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Abstract

In transportation and land-use research, discrete choice models have be-
come a common method for assessing the value or utility of discrete alter-
natives for an individual choice-maker and have led to the simulation of
land-use developments on a microscopic level. Discrete location choice
models represent relocation behavior in those simulations and generally
implement three groups of variables, representing attributes of the alterna-
tive, the decision-taker and the location. With the growing availability of
spatial data on a disaggregated level, a large number of location variables
have been reported in these models, which reduces their comparability and
their transferability to other study areas. To address this limitation,
Schirmer et al. (2012) classified location variables and proposed a com-
mon set of attributes as an initial setup. In this paper, we explore the im-
pact of these attributes on residential location choice in the Canton of Zur-
ich.

1 Introduction

McFadden (1978) first introduced the discrete choice framework for use in
residential location choice. Since then, this framework has gained tremen-
dous popularity in residential location modeling — judging from the num-
ber of studies. The attractiveness of the framework is due to, among others,
the discrete nature of the residential location decision, the possibility to
capture trade-offs between attributes within an alternative and the possibil-
ity to differentiate between chosen and non-chosen alternatives and their
attributes (Guo, 2004). This has led to the use of residential location choice
models in a wide range of fields, such as urban planning, policy-making,
sociology, and real estate development. In addition, they are also integrat-
ed in land-use models and simulations that provide future forecasts on
land usage and transport demand.

With the increasing availability of highly disaggregated data, the possi-
bilities of defining the residential alternative and its attributes have
evolved. Whereas earlier studies used administrative districts or transport
zones as choice alternatives (Weisbrod et al., 1980, Anas, 1982) and ag-
gregated characteristics of these zones as attributes, recent models consider
buildings or units as choice alternatives and include building-specific at-
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tributes as well as location-specific attributes (Habib and Miller, 2009, Lee
and Waddell, 2010a).

A broad range of hypotheses have been tested with residential location
choice models, made possible by the aforementioned availability of data
sources. However, most studies can only be compared in their methodo-
logical approach. Comparing household or individual behavior between
studies and study regions is often not possible due to the different sets of
variables included in the alternative description and the differences in at-
tribute measurement. Moreover, the diversity of attributes that is used in
residential location choice prevents the definition of a common data model
for the simulation of decision processes in different study areas (Figure 1).

In this paper, we propose a common set of variables that describe the
decision-maker and the complexity of the residential choice. Generally,
variables are grouped into three categories, describing the decision-maker,
the alternative and the location. Following Schirmer et al. (2012), we pro-
pose to divide the location into four categories representing the socio-
economic environment of the household, the built environment, accessibil-
ity and points of interest. As a case study, we use a survey conducted
among households that have recently moved within or to the Canton of
Zurich, Switzerland.
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Fig. 1. Groups of variables in recent papers of residential choice models.
Source: Schirmer et al. (2012)
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2 Focus of the study: Zurich

Zurich is the largest city in Switzerland and the capital of the Canton of
Zurich. The city of Zurich has a population of 376,008 (2011) and
measures 87.88 km?; the Canton of Zurich has a population of 1,390,124
(2011) and measures 1,729 km?.

The primary data source used in this paper is a revealed preference sur-
vey conducted in August and September 2010 in the Canton of Zurich. Re-
cently moved households were asked about their previous residential loca-
tions, household attributes, workplaces of all workers in the household,
attributes of their residential unit and their social network. In total, 1,039
households responded. As stated in other works using the same data
(Belart, 2011, Schirmer et al., 2011a) the survey presents a representative
sample of recently moved households in terms of the statistical distribution
of age, sex, income and household size as compared to census data and
travel surveys. With this data, very differentiated information can be ob-
tained on the households’ characteristics and the residential units that were
chosen.

As non-chosen alternatives, we used 3,890 offers that were placed on an
online real estate portal and were available during the period of the survey.
As these offers represent asking prices, the prices had to be scaled to fit to
the survey data. This process was described in detail by Belart (2011) and
no further comments will be made here. Although sales data is available
in the survey, we only considered the rental market.

