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Abstract

This paper analyzed the role of national economic factors, in addition to some key city-level variables, in the
variation of the urban green space (UGS) in Mashhad City (Iran) during three decades (1998-2018). The correlation
result revealed the effects of the increasing trend of land price, population rate, and construction of built-up areas
in the decreasing trend of UGS in the study area (R from —0.95 to -0.99 at p-value >95%). Also, the country-level
economic factors, i.e, GDP per capita, oil price, export total value, and FDI, represented the overall increasing trend
from 1988 to 2018, correlating with the decrease of green space areas (R from —0.76 to -0.92 at p-value >75%).
Some statistical analyses, such as the run-test, the skewness and kurtosis tests, the Kolmogorov-Smirnov test, and
the ANOVA test were done to confirm the normality of the data distribution and reliability of the results. Ultimately,
clustering the research variables based on the significance and confidence levels of the estimated correlation
results revealed that the change in the oil price and national export values in the petroleum-dependent economy

variations.

analysis

of Iran can be assumed as the lead key economic factors to fluctuate all city-level variables, particularly the UGS
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Introduction

Urban green space (UGS) is a broad and complex concept
(Taylor and Hochuli 2017), which is usually defined as
open spaces primarily covered by natural and semi-natu-
ral vegetation within urban areas (Stessens et al. 2017; Lu
et al. 2023). UGS is also referred to as a blue-green zone,
because of urban water, such as streams, channels, and
inland waterways (Haase et al. 2014; Garrett et al. 2019;
De Haas et al. 2021). As a multidisciplinary concept,
UGS can comprise multiple components, e.g., social,

*Correspondence:

Leila Rahmati

leyila.rahmati1984@gmail.com; leila.rahmati1984@mshdiau.ac.ir
'Department of Urbanism, Islamic Azad University, Mashhad, Iran

@ Springer Open

economic, and ecological elements (Taylor and Hochuli
2017).

UGS can also enhance the quality of the urban envi-
ronment (Wilkerson et al. 2018), contributing to local
gentrification through rising real estate prices. Hence,
the relationships between UGS and multidiscipline vari-
ables are a very interesting category for researchers. In
this regard, worldwide works reported the relationship
between the variation of UGS and socioeconomic status
in recent years (Fobil et al. 2010; Kabisch and Haase 2013;
Holt et al. 2015; Hoffimann et al. 2017).

Recently, Sun et al. (2020) revealed that the economic
development of the upper-income countries can increase
the urban green areas significantly. However, most of the
mentioned studies in the literature have not focused on
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the role of national economic factors in the change of
land use and land cover changes. On the other side, there
has been no observed research in Iran, as a lower-mid-
dle-income country (World Bank 2023), to investigate the
effects of the national economy on the urban green space
variations. Meanwhile, the role of UGS in the urban life
of lower-middle-income regions and countries is more
important than upper-income areas due to their more
willing to use them (Wendel et al. 2012; Vaughan et al.
2018).

Particularly, the decreasing trend of urban green spaces
(UGS) has been a significant concern in urban areas of
Iranian cities within the last decades, which have faced
a rapid urbanization rate (Shabahang et al. 2019; Sol-
tanifard et al. 2020). One of these cities is Mashhad
city, which is the second-largest city and the most sig-
nificant population center in the northeast of Iran. The
lack of sufficient investigation of endogenous and exog-
enous economic factors, influencing the UGS quali-
ties and quantities is a main research gap in Mashhad
City, due to the main role of tourism and pilgrimage in
the economic environment of the city. Meanwhile, the
increasing importance of UGS in enhancing citizen’s and
pilgrim’s wealth provided more attention by urban deci-
sion makers and researchers paying to UGS’s potential
and planning in recent years. Hence, the present study is
a novel and important research, that aims to comparative
analysis for the role of national economic factors, in addi-
tion to some key city-level variables, in the variation of
urban green spaces in Mashhad city during three decades
(1998-2018).

Literature review

According to the literature review, some research-
ers explored the social aspect of UGS (e.g., Lachowycz
and Jones 2013; Kabisch et al. 2015; Li et al. 2015a; Jen-
nings and Bamkole 2019). Some other scholars inves-
tigated the economic aspects and contributions of UGS
(Arvanitidis et al. 2009; Zhang et al. 2014; Wheeler et al.
2015; Aram et al. 2019). Besides, the ecological aspect of
UGSs regarding the ecosystem services, environmental
integrity, urban climate, and population carrying capac-
ity (Wolch et al. 2014; Liu and Shen 2014; Southon et al.
2017; Mansouri Daneshvar et al. 2017; Soltanifard et al.
2022). The contribution of a UGS to sustainable socio-
economic development has been highlighted by vari-
ous international organizations (e.g., UN-Habitat 2009;
EEA 2010; Madanian and Costa 2017). Urban planners,
designers, and researchers need to focus on UGS strat-
egies that explicitly promote socioeconomic sustainabil-
ity (Wolch et al. 2014). Hence, a large number of studies
have been carried out based on the correlation between
socioeconomic factors and the UGS features in the last
years (e.g., Grove et al. 2006; Troy et al. 2007; Di Giulio
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et al. 2009; Luck et al. 2009; Gong et al. 2013; Zinia and
McShane 2018; Soltanifard et al. 2020).

