7y

Environmental Resources Research (ERR) g'ﬁg '3
ey Print ISSN: 2783-4832 WM
Sl Online ISSN: 2783-4670

Scenario-based modelling of ecological security: Integrating land
use and climate change impacts in the Lavasanat Watershed

Yasser Moarrab', Vahid Novin?”

! Assistant Professor, Department of Safety, Health and Environment, Faculty of Passive Defense, Imam Hossein
University, Tehran, Iran
2 Ph.D. in Environmental Planning, Faculty of Environment, University of Tehran, Tehran, Iran

Article Info Abstract

Article type: Understanding the impact of land-use and climate change on

Research Asticle ecosystem services is crucial for ecological security assessments. This
study examines spatiotemporal land-use/land-cover (LULC) changes
in the Lavasanat Watershed, Tehran, Iran (2000-2040) and evaluates

Article history: their effects on water yield under different management and climate

Recived: February 2025 scenarios. Four LULC scenarios were defined: S1 (business-as-

Accepted: March 2025 usual), S2 (pessimistic), S3 (realistic), and S4 (optimistic).

Additionally, three climate scenarios (B1, N, and M) were
incorporated into the analysis. The InVEST model was used to
simulate water yield variations, while CA-Markov and LARS-WGS5
Corresponding author: projected future LULC and climate conditions. Findings indicate a
vanovin83@gmail.com 1.92-fold increase in water yield in residential areas from 2000 to
2020. The highest water yield was recorded under S2N (37.64 million
m?® watershed-wide, 35.09 million m® in residential areas), while the
lowest was observed under S4M (8.33 million m*® watershed-wide,

Keywords: 7.35 million m? in residential areas). All scenarios suggest that urban
Water quality assessment oy hangion will continue to drive water yield increases while reducing
Kashkan River . . ..

Water Quality Index ecologically valuable lands by 2040. These findings highlight the
IRWQISC critical role of sustainable land-use planning in mitigating
NSFWQI environmental degradation and ensuring ecological security in rapidly
Wilcox

urbanizing watersheds.

Cite this article: Moarrab, Yasser; Novin, Vahid. 2025. Scenario-based modelling of ecological
security: Integrating land use and climate change impacts in the Lavasanat Watershed.
Environmental Resources Research, 13(1), 137-158.

© The Author(s). DOI: 10.22069/ijerr.2025.23274.1475
BY Publisher: Gorgan University of Agricultural Sciences and Natural Resources



https://orcid.org/0000-0002-3742-876X

Yasser Moarrabl & Vahid Novin / Environmental Resources Research 13, 1 (2025) 138

Introduction
Numerous human activities have detrimental
effects on ecosystems, leading to the
destruction of their structures and disruption
of ecological processes (Salvati & Carlucci,
2014). Urbanization is one such human
activity that, while driving economic
development, gives rise to substantial
environmental challenges, including rapid
changes in land use/cover (He et al. 2014; Li
et al., 2011; Peng et al., 2017; Kong et al.,
2017; Qiao et al., 2024). These rapid land
use/land cover (LULC) changes tend to have
fairly severe long-term ecological and
environmental consequences, potentially
causing a rapid decline in the quality of
environmental ecosystems in a very short
period of time (Wu et al., 2019). A variety of
concepts, such as ecological carrying
capacity and ecological security, have been
specifically introduced to address this
problem (Li et al., 2014). In many cities that
have expanded haphazardly due to the
subjective nature of initial planning and its
lack of scientific rigor, significant
environmental  spaces  essential  for
maintaining ecological security have been
converted into residential areas (Van Vliet et
al., 2019). Nevertheless, today, ecological
security is rightfully acknowledged as a
significant strategic concern from social,
economic, and political perspectives (Li et
al.,2019; Hua and Bruijnzeel, 2022). Indeed,
even the preservation of ecological security
in a small area can significantly contribute to
the preservation of global and regional
ecological security, consequently supporting
sustainable =~ economic  growth  and
development (Fu et al., 2015). The concept
of a landscape ecological security pattern
was initially introduced by Yu in 1996, who
asserted that ecological security represents
an effective approach for safeguarding
crucial ecological processes and landscape
patterns (Yu, 1995, 1996). In this context,
Ecological Security Patterns  (ESPs)
encompass the solutions aimed at preserving
the integrity of ecosystem structures,
functions, and processes (Zhang et al.,
2015).

The capacity to identify and safeguard the
most critical aspects of landscapes and
ecological processes renders ESPs a potent

tool for upholding ecological security (Yu,
1996; Kattel et al., 2013; Peng et al., 2018a).
Ecological security studies can be conducted
at various levels, including city (Peng et al.,
2019; Zhang and Li, 2024), provincial (Peng
et al. 2018b), regional (Zhang et al., 2017),
and even national and international scales
(MacMillan et al., 2007).

Landscape ecological security pertains to
the environmental health and sustainability
of'alandscape's resources and ecosystems, as
well as their capacity to deliver ecological
services and fulfill the ecological needs of
future generations in a sustainable manner
(Khramtsov 2006; Feng et al., 2017). In
essence, this concept assesses whether a
landscape's ecosystems possess internally
sustainable structures and provide healthy
functional services (Novin et al., 2022). As
ecological security assessments form the
cornerstone of urban ecology research
(Arrow et al.,, 1995; Zhou, 2007), the
utilization of ESPs is essential for
comprehending how to analyze and address
ecological security concerns arising from
rapid urbanization (Peng et al., 2019). An
integral aspect of ecological security
assessments involves the set of indicators
that can be employed to evaluate how an
ecosystem has evolved in temporal and
spatial dimensions (Zhao et al., 2006).
Among these indicators, one category is
ecosystem services (Chen et al., 2018). In
recent years, there has been a burgeoning
interest in utilizing ecosystem services
within ecological security assessments
(Wang & Pan, 2019; Qin et al., 2019) to
establish a decision-making platform for
achieving a harmonious balance between
socioeconomic development and ecosystem
preservation (Chen et al., 2018).

Concerns about ecological security began
to rise in the late 1970s with increasing
awareness about the wide variety of
phenomena that threaten the integrity of
ecosystems (Peng et al., 2019; Liet al., 2019;
Wang et al., 2019; Liu et al., 2018). Since
then, ecological security has been the subject
of a great number of studies conducted all
around the world (Liu et al. 2022; Cao et al.,
2022; Yang & Cai, 2020; Xie et al., 2020;
Wang & Bao, 2021; Liu et al., 2021; Ghosh
et al., 2021). There are various methods for
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analyzing and assessing ecological security,
including the Pressure-State-Response
method (Tang et al., 2020; Ma et al., 2019;
Zhao et al., 2022; Zhang et al., 2025), the
Driver-Pressure-State-Impact-Response

(DPSIR) framework (Wang et al., 2016;
Chen and Wang, 2020; Peng et al., 2021;
Chen et al., 2022), the system clustering
method (Lundquist & Sommerfeld, 2002),
ecological footprint and ecological risk
methods (Li & He, 2011; Yang and Cai,
2020; Li et al., 2014; Zhang et al., 2018; Li
et al., 2019; Zhao et al., 2018; Liu et al.,
2021; Oertel, 2024), the comprehensive
index method (Bartel, 2000), the fuzzy
comprehensive evaluation method (Han et
al., 2015), the GIS method (Xie et al., 2020;
Feng et al., 2017), multi-criteria decision-
making methods (Gao et al., 2018; Ghosh et
al.,, 2021), the ecosystem services model
(Huang et al., 2017; Su et al., 2022; Yang et
al., 2022), the landscape model (Yu et al.,
2018; Ma et al., 2019), and the CA-Markov
model (Ghosh et al., 2021; Xie et al., 2020).

