.87 
Total property value 93902.49 78110.13 86725.16 
City size (urban population) 441 370 411.8 
Distance from CBD at which city border stops 22.09 21 22 
Urban cells seawards from the safety contour 31 0 4.3 

 

A snapshot of the spatial distribution of urban land prices (emerged via interactions on a land 

market in ALMA-C) is presented in Figure 6.5. For comparison Figure 6.4 shows urban land prices 

from Exp 5.2. As before, the dark area on the left represents the ocean and the white circle in the 

middle is the CBD. The intensity of gray color symbolizes the value of land: the darker the color, 

the higher the land price. As can be seen from these figures, the city has shrunk from the seaward 

side (also see Table 6.2 for decreased spatial metrics). We refer to the line at which the city’s 

seawards border has stopped in Exp 6.1 as the ‘safety contour’. Since the erosion line has shifted, 

parts of the previously (Exp 5.2) comparatively safe area have become more risky to invest in. 

Assuming that economic agents make rational decisions, meaning that they evaluate erosion risk 

correctly, they would no longer be willing to pay much for the land along the coastline. In this case 

their bid prices will not be high enough to cover sellers’ reservation price. Thus, a larger area along 

the coast would remain undeveloped. In other words, if economic agents make rational decisions in 

a land market, then the city would shift landwards with the increased probability of erosion. 

Not only the size of the city shrunk but also utility of individuals settled in the city went 

down. Aggregated utility decreased by 16.6% (see Table 6.2) compared to Exp 5.2. So did the land 

prices (total economic value in this city dropped by 16.8%). In other words, if people do perceive 

increased environmental risks associated with climate change, then they would make market 

decisions that lead to less potential damage at the aggregated level, making future investments in 

coastal zones and coastal cities in a less risky way.  

The major strength of the agent based modeling is that we do not need to have all agents be 

the same, be representative. In reality individuals are all different, and have different ideas about 

risk, values, and costs. In the subsequent experiment we investigate the effects of the variability in 

agents’ beliefs about probability of erosion.  
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6.4.2 Experiment 6.2: shift of erosion line in a coastal city where agents have 

heterogeneous perception of erosion probability 

Exp 6.1 above assumes that all economic agents 

perceive erosion risk objectively. This is usually also 

the assumption that coastal policy-makers make while 

considering that people are aware of risks, which they 

are taking. However, people have difficulty perceiving 

probabilistic risks (Slovic, 1987). Often they have 

subjective perceptions of erosion probability, which 

differs among individuals. Consequently, the more 

realistic assumption is that individual perceptions of the 

probability of erosion are subjective and non-

homogeneous. So, for Exp 6.2 we make the hazard 

probability perception deviation RPdev (see Equation 5.3 

in Chapter 5) for agents to follow a uniform distribution 

with values varying within the interval [-0.15;0.15] and 

the mean equal to zero. This is done to avoid statistical 

bias and make Exp 6.1 comparable to Exp 6.2. So, 

individual hazard perception is not becoming lower or 

higher in the Exp 6.2: on average, hazard probability 

perception is equal to the objectively perceived 

probability of erosion, i.e. E(PFi) = PFobj.  

Urban land prices generated in Exp 6.2 are shown 

in a spatially explicit way in Figure 6.6. Comparing Figure 6.6 to Figure 6.4 and 6.5 and looking at 

results in Table 6.2, we can still observe that the shift of erosion line causes developments to move 

landwards leaving a larger area along the coast undeveloped (developed areas seawards from the 

safety contour in Exp 6.2 are just 14% of those in Exp 5.2). However, there is one important 

qualitative difference between the Exp 6.1 and Exp 6.2: we do find urban developments beyond the 

safety contour if individuals have heterogeneous perceptions of erosion probability. Individuals 

who underestimate erosion risk would still get high expected utility in this area (see Equation 5.2 in 

Section 5.3 of Chapter 5 and note the slight increase in utility between Exp 6.1 and Exp 6.2 in Table 

6.2). They will be willing to make sufficiently high bids to cover sellers’ ask prices. Thus, people 

with low risk awareness drive the city to expand to the area where representative agents (in this case 

an agent with objective perception of erosion probability) would not find if economically efficient 

 

Figure 6.6: Rent gradients, Exp 6.2 
(increased probability of erosion in the city 
where agents have heterogeneous  
perception of a coastal hazard probability) 
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to locate. On average over 30 runs of Exp 6.2, the total property value of urban developments 

beyond the safety contour is 840.54 monetary units. This implies that even if only a part of the 

population has low perception of a probability of coastal hazard, there will already be economically 

unjustifiable investments done in the erosion-prone area.  

6.5 Discussions and conclusions 

This chapter demonstrates how changes in the physical conditions of the spatial environment affect 

the aggregated land market outcomes. In a coastal town one of the main attributes of land is the 

probability of coastal hazard: flooding or erosion. For many coastal towns in the Netherlands it is 

the probability of erosion in particular that is important. Erosion points can be estimated based on 

different scenarios of sea level rise and frequency of coastal storms. Consequently, the erosion line 

may move to a different position depending on whether climate change and other factors are taken 

into account or not. The land markets would react to the increase in such global physical pressure 

by changing land prices and patterns and other aggregated metrics.  

The model presented here pursues an explorative purpose to show the development trend in 

land/spatial economic systems. The simulation was motivated by a real-world situation in Dutch 

coastal cities. The results of the ALMA-C runs for a city with the shift of erosion line landwards 

(Exp 6.1), i.e. representing increased probability of erosion due to climate change for example, were 

compared to a base case (Exp 5.2). The general conclusion is that, if the probability of erosion 

increases (erosion line shifts landwards), then individual expected utility from a location in this 

coastal city decreases and urban developments move away from the coast. This is what a 

conventional economic analysis, assuming a representative economic agent in a land market, could 

predict as well. If homogeneity among economic agents is assumed, and if they perceive probability 

of erosion objectively, then the seawards city border (“safety contour”) shifts landwards.  

In reality, people are not always rational and their perceptions of some hazard may vary. Often 

they do not perceive risks objectively. In fact, individuals have subjective perception of erosion 

probability, which often depends on person’s socio-economic and demographic characteristics and 

previous experience of a hazardous event (Sjoeberg, 2000; Kaiser et al., 2004). As a result, in real-

world land markets there may be individuals who overestimate or underestimate a hazardous event. 

Using the additional functionality of an agent-based modeling framework we explore the effect of 

introducing heterogeneity among agents. As it was shown in Chapter 2, low flood risk awareness at 

the individual level affects aggregated land market outcomes. Therefore it is of interest to compare 

the results of the coastal land market where agents have homogeneous erosion perceptions to a 

market where agents are with heterogeneous perceptions of erosion probability. We see that if 
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subjective heterogeneous perceptions of a hazard are present at micro-level, then urban 

developments will go beyond the economically efficient allocation (for detailed discussion see also 

Chapter 5). The ALMA-C model with heterogeneous agents shows that even with the landward 

shift of the erosion line, there still will be some urban developments beyond the “safety contour”. 

Consequently, for the coastal zone policy context it means that if there are some people who 

underestimate erosion probability (which is the case in the Netherlands – see Chapters 2 and 7 for 

the results of the recent flood risk perception surveys) they will locate in risky area and contribute 

to the increase of capital at risk and to the increase of coastal squeeze. 

What would this imply for the case of Dutch coastal towns where part of the town lies beyond 

erosions line (i.e. coastal towns with “buitendijks gebied”) and to which the recommendations of 

the Poelman Commission apply? What will happen is that, ceteris paribus, individuals, with low 

coastal hazard risk awareness would underestimate the risk of coastal erosion and will locate in the 

unprotected zone. In other words, economic agents who are assumed to make their location 

decisions on their own risk may locate in the areas where rational decision-maker with objective 

perception of a coastal hazard would find it inefficient to invest. Yet, if risk is on individuals then 

why would policy-makers care about these irrational decisions of people with low risk awareness? 

The problem is that if the newly built properties in the unprotected areas would spread and bear a 

high economic value, then those people become important stakeholders. Following the coastal 

policy principle of protecting certain areas on the basis of the concept of risk, defined as probability 

times effect, the coast-benefit analysis at some point might show that these areas outside of the 

dikes are too valuable to lose. Since areas with high economic value in the Netherlands are 

protected from flooding and erosion by means of governmental funds, the government might 

eventually choose to take responsibility for the developments, which were supposed to be at the risk 

of individuals. Obviously, risk communication and other financial and technical mechanisms to 

increase individual flood risk awareness discussed in Chapter 2 could be used to educate individuals 

about actual coastal risks and to avoid accumulation of the economic capital in the erosion-prone 

areas. 

The differences between the two experiments (one with homogeneous agents with objective 

perception of the probability and the other one with heterogeneous agents with subjective beliefs 

about it) are demonstrated in a qualitative visual (Figures 6.4-6.6) and quantitative (Table 6.2) way. 

Note, that the representative agent model, which underestimates the potential damage from coastal 

hazards, is what is currently used for policy scenario analysis and decision support. Although these 

experiments with the ALMA-C model do not aim to draw predictions, they could be very useful for 

explorative analyses. Certainly more experimental and empirical information will be needed to 
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make ALMA-C estimates quantitative and reliable for real policy decisions. However the 

simulations clearly demonstrate the potential of this approach, and show the power and promise of 

this kind of treatment. 

The added value of the model is that it accommodates the heterogeneity of a spatial landscape 

as well as introduces heterogeneity among economic agents (as discussed in detail in previous 

chapters). Moreover, the model gives us a tool to visualize some of the patterns that evolve. While 

some of the reactions are intuitively obvious (such as the shift of the trend away from the coast as 

the erosion line moves), it is hard to predict what spatial arrangements these transitions may have.  

Is there going to be more development on the periphery? Will the city change its overall size as the 

attraction of the shore becomes less pronounced? If the number of developed cells increases, do 

they appear in the zone beyond the safety line or not? All these details can be analyzed with a 

spatially explicit land market model. Naturally, several prongs for future work can be outlined. One 

of the most interesting aspects to study is the neighborhood effect. Specifically, individuals with 

low risk awareness who settle in the areas beyond the safety line may make these coastal areas even 

more attractive to others. .That is, if there are people living in the risk zone and nothing happens to 

them – they would probably drive even more people to live there. Their presence may work as a 

contamination effect.  Introducing just several highly risk-tolerant individuals may change the 

pattern of the city, expanding it toward more risky areas. Presence of these risk-tolerant individuals 

can increasingly decrease the overall risk awareness of the population.  

In summary, climate change which is likely to raise the sea level and to cause more wave and 

wind activity along the shores, may further increase the pressure from the seaside. Population 

growth and increase of urbanization in coastal area cause the human pressure on the coast to grow 

as well. These two processes lead to the increase of the coastal squeeze. This chapter demonstrated 

that one of the factors driving human pressure and, thus, contributing the coastal squeeze, is low 

perception of erosion probability by individuals. Knowing that, some policies, such as discussed in 

Chapter 2, can be developed to ease the human pressure and decrease the costs of coastal 

maintenance. 
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7 Using survey data to parameterize agents in a coastal land 

market model 

7.1 Introduction 

Previous chapters explore the dynamics of spatial allocation in a coastal city based on theoretical 

foundations of urban economics and microeconomic theory of decisions under uncertainty applied 

within an agent-based computational economics framework. Although the presented agent-based 

model gives some useful insights into the processes in an urban land market in a coastal city, its 

validity can be increased if we are able: a) to compare the the model performance with some of the 

processes and facts that are observed in real coastal cities, and b) to feed the model with real-world 

data about agents’ perceptions and preferences.  