Both data sets have been geo-coded and enriched with attributes of the
environment. These attributes were derived from census data on popula-
tion and enterprises, building data from the cantonal building register and
the cantonal assurances and cadastral information, which have been
merged in the context of the project SustainCity (Schirmer et al., 2011b).

Based on this data, we have a highly disaggregated representation of the
urban environment that allows us to model the residential location choice
of households and to consider the individual persons within a household.

3 Measuring residential location preferences

Variables measuring residential location choice preferences can be classi-
fied into six categories (Schirmer et al., 2012): variables describing the
household, the residential unit, the socio-economic environment, the built
environment, accessibility and points of interest. The latter four categories
provide four different perceptions of the household regarding its environ-
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ment. Socio-economic environment variables represent the non-fixed con-
figuration of the urban landscape, i.e. they quantify the “soft” factors of the
built environment. The built environment is represented by the geometries
and volumes of spatial objects around a chosen residential unit and in-
cludes buildings, parcels, blocks and connecting networks. Points of inter-
est (POIs) form the distribution of functions with relevance for the public,
which can be introduced by urban planners and policy-makers or form a
reaction of the market. In general terms, accessibility is a measurement of
the spatial distribution of activities around a point, adjusted for the ability
and desire of people or firms to overcome this spatial separation (Hansen,
1959).

3.1 Characteristics of the household

Variables describing the household are commonly included in residential
location models. These socio-economic characteristics are interacted with
other variables in the utility function in order to estimate taste preferences
across different household segments. It is common to include disposable
income after housing costs (e.g. Lee and Waddell, 2010a,b) or differences
between household and zonal income to estimate a segregation effect (Pin-
jari et al., 2011). In general, it was found that households with a higher in-
come tend to commute longer or are insensitive to commuting while large
households, as well as households with children, tend to move less often
(Lee and Waddell, 2010b, Eluru et al., 2009).

Life cycles influence the relocation probability and the residential loca-
tion choice (Eluru et al., 2009, Kim et al., 2005, Lee and Waddell, 2010a).
Relocation tends to be towards the city center in early life stages and away
from the city in later stages. This is captured by the distance to the CBD
(central business district) and through interaction with urban characteris-
tics, such as densities. An alternative approach would be to include life-
styles in order to respect self-selection effects (Krizek and Waddell, 2002).
Figure 2 depicts the Euclidean distance to the Zurich CBD for households,
differentiated by the age of the head of household. It can be seen that
households with a younger head tend to live closer to the CBD. As compa-
rable definitions of lifestyles are not available and as attitudes change over
time and are partly correlated with life cycles, we only implement life cy-
cles in our models.

Few studies (de Palma et al., 2005, 2007, Zondag and Pieters, 2005,
Axhausen et al., 2004) include the distance to the previous location as an
explanatory variable, while other studies include the social network
(Vyvere et al., 1998, Belart, 2011). Figure 2b depicts the distance to previ-
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ous residential location versus the distance to social contacts of recent
movers. It can be seen that households tend to stay in the vicinity of their
previous location and that the location of a household tends to correlate
with the location of social contacts.

(a) Distance to CBD per age-group (b) Location and social network
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Fig 2. Plots on household behavior

3.2 Characteristics of the residential unit

Due to data limitations, a common approach is to use a zone as a residen-
tial alternative (e.g. Axhausen et al., 2004, Chen et al., 2008, de Palma et
al., 2007, Guo and Bhat, 2007, Pinjari et al., 2011), while a few recent
studies consider the building as an alternative (e.g. Lee and Waddell,
2010a,b, Habib and Miller, 2009, Vyvere et al., 1998).

