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Abstract

This paper presents a framework for evaluating house-level accessibility to urban services
based on detailed geo-referenced socio-demographic census data. The framework is applied to
assess spatial equity regarding the accessibility of individuals and social groups to urban parks
in the city of Tel Aviv. Availability of house-level data was found to be essential for identifying
differential accessibility of social groups according to income and national-ethnic identity as
well as for evaluating the validity of accessibility assessments based on traditional aggregated
measurement at the administrative district level. Also discussed are data usability issues arising
when employing local-scale geo-referenced census data, including the potential effect on deci-
sions regarding allocation of local urban services as well as spatial equity practice and
discourse.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The concept spatial equity refers to the degree to which services or amenities
are distributed in an equal way over different areas as well as economic, ethnic
0198-9715/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.compenvurbsys.2005.06.004

* Tel.: +973 3 6406841; fax: +972 3 6406243.
E-mail address: omery@post.tau.ac.il

mailto:omery@post.tau.ac.il


I. Omer / Comput., Environ. and Urban Systems 30 (2006) 254–274 255
and political groups, with appropriate consideration given to the needs of special
groups such as children and the elderly. Overall, the aim of spatial equity research
is to ascertain whether the distribution of public services is equitable and correlates
with observed socio-economic spatial patterns (Talen & Anselin, 1998). Many stud-
ies have addressed this question, especially regarding minority and low-income pop-
ulations (see for example Gandy, 2002; Werna, 1998).

Geographic scale is an integral component in the research on spatial equity dis-
course and practice. Most spatial equity studies continue to be limited to the use
of large-scale aggregate data, which frequently does not capture the micro-scale
problems of social groups and neighbourhoods. As a result, a growing body of work
has begun to identify the conflict between the local scale, the level where an environ-
mental problem is experienced and is of grassroots interest, and the broader geo-
graphic scale, the level at which the discourse of spatial equity or environmental
justice can be politically addressed (Harvey, 1996; Kurtz, 2003; Towers, 2000).

Use of aggregate data for the evaluation of spatial equity also entails methodolog-
ical problems—the main one being the ecological fallacy or the ‘‘ecological inference
problem’’ (Openshaw & Rao, 1995; Wrigley, Holt, Steel, & Tranmer, 1996)—that
impact on the reliability of the results. This problem is strongly related to the
modifiable areal unit problem (MAUP), which stems from using aggregate data sets
at different scales or with different geographical partitions (Griffith, Wong, & Whit-
field, 2003; Nakaya, 2000; Openshaw, 1984; P’aez & Scott, 2004; Taylor, Gorard,
& Fitz, 2003; Wong, 2003). That is, measurement of spatial distributions according
to different numbers of areas or according to different geographical divisions of a
given number of areas induces different results. These problems have been extensively
aired in the spatial equity literature referring the divergent conclusions reached
regarding the extent of spatial inequality of service provision (Glickman, 1994;
Greenberg & Cidon, 1997; Sexton, Waller, McMaster, Maldonado, & Adgate,
2002; Talen & Anselin, 1998; Williams, 1999; Willis, Krewski, Jerrett, Goldberg, &
Burnett, 2003).

Aggregate data can be particularly inadequate when the assessment deals with ser-
vices that are highly localized, such as playgrounds and urban parks, which require
high-resolution data that often are unavailable. Recently, Hewko, Smoyer-Tomic,
and Hodgson (2002) noted that assessments of neighbourhood spatial accessibility
to playgrounds can be problematic when the assessments are based on aggregate
areas, such as postal code zones. As a result, they recommended that researchers
‘‘integrate finer resolution data to indicate the spatial distribution of individuals
within neighbourhoods better, and hence reduce aggregation error’’ (2002, p. 1185).

These methodological problems become more severe when the research aim is not
simply to ascertain whether public service distribution is equitable at the neighbour-
hood level but, rather, to establish if this distribution correlates with the spatial dis-
tribution of social groups. This occurs because such an examination is based on the
relationship between an average representative of a designated social group in a
given area and the average quality of service provision in that area. Thus, if the dis-
tribution of the target social group does not correspond with the geographical unit of
analysis, the group will be rendered invisible to any study of discrimination. This
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problem also arising when considering certain target populations, e.g., children or
the elderly.