In this study, ecological security
assessments were conducted using a
combination of GIS-based methods, the
ecosystem services model, and the CA-
Markov model. As the study aimed to assess
ecological security levels for the years 2000,
2010, and 2020, and predict conditions for
2040 under various LULC and climate
scenarios, the InVEST 3.7.0 ecosystem
services model was employed to quantify
water yield.

Water yield refers to the portion of
precipitation that remains available as
surface runoff and groundwater recharge
after evapotranspiration losses. It is directly
influenced by land-use changes and climate
variability, making it a key indicator for
assessing ecosystem services and water
resource availability.

The CA-Markov model (IDRISI) and the
Scenario Generator tool (InVEST 3.7.0)
were used to generate LULC projections for
2040, while LARS-WGS5 simulated climate
scenarios for the same period. LULC
classification was conducted using ENVI-
based methods, and GIS-based techniques
were applied for map generation.

These analyses yield scientific data gathered
and compiled with a comprehensive
approach, aiming to assess ecosystem
services, which, within the scope of this
paper, are anticipated to enhance the
management of the Lavasanat Watershed
near the city of Tehran. Over the past few
decades, rapid urban development in and
around the Tehran metropolitan area has
triggered substantial LULC changes in this
region. One significant challenge facing this
watershed is the expansion of residential
areas, particularly within the Lavasanat area,
resulting in a significant reduction in the
coverage of ecologically valuable land. This
underscores the urgency of addressing the
concerns in this watershed.

This study aims to achieve the following
objectives: 1. Temporal-spatial analysis of
LULC changes from 2000 to 2040, 2.
Analysis of ecosystem services (water yield)
within various LULC and climate change
scenarios, and 3. Analysis of changes in
ecological security from 2000 to 2040 within
different LULC and climate change
scenarios, based on ecosystem services
(water yield).

Materials And Methods

The methodology of this study consisted of
several steps: firstly, an analysis of the
temporal-spatial changes in LULC within
the Lavasanat Watershed; secondly, the
simulation of LULC and climate changes
using CA-Markov, Scenario Generator, and
LARS-WGS5 to determine the temporal-
spatial changes in ecological security in the
area; and finally, an examination of
ecological security changes under four
LULC scenarios and three climate change
scenarios (Figure 1).

Study area

The Lavasanat Watershed, covering an area
of 52,933 hectares, is situated in Shemiranat
County in the north-northeast of Tehran
Province (Figure 2). It encompasses a town
named Lavasan and two villages named
Lavasan-e-Bozorg and Lavasan-e-Kuchak,
and it is bordered by Noor County to the
north, Karaj County to the west, Damavand
County to the east, and the city of Tehran to
the south. Lavasanat Watershed is located
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within geographical coordinates 35°46'- rivers in these sub-watersheds and their
36°03'N and 51°24'-51°50'E  (Rahmani tributaries flow directly into the Latyan Dam
Fazli, 2016) and comprises the Kand, Afje, reservoir (Talari, 2016).

and Lavarak sub-watersheds. The primary
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Figure 2. Geographical location of Lavasanat Watershed and the LULC map of the area for the

year 2020

Methodology

We applied an integrated methodological
framework to analyze LULC changes and
assess their impacts on ecological security
within the Lavasanat Watershed. The
methodological process involved LULC
classification, future land-use projections,
climate scenario generation, and water yield
modeling using InVEST 3.7.0.

LULC Mapping and Classification:
LULC maps for 2000, 2010, and 2020 were

generated using Landsat satellite images
(Table 1) and high-resolution Google Earth
imagery to improve classification accuracy in
areas with dispersed residential development.
Image processing was conducted in ENVI 5.3
and ArcGIS 10.5 using the supervised
maximum likelihood classification method,
categorizing the study area into five classes: (1)
residential areas, (2) bare lands, (3) rangelands,
(4) water bodies, and (5) agricultural lands.
Classification accuracy was validated using

Table 1. Specification of satellite images used in the study

Characteristics Resolution/sensor
Landsat 72 ETM+
Landsat 7° ETM+
Landsat 8 OLI

Satellite
164/35
164/35
164/35

Path/row

overall accuracy (OA) and the kappa
coefficient (KC).
Resolution Data of
panchromatic acquisition
30 May 15, 2000
30 May 25, 2010
30 May 12, 2020

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

LULC Change Projection Using CA-
Markov Model

Future land-use scenarios for 2040 were
simulated using the CA-Markov model in
IDRISI. The Markov chain component was
used to determine transition probabilities
based on historical LULC changes from

2000 to 2020, while cellular automata (CA)
spatially allocated projected changes. Model
training was performed using LULC data for
2000 and 2010 to generate transition
probabilities, which were then applied
alongside the 2020 LULC map to predict
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2040 changes under the business-as-usual
scenario (S1).

To account for varying urban development
strategies, three additional scenarios were
developed using the Scenario Generator tool
in InVEST 3.7.0:

S2  (Pessimistic): Uncontrolled urban
expansion leading to a severe decline in
ecological security.

S3 (Realistic): Managed urban expansion
maintaining existing ecological security
levels.

S4 (Optimistic): Urban development
incorporating conservation strategies to
enhance ecological security.

Climate Scenario Generation Using
LARS-WG5

To assess climate variability impacts,
LARS-WGS, a stochastic weather generator,
was used to simulate climate conditions for
2040. This model statistically downscales
broader climate projections to generate site-
specific climate variables. Three climate
scenarios were developed:

B1 (High-Impact Scenario): Assumes
rapid economic and population growth,
leading to higher climate variability, altered
precipitation  patterns, and increased
evapotranspiration.

N (Baseline Scenario): Assumes climate
conditions remain unchanged from 2020,
serving as a reference for future deviations.

M (Long-Term Stability Scenario):
Reflects historical climate trends, assuming
consistent precipitation and
evapotranspiration patterns.

The primary distinction among these
scenarios lies in the degree of climate
variability, with Bl representing the most
extreme changes, while M assumes relative
climatic stability.

Water Yield Modeling Using InVEST 3.7.0
To quantify the impact of LULC and climate
changes on water yield, this study employed
the Water Yield Model in InVEST 3.7.0.
This model estimates water yield by
balancing  precipitation inputs  with
evapotranspiration and infiltration losses,
considering land-use characteristics. Input
data included:

Precipitation and evapotranspiration maps.

Root-restricting layer depth.
Land-use/vegetation characteristics.
Simulations were performed for 2000, 2010,
and 2020, with projections extended to 2040
under the four LULC scenarios (S1-S4) and
three climate scenarios (B1, N, M). The
results enabled an evaluation of hydrological
responses to urban expansion and climate
change.

Model Assumptions and Limitations
CA-Markov Model:
This model assumes that historical LULC
change trends will continue, which may not
fully account for unforeseen policy
interventions or socio-economic shifts.
Transition probabilities were derived
from observed changes between 2000 and
2020, ensuring realistic projections.

LARS-WGS5 Model:

Generates localized climate scenarios but does

not incorporate global climate dynamics.
Long-term climate variability may be

underrepresented due to reliance on historical

data trends.

InVEST Water Yield Model:

Does not explicitly model surface runoff
processes but provides an estimate of total
water availability, encompassing both
surface runoff and groundwater recharge.

Results are sensitive to input data quality,
particularly precipitation and
evapotranspiration datasets.

By integrating CA-Markov, LARS-
WG5S, and InVEST, this study provides a
robust framework for evaluating ecological
security trends and informing sustainable
land-use planning in the Lavasanat
watershed.

Results

Analysis of LULC changes from 2000 to
2020

An analysis of LULC changes from 2000 to
2020 revealed significant trends. Figure 3
illustrates the alterations in the area's LULC
zones during the periods of 2000 to 2010 and
2020. The findings indicate a consistent and
substantial expansion of residential areas
over the two-decade timeframe spanning
from 2000 to 2020. This expansion can be
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primarily attributed to population growth,
increasing housing demands, and the
subsequent process of urbanization.