In the scale of our study area (Mashhad City), the
research background of the UGS is observed in different
fields. For instance, ecological attitudes revealed that the
more role of green spaces and areas the more quality of
ecosystem services and ecological carrying capacity in
the study area (Mansouri Daneshvar et al. 2017; Soltani-
fard and Jafari 2019; Ramyar 2019). From an urban cli-
mate viewpoint, Mansourmoghaddam et al. (2023) and
Shabahang et al. (2019) revealed that an increase in green
areas can reduce thermal effects and expansion of heat
islands in Mashhad city. Also, from the healthcare view-
point, Rahnama and Shaddel (2019) and Kamrani et al.
(2020) demonstrated a significant relationship between
human health and high per capita green spaces in differ-
ent areas of Mashhad. However, socioeconomic research
in the field of UGS is rare in the study area and needs to
be more investigated.

Data and methods

Study area

Mashhad city is one of the main metropolises of Iran
with more than three million inhabitants (SCI 2022). The
location of the study area situates between northern lati-
tudes from 36°37' to 36°58’ and eastern longitudes from
59°26' to 59°44’ (Kardani-Yazd et al. 2019). Over the past
100 years, Mashhad was drastically transformed by mod-
ernization policies, in which the area increased 47 times
and the population multiplied 56 times, approximately
(Soltanifard et al. 2022). In the last decades, it has con-
tinuously experienced rapid population growth and cor-
responding physical transformation due to its excellent
pilgrimage, tourism, agricultural, and commercial con-
texts (Soltanifard et al. 2022). Among these situations,
the legal development plan of the city attempted to point
out a greenbelt around the city to protect all UGSs inte-
rior the belt boundary, however, the leapfrog sprawl has
dilapidated these spaces with illegal and informal settle-
ments within the last decades (Kardani-Yazd et al. 2019).
According to the statistical analysis in GIS the surface
area of total UGSs (with a total area of 30 km?) was con-
sidered greater than 2 ha in the study area (Mansouri
Daneshvar et al. 2017).

Data collection and analysis

Remote sensing of land data

A large number of previous studies indicated the rel-
evance of the estimation of green spaces and pixels
based on satellite imagery (Li et al. 2015b; Rahnama and
Shaddel 2019), particularly Landsat imagery data (e.g.,
Naserikia et al. 2019; Kardani-Yazd et al. 2019; Mansour-
moghaddam et al. 2023). In the present study, the satellite
imageries of Landsat sensors, including TM, ETM+, and
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OLI at equal time intervals were considered to detect the
change rates of green spaces (including green and blue
patterns), open spaces (including brown and bare fields
without land uses), and built-up areas (including real
estates and roads) during periods of 1988, 1998, 2008,
and 2018, exactly in the driest month of the August, to
remove the error of sky cloudiness. Satellite data were
obtained from the Landsat archive of remote sens-
ing data, hosted by the United States Geological Survey
(USGS 2022) via a web-based Earth-Explorer program
with the corrected format of geometric and radiometric
errors. After the spatial analysis, the GIS software was
used to present the output maps of variation of green
spaces in the study area from 1988 to 2018.

Time series preparation

The present study attempted to investigate the role of
some national economic factors, in addition to some city-
level factors, in the variation of urban green spaces in the
study area (see Table 1). For this purpose, some city-level
variables were obtained from land remote sensed data
(Landsat imageries) and the Statistical Center of Iran
(SCI2022). The remote sensed surface area for key spatial
patterns in the study area was assumed as [1] urban green
space in units of square kilometers, [2] urban open space
in units of square kilometers, and [3] urban built-up area
in units of square kilometers. Also, two city-level key
variables of [4] land price in units of thousand USD per
square meter and [5] population rate in units of million
inhabitants were collected based on the official reports of
SCI (2022).

Besides, some econometric time series were acquired
at the country level from the World Development Indi-
cators of the World Bank (2022) and the International
Monetary Fund database (IMF 2022), similar to a recent
work by Mansouri Daneshvar et al. (2024). In this regard,
some time series of major national economic factors were
collected into annual-scale databank from 1988 to 2018,

Table 1 All research variables including city-level and country-
level factors, units, and sources

Scale Variable Unit Source
City-level Green space Square kilometers SCI(2022)
Built area Square kilometers SCI(2022)
Open space Square kilometers SCI(2022)
Land price Thousand USD per  SCI (2022)
square meter
Population Million inhabitants SCI(2022)
Country-level GDP per capita  Current USD World Bank
(2022)
QOil price USD per Barrel of World Bank
Brent crude (2022)
Export total Billion USD World Bank
value (2022)
FDI Rate (unitless) IMF (2022)
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including [1] gross domestic product (GDP) per capita
in units of current USD, [2] oil price in units of USD
per Barrel of Brent crude, [3] export total value in unit
of billion USD, and [4] the financial development index
(EDI) of the national economy (unitless). The mentioned
variables in the previous econometric studies have been
chosen by several scholars, such as Kilian and Murphy
(2013), Shabbir et al. (2020), Akbar et al. (2020), and Dinh
(2020). For instance, FDI is a multidimensional measure,
that depends on economic growth and stability (Kunt and
Levine 2009; Norris and Srivisal 2013; Mansouri Danesh-
var et al. 2024).