This chapter aims to pursue this task by means of answering two research questions: What are 

the real-world individual location preferences and perceptions of flood risk in the Netherlands? 

What are the outcomes of a spatially explicit land market where the distribution of economic 

agents’ perception of risk of flooding is parameterized with real-world survey data? The chapter 

starts with the discussion of the results of the survey conducted in the Netherlands in 2008. The 

descriptive statistics and analysis of the survey results with respect to flood risk perception, factors 

affecting individual choice of location and individual willingness to pay for different spatial 

attributes of housing are presented. Next, the motivation for using survey data in spatial agent-based 

models and a brief review of existing research are outlined. Finally, we show the results of a coastal 

land market model parameterized with some of the survey data and provide discussion and 

conclusions. 

7.2 Survey about flood risk perception and housing choices in the 

Netherlands 

A household Internet and mail survey was conducted in February 2008 in the Dutch province of 

Zeeland. Its goal was to elucidate individual perception of flood risk, individual perspectives on the 

governmental responsibility and choice of location. The survey was carried out within a EU project 

“Floodsite”, in which University of Twente participated. The questionnaire consisted of six 

sections: 1) socio-demographic data, 2) risk perception, 3) location preferences and willingness to 

pay, 4) flood protection measures, 5) evacuation, and 6) responsibility of the government. Detailed 

description of the questionnaire can be found in (Krywkow et al., 2008). The results were 
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comprised of 436 records. The survey sample was randomly drawn from the population of Zeeland 

province in the area of Schelde delta, which was extensively flooded during the coastal storm in 

1953 (the last coastal flood in the Netherlands). The summary statistics of the respondents is 

presented in Table 7.1 

Table 7.1: Descriptive statistics of the respondents (n=436). 

Variable Mean St. dev Min Max 
Age 56.2 15.1 19 90 
Years of education 12.8 3.2 6 18 
Male, %  72%    
Estimated net income50 39889.9 7668.8 16500 50000 

The average respondent was a 56 years old male with high education. The sample 

underrepresents women and young people. This is common for mail and Internet surveys where 

women and young people do participate less. However, the results of our survey are in agreement 

with other surveys (Berg et al., 2002; Kaiser et al., 2004; Bočkarjova et al., 2008; Terpstra and 

Gutteling, 2008), which present similar opinions on flood risk and make us convinced that we can 

use our survey to reflect opinions of Dutch people in general. 

7.2.1 Survey results: risk perception 

One of the aims of this survey was to capture individual perceptions of coastal flooding in the 

Netherlands. As widely discussed in literature on psychology, risk as perceived by lay people is 

different from how policy-makers treat it. The latter treat risk formally, as probability multiplied by 

effect. In contrast individuals normally understand risk not as “analysis” supported by rational 

reasoning and scientific deliberation but rather “as feelings” (Slovic et al., 2004). Psychometric 

theory considers feelings of dread as a major factor of individual perception and acceptance of 

hazard risk (Slovic, 1987). How worried an individual is about a specific hazard event, such as 

flooding, could be considered as a measure of risk perception, since it constitutes the latter 

(Krywkow et al., 2008). Together with preparedness and awareness the three variables build the 

level of dreadfulness, i.e. risk perception, of a hazard. Following Raaijmakers et al. (2008) we take 

worry as the central variable measuring individual risk perception. 

The survey asked a question “How worried are you that flooding can affect you?”. Figure 7.1. 

shows the frequency of opinions among respondents. There are two things to note here. First of all, 

the level of worry among individuals is dispersed (average level of worry is 2.31 with st.dev 1.05). 

Thus, residents of the Dutch province of Zeeland do not have homogeneous perceptions of risk. 

                                                 
50 The question about income was not asked in the survey due to some administrative reasons. So, income was reconstructed using 

the regression from Dutch labor market analysis. Gross income is estimated according to the equation: ln(I)=9.1-
0.02*Ed+(0.29*Ed2)/100+0.079*Age-(0.078*Age2)/100, where Ed is years of education (Bajdechi-Raita, 2005) 
Further gross income is translated into the mean of a net income category. 
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Second, the peak of the 

distribution of worry is skewed 

to the left, meaning that the 

majority of people do not 

worry about flooding. This 

implies that in general 

individual risk awareness in 

low. Although, the fact that 

respondents are mostly male 

over 56 years of age may have 

influenced the outcomes, we 

tend to believe that our 

findings about flood risk 

perception being low and 

heterogeneous is applicable to the whole Dutch society, since this was also directly and indirectly 

shown in other surveys (Berg et al. 2002; Kaiser et al. 2004; Bočkarjova et al. 2008; Terpstra and 

Gutteling 2008). 

In fact, the level of worry about potential flooding in the future is somewhat different between 

male and female respondents. On average women are more worried about this than men (see Figure 

7.2.a), but their level is still quite low. Other socio-demographic data, such as education or income, 

do not appear to affect RP (i.e. level of worry) in a systematic way (the regression analysis showed 

that they are not explanatory variables for RP at the 95% confidence level). 

The individual level of worry about the risk of flooding correlates with the expectations of 

major flood occurrence in the future (Figure 7.2.b). As expected, people who think that large floods, 

such as the one happened in the Netherlands in 1953, will hardly happen again, are not worried 

about flood risk now (level of worry is below or equal to 2).  

A quarter of the respondents have personal experience with flooding in the area where they 

live and another half of them have close friends or relatives who have experienced coastal flooding 

in the Netherlands in the past (see Table 7.2 below). Respondents were also asked whether flooding 

in 1953 in the Netherlands inflicted financial damage and brought causalities for their families. We 

expected that those who experienced real negative consequences would have higher risk perception. 

As Figures 7.2.c and 7.2.d show, in general the level of worry about flooding is higher in families 

with financial damage or causalities, but the standard error of this estimate is also high (especially 

in Figure 7.2.d). 

 

Figure 7.1: Distribution of individual level of worry that flooding 
could affect respondent personally (1- do not worry at all, 5 – worry 
very much). 
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Figure 7.2: Plots of mean levels of worry grouped by relevant factor (based on answers to other 
questions in the survey). Black circles are mean values, dashed intervals are standard errors 

Table 7.2 reports the experience that respondents or their relevant others (family and close 

friends) have with flooding. The question “Did you ever experience flooding?” differentiated 

between the flood event that happened in the Schelde area (where the last coast flood in the 

Netherlands caused much damage and loss of life), and elsewhere in the world. We expected that 

family or personal experience of coastal flooding in the Netherlands would make people more 

aware of this hazard.  

Table 7.2: Flood experience of respondents (n=436).  

Variable Percent 
Personal experience of flooding in Schelde 25.5% 
Personal experience of flooding elsewhere 10.3% 
Experience of flooding in Schelde of relevant others 49.3% 
Experience of flooding elsewhere of relevant others 11.7% 

 

However, in spite of the fact that the majority of respondents have experienced flooding, there 

is very low level of worry about it.  

Figure 7.3 investigates the dependencies of the mean level of worry upon the flood experience 

in Schelde in the Dutch province of Zeeland, and in other places. Figures 7.3.a and 7.3.b report that 
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respondents’ personal experience of flooding in Schelde or experience of their relevant others does 

not correlate with increasing level of worry. Instead, these people on average are less worried about 

such an event happening in the future. The fact that standard errors are high (see the dashed 

intervals on both figures) does not allow us to say for sure that experience of flooding in Schelde 

has lowered individual risk perception. Still, clearly it did not make any difference in terms of 

increasing individual worry and risk perception of coastal flooding.  

 

Figure 7.3: Plots of means of level of worry grouped by flood experience. Black circles are 
mean values, dashed intervals are standard errors. 

In contrast to those who experienced the flooding in Schelde, respondents who have 

themselves or whose relevant others have experienced flooding elsewhere, have a higher risk 

perception. In both cases (see Figures 7.3.c and 7.3.d) their level of worry changed from “not 

worry” to “the average level of worry”. A comparison of Figures 7.3.a-b with Figures 7.3.c-d shows 

that if Dutch citizens experienced flooding in another location, possibly another country, then their 

risk perception increased. However, if they experienced flooding in Schelde then this experience 

did not affect their risk perception at all and probably even lowered it. One possible explanation for 

this behaviour may be that after the devastating flooding of 1953 the Dutch government promised 
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that “it would never happen again”. With the implementation of the massive Delta plan – a system 

of dikes that protect Dutch Delta –the Netherlands obtained very high safety standards. Specifically 

in the area where the survey was administered the probability of flooding, according to the leaglly 

stipulated standards, is once in 4000 years. Dutch safety standards are much higher than elsewhere 

in the world in flood-prone areas. So, probably the experience of being flooded in Schelde was 

overwritten by the guarantees of the coastal flood defense policy in the Netherlands – something 

that was not the case when flood was witnessed in other places around the world. 

7.2.2 Survey results: location factors 

In addition to flood risk perception, the survey studied the importance of various factors when 

choosing where to buy a house. Different branches of economics suggest several reasons, which 

attract residential developments. Among them are the proximity to the employment centre 

(expressed in distance and time costs), environmental and urban amenities, public goods and social 

network connections. In this chapter we report only the survey results relevant to the general line of 

the thesis. Specifically, the importance of proximity to the employment centre, of green amenities 

and that of safety will be discussed. Figure 7.4 reports that time and distance to work are the two 

most important factors with the means of 3.34 and 3.27 and standard deviations of 1.44 and 1.41, 

respectively.  

 Many people considered 

environmental amenities, 

including coastal 

amenities, as an 

important factor (mean 

2.97, st.dev. 1.32). 

However, amenities are 

less important to Dutch 

people compared to 

travel time costs to work.  

Safety from flooding is 

the least important factor 

for Dutch people in their 

choice of a location to 

buy a house (mean 2.52 

                                                 
51 R code to create this graph is based on the example presented on http://tables2graphs.com/doku.php?id=03_descriptive_statistics  

 

Figure 7.4: Importance of different factors for people buying a house. X 
axis: 1 – absolutely not important, 5 – extremely important. A number in 
brackets along Y axis is number of observations. A circle symbolizes the 
mean value, solid line shows st.dev., dotted line connects min and max 
values51. 
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and st.dev. 1.73). This means that an average respondent might settle in the flood-prone area along 

the coast if it provides coastal amenities, since importance of the latter is higher than safety for him.  

The four factors influencing the location choice follow different distributions. Importance of travel 

time to work and the distance to work are almost identical: the majority of respondents considered 

this factor as extremely important or very important (Figure 7.5.a and 7.5.b). Preferences for 

environmental amenities are less pronounced with a small peak in the middle (Figure 7.5.c). 

Preferences for choosing a house in a safe area appeared to be very polarized. The majority of 

respondents found it as not important at all (49%). However, another 27% thought that safety from 

flooding was extremely important leaving just a small share of the sample in the neutral zone. 

Obviously, the first category of people are those who have low flood risk perception and the second 

one are individuals who are more aware of flooding. 