Due to improvements in the construction of geographic databases and GIS tech-
nology, significant progress has been made toward addressing the issues at hand by
making it possible to obtain high-resolution data in urban locations. Two phases can
be observed in this process: the first is collection of high-resolution infrastructure
data; the second is collection of high-resolution socio-demographic data. Geo-refer-
enced infrastructure data on the location of urban services, road networks and
houses in a city are now available in many countries (Hunter, Wachowic, & Bregt,
2003), enabling precise estimation of origin–destination distances at the house level,
such as the walking distance between houses and facilities. However, infrastructure
data are by themselves insufficient to assess spatial equity because when socio-eco-
nomic and demographic attributes are made available on the basis of aggregate geo-
graphical areas, a gap appears between the high-resolution infrastructure data and
the aggregate socio-economic data. As a result, as Talen asserts, a trade-off has to
be considered between use of precise geographical data locations and precise
socio-economic data: ‘‘[I]f parcels are used, the locations are known but the charac-
teristics of the individual within those locations can only be assumed. If census
geography is used, the location is compromised by using centroid locations, but
socio-economic characteristics aggregated by zone can be determined’’ (Talen, 2003,
p. 184).

Arrival at the second phase of high-resolution socio-demographic data collection
is rather recent, with the release of individual geo-referenced data from the popula-
tion censuses in several Western countries (Benenson & Omer, 2003). These census
databases contain the socio-economic attributes of householders, which are linked
to the polygon representing the house, making it possible to estimate spatial relations
directly between householders and urban services. This type of data does, however,
create new methodological issues that include confidentiality constraints in addition
to information gaps. Some of these obstacles can occasionally be overcome, as will
be described further below.

Yet, although availability of house-level socio-demographic data in addition to
geo-referenced infrastructure data has the potential to improve accuracy and reliabil-
ity of spatial equity assessment, these methodological improvements raise new chal-
lenges for spatial equity practice and discourse.

Hence, given the technical progress portrayed, the main aim of this paper is to
present a methodological framework for using house-level socio-demographic data
in assessing spatial equity as well as to discuss its methodological implications and
potential affect on spatial equity activism. In the next section, a methodology is pre-
sented for evaluating house-level accessibility to urban parks based on detailed geo-
referenced socio-demographic and infrastructure data. Data usability problems with
respect to Israel’s Census of Population and housing data are discussed in turn. In
the third section, this framework is applied to Tel Aviv with respect to individuals,
social groups and neighbourhoods. Implications of house-level socio-demographic
data for the spatial equity discourse and practice are discussed in the concluding
section.
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2. Assessing local park accessibility using house-level data

2.1. Measurement

Two components of accessibility are most appropriate for measuring urban ser-
vice provision to a neighbourhood or group: the distance from a residential location
to the service and the quality or size of the service. Traditionally, the degree of pro-
vision according to these criteria is determined by two measures of accessibility: min-

imum distance and container. Let us denote the first as D and the second as C. At the
neighbourhood level, these measures are calculated as follows:

Di ¼ min
j

dij ð1Þ

Ci ¼
X

Sj

P i
ð2Þ

where Di is the minimum distance between the geometric centroid of neighbourhood
i and the nearest park j, located within neighbourhood i. The container measure Ci is
calculated by the ratio of total park area S to population of size P within the bound-
aries of neighbourhood i. However, this method has been criticized due to an unre-
alistic assumption at its foundation, specifically, that all neighbourhood residents use
only those services found within their neighbourhood’s boundaries (i.e., they are
‘‘contained’’ in this space); in effect, some are closer to the same services located
in other neighbourhoods (Hewko et al., 2002). For example, in the urban area illus-
trated in Fig. 1a, house H1 is served by park P1 because both are located in the same
neighbourhood; for the same reason, H2 is served by park P2 even though H1 is
Fig. 1. Measurement of accessibility to local parks according to (a) aggregate neighbourhoods (container)
and (b) individual buildings (coverage). Buffers surrounding parks were calculated by Euclidian distance
from the park’s perimeter.
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physically closer to park P2 and H2 is physically closer to park P1. Of course, this
description reflects a reality where administrative boundaries correspond to political,
cultural, social and even physical boundaries/constraints (e.g., streets of various
widths). In other cases, however, consideration of these parameters exclusively
may prevent capture of de facto socio-spatial discrimination at the household level
or, as Talen and Anselin point out: ‘‘The use of the ‘container view’ of access in
empirical studies may also increase the likelihood of finding unpatterned inequality’’
(1998, p. 598).