If the residential unit is considered as the choice alternative, it is possi-
ble to interact household attributes with attributes of the residential unit,
e.g. size, price and number of rooms. Various studies observe a preference
for larger units or a gain in number of rooms (e.g. Eliasson, 2010, Habib
and Miller, 2009). Eliasson (2010) shows that a high number of rooms per
person is expected to be favored by families, while singles tend to prefer
larger rooms.

Price is either included as an untransformed variable (Kim et al., 2005,
Vyvere et al., 1998), a logarithmic transformation (de Palma et al., 2005,
2007, Habib and Miller, 2009, Lee and Waddell, 2010a,b) or a ratio with
the household income (e.g. Habib and Miller, 2009). Figure 3a shows the
rental price versus the household income per month. It can be seen that
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rent increases when income increases, so that the interaction of these two
variables is recommended.

The type of residence has also been reported to be of relevance; singles
and retired persons prefer a multifamily house, while families prefer single
family houses (Lee and Waddell, 2010a,b). Figure 3b shows household
composition versus building type in the Canton of Zurich. We can partly
observe these preferences here, but did not include it in the modeling as
this information was not available for the alternatives.

(a) Rent price for groups of income (b) Building types of households
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Fig 3. Plots on residential units

3.3 Socio-economic environment

Variables describing the socio-economic environment are considered in
most studies as they are commonly available from census data and munici-
pal statistics. Attributes that have often been used to characterize a location
are: population density, aggregated household statistics (size, age, income,
origin, children, workers) and employment rates.

A general observation of this group of measurements is that households
tend to cluster around similar households in terms of age, income, size, ed-
ucation and ethnic background (de Palma et al., 2005, 2007, Guo and Bhat,
2007, Pinjari et al., 2011, Weisbrod et al., 1980, Zondag and Pieters,
2005). However, the causal explanation of this behavior remains unclear
and demands further research in order to understand whether similar
households tend to group or whether their preferences for the same loca-
tion results in a grouping, commonly referred to as self-selection effect. In
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addition, the planned mix of household types, e.g. through the construction
of social housing or a predefined mix of apartments can influence this dis-
tribution.

Including the percentage of similar households in an area as an explain-
ing variable improves model estimation results (e.g. Pinjari et al., 2011,
Weisbrod et al., 1980, de Palma et al., 2005, Guo and Bhat, 2007).

Being a measure of urban centrality, population density is expected to
be perceived as negative by most households, except young households
and singles (Guo and Bhat, 2007, Zondag and Pieters, 2005). This also
holds true for the Zurich area. In Figure 4, it can be seen that singles and
families with a young household prefer areas with a higher population den-
sity. We thus aim to include the interaction between life cycle and popula-
tion density.

Guo and Bhat (2007) compare the socio-economic variables with the
measurements on the built environment and state that their scales have a
smaller spatial extent, which we do not further explore here. Instead, to al-
low for comparability of the location attributes, we define the spatial ex-
tent as the walking distance with a range of 300 m.

(a) Population density around household types (b) Population density around age groups
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Fig. 4. Plots on the socioeconomic environment

3.4 Built environment

Built environment measures typically include land use, the share of open
space, structural density, built density, network buffers and settlement are-
as. Truly typological measures have not been included, except for studies
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considering the number of single and multi-family buildings (Lee and
Waddell, 2010b, a).

Dwelling density represents an urban characteristic; we expect this to
correlate with population density. Dwelling density is not available for the
Zurich area, therefore, we include building density as a proxy for the den-
sity of residential units. However, as can be seen in Figure 5, the correla-
tion between population density and building density is only high for low
building densities. High population densities result in larger buildings, not
in more buildings.

Guo and Bhat (2007), among others, state that mixed land use is valued
by young households and persons without cars, which corresponds to their
preference for an urban environment. Due to missing data, we cannot
model this variable as a spatial value fraction, but use the number of jobs
within a radius of 300 m instead, which can be assumed to be strongly cor-
related with mixed land use. The number of retail jobs, respectively, ser-
vice jobs versus the age of head of household for the Zurich area can be
seen in Figure 6.

