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6 Mixed land use, agglomeration and commuting * 

 
6.1 Introduction 

More than half of the world’s population currently lives in cities (Glaeser and Gottlieb, 2009; Glaeser, 

2011). Firms and people agglomerate in cities to lower transportation costs of goods, people and ideas 

(Glaeser, 1998). Although the formation and growth of cities is widely discussed and researched, a clear 

understanding of the forces and determinants of the internal urban spatial structure of contemporary 

cities is lacking. For several decades, the monocentric Alonso-Mills-Muth model serves as the most 

important (empirical) base for the analysis of the urban spatial structure (Alonso, 1964; Mills, 1967; 

Muth, 1969; see also Fujita, 1988; McMillen, 2010). However, it is recognised that in reality almost no 

city is strictly monocentric: much production is located outside the city centre and production is often 

mixed with residential land use.  It would be more appropriate to have a model in which the clustering 

of employment in the city centre and, possibly, the formation of subcentres was explained rather than 

assumed from the outset. Presumably, such considerations lead Fujita and Ogawa (1982) to develop a 

model wherein clustering of employment is determined by an agglomeration externality. They define 

this externality as a locational potential of employment in neighbouring locations. Despite the simplicity 

of their model, a surprisingly rich menu of possible equilibrium configurations emerges.113  

 Lucas and Rossi-Hansberg (henceforth LRH) (2002) extend the model of Fujita and Ogawa to two 

dimensions and assume continuous space. In their circular city, a given number of firms and workers 

compete for land at different locations. The benefits of an agglomeration externality can only be fully 

reaped when the central part of the city is used exclusively for employment, which would naturally lead 

to concentration of all employment in the city centre as in the monocentric model. Clearly, this 

centralised pattern implies that the average commute is substantially longer than it would be with 

decentralised employment. Workers dislike commuting, so they may overbid firms in parts of the city 

centre and thereby disturb the monocentric structure. Depending on the size of the commuting costs 

and the decay rate of production externalities, various equilibrium outcomes may arise. There may 

emerge exclusive employment zones outside the city centre, while the centre and other parts of the city 

may be mixed. Still, other parts may be used exclusively for residential purposes. Because of the 

assumption of symmetry, all equilibrium configurations are concentric zones around the predetermined 

city centre. 

                                                                 
* This chapter is based on Koster, H.R.A., Rouwendal, J. (2013). Agglomeration, Commuting, and the Internal 
Structure of Cities. Forthcoming in Regional Science and Urban Economics. NVM (Dutch Association of Real Estate 
Agents), WDM and the Rijksmonumentenregister are gratefully acknowledged for providing data. This chapter was 
presented at the 5th meeting of the Urban Economics Association in Denver and at the Urban and Regional 
Economics Seminar at the SERC, London School of Economics. We thank seminar audiences, the editor Daniel 
McMillen and two anonymous referees for their constructive comments. 
113 The model is based on standard microeconomic assumptions and on a one-dimensional (linear) city with a 
given numbers of firms and workers. Although the Fujita and Ogawa (1982) analysis was presented as 
experimental and is not immediately applicable to the analysis of land use in real cities, McMillen and Smith (2003) 
have successfully used it to derive a number of testable predictions about subcentre formation. 
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It is clear that the analyses of Fujita and Ogawa and LRH offer a potential explanation for the 

existence of urban areas where business and residential land use is mixed. As many parts of urban areas 

have such a mixed character, the relationship between the theoretical predictions and the empirical 

characteristics of such areas is of obvious interest.114 It is the purpose of this chapter to shed light on 

this issue by an empirical investigation of some aspects of the LRH model. In particular, we look at the 

implications of their theory for the residential rent gradient using semiparametric regression 

techniques. We argue that bid rents in residential areas should be a function of commuting costs to 

business areas, whereas in mixed areas the bid rent should be a function of agglomeration. Indeed, the 

results highlight that agglomeration has a considerable effect on rents in areas which are mixed. 

Moreover, proximity to business areas leads to higher rents in residential areas, while it has a negative 

effect in mixed and business areas. We will therefore conclude that predictions of Lucas and Rossi-

Hansberg (2002) (and of Fujita and Ogawa (1982)) concerning residential land rents are not rejected by 

our empirical results. 

This chapter proceeds as follows. In Section 6.2 we discuss the main aspects of the LRH-model and 

formulate the hypotheses to be tested. We also generalise some features of the LRH-model using a bid 

rent approach, proposed by Ellickson (1981). Section 6.3 presents the data, which is followed by a 

discussion on the key identifying assumptions and the empirical strategy in Section 6.4. In Section 6.5 

we present the results, followed by a robustness analysis in Section 6.6. Section 6.7 concludes. 

 

6.2 Rents and mixed land use 

A. Some aspects of Lucas-Rossi Hansberg’s analysis 

The central issue in LRH is the interaction between two forces: agglomeration effects and commuting 

costs. Firms want to be close to each other because of agglomeration effects, and workers want to be 

close to firms in order to minimise commuting costs. They consider a circular city. If firms and workers 

are spread homogeneously over space, there are no commutes. However, firms close to the centre have 

a production advantage over others because of the close proximity to other firms. It is therefore 

attractive for firms to move towards the centre. Such clustering implies positive commutes for some 

workers and in equilibrium those workers have to be compensated for the implied costs.  If commuting 

costs are small, firms cluster and a monocentric lay-out will arise. A purely mixed city will arise when 

commuting costs are very large. In intermediate cases there may be mixed as well as monofunctional 

areas. Because of the assumption of symmetry, there are concentric rings of pure residential, pure 

business and mixed areas. We will consider some properties of these equilibria and focus on the 

implications for rents. Our discussion refers to the specific version of the model that LRH used for 

simulation purposes. 

In equilibrium all consumers reach the same utility level	� = �� . Preferences are a Cobb-Douglas 

function in land	� and other goods	�, so � = ����	�, where 
 is a utility parameter. Consumers are 

endowed with one unit of labour. Commuting implies a loss of labour time. A consumer who lives at x 

                                                                 
114 Rossi-Hansberg (2004) argues that it is important to test the implications of their theory as he makes several 
policy recommendations. The validity of these recommendations depends directly on the extent to which their 
model captures elements of reality. 
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and works at y delivers e	���  units of labour, where	� denotes the commuting costs per unit of 

distance	���. The budget constraint is therefore	� + ��� = ��e	��� , where �� denotes the price of land 

at location � and �� the wage per unit of labour offered at y. The bid rent function for residential land � 

is then: 

(6.1) ��� = 
 ��	��1 − 
� ���e	����� � ��	� , 
This bid rent function refers to a worker who is employed at ! and resides at	�. It is clear from the 

equation that the worker can bid more for land if it is closer to his work location. LRH also show that in 

their model workers living in mixed zones work next door and do not have commuting costs.  

Now assume a firm that optimizes a Cobb-Douglas production function, consisting of labour ℓ and an 

agglomeration effect #� subject to wages and the cost of land, so the profit per unit of land is then given 

by $� = %ℓ&#�' − ��ℓ − ��, where ( and ) are parameters of the production function and % is a 

productivity constant. The bid rent of a firm that locates at � is then given by �� = �1 − (��1 ��⁄ �& �	&⁄ %� �	&⁄ #' ��	&�⁄ . In mixed zones + the bid rent of households must be equal to 

the bid rent of firms. Given zero profits, in mixed zones the wage therefore has to satisfy: 

(6.2) ��, = -#�
'��	����	&��, 

where the superfix + denotes the mixed wage, #� indicates an agglomeration effect,  and -	is a function 

of the parameters of the model. Since the commute is equal to zero in these mixed zones, the residential 

bid rent in such zones ��, satisfies: 

(6.3) ��, = 
 ��	��1 − 
� .-#�
'��	���	&��� /

��	�. 
Comparison of (1) and (3) shows that in a city described by the LRH model there is a dichotomy 

between residential and mixed areas in the sense that rents in the former are a function of the distance 

to the relevant pure business area, whereas in the latter they are a function of the agglomeration 

potential.115 This is an important implication of the model that we will use in our empirical work.116 

The agglomeration effect #� in LRH is a productivity shifter that is defined as an agglomeration 

potential, i.e. as a weighted average of the number of workers in the surrounding locations, where the 

weights are a decreasing function of distance.  The value of # therefore depends on the location � of a 

firm: 