To evaluate accessibility to urban parks on the basis of house-level data and
other, commonly accepted criteria, it is necessary to adapt traditional accessibility
measures to the house level. For that purpose, measurement of minimum distance

and coverage at house level suffice. Minimum distance is then calculated from each
house to the nearest park. Coverage is measured by the quantity of park area avail-
able for each house within the park’s service area, as illustrated in Fig. 1b. The
respective equations are:

D0i ¼ min
j

dij ð3Þ

C0i ¼
X

dij<k

Ej; Ej ¼
SjX
dij<k

P i

ð4Þ

where D0i, the minimum distance of house i, is the distance between the house and
nearest park j, and C0i, the coverage of house i, is the quantity of park area available
to each person living in house i according to service range k. The calculation of C0i
requires three steps: First, the residential area serviced by each park in the city is de-
fined according to service range k (house i has access to park j if dij < k). Second, the
density of potential users, Ej (the average m2 of park area available to each resident
in this area), is computed for each park by the ratio between the size of the park Sj

and total population Pi serviced by the park. Third, the quantity of park area to
which the house has access is totalled. For example, in the situation illustrated in
Fig. 1b, house H2 lies within service area of P1 only; thus, the quantity of park area
accessible is equal to the ratio between the size of park P1 and total population with-
in its service area. However, because H2 falls within the service area of P1 and P2, the
quantity of park area available is equal to the cumulative ratio of the size of both
parks and the populations within their service areas. To use these measurements
for evaluating local urban park provision with respect to neighbourhoods and social
groups, the average accessibility values of all the people belonging to a given neigh-
bourhood or social group are calculated.

The two accessibility components—distance from a residential location to the ser-
vice and quality of service—constitute the criteria for urban park allocation in Israel
(Adam Teva v’Din, 2000; Ministry of Interior, 2002). Both have traditionally been
measured at the neighbourhood level using Eqs. (1) and (2). Based on these criteria,
residents are entitled to graduated allocations of park service provision: a minimum
of 4 m2 of park area per person within a 250 m radius of their home; 7 m2 of park
area per person within 400 m of his or her home; at the city level, each resident is
entitled to 20 m2 of park area.
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This paper focuses on an assessment of access to urban parks in the household’s
proximity only (a minimum of 4 m2 of park area per person within a 250-m radius
of their home), the level at which the benefits of applying the local-scale approach
presented here are most salient. We employ the term urban park to refer to any
open public space that includes green areas, playgrounds and/or thickets of trees.
Note that due to inadequate and incoherent data, this definition refers to park area
only; it does not consider other aspects such as park type, maintenance, safety and
landscaping, which might influence the quality of spatial (in)equity. Accordingly,
based on the GIS infrastructure layers and Eqs. (3) and (4), a 250 m buffer was cal-
culated in Euclidean (aerial) distance from the perimeter of each park located in the
city, as illustrated in Fig. 1b. (Note further that although Euclidian distance is not
an optimal measure of actual distance, our preliminary studies indicated that mea-
surement of network distance introduces considerable bias into measurement of
accessibility.) After the buffers were determined, the density of potential users
was computed for each park using park area and population size. Accessibility
was then calculated at the house level. The analysis was conducted with Arc View
GIS software.

2.2. The data

Measurement of accessibility in Tel Aviv is based on detailed household data
taken from the 1995 Census of Population and Housing, the most recent census con-
ducted. Though the census does not represent the current situation in Tel Aviv, it is
the only source available for socio-economic house-level data. In this census, the
Israeli Central Bureau of Statistics accumulated precise geo-referenced data on
householders and households, including socio-economic characteristics. The census
data were arranged within a GIS framework that contains personal and household
records indicating characteristics such as age, income, employment, origin, education
and religious affiliation for each member of a family, linked to the polygon represent-
ing the house. In the current study we considered only one household characteristic:
number of persons (for calculating population size) in the building; and two social
characteristics—income and religion. Religion was required to differentiate between
households belonging to the city’s two major ethnic groups, Jews and Arabs. These
characteristics likewise represent two of the main dimensions of social structure in
Israeli society, socio-economic status and ethnic-national identity. In addition, the
urban infrastructure data required for measuring access to urban parks at the house
level were retrieved from three databases: those for streets (street segments between
junctions), buildings (polygons of building foundations) and parks (polygons of park
boundaries).