These maps also provide insights into the
changes in the area's agricultural lands
within the watershed over the course of 20
years. Notably, there has been a consistent
decrease in the extent of agricultural lands
during this period. Moreover, the area of
rangelands in the watershed experienced a
reduction in the first decade (2000-2010),
followed by a recovery in the subsequent
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decade (2010-2020). In fact, the rangeland
area exceeded the 2000 levels by the end of
the two-decade period, likely due to
increased precipitation.

Simultaneously, bare lands within the
region exhibited a continuous reduction in
their extent over the same two-decade
timeframe. This decrease can be attributed to
their proximity to residential areas, which
often undergo expansion and development.
For more detailed information, please refer
to Table 2.
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Figure 3. Land use/cover changes in Lavasanat Watershed between 2000 and 2020

Table 2. Area of LULC classes in Lavasanat Watershed in 2000, 2010, and 2020

2000
LULC Ha %
Water bodies 356.497428 0.67
Agricultural lands 3324.36776 6.28
Bare lands 19117.362915 36.11
Rangelands 29704.299642 56.11
Residential area 430.629936 0.82
Overall accuracy 95.72
Kappa coefficient 0.948

Prediction of the expansion of residential
areas in Lavasanat Watershed in the four
scenarios using CA-Markov and Scenario
Generator

Figure 4 illustrates the anticipated LULC
changes by 2040 under four defined
scenarios:

2010 2020
Ha % Ha %

358.83 0.68 358.744057 0.67
3204.586317 6.05 2228.660076 4.21
19079.384967 36.04 19015.562751 3592
29601.808827 55.92 30289.395861 57.22
688.551379 1.31 1040.794871 1.97

96.26 95.32

0.943 0.936

S1 (Existing Conditions): Continuation
of current urban growth trends with
moderate expansion and gradual ecological
decline, without major policy interventions.

S2  (Pessimistic): Uncontrolled urban
sprawl due to a lack of land-use regulations,
leading to significant environmental
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degradation and loss of ecologically valuable
land.

S3 (Realistic): A balanced approach
where urban expansion is controlled through
moderate planning measures to maintain
existing  ecological  security = while
accommodating population growth.

S4 (Optimistic): Strict land-use planning
and conservation policies that enhance
ecological security through designated
buffer zones, sustainable urban frameworks,
and green infrastructure.

First scenario (S1): In this scenario, 2769
hectares of water bodies, bare lands,
rangelands, and agricultural lands will be
converted into residential areas. It should be
noted that this is the output of the simulation
done in the CA-Markov model of IDRISI
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software based on the trends of 2000, 2010
and 2020.

Second scenario (S2): In this pessimistic
scenario, 5538 hectares of water bodies, bare
lands, rangelands, and agricultural lands will
be transformed into residential areas, which
is about twice the size of the expansion
expected in scenario S1.

Third scenario (S3): In this scenario,
1,384 hectares of bare lands and rangelands
will be converted into residential areas,
which is about half the size of the expansion
expected in scenario S1.

Fourth scenario (S4): In this optimistic
scenario, 692 hectares of bare lands will be
transformed into residential areas, which is
about one-fourth of the size of the expansion
expected in scenario S1.
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Figure 4. LULC changes by 2040 in the four scenarios

The projected changes in the area of
LULC classes in the four scenarios are
presented in Table 3. Among these scenarios,
S2 exhibits the most substantial rangeland
destruction by 2040, followed by S1, S3, and
S4. In the optimistic scenario (S4), no
rangeland will be converted into residential
areas. On the other hand, Scenario S2 also
demonstrates the lowest bare land area due

to the expansion of residential areas,
followed by Scenario S1. The area of these
lands is greater in scenario S3 than in S4. In
S4, the entire 692-hectare expansion of
residential areas will occur on bare lands. In
contrast, in S3, the 1384-hectare expansion
of residential areas will encroach upon both
rangelands and bare lands.
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Table 3. Predicted changes in the area of LULC classes by 2040 in the four scenarios

land

S1 Sz
use/cover
scenarios Ha % Ha
Water bodies 353.6075 0.66 333.245
Agricultural || 00019 | 350 | 859.5725
lands
Bare lands 18277.36 | 34.52 H 17838.8925
Rangelands  28626.1125 54.07 27322.585
Residential 3009 575 | 7.19 | 6578.8625
area

The expansion of residential areas will be
most significant in scenario S2, followed by
S1, S3, and S4. Likewise, the degradation of
agricultural lands will be most substantial in

S3 S4
% Ha % Ha %
0.62 | 358.7475 | 0.67 | 358.7475 | 0.67
1.62 = 2231915 421 2231915 @ 421
33.7 | 18881.615 | 35.67 | 18323.505 | 34.61
51.61 29036.0175  54.85 30286.1275 57.21
12.42 | 24248625 | 4.58 | 1732.8625 | 3.27

scenario S2, followed by S1. In scenarios S3
and S4, it is assumed that the area of
agricultural lands will remain unchanged
from 2020 (Fig. 5).
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Figure 5. Comparison of changes in agricultural and residential areas in the four scenarios
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Figure 6. Comparison of changes in agricultural and residential areas from 2000 to 2040 within

each scenario

Figure 6 compares the changes in the area of
agricultural lands and residential areas from
2000 to 2040 within each scenario.

Water yield

The water yield model is a tool provided in
InVEST 3.7.0, which has been utilized to
measure water yield in numerous studies
worldwide (Hu et al., 2020; Yang et al.,

2019; Balist et al., 2022a; Balist et al.,
2022b). To employ this model, the software
requires a set of input data, including
precipitation maps, potential
evapotranspiration, root-restricting layer
depth, plant available water content, land
use-vegetation, watershed boundaries, and a
biophysical table in CSV format (Hu et al.,
2020) (refer to Tables 4, 5, and 6).
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Table 4. The used data characteristics for water yield
Model Type Data Unit Resolution Dafa. O.f
acquisition
Watersheds * Layer.shp
Land use/ land cover® Layer.ras
Water ' Root rest.ricting layer depth® (mm) 2000
yield Spatial Plant Available Water Content 0-1 30*30 2010
Precipitation? (mm) 2020
Average Annual Reference
Evapotranspiration? (mm)

@ National Cartographic Center- ® These data were collected from the official website of US Geological

Survey (USGS)- € Fao.org- ¢ Worldclim.org + Meteorological Organization

Table 5. Data statistics and range of variation for InVEST model inputs

Variables (mean) 2000 2010 2020 2040(B1) = 2040(N) | 2040(M)
Precipitation (mm) 411.740 376.615 544.867 483.7 544/867 425/976
Evapotranspiration (mm) = 2783.66 2682.62 2284.52 1466.11 2284.52 | 2583.201
V4 16 14 18 15 15 18
Root restricting layer
degstin i) 0-14400

Table 6. Biophysical table used for the baseline In'VEST water yield model

plant evapotranspiration

Lucode @ LULC desc LULC_vegatatio Root_depth (mm) coefficient Kc®

1 Water bodies 0 - 1

) Agricultural 1 1500 0.65
lands

3 Bare lands - 0.5

4 Rangelands 1 350 0.8

5 Residential 0 ) 0
area

2The values 1 and 0 indicate vegetated LC and all other LC, respectively

"Estimate of plant evapotranspiration for LC

Water yield in 2000, 2010, and 2020: This
section presents the results of modeling
water yield services in the Lavasanat
watershed for different decades. According
to these findings, the water yield in the entire
Lavasanat watershed was 2,641,734.816 m3
in 2000, 3,318,950.915 m3 in 2010, and
7,737,201.215 m3 in 2020. Of this total
water yield, 1,677,926.367 m3 in 2000,
2,287,145.055 m3 in 2010, and
4,908,786.651 m3 in 2020 belonged to
residential areas. This is in contrast to the
total area of residential areas in the
watershed, which measured 4,820,578.505

m2 in 2000, 6,885,513.787 m2 in 2010, and
10,407,948.705 m2 in 2020 (Figure 7).