                                                                 
115 LRH make strong assumptions on the shape of the city (perfectly circular) and urban structure (symmetry). In a 
related paper (Rouwendal et al., 2010) we develop a numerical simulation model that relaxes these assumption. It 
is for example shown that the equilibrium residential land price is a function of wages and distance to employment, 
while the agglomeration effect does not occur directly in the rent equation. Our conclusion from that exercise is 
that the dichotomy between mixed and monofunctional areas as far as land rents are concerned, still holds if we 
place the main forces studied by LRH – agglomeration and commuting cost – in a setting that is more suitable for 
empirical work. 
116 The dichotomy is also present in the general version of LRH that does not rely on Cobb-Douglas formulations for 
preferences and production. 
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(6.4) #� = 1 23�4�e	5��d!� . 
In this equation !	denotes locations in the city, 	3� is the share of business land at another location y, 4� 

is the number of jobs per unit of land at	!, and ��� is the distance between locations � and	!. Integration 

takes place over all possible locations in the city. In our empirical work we use the same formulation.117 

 

B. A bid-rent approach 

Behind the two rent regimes is the bidding behaviour of firms and workers. An area will only be purely 

residential if the bid rent of workers employed elsewhere exceeds the rent that can be offered by a firm 

considering locating there. That is, in a purely residential area we must have	��� > ��,, which tells us that 

(see (1) and (3)): 

(6.5) ��e	��� > -#�'��	��/��	&��. 
Again, equation (5) should be an equality in mixed zones. In practice, purely residential and purely 

mixed areas are hard to find in most cities, and this is certainly the case in our study area. There are 

often gradual differences between predominantly residential and predominantly mixed areas, but not a 

dichotomy as in the model of Lucas and Rossi-Hansberg (2002).  We will start our empirical work using 

a dichotomy of urban locations based on this index, but feel that the necessity to define critical values of 

an essentially continuous measure of mixedness is a drawback. To deal with this concern, we outline in 

this subsection an alternative approach to the estimation of the forces that are fundamental in the LRH 

analysis. This approach, based on Ellickson (1981), does not require an a priori classification of 

locations into mixed or residential but assumes that actual locations are somewhere between these 

extremes on a continuous interval.  

We assume that workers employed at a given location search for parcels throughout the city. This 

implies that for any parcel in the city, bids can be expected from each business area. Workers that are 

employed in the area � where the parcel is located use the bid rent function ��,, denoted by (3), whereas 

the others use the bid function ���  that includes commuting costs, denoted by (1). To take into account 

the characteristics of the parcels (which are taken as given by the workers) and idiosyncratic 

differences in the value of the parcels we assume that these bids are random variables. We have bids ��, 

received from workers whose jobs are located in the same area as the parcel and bids ���  received from 

workers whose jobs are located in the nearest business centre	!. This can be written as:118 

(6.6a) log ��, = <= + <� log #� + >�,, 

(6.6b) log ��� = <? + <@�log �� − ����� + >��, 
where <= and <? are functions of parameters of the model (we have suppressed the control variables for 

simplicity of notation), <� = ) �1 − (
�⁄ ,  <@ = 1 �1 − 
�⁄ , ! denotes the workplace location of a 

household that is not employed at �.  

Households only differ in the values of the random terms >�, and >��, which are assumed to be 

identically and independently distributed.  The maximum bids of the groups of workers employed in the 

                                                                 
117 In the empirical application we treat every single observation of a household or firm as a unique location. This 
implies that 3�  is either one or zero. 
118 Equations (7a) and (7b) correspond to (3) and (1) respectively. 
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various areas therefore satisfy the same equations, and under appropriate assumptions the distribution 

of the maximum of the random terms of each type of bids approaches an extreme value type I 

distribution (see Ellickson, 1981). The probability that a worker from	� wins the auction is therefore 

given by a Logit model. For the case in which there are two areas – � and ! – this gives: 

(6.7) Pr��� = eCDECF GHI J�eCDECF GHI J� + eCKECL�GHI M�	����. 
The generalisation to an arbitrary number of areas is obvious. The expected value of the maximum bid 

is given by the log sum: 

(6.8) EOlog ��P = logQeCDECF GHI J� + eCKECL�GHI M�	����R. 
We regard this approach as more appealing for empirical work than the use of a sharp, but somewhat 

arbitrary, distinction between mixed and residential zones. Moreover, it is very close to the spirit of the 

LRH analysis, essentially only adding noise to the bid rent functions. 

A drawback of the derivation just presented is that it rests on a strong functional form assumption 

about the distribution of the	>’s that is probably not (completely) true. We will therefore not estimate 

equation (6.8), but instead use a semiparametric estimation procedure in which we incorporate what 

we regard as the key insight from (6.8) viz. that the first derivative of the expected bid rent E�log ��� 

with respect to agglomeration, #�, and distance ��� are functions of the probability that the area is 

mixed or purely residential.119  To show this we reconsider equations (6.6a) and (6.6b), but relax the 

assumption that the random variables are identically and independently extreme value type I 

distributed. The expected value of log �� is: 

(6.9) EOlog ��P = 2 2 maxV<= + <� log #� + >�,, <? + <@�log �� − ����� + >��WX�YX�Z
[�>�,, >���d>��d>�,, 

where [�	∙	� is the simultaneous density function of the two random terms. It follows that ]EOlog ��P ]#�⁄ = <� Pr�log ��, > log ��� � and ]EOlog ��P ]���⁄ = <@ Pr�log ��� > log ��,�. This shows that 

the expected price of land at any location is more sensitive to the value of the agglomeration index when 

it is more likely to be part of a mixed area. Similarly, the price of land is more sensitive to the distance to 

the nearest business area, when the location is more likely to be a residential area.  

In the empirical analysis we define a mixedness index +^� as a useful indicator of the probability that 

a particular location is mixed or residential. We will use the ratio between the number of jobs and 

households in an area: 

(6.10) +^� = 	 3�4�3�4� + �1 − 3��ℎ�, 
where ℎ� denotes the number of households per unit of land. This advantage of this index is that is in 

between one and zero, with zero indicating a fully  residential area.120 We then employ a 

semiparametric approach to test what we consider as the main implication of the generalised bid-rent 

                                                                 
119 It follows from (9) that	] log �� ]#�⁄ = Pr����<� #�⁄ � and ] log �� ]���⁄ = Pr���<@ holds. 
120 This index has often been used in the literature (see e.g. Pols et al., 2009; Ritsema van Eck et al., 2009; see also 
the next chapter). Also other indices may be used (such as the jobs to households ratio), but the correlation 
between these indices appears to be high. 
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approach: that the price of land is more sensitive to the agglomeration index, and less sensitive to the 

distance to the nearest employment centre, when +^� gets larger. 

 

6.3 Data and rents 

A. Data, variables and context 

We use a property dataset from the NVM (Dutch Association of Real Estate Agents). It contains 

information on a large majority (about 75 percent) of (owner-occupied) housing transactions  between 

2005 and 2007 in the urban area of Rotterdam, located in the Netherlands. Rotterdam is the second 

largest city in the Netherlands and is a major port city. The urban area has about 1.2 million inhabitants 

and half a million jobs are located in this region. This dataset contains very detailed information about 

around 30,000 housing transactions and provides information on transaction price, size in square 

meters, house type and other attributes. The second dataset contains all firm locations in 2006. For each 

firm we have information on the number of workers. This information comes from administrative 

sources and is very reliable, as Dutch firms are obliged by law to provide this information. The third 

dataset contains information on the number of inhabitants and households in all six-digit post codes 

(PC6). For each parcel we gather information on the distance to the nearest railway station, highway 

ramp and shore and include dummy indicators for properties within 150 meter of highways, railways 

and water. Descriptives of our data are presented in Appendix 6.A. 

The main objective of this chapter is to verify the impact of agglomeration and distance to business 

areas on different bid rent regimes. We estimate the agglomeration potential # for parcel � (see 

equation (6.4)). We assume that the decay parameter 1 is equal to 5. Most of the weight of this measure  

 

 
FIGURE 6.1  ― AGGLOMERATION POTENTIAL (#�) PER PC4-AREA 

Notes: We estimate the agglomeration potential for each postcode six-digit location and average over 
all PC6-locations within a PC4-location. The results are presented as standard deviations from the 
mean. 
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FIGURE 6.2 ― LAND USE IN URBAN AREAS 

 
is then within a few hundred meters from the property’s location.121  The average agglomeration 

potential per four-digit postcode (PC4) area is presented in Figure 6.1.122 

We compute the mixedness index (using equation (10)) for each PC4 area	!. In Figures 6.1 and 6.2, 

we label areas as mixed when	1 3⁄ ≤ +^ ≤ 2 3⁄ . About 45 percent of the observations are then located in 

mixed urban areas, 48 percent in purely residential areas, and 7 percent in business areas. About 40 

percent of the jobs are located in business areas. This percentage is somewhat higher for manufacturing 

and logistics firms (about 60 percent) and, surprisingly, financial business services (about 70 percent). 