Data analysis

Ultimately, the correlation methods have been applied to
investigate constant relationships between independent
measures and urban spatial patterns same as the previ-
ous studies (e.g., Schindler et al. 2009; Tian et al. 2011;
Fan and Myint 2014; Peng et al. 2015; Soltanifard and
Jafari 2019; Soltanifard et al. 2020; Han and Keeffe 2020).
Hence, the present study attempted to investigate the
relationships between the variation of UGS (as a depen-
dent variable) in Mashhad city and some independent
variables at the city-level (e.g., land price, population rate,
open space, and built area) and in country-level (e.g., eco-
nomic factors of GDP per capita, oil price, export total
value, and FDI) using the formal Pearson correlation test.
For this method, the range of variables was prepared
based on validating access and study periods in the Excel
tables. Afterward, the correlation tests were calculated
to determine the relationship coefficients between the
dependent and independent variables in SPSS software,
exposing the positive or negative values of R-values as
the direct or inverse correlations (Hasani and Sarvari
2024). In this regard, the R-value indicates strong and sig-
nificant correlations by values above 0.6. (Campbell and
Swinscow 2009). It should be noted that we carried out
some extra statistical analysis in the SPSS software for
the detection of the randomizing and normality of data
distribution such as run-test, the skewness and kurtosis
tests, and Kolmogorov-Smirnov test, before the correla-
tion tests. Meanwhile, the ANOVA test was done to con-
firm the correlation reliability after the correlation tests.

Results and discussion

Remote sensing outputs

In the present study, the satellite imageries of Landsat
4, 5, 7, and 8 were analyzed to detect the spatial varia-
tion of green spaces, open spaces, and built areas within
four temporal intervals of 1988, 1998, 2008, and 2018.
According to Kardani-Yazd et al. (2019) and Naserikia et
al. 2019; the maximum likelihood classifier was applied
for the land use/cover classification according to pixel-
group samples using ENVI software. The overall accuracy
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Table 2 Information of satellite imageries, sensors, overall
accuracy, and Kappa coefficient

Year Satellite Sensor  Overall accuracy  Kappa coefficient
1988 Llandsat4 M 84% 087
1998 Landsat5 TM 86% 0.78
2008 Landsat7  ETM+ 94% 0.89
2018 Landsat8  OLITIRS  95% 0.86

and the Kappa coefficient were also obtained for all years,
averaging over 0.90% and 85%, representing the normal
ranges for urban land cover classification. Overall accu-
racy depends on the corrected classification of sample
pixels and the Kappa coefficient depends on the random-
based expected classification. All the obtained informa-
tion on the overall accuracy and Kappa coefficient of the
land use/ cover classification and specifications of the
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aforementioned satellite imageries are shown in Table 2.
The classified output maps for green spaces, open spaces,
and built areas were produced in true natural color (RGB)
in GIS and then polished in Photoshop (Figs. 1 and 2).
These outputs corresponded based on the legal city
limitation in quo status (2023). The legal city limitation
is defined by the municipality of Mashhad city in 2023
as equal to 305.75 km?, which comprised all land cover
changes during the three last decades (from 1988 to
2018). The estimations of the statistical analysis of spatial
maps are also represented in Table 3. The estimation of
the remote sensing analysis revealed that the UGS sur-
face area in Mashhad City decreased from 88.15 km?
(1988) to 44.05 km? (2018) with a mean alteration rate of
-0.50. In the same status, the open space surface area in
Mashhad City decreased from 102.25 km? (1988) to 23.75
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Fig. 1 Classified extraction of urban green spaces based on the Landsat imageries in periods of (a) 1988, (b) 1998, (c) 2008, and (d) 2018
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Fig. 2 Classified extraction of urban built areas based on the Landsat imageries in periods of (a) 1988, (b) 1998, (c) 2008, and (d) 2018

Table 3 Surface areas of green space, open space, and built area
pixels based on the satellite imageries inside the legal limitation
of the Mashhad city in 2023 besides city-level variables of land
price and population rate

Year Green Open Builtarea Land Popula-
space space (km?) price tion
(km?) (km?) (USD) (million)
1988 88.15 102.25 11535 250 146
1998 71.15 74.15 16045 290 1.88
2008 50.05 44.75 210.95 830 241
2018 44.05 2375 237.95 880 3.10
Mean 63.35 61.23 181.18 563 2.21

km? (2018) with a mean alteration rate of -0.77. Based on
the classified satellite imageries, the built areas in Mash-
had city increased from 115.35 km? (1988) to 237.95 km?
(2018) with a mean alteration rate of +1.06. On this basis,

the dominant trend of land cover change in the study
area revealed an increasing trend for built-up areas and
a decreasing trend for green space and open space areas
during 1988-2018.

Investigation of two other city-level variables of land
price and population rate in synchronized time intervals
showed increasing values for land price [population rate]
from 250 USD per square meter [1.46 million inhabit-
ants] to 880 USD per square meter [3.10 million inhab-
itants] with mean alteration rates of 2.52 [1.12]. These
facts revealed the faster growth of land price, population
rate, and construction of built-up areas against the urban
green space and open space areas, exposing the possi-
ble effects of socio-economic changes in the land cover
changes in the study area.
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Table 4 Research economic factors at the country-level

Year GDP per capita  Oil price Export total FDI
(UsSD) (USD) value (billion (0-
UsD) 1)
1988 2,237 24 193 0.25
1998 1,738 13 132 0.24
2008 5,624 97 113.7 0.28
2018 3,874 72 1034 037
Mean 3,368 52 624 0.29

Table 5 Statistics of skewness and kurtosis tests to recognize the
initial normality of data distribution for each variable

Scale Variable Skewness test *  Kurtosis test **
City-level Green space 0.50 -247

Built area -0.35 -2.02

Open space 0.23 -1.66

Land price 0.01 -5.82

Population 0.46 -0.83
Country-level GDP per capita 0.71 -143

Oil price 027 -3.80

Export total value ~ 0.02 -5.75

FDI 1.55 223

*: Std. Error of Skewness is 1.01, **: Std. Error of Kurtosis is 2.62

National economic factors

In recent decades, the national economy of Iran has
experienced unprecedented financial challenges, result-
ing in fluctuations in some economic factors, such as
national GDP and export values. The abnormal changes
in the national economy of Iran leveraged seriously urban
patterns because people have tended to invest in the real
estate sector (Mansouri Daneshvar et al. 2024). It seems
that more consideration to invest and construct in the
urban built areas influenced the qualities and quantities
of the UGS in the Iranian cities.