 

  

  

Figure 7.5: Distribution of responses about importance of each factor while choosing a house to buy (1 – 
absolutely not important, 5 – extremely important). 
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7.2.3 Survey results: willingness to pay questions 

Our survey used a contingent valuation (CV) approach to elucidate respondents’ perceived 

monetary value of coastal amenities and safety from flooding attached to location. Willingness to 

pay (WTP) is a direct measure of a nonmarket resource being valued by asking respondents to state 

what they are willing to pay, not what they have actually paid. Therefore, compared to hedonic 

pricing it is not a value revealed from actual transactions but rather a value that respondents state at 

a hypothetical market. Stated and revealed preferences data (in other words hypothetical and actual 

demand functions) may sometimes be inconsistent (Shabman and Stephenson, 1996; Ready et al., 

1997; Alberini et al., 2007). The CV method was used to value both environmental amenities 

(Alberini et al., 2005) and flood risk (Shabman and Stephenson, 1996). Although often it is the 

hedonic price technique which is used to extract the value of spatial attributes (such as amenities or 

flood risk) from the property value, there were reasons for us to use the CV method. One of the 

primary objectives was to capture whether Dutch people react to coastal flood risk in a property 

market. Since coastal flooding in the Netherlands is a rare event and risk perception is low, it is very 

unlikely that housing prices in the past have integrated flood risk. In the few recent years public 

attention was attracted to the issue of coastal disasters, particularly after hurricane Katrina. So, risk 

perception might have risen and people might start to be willing to pay for safety. Second, the 

Poelmann Commission has advised to allow developments in the unprotected areas of coastal towns 

(Rijkswaterstaat, 2002) in case individuals take these risks (Poelmann Commissie, 2005) (also see 

Chapter 6). However, the implementation of this advice is still under discussion. There is no official 

decision yet, as there are no actual transaction data, which can show whether people are willing to 

pay extra for flood safety or not. Thirdly, we wanted to grasp whether Dutch people do value more 

the houses that are built on artificial higher grounds compared to houses below sea level. There is a 

pilot project in the Netherlands to build developments on higher elevations, but there are no actual 

sales and transaction data for such housing. However, it is important to understand whether 

individuals in general would be willing to pay something for residing above sea level.  

Four questions were asked, all designed in the same way: “Assume that you are considering 

buying a house. You have seen two identical houses, A and B, which suit your requirements (in 

terms of the type of house, number of bedrooms, floor area and land lot, etc.). The only difference 

between the houses is that the house A has a water view and house B does not have it. The house B 

costs €200.000 all inclusive. How much at most are you willing to pay for the house A?” The 

objective of this question is to determine the individual WTP for a coastal amenity. The average 

house price in the Zeeland province was taken as the base price for the similar house without sea 

view.  
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The second question followed a similar scenario and asked about the WTP for a house in a 

safer area given that the base house price was €200.000. We did not ask for exact probability 

numbers here because this would be hard to communicate to people, and because there was no 

space in this survey for this52. Thus, we just used qualitative characteristics of “more safe”. The 

third question asked about the WTP for a house located above sea level. The aim of this question is 

to elucidate the individual WTP for the house built on higher grounds. The idea of building new 

development uphill, i.e. on “terpens”, is discussed in the Dutch water management, which served as 

a motivation for this question. The fourth question asked about maximum amount of tax a 

respondent was willing to pay monthly to double safety standards. It correlates with the idea of a 

local public good (being safety in this case) being financed by taxpayers (Tiebout, 1956). 

The majority of respondents stated that they were willing to pay a positive amount for each 

location attribute (see Table 7.3). From 3% to 5% of the respondents expressed their willingness to 

be compensated instead (negative payment). About 17%-34% of the sample were indifferent (see 

“zero payment” in Table 7.3).  

Table 7.3: Percentages of respondents answering the WTP questions (n=436) 

Variable 
(n=436) 

Negative 
payment 

Zero 
payment 

Positive 
payment 

No answer 

WTP for coastal amenity 5.05% 17.2% 63.99% 13.76% 
WTP for safety 3.9% 16.97% 66.51% 12.61% 
WTP for being above sea level 3.21% 33.49% 51.38% 11.93% 
WTP for safety tax NA 23.62% 71.56% 4.82% 

 

For further analysis we consider only positive WTP statements, excluding the “protest” 

responses. The mean value of the four WTP measures are reported in Table 7.4 (standard deviation 

and sample size are presented in braces) for four groups: 1) all in sample, 2) respondents who had 

coastal flood experience (FE) in Schelde, 3) those who had flood experience elsewhere and, finally, 

4) those who did not have any flood experience. In general respondents who had flood experience 

in Schelde or elsewhere are willing to pay more for safety compared to people with no flood 

experience: 23.64%, 27.22%, and 23.64% above the base house price, correspondingly, compared 

to 22.08%. The same happens with the WTP for being above sea level (20.74% and 23.84% of the 

base house price compared to 17.69% for people with no flood experience). People with flood 

experience are willing to pay higher monthly tax for increasing safety standards compared to people 

with no flood experience. However, the same happens with the WTP for coastal view, which is 

either contrary to rational logic or implies that people do not assosiate the proximity to the coast 

(i.e. coastal view in this case) with any flood risk. 

                                                 
52 These questions were part of a bigger survey carried out under the umbrella of another project with its own aims. Thus, the space 

for questions was limited. 
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Table 7.4: The mean WTP53 (Notations: Mean (sd / n)) 

Variable 
 

All With FE in 
Schelde 

With FE 
elsewhere 

No FE 

WTP for coastal amenity 44229 
(30782 / 279) 

46713 
(31994 / 143) 

47046 
(28739 / 44) 

39709 
(28713 / 103) 

WTP for safety 47069 
(30018 / 290) 

47273 
(30378 / 143) 

54444 
(29885 / 54) 

44151 
(29110 / 106) 

WTP for being above sea level 40380 
(30672 / 224) 

41479 
(33541 / 115) 

47674 
(31308 / 43) 

35380 
(24920 / 79) 

WTP for safety tax 23.5 
(25.6 / 321) 

25.1 
(26.9 / 159) 

29.4 
(33.1 / 57) 

18.9 
(20.3 / 110) 

 

As it can be seen from the table, the average WTP value for each attribute of a location 

(coastal amenities, safety from flooding, being above sea level and safety tax) is almost the same as 

its standard deviation. This diversity in responses might have been caused by differences in 

individual preferences for coastal amenities and individual beliefs about the actual risks associated 

with flooding. Since the main focus of this thesis is coastal risk, we further focus mainly on the 

analysis of the WTP for safety and test the internal validity of the WTP responses. The results of the 

regression analysis of the four WTP measures explained by dummy variables are presented in Table 

7.5. 

The specification of the regression function includes income level and the level of worry 

about flooding affecting the respondent personally. Such factors as sex and age appeared to be 

insignificant. Additionally, we tested whether the individual WTP for safety from flooding is 

dependent on how much a person trusts the government to take flood defence measures (TRUST), 

and on how much the respondents are preparing for flooding themselves (PREP). Two variables 

TRUST and PREP appeared to have no statistical significance for the value of WTP for safety. The 

R2 of the regression is low, 0.08, which implies that the mean value of the WTP for safety is not a 

very good representation of the average value of the population. It shows again that people have a 

low flood risk perception (shown directly by this survey and also confirmed by the results of others 

(Kaiser et al., 2004; Terpstra and Gutteling, 2008)). Without being able to judge about actual flood 

risks, individuals answered irrationally. The data provides us with interesting insights into 

individual judgments on flood risk and decisions to buy a house. 

Table 7.5: Regression analysis of the WTP for safety54.  

 Estimate 
 

St.error t-value Pr(>|t|) 

Intercept -152283.2 93077.7 -1.64 0.102 
Ln(wage) 35283.8 8784.6 4.01 0.0 
Level of worry [1;5] 6033.9 1647.7 3.66 0.0 

 

                                                 
53 Only respondents who stated positive WTP are considered 
54 Only respondents who stated positive WTP are considered 
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According to economic logic it was expected that the value of the WTP should increase with 

income. In fact, the WTP for safety is positively and significantly associated with individual wages. 

The factor representing individual worry about effects of flooding is also positive and significant. 

This goes in line with our expectations since the more person is worried about flood risk the more 

he will be willing to pay for a house located in the safe zone. 

7.3 Agent-based modeling and survey data 

7.3.1 Motivation and a review of the existing spatial ABMs using survey data 

Modeling land use change inevitably involves modeling of individual behavior of land users in 

addition to modeling of the spatial environment. The processes in the environment usually follow 

some physical laws. However, it is less straightforward for a modeler how to describe the process of 

human decision making (Berger and Schreinemachers, 2006; Brown and Robinson, 2006; Stites, 

2006). While it is relatively easy to model the mechanistic part of an ABM such as the spatial 

environment, where dynamics is described by a set of straightforward deterministic rules (possibly 

with some uncertainty intervals), for human-beings it is not possible to say exactly how they (or, 

rather, we) make decisions. Theoretically, land use behavior is well formalized in economics (see 

Chapters 3 and 4 for discussion). However, decision making of an individual economic agent with 

respect to land is fully based on the assumption of rational maximization, equilibrium, and 

representative behavior. In reality people are boundedly rational, their behavior is often 

unrepresentative, they choose different strategies in the same situation, their decisions are biased by 

previous experiences and emotions, and people sometimes make irrational decisions. All these 

observed characteristics of human behavior make it difficult to use stylized theories of human 

decision making at the micro-level. Thus, how people make decisions (e.g. about land use) remains 

a black box for a modeler. The only way to open it a bit is to analyze real world micro-level data.  

Empirical ABMs need micro-level information about agents’ characteristics and/or agents’ 

behavior due to their bottom-up nature. Normally, this micro-information is not available in 

national statistical reports since those largely provide aggregated data. Micro-level data could 

probably be obtained either by observing decision-making of a land-user in a controlled 

environment (for example in a role-playing game (Barreteau et al., 2001; Bousquet et al., 2005)), or 

from interviews with stakeholders and during participatory workshops with them, or by gathering 

data in the form of surveys (Fernandez et al. 2005; Brown and Robinson 2006). Extensive 

discussion of the empirical methods used to build ABMs is presented by Robinson et al (2007). 
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Having access to the data from the above described survey in the Dutch province of Zeeland, 

we wanted to explore how it can be used in our ALMA-C ABM. Using surveys to feed ABMs with 

information about attributes and behaviors of agents is a natural step towards empirical modeling. 

Models in marketing (Bonabeau, 2002) and ABMs of financial markets (Hommes, 2006) pay more 

attention to using information obtained from survey data in ABMs compared to spatial ABMs, 

because they often have extended micro-information about individual market decisions. This is 

rarely the case for land market and other spatial models. Due to the costs of micro-level information 

acquisition and other challenges (Berger and Schreinemachers, 2006; Haase et al., 2008) not many 

spatial ABMs use survey data, but their number is growing. Beger (2001) defines three types of 

farm-level decision rules with respect to innovation diffusion in line with three groups of farm-

households identified in the survey in the agricultural sector. Bonabeau (2002) describes the 

TRANSIMS model, which simulates the population daily travel pattern in large metropolitan areas 

while information about agents’ trips (origins, destinations, routes and timing) is taken from the 

surveys. An et al. (2005) explore the impacts of growing urban population on forests and panda 

habitat in China and instantiate agents with households’ survey data about socio-economic 

situation, social network and attitudes towards fertility. Berger and Schreinemachers (2006) 

parameterize household agents with survey data from two farming villages in Uganda to explore the 

effects of unsustainable farming practices and increasing poverty as well as alternative policy 

interventions. Brown and Robinson (2006) explore several options to draw distribution of 

residential agents’ preferences from survey data and analyze spatial urban patterns in each case. 

Haase (2007) uses survey data about individual preferences for location (accessibility, social 

infrastructure, noise etc.) for a model of residential mobility in a shrinking city. All this experience 

of using survey data in populating ABMs provides useful ground for further exploration of this 

topic since many methodological questions are still to be resolved. 