Prediction of water yield in 2040 under
the defined LULC and climate scenarios:
After determining the water yield for the
years 2000, 2010, and 2020, the Water Yield
model was employed to project the water
yield for the entire watershed and its
residential areas in the four land-use
scenarios, which encompass existing
conditions (S1), pessimistic (S2), realistic
(S3), and optimistic (S4), under three climate
scenarios (B1, N, and M) (refer to Figures 8,
9, and 10).
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The results indicate that in the four LULC
scenarios, which include existing conditions
(S1), pessimistic (S2), realistic (S3), and
optimistic (S4), the area of residential areas
will be 38,078,250 m2, 65,712,850 m2,
24,207,400 m2, and 17,261,550 m2,
respectively. Furthermore, the water yield

from residential areas under climate scenario
M will  be 16,143,121.774  m3,
27,965,811.851 m3, 10,311,747.215 m3, and
7,353,006.022 m3, respectively. As can be
observed, with changes in the area of
residential areas, a key structural component
of the Lavasanat watershed, their function
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has also evolved. The results also indicate
more favorable ecological functions in
scenarios S3 and S4, where it is assumed that
land-use planners will take an active role in

£45000 555000 565000 £75000 885000 595000

urban development management to control
urban structures and conserve ecologically
valuable lands, compared to the other
scenarios.
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In Table 7, a comparison is provided
between the water yield of the entire
watershed and that of its residential areas

under different land-use/cover and climate
scenarios. Based on the data in Table 7, it can
be concluded that the most favorable
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scenario for reducing water yield is S4M.
This scenario represents optimistic land-use
management involving urban development
with an emphasis on improving ecological
security under the climate change scenario
that follows long-term climatic conditions.
The scenario with the highest water yield is
S2N, representing pessimistic land-use
management (urban development with a
severe decline in ecological security) and the
climate change scenario based on the
climatic conditions of 2020.

Changes in water yield have significant

ecological implications for hydrological
balance, groundwater recharge, and habitat
stability. Higher water yield in the
pessimistic scenario (S2) results from
increased impervious surfaces, leading to
higher runoff, flood risks, and reduced
infiltration. In contrast, the optimistic
scenario (S4) promotes water retention
through vegetative cover, enhancing soil
moisture and biodiversity. Integrating land-
use planning with water resource
management is essential to mitigate adverse
ecological impact.

Table 7. Changes in water yield in Lavasanat watershed in the defined scenarios

Scenarios .
Scenario (N)

Water yield Total Residential
(M3) watershed area
Scenario
(S1)
Scenario
(82)
Scenario
(S3)
Scenario
54

asn-puer|

11485105.017 9145306.800

Discussion
Changes in LULC and ecological security:
The changes in land use/cover within the
Lavasanat watershed due to the expansion of
residential and man-made areas represent
one of the many anthropogenic factors
affecting the ecosystem services of this
watershed. Land-use planning can impact
ecological security in two dimensions:
ecological functions and structure. Land use
planning not only mitigates the impact of
human activities by preserving the integrity
and sustainability of the landscape based on
ecological principles, a fundamental
requirement of urban ecological security, but
also optimizes human activities considering
resource constraints and ecological carrying
capacity. This approach helps maintain
urban functions (ecosystem services), which
are also essential for urban ecological
security. Hence, the ecological security of an
urban area can be preserved, maintained, and
enhanced through sound land use planning
that takes into account ecological security
patterns.

In this study, water yield does not strictly
refer to surface runoff alone but rather to the

8329365.079

Climate
Scenario (M) Scenario (B1)
Residential Total Residential
watershed area watershed area

22564586.044 = 20047284.747 = 17252145.777 = 16143121.774 | 21807960.220 = 18331516.880

37639293.581 | 35091082.311 | 29106249.905 | 27965811.851 | 35133646.594 | 31755669.049

15183790.669 = 12826629.471 = 11300890.991 @ 10311747.215 = 15093863.555 @ 11709095.172

7353006.022 11785067.017 8349411.735

total water output from the watershed, which
includes  both  surface runoff and
groundwater recharge after accounting for
evapotranspiration and infiltration. Water
yield is directly influenced by LULC
changes, as different land-cover types
regulate  water retention, infiltration
capacity, and runoff generation.

The results of this study substantiate this
relationship. In the realistic scenario (S3),
where residential expansion is limited to bare
lands and rangelands, water yield across the
watershed under climate scenarios N, M, and
B1 was 15,183,790.669 m?, 11,300,890.991
m3, and 15,093,863.555 m?, respectively.
However, in the pessimistic scenario (S2),
where residential areas expand
uncontrollably into ecologically valuable
lands, water yield increased significantly,
reaching 37,639,293.581 m3,
29,106,249.905 m?, and 35,133,646.594 m?,
respectively, under the same climate
scenarios.

This variation highlights how LULC
changes alter watershed hydrology.
Increased urban expansion with impervious
surfaces (e.g., roads, buildings) reduces
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infiltration rates, leading to higher surface
runoff volumes and lower groundwater
recharge. In contrast, conservation of
rangelands and vegetated areas promotes
higher infiltration, reducing  runoff
fluctuations. These findings align with
previous studies (Hu et al., 2008; Costanza et
al., 2014; De Marco & Coelho, 2004; Bryan,
2013), which demonstrate that the impact of
LULC changes on ecosystem services is
time- and location-dependent.

Moreover, within residential areas, water
yield follows the same trend. In Scenario S3,
under climate scenarios N, M, and B1, water
yield from residential areas was
12,826,629.471 m3, 10,311,747.215 m3, and
11,709,095.172 m?, respectively. However,
in Scenario S2, these values significantly
increased to 35,091,082.311 m3,
27,965,811.851 m?, and 31,755,669.049 m?,
respectively. This confirms that uncontrolled
urban expansion contributes to increased
surface runoff, while strategic land-use
planning can regulate hydrological processes
and enhance ecological security.

These findings support conclusions from
previous studies (Li et al., 2007; Haines-
Young et al., 2012; Kindu et al., 2016; Wu,
2020), reinforcing that anthropogenic land-
use changes alter ecosystem services,
affecting hydrological balance and long-
term ecological security. Proper land-use
planning is, therefore, essential to minimise
environmental damage and regulate water-
related ecosystem functions in urbanising
watersheds.

Ecosystem services and ecological security
Indicators such as ecosystem services play a
crucial role in the functional assessment of
watershed ecological security. In the case of
the Lavasanat watershed, it is essential to
analyze the needs of both citizens and the
ecosystem to determine how citizens can
benefit from ecosystem services in various
dimensions.

Water yield and runoff are related but not
identical concepts. Water yield refers to the
total amount of water available in a
watershed, including both surface runoff and
groundwater recharge, after accounting for
losses due to evapotranspiration and soil
infiltration. In contrast, runoff specifically

refers to the portion of water that flows over
the land surface, moving towards streams,
rivers, or other water bodies.

Since water yield is a key indicator of
ecosystem services (Brisbane, 2007) and is
influenced by natural, economic, and human
activities (Sun et al., 2016; Yang et al., 2016;
Jie et al., 2015; Liquete et al., 2011), this
study employed it to assess the ecological
security of the Lavasanat watershed. The
inclusion of water yield as an indicator
allows for a comprehensive evaluation of
water resource availability in response to
land-use changes and climate variability .

The results of modeling water yield
services in Lavasanat watershed over
different decades indicate an increase in
water yield due to land use changes driven
by human activities. The water yield from
the watershed's residential areas increased by
36% from 2000 to 2010, by 114% from 2010
t0 2020, and is projected to increase by 192%
over the next 20 years.