In this study, we investigated four time series of eco-
nomic factors during 1988—2018 (Table 4). On this basis,
the statistics revealed that GDP per capita, oil price,
export total value, and FDI increased from 2237 USD, 24
USD, 19.3 billion USD, and 0.25 to 3874 USD, 72 USD,
103.4 billion USD, and 0.37, respectively between 1988
and 2018. However, the overall increasing trend for the
aforementioned country-level factors is not seen as lin-
ear, and distinct fluctuations were observed during the
time series.

Correlation analysis

Before the correlation test, we should carry out the Run
test for detection of the randomizing and normality of
data distribution for each variable. In the first step, the
run-test to recognize the randomizing data distribu-
tion for each variable revealed the number of runs/
cases, Z median value, and Asymp. Sig. (2-tailed) equal
2/4, -0.612, and 0.541, respectively. Based on the Asymp.
Sig. (2-tailed) in the run-test, which is over 0.5, the
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Table 6 Statistics of Kolmogorov-Smirnov test to recognize the
perfect normality of data distribution for each variable

Scale Variable Kolmogorov- Asymp.
Smirnov test Sig.
(2-tailed)

City-level Green space 0.490 0.970
Built area 0416 0.995
Open space 0.369 0.999
Land price 0.579 0.891
Population 0.361 0.999

Country-level GDP per capita 0.480 0.975
Oil price 0511 0.956
Export total value  0.579 0.890
FDI 0.567 0.904

Table 7 Correlation coefficients between dependent variable
(urban green space) and city-level independent variables (i.e.,

built area, open space, and population rate) within 1988-2018
(N=4)

Variable Pearson cor- Built  Open Land Popu-
relation test area space price lation

Green space (R) -0.99 0.99 -0.95 -0.96
Sig. (2-tailed) 000 000 0.05 0.04

data distribution in each variable (both city-level and
country-level variables) is assumed as random with no
homogeneity.

In the second step, we estimated the statistics of skew-
ness and kurtosis tests to recognize the initial normal-
ity of data distribution for each variable (Table 5). Based
on all skewness values (from —0.35 to +1.55), which lay
between —2 and +2, the data distribution for each vari-
able revealed the initial normality without skewness.
Furthermore, the statistics of the Kolmogorov-Smirnov
test were calculated to recognize the perfect normality of
data distribution for each variable (Table 6). Based on the
high values of Asymp. Sig. (2-tailed) in the Kolmogorov-
Smirnov, which is over 0.5, the data distribution in each
variable (both city-level and country-level variables) is
assumed as normal, letting us do further analysis of cor-
relation tests.

In the third step, correlation tests between the depen-
dent variable of urban green space (UGS) and city-level/
country-level independent variables were estimated
within four time-intervals of 1988-2018 (N=4). The
correlation coefficients between the dependent vari-
able (UGS) and city-level independent variables (i.e.,
built area, open space, and population rate) are shown in
Table 7. On this basis, the UGS has significant negative
correlations (R from —0.95 to -0.99) with three city-level
variables of built area, land price, and population rate
at a confidence level of >95% (Sig.<0.05). It means that
increasing values of the mean land price, amount of built-
up areas, and population rates influenced the decrease
of green space areas in the study area from 1988 to 2018.
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However, the significant positive correlation between the
UGS and open space areas (R=0.99) revealed that the
reduction of UGS areas occurred simultaneously with the
reduction of open space areas. Previously, Soltanifard et
al. (2020), Shabahang et al. (2019), and Rafiee et al. 2009)
demonstrated that rapid expansion of built-up areas and
population rates in Mashhad City decreased the rate of
green spaces in urban areas.

Also, the correlation coefficients between the UGS
and country-level independent variables (i.e., land price,
GDP per capita, oil price, export total value, and FDI
value) are shown in Table 8. On this basis, the UGS has
significant negative correlations (R from —0.76 to -0.92)
with four country-level variables of GDP per capita, oil
price, export total value, and FDI value at a confidence
level of >75% (Sig.<0.25). It means that increasing values
of all national economic factors influenced the decrease
of green space areas in the study area during 1988-2018.
Ultimately, the ANOVA test in Table 9 confirmed the
correlation reliability (both correlation coefficients at the
city level and country level) based on their significance
(Sig.<0.05) and confidence levels (P>95%).

Discussion

It should be noted that the UGSs can be categorized into
three groups small UGSs (community scale, 2-20 ha),
medium-sized UGSs (district scale, 20—100 ha), and large
UGSs (city scale, more than 100 ha) (Fan et al. 2017; Lu
et al. 2023). On this basis, the distribution of all green
spaces in the study area can be categorized dominantly
into private medium-sized gardens (25% of total UGSs)
public community spaces, and city-scale parks (75% of
total UGSs). A review of the medium-sized green spaces
of Mashhad exposed their appropriate potential for urban
agricultural functions (Cina and Khatami 2017). How-
ever, the rapid urbanization rate in the study area has
gradually eliminated these medium-sized UGSs. Rafiee
et al. (2009) have also researched changes to this type of
UGSs in Mashhad and their results showed that during
1988-2007 the proportion of green spaces dropped sig-
nificantly (Shabahang et al. 2019).

