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Urban green spaces are essential for the well-being of the population. However, due to
various factors, the distribution of green spaces among city neighborhoods in quantitative
and qualitative dimensions is often skewed. Hence, urban planners require effective tools
to evaluate and analyze green spaces among the neighborhoods. The most common
indicator used in green space assessment is the total area of green space to the total
population, however, this index does not provide information on how green space is
distributed in the city or region, as well as its ecosystem and ecological effects, which
requires a more comprehensive study using new metrics. The aim of this study is to
provide tools for a more comprehensive assessment to evaluate and plan better the location
and quality of green spaces in the metropolis of Mashhad. For this a set of indicators for
green spaces in a multidimensional framework was applied. The indicators considered (i)
the total area of green spaces in relation to population and urban context, (ii) the quality of
green spaces based on its size, density, the average Euclidean distance, and (iii) the
accessibility of green spaces based on its shape, aggregation index, share of population
supplied by GS, using the Geographic information system, Fragstats software. The
proposed indicators were tested in seventeen municipalities of Mashhad. The results show
that districts 17, 6 and 7 have the best and districts 15 and 16 which are among the least
privileged areas of the city, have the worst situation of spatial distribution of green space in
Mashhad.
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Extended Abstract
Introduction

Urban green spaces are essential for the well-being of the population. However, due to various factors, the
distribution of green spaces among city neighborhoods is often skewed. Hence, urban planners require effective
tools to evaluate and analyze green spaces among the neighborhoods. The most common indicator used in green
space assessment is the total area of green space to the total population, however, this index does not provide
information on how green space is distributed in the city or region, as well as its ecosystem and ecological
effects. Effective evaluation of urban green space in relation to urban ecosystem depends on the quantity, quality
and accessibility to green space and only a limited number of studies have examined this issue in an integrated
manner. Also, using landscape metrics for the study of green space distribution is a new topic that has been less
addressed. The use of landscape metrics in most domestic studies has been related to the issue of continuity and
destruction of land uses at the provincial level and has been less used in relation to the issue of urban green space
analysis. The aim of this study is to provide tools to evaluate and plan better the location and quality of green
spaces in order to disclose existing inequalities. For this a set of indicators elaborated to analyze green space
consider the three main dimensions quantity, quality and spatial distribution.

Indicators associated to the quantity of green space: The sum of green space areas to the total population per
municipality and the sum of green spaces to the total area of each municipality have been examined to evaluate
the quantity of green space in each area.

Indicators associated to the quality of green space: The quality and accessibility of green spaces is closely related
to their size, shape and other aspects of their configuration. So, in this study four indicators of green space patch
density, mean size of green space, Mean Euclidean Nearest-Neighbor Distance and the sum of green spaces
greater than 0.5ha to the total area of green spaces were selected to examine the quality of green space in each
municipality. These metrics describe the quality aspect of green space distribution since small, fragmented and
distant patches signify poorer quality than large and contiguous patches.

Indicators associated to the accessibility to the green space: Shape index and Aggregation index are related to the
shape complexity and aggregation of green space patches in a neighborhood. Compared with simple-shaped and
aggregated patches, complex-shaped and disaggregated patches increase the proximity between green spaces and
residents. Share of population served by green space greater than 0.5ha in 300m was also considered.

To study the spatial distribution of parks and green space in the municipalities of Mashhad, census data and land
use layer, both of which were prepared in 2016, have been used. To obtain the required information for each
region, the research data in Arc GIS software was processed by Spatial join, Tabulate Intersection, Select By
Location tools and the required information of each region was obtained. In order to calculate the index score in
each region, depending on the index, FRAGSTATS 4.2 and Arc GIS 8 software have been used.

In order to obtain the score of each dimension it is necessary to compare the indicators with each other, and
because the data under study have positive and negative size, dimensions and orientation, the data are
standardized by the minimum-maximum method. In order to compare each dimension with each other it is
necessary to weigh the indicators. The indicators are weighted from the mean method, which is an objective
method. Then the weight of the indicators is multiplied by the standardized scores and the final score of each
index is obtained and from the sum of the scores of the indicators, the dimension scores and the final score are
obtained.

Results

Quantity of green spaces: In general, it can be said that the northeastern half of Mashhad, which is one of the less
privileged areas of the city, had a more unfavorable situation in terms of a little green space. District 17 has
achieved the best situation in terms of quantity of green space because of the large size of the Sun park in this
area.

Quality of green spaces: The average green space in Mashhad was 1.4 hectares. The best situation is in region 13
with 7.62 hectares and the worst situation is in region 10 with 0.28 hectares. The great number of small parks in
district 10 has caused the mean size of green spaces to have the lowest value in this region and the Mean
Euclidean Nearest-Neighbor Distance and green space patch density had the best condition in this municipality.
There was a reverse condition in districts 13 and 14. Existence of a large park in these areas has caused low
green space density and mean size of green spaces in these areas is high. In this dimension, the two districts 15
and 16, which are among the less privileged areas of Mashhad, have had the lowest situation.

Accessibility of the green space: The highest value of aggregation index was evaluated in region 14 and the
lowest value that indicates the dispersion and non-aggregation of green space in a region was obtained in regions
1 and 9 with values of 75 and 73. Another indicator that increases the accessibility of green spaces is the
complexity of the shapes. Compared to simple and integrated green spaces, green spaces with complex and
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separated shapes increase the proximity of green space and residents. This index had the highest value in region
17 and the lowest value in region 5. In general, districts 9 and 10 had the best accessibility status among the
districts, and districts 14 and 16 had the worst accessibility status.

In general district 17 has the best spatial distribution among the districts. This region, despite having a moderate
score in the dimension of accessibility, however, has achieved a high score in both quantitative and qualitative
dimensions. Districts 15 and 16, which are considered as low-income areas of Mashhad, have been in a bad
situation in all three dimensions. In general, it can be said that the northeastern areas of Mashhad, which are
among the less privileged areas of the city, have achieved a low score in the spatial distribution of green space.
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