Similarly, the watershed's residential
areas expanded by 42% from 2000 to 2010,
51% from 2010 to 2020, and are projected to
grow by 115% in the next 20 years. These
findings align with numerous other studies
that emphasize the impact of human
activities and residential area expansion on
water resource volume and availability
(Smith, 1997; Chen et al., 2016; Yang et al.,
2016; Sun et al., 2016; Liu et al., 2017). The
analyses in this study reveal that the
watershed's water yield increased by 25%
from 2000 to 2010, 133% from 2010 to 2020,
and is projected to rise by 192% over the
next 20 years. The findings also indicate that
climate conditions will exert a significant
influence on water yield. For instance, the
increased precipitation in the year 2020 had
a significant impact on that year's water
yield. This finding aligns with numerous
other studies that highlight the importance of
precipitation in influencing the water yield
model (Balist et al., 2022a; Balist et al.,
2022b; Kim and Jung, 2020; Yin et al. 2020;
Rahimi et al., 2020; Boithias et al., 2014;
Terrado et al., 2014).

In summary, climatic factors, with
precipitation being the most significant,
exert a substantial influence on water yield at
the watershed level. However, it's essential
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to recognize the role of vegetation cover type
and quantity in affecting water yield. Given
the importance of ensuring a dependable
water supply for the local population, this
model can provide a reasonably accurate
estimate of water yield and the contribution
of vegetation to replenishing the area's
underground aquifers.

The results of all four land-use scenarios
under all three climate scenarios in relation
to ecosystem services (water yield) showed
an increase in the water yield of the
watershed’s residential areas and a loss of its
ecologically valuable lands. Among the
scenarios, S2N had the worst-case scenario
for Lavasanat watershed with a water yield
0f 581,392.93 m3 in the entire watershed and
311,350.91 m3 in the residential areas. The
next worst scenarios were S2B1, with a
water yield of 594,336.46 m3 in the entire
watershed and 317,556.69 m3 in the
residential areas, and S2M, with a water
yield of 905,062.49 m3 in the entire
watershed and 851,658.11 m3 in the
residential areas.

Among the scenarios with the lowest
water yields, the best was S4M with a water
yield of 8,329,365.079 m3 in the entire
watershed and 7,353,006.022 m3 in the
residential areas. The next best scenarios
were S3M, with a water yield of
9,911,300.890 m3 in the entire watershed
and 215,103.11747 m3 in the residential
arecas, and S4N, with a water yield of
11,485,105.017 m3 in the entire watershed
and 9,145,306.800 m3 in residential areas.

Uncertainties and Limitations of the
Modelling Approach

Despite the robustness of this approach,
certain limitations exist. The CA-Markov
model assumes historical land-use trends
will continue, potentially overlooking socio-
economic and policy changes. LARS-WGS5
downscales climate data but may not fully
capture long-term variability or extreme
events. The InVEST model estimates total
water availability but does not explicitly
simulate surface runoff. Addressing these
uncertainties through multi-model
comparisons would enhance projection
reliability.

Strengthening Policy Recommendations
on Urban Planning

To mitigate the ecological impacts of
urbanisation, urban planning policies must
integrate nature-based solutions such as
green infrastructure, permeable surfaces, and
ecological buffer zones. Strategic zoning
should preserve high-value ecological areas
while  promoting  sustainable  urban
expansion. Coordinated efforts between
planners, environmental regulators, and
water resource managers are crucial for
translating findings into actionable policies
In conclusion, the results demonstrate a
reduction in the watershed's ecosystem
services, particularly in water yield, over the
40-year period, even in the most optimistic
scenarios. This decline highlights a
consistent decrease in the watershed's
ecological security. It's important to note that
this decline occurs in the context of
increasing demand for natural resources and
ecosystem services in urban areas, as
observed in studies by Ayres and Van Den
Bergh (2005), Guo et al. (2010), and
Krausmann et al. (2009).

Conclusion

The ongoing urban development
characterized by the scattered expansion of
residential areas in the Lavasanat watershed
is poised to have detrimental consequences
for the region's environment, natural
resources, as well as the health, social, and
economic well-being of its residents. If the
current trends persist (scenario S1) or worsen
(scenario S2), it is anticipated that by 2040,
there will be a significant reduction in the
area of agricultural lands, orchards,
rangelands, and bare lands within the
watershed. This will result in the rapid
degradation of its ecosystems and habitats,
leading to a decline in air and water quality.
Ultimately, these environmental changes are
expected to have adverse effects on the well-
being and quality of life for the area's
citizens.

In essence, urbanization, being the
primary driver of land use and land cover
changes, will fundamentally alter the
landscape patterns and the structures and
functions of the urban ecosystem within the
watershed. The extensive urbanization and
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the unregulated expansion of residential
areas in the region are responsible for a range
of environmental issues. These issues
include landscape fragmentation, heightened
runoff, increased soil erosion, loss of plant
and animal species, as well as water, soil,
and air pollution. These problems arise from
the rapid urbanization of the area without
due consideration for the ecological and
environmental value of the lands being
transformed.

In their assessment of the United Nations'
sustainable cities program, Rasoolimanesh et
al. (2011) emphasized a crucial aspect of
sustainable urban development, which is the
preservation and utilization of a city's green
spaces, natural resources, and infrastructure.
Therefore, to attain sustainable development
in Lavasanat watershed, it's imperative to
enhance the region's social and economic
frameworks without causing harm to its
natural environment.

As stated by Huseynov (2011), the
effectiveness of sustainable urban planning
is closely tied to the rejuvenation and
enhancement of natural resources and
infrastructure, as well as the establishment of
green urban infrastructures. These measures
have the potential to enhance the urban
environment's quality and play a pivotal role
in instigating significant transformations
within cities. Hence, one approach to
enhancing land-use planning and green
urban infrastructure in Lavasanat watershed
is the establishment of ecological security
patterns.

Ecological security stands as a paramount
facet of environmental preservation, and its
preservation holds a pivotal role in
humanity's  pursuit  of  sustainable
development in the 21st century. Su et al.
(2016) and Opdam et al. (2006) have
highlighted the significance of constructing
ecological security patterns as a potent

References

strategy for safeguarding the natural
functions, upholding ecological security, and
achieving equilibrium between economic
progress and ecological soundness within a
watershed. Consequently, for Lavasanat
watershed, land-use planning that takes into
account ecological security criteria will be of
utmost importance in upholding the
ecological security of the watershed's urban
areas. In essence, sound land-use planning
will enhance the watershed's ecological
security by preserving the equilibrium
between its ecological functions and
structures.

The results of this study also affirm that
the ecological security of cities can be
enhanced through effective land use
planning. For instance, in the scenario of
maintaining current conditions (S1), the
water yield for the entire watershed under
climatic scenarios N, M, and Bl was
22,564,586.044 m3, 17,252,145.777 m3, and
21,807,960.220 m3, respectively. In the
optimistic scenario (S4), these figures
decreased  to 11,485,105.017 m3,
8,329,365.079 m3, and 11,785,067.017 m3,
respectively. Similarly, in the scenario of
existing conditions (S1), the water yield for
the watershed's residential areas under the
climate scenarios N, M, and Bl was
20,047,284.747 m3, 16,143,121.774 m3, and
18,331,516.880 m3, respectively. In the
optimistic scenario (S4), these figures
decreased to 9,145,306.800 m3,
7,353,006.022 m3, and 8,349,411.735 m3,
respectively. These numbers clearly
illustrate the influence of land-use changes,
particularly the expansion of residential
areas, on the ecosystem services. All the
results presented in this paper, along with
others, emphasize that maintaining and
improving  ecological  security  for
sustainable urban development can be
achieved through proper land-use planning.