Figure 6.2 presents a map of the mixedness index for the city region Rotterdam. Obviously, we do not 

observe a clear monocentric pattern although the spatial lay-out is consistent with the typical land-use 

pattern in European cities, which is characterised by a great mixture of businesses and residences, 

especially in the city centre (Anas et al., 1998). The port areas and some industrial areas are pure 

business areas, while the city centre is mainly mixed.  As in LRH, we assume that households that reside 

in residential areas will commute to the nearest business area. So, we calculate the distance from each 

location to the nearest business area.123 Because the residential rent regime should be the same for 

mixed and business areas (see equation (3)), in the regression analyses we treat observations as mixed 

when +^ ≥ 1 3⁄ .124 

Agglomeration is generally increasing in the level of agglomeration. Only for very high levels of the 

mixedness index, agglomeration levels tend to be decreasing. This is because many business areas are 

relatively low-density port areas hosting hazardous manufacturing. The observed pattern is in line with 

McMillen and McDonald (1999), who found that most mixed lots host labour-intensive light commercial 

firms  (e.g. business services) rather than heavy capital-intensive industries. Similarly, distance to the 

                                                                 
121 In the robustness analysis in Section 6.4.C it is shown that the results are very robust to the choice of decay 
parameter	1. 
122 The average distance to the centroid of a PC4 area is about 575 meters. 
123 Note that only when +^ > 2 3⁄ , the distance to the nearest business area is zero. 
124 Our results appear to be robust to exclusion of observations in business areas. 
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nearest business area is decreasing in the level of the mixedness index and by definition zero when +^ > 2 3⁄ . Despite the similar patterns, we note that the correlation between the distance to the nearest 

business centre and the agglomeration potential is only -0.30. 

 

B. Determining the rents 

The LRH model suggests that land rents depend on local conditions: agglomeration and the distance to 

the nearest employment centre. We do not observe land prices directly, but have to infer them from 

housing transactions. Measuring the price of land in urban areas is notoriously difficult as land is 

usually sold in combination with a structure. Different approaches have therefore been proposed (e.g. 

Cheshire and Sheppard, 1995; 2002). One can in principle measure the marginal price of land using a 

hedonic equation with lot size as one of the variables (Glaeser and Gyourko, 2003; Glaeser et al., 2005a). 

However, in urbanised areas (in Europe) many houses are apartments, and for those observations the 

amount of land used is not registered (in our data 50 percent of the transactions refer to apartments, 

and this share is even higher in the city centre). For this reason we propose a different approach, where 

we use the willingness to pay (WTP) for floor space as a proxy for residential land rents. In Appendix 

6.B, we show that all variables that affect the local land price, such as agglomeration effects and 

accessibility of employment, should be expected to have an impact on the floor space coefficient. This is 

given the assumptions that the costs of realising other housing attributes are (additively) separable 

from those of realising floor space, a constant price of construction costs (bricks, mortar and labour) 

over the urban area, and a competitive construction market. More specifically, all estimated effects will 

be proportional (with the same constant of proportionality) to the effect when using (unobserved) land 

rents. So, the main advantage of our approach is that we can include apartments, as well as terraced and 

detached houses in our analysis.125 

Since coefficients of a conventional hedonic price regression are assumed to be constant over space, 

we adopt a semiparametric hedonic approach. We use locally weighted regression based on 

geographical location (GWR) (see Fan and Gijbels 1996; Fotheringham et al. 2005; McMillen and 

Redfearn, 2010) to estimate the hedonic price function. Let d� be the price of a house located at �, e� are 

housing attributes describing housing quality, such as the number of rooms and construction year, and f� denotes the floor space in square meters.126  Then locally, the hedonic satisfies: 

(6.11) d� = e�g h� + ��f� + i� , 

where h� and �� are the location-specific parameters to be estimated and i� is the error term. Pagan 

and Ullah (1999) show that the location-specific coefficients can easily be estimated by employing 

weighted 

 
 

                                                                 
125 It is also possible to estimate a fixed effects regression, where the location-specific fixed effect is a proxy for land 
rent. The disadvantage is that one needs at least two observations per location. Our estimation procedure exploits 
the fact that rents are correlated over space and is therefore less data intensive and allows for a more detailed 
geographical analysis of land rents. We note that Sunding and Swoboda (2010) pursue a similar strategy to identify 
rents. 
126 Because we focus on an urban area using lot size would be inappropriate because lot size is zero for most 
houses (e.g. apartment buildings). 
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FIGURE 6.3 ― RESIDENTIAL RENTS 

 
least squares, with a location-specific weight matrix.127  

The marginal willingness to pay for space is then a function of place-specific parameters such as the 

agglomeration potential and distance to business areas. Using a cross-validation procedure, we find an 

optimal bandwidth of 856 meters.128 Figure 6.3 presents a map of the average rents at the PC4 level. The 

average price in the Rotterdam city region is about € 1,600 per square meter. The most expensive land 

is in the city centre and in general the rents decrease somewhat when distance to the city centre 

increases. 

 

C.     Land use regulation 

A possible concern with the approach used here is that the marginal price for space may be distorted by 

land use planning. For instance, Glaeser and Gyourko (2003) have shown that minimum lot size 

regulations may cause the marginal price of residential land to be extremely low, even in areas where 

the level of house prices is quite high. However, the example of minimum lot size zoning seems quite 

specific. In a recent article, Sunding and Swoboda (2010) develop a model of land use regulation in 

which they show that many types of land use regulation do not cause a wedge between the values of 

land at the extensive and intensive margins, even though the regulation may have large effects on both.  

In the Netherlands, spatial planning differs considerably from that in the US. The entire country is zoned 

and for each neighbourhood a zoning plan exists that specifies which types of land use are permitted 

and under what circumstances and conditions. In practice, this is not as restrictive as it may appear to 

be at first sight. The reason is that a substantial part of new construction in urban areas takes place after 

                                                                 
127 We use a Gaussian weighting function (Fotheringham et al., 2005): j�,� = k��,�� lK⁄ , where j is the kernel 
weight of observation ! in the regression of property �, ���, !� is the distance between observation � and !, and ℎ 
denotes the bandwidth. The bandwidth is determined by a cross-validation (CV) procedure (see Pagan and Ullah, 

1999): min op = ∑ Qd� − drs��ℎ�R?� , where drs� is the fitted value d� of excluding observation � itself. 
128 Unsurprisingly, using a Monte Carlo test for spatial non-stationarity, it appears that the willingness to pay �� for 
space	f� significantly varies over space. 
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a change in the existing zoning plan. Although time-consuming procedures are involved in requiring 

such a change and success is not guaranteed, a substantial part of redevelopment activities in the 

Netherlands is based on such changes. Furthermore, Cheshire and Hilber (2008) find that the 

Netherlands is among the less regulated European countries. Also Van Oort (2004) argues that Dutch 

spatial planning policy aims at optimal freedom of location choice of retail and business establishments, 

as well as residents, especially at the local level. Moreover, there is evidence that zoning laws that exist 

for firms prove not to have functioned as such (Van Oort, 2002). For these reasons we do not think that 

spatial planning will invalidate the results of our procedure of measuring residential rents. 

We are most interested in the implications of the LRH analysis for mixed land use and in that context 

the crucial question is whether workers employed in a particular area can bid as much for the land 

there as the firms that hire them. In this respect it is significant that in all Dutch cities, Rotterdam being 

no exception, redevelopments take place in which the mix between residential and business land use 

changes. The financial consequences of such redevelopments are of course taken into account. One may 

therefore expect that through such redevelopments some arbitrage takes place. Although 

redevelopment inside cities is costly, and some government money may be involved in such projects, 

many Dutch cities have realised substantial profits with their land policy, at least until the current 

financial crisis. This confirms the idea that (to some extent) intra-urban land markets move in the 

direction of equal land prices for residential and business land use (leading to a mixed area), or towards 

elimination of one type of land use in a certain area. 

It should of course be realised that arbitrage on the market for land is always limited by conversion 

costs, which can be substantial. In our empirical work we will proceed on the basis of the assumption 

that such costs may mitigate the impact of market forces on the value of residential rents, but do not 

completely eliminate them and that land use planning may add to the conversion cost, but does not 

result in a fundamental change in the way house prices and (land) rents are determined. 

 

6.4 Empirical strategy 

A. Introduction 

Our empirical strategy employs two approaches to estimate the impact of agglomeration and 

commuting distance on residential rents. In the first we provisionally assume a classification of all 

locations as being either mixed or residential. In line with LRH, in the former, agglomeration should be 

an argument of the rent function, whereas in the latter, the commuting distance should appear instead. 

Our first approach is to estimate such a rent function using an instrumental variables procedure. In the 

second approach, we relax the rigid classification of urban locations as either mixed or purely 

residential, as proposed in Section 6.2.B. We use a semiparametric approach in which workers from the 

area itself, as well as workers from other areas can bid for space at any location. The relative 

importance of the two groups then determines the extent to which the area becomes mixed and, as we 

show, also the sensitivity of the bid rent to the agglomeration variable and the commuting distance. But 

first, we will discuss the omission of wages in our analysis, the empirical identification of agglomeration 

and commuting effects, and the potential endogeneity of the agglomeration potential. 

