
De Bok and Bliemer  1 

 
 
 

 
Infrastructure and Firm Dynamics: 

Calibration of a Micro Simulation Model for Firms in the Netherlands 
 
 
 
 

Michiel De Bok * 

Department of Transport and Planning 
Faculty of Civil Engineering and Geosciences 

Delft University of Technology 
PO Box 5048 

NL-2600 GA Delft 
p: +31 15 2784977 
f: +31 15 2783179 

m.a.debok@citg.tudelft.nl 
 

Michiel C.J. Bliemer 
Department of Transport and Planning 

Faculty of Civil Engineering and Geosciences 
Delft University of Technology 

PO Box 5048 
NL-2600 GA Delft 
p: +31 15 2784874 
f: +31 15 2783179 

m.bliemer@citg.tudelft.nl 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Corresponding author 
 
Paper submitted for publication in the Transportation Research Record: Journal of the Transportation Research 
Board, 2006, Washington 
 

Submission dates: 
First:  July 31, 2005 
Second: November 15, 2005 
Third: March 26, 2006 
 

Number of words:  
Abstract: 174 words 
Total text: 5409 words 
Tables + figures: 4 + 3 



De Bok and Bliemer  2 

ABSTRACT 

Firm location is an important component in integrated land use and transport models. However, firm behavior 
and firm locations are often represented too aggregate to adequately model firm behavior. A calibrated 
simulation approach is presented that models dynamics in the firm population at the level of individual firms. A 
number of firm demographic events and transitions in the state of individual firms are simulated: firm migration, 
growth, formation and dissolution. This provides the opportunity to account for firm specific behavior, allowing 
a large variety in responses to changes in urban environment. The model quantifies the effects of different spatial 
and transport planning scenarios on the firm population and mobility. Moreover, the firm level simulation output 
provides improved possibilities to evaluate the impact of spatial scenarios. It can be linked to an urban transport 
model in order to obtain a dynamic simulation of urban development and mobility. The model specification is 
presented, as well as the calibration of the individual firm demographic processes. The behavior of the calibrated 
model is verified with multiple test runs.  
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INTRODUCTION 

Integrated land use and transport models are becoming increasingly disaggregate, both in the spatial environment 
as the behavior of agents within this environment (1). More specifically, in most operational models firm 
location and the behavior of firms is too aggregated to adequately represent firm behavior (2), (3), (4), (5). In 
literature some empirical studies can be found into the relationship between transport infrastructure and firm 
demographic events, such as (6), (7), (8), (9) or (10), but none of these studies have actually been applied in 
integrated land use and transport models.  

This research tries to make an empirical contribution to the behavioral foundation of these models by 
presenting a calibrated micro simulation model for firms. The simulation approach is based on firm demography 
and features a disaggregate urban environment. In recent literature a few similar empirical contributions exist 
that apply micro simulation, firm behavior and firm demography as well (11), (12). However, some differences 
exist in the level of aggregation of sub models or in data availability. In (11), firm demographic components of 
change are modeled explicitly, however the number of firms lost- and gained is modeled at the census tracts 
level instead of firm level. (12) applies theoretical valid location factors that are derived from a Cobb-Douglas 
production function. However the validity of the parameters is limited due to a lack of empirical micro data.  
  Firm demographic micro simulation, in literature also referred to as firmography, has a long tradition 
that started with (13). It gained great interest in The Netherlands as well: (14), (15) and (16).  Firm demographic 
micro simulation offers several advantages. First, it represents firm specific behavior and a heterogeneity in 
responses: firm behavior is to a large extent influenced by firm internal processes. An example: the most 
important reason for firms to relocate is firm growth (17), (18). Second, it allows distinctive accessibility 
measures as explanatory variables for each event, such as firm relocation, firm performance, start ups or firm 
dissolution. For instance, some firms perform better in the proximity of motorway onramps (19), while in a 
relocation decision, accessibility is evaluated in a different way.  Third advantage is the possibility to account for 
path dependency between events. For example, firm growth – e.g. triggered by a new motorway opening – , 
might induce a firm relocation in the following years. By keeping record of the developments on the individual 
firm level, the causality between subsequent events can be modeled endogenously. 

The presented firm demographic model aims to address some research challenges in the field of 
integrated land use and transport models. First of all, the usage of the firm as decision making unit improves the 
behavioral foundation of integrated land use and transport models. Secondly, the firm level simulation output 
provides an improved flexibility to evaluate the impact of spatial scenarios. For instance, accessibility gains or 
losses that are the result of a policy investment can be analyzed for any desired segment of the firm population. 
If the model is integrated with a transport model, the mobility effects of the simulated land use changes can be 
analyzed as well. Quantifying the spatial economic and mobility effects of different planning scenarios, provides 
required input to determine the most sustainable or desirable scenario. 