Use of house-level and socio-demographic census data raises significant problems
of access, updating, gaps in the data and scope. I discuss these problems in connec-
tion with the 1995 Census, the source of the data used in the current study:

(a) Access: Based right to privacy considerations, Israeli law restricts the use of
geo-referenced census data on householders; therefore, that part of the research
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demanding access to this data was conducted under the personal supervision of
Israeli Central Bureau of Statistics (ICBS) staff.

(b) Updating: Like other Western countries, Israel conducts a census once every
11–13 years (the next census is scheduled for 2008). Although updated
house-level demographic data can be retrieved from other sources, including
municipal authorities, the national census is the only source for data on social
characteristics. The time lapse between censuses can thus introduce inconsis-
tencies when using the data for operative planning.

(c) Gaps in the data: Non-reporting (whether by citizens or by public authorities)
is the cause of most gaps in the data; however, there are other causes as well.
In the data set (total population = 370,000) that was constructed for this
study, data on buildings and socio-demographic variables were incomplete.
No population data were available for approximately 3% of the residential
buildings in Tel Aviv, probably due to incompatibilities between population
census and geo-referenced building data; hence, these buildings were excluded
from the analysis (a total of 17,132 buildings were included in the analysis). In
addition, limited data were available for the two social characteristics
examined in this research. No data was available on income for 10.7% of
Tel Aviv families, with no data available on religious affiliation for 2.4% of
the families in Yaffo (the area where differences between the impact of ethnic
identity were examined). To prevent a situation where families with unknown
income were included in the data set, income was estimated on the basis of
other socio-demographic variables, such as family size and area of residence.
This method has been shown to be valid by the Israeli Central Bureau of
Statistics. Families for which no data on religious affiliation were available
were excluded from the analysis. Our experience has indicated that although
problem of gaps in the data are not new, they can be very significant at the
house level.

(d) Limitations of the data: Population census data is limited to residential build-
ings. When evaluating accessibility by quantity of park area per person in areas
where the proportion of non-residential buildings is relatively high, this fact
introduces bias because potential users of urban parks may be found in non-
residential buildings (e.g., office workers during their lunch break). In addition,
this limitation prevents assessment of spatial equity with respect to employ-
ment locations.
3. Assessing local park accessibility in Tel Aviv

3.1. Evaluating accessibility at the house level

The distribution of accessibility to local urban parks as estimated by the criterion
of park area per person at the house level (4) at the aggregate administrative neigh-
bourhood level (2) for Tel Aviv city is presented in Fig. 2. A comparison between the

Erfan
Underline

Erfan
Highlight

Erfan
Highlight



Fig. 2. (a) Distribution of accessibility at house level within the framework of neighbourhood boundaries
(calculated with the coverage measure (4)); and (b) distribution of accessibility at the neighbourhood level
(calculated with the container measure (2)).
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two maps in Fig. 2 shows that the house-level distribution enables a more sensitive
and accurate assessment of differences between urban areas. In addition, the compar-
ison illustrates how estimation according to administrative boundaries ignores vary-
ing accessibility at the house level and does not accurately reflect true accessibility.
Testing the correlation between accessibility at the house level (N = 17,132 build-
ings) and the aggregate neighbourhood level (N = 60 neighbourhoods) according



Fig. 2 (continued)
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to the criteria of park area per person—C and C 0 ((2) and (4))—and minimum dis-
tance—D and D 0 ((1) and (3))—indicated that the difference are high: 0.49 for the
first and 0.65 for the second (p < 0.001 for both). That is, measuring accessibility
with the container approach on the basis of aggregate municipal neighbourhood
data does not accurately capture variation of accessibility for individual Tel Aviv res-
idents within those areas.