 



Mixed land use, agglomeration and commuting 141 
 

 

B. Omitting wage information 

Empirical information about intra-city wage differences in the Netherlands, to which our empirical 

work refers, is not available. Although in collective bargaining agreements intra-city wage differences 

are not included, there are possibilities to adjust wages to specific (local) circumstances. For instance, 

fringe benefits provide a channel through which local wage differences can occur. However, reliable 

documentation of systematic local differences is absent.   

The implication is that in our empirical specification, we are unable to control for wage differences 

within municipalities, as we lack information on zone-specific wages	�� .129 It is clear from (1) and (7b) 

that the wage should in principle be included as an additional explanatory variable in our bid rent 

function for residential areas.130  The intra-municipal variation in the wages of inhabitants of residential 

areas may cause bias in the estimated coefficients. It is a priori unclear how important this will be. 

Although spatial wage differences play an important role in the LRH model, this does not necessarily 

imply that they must be large. For example, in their study of intra-urban agglomeration effects, Arzaghi 

and Henderson (2008) find that most of the effects related to agglomeration capitalise in rents, rather 

than in wages. It could therefore be the case that wage differences are relatively small in a situation in 

which agglomeration effects are an important determinant for the location of firms, which may imply 

that the omitted variable bias caused by the absence of the wage variable in our equation for residential 

rents is limited. 

If the wage at	� is correlated with the commuting distance to the nearest employment centre	! and 

the agglomeration effect #�, we may write ln �� = �= + ����� + �? log #�. If we substitute this into (7b), 

we get log ��� = �<? + <@�=� + <@��� − ����� + <@�? log #�. This shows that in the absence of wage 

information, the coefficient for the commuting distance becomes biased and we can no longer be sure 

that the residential bid rent is independent of the local agglomeration effect. The coefficient for the 

commuting distance that we estimate should therefore be interpreted as the net result of the pure 

distance effect and the possible counteracting effect of the omitted wage variable. Indeed, it cannot be 

excluded that the net effect is positive, especially when the commuting costs � are small. The highest 

wages will probably be paid in areas with large agglomeration benefits where firms outbid most of the 

residents. The larger such areas are, the higher the wages that will be paid, and the longer also the 

average commutes of the workers in these areas. It is also probable that �? is positive. If �� is high, it is 

probable that agglomeration effects are important at	! and if that location is not too far from	�, the 

agglomeration variable #� will also tend to be higher than average. The result will be that even in 

(almost) purely residential areas the coefficient for the agglomeration variable will be positive due to 

omitted variable bias. Fortunately, our semiparametric estimation procedure will allow for a positive 

effect of agglomeration in residential areas. 

 

                                                                 
129 Wage differences at the municipality level are absorbed into our municipality fixed effects and will therefore not 
cause problems. 
130 However, simply adding wage information, when available, would not be straightforward as wages are 
endogenous.  
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C. Other issues with respect to the identification strategy 

There are two other issues in our empirical identification strategy that deserve considerable attention. 

First, one may argue that we cannot distinguish empirically between agglomeration and the distance to 

business area, as both measures indicate the closeness to jobs. Distance to business areas assigns more 

weight to distant jobs, while agglomeration assigns more weight to local jobs, resulting in a low 

correlation between distance to the nearest business area and the agglomeration potential.  As we 

identify commuting and agglomeration effects on functional form, we will pay particular attention to the 

specification of commuting costs and geographical decay of agglomeration effects in the robustness 

analysis, Section 6.4.C. For example, we measure the distance to business areas alternatively as the 

average distance to all jobs in business areas and use different decay parameters for agglomeration.131 It 

is shown that the results are reasonably robust. 

Second, the variables of interest may be endogenous. LRH develop a general equilibrium analysis in 

which location decisions of all firms and workers are determined simultaneously. Apart from 

preferences, commuting costs and technology, the presupposed circular shape of the city is the only 

exogenous element in their model. This does not necessarily mean that traditional bid rent analyses are 

invalid in an urban economy shaped by the forces of the LRH model. For instance, the monocentric 

structure is one possibility of the LRH model, and there rents are determined by the distance to the 

central business district (CBD) and can be analysed in the conventional way: by an OLS regression of 

rents on that distance.132 Similarly, one may analyse the rents in residential areas of a non-monocentric 

structure by a regression on the distance to the nearest business area, while using fixed effects in order 

to take into account the impact of the size of this centre as well as that of possible wage differences.133 

Redfearn (2009a) provides evidence for the exogeneity of employment centre locations, by showing 

that the locations of employment centres are surprisingly persistent over time, despite dramatic 

changes in transportation costs, communication costs and production technology.  

The story is more complicated for agglomeration, since natural (dis)advantages also play a 

potentially important role in shaping land use and rents within cities. For instance, Bayer and Timmins 

(2007) argue that location decisions alone are insufficient in distinguishing the potential of local 

interactions from those of natural (dis)advantages. As a result, any effect of agglomeration is likely to be 

biased and one needs instruments that are correlated with agglomeration but uncorrelated with natural 

(dis)advantages (Ellison and Glaeser, 1999; Bayer and Timmins, 2007). The conventional procedure is 

to use information about past settlement patterns. The idea is that the natural advantages that were 

important in the (sufficiently distant) past do not play a role in the present situation, while past and 

present settlement patterns are closely correlated (McMillen and McDonald, 1998; Redfearn, 2009a).  

                                                                 
131 As there is evidence found of cross-commuting and inverse commuting, it may be expected that rents in 
residential areas are influenced by the distance to all business centres (see Anas et al., 1998).  
132 We consider the possibility that Rotterdam is a monocentric city in the robustness analysis, Section 6.4.C. 
133 Nevertheless, the classification of land use type denoted by the mixedness index	+^ is potentially endogenous 
because of the location decision process that is a function of rents and wages. We therefore estimate an 
endogenous switching model in the robustness analysis, Section 6.4.B. The results seem to confirm the results that 
we will present in Section 6.4. We also consider the possibility that distance to business area is endogenous in 
Section 6.4.C. 
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The first instrument we use is municipal population density in 1830.134 The validity of this instrument 

rests on the assumption that population density in 1830 does not directly influence bid rents of 

households today, but is correlated with the current agglomeration pattern (see also Rice et al., 2006; 

Combes et al., 2008). The second instrument we employ is the distance to the nearest station in 1900. 

Stations were an important factor that caused agglomeration  in the second half of the 19th century 

(Ciccone and Hall, 1996). Locations nearby stations were therefore likely to attract more businesses. 

The current lay-out of the railroad network in the Rotterdam area differs from that in 1900, which 

makes it unlikely that the distance to the nearest station in 1900 has an impact on current rents, 

especially because we condition on the distance to current stations.135 

 

D. Estimation procedure 

The first estimation strategy is directly based on equations (7a) and (7b) and can be interpreted as the 

most straightforward application of the LRH model. It encompasses a classification of locations as being 

mixed or residential. We separately estimate both equations, while imposing the restriction that the 

coefficients of the controls are equal in both equations. We also include other attributes of locations, t�, 

and municipality fixed effects u�. The following specification is estimated: 

(6.12) log �v� = w log #� �1 − ^�� + x���^� + t�g y + u� + z� , 
where w, x, y and u are the parameters to be estimated, #� denotes the agglomeration potential at 

location �, ��� is the distance between � and the nearest area	! for which the mixedness index has a 

value of at least two-third and z�  denotes the error term. ^� is an indicator variable that equals one when 

location � is in a residential area (so when {^� < 1 3⁄ ). By construction, the coefficient for 

agglomeration equals zero in residential areas and the coefficient for distance to the nearest business 

centre equals zero in mixed and business areas. We hypothesise that w > 0 and x < 0. The idea behind 

this specification is based on LRH’s analysis: in a mixed area the workers live very close to their 

employment location and earn the mixed wage, which is determined by agglomeration benefits. In a 

residential area, workers commute to the closest business area. To empirically test this, we will 

therefore also estimate the following equation: 

(6.13) log �v� = Qw, log #� + x,���R�1 − ^�� + Qw� log #� + x����R^� + t�g y + u� + z� . 
So, the coefficients related to agglomeration and distance to the nearest business area are dependent on 

whether an area is mixed or residential. It is then expected that w, > w� and x, > x� . 