First, the structure of the simulation model and all firm demographic sub models will be specified in 
this paper. Next, the calibration of these sub models is discussed. Finally the calibrated model is verified by 
discussing a number of simulation runs. The paper concludes with a short discussion and an indication of future 
research activities. 

MODEL DESCRIPTION 

Model structure 

The proposed Spatial Firm demographic Micro simulation (SFM) model simulates the transitions in the state of 
individual firms. These transitions are the result of firm demographic events such as relocation, firm growth, 
firm dissolution or start up. Figure 1 gives an overview of the simulation procedure and associated firm 
demographic events. In each time step of a model run, the firm population is processed through the firm 
demographic micro simulation. During simulation, the model interacts with various spatial databases that 
describe the location and neighborhood attributes of the industrial real estate stock. The attributes of the real 
estate stock, locations, and neighborhood are updated by separate modules that account for exogenous influences 
and changes in the urban environment.  

The prototype of the SFM model is developed using fixed accessibility indicators. In doing so, this 
prototype lacks the dynamic feedback mechanism of relocating economic activities on the network flows and the 
accessibility of locations for practical reasons. However, the implications of this lacking feedback mechanism is 
judged as acceptable. The structure of the SFM model is such that a dynamic integration of an urban transport 
model is allowed in the future. In that case, the transport model would update the accessibility measures in the 
neighborhood attribute database, and vice versa the transport model could use the yearly, or five year update, of 
the SFM model as trip generation input. 
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Each object in the firm population or in the industrial real estate supply can be geo-coded in GIS, or 
linked to location and neighborhood attributes using unique keys. Firm and real estate data can be geo-coded in 
ArcGIS using their 6-digit zip code (approximates building block) and the associated coordinates. 

Firm migration 

With seven to eight percent of all firms relocating in a year (20), firm migration has a considerable influence on 
the spatial pattern of the firm population. The move propensity of a firm is mainly determined by firm internal 
factors relating to the life-cycle of firms and to a lesser extent by site related factors (18), (21), (17). The number 
of empirical studies in the literature is modest, so one general accepted approach to modeling the influence of 
transport infrastructure on firm location does not exist. In the Netherlands a significant influence is reported for 
motorway proximity by (19), (9). Even though the approach might vary, similar evidence is found widely in 
international literature, see (6), (22), (8) or (10). In terms of urban development, this motorway orientation of 
economic activities has led to a suburbanization pattern of economic activities: (22), (23). Moreover, proximity 
and accessibility of other producers might lead to externalities and agglomeration advantages, analyzed 
extensively in the New Economic Geography literature (24). 

Similar to the simulation approach applied by Van Wissen in (15), firm migration is modeled as a joint 
decision to relocate, and the decision for a new location. The relocation decision is determined by the satisfaction 
of a firm at its current location. Once the decision to relocate has been made, the firm will search for alternative 
locations. These are sampled from the available (unused) real estate supply. The probability that an alternative is 
being chosen depends on its attributes and the expected utility of this alternative.  

For each simulation time interval t, let ( )m
ijP t  denote the probability that a firm i will relocate and 

chooses location j. This probability is the product of the probability that the firm will relocate, (1) ( ),m
iP t  and the 

probability that it chooses location j (out of a unique subset of available alternatives for firm i at time t, ( )iL t ), 
(2)
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The first step in the migration procedure is to calculate the probability to relocate. This probability is described 
with a binary regression model. The probability of relocating for each time interval is determined by the firm 
characteristics and the attributes of the current location: 
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where ( )ig t  is the growth rate of the firm at time t, and (1)

1
m
iδ  and (1)

2
m
iδ  are dummy variables for the location and 

industry type, respectively. The parameters )1(m
xβ  need to be calibrated. The probability to relocate is translated 

into a move/stay decision using Monte Carlo simulation.  
When a firm has decided to relocate, a choice set is sampled from the available and feasible real estate. 

Feasibility is determined by the size of the firms and the real estate object and the type of real estate. Each choice 
set contains maximum 20 alternatives. The choice probability of each alternative is calculated with a spatial 
preference model in the form of the multinomial logit (MNL) model, based on random utility theory. By 
definition, the utility of an alternative consists of an observed component ( ),ijV t  and an unobserved (random) 
component. Assuming that the unobserved components are all independently and identicallly Gumbel distributed 
(25), the MNL-model results in: 
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A linear additive utility function has been applied for the observed utility. Separate utility functions have been 
estimated for each industry sector. The observed utility is therefore specified for each industry sector s as a 
function of location attributes and socio-economic firm attributes,  
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(2) (2)( ) ( ) ( ),m m
ij sp jp sq iq

p q

V t x t y tβ β= +∑ ∑      where firm i belongs to industry sector s. (4) 

The variables )(tx jp  describe the level of attribute p at location j for firm i at simulation time t, for instance: the 

distance to infrastructure. Variables )(tyiq  describe the firm characteristics, such as size or growth rate. The 

parameters (2)m
spβ  and (2)m

sqβ  are to be estimated for each industry sector s. The attributes are assumed to be 
generic within each industry sector. 