In this regard, our results revealed that the faster
growth of land price, population rate, and construc-
tion of built-up areas against the urban green space and
open space areas can reflect the possible effects of socio-
economic changes in the land cover changes in the study
area. The land cover change was carried out dominantly
against the UGS in the eastern part of the city, which has
the highest density in population and built-up construc-
tion. These findings correspond to the previous works,
revealing the urbanization effects in the occupation of
more green spaces by urban constructions, leading to
the reduction of the UGS (Maimaitiming et al. 2013).
According to the literature, the decrease in UGS in Iran
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Table 8 Correlation coefficients between dependent variable
(urban green space) and country-level independent variables
(i.e, land price, GDP per capita, oil price, export total value, and
FDI value) within 1988-2018 (N=4)

Variable Pearsoncor- GDPper Oil Export FDI
relation test capita price  total
value
Green space (R) -0.76 -092  -0.90 -0.78
Sig. (2-tailed) 0.24 0.08 0.10 022

Table 9 ANOVA test results between green space and other

variables
Scale Variable  Std. ANOVA test
Error Mean F Sig.
of the Square
Estimate
City-level Builtarea 5495 8812.013 291.816 0.003
Open 5.335 3465.513 114.763  0.009
space
Land price 126467 312286960 19.525 0.048
Population 0.256 1373 20.992  0.044
Country-level GDP per 1412.155 5293267156 2.654 0.245
capita
QOil price 27.562 3209.674 4225 0.076
Export 28.305 6988.575 8.723 0.098
total value
FDI 0.045 0.006 3.081 0.221

can follow the population and construction rates (Soltan-
ifard et al. 2020). Some worldwide studies have approved
the correlations between the total built-up area and the
urban green space (Fuller and Gaston 2009; Kabisch and
Haase 2013). Also, coupled with the dense population
associated with urbanization, the variations in the spatial
pattern of UGS is a challenge for the major cities in the
world (Gan et al. 2014; Wang et al. 2019; Lu et al. 2023).

Compared with the decreasing trend of UGS in the
study area, the selected national economic factors, i.e.,
GDP per capita, oil price, export total value, and FDI, rep-
resented the overall increasing trend in the scale of coun-
try-level from 1988 to 2018. Hence, it can be assumed
that there is a hidden relation between the UGS variation
and country-level factors of the economy. In this regard,
the correlation coefficients between UGS variation and
the mentioned factors revealed that increasing values of
all national economic factors influenced the decrease of
green space areas. Previous works revealed that differ-
ences in socioeconomic status have been directly and
indirectly linked to the UGS at multiple levels and varia-
tions in national economic factors can lead to significant
variability in UGS facts and figures (McDonald 2009;
Escobedo et al. 2011; Wilkerson et al. 2018; Lategan et al.
2022).

Clustering the research variables based on the sig-
nificance and confidence levels of the estimated correla-
tion results revealed three groups, including cluster A at



Rahmati and Hanaei Environmental Systems Research

p-value>95%, cluster B at p-value>90%, and cluster C at
p-value>75% (Fig. 3). All city-level variables can be cat-
egorized in cluster A. However, among the country-level
economic factors, we can distinct two separate clusters
namely cluster B with high p-value (oil and export) and
cluster C with less p-value (GDP and FDI). Overall, it
seems that the change in the oil price and export values
in cluster B can be assumed as the lead key economic fac-
tor to fluctuate other city-level and country-level vari-
ables, in which the major share of national revenue in
the petroleum-dependent economy of Iran depends on
the oil export (Mansouri Daneshvar et al. 2024). Finally,
we can describe that the enhancement of national reve-
nue from total export values (including oil export), first,
could accelerate the GDP per capita and national index of
financial development. Second, it can fluctuate the land
price and increase the tendency of built-up construction
and the density of population in the cities. This realistic
process decreased gradually the green and open space
surface areas in the study area within three decades.

Conclusions

The main aim of the present study was to comparative
analysis of the role of national economic factors, in addi-
tion to some key city-level variables, in the variation of
the UGS in Mashhad city during three past decades
(1998-2018). For this purpose, some well-known vari-
ables were extracted from land remote sensed data
(Landsat imageries), the Statistical Center of Iran (SCI),
the World Bank, and the International Monetary Fund
(IMF) databases. The remote sensing procedure was
applied to land classification and showed an increasing
trend for built-up areas, co-registered with a decreasing
trend for green space and open space areas as the domi-
nant trend of land cover change in the study area during

[Variables]

Open Space

Built A
Cluster (A) ~ltArea

Population

Land Price

(2024) 13:13
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1988-2018. The statistical analysis represented that the
increasing values of the mean land price, amount of built-
up areas, and population rates influenced the decrease
of UGS through the city-level scale. Besides, the selected
national economic factors, i.e., GDP per capita, oil price,
export total value, and FDI, represented the overall
increasing trend in the scale of country-level against the
UGS variation in the study area. Finally, we can describe
that the enhancement of national revenue from total
export values (including oil export) can be assumed as
a key factor, influencing urban green space in Mashhad,
Iran (1988-2018).

The study provided some implications for understand-
ing the urban green space and urban development pat-
terns in Iranian cities. The theoretical implication relates
to the urban greenery studies and the role of country-
level factors in the change of urban land cover. Also, the
study can be categorized along with the United Nations
Sustainable Development Goals (SDGs), in which the
UGS is vital to the achievement of by 2030, namely
SDG11 (Sustainable Cities and Communities) (UN 2015;
Pinto et al. 2021). Practically, the study considered the
remote sensing procedure to produce reliable research
data and variables (such as green space and built-up
areas). Our results suggested a realistic process, defining
the gradual decrease of the green and open space surface
areas influenced by national revenue from total export
values (including oil export) in the study area within the
three last decades.