Differences in the measurement approaches directly influence assessment of spa-
tial equity for neighbourhoods and individuals in a city. For example, examination
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of neighbourhood accessibility according to the traditional container approach
revealed 26 neighbourhoods that experience under-provision (see Fig. 2b) and there-
fore deserve more park area, whereas coverage measurement at house level identified
only nine neighbourhoods experiencing under-provision. On the other hand, only
one neighbourhood that was defined as enjoying an appropriate allocation of park
area according to the container approach was found to evidence under-provision
according to house-level measurement. Based on its greater accuracy, house-level
data contributes to more efficient planning and monitoring of park provision. Such
information can be usefully applied with spatial analysis techniques for allocating
local urban services, e.g., the optimal location for new urban parks. Alternatively,
house-level data can also be used with techniques based on the ‘what if ?’ principle
(de Jong & Ritsema van Eck, 1999) to assess plans for urban service distribution.
Moreover, as the current case illustrates, the availability of house-level information
helps ascertain the validity of assessing spatial equity on the basis of a given geo-
graphical partition, i.e. the intensity of the effect of the ecological fallacy at a given
scale.

Local-scale information plays an important role in evaluating the accessibility of
individuals to an urban service in two respects. First, it makes possible accurate
evaluation of the situation of individuals in a city. Application of this approach
to Tel Aviv reveals that 44% of city residents are in a state of under-provision
(i.e., they are either outside the service range of a local park or an insufficient
amount of park area is available) whereas 19% enjoy ‘‘over-provision’’, that is,
more than 20 m2 of park area is available per person at the local scale. This is
important information for determining urban park allocation policy as well as eval-
uating existing allocation criteria. Second, with detailed information at house level
such as that presented in Fig. 2a, residents can ascertain if adequate park services
are available; thus, in principle, these measurements equip them with the informa-
tion necessary to protect their interests and influence municipal policy. Similarly,
local organizations and pressure groups can use this information to raise spatial
equity issues.

Despite the advantages of house-level data visualization, the use of a detailed
map, as illustrated in Fig. 2a, can cause problems of presentation at different scales.
On the one hand, mapping house-level accessibility over a large area prevents the
viewer from discerning local spatial variance because such distributions create high
densities of symbols (depending on the density of the buildings and the size of the
symbols chosen to represent a building’s accessibility). On the other hand, mapping
house-level data on a detailed scale, by using the ‘‘zoom’’ option, creates discontin-
uous, sparse coverage of buildings, an event that creates difficulties for viewers inter-
ested in distinguishing the patterns identified. In like manner, maps over-weighted
with colours and complexity may lead to a weak correspondence between visual
appearance and formal statistical results (Lloyd, 1997). In addition, visual represen-
tation of house-level data can reveal sensitive house-related details such as income,
education and ethnic identity.

One approach to production of thematic maps at different aggregation scales
rooted in objective criteria is to employ local indices of association (LISA). LISA
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is a localized version of global autocorrelation statistics such as the Getis Index G*,
Geary’s K, Moran’s Index I, which are based on comparing characteristics of a spa-
tially located object and its neighbours (Anselin, 1995). Applying these measures in
the study of spatial equity helps the observer identify spatial variance and small clus-
ters of service under-provision (Talen & Anselin, 1998). As suggested here, these
indices can also help overcome visualization problems related to house-level data
that stem from cartography or privacy constraints.

However, application of LISA to the spatial patterns of house-level data requires
the researcher to define a neighbourhood (neighbouring buildings) for each building.
For this purpose, we have recently proposed employing Voronoi polygons con-
structed on the basis of building coverage (Benenson & Omer, 2003; Omer & Benen-
son, 2002), where each polygon of a Voronoi partition corresponds to a building and
its surrounding area. In the current analysis, neighbourhood relations were defined
according to the following procedure: Two buildings were treated as neighbours if
the Voronoi polygons of the buildings were adjacent, the distance between the build-
ings’ centroids was less than 150 m and the buildings were located on the same side
of a main street.

In order to maintain the range of values belonging to the original accessibility
distribution, presented in Fig. 2a, we applied the moving average index, which is
equivalent to the Getis index G* with one exception: The moving average considers
the average and variance obtained only in the building’s neighbourhood rather
than over the entire city. Formally, we considered the distribution of points repre-
senting the centres of houses displaying predefined neighbourhood relationships as
follows:

fiki ¼

X
j2UðiÞ

fj

N
ð5Þ

where f represents accessibility, the moving average fi at location i is based on a
weighted average of the values of characteristic f over the locations j (neighbouring
buildings) within U(i), and k represents neighbourhood size order; the adjacent
buildings are considered neighbours of order k = 1, the houses closest to the neigh-
bours of order 1 are considered order k = 2, and so on.