In the simulation, choice probabilities are translated into decisions with Monte Carlo simulation. The 
changes in occupation of industrial real estate are processed with every relocation decision. 

Firm growth 

The main objective of the presented model is to determine the distributive effects of transport infrastructure. The 
regional economic development is exogenous input to the simulations. These distributive effects have proven to 
be far more substantial compared to generative effects, as proven in (26). It is stressed that our presented 
approach neglects the generative effects of transport infrastructure but accounts for structural developments 
within the industry sectors through economic scenarios. A two step approach has been applied in computing the 
expected firm size. First of all a tentative firm size is estimated based on firm- and location attributes. Next, this 
tentative firm size is corrected to fit the total employment in the firm sector to the exogenous regional totals.  

Firm performance is first of all expected to be influenced by the proximity of transport infrastructure. In 
(19) evidence was found that specific industry sectors perform better in the proximity of motorway onramps. 
However, firm size is mostly explained by firm attributes, relating to the size and lifecycle of a firm. Previous 
model specifications where based on a log linear firm size model, but led to unrealistic results. Hence, following 
recent studies (27) and (28), an improved autoregressive model has been applied that estimates the size of a firm, 
relative to the average firm size in the industry sector. The tentative firm size, )(tzis , is defined as the deviation 
of the log of the firm size from the average log of firm size: 
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where )(* tsis  is the tentative size of firm i, that belongs to sector s at time t and )(tNs  is the number of firms in 
sector s. Following (27) and (28), )(tzis  is derived form the firm specific z-values for the two previous years and 

a location attribute. This first order autoregressive model includes a slope coefficient s
0β  and a first-order 

autocorrelation coefficient s
0ρ :  
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where s

i1δ  is a dummy variable for the location type and )(tisε  is a stochastic disturbance term. The parameters 
s
xβ , s

0ρ  and )(tisε  need to be calibrated. The tentative firm size )(* tsis , can be derived by rewriting equation (5) 

and substituting equation (6). Next, )(* tsis  is corrected with a sector specific regional balancing factor in order to 
fit the total employment to the regional economic scenario: 
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where )(tsis  is the firm size at time t, )(tEs  is the regional employment in industry sector s, and )(* tEs  is the 
initially estimated regional employment.  

Firm dissolution 

An exploration of firm demographic literature shows that firm dissolution is mainly determined by firm 
characteristics: size, sector, age and firm growth (15), (29). It is obvious that larger firms have a higher 
probability of surviving a time interval. With respect to age, the ‘survival of the fittest’ is apparent among young 
firms: the first years after start up firms have a relative high dissolution probability. Even though no empirical 
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evidence has been found for a relation between firm dissolution and accessibility, accessibility attributes will be 
included in the estimation of the dissolution probability. The probability of dissolution ( )d

iP t  is described with a 
binary regression model that includes firm and location attributes: 
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where ( )ig t  is the growth rate of the firm, )(tsi  the size of the firm, )(tai  the age of the firm and 1 ,d

iδ  and 2 ,d
iδ  

are dummy variables for location and industry type. All d
xβ  parameters need to be calibrated. During micro 

simulation the dissolution probability is determined for each firm.  
The dissolution probabilities are translated into dissolution events with Monte Carlo simulation. In case 

of a firm dissolution event, the status of the corresponding firm is set to ‘Dissolved’ and the occupation of 
industrial real estate is cleared. 

Firm formation 

Firm formation concerns a complex process of starting up a new firm. An important engine behind firm 
formation is the firm population itself (15). An existing firm can induce a firm start up, for instance by splitting 
up or by starting a new branch. Another instigator for firm birth is the labor population: firms can also be formed 
by firm employees, school-leavers or an unemployed. The urban environment is also regarded to have an effect 
on firm formation. In (16) evidence is found for a distinctive relationship between firm formation rates and the 
urban environment for different industry types. Firm formation in the non-basic sector seemed more likely to 
occur in the urban area, which is explained by the incubation and seedbed theory. Furthermore it was found that 
sectoral diversification has a positive effect on the firm formation rate. Not many empirical examples have been 
found on the influence of infrastructure on the firm formation event. A positive exceptions are (8) and (9), with 
firm level data on the location of new manufacturing establishments in Spanish municipalities. Results show that 
new motorways affect the spatial distribution of manufacturing establishments.  

