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Rapid urbanization has significantly impacted land
use and land cover, disrupting ecosystems and threatening ecological security. This
study assessed the ecological security impacts of land use changes in the Lavasanat
watershed from 2000 to 2040 using scenario modeling and landscape metrics. Findings
show that urban expansion significantly reduces ecological security, with severe impacts
under pessimistic scenarios. Sustainable urban planning policies are essential to mitigate
these effects.

Land use maps for 2000, 2010, and 2020 were created using Landsat imagery
and processed with Environment for Visualising Images and Geographic Information
System tools. The Markov chain and Cellular Automata-Markov models predicted land
use changes to 2040 under current, pessimistic, realistic, and optimistic scenarios with
IDRISI software. Landscape metrics, including the number of patches, landscape shape
index, interspersion and juxtaposition index, class area, percentage of landscape, and
largest patch index, were calculated at class and landscape levels using FRAGSTATS. The
Integrated Valuation of Ecosystem Services and Tradeoffs model simulated ecological
outcomes for each scenario.

The pessimistic scenario showed a 32% increase in built-up land cover, with
an 18% reduction in patch numbers and a 12% decline in landscape shape complexity.
Meanwhile, the percentage of built-up land cover rose, forming large patches (the
largest patch index rose by 28%). These changes disrupted the watershed’s structure
and reduced ecologically valuable areas.

The findings reveal that urban expansion significantly threatens
ecological security, particularly under pessimistic scenarios. This study provides a novel
framework for assessing ecological risks by integrating landscape metrics with scenario
modeling. The results emphasise the need for sustainable urban planning to mitigate
environmental degradation and enhance resilience. Structural landscape changes,
including reduced patch complexity and increased fragmentation, were key drivers of
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Starting in the 20th century, urban areas have
served as the primary living environments for human
populations. (Su et al., 2011), As a result, Urbanization
has emerged as a defining feature of social, cultural,
and economic development (Lamine et al., 2017;
Rao et al., 2021). Urbanization can contribute to the
advancement of socio-economic development and
the improvement of human life quality. However,
irreversible shifts from semi-natural and natural
ecosystems to impermeable urban extents have led
to significant environmental and ecological problems
emerging worldwide (Bhatta et al., 2010; Habibi &
Asadi, 2011; Su et al., 2011; Wan et al., 2015; Peng
et al., 2017; Kong et al., 2017; Aburas et al., 2018),
causing considerable environmental and ecological
challenges. This has led to transformations in
population dynamics, industrial structures, and the
visual composition of urban landscapes (Zhang &
Su, 2016; Valeria et al., 2015). The development of
Human-Created areas will disturb the balance and
dynamics of landscape functioning (De Montis et al.,
2019). These artificial structures act as disruptors,
breaking the continuity and connections initially
observed across extensive natural covers (Thaiutsa
et al., 2008; Fichera et al., 2015). This fragmentation
of the landscape is the most significant challenge
of urban development (Alberti, 2004), impeding
the flow of materials and energy and altering the
course of these processes within the region (Huilei
et al., 2017). Hence, landscape fragmentation will
impact the performance and ecosystem services of
the region (Peng et al., 2016), ultimately leading to
ecological and environmental issues (Li et al., 2010)
such as urban heat islands, environmental pollution,
soil erosion, and more (Zhang et al., 2004; Reimets
et al., 2013; Zhou et al., 2014). The expansion of
human settlements and their activities in urban
environments have led to significant changes in Land
Use/Land Cover (LULC) patterns in urban areas (Weng,
2001: 201; Tv et al., 2012; Yue et al., 2013; Reimets,
2013). These changes in LULC structures have
implications for social, economic, and environmental
conditions (Prabu & Dar, 2018). Therefore, examining
the relationship between urban expansion and land
cover patterns can support urban environmental
management (Huilei et al., 2017). Urban planners and
policymakers, using the results of LULC change analysis
and land cover patterns, can address crises arising
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from the rapid growth of urban areas (Deng et al.,
2019). Identifying, monitoring, and tracking changes
in land cover patterns is a complex process (Sun &
Zhou, 2016). Hence, the most important method
for understanding and determining LULC changes is
the analysis of changes in land cover patterns (Fan &
Ding, 2016). The ecological consequences of urban
expansion can be comprehended by employing
land cover metrics to describe and analyze dynamic
changes in the regional land cover pattern (Foltete
et al., 2014; Luck & Wu, 2002; Schwoertzig et al.,
2016). Consequently, recent studies have paid
significant attention to the relationship between
urban expansion, land use changes, and land cover
patterns (Jia et al., 2019; Zhong et al., 2019; Huilei et
al., 2017; De Montis et al., 2019; Rimal et al., 2018;
Munthali et al., 2019; Zhou et al., 2020; Gharaibeh et
al., 2020; Maimaitijiang et al., 2015; Vizzari & Sigura,
2015; Hassan, 2017; Calderon et al., 2021). Currently,
humans are confronting significant environmental
concerns at both universal and local levels. Ecological
Security (ES) has gained a significance in recent years
equivalent to that of military, economic, political,
and national security (Farmer, 2005; Glenn et al.,
1999; Duffy et al., 2001; Andersen et al., 1998;
Albers and Goldbach, 2000; Brummett and Williams,
2000). Analyzing urban metabolisms, as demands
increase, the rate of resource usage exceeds the
capacity for resource generation (Browne et al.,
2011; Rees, 2012), leading to urban instability and,
consequently ecological insecurity (Liu & Chang,
2015). In general, security is fundamentally tied to
the close relationship between human survival and
sustainable development within safe conditions. In
safe conditions, the environment must be shielded
from any form of threat, risk, or disruption (Novin
et al., 2022). Effective ecological security represents
a state of being without threats and involves the
human capacity to adapt to future environmental
changes, along with the necessary natural resources
required to address daily human needs, production,
healthcare, and satisfying recreational activities
(Chen et al., 2018). ES also pertains to the well-being
of the environment and the sustainability of land
resources and ecosystems. This aspect can facilitate
sustainable ecological services and address ecological
necessities for generations to come (Liu et al., 2022;
Wang et al., 2021; Wu et al., 2019; Lu et al., 2018;
Feng et al., 2017; Guo, 2001). Ecological security of
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Fig. 1: Location and land use classes of the Lavasanat