The mapping of the moving average index at orders k = 1 and k = 3 in a selected
section of Tel Aviv is illustrated in Fig. 3. Use of neighbourhood size (Fig. 3a and b)
is designed to help the viewer identify general patterns of accessibility, particularly
spatial variances and areas with low accessibility. Voronoi polygon coverage
(Fig. 3c and d), in contrast, enables the transition from dasymetric to choropleth
mapping to prevent visual discontinuities in accessibility distributions. Although
employment of such measures can be quite beneficial and even critical when the map-
ping covers large geographical areas or when the data is highly sensitive, they imply
aggregation, which demands concessions to accuracy. These costs and benefits are
illustrated in Fig. 3. This figure shows that the patterns produced by the moving
average index are clearer and therefore enable better identification of clusters dis-
playing varying accessibility. Nonetheless, they forego the accuracy associated with



Fig. 3. Distribution of the moving average of spatial association constructed for accessibility to local
parks in Tel Aviv. (a) Format of points at k = 1; (b) format of points at k = 3; (c) format of polygons at
k = 1; and (d) format of polygons at k = 3.
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house-level data. The benefits of aggregation in the context of the right to privacy
will be illustrated further below regarding the geographic distribution of income
and accessibility.

3.2. Assessing differential access of social groups

The impact of the MAUP on evaluations of accessibility for a given urban ser-
vice depends on the inconsistencies between service areas and the spatial division of
administrative districts. Yet, the assessment of differential access of social groups
also depends on the gap between the residential spatial patterns exhibited by
social groups and those same administrative boundaries. In other words, assess-
ment of differential access suffers from a ‘‘double’’ ecological fallacy. Hence,
house-level data actually overcome this double gap and enable direct reference
to the relationship between service areas and residential patterns exhibited by
social groups.

We chose to illustrate evaluation of spatial equity experienced by social groups
with two of the main variables that divide Israeli society (Mautner, 2000), including
Tel Aviv (Schnell & Benjamini, 2004): socio-economic status and ethnic-national
identity. In this study, the first is represented by income, the second by religious
affiliation.

To analyse the relationship between the income of Tel Aviv residents and their
access to local parks, residents’ personal monthly income distribution was divided
into deciles. Based on that division, the correlation between income decile and access
to local parks was significantly positive for the criterion amount of park area per per-

son (r = 0.86, p < 0.001) and significantly negative for the criterion minimum distance

(r = �0.78, p < 0.001) (see Fig. 4a and b). That is, the provision of local park services
for high-income residents is greater than for low-income residents according to both
criteria.
Fig. 4. Relationship between income (deciles) and accessibility to local parks in Tel Aviv at house-level,
measured by (a) quantity of park area per person, the mean std. of mean park area per person among
deciles: 164.6 m; range of 31.7–192.3 m and (b) minimum distance to the nearest park, the mean std. of
minimum distance among deciles: 126.7 m; range of 113.8–157.2 m.



I. Omer / Comput., Environ. and Urban Systems 30 (2006) 254–274 267
A more detailed examination of Fig. 4 reveals that the tendency is quite linear
according to minimum distance, with access steadily increasing with income. How-
ever, according to amount of park area per person, two distinct groups are identified.
A significant leap in accessibility is observed for the four upper deciles (deciles 7–10),
those earning incomes over NIS 8200 monthly (average income in Tel Aviv is about
Fig. 5. Geographic visualization of spatial inequity regarding local parks in Tel Aviv. Distribution of the
moving average of spatial association constructed by Voronoi polygon coverage at k = 1 for (a)
accessibility and (b) income.



Fig. 5 (continued)
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NIS 6300 monthly), as opposed to the remaining six deciles. The four upper deciles
also enjoy greater accessibility according to minimum distance. This implies that
wealthier populations have greater accessibility to local parks than does the remain-
ing population.

To examine the above relationship geographically, mapping of the moving aver-
age index of these variables at order k = 1 (the average value of a building and its
adjacent buildings) was performed (see Fig. 5). In this case, aggregation of the mov-
ing average stemmed from the need to avoid exposing sensitive information, that is,
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income at the house-level. The spatial distribution of the moving averages, even
though less precise, nevertheless enabled geographic visualization of spatial inequity:
the relationship between income and accessibility by geographic area. For example,
it immediately became clear that the wealthy population living in Tel Aviv’s northern
parts enjoys greater access to parks as well as where the outliers are geographically
located.