Firm formation is an exception to the micro simulation approach for it simulates firm start ups as 
sequential macro to micro steps. First of all the number of firm formations is determined by industry specific 
birth rates and the industry population per region. Next, an initial firm size is randomly drawn from an observed 
distribution of firm sizes at start up. Finally the firm is allocated to a random location drawn from all available 
locations that are feasible as well.  

CALIBRATION 

Micro simulation is data demanding and the estimation of such models is complex (30). In this case a strategy 
has been applied in which the parameters in the firm demographic submodels are estimated directly from micro 
observations. While most existing micro simulation models are forced to use synthetic datasets of firms (12), 
(31), the presented model is calibrated with a firm level, population size dataset. Subsequently the calibration 
data is discussed as well as the estimation results for each model component. The model has been developed for 
the province of South Holland in The Netherlands, see Figure 2. This area contains a firm population of 
approximately 90.000 firms that are distributed across 70.000 6-digit zip code locations. 

Data 

The model has been calibrated on a longitudinal dataset, covering all developments in the firm population. This 
dataset has been constructed by linking annual LISA datasets (National Information System of Employment) 
from 1988 to 1997.  Firm attributes that are available include: industry sector, size (in full time employment 
units), the change in size compared to previous year, the location (6 digit zip code) and dummy’s for firm 
demographic events. The spatial detail of firm locations allows a detailed analysis of spatial attributes of each 
location.  

Various accessibility attributes are linked to the locations. First, in terms of distance to physical 
infrastructure: nearest highway onramp and nearest train station. These attributes are calculated in GIS, using 
coordinate information. However, the distance attributes appeared to be highly correlated, which might lead to 
biased estimation results. This was solved by recoding the distance measures into a categorical variable 
describing the position of a location in relation with the physical infrastructure. An α-location is within 800m. of 
a train station and not too close to a highway onramp. Locations nearby highway onramps (within 2000m.) are 
labeled as γ-locations.  If a location is close to a train station as well as a highway onramp (within 800m. and 
2000m. respectively) it is labeled as a β-location. Remote locations that are relatively far from train stations and 
highway onramps, are labeled as ρ-locations. 
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The second set of accessibility attributes includes the accessibility to labor and to customers or 
suppliers. These attributes are computed with a regular gravity type model that weighs the opportunity at each 
possible destination with a distance decay function. Travel times from the national transport model for The 
Netherlands (the LMS) were used for the derivation of these measures. The opportunities come from the WMD 
(Living Environment Database) containing an extensive variety of socio economic variables at the neighborhood 
level for the Netherlands. The accessibility to labor is computed with the number of inhabitants at each 
destination. The accessibility to customers or suppliers is computed with the number of employees at each 
destination. In the estimation of the choice models only one of these variables could be entered, because both 
were highly correlated. 

Estimation results 

The estimated parameters for each module are presented in tables 1 and 2. The firm migration module has been 
realized in previous studies and is specified more elaborately in (7). The migration parameters in Table 1A and 
2A correspond to firm demographic literature and reveal a modest importance of accessibility as pull-factor. 
Another finding is the preference for locations in the proximity of the original location. This is interpreted as 
evidence for keep-factors: a relocating firm strives to maintain their existing spatial network.  As expected 
transport infrastructure plays a minor role as a push-factor; the motives to relocate are often firm-internal. 
Furthermore, outspoken differences in location preference between industry sectors are measured. Locations in 
the proximity of highways appear to be preferred by firms in manufacturing, transport warehousing and 
communication and the trade and retail sector. Most of the industry sectors on the office market appear to prefer 
locations near highways as well as train stations (β-locations): finance, business services, government and 
education. 

The firm growth model is segmented to 12 industry sectors as well. The parameters in the 
autoregressive firm size models are estimated with a non-linear regression and are listed in Table 1B. In order to 
avoid identical growth patterns for firms with similar sizes, it is necessary to account for the unexplained 
variance in the estimate of the growth function. The stochastic disturbance term ε  is included in the firm size 
model, with ),0(~ ΣNε , where Σ  follows from the mean square of the residual of the estimate. The estimated 

autoregressive coefficients for firm size correspond to firm demographic literature. For all sectors, s
0β  < 1, 

which means that large firms are expected to grow more slowly than smaller firms. All estimated s
0ρ  parameters 

have a negative sign, which implies a negative correlation between firm growth in subsequent years. In other 
words: a firm with a relative substantial growth in one year, is expected to grow less quickly the next year. 
Finally it was found that infrastructure proximity has a significant effect on firm performance for various 
industry sectors. 

