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Urban green spaces are generally available for free to city dwellers which have a vital

Received: and key role in people's mental and physical health. Despite the fact that many cities in

é7/03./2%24 ised form: the country have urban green space, it differs in terms of the distribution and other

3,323'2‘6624m revised orm: spatial parameters, both at the level of the cities in Iran and at the level of the regions

Accepted: within each city. This study evaluates the different characteristics of the green space of

24/09/2024 the holy city of Mashhad by applying the satellite image processing and analyzing data

Publisher online: provided by the city municipality. In this research, utilizing the spatial data of the parks

01/10/2024 of the thirteen districts of Mashhad municipality and the land cover maps generated by
Google Earth Engine system, eight landscape metrics of the land surface were calculated
in GIS software for each of the districts. The results show the difference between the
parks of each one of the thirteen districts of the city of Mashhad in terms of various
landscape metrics. Also, the analysis of the results of this study showed that the 10th
district of Mashhad municipality has a more favorable situation than other regions, both
in terms of the number of parks and the ease of access to green space for citizens. The
findings can be used as a ideal model for the development and improvement the spatial
characteristics of other parks within thirteen regions of Mashhad.
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Extended Abstract

Introduction

According to the United Nations report, between 1950 and 2018, the population of urban dwellers on Earth
increased from 751 million people to 2.4 billion people, and the quality of air in cities has continuously
decreased. For example, in the developing countries of the Asian continent, the air quality of 97% of cities is
reported to be unhealthy since the cities of the planet are becoming increasingly crowded and polluted.

Urban green spaces can provide a wide range of ecological services to improve the lives of city dwellers and
fight against diseases. In addition to the ecological services that urban parks provide for city residents, natural
areas located in cities also provide many social and psychological services in addition to ecological services
that will be vitally important for the livability of cities and the health of city residents, including the social
services provided by urban parks. Children's entertainment, group or individual sports for citizens, as well as a
place to meet friends and other people are some of these services.

Urban parks are defined as areas with open and non-covered spaces in which vegetation and water prevail. The
Sentinel-2 satellite is one of the satellites that has multi-spectral collection systems and optical imaging, and is
being operated by the European Space Agency. This mission provides data for many services such as
agricultural monitoring, environmental risk management, as well as land-use and land-cover surveys and is
used all over the world. Since the knowledge of urban vegetation is important for natural resource management,
ecological analyzes and hydrological modeling, the use of NDVI index in remote sensing to identify areas with
vegetation has many applications.

In the present study, we compared state of green space in each of the thirteen regions of Mashhad by using
satellite images and processing them in the open source system of Google Earth Engine and comparing the
vegetation obtained from satellite images with the parks of Mashhad city with the help of different landscape
metrics, to be able to inform urban planning.

Study Area

This paper focuses on the holy city of Mashhad which currently has a population of more than 3.3 million
people, and is known as the second most populous city in Iran after Tehran. In terms of the size, with an area of
more than 351 square kilometers, it is the second largest metropolitan city in Iran. Mashhad is located in the
northeast of Iran and in Razavi Khorasan province.

Material and Methods

In order to investigate the features of the land cover according to the thirteen regions of Mashhad municipality,
satellite images were first used to determine the amount of vegetation in each region. In the next step, the
amount of green space distribution in this city was studied using the map of Mashhad city parks.

Urban parks were generally classified according to their area in the following three classes: Neighborhood Park
with an area of less than 3 hectares, district park with an area between 3 and 5 hectares, and regional parks with
an area of more than 5 hectares. It should be noted that forest parks are also included in this class.

Result and Discussion

In this study, the results of measurements for the vegetation layer obtained from the Google Earth Engine
system were first examined, then the measurements for the parks layer of thirteen urban areas were studied. For
a more detailed study of Mashhad's parks, measures were also examined at three levels of local, district and
regional parks.

Considering the distribution maps of vegetation patches, local parks, patches of regional parks and patches of
regional parks, it can be seen that the percentage distribution of vegetation and parks in the thirteen districts of
Mashhad Municipality is not similar.

The analysis of the spots obtained from the processing of satellite images showed that the district No. 9 has the
highest number of green patches (2350), while Samen district has the lowest number of patches (175). The
parks of districts No. 5, 11 and 12 contained 616, 769, 478 and 734 patches, respectively. District No. 4 had the
largest area of patches (about 455 hectares) and also had the highest percentage of patches in relation to the
district area (33%) compared with other districts.

Examining the parameters at the level of parks in Mashhad showed district No. 9 had the largest park area
(about 570 hectares) and was also the second district in terms of the number of parks (94) and the highest
percentage of parks compared to the district area (2.12%).
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Conclusion

According to the results of the study, the interpretation of Shannon's diversity and uniformity index, along with
the measures of the number of spots and the density of spots, we can say that districts No. 10 of Mashhad
municipality can be considered the most suitable area among all districts of Mashhad. Because this area has the
largest number and density of parks in the region. This factor indicates the ease of access for citizens. Also, the
results of Shannon's diversity and uniformity measures show that the parks of this region have high diversity as
well as high uniformity. It is possible to consider Mashhad Municipality's district No. 10 as a successful
example in the construction and development of urban green areas, where spatial justice and distribution are
considered.

Key words: GIS, landscape, Mashhad, spatial justice, urban park.
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