Ahern, J., and Andre, L. 2003. Applying landscape ecological concepts and metrics in sustainable
landscape planning. Landscape and Urban Planning. 59(2), 65-93.

Arrow, K., Bolin, B., Costanza, R., Dasgupta, P., Folke, C., Holling, C.S., and Pimentel, D. 1995.
Economic growth, carrying capacity, and the environment. Ecological Economist. 15 (2), 91—

95.



153 Yasser Moarrabl & Vahid Novin / Environmental Resources Research 13, 1 (2025)

Ayres, R.U,, and Van Den Bergh, J.CJ.M. 2005. A theory of economic growth with
material/energy resources and dematerialization: Interaction of three growth mechanisms.
Ecological Economist. 55, 96—-118.

Balist, J., Malekmohammadi, B., Jafari, H.R., Nohegar, A., and Geneletti, D. 2022a. Modeling
the supply, demand, and stress of water resources using ecosystem services concept in Sirvan
River Basin (Kurdistan-Iran). Water Supply. 22(3), 2816.

Balist, J., Malekmohammadi, B., Jafari, H.R., Nohegar, A., and Geneletti, D. 2022b. Detecting
land use and climate impacts on water yield ecosystem service in arid and semi-arid areas. A
study in Sirvan River Basin-Iran. Applied Water Science 12.4.

Bartel, A. 2000. Analysis of landscape pattern: towards a ‘top down’indicator for evaluation of
landuse. Ecological Modelling. 130 (1-3), 87-94.

Boithias, L., Acufia, V., Vergofios, L., Ziv, G., Marcé, R., and Sabater, S. 2014. Assessment of
the water supply: demand ratios in a Mediterranean basin under different global change
scenarios and mitigation alternatives. Science of the Total Environment. 470, 567-577.

Brisbane, D. 2007. The Brisbane Declaration: Environmental flows are essential for freshwater
ecosystem health and human well-being. In 10th International River Symposium, Brisbane, 3-6.

Bryan, B.A. 2013. Incentives, land use and ecosystem services: synthesizing complex linkages.
Environmental Science andPolicy. 27, 124-134.

Cao, X,, Liu, Z., Li, S., and Gao, Z. 2022. Integrating the Ecological Security Pattern and the PLUS
Model to Assess the Effects of Regional Ecological Restoration: A Case Study of Hefei City,
Anhui Province. International Journal of Environmental Research and Public Health, 19, 6640.

Chen, L, Sun, R, and Yang, L. 2018. Regional Eco-security: Concept, Principles and Pattern
Design, Challenges Towards Ecological Sustainability in China. Publisher: Springer
International Publishing.

Chen, M., Qin, X., Zeng, G., and Li, J. 2016. Impacts of human activity modes and climate on
heavy metal “spread” in groundwater are biased. Chemosphere, 152: 439-445.

Chen, Y., Wang, J. 2020. Ecological security early-warning in central Yunnan Province, China,
based on the gray model. Ecological Indicators. 111, 106000-106010.

Chen, Y., Wang, J., Kurbanov, E., Thomas, A., Sha, J., and Jiao, Y. 2022. Ecological security
assessment at different spatial scales in central Yunnan Province, China. PLoS ONE, 17(6),
€0270267.

Costanza, R., de Groot, R., Sutton, P., Van der Ploeg, S., Anderson, S.J., Kubiszewski, 1., and
Turner, R.K. 2014. Changes in the global value of ecosystem services.Global Environmental
Change. 26, 152-158.

De Marco, P., and Coelho, F.M. 2004. Services performed by the ecosystem: forest remnants
influence agricultural cultures’ pollination and production. Biodiversity and Conservation.
13(7), 1245-1255.

Feng, Y., Liu, Y., and Liu, Y. 2017. Spatially explicit assessment of land ecological security with
spatial variables and logistic regression modeling in Shanghai, China. Stochastic
Environmental Research and Risk Assessment. 31 (9), 2235-2249.

Fu, W., Turner, J. C., Zhao, J., and Du, G. 2015. Ecological footprint (EF): An expanded role in
calculating resource productivity (RP) using China and the G20 member countries as
examples. Ecological Indicators. 48, 464-471.

Gao, P. P., Li, Y. P., Sun, J., and Li, H. W. 2018. Coupling fuzzy multiple attribute decision-
making with analytic hierarchy process to evaluate urban ecological security: A case study of
Guangzhou, China. Ecological Complexity. 34, 23-34.

Ghosh, S., Chatterjee, N.D., and Dinda, S. 2021.Urban ecological security assessment and
forecasting using integrated DEMATEL-ANP and CA-Markov models: A case study on
Kolkata Metropolitan Area, India. Sustainable Cities and Society. 68, 102773.

Guo, Z., Zhang, L., and Li, Y. 2010. Increased dependence of humans on ecosystem services and
biodiversity. PLoS One. 5.

Haines-Young, R., Potschin, M., and Kienast, F. 2012. ndicators of ecosystem service potential at
European scales: mapping marginal changes and trade-offs. Ecological Indicators. 21, 39-53.


http://www.springer.com/
http://www.springer.com/

Yasser Moarrabl & Vahid Novin / Environmental Resources Research 13, 1 (2025) 154

Hamel, P., and Guswa, A. J. 2015. Uncertainty analysis of a spatially explicit annual water-
balance model: Case study of the Cape Fear basin, North Carolina. Hydrology and Earth
System Sciences. 19(2): 839—-853.

Han, B., Liu, H., and Wang, R. 2015. Urban ecological security assessment for cities in the
Beijing-Tianjin—Hebei metropolitan region based on fuzzy and entropy methods. Ecological
Modelling. 318, 217-225.

He, C., Liu, Z., Tian, J., and Ma, Q. 2014. Urban expansion dynamics and natural habitat loss in
China: a multiscale landscape perspective.Global Change Biology. 20, 2886—2902.

Hu, H., Liu, W., and Cao, M. 2008. Impact of land use and land cover changes on ecosystem
services in Menglun, Xishuangbanna, Southwest China. Environmental Monitoring and
Assessment. 146(1-3), 147-156.

Hu, W, Li, G, Gao, Zh., Jia, G., Wang, Zh., and Li, Y. 2020. Assessment of the impact of the
Poplar Ecological Retreat Project on water conservation in the Dongting Lake wetland region
using the InVEST model. Science of the Total Environment. 733, 139423.

Hua, F., and Bruijnzeel, L.A. 2022. The biodiversity and ecosystem service contributions and
trade-offs of forest restoration approaches. Science. 376, 839-844.

Huang, H., Chen, B., Ma, Z.Y., and Liu, Z.H. 2017. Assessing the ecological security of the
estuary in view of the ecological services — a case study of the Xiamen Estuary. Ocean Coast.
Manage. 137, 12-23.

Huseynov, E. 2011. Planning of sustainable cities in view of green architecture, International
Conference on Green Buildings and Sustainable Cities. Procedia Engineering 2, Available
online at www.sciencedirect.com. 534-542.

Jie, X., Yu, X., Na, L., and Hao, W. 2015. Spatial and temporal patterns of supply and demand
balance of water supply services in the Dongjiang Lake Basin and its beneficiary areas. Journal
of Resources and Ecology. 6(6), 386-396.

Kattel, G.R, Elkadi, H., and Meikle, H. 2013. Developing a complementary framework for urban
ecology. Urban Forestry and Urban Greening. 12 (4), 498-508.

Khramtsov, B. 2006. A primer on ecological security. Delegates of the 34th National Student
Commonwealth Forum. vol. 30.

Kim, S.W., and Jung, Y.Y. 2020. Application of the InVEST model to quantify the water yield
of North Korean Forests. Forests. 11,804.