Table 2C shows the estimated parameters for firm dissolution. As expected, the dissolution probability 
decreases with size and growth rate: large and growing firms are more likely to survive. Moreover, dissolution 
decreases with age. The results prove that accessibility is not very important for firm dissolution, although the 
parameter for locations in the proximity of train stations or highways is just significant and positive. This seems 
an unexpected result, for there is no reason to assume that infrastructure proximity has a negative influence on 
survival probability of firms. A possible explanation might be a higher dynamic profile of the firms at these 
locations. Table 2B presents the parameters for the firm formation model. The firm formation rates are specified 
for each industry sector, as well as a size distribution for start up firms. 

SIMULATION RESULTS 

To verify the behavior of the model and to explore the possibilities with micro output, multiple test runs have 
been performed with the calibrated model. Each test run is based on identical scenario input. In order to verify 
the results, these will be compared with the observed developments in the population. The results are analyzed at 
population level, the neighborhood level, and on a sample of individual firms. 

Input scenario 

Objective of the micro simulation is to quantify the effects of spatial policy scenarios. These scenarios can 
include infrastructure investments or industrial and commercial site planning. Scenarios are implemented in the 
SFM model in terms of accessibility measures from a transport model and industrial real estate developments. 
Figure 3 gives an indication of the input. The office stock at the beginning of the simulation (1990) is visualized, 
as well as the office development that is executed during simulation (from 1990 to 1996). The main 
infrastructure networks are visualized as well.  

Another exogenous model input is the regional economic development. A model run requires an 
economic scenario in terms of number of employees per industry sector for each year in the simulation period. 
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The economic scenario that has been used for as simulation input is taken from the observed economic 
development of the study region. 

Results 

The graphs in Figure 4A and 4B visualize the simulation results at population level. In each figure the observed 
developments are visualized in combination with three test runs. The differences between the runs are the 
different instances of the stochastic components of the simulation, not the model formulation itself. The firm 
population and employment developments are visualized. The employment development in the test runs follow 
the shape of the observed employment development. This is of course how it should be: the employment 
development is exogenous input. The small differences in aggregates between runs are the result of rounding off 
individual firm size. The size of the simulated firm population shows a more constant development compared to 
the size of the observed firm population, but on average it seems consistent. In previous model specifications, the 
population size showed a continuous increasing growth pattern, leading to an exponential growth of the firm 
population. However, the current model specification with the inclusion of age in the dissolution model and the 
improved firm size model, yields consistent results.  
 Figure 4C and 4D present scatter plots of simulated developments with observed developments at the 
neighborhood level. For most contemporary integrated land use and transport models, the employment at the 
neighborhood level is used as a determinant for transport demand. At this aggregation level the results seem 
robust compared to the observed developments. The differences between different model runs also turned out to 
be minimal. The number of firms per neighborhood appears less sensitive compared to employment. The size of 
the firm population only changes at start up, dissolution or relocation events which are less dynamic events 
compared to firm growth, which occurs for each firm every year. Nevertheless, with an average probability of 
once every 10 year for each event, a six year simulation could show a distinct development in the population per 
neighborhood. 

Micro simulation describes behavior at the most disaggregated level possible: in this case firms. Figure 
4E and 4F show the microscopic results for two random firms. Their simulated size is compared to their 
observed size in the simulation period. The stochastics in the various demographic events prove to lead to very 
distinct developments at the micro level. For example: in one specific run a firm with 10 employees grows in 6 
years to a firm with 18 employees, while in another run the same firm is dissolved after one year. This might 
appear to be unwanted. However, the results at the aggregate level appear to be less variant and more robust 
compared to observed developments. So, despite the stochastics, it is argued that the results seem valuable for 
projecting local demand for traffic or real estate supply. It might even be argued that the stochastics in the model 
introduce an improved representation of the behavior of firms, for they introduce coincidence in all kinds of 
decisions and events. 

CONCLUSIONS AND FURTHER RESEARCH 

The calibration and first results of a firm demographic micro simulation model have been presented. The general 
conclusion of the presented approach is that it provides reliable estimates of future firm location, consistent with 
the behavior of the individual firms within the research area. The simulation model features several stochastic 
procedures: migration and dissolution decisions include Monte Carlo simulation, and the firm growth routine 
includes a stochastic component for unexplained variance. The simulation runs show that this leads to distinct 
developments at micro level. However, the aggregated results seem robust. We realize that the results do not 
prove that our micro approach performs better at neighborhood level compared to approaches that apply 
aggregated behavior. However, the representation of the individual firm allows for improved possibilities for 
implementing individual responses to policy measures. This may lead to future projections with a higher 
validity. 
 Micro simulation offers a few advantages in modelling the behavior and developments of the firm 
population. First of all it allows firm specific behavior. Second, it enables the application of accessibility effects 
on different components of economic development, such as firm migration or firm growth. Finally, it allows a 
path dependency between events. The micro simulation is developed in a disaggregate urban environment and 
allows detailed spatial attributes. This improves the specification of location utilities and provides an improved 
flexibility to evaluate policy impacts. An issue that will be addressed in the future concerns the way in which 
spatial scenarios are evaluated. When integrated land use transport interaction models are applied, the output is 
often assessed in terms of a number of indicators, describing the developments in mobility, land use, 
demography and the regional economy. The output of the firm demographic micro simulation is analyzed with 
similar indicators.  