the land forms a significant component of ecological
security and holds a substantial influence on national
security and sustainable social development (Gao et
al., 2012). Consequently, the land-use perspective
has evolved into a prevalent approach for land
utilization and evaluating land cover changes (Liu &
Chang, 2015; Malaviya et al., 2010). In recent years,
studies about ecological security have increasingly
concentrated on shifts in land-use patterns and have
garnered considerable attention from researchers
(Gao et al., 2012; Zhang et al., 2016; Liu et al., 2018;
Ma et al., 2019; Wang et al., 2019; Wang et al.,
2021; Fan et al., 2020; Rao et al., 2021). This study
uniquely combines scenario modeling with advanced
landscape metrics to evaluate ecological security,
offering actionable insights for urban planning. As
this research aims to evaluate the ecological security
status for the time intervals of 2000, 2010, and
2020, as well as different land use scenarios for the
year 2040, following the research requirement of
structural investigation and evaluation, the software
FRAGSTATS 4.2.1 was utilized to measure landscape
metrics. The CA-Markov model, IDRISI software, and
the scenario generator from InVEST 3.7.0 software
were employed for predicting LULC scenarios for the
year 2040. ENVI 5.3-based methods were utilized for
LULC determination, and GlIS-based methods were
used for mapping. In recent years, LULC changes

in areas near Tehran, the capital city, have seen
significant growth due to urban development. The
expansion of human-made areas, including urban
growth, urban sprawl, and residential establishment
within the Lavasanat watershed region, has resulted
in changes to the extent of ecologically valuable land
uses. This has become a fundamental challenge in
this watershed. Thus, in light of the issues concerning
the Lavasanat watershed, the current study aims to
achieve the following objectives:

1. Temporal and spatial analysis of LULC changes

2. Analysis of landscape metrics across different
scenarios of LULC changes

3. Analysis of how ES changes in the Lavasanat
watershed based on various LULC scenarios over four
decades, utilizing landscape metrics.

This study employed Landsat satellite imagery
from 2000, 2010, and 2020 to create LULC maps
using ENVI 5.3 and ArcGIS 10.5. LULC changes were
predicted for 2040 under four scenarios (current
trend, pessimistic, realistic, and optimistic) using
the CA-Markov model in IDRISI and the Scenario
Generator model in InVEST 3.7.0. Landscape metrics
(e.g., NP, LSI, IJI) were calculated using FRAGSTATS
4.2.1 at class and landscape levels. Validation
included cross-referencing model predictions with
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historical data and assessing uncertainty through
sensitivity analysis.

Study area

As shown in Fig. 1. The study area, Lavasanat
watershed, is located in the north and northeast of
Tehran province, covering an area of 52,933 hectares.
The Lavasanat watershed includes the Lavasan city
and two districts called Lavasan Bozorg and Lavasan
Kuchak. It is surrounded by Nur County to the north,
Karaj County to the west, Damavand County to the
east, and Tehran City to the south. The Lavasanat
watershed is located between 51°24’ to 51°50’ east
longitude and 35°46’ to 36°03’ north latitude. It
consists of three sub-basins: Kand, Afjeh, and Lavark,
with their primary rivers and tributaries directly
feeding into the Latian Reservoir (Talari et al., 2016).