7.3.2 Data from the survey in the Dutch province Zeeland and ALMA-C 

The survey about location preferences and individual risk of flood perception presented in section 

7.2 provides various micro-level data about factors influencing individual location choice. There are 

three sets of micro-data that are interesting to use in the ALMA-C model: importance of various 

spatial characteristics, individual WTP, and worry that flood event might affect a respondent 

personally. These three sets of survey data can in principle be associated with three corresponding 

data requirements of the ALMA-C model: preference in the utility function, willingness to change a 

bid on a house because of the presence of some spatial attributes, and perception of potential flood 

risk. Let us discuss each data-model parameters match separately. 
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Importance of spatial characteristics such as environmental amenities or proximity to the 

employment center for the individual choice of location technically can enter agents’ utility 

function (Equation 4.4. in Chapter 4 or Equation 5.2 in Chapter 5) as alpha and beta coefficients. 

The distribution of these coefficients can be drawn from the distribution of two factors: time to 

work (Figure 7.5.a) and environmental amenities (Figure 7.5.c). However, it is important to note 

that the survey was disseminated in the province of Zeeland, which covers not only coastal cities 

but also many other towns landwards. Due to technical and funding issues55 the survey could not be 

distributed in coastal towns only, which would be better for the purposes of this study. Thus, the 

survey data reflects the location preferences of Dutch citizens living in different cities, not only in 

coastal ones. As expected, time and distance to the employment center exhibit higher importance to 

the respondents living in the province (see Figure 7.4) compared to that of environmental amenities. 

In contrast, ALMA-C is a monocentric model and aims to simulate a small coastal town. Very often 

small coastal towns in the Netherlands become attractive only because they provide rich coastal 

amenities compared to similar small towns more landwards. The developments along the coast in 

such towns as Bergen aan Zee (Figure 6.2 in Chapter 6) are often holiday houses, which is likely to 

indicate that people who bought houses in these coastal towns have high preference for coastal 

amenities. Thus, it might not be accurate to parameterize agents operating in a monocentric coastal 

city with a distribution of preference of people from the whole province. Consequently, we leave 

preference parameterization for future work when ALMA will be extended to account for multiple 

or polycentric cities.  

The WTP for different spatial attributes stated by the respondents might be used to 

parameterize the WTP functions of residential buyers (Equation 4.5 in Chapter 4 and Equation 5.4 

in Chapter 5). Theoretically the estimated WTP for each spatial attribute, which follows some 

distribution with the mean and standard deviation, contributes to the overall bid that economic 

agents are willing to offer for a spatial good. Practically, the WTP values stated by the respondents 

are quite controversial. In particular, the means and standard deviations of the WTP measures are 

almost the same (see Table 7.4). Test for the internal validity of the WTP estimates showed that R2 

is quite low. These two facts keep us from expanding these responses to Dutch population in 

general. However, the fact that about 50% to 70% of respondents (see Table 7.3) are willing to pay 

for coastal amenities, for a higher level of safety from flooding, for developments on higher 

elevation and for a flood safety tax, allows us to draw a general trend. For example, it is very likely 

that Dutch people will pay more for a house with coastal view compared to the similar house 

without it. Nevertheless, we cannot for sure say how much this WTP is and which of the factors 

                                                 
55 The questions, which are analyzed in section 6.2, were part of a bigger survey carried out under the umbrella of another project 

with its own aims. Thus, the space for questions and scope of respondents were given to us exogenously.  
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(e.g. coastal view or safety from flooding) would outweigh the other ones in the overall WTP for a 

house. Thus, unfortunately, we will postpone the integration of the WTP responses in the ABM 

land market model until other data are available.  

Worry that flood event might affect a respondent is an element characterizing individual risk 

perception according to the psychometric risk perception theory (Slovic, 1987; Krywkow et al., 

2008). According to Slovic (2002) risk perception is a feeling rather than analysis of specific 

probabilities of a hazard. In Chapter 5 we run ALMA-C with agents having heterogeneous beliefs 

about probability of coastal flooding or erosion, i.e. having subjective probability of a hazard. Thus, 

in Chapter 5 risk perception was treated more in line with the concept of “risk as analysis” (Slovic 

et al., 2004) and the traditional economic concept of expected utility. Here the survey question 

about “worry” goes more in line with the concept of “risk as feelings”. Feelings are qualitative 

information – something sociological surveys normally deal with. Any model needs some kind of 

formalization of information. Naturally, there should be a decision made how to use qualitative 

survey information in the formal rules of the model (Haase et al., 2008). One way is to have worry 

about a flood event affecting someone personally be interpreted as individual perception of 

potential damage. The level of worry an individual has about potential negative effects might be 

formalized as a perceived damage individual thinks he might acquire by buying a house in a flood 

or erosion-prone area. In other words, individual worry about flood event affecting him personally 

might be used to parameterize the damage coefficient Cdam (see Equation 5.2 in Chapter 5). Note, 

that the level of worry in Figure 7.1 varies from 1 to 5 and damage coefficient Cdam varies from 0 to 

1. Thus, to be able to use the distribution of worry to parameterize damage coefficients in the 

ALMA-C model we normalize them. The mean value is also translated to the appropriate number 

on the scale from 0 to 1. Specifically, the average damage coefficient is 0.33 now. 

7.4 Experiments with the ALMA-C model 

As discussed in the previous section we will use the distribution of the individual level of 

worry about a flood event affecting respondents personally to parameterize individual damage 

coefficients in the ALMA-C model. We run three experiments with a population of agents having 

individual damage coefficients parameterized in three ways. In the first set of simulations agents 

have homogeneous damage coefficients equal to the average survey value (Cdam=0.33). Second set 

of experiments is performed with agents that are heterogeneous with respect to damage coefficient. 

The proportion of agents’ having a certain damage coefficient on the scale from 0 to 1 is chosen 

according to the proportion of respondents answers about their level of worry. Note, that 

distribution of damage coefficients in the second case is skewed as in the survey results. In the third 
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experiment agents are instantiated with heterogeneous damage coefficients drawn from the uniform 

distribution. Each experiment run was performed 30 times to avoid random biases in the results. 

The aggregated results of the ALMA-C simulations are spatially explicit rent gradients (i.e., 

realized land transaction prices at different distances from the city center), spatial patterns, and a set 

of economic and spatial metrics (bid, ask and transaction prices, average individual utility, total 

welfare of the urban population, urban size, and urban extent) the meaning of which was discussed 

in Chapters 4 and 5. In addition we estimate land rent gradient in the tradition of spatial 

econometrics.  

All three experiments discussed in this chapter were performed on a 35x63 cell landscape, 

initialized with 1890 buyers and 1890 sellers. Residential buyers are homogeneous with respect to 

their preferences for green amenities, proximity to the CBD, and incomes. The only difference 

between the three experiments is the way individual damage coefficients of buyers are instantiated. 

Sellers are agricultural agents and their ask price is a price of agricultural land. The model 

parameters used in three experiments are listed in Table 7.6. 

Table 7.6: Values of parameters in the simulation experiments 

Symbol Meaning Exp 7.1 Exp 7.2 Exp 7.3 
Y Individual budget 800 800 800 
Pag Price for agricultural land 200 200 200 
TCU Transport costs per unit of distance 1 1 1 
b Constant in WTP formula56 70 70 70 
 Individual preference for green 

amenities 
0.6 0.6 0.6 

CPF1 Coefficient in the Equation 4.157 0.88 0.88 0.88 
CPF2 Coefficient in the Equation 4.1 4 4 4 
RPdev Individual flood risk perception 

deviation 
0 0 0 

PFobj at the coast Probability of flooding    
Cdam Flood damage coefficient 

0.33 
Survey 

distribution 
Uniform 

distribution
avCdam Mean Cdam in the buyers population 0.33 0.33 0.5 

7.4.1 Experiment 7.1: Agents with homogeneous coefficient of perceived damage equal 

to the mean value of the survey sample 

In this experiment we simulate a coastal city where a risk of flooding or erosion is present and 

agents estimates of potential risk (i.e. individual damage coefficients) are based on the empirical 

survey data. Agents’ damage coefficient is homogeneous and equal to the mean of the survey 

sample. Exp 7.1 employs representative agent traditional for the conventional analytical model. 

Urban economics offers two analytical models each of which account for one spatial attribute: 

coastal amenities (Wu, 2001) and natural hazard risk (Tatano et al., 2004).  

                                                 
56 See Chapter 4  for the details of WTP-WTA estimation 
57 See Chapter 4 for Equation 4.1 
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To our knowledge analytical model, which 

combines both factors, does not exist. But if would 

exist, it might be interesting to compare results of 

Exp 7.1 to the analytical model since the assumptions 

are the same. Moreover, if any predictions need to be 

made for policy and decision-support then most 

likely they would employ the conventional 

equilibrium model with averages of empirical data 

used. Since ALMA passed structural validation (i.e. 

proved to resemble the results of the analytical model 

if models assumptions are the same – see Chapters 4 

and 5 for details), it is likely that Exp 7.1 would 

resemble the results of an analytical model with the 

damage coefficient of an average citizen as in survey 

data. The macro-outcomes of bilateral trading in this 

urban land market are presented in Table 7.7. Figure 

7.7 shows the rent gradient of the realized 

transactions. 

The top part of Figure 7.6 shows the graphical 

form of the probability of natural hazard function 

(see Equation 6.1 in Chapter 6 and parameters in 

Table 7.6), which is distant-dependent form the 

coast58. Its horizontal axis matches the map below. 

The bottom part of Figure 7.6 is the rent gradient of 

the realized transactions. As before the dark area on 

the left represents the ocean and the white circle in 

the middle is the CBD. The intensity of grey color 

symbolizes the value of land: the darker the color, the 

higher the land price. Light-grey area represents rural-urban fringe. Similarly to the experiment 5.2 

in Chapter 5 land prices decrease with the distance from the CBD. There are no developments in the 

immediate proximity to the coastline: agents’ expected utility there is too low making their bid price 

impossible for a successful transaction. Note, that this happens even if the average “worry”, i.e. 

coefficient of perceived damage, is skewed to the left meaning that in average Dutch people are not 

                                                 
58 The fact that probability of erosion or flooding is distant-dependent from the coast is oversimplification. However, assuming that 

the spatial landscape has a homogeneous topography it can serve as an assumption. See Chapter 5 for more discussion.  
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Figure 7.6: Top: function of the probability of 
a coastal hazard as a distance to the coast. 
Bottom: Rent gradients, Exp 7.1: homogeneous 
agents parameterized  with the mean  value  
from the survey 
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worried about the risk of coastal hazards. We will call the line at which the city’s left seawards 

border stopped the “safety contour” to refer to it in the future.  