Future publications will elaborate on ongoing model developments. The validity of the model will be 
tested on firm data for the period 1997 until 2004. A possible extension of the approach is the application of log 
sum accessibility variables, which are assumed to provide a better estimate of the quality of accessibility (32). 
Another practical issue concerns the information on the industrial real estate supply. For this issue a synthetic 
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real estate supply is generated by using various available datasets. Finally, the model will be applied in an ex 
ante evaluation of policy scenarios for the period 2005 to 2020. These scenarios include the development of 
industrial locations, development of transport infrastructure and different economic scenarios. The model 
quantifies the impacts of these scenarios on the spatial distribution of firms and on mobility developments. 
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1A  FIRM MIGRATION: location choice

office market

Finance Business Government Education Health General
services services services

Variable β t-stat. β t-stat. β t-stat. β t-stat. β t-stat. β t-stat.
Migration attribute
  Distance to original loc.[km1/2] -2.00 -14.02 ** -1.84 -33.39 ** -1.81 -12.24 ** -2.62 -15.99 ** -2.49 -19.17 ** -2.03 -14.64 **
Accessibility attributes
  α-location; near trainstation [-] -0.08 -0.33  -0.03 -0.23  -0.18 -0.49  0.33 1.09  0.05 0.14  -0.16 -0.39  
  β-location; near trainstation & highway onramp [-] 0.49 2.76 ** 0.20 2.04 * 0.62 3.02 ** 0.43 2.16 * 0.20 1.17  0.52 2.20 *
  γ-location; near highway onramp [-] -0.03 -0.19  0.06 0.83  0.10 0.56  -0.36 -2.21 * -0.17 -1.11  0.16 0.84  
  ρ-location; neither [-] -0.38 -0.23 -0.54 -0.40 -0.09 -0.53
  Accessibility to labour [-] 7.29E-07 0.37  9.31E-07 1.49  -1.99E-06 -1.45  -2.39E-07 -0.15  1.12E-06 0.92  -7.26E-07 -0.52  
  Business accessibility [-]
Urban environment attributes
  City Centre [-] 0.15 1.02  -0.04 -0.64  0.41 2.54 * -0.69 -3.73 ** -0.38 -2.74 ** 0.26 1.81  
  Urban Business District [-] 0.81 3.68 ** 1.12 14.69 ** 0.54 2.95 ** 0.96 5.11 ** 0.19 1.08  1.02 5.63 **
  Mixed Urban [-] -0.37 -2.14 * -0.33 -4.70 ** -0.30 -1.66  -0.16 -1.02  0.11 0.91  -0.51 -3.04 **
  Residential [-] -0.88 -4.05 ** -0.90 -10.37 ** -0.53 -2.30 * 0.15 0.96  0.19 1.45  -0.47 -2.39 *
  Non-urban [-] 0.28 0.15 -0.13 -0.25 -0.11 -0.31
Number of observations 249 1184 199 281 425 240
Init log-likelihood -698 -3501 -549 -797 -1223 -674
Final log-likelihood -390 -2022 -350 -349 -589 -372
Rho-square 0.441 0.422 0.363 0.562 0.519 0.448

 industrial estate market retail estate market

Agriculture Manufactering Construction Transport, Trade & Restaurants &
 Warehousing retail Food services
 & Comm.