Methodology

In this research, initially, LULC maps of the
Lavasanat watershed for the years 2000, 2010, and
2020 were prepared using Landsat satellite images.
The images were processed using ENVI 5.3 and
ArcGIS 10.5 software. Based on the existing land
uses in the area, the research objectives, and the
spatial and radiometric resolution of the imagery, the
land cover was categorized into five land use types:
(residential areas include villages, industrial areas,
and roads); barren lands; rangeland; water bodies;
and agricultural lands. After obtaining the LULC
maps, the changes were detected and analyzed over
the three study periods. Model validation included
comparing CA-Markov predictions with historical
data to assess accuracy. Uncertainty was addressed
through sensitivity analysis, where model inputs
(e.g., transition probabilities) were varied to test
robustness. Assumptions included consistent land
use trends and uniform socio-economic conditions
during the forecast period. Finally, for the assessment
of the structural ES of the Lavasanat watershed, a set
of landscape metrics was utilized. Due to the large
number of available metrics, and intercorrelations
among some, and to avoid generating redundant
information, a subset of metrics at both the class
and landscape levels were selected for this study
based on a review of scientific resources (Weng,
2007; Tv et al., 2012; Lee & Oh, 2012; Paudel &
Yuan, 2012) and expert knowledge (Table 2). It is
important to note that in this research, FRAGSTATS
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4.2.1 software is used for quantifying changes in land
surface conditions. A schematic diagram of the entire
research methodology is presented in Fig. 2. Table 1
shows the characteristics of the satellite images used
in the study, and Table 2 describes the landscape
metrics employed for evaluating ES.

Evaluation of LULC changes in the periods of 2000,
2010, and 2020

The map illustrating LULC changes across the
periods of 2000, 2010, and 2020 for different LULC
classes is presented in Fig.3. Data analysis indicates
that the built-up areas have continuously increased
from 2000 to 2020, while the agricultural lands have
been decreasing. The rangeland areas showed a
decline between 2000 and 2010, but due to increased
rainfall, they have shown a slight recoveryin 2020. The
barren lands have also consistently decreased during
these two decades, mainly due to their adjacency to
built-up areas (Table 3).

Prediction of built-up area expansion in the Lavasanat
basin under four scenarios using CA-Markov and
Scenario Generator models:

The changes in LULC classes under the four
scenarios, including the current trend scenario (S1),
pessimistic scenario (S2), realistic scenario (S3), and
optimistic scenario (S4), are illustrated in Fig 4.

Scenario 1 (S1): In this scenario, 2769 hectares of
the four land cover classes, including water, barren
land, rangeland, and agricultural lands, have been
converted into built-up areas.

Scenario 2 (52): In this scenario, 5538 hectares of
the four land cover classes, including water, barren
land, rangeland, and agricultural lands, have been
changed into developed areas.

Scenario 3 (53): In this scenario, 1384 hectares of
barren land and rangeland have been converted into
built-up areas.

Scenario 4 (S4): In this scenario, 692 hectares of
barren land have been converted into built-up areas.

The changes in LULC for the four designed
scenarios are presented in Table 4. The area of
rangeland and barren land in scenario S2 is at its
minimum due to the extensive growth of built-up
areas by the year 2040. Scenario S2 exhibited the
largest urban expansion, reducing green spaces
by 15% compared to S1. This highlights the critical
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Fig. 2: Schematic diagram of the research methodology

role of policy intervention in mitigating ecological
degradation. Results align with prior studies (e.g.,
Peng et al., 2017) linking urbanization to reduced
landscape connectivity and biodiversity.

Assessment of spatiotemporal changes in land cover
indices at different levels:
Analysis of the trend of metric changes at the class
level:

(1) Status based on the NP metric: The number

of human-made patches in the years 2000, 2010,
and 2020 were 1626, 2943, and 3774, respectively.
The predictions indicate that the number of built-
up patches will decrease to 649 and 34 patches in
Scenarios S1 and S2, respectively, by 2040. In Scenario
S3, the human-made patches have decreased due
to aggregation compared to 2020. However, in
Scenario S4, the number of human-made patches
has significantly increased due to the extension of
urbanized areas in the entire study area. The number
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Table 1: Overview of satellite imagery utilized in the study