The research provided an outline for the policy-makers
at the city and national levels, regarding the improve-
ment of the quality and quantity of urban environment.
Such factors can shape the quantity and quality of green
spaces and their ability to supply services by influencing
management and planning decisions (Wilkerson et al.

Oil Price
Cluster (B)

Export Value

—

FDI

Cluster (C)
GDP

=l

0.00 0.05

0.10 0.15

[Sig. level]

0.20 0.25 0.30

Fig. 3 Clustering the research variables based on the significant and confidence levels of the estimated correlation results; cluster A at P>95%, cluster B

at P>90%, and cluster C at P>75%
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2018). In this regard, the main limitation of the research
depended on the acceptable datasets, time series, and
research cases for required variables. It seems that to
address this issue we need to prepare a bigger set of raw
and re-analyzed variables and factors with more time
intervals in different city and country-level scales. Hence,
future research could investigate the certain effects of the
key country-level factors in the variation of UGS in the
extended and continued time series at several research
cases and urban regions.

Acknowledgements
We thank anonymous reviewers for technical suggestions on data
interpretations.

Author contributions

All authors were equally involved in data analyzing, defining the strategies,
and editing the paper. Also, all authors read and approved the final
manuscript.

Funding
This study was not funded by any grant.

Data availability
The data that support the findings of this study are available from the
corresponding author upon request.

Declarations

Ethics approval and consent to participate
This article does not contain any studies with participants performed by any
of the authors.

Consent for publication
Not applicable.

Informed consent
Informed consent was obtained from individual participant included in the
study.

Competing interests
The authors declare no competing interests.

Received: 5 April 2024 / Accepted: 5 May 2024
Published online: 10 May 2024

References

Akbar M, Igbal F, Noor F (2019) Bayesian analysis of dynamic linkages among gold
price, stock prices, exchange rate and interest rate in Pakistan. Resour Policy
62(4):154-164

Aram F, Garcia EH, Solgi E, Mansournia S (2019) Urban green space cooling effect
in cities. Heliyon 5(4):e01339

Arvanitidis PA, Lalenis K, Petrakos G, Psycharis Y (2009) Economic aspects of urban
green space: a survey of perceptions and attitudes. Int J Environ Technol
Manage 11:143-168

Campbell MJ, Swinscow TDV (2009) Statistics at Square One, 11th edition. Wiley-
Blackwell/ BMJ Books. Edinburgh University Library Catalogue

Cina G, Khatami F (2017) Integrating urban agriculture and urban planning in
Mashhad, Iran; a short survey of current status and constraints. Agroecology
Sustainable Food Syst 41(8):921-943

De Haas W, Hassink J, Stuiver M (2021) The role of Urban Green Space in promoting
inclusion: experiences from the Netherlands. Front Environ Sci 9:618198

Di Giulio M, Holderegger R, Tobias S (2009) Effects of habitat and landscape
fragmentation on humans and biodiversity in densely populated landscapes.
J Environ Manag 90(10):2959-2968

Page 9 of 10

Dinh DV (2020) Impulse response of inflation to economic growth dynamics: VAR
model analysis. J Asian Finance Econ Bus 7(9):219-228

EEA (2010) 10 Messages for 2010: Urban Ecosystems. European Environment
Agency, Copenhagen. http://www.eea.europa.eu/publications/10-messages-
for-2010-urban-ecosystems. Accessed 2022

Escobedo FJ, Kroeger T, Wagner JE (2011) Review: urban forests and pollution
mitigation: analyzing ecosystem services and disservices. Environ Pollut
159:2078-2087

Fobil J, May J, Kraemer A (2010) Assessing the relationship between socioeco-
nomic conditions and urban environmental quality in Accra, Ghana. Int J
Environ Res Public Health 7(1):125-145

Fuller RA, Gaston KJ (2009) The scaling of green space coverage in European cities.
Biol Lett 5(25):352-355

Gan M, Deng J, Zheng X, Hong Y, Wang K (2014) Monitoring urban greenness
dynamics using multiple endmember spectral mixture analysis. PLoS ONE
9:0112202

Garrett JK, White MP, Huang J, Ng S, Hui Z, Leung C, Tse LA, Fung F, Elliott LR,
Depledge MH, Wong MCS (2019) Urban blue space and health and wellbeing
in Hong Kong: results from a survey of older adults. Health Place 55:100-110

Gong C,Yu S, Joesting H, Chen J (2013) Landscape and urban planning determin-
ing socioeconomic drivers of urban forest fragmentation with historical
remote sensing images. Landsc Urban Plan 117:57-65

Grove JM, Troy AR, O'Neil-Dunne JPM, Burch WR Jr, Cadenasso ML, Pickett STA
(2006) Characterization of households and its implications for the vegetation
of urban ecosystems. Ecosystems 9(4):578-597

Haase D, Frantzeskaki N, EImqvist T (2014) Ecosystem Services in Urban landscapes:
practical applications and governance implications. Ambio 43(4):407-412

Han Q Keeffe G (2020) Mapping the permeability of Urban landscapes as Stepping
stones for Forest Migration. In: Roggema R, Roggema A (eds) Smart and
sustainable cities and buildings. Springer, Cham, pp 235-246

Hasani E, Sarvari H (2024) Urban commercial marketing and economic factors, an
evidence from Mashhad (Iran). City Built Enviro 2:4

Hoffimann E, Barros H, Ribeiro Al (2017) Socioeconomic inequalities in green space
quality and accessibility—evidence from a southern European city. Int J
Environ Res Public Health 14(8):916