Variable β t-stat. β t-stat. β t-stat. β t-stat. β t-stat. β t-stat.
Migration attribute
  Distance to original loc.[km1/2] -2.79 -13.67 ** -1.70 -24.46 ** -1.88 -26.07 ** -1.53 -24.16 ** -2.01 -32.97 ** -2.75 -5.40 **
Accessibility attributes
  α-location; near trainstation [-] -1.74 -2.68 ** -0.72 -2.34 * 0.00 0.00  -0.29 -1.08  -0.31 -1.39  0.24 0.42  
  β-location; near trainstation & highway onramp [-] 0.82 1.19  0.09 0.40  0.04 0.21  0.24 1.35  -0.08 -0.61  0.48 0.82  
  γ-location; near highway onramp [-] 0.28 0.83  0.42 3.12 ** 0.11 0.89  0.32 2.64 ** 0.52 5.26 ** -0.10 -0.25  
  ρ-location; neither [-] 0.64 0.21 -0.15 -0.27 -0.13 -0.61
  Accessibility to labour [-] 1.64E-06 0.71  -2.34E-06 -3.00 ** -1.23E-06 -1.41  -3.96E-06 -6.22 ** -1.98E-06 -3.44 ** 5.39E-07 0.08  
  Business accessibility [-]
Urban environment attributes
  City Centre [-] -0.82 -2.06 * -0.38 -2.95 ** -0.94 -6.46 ** 0.19 1.80  -0.58 1.80  -0.38 -0.92  
  Urban Business District [-] -0.04 -0.09  1.29 12.77 ** 1.12 10.10 ** 1.04 10.58 ** 1.28 10.58 ** 0.94 1.90  
  Mixed Urban [-] -0.70 -2.04 * -0.18 -1.59  0.08 0.73  -0.26 -2.24 * -0.34 -2.24 * -0.21 -0.45  
  Residential [-] 0.53 1.65  -0.65 -4.46 ** -0.16 -1.45  -1.06 -6.32 ** -0.79 -6.32 ** -0.52 -1.17  
  Non-urban [-] 1.02 -0.08 -0.09 0.09 0.42 0.16
Number of observations 201 564 691 586 1149 59
Init log-likelihood -557 -1643 -2024 -1708 -3390 -132
Final log-likelihood -172 -898 -1069 -1056 -1625 -49
Rho-square 0.692 0.453 0.472 0.381 0.521 0.629
** = significant at the 0,99 level ;  * = significant at the 0,95 level  
 
 
1B  FIRM GROWTH

office market

Finance Business Government Education Health General 
services services services

Variable β S.E. β S.E. β S.E. β S.E. β S.E. β S.E.
Firm attributes
  Size previous years: slope coefficient BETA 0.984 0.001 ** 0.978 0.001 ** 0.985 0.003 ** 0.994 0.001 ** 0.988 0.001 ** 0.985 0.001 **
  Size previous years: autocorrelation coefficient RHO -0.164 0.007 ** -0.113 0.004 ** -0.063 0.015 ** -0.153 0.007 ** -0.188 0.005 ** -0.157 0.005 **
Accessibility attributes
  α-location; near trainstation [-] 0.024 0.005 ** -0.012 0.003 ** 0.033 0.012 ** -0.003 0.005  0.000 0.004  0.009 0.003 **
  β-location; near trainstation & highway onramp [-] -0.004 0.004  0.005 0.002  -0.004 0.009  0.003 0.004  0.004 0.003  -0.001 0.003  
  γ-location; near highway onramp [-] -0.008 0.003 * 0.007 0.002 ** -0.016 0.009  0.005 0.003  -0.001 0.003  -0.003 0.002  
  ρ-location; neither [-] -0.011 0.000 -0.012 -0.006 -0.003 -0.005
Number of observations 22342 87780 5684 21220 41350 51813
R2 (adjusted) 0.949 0.941 0.945 0.969 0.955 0.938
Mean square of the residual 0.077 0.093 0.125 0.061 0.079 0.069

industrial real estate retail real estate

Agriculture Manufactering Construction Transport. wareh Trade and Restaurants 
& comm. Retail & Food services

Variable β S.E. β S.E. β S.E. β S.E. β S.E. β S.E.
Firm attributes
  Size previous years: slope coefficient BETA 0.953 0.002 ** 0.986 0.001 ** 0.981 0.001 ** 0.981 0.001 ** 0.984 0.000 ** 0.964 0.002 **
  Size previous years: autocorrelation coefficient RHO -0.153 0.005 ** -0.122 0.005 ** -0.123 0.005 ** -0.134 0.006 ** -0.160 0.002 ** -0.164 0.005 **
Accessibility attributes
  α-location; near trainstation [-] -0.008 0.008  0.012 0.004 ** 0.003 0.005  0.002 0.005  0.014 0.002 ** 0.039 0.004 **
  β-location; near trainstation & highway onramp [-] 0.048 0.008 ** -0.008 0.003 * 0.000 0.004  0.002 0.004  0.001 0.001  -0.002 0.003  
  γ-location; near highway onramp [-] -0.019 0.002 ** 0.001 0.002  0.002 0.003  0.007 0.003 * -0.004 0.001 ** -0.013 0.003 **
  ρ-location; neither [-] -0.021 -0.006 -0.005 -0.010 -0.011 -0.024
Number of observations 48631 39960 42045 32044 208664 42964
R2 (adjusted) 0.868 0.964 0.951 0.948 0.927 0.864
Mean square of the residual 0.077 0.072 0.080 0.095 0.072 0.096
** = significant at the 0,99 level ;  * = significant at the 0,95 level
Coefficients are estimated with the Levenberg - Marquardt procedure  
TABLE 1  Estimated parameters location decision and firm growth models 
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2A  FIRM MIGRATION: move probability

Variable β S.E.