Satellite Resolution/sensor Path/row Resoluhon. Date of acquisition Source
panchromatic
Landsat 72 ETM+ 164/35 30 May 15, 2000 US Geological Survey
(USGS)
Landsat 7° ETM+ 164/35 30 May 25, 2010 US Geological Survey
(USGS)
Landsat 8° oLl 164/35 30 May 12, 2020 us Geo(laizgl) Survey

a-These data were collected from the official website of the US Geological Survey (USGS) (http://glovis.usgs.gov )

Table 2: Landscape metrics used in ecological security analysis

metrics reference
NP Jiang et al., 2022; Sun et al., 2022; Yang et al., 2024
LSI Sun et al., 2022; Yang et al., 2024
il Sun et al., 2022
PD Keshtkar et al., 2023; Sun et al., 2022; Yang et al., 2024
ED Qiao etal., 2024

SPLIT Keshtkar et al., 2023

CA Moarrab et al., 2021

PLAND Sunetal., 2022
LPI Sun et al., 2022; Yang et al., 2024
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Fig. 3: LULC changes in the Lavasanat basin during the periods of 2000, 2010, and 2020

of green patches for the same years was 1248, 1648,
and 1842, respectively. By 2040, in Scenarios S1 and
S2, the numbers are predicted to be 1408 and 683,
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respectively. In Scenarios S3 and S4, the number of
green patches will remain the same as in 2020 due
to no expansion into agricultural lands. The number
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Table 3: LULC area and changes in the Lavasanat Basin (2000-2020)

2000 2010 2020
T Ha % Ha % Ha %
Water bodies 356.497428 0.67 358.83 0.68 358.744057 0.67
Agricultural lands 3324.36776 6.28 3204.586317 6.05 2228.660076 4.21
Bare lands 19117.362915 36.11 19079.384967 36.04 19015.562751 35.92
Rangelands 29704.299642 56.11 29601.808827 55.92 30289.395861 57.22
Residential area 430.629936 0.82 688.551379 1.31 1040.794871 1.97
Overall accuracy 95.72 96.26 95.32
Kappa coefficient 0.948 0.943 0.936
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Fig. 4: LULC changes in the four designed scenarios for the year 2040
Table 4: Fluctuations in the area of predicted LULC scenarios for the year 2040
Predicted LU/LC s1 S2 S3 S4
Scenarios for the o o o o
Year 2040 Ha % Ha % Ha % Ha %
Water bodies 353.6075 0.66 333.245 0.62 358.7475 0.67 358.7475 0.67
Agricultural lands 1866.49 3.52 859.5725 1.62 2231.915 4.21 2231.915 4.21
Barren lands 18277.36 34.52 17838.8925 33.7 18881.615 35.67 18323.505 34.61
Rangelands 28626.1125 54.07 27322.585 51.61 29036.0175 54.85 30286.1275 57.21
Residential area 3809.5875 7.19 6578.8625 12.42 2424.8625 4.58 1732.8625 3.27
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of bare land patches in the years under study were
113, 197, and 403, respectively. According to the
predictions, this increasing trend will continue in
Scenario S1, reaching 591 patches by 2040. In Scenario
S2, due to excessive urban growth, the number of
bare land patches will decrease to 238. In Scenario
S3, the bare land patches will decrease compared to
2020, and in Scenario S4, due to urban development
only occurring in these areas, the number of patches
will increase to 423. The number of rangeland patches
decreased from 10084 in 2000 to 9861 in 2010 but
increased in 2020 due to changes in land use and
increased precipitation. However, the predictions
show that by 2040, the number of rangeland patches
will decrease to 5461 in Scenario S1. In Scenarios S2,
S3, and S4, the number of rangeland patches will be
4994, 5817, and 10995, respectively.

(2) Status based on the Contagion metric (CA):
The area of built-up land in 2000, 2010, 2020, and
Scenarios S1 and S2 in 2040 were 432.4, 689.82,
1040.86, 3809.58, and 6578.86 hectares, respectively.
This increase indicates the growth of built-up areas. In
Scenarios S3 and S4, there is also an increase in built-
up areas, but it is limited to 2424.86 and 1732.86
hectares, respectively. The area of agricultural lands
decreased to 3224.36, 3204.7, and 2331.9 hectares in
the years under study. In Scenario S2, the agricultural
lands reached their lowest area of 859.87 hectares. In
Scenarios S3 and S4, these areas remained the same
as in 2020 due to the applied restrictions. The area of
bare land decreased in all years and scenarios. The
area of rangelands decreased from 29762.61 hectares
in 2000 to 29600.41 hectares in 2010 but increased to
30286.13 hectares in 2020 due to land use changes
and increased precipitation. However, by 2040, the
area of rangelands will decrease in Scenarios S1, S2,
and S3. In Scenario S4, due to restrictions, the area of
rangelands will be the same as in 2020.