Proximity to the transport network provides accessibility but also gener-
ates noise and particle emissions. Contradictive results can be found in
several studies (e.g. Vyvere et al., 1998, de Palma et al., 2005), depending
on the additional attributes included in the model. We therefore differenti-
ate between these two aspects by incorporating the distance to highway ac-
cess points (see points of interest) and a network buffer on railways and ar-
terials, expecting the former to have negative influence and the latter to be
of value for car-owners.

In various studies, a preference was observed for proximity to open
space and a high share of open space, however, the calculation method was
not explained (Habib and Miller, 2009, Chen et al., 2008, Zondag and Pie-
ters, 2005). We include the distance to recreation areas measuring more
than two square kilometers.
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(a) Population density to building density (b) Building density by age of household
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Fig. 5. Plots on the built environment

3.5 Points of interest

Points of interest (POI) can be classified into categories of education,
transport, retail, services and urban centers (Schirmer et al., 2012). Either
proximity or the number of POIs within a certain range is considered. Edu-
cational opportunities are included in both forms and are valued positively
(e.g. Axhausen et al., 2004, Vyvere et al., 1998). We include the distance
to the nearest school, assuming that the density of schools is not relevant
on a disaggregated level of residential location choice. The diverse obser-
vations on school quality (e.g. Chen et al., 2008, Kim et al., 2005,
Weisbrod et al., 1980) are expected to reflect the social structure of an area
and the educational background of the parents. As no common method of
evaluation for school quality is available for the Canton of Zurich, this is
not included in our location choice models.

We include the proximity to service and retail using the density of jobs
within a walking distance of 300 m. Previous studies have shown that den-
sity of services and proximity to retail is favored by all population groups
(Vyvere et al., 1998, Zondag and Pieters, 2005, Lee and Waddell, 2010a);
thus far, no further differentiation of household types has been considered.

Transportation facilities form nodes and hubs of the transport network in
the urban landscape and have been shown to have a significant impact on
residential location choice (de Palma et al., 2005, Vyvere et al., 1998,
Habib and Miller, 2009). According to de Palma et al. (2005), the differen-
tiation of the facilities into noisy train stations and access-oriented sub-
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ways should have a rather negative and a positive impact, respectively. As
the Canton of Zurich lacks a subway network, trains are a major transport
facility for commuting. We thus include the Euclidean distance to a station
in our models and expect this to be valued by households not owning a car.

(a) Retail jobs around household groups (b) Service jobs around household groups
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Fig. 6. Plots on the points of interest

Proximity to urban centers has often been stated as a relevant variable
(de Palma et al., 2005, 2007, Kim et al., 2005, Axhausen et al., 2004,
Belart, 2011). Although we expect that urban characteristics can be repre-
sented by other variables in a more generic and reproducible way, we in-
clude the distance to the central business districts (CBD) of Zurich and
Winterthur in our models for comparability. In accordance with previous
studies on Zurich (Belart, 2011), we manually defined “Birkliplatz” as the
CBD for Zurich and the “Bahnhofplatz” as the CBD of Winterthur.

Based on the observed tendency of young households to move toward
the city and families to move out of the city, we differentiate those two
groups of households in our variable specification.

3.6 Accessibility

Accessibility can include commuting time, cost or distance to work, acces-
sibility to employment or recreational opportunities. Some studies rely on
an aggregated zonal accessibility measure (Guo and Bhat, 2007). Eliasson
(2010) considers the direct utility from the optimal activity pattern. Be-
sides accessibility to employment, he considers accessibility to services
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and shops and concludes that it is necessary to include them. Chen et al.
(2008) include accessibility to open space and finds that this is positive for
households with children. However, the role of accessibility is smaller than
that of other factors, such as income and other household related factors.