Holt AR, Mears M, Maltby L, Warren P (2015) Understanding spatial patterns in the
production of multiple urban ecosystem services. Ecosyst Serv 16:33-46

IMF (2022) Financial development index database, archived by International Mon-
etary Fund. https://www.imforg/en/Home. Accessed 2023

Jennings V, Bamkole O (2019) The relationship between social cohesion and urban
green space: an avenue for health promotion. Int J Environ Res Public Health
16(3):452

Kabisch N, Haase D (2013) Landscape and urban planning green spaces of Euro-
pean cities revisited for 1990-2006. Landsc Urban Plan 110:113-122

Kabisch N, Qureshi S, Haase D (2015) Human-environment interactions in urban
green spaces—a systematic review of contemporary issues and prospects for
future research. Environ Impact Assess Rev 50:25-34

Kamrani M, Hoseinian N, Zivari F (2020) The association between urban green
space and distribution of mental disorders in Mashhad. EurAsian J Biosci
14:7375-7383

Kardani-Yazd N, Kardani-Yazd N, Mansouri Daneshvar MR (2019) Strategic spatial
analysis of urban Greenbelt plans in Mashhad city, Iran. Environ Syst Res 8:30

Kilian L, Murphy D (2013) The role of inventories and speculative trading in the
Global Market for Crude Oil. J Appl Econom 29:454-478

Kunt AD, Levine R (2009) Finance and Inequality: theory and evidence. Annual Rev
Financial Econ 1:287-318

Lachowycz K, Jones AP (2013) Towards a better understanding of the relationship
between greenspace and health: development of a theoretical framework.
Landsc Urban Plan 118:62-69

Lategan LG, Steynberg Z, Cilliers EJ, Cilliers SS (2022) Economic Valuation of Urban
Green Spaces across a socioeconomic gradient: a South African case study.
Land 11:413

Li H, Chen W, He W (2015a) Planning of green space ecological network in
urban areas: an example of Nanchang, China. J Environ Res Public Health
12(10):12889-12904

Li W, Saphores JD, Gillespie TW (2015b) A comparison of the economic benefits of
urban green spaces estimated with NDVI and with high-resolution land cover
data. Landsc Urban Plan 133:105-117

Liu H, Shen Y (2014) The impact of green space changes on air pollution and
microclimates: a case study of the Taipei metropolitan area. Sustainability
6:8827-8855


http://www.eea.europa.eu/publications/10-messages-for-2010-urban-ecosystems
http://www.eea.europa.eu/publications/10-messages-for-2010-urban-ecosystems
https://www.imf.org/en/Home

Rahmati and Hanaei Environmental Systems Research (2024) 13:13

LuW, Jiang W, Qiao D, Liu Q, Chen G, Huang Q, Xu X (2023) Embracing green
spaces: exploring spatiotemporal changes in urban green space accessibility
and its equity in Guangzhou, China for sustainable urban greening. Environ
Sustain Indic 19:100290

Luck GW, Smallbone LT, O'Brien R (2009) Socio-economics and vegetation change
in urban ecosystems: patterns in space and time. Ecosystems 12(4):604

Madanian S, Costa CS (2017) A model for evaluating a greenbelt planning in
the city of Qazvin (Iran) using MICMAC method. Model Earth Syst Environ
3:1503-1513

Maimaitiming A, Zhang XL, Chen HH (2013) Urbanization in Western China. Chin J
Popul Resour Environ 11:79-86

Mansouri Daneshvar MR, Khatami F, Zahed F (2017) Ecological carrying capacity
of public green spaces as a sustainability index of urban population: a case
study of Mashhad city in Iran. Model Earth Syst Environ 3:1161-1170

Mansouri Daneshvar MR, Sohrabi A, Sadeghi A, Khatami R (2024) An overview of
causal factors in fluctuations of some economic indices in Iran using impulse
response analysis (1990-2022). Model Earth Syst Environ 10:1959-1971

Mansourmoghaddam M, Rousta |, Cabral P, Ali AA, Olafsson H, Zhang H, Krzyszczak
J(2023) Investigation and prediction of the land Use/Land cover (LU/LC)
and land surface temperature (LST) changes for Mashhad City in Iran during
1990-2030. Atmosphere 14:741

McDonald R (2009) Ecosystem service demand and supply along the urban-to-
rural gradient. J Conserv Plan 5:1-14

Naserikia M, Shamsabadi EA, Rafieian M, Filho WL (2019) The Urban Heat Island
in an urban context: a case study of Mashhad, Iran. Int J Environ Res Public
Health 16:313

Norris ED, Srivisal N (2013) Revisiting the link between finance and macroeco-
nomic volatility. IMF Working Paper 13/29. International Monetary Fund,
Washington

Pinto L, Ferreira CSS, Pereira P (2021) Environmental and socioeconomic factors
influencing the use of urban green spaces in Coimbra (Portugal). Sci Total
Environ 792:148293

Rafiee R, Mahiny AS, Khorasani N (2009) Assessment of changes in urban green
spaces of Mashad city using satellite data. Int J Appl Earth Obs Geoinf
11(6):431-438

Rahnama MR, Shaddel L (2019) Urban Green Space is spatially Associated with
Cardiovascular Disease occurrence in women of Mashhad: a spatial analysis
of influential factors on their Presence in Urban Green spaces. J Urban Health
96:653-668

Ramyar R (2019) Social-ecological mapping of urban landscapes: challenges and
perspectives on ecosystem services in Mashhad. Iran Habitat Int 92:102043