Table 7.7: Economic and spatial metric outcomes of the ALMA-C experiments 

 Exp 7.1 Exp 7.2 Exp 7.3 
Utilityindiv, mean 42.46 42.95 42.59 
Utilityindiv, sd 0.94 1.2 1.06 
Aggregate utility, mean 16982.79 26717.25 22843.56 
Aggregate utility,sd 0 5.5 273.73 
Bid price, mean 212.46 215.61 213.33 
Bid price, sd 7.87 9.74 8.66 
Transaction price, mean 206.23 207.81 206.67 
Transaction price, sd 3.94 4.87 4.33 
Total land value in the city, mean 82492.08 129256 110841.6 
Total land value in the city, sd 0 20.07 1322.52 
City cize, mean 400 622 536.33 
City cize, sd 0 0 6.39 
City border, mean 22.02 26.93 23.58 
City border, sd 0 0 0.68 
Urban cells seaward from safety contour, mean 0 204 121.9 
Urban cells seaward from safety contour, sd 0 0 6.38 
Total value of land seaward from safety contour, mean 0 42913.45 25267.48 
Total value of land seaward from safety contour, sd 0 0 1316.47 

If we consider model-generated transaction price as a function of two spatial characteristics 

(distance to the coast and to the CBD) graphically property values can be represented as a surface in 

a 3D space. Figure 7.7 shows a 3D scatterplot of the transaction data from Exp 7.1 at different 

angles. The highest dots along the vertical axis represent highest land prices. Note that this is not a 

3D representation of the landscape, but a 3D visualization of a realized land rent gradient. The 

stripe closest to the coast is lower (i.e. land price is lower) than neighboring stripes more landwards. 

The rent gradient of the model-generated data was estimated with the help of a regression 

model. Land rent is assumed to be a function of the distance to the CBD and distance to the coast. 

Cubic regression showed a good fit (R2=0.98, Table 7.8).  

 



 148 

 

Figure 7.7: 3D scatterplot of transaction prices for Exp 7.1: coefficient of perceived damage is equal 
to the mean value of the survey sample 
 

Table 7.8: Cubic regression of simulated land prices  

(Notations: Estimate(st.error / t-value); Dam – distance to the coast, Dcbd – distance to the CBD) 

 Exp 7.1 Exp 7.2 Exp 7.3 
R2 0.9776 0.9729 0.7749 

Intercept 
181.26 

(0.28 / 644.93) 
223.13 

(0.18 / 1252.73) 
213.6 

(0.48 / 449.31) 

Dam 
10.58 

(0.08 / 141.03) 
-1.41 

(0.04 / -34.69) 
0.89 

(0.11 / 8.31) 

D2
am

 -1.02 
(0.01 / -150.82) 

0.08 
(0 / 22.71) 

-0.07 
(0.01 / -8.23) 

D3
am 

0.03 
(0 / 136.76) 

0 
(0 / -34.17) 

0 
(0 / -5.66) 

Dcbd 
-0.79 

(0.03 / -23.31) 
-0.66 

(0.03 / -20.84) 
-0.97 

(0.09 / -11.15) 

D2
cbd 

0.0184 
(0.002 / 9.95) 

0.004 
(0.002 / 2.16) 

0.0297 
(0.005 / 5.48) 

D3
cbd 

-1.00E-04 
(0 / -2.35) 

-3.00E-04 
(0 / 2.16) 

-4.00E-04 
(0 / 5.48) 

D2
am * Dcbd 

0.0021 
(0 / 10.51) 

-2.00E-04 
(0 / -1.50) 

0.0025 
(0 / 6.63) 

Dam * D2
cbd 

-0.003 
(0 / -24.63) 

2.00E-04 
(0 / 1.97) 

-0.0026 
(0 / -9.07) 

Dam * Dcbd 
0.0172 

(0.005 / 3.58) 
0.0022 

(0.004 / 0.56) 
0.0111 

(0.011 / 1.05) 

 

Graphical representation of the estimated rent gradient is shown in Figure 7.8 by a green 

curve. Motivation and detailed explanation of the graph is presented in Section 5.2 of Chapter 5. In 

summary, Figure 7.8 presents a 2D cross-section of the city land values done along the 

perpendicular connecting CBD to the coast. Axis Y represents the value of a spatial good, and axis 

X represents distance to the coast. Since the cross-section is done along the perpendicular 



 149

connecting CBD to the ocean, the distance to the CBD (situated 8 spatial units away from the coast) 

can be directly translated into distance to the coast (using DCBD=|Dcoast-8|).  

Rent gradient from Exp 7.1 (green line) peaks at the CBD and decreases seawards because 

agents perceive risk (their coefficient of perceived damage is equal to the mean value of the survey 

sample). Developments do not expand beyond the safety contour.  

 

Figure 7.7: 2D cross section of rent gradient 

7.4.2 Experiment 7.2: Agents with heterogeneous coefficients of perceived damage 

parameterized using the survey data 

In Exp 7.2 we model a coastal city where a risk of a coastal hazard is present and agents’ 

coefficients of perceived damage are heterogeneous and are based on the distribution of ‘worry’ 

observed  in the survey data. Thus, the difference with Exp 7.1 is that a representative agent with 

the damage coefficient equal to the mean value of the survey sample is replaced by a heterogeneous 

population of agents imitated with the empirical distribution of “worry”. Statistical bias between 

Exp 7.1 and Exp 7.2 is absent since average perceived damage coefficient of heterogeneous agents 

is equal to the mean value of survey data, i.e. damage coefficient in Exp 7.1.  
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Average bid price and consequently transaction price in Exp 7.2 is a bit higher than in Exp 7.1 

(see Table 7.7). Since there are agents in the population that have low perceived damage 

coefficients, they will underestimate risks even more than the representative agent in Exp 7.1, 

whose damage coefficient is already skewed to the left. Thus, these economic agents value land in a 

flood-prone zone quite high (because the proximity of coastal amenities is present and flood or 

erosion risk is not perceived). As a result spatial patterns in Exp 7.2 differ significantly from Exp 

7.1 in spite of the fact that micro-attributes of agents in two experiments are on average the same. In 

contrast to Figure 7.6 almost all the area along the coastline in Figure 7.8.a is converted into 

developed use. On average about 204 cells were converted into urban use in the zone seaward from 

safety contour making up to 33% of the total property value in this coastal city economically 

inefficient and under risk (Table 7.7).  

Figure 7.8.b shows the distribution of agents’ perceived damage coefficients. Notably, the 

most seaward area where the probability of flooding or erosion is significant (see upper part of 

Figure 7.6) is occupied by agents with the lowest perceived damage coefficient, Cdam=0. At the 

same time agents with higher Cdam (darker color in Figure 7.8.b) settle more landward. This sorting 

is an emergent model outcome, since it is a result of a land market allocation. Specifically, agents 

with Cdam=0 have much higher expected utility along the coast compared to agents with Cdam>0. 

Thus, the former outcompete those with higher worry about potential risk of a coastal hazard.  

One can also observe that, in spite of the fact that agents are heterogeneous, the land prices 

over almost the whole landscape are dispersed as if there were homogeneous agents operating in the 

land market (compare Figure 7.8.a to Figure 5.3 in Chapter 5). There is dispersion in land prices 

only in the area bordering the safety contour. This can also be seen from the 3D scatterplot of 

transaction data from Exp 7.2 (Figure 7.9). This is not something we had expected but there is an 

explanation for this. Agents are heterogeneous only with respect to their coefficients of perceived 

damage so they differ from each other in their bids on the spatial goods characterized by different 

probability of a coastal hazard. The market allocates agents with zero damage coefficients seawards 

from the safety contour (Figure 7.8.b). It implies that these economic agents are homogeneous since 

they do not feel any risk and bid in the land market as if there was no flood or erosion risk 

disamenity associated with this land (i.e. results for the land transactions seawards form the safety 

contour are comparable to those in Exp 5.1 in Chapter 5). Landwards from the safety contour there 

are agents heterogeneous with respect to their perceived damage coefficients (Figure 7.8.b) but the 

actual chance of a coastal hazard is already approaching zero (upper part of Figure 7.6). It makes 

spatial landscape homogeneous with respect to flood/erosion risk, so heterogeneous damage 

coefficients do not affect transaction prices. This situation resembles Exp 5.2 in Chapter 5. There is 
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only a narrow stripe of land in the immediate proximity to the safety contour where the actual 

probability of flooding/erosion is still essential and agents with non-zero coefficients of perceived 

damage find it economically efficient to locate.  

  

a) Rent gradients b) Map of perceived damage coefficients of agents 
settled in the city. White color means Cdam=0, 
darkest red means Cdam=1 

Figure 7.8: Results of Exp 7.2: heterogeneous agents parameterized with empirical survey data 

The 2D crossection of the land rent gradient represented as a red cubic regression curve in 

Figure 7.7 behaves very different from the green curve showing estimated land rent gradient of data 

from Exp 7.1. The estimated land gradient from Exp 7.2 not only goes beyond the safety contour. 

The red curve also grows with proximity to the coast meaning higher land prices in the area beyond 

the safety contour and consequently, higher direct potential damage in the case of a hazard – all 

caused only by the empirically-parameterized heterogeneity among agents. 
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Figure 7.9: 3D scatterplot of transaction prices for Exp 7.2: agents with heterogeneous coefficients 
of perceived damage parameterized using the survey data 

7.4.3 Experiment 7.3: Agents with heterogeneous coefficients of perceived damage 

parameterized using uniform random distribution 

In the first two experiments we used survey data to parameterize agents’ perceived damage 

coefficient. The survey carried out in the Dutch province of Zeeland elucidated individual opinions 

concerning worry about risk coastal hazard. This implies that respondents gave a thought to the 

current coastal flood situation and stated their feelings towards risk. Apparently, the risk awareness 

is low (i.e. distribution of worry is skewed). We are interested to compare the results of the previous 

two experiments with the outcome of the simulation where agents are assumed to have completely 

random coefficients of perceived damage. This case can be compared to the situation where people 

do not have any information at all about potential flood risk and just make a wild guess about the 

effect it might exhibit. In Exp 7.3 we parameterize agents’ damage coefficients with uniform 

distribution. This experiment shows what the aggregated land market outcomes will be if nothing is 

known about agents’ real-world distribution of worry about flood risk and if they are assumed to be 

completely random. 

The first difference from Exp 7.2 manifests itself in the spatial morphology of the city as can 

be seen from comparison of Figures 7.10.a and 7.8.a. The city border has shrunk by 12% and urban 

population has decreased by 14% as can be seen in Table 7.7. The amount of urban cells seawards 

from the safety contour has decreased almost twice compared to Exp 7.2. The proportion of total 

property value liable to the economically inefficient risk is 23% of the total value in the city 

compared to 33% in Exp 7.2. 
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a) Rent gradients b) Map of perceived damage coefficients of agents 
settled in the city. White color means Cdam=0, 
darkest red means Cdam=1 

Figure 7.10: Results of Exp 7.3: heterogeneous agents parameterized with uniform distribution 

In comparison to Exp 7.1 completely random agents in Exp 7.3 caused the city to expand but 

not at all at the extent the agents with real-world perception of flood risk did in Exp 7.2. Two facts 

need to be mentioned here. First, agents in Exp 7.2 are parameterized with skewed empirical 

distribution and agents in Exp 7.3 are parameterized with uniform distribution (avCdam =0.33 vs. 

avCdam =0.5, Table 7.6). So, it might not be so surprising that balanced uniform distribution causes 

fewer developments in the risky zone compared to the skewed to the left distribution of worry. 

Nevertheless, other studies report that a uniform distribution provides the upper bound of variation 

of aggregated outcomes compared to the parameterization with survey data (Brown and Robinson, 

2006). Second, a land market, with heterogeneous agents parameterized with a uniform distribution, 

allocates more developed land in the zone liable to flooding than a land market with a representative 
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agent with skewed damage coefficient does. Note, that a representative agent is parameterized with 

the mean value of worry from the skewed distribution. However, it is the heterogeneity of agents 

parameterized with a uniform distribution that causes developments in the risky zone. Surprisingly, 

completely random agents making a “wild guess” about potential risks would not invest as much in 

the flood-prone zone as would agents parameterized with the empirical survey distribution do. It 

appears that current governmental policies might lure homeowners to deliberately locate in more 

risky areas. 