To assess the sensitivity of neighbourhood-level measurements to spatial inequity,
a comparison was conducted with neighbourhood-level information. When accessi-
bility was calculated on the basis of aggregate data for municipal neighbourhoods
(N = 60) according to Eqs. (1) and (2), the correlations between income and amount
of park area per person and then minimum distance are r = 0.32, p < 0.05 and
r = �0.064, p � 0.61, respectively. When the same calculations are performed
according to neighbourhood by income decile (10 groups of six neighbourhoods
each), the correlations for park area amount and minimum distance are 0.54,
p < 0.03 and �0.17, p � 0.5, respectively. That is, the correlations for neighbourhood
are significantly lower than the correlations for house-level. This comparison implies
that measurements of accessibility on the neighbourhood level are not sufficiently
sensitive to the spatial inequity associated with the provision of local parks. There-
fore, at least regarding the current case, the availability of house-level data not only
enables assessment of accessibility for individuals, it is useful for locating differential
accessibility for social groups.

The second variable examined was ethnic-national identity, which divides Israel’s
population into distinct sectors, Arabs and Jews. The Arab community in Tel Aviv
lives in one, residentially defined area, Yaffo, spread over an area of approximately
7 km2. Therefore, this research limited itself to the study of Yaffo exclusively. In
1995, Yaffo’s population was 39,000, with the Jewish majority comprising about
70% and the Arab minority the remaining 30% (Omer, 2003). Previous research in
Israel has identified clear inequities in public service allocation to Jews and Arabs
in various domains, such as education, housing and social services, explained in part
by institutional discrimination against Arabs (Portugali, 1991; Smooha, 1990; Yifta-
chel, 2000). Examination of the accessibility of local parks enables determination of
whether inequitable resource allocation likewise occurs on a local scale within a
mixed area in a given city. Because the majority of municipal as well as other admin-
istrative divisions in Yaffo contain Jewish as well as Arab populations, one cannot
take these official spatial divisions as a basis for evaluation of differential accessibility
for the two ethnic groups. The main alternative available for obtaining information
on spatial inequity in Yaffo therefore rests on measurement from individual
buildings.

Measurement of accessibility in that way shows that, in general, the Jewish pop-
ulation enjoys greater accessibility than does the Arab population (see Table 1). The
difference is most prominent for the fraction of the population located outside
the range of an urban park (minimum distance). This fraction refers to 22.1% of
the Arabs but only 7.5% of the Jewish population. Regarding the quality of provi-
sion (coverage) for those located within the park’s service range, only 24% of the
Arab population has sufficient provision of parks, relative to 45% of the Jewish



Table 1
Differential access of Jews and Arabs to local parks in Yaffo, measured according to park area per person

Ethnic group Not served (%) Mean park area (m2)
per person 0–4 (%)

Mean park area (m2)
per person >4 (%)

Total (%)

Percent of Jews 7.5 47.4 45.1 100.0
Percent of Arabs 22.1 54.5 23.4 100.0
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population. However, the difference in area between the populations that are pro-
vided with parks is small: Average accessibility for the Arab population is 5.55 m2

per person and 6.26 m2 per person for the Jewish population. Nevertheless, when
considering accessibility for the entire Arab and Jewish populations in the Yaffo,
that difference is salient.

Accessibility to urban parks in Yaffo was also compared to accessibility in Tel
Aviv as a whole. The findings revealed that a large fraction of both ethnic
groups—that is, 54.9% of the Jews and 76.6% of the Arabs—residing in Yaffo
experience under-provision of park area (including residents enjoying provision
below 4 m2 and those located outside the park’s service range) in comparison to
44% of total Tel Aviv residents. One explanation for this under-provision is
found in systematic discrimination against low-income residents: Average income
in Yaffo is 64% of average income in Tel Aviv as a whole. This trend is even more
pronounced in neighbourhoods populated by Yaffo’s Arab residents, where ethnicity
supports socio-economic discrimination (Omer, 2003). Hence, the Arab community
of Yaffo suffers from greater park under-provision in comparison to the general
population of Tel Aviv as well as in comparison to the Jewish population living in
Yaffo.