SCI (2022) Official reports of statistical survey of population and land price in
Mashhad metropolitan area archived by the Statistical Center of Iran. http://
www.amar.org.ir. Accessed 2023

Shabahang S, Gjerde M, Vale B, Balador Z (2019) The Problem of Lack of Green
Space and Rise in Surface Temperature in the City of Mashhad. In: Kaparaju P,
Howlett R, Littlewood J, Ekanyake C, Vlacic L (eds) Sustainability in Energy and
Buildings 2018. KES-SEB 2018. Smart Innovation, Systems and Technologies,
131 (pp 258-267). Springer, Cham

Shabbir A, Kousar S, Batool SA (2020) Impact of gold and oil prices on the stock
market in Pakistan. J Econ Finance Administrative Sci 25(50):279-294

Soltanifard H, Jafari E (2019) A conceptual framework to assess ecological quality
of urban green space: a case study in Mashhad city, Iran. Environ Dev Sustain
21:1781-1808

Soltanifard H, Roshandel T, Ghodrati S (2020) Assessment and ranking of influenc-
ing factors in the relationship between spatial patterns of urban green
spaces and socioeconomic indices in Mashhad urban districts. Iran Model
Earth Syst Environ 6:1589-1605

Page 10 of 10

Soltanifard H, Kashki A, Karimi M (2022) Analysis of spatially varying relationships
between urban environment factors and land surface temperature in Mash-
had city, Iran. Egypt J Remote Sens Space Sci 25:987-999

Southon GE, Jorgensen A, Dunnett N, Hoyle H, Evans KL (2017) Biodiverse peren-
nial meadows have aesthetic value and increase residents’ perceptions of site
quality in urban green-space. Landsc Urban Plan 158:105-118

Stessens P, Khan AZ, Huysmans M, Canters F (2017) Analysing urban green space
accessibility and quality: a GIS-based model as spatial decision support for
urban ecosystem services in Brussels. Ecosyst Serv 28:328-340

Sun L, Chen J, Li Q, Huang D (2020) Dramatic uneven urbanization of large cities
throughout the world in recent decades. Nat Commun 11:5366

Taylor L, Hochuli DF (2017) Defining greenspace: multiple uses across multiple
disciplines. Landsc Urban Plann 158:25-38

Troy AR, Grove JM, O'Neil-Dunne JPM, Pickett STA, Cadenasso ML (2007) Predicting
opportunities for greening and patterns of vegetation on private urban
lands. Environ Manag 40(3):394-412

UN (2015) Sustainable development goals: 17 goals to transform our world,
archived by the United Nations. https://www.un.org/sustainabledevelop-
ment/sustainable-development-goals. Accessed 2022

UN-Habitat (2009) Planning Sustainable Cities: Global Report on Human Settle-
ments 2009. http://www.unhabitat.org. Accessed 2022

Vaughan CA, Colabianchi N, Hunter GP, Beckman R, Dubowitz T (2018) Park use in
low-income urban neighborhoods: who uses the parks and why? J Urban
Health 95(2):222-231

Wang Y, Chen X, Zhang ZL, Xue B, Lu C (2019) Cross-city convergence in urban
green space coverage in China. Sustainability 11:4707

Wendel HE, Zarger RK, Mihelcic JR (2012) Accessibility and usability: green space
preferences, perceptions, and barriers in a rapidly urbanizing city in Latin
America. Landsc Urban Plan 107(3):272-282

Wheeler BW, Lovell R, Higgins SL, White MP, Alcock I, Osborne NJ, Husk K, Sabel CE
(2015) Beyond greenspace: an ecological study of population general health
and indicators of natural environment type and quality. Int J Health Geogr
1417

Wilkerson ML, Mitchell MGE, Shanahan D, Wilson KA, Ives CD, Lovelock CE, Rhodes
JR (2018) The role of socio-economic factors in planning and managing
urban ecosystem services. Ecosyst Serv 31(A):102-110

Wolch JR, Byrne J, Newell JP (2014) Landscape and Urban Planning Urban green
space, public health, and environmental justice: the challenge of making
cities just green enough’ Landsc Urban Plan 125:234-244

World Bank (2022) World development indicators, archived by online public web
resource of World data bank, Washington. https://databank.worldbank.org/
source/world-development-indicators. Accessed 2023

World Bank (2023) Country profile report of Iran. https://data.worldbank.org/
country/IR Accessed 2023

Zhang B, Gao J, Yang Y et al (2014) The cooling effect of urban green spaces as
a contribution to energy-saving and emission-reduction: a case study in
Beijing, China. Build Environ 76:37-43

Zinia NJ, McShane P (2018) Significance of urban green and blue spaces: identify-
ing and valuing provisioning ecosystem services in Dhaka City. Eur J Sustain
Develop 7:435-448

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://www.amar.org.ir
http://www.amar.org.ir
https://www.un.org/sustainabledevelopment/sustainable-development-goals
https://www.un.org/sustainabledevelopment/sustainable-development-goals
http://www.unhabitat.org
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://data.worldbank.org/country/IR
https://data.worldbank.org/country/IR

	﻿Comparative analysis of key factors influencing urban green space in Mashhad, Iran (1988–2018)
	﻿Abstract
	﻿Introduction
	﻿Literature review
	﻿Data and methods
	﻿Study area
	﻿Data collection and analysis
	﻿Remote sensing of land data
	﻿Time series preparation
	﻿Data analysis


	﻿Results and discussion
	﻿Remote sensing outputs
	﻿National economic factors
	﻿Correlation analysis
	﻿Discussion

	﻿Conclusions
	﻿References