Kindu, M., Schneider, T., Teketay, D., and Knoke, T. 2016. Changes of ecosystem service values
in response to land use/land cover dynamics in Munessa—Shashemene landscape of the
Ethiopian highlands. Science of The Total Environment. 547, 137-147.

Kong, F., Ban, Y., Yin, H., James, P., and Dronova, I. 2017. Modeling stormwater management
at the city district level in response to changes in land use and low impact development.
Environmental Modelling and Software. 95, 132-142.

Krausmann, F., Gingrich, S., Eisenmenger, N., Erb, K.H., Haberl, H., and Fischer-Kowalski, M.
2009. Growth in global materials use, GDP and population during the 20th century. Ecological
Economy. 68, 2696-2705.

Li, J., Song, C., Cao, L., Zhu, F., Meng, X., and Wu, J. 2011. Impacts of landscape structure on
surface urban heat islands: a case study of Shanghai, China. Remote Sensing of
Environment.115(12), 3249-3263.

Li, M., Zang, B., Li, S., and Wu, C. 2014. A review of remote sensing image classification
techniques: the role of spatio-contextual information. European Journal of Remote Sensing.
47,389-411.

Li, R.Q., Dong, M., Cui, J.Y., Zhang, L.L., Cui, Q.G.,.and He, W.M. 2007. Quantification of the
impact of land-use changes on ecosystem services: a case study in Pingbian County, China.
Environmental Monitoring and Assessment. 128(1-3), 503-510.

Li, Z.T., Yuan, M.J, Hu, M.M., Wang, Y.F., and Xia, B.Ch. 2019. Evaluation of ecological
security and influencing factors analysis based on robustness analysis and the BP-DEMALTE
model: A case study of the Pearl River Delta urban agglomeration. Ecological Indicators.
101,595-602.


https://www.sciencedirect.com/science/journal/13648152
https://www.sciencedirect.com/science/journal/00344257
https://www.sciencedirect.com/science/journal/00344257

155 Yasser Moarrabl & Vahid Novin / Environmental Resources Research 13, 1 (2025)

Liquete, C., Maes, J., La Notte, A., and Bidoglio, G. 2011. Securing water as a resource for
society: an ecosystem services perspective.” Ecohydrology and Hydrobiology 11(3-4), 247-
259.

Liu, P., Jia, Sh., Han, R., and Zhang, H. 2018. Landscape Pattern and Ecological Security
Assessment and Prediction Using Remote Sensing Approach. Journal of Sensors. 4,1058513.

Liu, T., Wang, H.Z., Wang, H.Z., and Xu, H. 2021. The spatiotemporal evolution of ecological
security in China based on the ecological footprint model with localization of parameters.
Ecological Indicators. 126, 107636.

Liu, Y., Song, W., Mu, F. 2017. Changes in ecosystem services associated with planting structures
of cropland: A case study in Minle County in China. Physics and Chemistry of the Earth Parts
A/B/C, 102: 10-20.

Liu, Z., Gan, X., Dai, W., and Huang, Y. 2022. Construction of an Ecological Security Pattern
and the Evaluation of Corridor Priority Based on ESV and the “Importance—Connectivity”
Index: A Case Study of Sichuan Province, China. Sustainability, 14, 3985.

Lu, Sh,, Li, J., Guan, X., Gao, X., Gu.Y., Zhang, D., Mi, F., and Li, D. 2018. The evaluation of
forestry ecological security in China: Developing a decision support system. Ecological
Indicators. 91, 664-678.

Lundquist, J. E., and Sommerfeld, R. A. 2002. Use of fourier transforms to define landscape scales
of analysis for disturbances: a case study of thinned and unthinned forest stands. Landscape
Ecology. 17 (5), 445-454.

Ma, L., Bo, J., Li, X., Fang, F., and Cheng, W. 2019. Identifying key landscape pattern indices
influencing the ecological security of inland river basin: The middle and lower reaches of
Shule River Basin as an example. Science of the Total Environment. 674, 424-438.

MacMillan, R.A., Moon, D.E., and Coupe, R.A. 2007. Automated predictive ecological mapping
in a Forest Region of B.C. Canada, 2001-2005. Geoderma. 140 (4), 353-373.

Novin, V., Jafari, H. R., and Hoveidi, H. 2022. Developing of HSE management system model and
its application in sustainable development planning, based on artificial intelligence. International
Journal of Environmental Science and Technology. 19(10), 9655-9668.

Oertel, E. 2024. “Linked spatial and temporal success of urban growth boundaries to preserve
ecosystem services. ” Landscape Urban Plann.

Opdam, P., Steingrover, E., and Rooij, S.V. 2006. Ecological networks: A spatial concept for
multi-actor planning of sustainable landscapes. Landscape and Urban Planning. 75, 322-332.

Peng, Ch., Li, B., and Nan, B. 2021. An analysis framework for the ecological security of urban
agglomeration: A case study of the Beijing-Tianjin-Hebei urban agglomeration. Journal of
Cleaner Production. 315,128111.

Peng, J., Liu, Y., Liu, Z,, and Yang, Y. 2017. Mapping spatial non-stationarity of human-natural
factors associated with agricultural landscape multifunctionality in Beijing-Tianjin- Hebei
region, China. Agriculture Ecosystems and Environment. 246, 221-233.

Peng, J., Pan, Y.J., Liu, Y.X., Zhao, H.J,, and Wang, Y.L. 2018a. Linking ecological degradation
risk to identify ecological security patterns in a rapidly urbanizing landscape. Habitat
International. 71, 110-124.

Peng, J., Yang, Y., Liu, Y.X., Hu, Y.N., Du, Y.Y., Meersmans, J., and Qiu, S.J. 2018b. Linking
ecosystem services and circuit theory to identify ecological security patterns. Science of The
Total Environment. 644, 781-790.

Peng, J., Zhao, S.Q., Dong, J.Q., Liu, Y.X., Meersmans, J., Li, H.L., and Wu, J.S. 2019. Applying
ant colony algorithm to identify ecological security patterns in megacities. Environmental
Modelling and Software. 117, 214-222.

Pessacg, N., Flaherty, S., Brandizi, L., Solman, S., and Pascual, M. 2015. Getting water right: A
case study in water yield modelling based on precipitation data. Science of the Total
Environment. 537, 225-234.

Qiao, X., Li, Y., Wang, Y. 2024. The influence of climate and human factors on a regional heat
island in the zhengzhou metropolitan area. China Environmenal Resources. 249, 118331.


https://www.sciencedirect.com/science/journal/01678809
https://www.sciencedirect.com/science/journal/01973975
https://www.sciencedirect.com/science/journal/01973975
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/13648152
https://www.sciencedirect.com/science/journal/13648152

Yasser Moarrabl & Vahid Novin / Environmental Resources Research 13, 1 (2025) 156

Qin, K., Liu, J., Yan, L., and Huang, H. 2019.Integrating ecosystem services flows into water
security simulations in water scarce areas: Present and future. Science of Total Environment.
670, 1037- 1048.

Rahimi, L., Malekmohammadi, B., and Yavari, A.R. 2020. Assessing and Modeling the Impacts
of Wetland Land Cover Changes on Water Provision and Habitat Quality Ecosystem Services.
Natural Resources Research. 29,3701-3718.

Rahmani Fazli, A., Monshizadeh, R., Rahmani, B., and Alipourian, J. 2017. Good Governance
Based Rural Management and its Role in Sustainable Rural Development (Case Study: A
Comparison between Central District of Kuhdasht and Lavasanat District of Shemiranat).
Journal of Research and Rural Planning. 6(17),133-152.

Rasoolimanesh, M., Nurwati, B., and Mastura, J. 2011. City Development Strategies (CDS) and
Sustainable Urbanization in Developing World. ASEAN Conference on Environment
Behaviour Studies, Savoy Homann Bidakara Bandung Hotel, Bandung, Indonesia.15-17,
Procedia - Social and Behavioral Sciences 36, Available online at www.sciencedirect.com,
623 — 631.