                                                                 
134 Note that the municipalities of 1830 were much smaller than the current municipalities. For example, our study 
area consisted of about 60 municipalities instead of the current 20. Further, in 1830 Rotterdam was a very small 
fishery port, which cannot explain clustering of manufacturing activities today. In the analysis we also control for 
the presence of water. We also choose another year (e.g. 1900), but because densities are highly correlated over 
the years this does not change the results substantially. 
135 A (historic) map of the selected instruments is presented in Figure 4.A2, Appendix 4.A. There is a reasonably 
high correlation between the instruments and agglomeration values #. The correlations between population 
density 1830 and agglomeration is 0.398 and between distance to station in 1900 and agglomeration -0.253 
(locations further away are less dense). 
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The insight derived from the model in Section 6.2.B leads us to formulate also a different model 

where the impact of agglomeration and proximity to business areas is dependent on the degree of 

mixing in a very flexible way. We then define the following partial linear specification: 

(6.14) log �v� = Ω,~Qlog #� , ���, t�R + u� + z� , 
This partially linear specification is estimated by employing the procedure of Robinson (1988) and 

using local linear methods to estimate	Ω,~�	∙	�.136 For each parcel a weighted regression is estimated, 

based on a kernel. We employ a Gaussian kernel where the weight variable is defined as the difference 

between the mixedness index of	� and	!: 

(6.15) j�� = 1ℎ�Z�√2$ e	�?�,~�	,~�l�Z� �K , 
where j is the kernel weight of parcel	! in the weighted regression of	�, ��� denotes the standard 

deviation of the mixedness index and ℎ refers to the bandwidth. We choose a bandwidth of 0.75 and we 

will provide a robustness check for the bandwidth in the robustness analysis (Section 6.4.D). This 

procedure implies that when parcels have the same value for	+^, the coefficients will be the same. For 

higher values of the mixedness index we expect that the effect of agglomeration will be larger and the 

effect of proximity to business areas will be closer to zero.  

To account for the endogeneity of agglomeration, we employ a control function approach (see 

Blundell and Powell, 2003). This approach treats endogeneity as an omitted variable problem. In the 

first stage, agglomeration is nonparametrically regressed on all dependent variables and instruments, 

and linearly regressed on all municipality dummies. The inclusion of a control function of the first stage 

errors in the second stage solves the inconsistency of standard nonparametric estimation (Newey et al., 

1999; Pinkse, 2000). We then estimate the following function in the second stage: log �v� = Ω,~Qlog #� , ���, t�R + u� + Ξ����� + z� , where Ξ�	∙	� is some function of the first stage errors ��. We estimate the control function by series approximation using a fifth order polynomial.137 In 

Appendix 6.C, the estimation procedure is described in more detail. 

 

6.5 Results 

A. Ordinary least squares and instrumental variables 

The results of estimating equations (12) and (13) are presented in Table 6.1. In the  Specification (1) we 

use standard ordinary least squares (OLS). In the Specification (2) we use instrumental variables (IV) 

and instrument agglomeration with population density in 1830 and distance to station in 1900.138 In  

 
 

                                                                 
136 This local linear estimator possesses a number of desirable theoretical and practical properties, compared to 
other semiparametric methods. Local linear methods have a lower asymptotic bias than the Nadaraya-Watson 
estimator and a lower asymptotic variance than the Gasser-Mueller estimator (Bajari and Kahn, 2005). 
137 The main advantage of using a series estimator for Ξ���� is that we can simply employ the semi-parametric 
estimation procedure of Robinson (1988). Otherwise, very computational intensive procedures such as backfitting 
have to be employed (see Yatchew, 2003). 
138 In Appendix 6.D, we present the first stage results for Specifications (2) and (3). The instruments are strong and 
have both the expected signs. Population density has a relatively strong statistically significant impact in mixed 
areas, while distance to stations in 1900 is a stronger instrument in explaining agglomeration in residential areas. 
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TABLE 6.1 ― REGRESSION RESULTS OF THE IMPACT ON RENTS  
(Dependent variable: the logarithm of estimated rent) 

 (1) (2) (3) 
Agglomeration (log) – residential       0.032 (0.026)  
Agglomeration (log) – mixed 0.021 (0.003) *** 0.182 (0.007) *** 0.195 (0.009) *** 
Distance to business area – residential -0.034 (0.002) *** -0.062 (0.003) *** -0.031 (0.007) *** 
Distance to business area – mixed       0.041 (0.006) *** 
Distance to station 0.003 (0.002)  0.039 (0.003) *** 0.040 (0.004) *** 
Distance to ramp 0.037 (0.003) *** 0.021 (0.003) *** 0.014 (0.003) *** 
Railway < 150m -0.088 (0.006) *** -0.127 (0.007) *** -0.132 (0.007) *** 
Highway < 150m -0.110 (0.007) *** -0.110 (0.006) *** -0.104 (0.008) *** 
Waterfront 0.239 (0.011) *** 0.299 (0.011) *** 0.301 (0.013) *** 
Distance to shore 0.004 (0.001) *** 0.001 (0.001)  0.000 (0.001)  
Residential area 0.122 (0.021) *** 1.404 (0.055) *** 1.282 (0.253) *** 
Municipality fixed effects (20) Yes Yes Yes 
Number of observations 29,246 29,246 29,246 
R² 0.340   
Notes: The dependent variable is the logarithm of the bid rent for land. Instruments in Specification 
(2) and (3) are Population density 1830 and Distance to station 1900. Bootstrapped standard errors 
are between parentheses (500 replications). 
 *** Significant at the 0.01 level 
 ** Significant at the 0.05 level 
 * Significant at the 0.10 level 

 
Specification (3), we explicitly test the implication of LRH that distance to business area only impact 

rents in residential areas, whereas agglomeration only impact rents in mixed areas (see equation (13)). 

The results of Specification (1) show that the signs of agglomeration and distance to business areas 

are correct, and the coefficients are statistically significant. However, when we instrument 

agglomeration the coefficients become much larger in absolute values (Specification 2): doubling 

agglomeration leads to a 13 percent increase in rents. Our results do not confirm the finding in the 

literature that the non-instrumented estimates will generally be overstated (Bayer and Timmins, 2007, 

Chapter 2).139 They also are not in line with the results of Chapter 3, in which we found that unobserved 

endowments are not strongly correlated to employment density. Apparently, for households in in our 

study area, agglomeration is correlated with unobserved disadvantages, which may be due to zoning. 

This may also be because we have included fewer control variables compared to Chapter 3. One 

kilometre increase in distance to the nearest business area will lead to a decrease in rents in residential 

areas of 6.2 percent.  

In Specification (3) we test whether agglomeration effects and distance to a business area impact 

rents in mixed and residential areas in a different manner (see equation (13)). In accordance with our 

hypotheses, the coefficient of agglomeration is insignificant for residential areas, while proximity to 

business areas increases rents. Agglomeration has a large and positive impact on rents in mixed areas, 

                                                                 
139 In Chapter 3 and in the meta-analysis of Melo et al. (2009) it is found that explicit treatment of the endogeneity 
of agglomeration effects will not lead to statistically significant changes in the coefficients. This study shows that 
this finding does not hold for the research area and for the residential rent gradient. This may be caused by the fact 
that we include fewer location attributes in this analysis. 



146 Chapter 6 
 

but the coefficient of distance to business areas is positive, implying that proximity to business areas in 

mixed areas has a negative effect. We come back to this issue in the next subsection.140 

The control variables have in general the expected sign. Locations close to water are more expensive, 

whereas locations close to railways or highways experience lower bid rents because of negative 

externalities such as noise and air pollution. Furthermore, we see that the dummy indicator for 

residential land-use is positive in all specifications. The theory of LRH implies a constant of the rent 

function that is the same over the whole city when the wage is included in the equation for residential 

areas. The positive coefficient for the dummy for residential land use may be related to the unobserved 

amenities. 

 

B. Semiparametric model 

We estimate equation (6.14) using the procedure outlined in Section 6.4.D and Appendix 6.C. Figure 6.4 

presents the results for agglomeration and distance to business areas. On average, doubling 

agglomeration leads to an increase in the rents of 11 percent. The latter estimate is in line with the 

estimates presented in Table 6.1. The average (negative) effect of a one kilometre increase in distance to 

a business area is 2.2 percent. So, the average effects correspond to the estimates of Specification (3).  

Figure 6.4A shows that agglomeration effect is stronger in business areas, as expected. In general, the 

effects are similar to the parametric specifications. In pure business areas, doubling of agglomeration 

will lead to a 17 percent increase in rents, whereas in pure residential areas this effect is only 11  

 

 
(A) (B) 

FIGURE 6.4 ― THE EFFECT OF AGGLOMERATION AND DISTANCE TO BUSINESS AREAS 
Notes: These are the results of Specification (4), which is the semiparametric estimation of equation 
(14). The left picture is the effect on rents of doubling agglomeration and the right picture is the 
effect of a one kilometre increase in distance to the nearest business area. We use a bootstrapping 
procedure to construct the 95 percent confidence intervals (500 replications). The average 
coefficients of control variables are similar to point-estimates presented in Table 6.1. Results are 
available upon request. 