The land gradient in Figure 7.10.a is very much dispersed in price range to the left of the 

safety contour and is almost homogeneously declining with distance to the CBD to the right of the 

contour. Similarly to the landscape in Exp 7.2 the landscape landwards from the safety contour has 

a probability of a coastal hazard approaching zero (upper part of Figure 7.6). So, heterogeneous 

agents do not differentiate between cells with almost zero probability of flooding and, thus, behave 

as homogeneous (agents’ preferences for the proximity to the CBD and coastal amenity – two other 

dimensions of spatial heterogeneity – are homogeneous). However, seawards from the safety 

contour – where probability of a coastal hazard matters – heterogeneous agents with uniformly 

distributed damage coefficients bid differently on different spatial goods. Figure 7.10.b shows that 

there is a sorting of agents emerged during the land market allocation, as in Exp 7.2. However, 

agents who settled seawards the safety contour are not all with zero damage coefficients: they have 

very low but still heterogeneous damage coefficients (compare light pink color of cells along the 

coast in Figure 7.10.b to the white color in Figure 7.8.b). As a result the land prices are 

heterogeneous along the coast in Exp 7.3 and are homogeneous landwards (see 3D scatterplot of 

land rent gradient in Figure 7.11). 

Figure 7.11: 3D scatterplot of transaction prices for Exp 7.3: agents with heterogeneous coefficients 
of perceived damage parameterized using uniform distribution 
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The 2D land rent gradient of the transaction prices from Exp 7.3, which is a cubic regression 

(R2= 0.7749) estimation of land price as a function of distance to the coast and to the CBD, is 

shown in Figure 7.7. The blue curve represents a 2D crosssection of a 3D land gradient surface 

along the perpendicular axis between the CBD and the coastline. Compared to the red estimated 

rent gradient of Exp 7.2 the blue curve goes down seawards from the CBD. Even if it still goes 

beyond the safety contour the total value of the property under risk is much lower.  

7.5 Discussions and conclusions 

Combining agent-based modeling with micro-level data from surveys is becoming more 

popular. Naturally, the biggest obstacle in doing so is the costs of acquisition of survey data. In this 

Chapter we analyzed the results of the survey carried out in the Dutch province of Zeeland and 

designed, among other things, to elucidate individual risk perception and factors affecting location 

choice (Krywkow et al., 2008). The survey showed that Dutch people have low or very low worry 

about coastal flooding affecting them personally. The conclusion about low flood risk awareness in 

the Netherlands was also confirmed by other independent surveys (Berg et al., 2002; Kaiser et al., 

2004; Bočkarjova et al., 2008; Terpstra and Gutteling, 2008). Apparently, the level of worry about 

coastal flooding is not correlated with the experience of flooding that respondents had in the 

Netherlands, but does correlate with flood experienced by respondents elsewhere in the world. This 

is probably caused by the fact that the Dutch government promised that coastal flooding should 

never happen again in the Netherlands and current flood risk communication policy is not making 

people aware of and prepared for a potential hazard. The survey also showed that time and distance 

to work are two most important factors that affect individual choice of location. Coastal amenity 

compared to the importance of safety from flooding has a priority for the respondents. For the 

reasons outlined in section 7.3.2 we used only the survey data about distribution of worry to 

parameterize agents in the ALMA-C model. 

We performed three experiments with our ABM of a coastal land market. First, homogeneous 

agents were parameterized with the mean value of worry about flood risk , which meant to show the 

results of a model with a representative agent. Second, heterogeneous agents were parameterized 

with the survey distribution of worry about flood risk, which meant to show the difference between 

using homogeneous and heterogeneous empirical data at micro-level. Third, heterogeneous agents 

were parameterized with a uniform distribution of the coefficient of perceived damage, which was 

to show the difference between micro-level parameterization with skewed data (Exp 7.2) vs. 

uniform data (Exp 7.3). In addition, it meant to compare aggregated land market outcomes with 
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agents that had an empirical distribution of the perceived damage  to outcomes from markets driven 

by agents with  purely random “wild guess” perception of damage.  

From previous chapters we have already seen that the replacement of a representative agent in 

a land market model by a set of heterogeneous ones create bias in aggregated market outcomes and 

lead sometimes to qualitatively different results. The detailed discussion concerning these 

qualitative differences in relation to economic and econometric models using a representative agent 

is presented in Chapter 5 and we will not repeat it here. What is special about Exp 7.1 and Exp 7.2 

is the sue of an empirical distribution to parameterize agents’ micro-attribute, specifically the 

coefficient of perceived damage. Noteworthy, the distribution of this parameter in the survey data is 

skewed (Figure 7.1). It is not be surprising that the population of agents with very low worry about 

potential coastal flood risk would settle in the flood-prone area absolutely ignoring risks.  

The results of the ALMA-C run where agents are parameterized with survey data showed that 

there is sorting occurring through bilateral land market trading. The land market allocates people 

with a lower coefficient of perceived damage closer to the coast. People with high “worry” will 

always bid lower for the land along the coast and higher for the areas farther from the coast, i.e. in 

safer areas. Thus, as the survey showed people with higher level of “worry” have higher WTP for 

safety. In contrast, the people who have low “worry” bid high for the land along the coast. This 

might well correlate with the survey conclusion that the majority of respondents (who have very 

low level of worry about coastal risk) considered coastal view to be more important than safety. 

The results of the land market simulations with heterogeneous agents parameterized with the 

survey data were compared to the results of the market where agents have absolutely random 

uniform distribution of perceived damage. Brown and Robinson (2006) also used a uniform 

distribution of preferences in comparison to the survey distribution to explore their residential 

location model SOME. Their finding is that uniform case represents the upper limit of variation. In 

this chapter we have found that uniform case, i.e. Exp 7.3, produces less variation than the land 

market model with heterogeneous agents parameterized with survey data. This implies that even if 

decisions where made based on absolutely random wild guess about flood risk in the coastal zone 

area, they would still result in fewer developments in the risky, and therefore economically 

inefficient zone, and less potential damage than what is happening when agents in the land market 

have the skewed risk perception specific for the Dutch population. 
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8 Conclusions and discussions 

Understanding the relationships between micro and macro-scales in economic systems is 

essential. From a broad range of topics related to this question, this thesis focused particularly on 

exploring how aggregated phenomena in a land market emerge from interactions of economic 

agents at the micro-level. The interest in interdisciplinary research, particularly in application to 

coastal cities in the Netherlands, encouraged the development of a spatially explicit land market 

model. The goal of the thesis was to identify traceable connections between micro and 

macroeconomic scales in application to a hypothetic city, which replicates the structure and 

complexity of a typical Dutch coastal city. Six research questions, which we review below, were 

answered. Furthermore in these conclusions we outline the achievements, as well as limitations of 

the current and directions of future research. Finally, the considerations for practical applicability of 

the thesis results to coastal risk management are presented. 

8.1 Answers to research questions 

Q1: How do micro-level preferences and perceptions (e.g. flood risk awareness) of economic 

agents affect macro-economic spatial outcomes and how can policy-makers use these micro-macro 

links for coastal risk management? 

In Dutch water management risk is defined as a product of probability of disaster and potential 

damage from it. Thus, decreasing either of the two multipliers can reduce coastal flood risk. In 

Chapter 2 it is shown that macroeconomic features, such as land prices and land patterns, and, 

consequently, potential direct damage in flood or erosion-prone areas, are the outcomes of 

microeconomic decisions in the land market. Moreover, a review of theoretical and empirical 

economic literature demonstrates that if individual risk awareness is high, then property prices in 

flood-prone areas go down, leading to a decrease in direct damage from coastal flooding. 

Conversely, low risk awareness biases microeconomic decisions in a land market, and leads to 

inefficient economic land use outcomes. However, recent surveys on coastal flood risk perception 

carried out in the Netherlands provide evidence that coastal flood risk awareness is low. Policy 

makers may consider affecting microeconomic behavior in a coastal land market, specifically 

individual risk awareness, for the purpose of decreasing total risk in coastal areas. 

The literature review identified four factors that influence risk awareness and have measurable 

effects on individual land market behavior: personal experience, risk communication, financial 

instruments (specifically, flood insurance), and engineering (in particular, building on higher 

elevations). Obviously, only the last three factors can be used by policy makers as proactive risk 
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management instruments. Risk communication is a useful and important tool, however its effects 

might become evident only in the long-term. Flood insurance as a risk communication device so far 

was omitted from the general discussion about its applicability in the Netherlands. However, it is 

very efficient in making individuals integrate coastal risk when they are making location choices. 

Building on higher elevations, in contrast to traditional technical measures, not only decreases 

probability of damage but is also likely to increase individual flood risk awareness. The latter two 

instruments create a ground for shared responsibility between government and individuals for flood 

risk reduction by giving individuals an opportunity to act.  

 

Q2: How can a land market be modeled in a spatially explicit way and what are the challenges 

arising from transforming an economic equilibrium framework into a dynamic spatial context? 

The problem of aggregation in economics in a spatial context along with the needs for 

interdisciplinary applications requires that the land market be modeled in a spatially explicit way. 

Spatial economics concentrates on modeling aspatial land markets, while cellular land use models 

do incorporate heterogeneity and a spatially explicit setup but without explicitly modeling markets. 

Chapter 3 describes a conceptual scheme that accommodates both factors – direct modeling of a 

land market and spatial explicitness, – and then discusses how an agent-based market can be 

formalized. Agent-based modeling was chosen as the appropriate methodology to accommodate 

heterogeneity of agents, their interactions, the spatially explicit heterogeneous landscape, and the 

out-of-equilibrium dynamics. The Agent based Land MArket (ALMA) model was developed. As in 

cellular land use models, the spatial environment is presented by a cellular grid, and as in 

economics, the behavioral part is modeled with agents trading spatial goods (land or housing) on a 

market. 

The ALMA model explicitly includes both demand and supply. As in other agent-based 

markets, the centralized price determination mechanism is replaced by a set of bilateral trades, 

making the transition from an equilibrium framework to a dynamic market with local interactions. 

In addition, land is recognized as a specific good: each spatial good has unique characteristics 

(differentiable), land is immobile and durable, different land uses create externalities, and land is 

not frequently purchased, so that learning about optimal pricing behaviour (frequently used in other 

agent-based markets) is limited. These distinctions of agent-based land markets from conventional 

equilibrium land markets and from other agent-based markets with homogeneous goods call for 

specific methodological solutions (e.g. who are the agents in a land market, how land price is 

determined, etc.). These are discussed in Chapter 3 in detail. 
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Q3: How comparable are the results of a land market with homogeneous agents where the 

centralized equilibrium price determination mechanism is replaced by the spatially distributed 

bilateral trading to the results of the conventional monocentric urban model? 

From a conceptual model we then moved to the actual computer implementation of the 

ALMA model. The program was written using Netlogo software (Wilensky, 1999), which allows 

spatial modeling and is frequently used in social simulations. A monocentric urban model by 

Alonso (1964), the basic model in which many models in urban economics are grounded, serves as 

an analytical base for comparisons. To be able to perform structural validation (Manson, 2002), i.e. 

to see how well the simulation model matches the analytical model, assumptions identical to the 

analytical monocentric model are employed. In particular, all buyers as well as sellers are assumed 

to be homogeneous, and the landscape is a featureless plain except for the exogenously given city 

centre (central business district - CBD). The buyer’s willingness to pay resembles the properties of 

the microeconomic demand function: it increases with income and with utility gained from the 

housing good, while it decreases with transportation costs and with relative prices of other goods as 

comparative statics59 shows (see Chapter 4).  