Constant -3.866 0.063 **
Individual firm attributes
  Log of size  [ln(emp)] -0.043 0.006 **
  Growth rate, absolute  [|%|] 0.394 0.026 **
Industry sector
  Finance [-] 0.328 0.053 **
  Business services [-] 0.630 0.044 **
  Government (Ref.) [-] 0.444 0.077 **
  Education [-]
  Health service [-] 0.088 0.050  
  General Services [-] -0.090 0.050  
  Agriculture [-] -0.440 0.056 **
  Manufactering [-] 0.130 0.050 **
  Construction [-] 0.460 0.048 **
  Transp., Wareh. & Comm. [-] 0.603 0.048 **
  Trade & Retail [-] -0.175 0.044 **
  Restaurants & Food service [-] -1.373 0.068 **
Accessibility attributes
  α-location; near trainstation [-] 0.028 0.021  
  β-location; near trainstation & highway onramp [-] -0.010 0.016  
  γ-location; near highway onramp [-] -0.063 0.013 **
  ρ-location; neither [-] 0.045
  Accessibility to labour [-] 0.073 0.008 **
Urban environment 
  City Centre [-] 0.057 0.014 **
  Urban Business District [-] 0.147 0.017 **
  Mixed Urban [-] -0.062 0.014 **
  Residential [-] 0.035 0.014 *
  Non-urban [-] -0.177
Number of observations 641469
Cox and Snell 0.007
Nagelkerke 0.029
** = significant at the 0,99 level ;  * = significant at the 0,95 level  
 
2B  FIRM FORMATION

Industry sector Number of Start up size Birth rate
start ups (in %) (% of pop.)
'90-'96 0-4 5-9 10-24 25-49 50-99 >100

 Agriculture 1 171 78.7 14.9 5.2 0.6 0.4 0.1 2.44
 Manufacturing 2 432 75.7 11.5 7.3 3.2 0.9 1.4 6.55
 Construction 2 712 82.8 8.0 5.8 2.2 0.8 0.4 6.96
 Trade and Retail 13 883 89.1 7.0 2.6 0.8 0.4 0.1 7.11
 Restaurants and Food services 2 004 85.0 9.1 4.1 0.8 0.6 0.3 4.92
 Transport, Warehousing and Communication 2 437 80.5 8.8 6.1 2.2 1.1 1.2 8.39
 Finance 1 399 86.3 6.6 4.3 1.9 0.6 0.3 6.58
 Business services 11 449 88.6 6.0 3.5 1.1 0.4 0.3 15.70
 Government 381 30.4 15.0 20.5 13.9 8.7 11.5 7.70
 Education 1 062 75.6 8.3 10.4 3.6 1.9 0.3 5.24
 Health Services 2 439 73.8 12.2 9.8 2.2 1.1 1.0 6.49
 General Services 3 674 92.4 4.5 2.1 0.7 0.4 0.0 7.74  
 

TABLE 2  Estimated parameters move probability, firm formation and dissolution models 

2C  FIRM DISSOLUTION

Variable β S.E.

Constant -1.651 0.082 **
Individual firm attributes
  Log of size  [ln(emp)] -0.352 0.008 **
  Growth rate  [%] -0.270 0.026 **

  1 / age [year -1] 0.749 0.025 **
Industry sector
  Finance [-] -0.572 0.087 **
  Business services [-] -0.630 0.081 **
  Government (Ref.) [-]
  Education [-] -0.666 0.090 **
  Health service [-] -1.227 0.086 **
  General Services [-] -1.095 0.084 **
  Agriculture [-] -1.281 0.090 **
  Manufactering [-] -0.635 0.084 **
  Construction [-] -0.816 0.085 **
  Transp., Wareh. & Comm. [-] -0.623 0.084 **
  Trade & Retail [-] -0.742 0.080 **
  Restaurants & Food service [-] -1.272 0.086 **
Accessibility attributes
  α-location; near trainstation [-] 0.018 0.020  
  β-location; near trainstation & highway onramp [-] -0.027 0.015  
  γ-location; near highway onramp [-] 0.025 0.012 *
  ρ-location; neither [-] -0.015
Number of observations 307215
Cox and Snell 0.015
Nagelkerke 0.037
** = significant at the 0,99 level ;  * = significant at the 0,95 level
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FIGURE 1  Structure of the simulation model and specification of firm demographic events. 
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FIGURE 2  Research area. 
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FIGURE 3  Scenario input for region of The Hague. 
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4C  Firms per neighbourhood in 1996
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4D  Employment per neighbourhood in 1996
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FIGURE 4  Simulation results. 
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