 

                                                                 
140 We also re-estimate this equation while excluding observation in business areas	�+^ > 2 3⁄ �. The results are 
however very similar. We also consider the possibility that Distance to Business Area is endogenous in the 
robustness analysis, Section 6.4.C. It may also be that the mixedness index is endogenous. We therefore estimate an 
endogenous switching model in Section 6.4.B. 
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percent. Nevertheless, agglomeration seems to play a substantial role in determining rents in residential 

areas, in contrast to Specification (3). A one kilometre increase in distance to a business area is only 

valued negatively in areas where the mixedness index is lower than 0.2 (see Figure 6.4B). In a pure 

residential area, a one kilometre increase in distance to a business area decreases house prices with 

about 6 percent. For about 20 percent of the observations, referring to residential areas, the coefficient 

of distance to business areas is negative. 

There are two important aspects of our results that are consistent with LRH: the positive and 

increasing impact of agglomeration on land rents in areas where the mixedness index exceeds 0.5 and 

the negative and decreasing effect of distance to the nearest employment centre in areas where the 

mixedness index is less than 0.2.  There are also two findings that were not predicted by LRH. For values 

of the mixedness index less than 0.5 the impact of agglomeration is still positive and essentially 

constant. For values of the mixedness index larger than 0.2 the impact of the distance to the nearest 

employment centre is positive., which may be caused by an omitted variable bias due to missing wage 

information.  

The bid rent interpretation that we derived on the basis of LRH suggests that the impact of 

agglomeration would be constantly increasing in the mixedness index. It appears that even in areas that 

are predominantly residential there is an impact of the proximity of agglomeration on house prices. So, 

although the main results are consistent with the main prediction, they seem to point to other 

determinants of residential land rents that are absent in the LRH-model. For example, the positive 

coefficient of agglomeration in residential areas may be caused by the presence of consumer amenities 

(e.g. retail, restaurants, schools et cetera) that are positively correlated with employment density. The 

positive coefficient of distance to the nearest business area for moderate and large values of the 

mixedness index may be related to externalities (stench, noise, heavy traffic) associated with the 

proximity to industrial areas (see e.g. Davis, 2011). Relatively many hazardous activities, such as 

manufacturing and logistics, are relatively concentrated in business areas.  

 

6.6 Robustness analysis 

A. Introduction 

In this robustness analysis, we will focus on three sets of issues. First, is our measure of mixed land use 

endogenous? Second, are our results robust to different specifications of distance to business centre and 

is distance to business centre endogenous? Third, are our semiparametric results robust to the choice of 

bandwidth.  

 
B. An endogenous switching model 

In the previous specifications, we do not account for the potential endogeneity of mixedness. More 

specifically, the degree of mixing may be a function of rents. We estimate an endogenous switching 

model, wherein the error term in the selection equation can be correlated with the error term in the 

rent equations for mixed and residential land. In such a model, there are two bid rent regimes and a 

criterion function ^� which determines in which regime the household is (see, Maddala, 1983). Let ^�∗ = 1 
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if ��′ � + t�′ � + u�′ + ���∗ > 0 and 0 otherwise, where �� are instruments, �, � and � are coefficients to be 

estimated and ���∗
denotes an error term. Then: 

(6.16a) log �v�� = w� log #� + x���� + t�g y� + u�� + z�� ,      if   ^�∗ = 1, 

(6.16b) log �v�, = w, log #� + x,��� + t�g y, + u�, + z�,,      if   ^�∗ = 0, 

So, the coefficients to be estimated are regime-specific (residential or mixed area). Again, we expect 

that  w, > w� and x, > x� . An endogenous switching regression model is estimated by the two-step 

estimator of Heckman (Maddala, 1983; Wooldridge, 2002). In the first stage, we estimate a Probit model 

where the dependent variable equals one when an area is a residential area. We then compute the 

inverse Mills ratio for each observation. In the second stage we first regress agglomeration on our 

instruments, the inverse Mills ratio and exogenous variables. The predicted values of agglomeration are 

used in the second step, wherein we again include the inverse Mills ratio in both equations. The 

selection equation should preferably include one or more variables that affect the mixed or residential 

use of the location but not the rents. We therefore include as an additional instrument a dummy 

whether an observation is within a city in 1500, which we define as a settlement that received so-called 

city rights.141 In the cities of the Middle Ages, living, working and shopping were all located within the 

city walls (Wright, 1967; Coupland, 1997). In the early 20th century this co-location of land uses came to 

an end. Owing to technological progress, especially in the transport sector, and changes in cultural 

behaviour, land uses in new neighbourhoods were often separated (Grant, 2004). As settlement 

patterns are strongly correlated over time, we expect that areas that are in (former) medieval cities 

have a higher probability to be mixed today.142 The results are presented in Table 6.2.  

 
TABLE 6.2 ― RESULTS FOR THE ENDOGENOUS SWITCHING MODEL 

(Dependent variable: the logarithm of price per  
square meter in residential and mixed areas) 

 (5)  (6) 
 �v�  �v,   �v�  �v,  

Agglomeration (log)   0.090   0.053  0.141  
  (0.067)   (0.093)  (0.103)  

Distance to business Area -0.044     -0.032  0.056  
 (0.053)     (0.048)  (0.080)  
Location attributes (6) Yes Yes  Yes Yes 
Municipality fixed effects (20) Yes Yes  Yes Yes 
Number of observations 14,206 15,040  14,206 15,040 
Notes: See Table 6.1. Bootstrapped standard errors are between parentheses (500 
replications). We use In city 1500, Population density 1830, Distance to station 1900 as 
instruments. Results of the selection equation and fist stage are available upon request. 
Location attributes we include are Distance to station, Distance to ramp, Railway <150m, 
Highway <150m, Waterfront and Distance to shore. 

                                                                 
141 Cities were obviously much smaller than the current cities, so only about 8 percent of the observation is within 
a (former) medieval city.   
142 One may argue that this instrument has a direct impact on rents because of the presence of historic amenities. 
Although we cannot fully rule out this possibility, note that due to bombings in the Second World War, the city 
centre of Rotterdam hardly contains historic structures, so the correlation is likely to be very limited (see Chapter 
9). Also note that when we estimated the rents, we control for housing attributes, including whether a house is 
listed. 
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Specification (5) shows that agglomeration has a positive coefficient and distance to business areas a 

negative coefficient. Due to the data-intensive two-stage procedure where we instrument both a dummy 

indicating whether an area is residential and agglomeration, we have relatively wide confidence 

intervals. This also holds for Specification (6), where the standard errors are too high to make precise 

statements. Nevertheless, the point estimates support the results we found in the previous sections. 

Agglomeration seems to have a more pronounced impact on  rents in mixed areas, where distance to 

business areas only has the correct sign in residential areas. So, the results of the endogenous switching 

models at a minimum do not reject the previous results. 

 

C. Robustness of parametric specifications 

In this subsection, we provide a sensitivity analysis of the parametric specifications. First, we 

investigate whether the effect of agglomeration and distance to business areas is sensitive to the choice 

of the decay rate	1 (see equation (4)). We re-estimate Specification (2) for a reasonable range of values 

(between 1 and 10). Figure 6.D1 in Appendix 6.D shows that the coefficients of agglomeration and 

distance to business areas are remarkably robust within a reasonable range of 1. For example, for 1 = 1 

(so, employment further away receives more weight) it is shown that doubling agglomeration leads to 

an increase in rents of 17 percent. The effect of distance to business areas is also more pronounced: one 

kilometre increase in distance to the nearest business area leads to a decrease in rents of 8.7 percent.143 

The results of the other robustness analyses are presented in Table 6.3. 

In Specifications (7) and (8), we consider the possibility that both distance to the nearest business 

area and agglomeration are endogenous. The location pattern of activities may be endogenous (see 

previous subsection) and therefore also distance to the nearest business area is potentially endogenous. 