Commute times by transit are found to be more important than commute
times by private transport (de Palma et al., 2007). Pinjari et al. (2011)
found heterogeneity between households towards commuting times. Chen
et al. (2008) found that preferences in commuting time depend on the ex-
perience with commuting time from the previous residential location;
households with commuting experience don’t mind commuting in their
next location. Habib and Miller (2009) found that households consider
travel costs and level of service more important than commute travel time.

In our model, we include commuting distance as a Euclidean distance to
the workplace for every person in the household. The accessibility is in-
cluded as a distance-weighted logsum of jobs, using travel time by car or
transit for the distance function.
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Table 1. Household attributes, location attributes, attributes of the

residential unit and their interactions used for the modeling approach
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4 Modeling

4.1 Econometric modeling methodology

Within the discrete choice framework, a decision-maker chooses from a set
of alternatives. Each alternative is assumed to have a number of attributes;
each attribute has a level of utility or disutility, which captures the costs
and benefits of an alternative. The utility U of an alternative i for a deci-
sion-maker q is defined by:

Uiq = Vig + €iqg = f (BiXiq *+ €iq) (1)

with a deterministic part V;, that consists of a function f of the vector g;
of taste parameters and the vector x;, of attributes of the alternative, the
decision-maker and the choice situation. The non-deterministic and non-
observable part of the utility function is captured by &;, . The decision-
maker g will choose the alternative from set C with the highest utility:

P(i|Cy) = P[Uiq = UjqVj € Cq] = P[Uigmax;ec,Ujq] )

The most commonly used discrete choice model is the multinomial logit
model (MNL), due to its ease of estimation and simple mathematical struc-
ture. It is based on the assumption that random terms, often called error
terms or disturbances, are identically and independently Gumbel distribut-
ed (i.i.d.). The choice probability of each alternative can be calculated as:

. el @)

P(ilCy) = e,

Nested logit models are applied when the assumption on independence
of irrelevant alternatives (I1A) is expected not to hold and a correlation
among the error components is expected. The decision to relocate and the
location decision or the choice to own or rent in combination with location
choice. Nested models do not contain any assumptions on the temporary
sequence of decisions. In this study, nested logit models are not considered
as it is assumed that no nested decisions are present. The decision to move
has already been taken because we only include observations from recent
movers.

Model estimation results can be interpreted and evaluated in several
ways. Parameter estimates of the same models estimated on different data
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sources can only be compared if the parameter estimates of one model are
scaled by the ratio of the variance of both models.

4.2 Base model

The base model includes only the variables of the household, the residen-
tial unit and accessibility (Table 2). The choice set includes 49 randomly
sampled alternatives from a total of 3,890 non-chosen alternatives. Effects
of the location attributes are observed by comparing different model speci-
fications with the base model.

Including square meters per room instead of square meters per person
performs better; in addition, correlation is avoided with the variable “num-
ber of rooms per household member”. The parameter estimate has the ex-
pected positive sign. Rooms per household member are perceived nega-
tively, which is according to expectation for singles, but not for non-
singles. This variable only shows minor differences for singles and non-
singles; non-singles prefer more rooms than singles do.

Building age has been specified in both absolute and logarithmic form.
Both specifications yield the unexpected effect of older buildings being
preferred by households, with a better model fit for the logarithmic trans-
formation. Including a dummy variable for historic buildings only yielded
a significant parameter in combination with absolute building age, while
the inclusion of a dummy variable for new buildings improves the model
for both variants and yields the expected positive sign. We assume that
building age refers to preferences for different architectural construction
styles, but did not investigate this further.