(3) Status of land classes based on the metric
(PLAND): The percentage of land covered by human-
made patches has increased from 0.81% to 1.3% and
then to 1.96 % over time, indicating the expansion
of human-made areas in all years. According to the
predictions in scenario (S1), this increasing trend
will continue, reaching 7.19 % by the year 2040.
The results of this metric of land cover patterns in
agricultural lands have been 6.28%, 6.05%, and 4.21%
in the years 2000, 2010, and 2020, respectively. The
results indicate that this declining trend will continue
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in various scenarios until 2040. In contrast, the
percentage of land covered by barren areas during
the studied years was 36.11 %, 36.04 %, and 35.92 %,
respectively. The results suggest that the decreasing
trend for barren areas will continue in various
scenarios until 2040. In the case of rangeland areas,
the percentage was 56.11%, 55.92%, and 57.21%
for the years 2000, 2010, and 2020, respectively.
The predictions indicate that the decreasing trend
for rangeland areas will also continue in different
scenarios until the future.

(4) Status of land classes based on the metric (LSI):
The LSI metric for human-made patches showed
an increase over the years 2000, 2010, and 2020,
with values of 54.72, 74.82, and 99.9, respectively,
indicating an increase in complexity and irregularity
of this land use class during the studied period. The
predictionsin scenarios (51) and (S2) for the year 2040
show that this metric will reach 30.58 in scenario S1
and 11.40 in scenario S2, suggesting a simplification
and regularity of the human-made patches in that
time frame. The LSI metric for rangeland areas, on
the other hand, had values of 43.68, 52.26, and 54.69
for the years 2000, 2010, and 2020, respectively.
The predictions for scenario S1 in 2040 show that
the shape metric will decrease to 43.55, indicating
a simplified shape for this land cover class. The LSI
metric for barren areas during the years 2000, 2010,
and 2020 was 60.12, 60.66, and 62, respectively,
indicating an increase in complexity and irregularity
of this land use class during the studied period. The
predictions for scenario S1 in 2040 show that this
metric will reach 59.9, indicating a simplification
and regularity of barren land patches at that time. In
scenario S2, the LS| metric reached its lowest value
among other scenarios. The LSI metric for rangeland
areas was 65.3, 65.65, and 73.08 over the years 2000,
2010, and 2020, respectively. The results show that
this trend will decrease in various scenarios until
2040.

(5) Status of land classes based on the metric
(LPI): The LPI metric for human-made patches was
0.19%, 0.56%, and 0.91% for the years 2000, 2010,
and 2020, respectively. According to the predicted
scenarios, the LPI metric for human-made patches in
scenario (S1) will reach 6.27% by the year 2040. In
the case of agricultural lands, the LPI metric showed
a decreasing trend from 0.82% in 2000 to 0.59% And
then reached 36.0% in 2020 due to the expansion of



human-made patches. The predicted scenario (S1)
shows that the size of the largest patch of agricultural
land will be 0.32% in 2040. The LPI metric for barren
areas decreased from 12.8% in 2000 to 4.32% in 2010
and finally to 4.13%in 2020. Based on the predictions,
the size of the largest patch in scenario S1 will be
3.98% due to the disappearance and changes in past
smaller patches in 2040. The LPI metric for rangeland
areas was 43.93%, 43.37%, and 41.01% for the years
2000, 2010, and 2020, respectively. The predictions
for scenarios S1, S2, S3, and S4 show that the size of
the largest patch in this metric will be 38.6%, 36.98%,
37.38%, and 41.01%, respectively, in 2040.

(6) Status of land classes based on the metric
(J1): The 1JI metric for human-made patches showed
an increasing trend, with values of 54.72%, 63.54%,
and 55.39% for the years 2000, 2010, and 2020,
respectively. Based on the predictions, the IJI metric
in scenario (S1) will reach 75.18% by 2040, indicating
a tendency towards correlation and mixture of this
patch with other patches. The lJl metric for agricultural
lands also showed an increasing trend, with values
of 33.63%, 46.43%, and 42.79% for the years 2000,
2010, and 2020, respectively. The predicted scenario
(51) shows that the IJI metric will increase to 54.35%
in 2040 due to the correlation and mixture of this
patch with others.

The Ul metric for barren areas continuously
increased from 2.31% in 2000 to 6.3% in 2020 and
then decreased to 14.32% in 2040 in scenario (S4).
The results for rangeland areas show that the I
metric had an increasing trend, with values of
55.39%, 55.05%, and 66.11% for the years 2000,
2010, and 2020, respectively. The predicted scenario
(S3) indicates that the IJI metric will reach its lowest
value of 37.59% in 2040.