However, when we interact agglomeration and distance to business areas with a dummy indicating 

whether an area is mixed, we have four endogenous variables and only three instruments. We therefore 

proceed by estimating the simple equation (6.12) (Specification (7)) When results are similar, this 

suggests that distance to business areas is not endogenous. Then, in Specification (8) we assume that 

the coefficients of agglomeration and distance to business area are the same in residential and mixed 

areas. When the coefficient of agglomeration is lower than in Specification (7), it suggests that the 

agglomeration effect is more pronounced in mixed areas. Similarly, when the coefficient of distance to 

business areas is closer to zero or even positive, this suggests that commuting costs are more important 

in residential areas. It is shown in Specification (7) that the coefficient of agglomeration is very similar 

to Specification (2). The coefficient of distance to business areas is slightly lower than in Specification 

(2), but is statistically insignificant. This is likely because one needs a rather large dataset and strong 

  

                                                                 
143 Again, it may be argued that distance to business areas put more weight on distant jobs, while agglomeration 
weight local jobs more heavily, which makes it hard to distinguish empirically between the effects of commuting 
and agglomeration economies. However, when	1 → 0, distant jobs are weighted more heavily, and consequently, 
we should expect that the effect of business areas should become smaller. However, it is shown that the effect of 
business areas become stronger for lower values of the decay parameter, strongly suggesting that we measure two 
different things. 
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TABLE 6.3 ― ROBUSTNESS ANALYSIS OF REGRESSION RESULTS 
(Dependent variable: the logarithm of price per square meter) 

 (7) (8) (9) (10) (11) (12) (13) 
Agglomeration (log)   0.160            
   (0.154)            
Agglomeration (log)       -0.318    -0.355    
    – residential       (0.082) ***   (0.230)    
Agglomeration (log) 0.176    0.183  0.098  0.186  0.228  0.172  
    – mixed (0.006) ***   (0.006) *** (0.010) *** (0.007) *** (0.031) *** (0.018) *** 
Distance to business area   0.034            
   (0.044)

) 
           

Distance to business area -0.094            -0.057  
    – residential (0.061)            (0.008) *** 
Distance to business area               
    – mixed               
Distance to CBD     -0.015  -0.092        
    – residential     (0.001) *** (0.013) ***       
Distance to CBD       -0.057        
    – mixed       (0.005) ***       
Average distance to jobs in         -0.018  -0.086    
    business area – residential         (0.001) *** (0.043) **   
Average distance to job in           -0.018    
    business area – mixed           (0.011)    
Population density (log)             0.023  
             (0.039)  
Location attributes (7) Yes Yes Yes Yes Yes Yes Yes 
Municipality fixed effects (20) Yes Yes Yes Yes Yes Yes Yes 
Number of observations 29,246 29,246 29,246 29,246 29,246 29,246 29,246 
Notes: See Table 6.1. In Specifications (7) and (8), agglomeration and distance to business areas are endogenous 
variables. Population density 1830, Distance to station 1900 and In city 1500 are then used as instruments. In 
Specification (13), agglomeration and population density are both treated as endogenous variables. Population 
density 1830 and Distance to station 1900 are then used as instruments. We include are Distance to station, 
Distance to ramp, Railway <150m, Highway <150m, Waterfront, Distance to shore and Residential as control 
variables. 

 
instruments to account for the potential endogeneity of agglomeration and distance to business areas. 

Specification (8) shows that the coefficient of agglomeration is slightly lower, even though it is not 

statistically different from Specification (7). It is also shown that the coefficient of distance to business 

areas is insignificant but positive and very similar to the average coefficients of distance to business 

areas in Specifications (3) and (4). Given the negative coefficient of distance to business areas in 

Specification (7), this also suggests that commuting costs are more relevant in residential areas. 

Another objection to our estimation procedure is that distance to the central business district is 

important in determining rents in all parts of the city, which especially relevant when the city is almost 

monocentric (see, among others, Anas et al., 1998; McMillen, 2010). Then, the central business district 

may be treated as the only business centre and the distance to the CBD rather than the distance to the 

nearest business area should be included. It may be argued that Rotterdam is a monocentric city, as 

there is strong clustering of employment in the city centre (see Figure 6.1). We therefore assess the 
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impact of the distance to CBDs in both residential and mixed areas.144 An advantage of this approach is 

that the distance to the CBD seems to be reasonably exogenous to the location decision process (as the 

location of the CBD has not changed for centuries, see Figure 6.A2, Appendix 6.A). Specification (9) 

shows that the impact of agglomeration is almost identical and the distance to the CBD is negatively 

related to rents: one kilometre increase in distance to the CBD leads to a decrease in rents of 1.5 

percent. We also re-estimate equation (6.13). The effect of agglomeration in residential areas is 

surprisingly strongly negative, while the effect of agglomeration in mixed areas still is positive (see 

Specification (10)). It is also shown that the effect of one kilometre increase in distance to the CBD is 

negative in mixed areas. Still, there is a statistically significant difference with the coefficient of distance 

to CBD in residential areas. That is, the effect is much stronger in residential areas. 

In the previous analysis, we include the distance to the nearest business area that should measure 

the generalised commuting costs of a certain location. In practice, we observe cross-commuting and 

inverse-commuting, implying that households do not necessarily travel to the nearest business areas 

(e.g. Hamilton, 1982; White, 1988; Anas et al., 1998).  The jobs located in other business areas than the 

nearest business centre may therefore also impact rents at a certain location. We then include the 

average distance to a job in a business area, which should account for other commuting patterns. The 

average distance to a job in a business centre �̅� is then measured as: 

(6.17) �̅� = � ������Q�	~�R���� ����Q�	~�R��� , 

where ��� is the distance between PC6 locations	� and	! and ^� denotes an indicator function that 

equals one when	! is in a residential area as defined in Section 6.3.A. We first re-estimate equation (12). 

It is shown in Specification (11) that the average distance to a job is negatively related to rents: one 

kilometre increase in the average distance to a job in a business area decreases rents by 1.8 percent. 

The effect of agglomeration is nearly identical to the coefficient of agglomeration in Specification (2). 

We also re-estimate equation (13) including	�̅� instead of distance to the nearest business area. In line 

with previous results, agglomeration is positive and statistically significant in mixed areas, while it is 

insignificant in residential areas (although the coefficient is, somewhat surprisingly, strongly negative) 

(see Specification (12)). The effect of a one kilometre increase in average distance to a job in a business 

area is now much stronger and leads to a decrease in rents of 8.6 percent. We may conclude that the 

previous results are hardly affected by the specification of the distance to business areas, whether 

commuting costs are defined as the distance to the nearest business areas, the average distance to a job 

in a business area or the distance to the CBD.145 

We investigate whether controlling for population density influences the results. In Specification 

(13), we instrument agglomeration as well as population density. It is shown that that the coefficients 

for agglomeration and distance to business areas are almost identical to the results of Specification (2), 

                                                                 
144 In Figure 6.A3, Appendix 6.A, it is shown how we define the central business district. 
145 We also paid some attention to the functional form of the rent equations. When we define the (untransformed) 
rent as dependent variable instead of log rent, the results remain robust, also when we do not take the log of 
agglomeration. So, the choice of functional form appears to play no major role here. 
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strongly suggesting that we can distinguish between the effects of employment density and population 

density. Moreover, population density does not have a statistically significant impact on rents. 

 
D. Robustness of semiparametric specifications 

We also check the results of our semiparametric estimation procedure when we do not control for the 

endogeneity of agglomeration. Although the pattern of the estimates is almost identical to Figure 6.4, the 

coefficients are about 13 percentage points lower for agglomeration and 3.3 percentage points lower for 

distance to business areas. This again suggests that agglomeration is not exogenous. Eventually, we 

investigate whether the choice of bandwidth in our semiparametric approach will impact our results. 

The qualitative implications of our results will not change, but the spread of coefficients is obviously 

somewhat larger for smaller bandwidths.  

 

6.7 Conclusions 

In this chapter we shed some light on the determinants of rents in urban areas. Lucas and Rossi-

Hansberg (2002) have developed a theoretical model in which the main forces that shape the urban 

structure are commuting costs and an agglomeration effect. They show that in equilibrium there may be 

monofunctional residential and business areas as well as mixed areas. The rent in purely residential 

areas should be influenced by commuting cost to the nearest business area, whereas in mixed areas the 

agglomeration potential should impact rents. We show that agglomeration, when properly corrected for 

its endogeneity, indeed has a considerable effect on rents in areas which are mixed. Moreover, 

proximity to business areas leads to higher rents in residential areas, while it has a negative effect in 

mixed and business areas. We may therefore conclude that predictions of Lucas and Rossi-Hansberg 

(2002) (and of Fujita and Ogawa (1982)) concerning residential land rents are not rejected by our 

empirical results.  