With an adjusted rho square of above 0.5, this base model performs sur-
prisingly well and clearly shows the necessity of modeling location choice
of households by specifying the residential unit as alternative and includ-
ing the number of rooms, size and price as attributes.
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Table 2. Initial model of residential location choice and the estimation for
different groups of location variables

MEASUREMENTS Mod_BASIC Mod_ALL Mod_LS Mod_LP Mod_LB
Household

HH_DIST_PREVLOC - 6.480* - 7140 - £.910* - 6790 - .6.800 **
HH_DIST_WORK - -4620 - -3.330* - -4930 - -3.230* - -4.600*
HH_ETA_PREVLOC + 0.173" + 0.163" + 0.166** + 0.169* + 0.168*
HH_ETA_WORK + 0.131° + 0.199* + 0.129* + 0.202* + 0143
Accessibility

LA_MIVACC_CAR - -0.545*° - -0.410* - -0.480* - -0.386 % - -0.384
LA_PTACC_NOCAR + 0.242* + 0505 + 0.340* + 0.497 % + 0.401*

Built environment

LB_BUILDG_DENS + 0.003 - -0.003
LB_BUILDG_DENS_x_FAMILY - -1.820 + 1.090
(transformed impact) - -0.002 - -0.007
LB_BUILDG_DENS_x_YOUNG - -0.139 - -0.480
(transformed impact) + 0.002 - -0.002
LB_LAKE_DIST : 0.000 + 0.000**
LB_NETWORK_BUF - -0.349* - -0.301*
LE_OPENSPACE - 0.000 + 0.000*

Points of Interests

LP_CBO_WIN_DIST - 0.000 - 0.000
LP_CBD_WIN_DIST_x_YOUNG - -0.082 + 0.125
(transformed impact) = 0.000 - 0.000
LP_CBD_ZH_DIST + 0.000** + 0.000 **
LP_CBD_ZH_DIST_x_YOUNG + 0.530 + 0.278
(transformed impact) * 0.000 + 0.000
LP_HIGHWAY ACCESS_DIST x_CAR - 0.000" - 0.000*
LP_STATION_DIST_x_NOCAR - 0.000 - 0.000
LP_RETAIL_DENS - -0.003** - -0.003**
LP_SCHOOL_DIST + 0.000 + 0.000*
LP_SERVICE_DENS - -0.001* - -0.001*

Socioeconomic Environment

LS_HH_CHILDREN_SHARE_x_CHILD + 0918 + 1.210*
LS_POP_DENS - -0.002* - -0.002*
LS_POP_DENS_x_SINGLE - -0.343 - -0.508
(transformed impact) - -0.001 - -0.001
LS_POP_DENS_x_YOUNG - -0.444 - -0.268
(transformed impact) - -0.001 - -0.001
LS_SAME_HH_AGE_SHARE + 0559 + 0439
LS_SAME_HH_ETHNIC_SHARE + 0039 + 0.029
LS_SAME_HH_SIZE_SHARE . 0968 - 1570

Residential Unit

RU_LOG_BUILDING_AGE + 0345 + 0363 + 0354" + 0361 + 0.356 "
RU_NEW_BUILDlNG - 0631* + 0542* + 0523 + 0.544* + 0.546 **
RU_RENT_INCOME_RATIO L -4.130" - 34407 - 4,030 - 3390 - 3700
RU_ROOMS_PERSON_x_NONSINGLE - -0.569°" - 0703 - 06317 - 0688 - 0659
RU_ROOMS_PERSON_x_SINGLE - 0591 - 0679 - 0619 - 0674 - -0.640*
RU_SQM_ROOM + 0.000* + 0.000* + 0.000* + 0.000% + 0.000**
log_init -2679.736 2679736 -2679.736 -2679.736 -2679.736
log_final -1296.684 -1253.640 -1286.481 -1260.816 -1286.199
R 0516 0532 0520 0.530 0520
adj R* 0512 0.519 0.513 0.522 0.513
final gradient norm 0.142 0275 0.102 0.126 0.083

iterations 43 110 7 65 65
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4.3 Models measuring location

The base model is used as a starting point for the comparison of different
sets of location variables. Table 2 shows the estimation results when add-
ing the location attributes. Due to the high number of variables and ex-
pected correlations, we created dedicated models for each category of loca-
tion attributes. In the final section of this chapter, these variables are
reduced to a set of variables measuring location.