The experiments with ALMA demonstrate that macro-scale model behavior conforms with the 

qualitative behaviors of the standard model. Specifically, land is traded to the highest bidder, 

transaction prices (land rents) are identical at locations equidistant from the CBD, and land rents 

decline monotonically as distance from the CBD increases. The land rent gradient is downward 

sloping as estimated through regression analysis, using model generated transaction prices as the 

dependent variable, and distance as the independent variable.  

The value added by the agent-based technique is in accommodating features that go beyond 

conventional models. In particular, the ALMA model separates the underlying valuation of buyers 

and sellers (their willingness to pay and willingness to accept) from their bid and ask prices, 

facilitating modeling of alternative pricing behavior, and analysis of the division of gains from trade 

under different market circumstances. The experiments with “buyers” (i.e. when there are more 

sellers willing to sell and buyers are in advantageous situation) and “sellers” (vice versa) markets 

show that the speed of information update affects pricing behavior and creates unjustifiably higher 

bid or low ask prices. It increases the proportion of gains from trade that accrue to the agents with 

relative market power.  

The computer model is developed in such a way that the user can choose from several pricing 

behaviors of both buyers and sellers (whether buyers should bid their actual willingness to pay, or 

whether sellers should account for the market situation, etc.). Agents’ preferences and incomes can 

                                                 
59 Comparative statics is the analysis of the changes of the endogenous variables of a model caused by a change in its exogenous 
variables (i.e. determination of the sign of each partial derivative). 
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also be tuned. In Chapter 4 the model was run for a monocentric city; however, the ALMA model 

provides the possibility to initiate a landscape with green amenities, or a coast/river view. 

Technically, it is possible to upload GIS maps with various spatial characteristics of interest. The 

model produces output files (in comma separated format), which describe each land market 

transaction along with the buyer and seller, their preferences, private pricing information and public 

bid and ask prices as well as spatial attributes of the traded land. Also, all the unsuccessful attempts 

to trade, in which a buyer and a seller did not find it possible to trade, are also recorded for potential 

further analysis. In fact, the ALMA model may serve as a computational laboratory in which a 

researcher has a full understanding of the agent-level and spatial factors that influence bid prices, 

ask prices, and realized transactions. Such a laboratory allows exploring the statistical predictions 

that emerge from land market models, creating an opportunity for greater understanding of the 

potential processes that have generated the transaction data that we observe in the real world. 

 

Q4: What are the results (e.g. land rent gradient, size of the city, welfare metrics) of a spatially 

explicit land market if spatial heterogeneity (amenities and disamenities) and agent heterogeneity 

are introduced? 

Motivated by the problems of Dutch coastal towns, this thesis provides insights into the land 

markets interactions in a coastal town. Chapter 5 expands the previous one by introducing amenities 

(coastal view) and disamenities (probability of flooding or erosion) in the landscape. The results of 

socio-psychological research (Kahneman and Tversky, 1979; Simon, 1997) show that economic 

agents are not really behaving as rational as economic theory assumes, and that people have 

difficulties understanding probabilistic risks (Slovic, 1987). Therefore, Chapter 5 presents another 

experiment with agents having heterogeneous beliefs about the probability of a coastal disaster.  

The coastal land market model (ALMA-C) in a landscape where only amenities are present 

and all agents are homogeneous is an implementation of the analytical urban model of a coastal city 

(Wu, 2001). This structural validation shows that if agents are homogeneous and only coastal 

amenities are present, then the ALMA-C model with a bilateral decentralized market performs 

qualitatively the same as the equilibrium based analytical model. Currently, the analytical urban 

model could incorporate only one spatial attribute in addition to the distance to the CBD: that was 

either the environmental amenity (Wu, 2001) or environmental risk (Tatano et al., 2004). The agent-

based methodology, however, makes it possible to analyze the effects of multiple spatial factors, 

producing a land market model that includes more real-world heterogeneity than conventional 

economic models. It is important to incorporate both spatial amenities and disamenities in the land 

market modeling, especially if they are spatially correlated (Bin et al., 2008). If the probability of 
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coastal erosion is present and individuals perceive it objectively, then this spatial factor serves as a 

distracter for people choosing a location. In this case, at the aggregated level, land prices decrease 

approaching the coast, the seawards city border shifts landwards, and the aggregated utility of 

agents settled in the city decreases.  

The third experiment with the ALMA-C model in Chapter 5 aims at relaxing the agent 

homogeneity assumption: economic agents operating in a coastal land market are assumed to have 

heterogeneous beliefs about the probability of flooding in the city (with a zero, on average, 

deviation from objective probability – i.e. agents expectations are unbiased in comparison to the 

homogeneous case). It is demonstrated that the introduction of heterogeneity at the micro-level 

produces qualitatively different behavior at the macro-level in contrast to a representative agent 

approach. In particular, the land price distribution is different, and urban development expands into 

the zone that a representative agent would consider economically inefficient. Note that, economic 

models used to support policy decisions usually assume a representative agent that, as the 

experiments showed, underestimates developments in the flood-prone area. 

A regression analysis (i.e. estimation of the land rent gradient) is performed on model-

generated data in two stages: first using only spatial attributes of the environment (the data usually 

available for econometric analysis) and, second, including data on the individual characteristics of 

buyers, specifically their subjectively perceived flood probability (usually unobservable directly in 

the real-world). Comparison of the two regressions shows that estimates based only on spatial data 

may give policy-makers a biased picture of land market dynamics. While data about real-world 

perceptions of the probability of flooding is hard to obtain, an agent-based land market model such 

as ALMA-C presented in Chapter 5 can be used as a computational laboratory to understand the 

potential implications of missing data.  

Another important conclusion that resulted from this analysis is the connection between 

aggregated market outcomes (land prices and patterns of urban location) and individual beliefs 

about probability of flooding. The ALMA-C model shows that people who underestimate the 

probability of disaster can drive land market dynamics, causing the city to expand into a high-risk 

zone. 
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Q5: How do land markets respond (in terms of changed land prices, city size, and amount of urban 

developments under risk) to an increasing probability of flooding or erosion? How variations in 

individual perceptions of erosion probability affect aggregated patterns of development? 

 

For many coastal towns in the Netherlands, an essential attribute of land is the probability of 

erosion. Erosion points can be estimated based on different scenarios of sea level rise and frequency 

of coastal storms. Consequently, the erosion line may move to a different position depending on 

whether climate change and other factors are taken into account or not. In fact, the flood defence 

line (which is based on the position of the erosion line) divides a city into a legally protected zone 

and a legally unprotected one. The Commission of Poelmann (2005) that aimed to give advice with 

respect to further developments of those areas outside the dikes, recommended to allow 

developments in the legally unprotected zone but at the risk of individuals. The question is how the 

urban developments may go on in these cities, especially if erosion line shifts landwards due to 

climate change impacts. 

Chapter 6 uses ALMA-C as a schematized model aimed to qualitatively replicate the case of 

these Dutch cities under risk. If the probability of erosion increases (erosion line shifts landwards) 

and individuals perceive probability of erosion objectively, then, ceteris paribus, individual 

expected utility from a location in this coastal city decreases and urban developments move away 

from the coast. This is what a conventional economic analysis, assuming a representative rational 

economic agent in a land market, could predict as well. 

In reality, people have subjective perceptions of natural hazard (e.g. erosion) probability, 

which often depends on individual socio-economic and demographic characteristics and previous 

experience of hazardous events (Kaiser et al., 2004). As a result, in real-world land markets there 

may be individuals who overestimate or underestimate the probability and consequences of a 

hazardous event. The ALMA-C model with heterogeneous agents shows that even with the 

landward shift of the erosion line and increase of the probability of erosion close to the coast, there 

still will be some urban developments beyond the erosion line. Consequently, for the coastal zone 

policy context and for the coastal cities to which Poelmann commission advice applies, it means 

that if there are some people who underestimate erosion probability (which is the case in the 

Netherlands – see surveys results in Ch 2 and Ch7) they are likely to locate in the risky area and 

will increase the amount of capital at risk. 

In addition, Chapter 6 discusses the effect known as a ‘coastal squeeze’, i.e. increasing 

pressure on the coastal margin from human system and the global dynamics of nature. The results 

of the ALMA-C experiments show that low individual perception of the probability of a coastal 
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hazard drives urban developments seawards. Thus, as one of the reasons behind the human pressure 

it contributes to the increase of coastal squeeze. 

 

Q6: What are the real-world individual location preferences and perceptions of flood risk in the 

Netherlands? What are the outcomes of a spatially explicit land market where the distribution of 

economic agents’ perception of risk of flooding is parameterized with real-world survey data? 

 

The real value of agent-based models is when they are combined with real-world data, for 

example with micro-level data from surveys. In March 2008 a survey aimed to elucidate individual 

risk perception and factors affecting location choice, along with other aims, was carried out in the 

Dutch province of Zeeland (Krywkow et al., 2008). The survey showes that most Dutch people do 

not worry about coastal flooding affecting them personally (i.e. perceived flood risk is low). 

Apparently, levels of worry about coastal flooding hardly correlate with the experience of coastal 

flooding that some respondents had in the Netherlands in 1953. The survey data also demonstrates 

that time and distance to work are two most important factors that affect individual choice of 

location. Coastal amenity compared to the importance of safety from flooding has a priority to the 

respondents. Moreover, the survey elucidated the willingness to pay for coastal view, for flood 

safety and for developments above sea level (i.e. elevated grounds) (see Chapter 7).  

Three experiments with the ALMA-C model are performed to incorporate the survey results 

i.e. empirical data at micro-level. First, homogeneous agents are parameterized with the mean value 

of perceived flood risk derived from the survey data. Second, heterogeneous agents are 

parameterized with the survey distribution of perceived flood risk. Third, heterogeneous agents are 

parameterized with a uniform distribution of perceived risk, which is to show the difference 

between output produced by micro-level parameterization with skewed survey data and the one that 

comes out of a uniform distribution. Additionally, the last two experiments compare aggregated 

land market outcomes where agents are parameterized with empirical distribution of the perceived 

risk to the results produced by agents that had a purely random “wild guess” about risk. 

As before, models parameterized with the average vs. heterogeneous data from the survey 

produce qualitatively different results (city with the representative agent stays away from the coast 

while heterogeneous agents settle everywhere in a coastal town). The results of the ALMA-C run 

where agents are parameterized with heterogeneous survey data show that there is sorting occurring 

through bilateral land market trading. The land market allocates people with lower coefficient of 

perceived damage closer to the coast. In compliance with the survey data, people with higher level 

of flood risk awareness have higher WTP for safety. In contrast, people, who do not worry about 
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coastal flooding, prefer to settle close to the coast and have high bid for the land there – this is also 

shown by ALMA-C. This result correlates well with the survey conclusion that in average the 

respondents have very low level of worry about coastal risk and consider coastal view more 

important than safety. 

Furthermore, model runs where individuals are parameterized with uniform levels of risk 

perception produce less variation than the land market model with heterogeneous agents 

parameterized with survey data. This implies that even if decisions where made based on absolutely 

random wild guess about flood risk in the coastal zone area, they would still result in fewer 

developments in the economically inefficient zone and less potential damage than what is 

happening when agents in the land market have the skewed risk perception specific for the Dutch 

population. 