Our empirical results may suffer from omitted variable bias due to the lack of information about 

intra-urban wage variation. The positive effect of agglomeration in residential areas and the positive 

impact of commuting distance to the relevant employment centre in mixed areas can be related to this 

limitation of our data. Additionally, further research should pay considerable attention to different 

endogeneity issues, which we cannot fully solve in the current chapter. For example, it is not unlikely 

that the location decision process is a function of land prices. Also including information on commuting 

trips (origins, destinations, as well as travel time) and controlling for other forces, like  negative 

externalities caused by firms, would allow for more powerful tests of the relevance of agglomeration 

and commuting as determinants of the urban spatial structure and rent gradient. 
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Appendix 6.A     Descriptive statistics 

TABLE 6.A1 ― DESCRIPTIVE STATISTICS OF PROPERTIES’ ATTRIBUTES 
 Mean Std.Dev. Min Max 
Transaction price (in €) 208,318.700 109,429.100 45,000.000 1,150,000.000 
Size (in m²) 110.662 39.448 30.000 300.000 
Type - apartment 0.500    
Type - terraced 0.304    
Type - semi-detached 0.166    
Type - detached 0.030    
Rooms 4.009 1.255 1.000 14.000 
Garage 0.042    
Garden 0.480    
Central heating 0.915    
Monument 0.004    
Construction year <1960 0.330    
Construction year 1961-1970 0.144    
Construction year 1971-1980 0.138    
Construction year 1981-1990 0.157    
Construction year 1991-2000 0.164    
Construction year >2001 0.067    

 
TABLE 6.A2 ― DESCRIPTIVE STATISTICS OF VARIABLES OF INTEREST 

 Mean Std.Dev. Min Max 
Rent (in €) 1,614.167 527.516 200.040 3,511.000 
Agglomeration (1 = 5� 2,809.516 4,109.428 0.001 39,949.55 
Distance to business area (in km) 1.164 1.311 0.000 8.928 
Distance to station (in km) 2.982 2.847 0.073 14.133 
Distance to ramp (in km) 2.274 1.622 0.069 9.680 
Railway < 150m 0.049    
Roads < 150m 0.068    
Waterfront 0.030    
Distance to shore (in km) 21.684 6.525 0.697 37.309 
Residential (dummy) 0.486    
Mixedness index (not included in regressions) 0.348 0.180 0.000 1.000 
Population density 1830 (per km²) 946.833 2,526.821 0.000 9,490.764 
Distance to station 1900 (in km) 3.251 2.846 0.022 14.431 
In city 1500 0.053    
Notes: Rent is constructed using a geographically weighted regression of transaction price on house 
size and control variables (see Section 6.3.B). Agglomeration is calculated using equation (4) and given 1 = 5. Information on land uses is obtained from Statistics Netherlands. 

 

 
FIGURE 6.A1 − DISTRIBUTION OF THE MIXEDNESS INDEX +^ 

0%

3%

6%

9%

12%

15%

0
.0

0

0
.1

0

0
.2

0

0
.3

0

0
.4

0

0
.5

0

0
.6

0

0
.7

0

0
.8

0

0
.9

0

1
.0

0

%
 o

f 
o

b
se

rv
a

ti
o

n
s

Mixedness index



154 Chapter 6 
 

 

 
FIGURE 6.A2 ― HISTORIC INSTRUMENTS 

Note: We present information regarding the instruments we use in Section 6.5 (Population density 
1830, Distance to station 1900), as well as information of the additional instrument we use in Section 
6.4.A (In city 1500). 

 

 
FIGURE 6.A3 ― LOCATION OF CBD 

Note: We define the areas with agglomeration potentials #� that are more than 2.5 standard 
deviations above the mean as the Central Business District (see Figure 6.1). In Figure 6.2 it is shown 
that almost the complete area is a business area. 

 
Appendix 6.B     Estimating land rents 

In this appendix we motivate why we use the marginal willingness to pay for house size as a proxy for 

land rents. Let us consider the following simple model of housing production. Houses are a bundle of 

quality attributes, floor space being one of them. Floor space f is realised from a combination of land � 

and capital (bricks and mortar)	�.  Its production function is: f = ���, ��. We assume that the costs of 

realising the other attributes, to which we will refer as e, are (additively) separable from those of 



Mixed land use, agglomeration and commuting 155 
 

 

realising floor space. The idea is that bathrooms, kitchens, bedrooms etc. can all be realised on the same 

square meters of (elementary) floor space (but leading to higher costs for additional walls, doors, etc.). 

Moreover, the same amount of floor space can be combined with a small or large garden by adding some 

additional land. This means that the total cost of a house, which in a competitive market must be equal 

to the transaction value d, can be written as: d = o��f� + o��e� where o��	∙	� is the cost function 

associated with the production function for floor space � and o��	∙	� is the cost function associated with 

the other attributes. Assuming cost minimisation and constant returns to scale, we can write	o��f� =fo�∗��� , ���, where ��  and �� are the prices of respectively land and capital. Substituting this in the price 

equation gives	d = fo�∗��� , ��� + o��e�. The total amount of floor space created can be used for a single 

dwelling, but it can also be subdivided into a number of apartments. In the latter case, the cost per 

apartment can be described by the same additive formulation since kitchens, bathrooms et cetera can 

be separately realised in each apartment. Since the price of bricks and mortar and the labour used to 

combine them with land to floor space should not be expected to vary within the urban area, this tells us 

that if we estimate a hedonic equation that is linear in floor space, we should expect its coefficient to 

reflect the local land price. In other words, if we estimate such a hedonic in a way that allows for 

variation in the floor space coefficient over the urban area, we measure a function of the land price. All 

variables that affect the local land price, such as agglomeration effects and accessibility of employment, 

should be expected also to have an impact on the floor space coefficient. To make this more specific, 

assume that ��	∙	� is Cobb-Douglas. Then we can write the unit cost function o�∗ as	o�∗Q�� , ��R =o=������	� = o����, where o= and o� are constants and   is the coefficient from the Cobb-Douglas 

production function. The estimated coefficient for floor space is therefore a simple power 

transformation of the price of land. If we use its logarithm �log�o�� +   log����� for further analysis, we 

will estimate a linear function of the true relationship and all estimated effects will be proportional 

(with the same constant of proportionality) to the true effect. 
 

Appendix 6.C     Semiparametric estimation procedure 

The first stage encompasses three steps in order to estimate log #� = Ψ,~Q���, �� , t�R + u� + ��. First, 

we regress log #� and municipality dummies on ���, t� and �� nonparametrically using local linear 

methods. Second, the residuals of log #� are regressed on the residuals of the municipality dummies by 

means of ordinary least squares, which leads to √4 consistent estimates for u�. The third step 

encompasses the estimation of Ψ,~�	∙	�, by regressing log #� − ur� on	���, t� and �� nonparametrically, 

again, using local linear methods, where �� denotes the first stage residuals. 

In the second stage, we estimate log �v� = Ω,~Qlog #� , ��� , t�R + u� + Ξ����� + z�  and let Ξ�	∙	� be 

described by a fifth order polynomial of ��. First, we regress log �v�, the five orders of ��	and 

municipality dummies on log #�,  ��� and t� nonparametrically, using local linear methods. Then, the 

residuals of log #� are regressed on the residuals of the five orders of �� and municipality dummies 

using OLS, which leads to √4 consistent estimates for u� and Ξ�	∙	�. The last step is to regress 

log #� − ur� − Ξ¡���� on log #�,  ��� and t� using local linear methods, to get an estimate for Ω,~�	∙	�. 
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Appendix 6.D     First stage results and robustness of semiparametric regressions 

TABLE 6.D1 ― FIRST STAGE REGRESSION RESULTS 
(Dependent variable: Agglomeration) 

 (D1) (D2) (D3) 
Population density 1830 ÷ 1000 0.113 (0.002) *** 0.007 (0.002) *** 0.111 0.007  
Distance to station 1900 -0.021 (0.005) *** -0.104 (0.004) *** -0.099 0.025  
Distance to business area 0.177 (0.006) *** -0.296 (0.008) *** -0.172 0.069  
Distance to station -0.116 (0.005) *** -0.021 (0.004) *** -0.135 0.017  
Distance to ramp 0.023 (0.006) *** 0.068 (0.005) *** 0.100 0.025  
Railway < 150m 0.146 (0.016) *** 0.018 (0.019)  0.158 0.057  
Highway < 150m 0.047 (0.013) *** -0.155 (0.011) *** -0.088 0.044  
Waterfront -0.364 (0.021) *** 0.113 (0.024) *** -0.243 0.180  
Distance to shore 0.022 (0.002) *** -0.004 (0.002) *** 0.007 0.006  
Residential area -7.871 (0.010) *** 7.524 (0.011) ***    
Municipality fixed effects (20) Yes Yes Yes 
F-test for strong instruments 3,199.350 836.650  
Number of observations 29,246 29,246 29,246 
R² 0.978 0.972  
Notes: The dependent variable is agglomeration in mixed areas (Specification (D1)), agglomeration 
in residential areas (Specification (D2)), or agglomeration in both areas (Specification (D3)). 
Specification (D3) is the first stage of the semiparametric regressions. For this specification, we 
present mean values and standard deviations of the estimated coefficients. 

 
 

 
(A) (B) 

FIGURE 6.D1 ― PARAMETRIC SPECIFICATION FOR DIFFERENT DECAY PARAMETERS	1 
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(A) AGGLOMERATION (B) DISTANCE TO BUSINESS AREAS 

FIGURE 6.D2 ― SEMIPARAMETRIC SPECIFICATION FOR DIFFERENT BANDWIDTHS	ℎ 
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