Including all the variables of our review reduces the significance of
many location variables, likely due to the low number of observations. The
attributes of the base model remain significant at the 95% level and do not
change in sign in all models tested. This emphasizes the importance of this
initial variable set.

Comparing the dedicated models for each category of location meas-
urements, we find the points of interest (POIs) improve the model esti-
mates most.

The expected preference of younger households and singles for urban
environments, in comparison to other households, is modeled by the inter-
action with building density, population density and distance to the urban
centers of Zurich and Winterthur. The interaction is computed with the ex-
pression (1 + Byoung) * Ban and mentioned as transformed impact in Ta-
ble 2. Estimation results confirm the hypothesis and show the expected
negative sign for population density for general households, while being
less negative for young households and singles. The same difference is
found for building density with a low level of significance. The distance to
the urban center of Zurich is valued more by young households than by
general households, which may reflect the higher house prices in the urban
center.

A closer look at the data shows that the variable "young households"
might not be correctly specified in our model. In line with other studies
(Lee and Waddell, 2010b), young households are defined as households
with a head younger than 40, and we can expect that mainly young profes-
sionals and students are seeking a vibrant urban environment in their vicin-
ity. In future research, younger households will include only persons
younger than 30.

The distance to CBD (Zurich) continues to have a significant impact
even when other variables on urban characteristics are included, but we do
find a correlation between distance to lake and population density. Latter
variables are significant when distance to CBD is not included. This indi-
cates that distance to an urban center can also be represented by other ur-
ban characteristics that allow computation in a reproducible way (without
prior knowledge), even though we did not succeed in reaching the same
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model quality by replacing it with population density. The negative esti-
mates for retail and service density show the preference of households to
live in less urban areas as well.

The differentiation between car owners and non-car owners Yyields con-
sistent model estimates with regard to accessibility variables and POIs de-
scribing the transport network. Access to highway is perceived positively
by car-owners, as is the access to public transport by non-car-owners. The
accessibility by car does not show the expected positive sign, which is ex-
pected to reflect car owners’ preferences for less central areas, where car
use is an advantage when compared to transit and when ample parking
space is available.

Unit price captures many attributes representing POIs and a few attrib-
utes describing the built environment. When these spatial variables are in-
cluded, the negative influence of ratio income to price is significantly re-
duced.

4.4 Definitive model

As discussed in the introduction, we aimed for a model that included a
wide range of variables describing residential location choice of house-
holds and individuals. We also aimed for a common data model for resi-
dential location choice models. Including all variables is not possible due
to the correlation between variables.

The unexpected negative influence of proximity to schools is expected
to reflect a preference of households without children. However, including
an interaction for households with children did not improve model estima-
tions, which leads to the conclusion that school locations are sufficiently
dense in Zurich and represent noisy areas or further unobserved urban
characteristics. This variable was kept in our final model for this reason, as
well as the high significance.

Although building density represents an essential urban characteristic,
including this variable as absolute value or its logarithmic expression does
not show any significant impact on the residential location choice. As
mentioned earlier, using the dwelling density is expected to give better re-
sults.

Removing distance to CBD of Zurich and Winterthur was captured by
the distance to lake. This became positive with a high t-value after having
the prior expected negative sign, due to the proximity of the center of Zur-
ich to the lakeside (our definition of Zurich’s CBD is Birkliplatz, which is
just 200 m away from the lake, see section 3.5). We thus kept the distance
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to CBD in the model and removed all interaction terms, including urban
characteristics that had a minor impact (see section 4.3).

By removing the differentiation between rooms per person for singles
and non-singles, the model results improved. Attributes representing build-
ing density, lake distance and social characteristics were also removed due
to their low level of significance.

The analysis resulted in the final model presented in Table 3. To deter-
mine the sensitivity of model estimates with regard to the generated choice
sets, model estimations were carried out with three different choice sets,
each containing 49 alternatives. Model estimations were not carried out
with standardized data due to dummy variables and distance variables.
These would differ per choice-set or would have to be included unstand-
ardized and thus would not allow for comparison. However, by multiply-
ing the parameter estimates with the median of the observed value in the
sample, we get an impression of the weight of each variable in overall util-
ity within an alternative.