One comment is warranted: The above findings about the differential access by
income and ethnic identity must considered with caution due to the limitations of
the quantitative approach applied in this study. The definition of an urban park
as any open public space does not consider factors such as park type, maintenance,
safety and landscaping, which might influence the quality of spatial inequity.
4. Discussion

The paper presented a framework for measuring house-level accessibility of
individuals and social groups to public services based on detailed geo-referenced
socio-demographic census data. This framework was found to be effective in assess-
ing spatial equity in the provision of local urban parks in the city of Tel Aviv. It was
also found useful for assessing the sensitivity of neighbourhood-level measurements
to spatial inequity.

The paper also discussed the data usability problems associated with house-level
data: access, updating, compatibility, absence of data, limited scope and geographic
visualization indicative of spatial inequity. The issues were described here with
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reference to Israel’s 1995 Census of Population and Housing. Additional research is
needed to construct those mechanisms that will allow reporting of detailed research
results while respecting the right of privacy.

Despite these usability issues, house-level data have clear advantages: They enable
residents and planners to obtain more accurate information for evaluating and mon-
itoring local urban service provision. Such information can also be useful to social
groups and individuals involved in spatial equity activity. As the current and other
studies of Tel Aviv (Benenson & Omer, 2003; Schnell & Benjamini, 2004) have
shown, inner-city neighbourhoods may be highly heterogeneous in their social com-
position; hence, spatial equity research cannot assume a priori that neighbourhoods
are homogeneous and cohesive communities. In this respect, the availability of socio-
demographic information at house level can be crucial for revealing spatial inequity
in access to urban services experienced by individuals and groups living in a city.

House-level data can also impact on spatial equity practice and discourse. Because
assessment of spatial equity on the house level involves ignoring neighbourhood
boundaries or other socio-spatial entities, this type of information can support not
only established neighbourhoods and social groups but also the emergence of ‘ad
hoc’ groups for the protection of their rights. For example, the information revealed
in this study can empower and encourage individuals who belong to different neigh-
bourhoods or to different social groups, such as Jews and Arabs, to attempt to rem-
edy the under-provision of urban services.

In addition, because self-interest is assumed to be one of the fundamental motiva-
tions for environmental activism (Campbell & Marshall, 2000; Haklay, 2002), geo-
graphic localization of spatial (in)equity can also increase awareness of spatial
equity and encourage residents to question the actions of public authorities. Case
studies of environmental planning support systems undertaken by Carver, Evans,
Kingston, and Turton (2001), for example, have shown that ‘‘spatial scale can have
a significant effect on the manner in which the public responds to a particular deci-
sion. . . People are very interested in those decisions that pertain to their area and
thus effect them directly. As spatial scale increases from the local to the regional
and, ultimately, to the national scale, less and less people are interested in the
issues. . .’’ (Carver et al., 2001, p. 918). Alternatively, localization of spatial (in)equity
and encouragement of self-interest can exacerbate the NIMBYism associated with
localism, a phenomenon rejected by environmental activists (Kurtz, 2003) because
it can clash with the greater community’s interests.

However, individual and community motivations and interests, although having
the potential to contradict each other, are basically complementary forms of empow-
erment and participation in planning and public decision-making. This stance is
based on the argument that community empowerment, which entails actions taken
by individuals to protect community interests, depends on the process by which
those individuals gain influence (Kyem, 2001). In this respect, providing relevant
information can create a common language and promote a shared environmental
awareness.

In a broader sense, local-scale information can encourage trends in environmental
planning such as ‘‘bottom-up’’ planning and collaborative planning (Healey, 1997);
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it can also provide an operative tool for improving spatial equity and fairness in deci-
sion making, as suggested international environmental conventions such as the Rio
Declaration (United Nations, Agenda 21, 1992) and the Aarhus Convention
(UNECE, 1998). These conventions underscore the government’s obligation to dis-
seminate information to all levels, and to formulate regulations that guarantee acces-
sibility to such information.

Finally, further research is needed to assess the effectiveness of local-scale infor-
mation for spatial equity discourse and practice. Improvements in the application
of detailed geo-referenced GIS data, together with the development of mechanisms
for safeguarding privacy, are likewise necessary.
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