8.2 Achievements, limitations and future work  

8.2.1 Achievements  

The ALMA model presented in the current thesis has the following achievements compared to 

previous research:  

1. A new spatially explicit land market model structure facilitates the coupling of economic 

models with the process-based ecological ones. The model is closely related to analytical 

urban economics, cellular automata and spatial econometrics: 

a. Compared to urban economics: a land market in a monocentric city is modeled in a 

spatially explicit way and with a possibility of including heterogeneous spatial 

environment, heterogeneous agents, and direct modeling of interactions; 

b. Compared to cellular automata land use models: use of agents exhibiting 

microeconomic behavior and biased or unbiased perceptions of flood risk adds a 

behavioral component to the cellular grid; 

c. Compared to statistical spatial models: the agent-based land market model does not 

just report the dependencies between aggregated variables (e.g. land price as a 

function of distance). Rather it allows understanding the processes behind these 

aggregates. 

2. The model produces land prices in addition to land patterns – the traditional results of the 

land use models. The modeling of prices is important for several reasons: 

a. Land use models often associate a certain land use type without consideration of 

whether the land in that location is affordable for an agent’s income; 
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b. Urban development patterns are usually irreversible but land prices for the same 

urban area can change dramatically over time affecting preferences and choices of 

agents searching for location; 

c. Governmental policies aiming at more sustainable land use, environmental 

protection or flood protection normally use market mechanisms such as subsidies, 

taxes or insurances to affect land use decisions (Martínez et al., 2007). These market 

mechanisms largely affect land prices and only indirectly land patterns; 

d. Furthermore and most important for the purpose of this research is that in the flood 

or erosion-prone areas the direct economic damage depends on the property price 

along with the land use type. 

3. Links between individual preferences and perceptions at micro-level and aggregated land 

market outcomes are defined and explicitly modeled using the agent-based approach. The 

model allows understanding the effects of changed microeconomic motives or conditions of 

the spatial environment on land prices, land patterns and welfare measures. The recording of 

all the agent-level information (i.e. incomes, preferences, perceptions, private willingness to 

pay in addition to agent’s bid price) along with transaction data and spatial attributes of the 

traded land brings insights into the aggregated behavior of some land market indices such as 

estimated rent gradients (note the test of adding agent-level data in the regression analysis in 

Chapter 5). Thus, the model can serve as a computational laboratory (Parker et al., 2002; 

Tesfatsion, 2006) to test hypothesis about real-world estimated land rent gradients and 

stylized facts about the agents’ behavior. 

4. Effects of changed micro-behavior on macro-indices can be quantified and visualized. 

Aggregated numbers tell little about the spatial pattern of urban developments, e.g. size of 

the city may stay the same but the developed areas may be located in or outside a flood-

prone area. Similarly, aggregated numbers alone neither uncover the qualitative aspects of 

land rent gradient behavior (note the importance of the 3D land rent gradient representation 

in Chapters 5 and 7), nor the nature of microeconomic behavior that causes those changes in 

the aggregated land rent gradient (see 2D land gradients for a low, average and high flood 

probability perception group in Chapter 5). 

8.2.2 Limitations 

At the current moment the model has the following limitations: 

- At this point little empirical data is utilized. The model presented in this thesis mainly tries 

to answer theoretical, methodological questions about scales and aggregation in economics 
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in the spatial context. The first step toward an empirical model was presented in Chapter 7 

where some of real-world microeconomic data from a survey were used to parameterize 

agents. The model can be considered as a building block toward combining theoretical 

economic models with real world complexity of land use change. Specifically, the ALMA 

model is spatially explicit, dynamic and is able to accommodate heterogeneity of spatial 

environment and agents. Future work will move further towards empirical land market 

modeling as outlined in Chapter 3.  

- The use of more empirical data will require the import of real-world maps and consideration 

of real time. Technically, it is possible to upload GIS data60 in the ASCII format. With 

respect to real time accounting for the dynamic model run: one of the options might be to 

translate the number of transactions into years (or months depending on which time scale is 

more appropriate for the problem in hand). 

- Although ALMA produces land prices – something that many land use models lack – so far 

these prices cannot be directly compared to the real world land prices. Nevertheless, they 

still convey very important comparative information about the demand for and the scarcity 

of land (Buurman, 2003). The most important fact is that the spatial distribution of land 

prices in the ALMA model resembles the general stylized facts from empirical spatial and 

environmental economics research. In particular, prices grow with the proximity to the 

employment center (i.e. CBD), prices are higher close to environmental amenities and land 

prices decrease if individuals understand environmental risk associated with location.  

Some of the limitations of the model affect its predictive power. However, the main purpose of this 

research is to explore what are the links between individual economic decisions at micro-level and 

aggregated land market outcomes in a spatial context. The main methodological question on one 

hand, was to combine fully modeled land market and spatial explicit potential of cellular models on 

one hand. On the other hand, the methodological issue was to bring agent-based computational 

economic models into a spatial context at least at some extent. From the point of applied importance 

it was essential to explore, rather than exactly predict (Brugnach et al., 2008), the consequences of 

different types of individual agent behavior in a land market on the macro-indices that are of 

interest to policy makers (e.g. land patterns and prices, potential flood damage, etc.). Explorative 

analysis implies the identification of main cause-effect links and trends of system development – 

and this is what was done in this thesis. 

                                                 
60 See (Castle and Crooks, 2006; Crooks, 2007) for the comprehensive discussion of the value added and challenges associated with 

integration of ABM and GIS 
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8.2.3 Future work 

Direction for future research: 

- Real-world has more actors involved in a land market. A governmental agent was already 

added to ALMA (Filatova, 2007b) but additional testing should be carried out. Adding a 

developer agent and different types or aspects of economic behavior of buyers and sellers 

can serve as a promising direction of future work. Since the economic and socio-

psychological literature offers numerous theories describing human behavior in different 

situations, the choice of additional behavior patterns to be added to the land market model 

depends highly on the particular problems and research questions in hand. 

- The implementation of learning algorithms in a land market, in which a spatial good (i.e. 

land) is highly heterogeneous and infrequently traded by one agent, is limited61. As a future 

improvement, the learning algorithms can be employed to make agents “learn” the optimal 

price strategy as in other agent-based computational economics markets. Potentially, a real 

estate agent who is involved in numerous land transactions might be suitable for this role. 

- Scenarios of alternative coastal risk management strategies (e.g. taxes and flood insurances, 

different flood defense measures, spatial planning policy) could be further investigated with 

the model. 

- Modeling of urbanized area with polycentric cities, not just a single open city model could 

add more realism to the study. It will be particularly interesting to get insights in the 

relocation behavior in this context. 

- The presence of spatially explicit setup allows for accounting of neighborhood effects. 

Neighborhood externalities in space largely affect land use change. A simple model to 

account for the neighborhood effects was implemented (Filatova, 2007a) but more research 

in this direction will be useful.  

8.3 Considerations for practical applicability of the results for coastal 

risk management 

Reduction of the potential damage from flooding and erosion is of major concern for coastal 

risk management. The potential damage is strongly related to such macroeconomic indices as land 

prices and land patterns. For effective policy-making in general, and for coastal risk management in 

particular it is crucial to understand how the micro and macro-levels are connected, and how they 

affect each other. In particular, aggregated land prices and land patterns, and consequently potential 
                                                 
61 ACE markets normally endue agents with a learning algorithm to adapt and to learn an optimal pricing strategy. Learning is able to 

occur because there are numerous trades, in which each agent is involved. Moreover, the good itself is homogeneous.  
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flood damage, can be changed by affecting individual preferences and perceptions of flooding risk. 

This research can have policy implications in a variety of aspects.  

A recent survey of coastal flood risk perception and location choices in the Netherlands 

showed that Dutch citizens have low coastal flood risk awareness (more than 60% of respondents 

do not worry about the fact that coastal flood risk might affect them in the future). Moreover, one of 

the spatial attributes to which the respondents gave high importance was the proximity to 

environmental amenities, although safety from flooding was not considered as important (Chapter 

7). At the same time simulation results of a land market model with heterogeneous agents show that 

people with low flood risk awareness can drive land market dynamics, causing a city to expand into 

a high-risk zone. In fact, urban developments in a city where individuals are with low flood risk 

awareness go beyond the zone, which a representative agent62 considers economically efficient 

(Chapter 5). Furthermore, it was shown that increase in risk awareness can decrease land prices and 

change land patterns to decrease of total flood risk, which is a product of probability and effect 

(Chapter 2). Therefore, measures to increase flood risk awareness at the individual level (such as 

risk communication, financial and technical instruments) can be employed by policy makers to 

reduce total flood risk along with traditional flood defence measures.  

The survey data and the model results have important implications for the Dutch coastal cities 

considered by the Poelmann Commission (Chapter 6). As our model shows, even if the land market 

in the coastal zone area was driven by absolutely random flood risk perceptions, we should expect 

fewer developments in the risky zone and less potential damage than what we have with individuals 

with perceptions skewed toward lower risk, as in the Netherlands today (Chapter 7). The 

conventional economic model, which is based on representative agent and does not grasp the 

heterogeneity among agents, would predict no developments in the high risk zone. Therefore, the 

ALMA model can serve as a useful tool for policy-makers. 

A spatially explicit land market model, such as ALMA, can link microeconomic behavior with 

macro-phenomena and show how changes at micro-level affect the aggregated outcomes. Getting 

insights of how micro and macroeconomic levels are connected may help policy makers to identify 

the elements in the economic system that they can impact to get a desired policy outcome. 

Furthermore, the knowledge about these links can be used to influence microeconomic behavior. 

For instance, the ALMA model is applied to a hypothetical city to test whether such a policy 

instrument for coastal ecosystem preservation as taxes63 can indeed stop the expansion of urban 

                                                 
62 Conventional economic models, which are used for decision support in policy-making, (i.e. general equilibrium or statistical 

models) use a “representative” agent model. Representative agent is a typical firm or household, the behavioral model of which 
can be extended to represent the behavior of the whole group of economic agents. 

63 It is considered that market mechanisms such as subsidies, taxes and insurances can help to preserve coastal ecosystem function 
from destruction by the expansion of urban areas along the coasts (Martínez et al., 2007) 
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developments into the primary coastal zone that is especially valuable from the ecological point of 

view (Filatova, van der Veen and Voinov, 2008). The result of model runs with the assumption that 

all economic agents have the same income (i.e. representative agent) showed that market 

mechanisms indeed work and urban developments shift away from the coast if tax policy is 

introduced. Thus, the result, at which policy aimed, seems to be achieved. However, if the 

assumption of the identical incomes is relaxed (i.e. heterogeneous agent) then the aggregated 

outcomes of the tax policy qualitatively change. Specifically, people with high incomes are still able 

to buy land along the coast causing further urban expansion (although at a lower speed). However, 

this creates a situation of social injustice since most valuable land along the coast was affordable to 

high-income people only. We can see that the effects of government intervention may be contrary to 

the anticipated ones. 

We therefore conclude with the following considerations for practical application of this study 

results for coastal risk management: 

a. Measures to increase flood risk awareness at the individual level (such as risk 

communication, financial and technical instruments) can be employed by policy 

makers to reduce total flood risk along with traditional flood defence measures; 

b. In addition to conventional general equilibrium or statistical models based on a 

representative agents, policy makers should embrace models that accommodate links 

between micro and macro-levels, include heterogeneity among individuals and 

account for a spatially explicit heterogeneous environment (such as ALMA);  

c. Spatial distribution of land prices is as important as patterns of development and 

have to be considered in decision-making. There may be unexpected outcomes of 

market based policies that spatially explicit land market models like ALMA can help 

to foresee and understand. 
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