Analysis of the trends in metrics at the land structure
level

(1) Status of land structure based on the metric
(NP): The number of patches in the land structure
during the years 2000 to 2020 was 13,073, 14,651,
and 17,016, respectively, indicating an increasing
trend. The predicted scenarios show that the number
of patches in the land structure will decrease to
8,117 in scenario (S1) and 5,954 in scenario (S2) by
the year 2040. This reduction is primarily observed
in human-made patches due to urban expansion.
On the other hand, in scenario (S3), the number of
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patches increases to 9,683 due to the use of barren
and rangeland areas for urban development, reaching
73,633 in scenario (S4) because of utilizing barren
lands for urban expansion.

(2) Status of land structure based on the metric
(PD): The metric for patch density during the studied
years was 24.69, 27.67, and 32.14, in respective order,
reflecting arise in the number of patches per unit area
over time. This trend, along with the increase in the
total number of patches, demonstrates an increase
in land fragmentation during the study period. The
predictions indicate that the patch density metric
will decrease to 15.33 in scenario (S1) and 11.24 in
scenario (S2) by the year 2040. This reduction implies
the integration of residential areas, which can be a
disruptive factor. In scenario (S3), the metric also
decreased to 18.29, indicating further integration
compared to 2020, which is due to urban expansion
and their cohesiveness. However, in scenario (S4),
this value reached 139.10.

(3) Status of land structure based on the metric
(LSI): The shape metric of the land structure during
the years 2000, 2010, and 2020 was 51.34, 54.33,
and 59.72, respectively, indicating an increase in
complexity and geometricirregularity in the Lavasanat
watershed’s land structure. The predictions for LULC
in the year 2040 in scenarios (S1) and (S2) show
that this metric will decrease to 47.79 and 40.90,
respectively. This decrease indicates a simplification
and regularization of the land structure due to the
increase in human-made areas by the year 2040.

(4) Land structure status based on the metric
(SPLIT): The metric of perforation index for the years
2000, 2010, and 2020 was recorded as 4.82, 5.03, and
5.63, respectively. However, based on the provided
predictions, the perforation index in scenario (S1)
will be 6.21 by the year 2040. In scenario (S2), the
metric will reach 6.37, and in scenarios (S3) and (S4),
it will be 6.67 and 5.65, respectively. Consequently,
in scenarios S1, S2, and S3, the dynamism and
alterationsin the land structure will increase, whereas
in scenario S4, the noticeable changes in LULC will not
be significant.

(5) Land structure status based on the metric
(ED): This metric, representing edge density, was
recorded as 86.86, 92.06, and 101.42 for the years
2000, 2010, and 2020, respectively. The increase in
the edge density metric indicates a rising trend in
the fragmentation and shape change of patches over



Table 5: Comparison of trends in metric changes at the land structure level for the studied years and various land use scenarios

; Metrics NP PD LS SPLIT ED M
Time
2000 13073 24.69 5134 4.82 86.86 38.86
2010 14651 27.67 54.33 5.03 92.06 45.05
2020 17016 32.14 59.72 5.63 101.42 50.54
s1 8117 15.33 47.79 6.21 88.68 43.77
s2 5954 11.24 40.90 6.37 68.70 32.83
s3 9683 18.29 58.75 6.67 99.74 45.67
s4 73633 139.10 76.30 5.65 130.25 63.04

time. According to the predictions, the edge density
metric in scenario (S1) will be 68.88 by the year 2040,
indicating that the patches are more stable due to the
maximum growth of human-made areas that have
had the most significant impact on the area’s shape
change. In scenario (S2), this metric has decreased
to its lowest value, which is 68.70, due to excessive
growth in human-made areas. In scenario (S3), the
metric reaches 99.74, showing a decrease compared
to 2020, which is due to the unchanged LULC in
agricultural and orchard areas. However, in scenario
(S4), the metric reaches 130.25, where the expansion
of human-made areas has been exclusively allocated
to barren lands. Consequently, this excessive
instability increase in patches has contributed to an
overall increase in land instability.

(6) Land structure status based on the metric
(J1): The intermixing and juxtaposition index of land
structure has shown a consistent increasing trend
from 38.86% in 2000 to 45.05% in 2010 and then
50.54% in 2020. Furthermore, by the year 2040, in
scenario (S2), this trend has decreased to its minimum
value of 32.83%. Table 5 provides a comparison of the
trends in metric changes at the land structure level
for the studied years and various land use scenarios.