Using this approach, some variables have a very high impact, namely,
the distance to the previous residential location and workplace, both pri-
vate and public transport accessibility and the rent income Additionally in-
cluding the rooms per person, the logarithm of building age and the dis-
tance to Zurich’s CBD also strongly increase model performance. We
recommend the use of these variables as the initial set-up for location
choice models.
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5 Conclusions

In this paper, we estimate the residential location choice of households in
order to evaluate the impact of different location attributes representing the
neighborhood. The households consist of individual persons and their
characteristics, while the residential location is represented through the
residential unit with information on size and price. The neighborhood of
the location is characterized by variables on the social environment, the
built environment and points of interest, as proposed by Schirmer et al.
(2012).

The model estimates show a very good model fit for the reference model
that only includes household-specific interactions with the residential unit,
the distance to individuals’ workplaces and accessibilities (distance-
weighted logsum of jobs). In this simple model, the location of the resi-
dence is only captured by accessibilities and price. These results show the
benefit of modeling household location choice as individual persons in a
household seeking a residential unit with a given size and price, and we
highly recommend it for use in land-use simulations.

Our final model points out that a residence and its location is mainly
rated by individuals on a set of five variables: the distance to the previous
residential location, the distance to workplace, the ratio of rent price to in-
come and the accessibility of jobs. Distance to previous location has rarely
been reported in other studies. The survey data show the correlation with
the household’s social network for the area of Zurich under study, and we
also assume it captures preferences of the household in the form of self-
selection effects. This explains its relatively high negative influence.

The three groups of location attributes provide rather surprising results.
Although many studies report on clustering of household types, the socio-
economic environment does not show a high impact in our household loca-
tion choice models, except for the share of households of similar age.
Meanwhile, many points of interest and some attributes representing the
built environment influence the residential location choice. This leads to
the recommendation that a planning support system, incorporating a resi-
dential location choice model, should include points of interest and the
built environment rather than solely modeling the social environment.

However, it should be mentioned that this finding might be specific to
Zurich, where we did not observe clustering of migrants (non-Swiss per-
sons) and which has a relatively homogeneous mix of housing types across
the study area. Social grouping in terms of age, ethnic background or
household size did not lead to any significant impact in our study, howev-
er, we did not extend the study to subgroups of foreign persons. Other
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study areas might have a different social structure, areas of social housing,
gated communities or other homogeneous areas that could lead to different
results.

Many studies have stated that young persons are attracted by urban cen-
ters, while families and elderly persons rather dislike these. We could part-
ly observe this behavior in our models, but find the difference to be of mi-
nor importance for our study area. We expect the high connectivity within
the Canton of Zurich, the polycentric structure and the relatively small ex-
tent of the city center of Zurich have reduced this effect.

Distance to the CBD was a variable that could not be captured by other
attributes describing urban characteristics, e.g. population density or the
density of jobs, and is not objectively reproducible. Further research will
have to explore alternative ways to find center structures within an urban
area in a reproducible way, also accounting for local centers.

This paper explored the validity of a basic set of attributes to be used in
residential location choice models as proposed in our earlier review
(Schirmer et al., 2012). We assume that these variables also work for other
study areas and attempted to include only those attributes that can be re-
produced in other study areas through algorithms.

Although we excluded attributes that are specific to Zurich, a previous
comparison with other studies indicates that some of the observations in
this study can nonetheless be expected to be specific to our study area.
This applies to all variables in the models and demands a comparison of
their statistical distributions with other study areas.

Additionally, it should be stated that these location attributes only repre-
sent a few characteristics of urban spaces. Further research is needed to
explore alternative attributes of urban characteristics because these have
not been or have rarely been stated previously.
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