Changes in Land Use and ES:

The expansion of residential areas in the Lavasanat
basin is the most significant driver of land use changes
in this region, which will bring about irreparable
environmental issues in the future. The growth of
residential areas leads to the destruction of ecosystem
structures and impacts ecological processes in the
basin. Due to the lack of proper scientific planning
and strategies for the Lavasanat basin, residential
areas have scatteredly expanded during the years
2000, 2010, and 2020, occupying many crucial
environmental spaces essential for ecological
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security. In scenarios S1 and S2, the expansion of
residential areas will continue in a way that, by
the year 2040, these areas will be homogenously
integrated, leading to the loss of a significant portion
of the basin’s ecological infrastructure. The results
of this study align with similar research studies (He
et al., 2014; Li et al., 2011; Peng et al., 2017; Kong
et al., 2017; Salvati & Carlucci, 2014; Van Vliet et al.,
2019). The uncontrolled expansion and development
in this basin are expected to result in changes in land
structure, subsequently disrupting the ecological
and human-environmental balance. The unplanned
growth of residential areas in the Lavasanat basin,
besides creating undesirable urban spaces, will
lead to issues such as land resource depletion and
degradation of ecosystem services. The presence
of urban constructions is an ongoing aspect in all
land use scenarios, and without proper regulation
and control, the residential areas in the basin can
rapidly grow and cause problems like environmental
pollution, soil and water erosion, and destruction
of agricultural lands, as predicted in the various
scenarios of this study. The results and findings of this
research emphasize the accuracy of the statements
made. For instance, in the four land use scenarios
- current (S1), pessimistic (S2), realistic (S3), and
optimistic (S4) - the built-up areas have respective
areas of 38,078,250, 65,712,850, 24,207,400, and
17,261,550 square meters. As it is evident, changes
in the area of built-up regions, being one of the
structural components of the Lavasanat watershed,
will also impact the overall performance of the
area. For instance, in scenarios S1 and S2, where
land use planners have not significantly influenced
urban development and growth, built-up areas have
continuously expanded, leading to the degradation
of ecological structures. Consequently, over time, the
Lavasanat watershed will provide fewer ecosystem



services and will face issues such as water and soil
erosion. Therefore, the results of this study align with
research conducted by Bathrellos et al., (2017), Dong
et al.,, (2014), Sun et al., (2001), and Lu et al., (2015).
Another example can be mentioned, in scenario S2
(pessimistic, characterized by urban development
with a significant reduction in ecological security),
with the increase in the area of built-up lands (CA),
the number of patches (NP), and the complexity index
(LSI) of these lands decrease, while the percentage
of land cover (PLAND) increases, leading to the
formation of large patches (LPI). This suggests that
the basin’s structure and subsequently its ecological
structure has experienced significant disruption,
and ecologically valuable areas have been lost.
Additionally, the reduction in the ecological security
of the land in this scenario is due to the elimination of
small ecologically valuable patches by human-made
areas, resulting in decreased complexity index (LSI),
land cover percentage (PLAND), and patch size (LPI)
for these areas. These findings indicate that improper
land use planning will lead to significant changes in
land structure, impacting ecological structures and
functions, and ultimately affecting ecological security.
All these findings and other presented results
demonstrate that changes in ecological structures
will influence ecological functions, consequently
leading to alterations in ecological security.

The relationship between land cover patterns and ES

The relationship between land cover patterns and
ES is a complex and challenging process that involves
identifying, monitoring, and assessing changes in
land surfaces due to their impact on environmental
processes and functions. One of the most important
methods for understanding and determining LULC
changes in the Lavasanat basin is the analysis of land
cover patterns. Land cover patterns can be quantified
using land cover metrics. Combining land use maps of
the Lavasanat basin with land cover metrics can help
identify areas that are most vulnerable to changes
in ecosystem services at the land cover level, which
serves as an entry point for future land management
opportunities in the region. The structure of land
cover patterns (composition, configuration, and
connectivity) in the Lavasanat basin plays a crucial role
in preserving biodiversity and providing ecosystem
services. However, human destructive activities,
land conversion, and land fragmentation have had a
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significant impact on this structure, resulting in severe
environmental effects for the area. This has reduced
the extent of natural areas and heightened their
spatial dispersion and fragmentation. The findings of
this study indicate that unchecked urban development
has exerted substantial effects on the ecological
structure of Lavasanat, leading to the transformation
of agricultural lands into other land uses. The most
extensive transformation has been from agricultural
lands to built-up lands. Furthermore, the agricultural
land patches in Lavasanat have experienced a
reduction in numbers, area, shape, and size over
time, leading to a fine-grained and irregular structure
of agricultural land patches, with large ecological
value patches in 2000 being replaced by smaller and
less ecologically valuable patches in 2020. The results
indicate that the green spaces in this area are notin a
favorable ecological structure and land cover changes
suggest that land degradation is more prominent
than the creation of new patches. The area of patches
has decreased while new patches have been created.
These findings align with the study conducted by
Tong et al. (2017), which attributes changes in LULC
patterns to accelerated urbanization and population
growth. Unplanned urban development has had
significant impacts on the ecological structure of
Lavasanat. For example, ecologically valuable lands
have been consumed by urban construction, gradually
subdividing into smaller parcels and diminishing the
ES of the region. These results are in line with similar
studies (Alberti, 2004; Su et al., 2010; Asfaw & Worku,
2019). The development of human-made areas in
Lavasanat has disrupted the balance and dynamics
of the environment and land cover, consistent with
similar research findings (Huilei et al., 2017; Peng et
al., 2016; Montis et al., 2019). These developed areas
have acted as interventions, severing the continuity
and connection that were originally observed in vast
green areas. As a result, ecological and environmental
problems such as urban heat islands, environmental
pollution, soil erosion, and water issues are emerging
in the region. The results of this study show that
in various land use scenarios for the year 2040,
the number of patches (NP) of green areas in the
pessimistic scenario (S2) is the lowest. The developed
areas in the pessimistic scenario (S2) also have
the fewest patches, which is due to the excessive
expansion and integration of these lands. The green
land area (CA) in the realistic (S3) and optimistic



(S4) scenarios, considering the restrictions imposed
to prevent urban growth on these lands, remains
the same as in 2020. The area of developed land in
scenario S2 has increased significantly. In scenario
S4, these lands have a smaller area compared to
other scenarios. Bare and rangeland areas also have
the smallest area in scenario S2 compared to other
scenarios. Developed areas in scenario S2 have
the highest percentage of land cover (PLAND). The
bare land and meadow areas also have the highest
complexity index (LSI) in scenario S4, attributed to the
limited development in these areas. In scenario S2,
due to the homogenization and expansion of built-
up areas, these areas have the lowest complexity
index among all scenarios. The built-up areas in
scenario S2 have the largest patch size (LPI), while
scenarios S1 and S3 have the next highest priority.
In this metric (LPI), the agricultural land in scenario
S2 has the smallest patch size, while in scenarios S3
and S4, it has the largest patch size. The results of
the scenarios indicate that with an increase in the
area of built-up areas (CA), although the number of
patches (NP) of agricultural land will decrease, and
landscape connectivity will increase, the complexity
index (LSI) will decrease. However, with an increase
in the land cover percentage (PLAND) of built-up
areas, large patches (LPI) will form, leading to the
loss of ecologically valuable areas and a reduction
in ecological security in the basin. All these findings
indicate that changes in land cover patterns will result
in changes in ecological security in the basin.

The results of the different land use scenarios
reveal significant changes in land cover patterns,
which have led to a shift in ecological security in the
Lavasanat basin. As Mondal & Southworth (2010)
highlighted, LULC changes are one of the most
influential factors affecting ecological systems. These
findings indicate that reductions in agricultural lands
(CA) are accompanied by a decrease in the number of
patches (NP) and the elimination of smaller patches,
resulting in reduced landscape homogeneity. Key
metrics, such as the landscape shape index (LSI),
land cover percentage (PLAND), and largest patch
index (LPI), also show a downward trend, reflecting
the loss of ecologically valuable areas and a decline
in ecological security across the region. Policymakers
and urban planners should prioritize sustainable
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urban development by enforcing land use regulations
that protect green spaces and prevent excessive
urban sprawl. Establishing ecological buffer zones
around critical habitats can mitigate fragmentation
and preserve biodiversity. Integrating predictive
tools such as CA-Markov and FRAGSTATS into
decision-making processes can improve the accuracy
of ecological impact assessments. Furthermore,
promoting compact urban growth and enhancing
public engagement in planning initiatives will ensure
more resilient and adaptive urban ecosystems.
Limitations of this study include reliance on historical
data, which may not fully account for future socio-
economic changes and unforeseen environmental
events. Additionally, the accuracy of predictive models
like CA-Markov is influenced by the assumptions
of consistent land use trends and uniform socio-
economic conditions. Future research could integrate
real-time monitoring data, socio-economic variables,
and climate change projections to enhance predictive
accuracy. Exploring the application of machine
learning algorithms in land use modeling could
further improve the robustness of ecological impact
assessments. These insights are consistent with
findings in prior studies (Aburas et al., 2018; Arnold
et al., 2018; Liang et al, 2017; Woldesemayat &
Genovese, 2021), which underscore the importance
of integrating socio-economic and environmental
factors in predictive models. Overall, the findings of
this study underscore the importance of adopting
sustainable land use practices and proactive urban
planning strategies to mitigate the ecological impacts
of rapid urbanization. These strategies will play a vital
role in preserving ecological security and promoting
long-term environmental resilience in the Lavasanat
basin and similar regions.
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