Salvati, L., and Carlucci, M. 2014. Zero net land degradation in Italy: the role of socioeconomic
and agro-forest factors. Journal of Environmental Management. 145, 299-306.

Smith, E.J. 1997. The balance between public water supply and environmental needs. Water and
Environment Journal. 11(1), 8-13.

Su, X., Shen, Y., Xiao, Y., Liu, Y., Cheng, H., Wan, L., Zhou, S., Yang, M., Wang, Q., and Liu,
G. 2022. Identifying Ecological Security Patterns Based on Ecosystem Services Is a
Significative Practice for Sustainable Development in Southwest China. Frontiers in Ecology
and Evoluation. 9,810204.

Su, Y., Chen, X., Liao, J., Zhang, H., Wang, C., Ye, Y., and Wang, Y. 2016. Modeling the optimal
ecological security pattern for guiding the urban constructed land expansions. Urban For.
Urban Green. 19, 35-46.

Sun, S., Sun, G., Cohen, E., McNulty, S.G., Caldwell, P.V., Duan, K., and Zhang, Y. 2016.
Projecting water yield and ecosystem productivity across the United States by linking an
ecohydrological model to WRF dynamically downscaled climate data. Hydrology and Earth
System Sciences. 20(2), 935-952.

Talari, A. 2016. Morphometric Analysis Lavasanat Basin and Affecting Drainge Network
Changes. University of Tehran, Faculty of Geography, Thesis submtted to the Graduate studies
office In partial fulfillment requirements for the degree of MSC, Under Supervision pf: Dr.
Ebtahim Moghimi and Mojtaba Yamani.

Tang, Y., Zhao, X., and Jiao, J. 2020. Ecological security evaluation of Chaohu Lake Basin of
China in the context of River Chief System reform. Environmental Science and Pollution
Research. 27 (3).

Terrado, M., Acuila, V., Ennaanay, D., Tallis, H., and Sabater, S. 2014. Impact of climate
extremes on hydrological ecosystem services in a heavily humanized Mediterranean basin.
Ecological Indicators. 37,199-209.

Van Vliet, J., and Verburg, P.H., Gra™dinaru, S., Hersperger, A.M. 2019. Beyond the urban-rural
dichotomy: towards a more nuanced analysis of changes in built-up land. Comput. Environ.
Urban System. 74, 41-49.

Wang, H., and Bao, Ch. 2021. Scenario modeling of ecological security index using system
dynamics in Beijing-Tianjin-Hebei urban agglomeration. Ecological Indicators. 125(107613).

Wang, H., Qin, F., and Zhang, X. 2019. A spatial exploring model for urban land ecological security
based on a modified artificial bee colony algorithm. Ecological Informatics. 50,51 —61.

Wang, S., Sun, C.Z., Li, X., and Zou, W. 2016. Sustainable development in China’s coastal area:
based on the driver-pressure-state-welfare-response framework and the data envelopment
analysis model.Sustainability. 8 (9), 958-977.

Wang, S.J., Ma, H.T., and Zhao, Y.B. 2014. Exploring the relationship between urbanization and
the eco-environment—a case study of Beijing-Tianjin-Hebei region.Ecological Indicator. 45
(5), 171-183.


https://www.magiran.com/paper/1701038/?lang=en
https://www.magiran.com/paper/1701038/?lang=en
https://www.magiran.com/paper/1701038/?lang=en
https://www.sciencedirect.com/science/journal/03014797

157 Yasser Moarrabl & Vahid Novin / Environmental Resources Research 13, 1 (2025)

Wang, Y., and Pan, J. 2019. Building ecological security patterns based on ecosystem services
value reconstruction in an arid inland basin: A case study in Ganzhou District, NW China.
Journal of Cleaner Production. 24

Wu, X., Liu, Sh., Sun, Y., An, Y., Dong, S.h., and Liu, G. 2019. Ecological security evaluation
based on entropy matter-element model: A case study of Kunming city, Southwest China.
Ecological Indicators. 102, 469- 478.

Wu, Y., Zhang, T., Zhang, H., Pan, T., Ni, X., Grydehgj, A., and Zhang, J. 2020. Factors
influencing the ecological security of island cities: A neighborhoodscale study of Zhoushan
Island, China. Sustainable Cities and Society. 55, 102029.

Xie, H., He, Y., Choi, Y., Chen, Q., and Cheng, H. 2020. Warning of negative effects of land-use
changes on ecological security based on GIS. Science of the Total Environment,
704(2020)135427.

Yang, D., Liu, W., Tang, L., Chen, L., Li, X., and Xu, X. 2019. Estimation of water provision
service for monsoon catchments of South China: Applicability of the InVEST model.
Landscape and Urban Planning. 182,133-143.

Yang, X., Zhou, Z., Li, J., Fu, X., Mu, X., and Li, T. 2016. Trade-offs between carbon
sequestration, soil retention and water yield in the Guanzhong-Tianshui Economic Region of
China. Journal of Geographical Sciences. 26(10), 1449-1462.

Yang, Y., and Cai, Z. 2020. Ecological security assessment of the Guanzhong Plain urban
agglomeration based on an adapted ecological footprint model. Journal of Cleaner Production.
260, 120973.

Yang, Y., Chen, J., Huang, R., Feng, Z., Zhou, G., You, H., and Han, X. 2022. Construction of
Ecological Security Pattern Based on the Importance of Ecological Protection—A Case Study
of Guangxi, a Karst Region in China. International Journal of Environmental Research and
Public Health. 19, 5699.

Yin, G., Wang, X., Zhang, X., Fu, Y., Hao, F., and Hu, Q. 2020. InVEST model based estimation
of water yield in North China and its sensitivities to climate variables. Water. 12,1692.

Yu, D., Wang, D.Y., Li, W.B., and Liu, S.H. 2018. Decreased landscape ecological security of
peri-urban cultivated land following rapid urbanization: an impediment to sustainable
agriculture. Sustainability. 10 (2), 394-409.

Yu, K. 1995. Security Patterns in Landscape Planning: With a Case in South China. Dissertation,
Harvard University.

Yu, K.J. 1996. Security patterns and surface model in landscape ecological planning. Landscape
and Urban Planning. 36(1), 1-17.

Zhang, J., and Qiao, X., Yang, Y., Liu, L., Li, Y., Zhao, S. 2025. Ecological security driving
mechanisms and optimization of zoning in Chinese urban agglomerations: A case study of the
central plains urban agglomeration. Ecological Indicators. 171. 113190.

Zhang, K.. Lin, N., Xu, D., Yu, D., & Zou, C. 2018. Research advance on ecological security in
China: Assessment models and management measures. Journal of Ecology and Rural
Environment. 34 (12), 1057-1063.

Zhang, L.Q., Peng, J., Liu, Y.X., and Wu, J.S. 2017. Coupling ecosystem services supply and
human ecological demand to identify landscape ecological security pattern: a case study in
Beijing-Tianjin-Hebei region China. Urban Ecosystems.20 (3), 701-714.

Zhao, J., Ma, C., Zhao, X., and Wang, X., 2018. Spatio-temporal dynamic analysis of sustainable
development in China based on the footprint family. International Journal of Environmental
Research and Public Health. 15 (2), 246.

Zhao, L., Liu, G., Xian, C., Nie, J., Xiao, Y., Zhou, Z., Li, X., and Wang, H. 2022. Simulation of
Land Use Pattern Based on Land Ecological Security: A Case Study of Guangzhou. China.
International Journal of Environmental Research and Public Health. 19, 9281.

Zhao, Y.Z., Zou, X.Y., Cheng, H., Jia, HK., Wu, Y.Q., Wang, G.Y., Zhang, Ch.L., and Gao,
Sh.Y. 2006. Assessing the ecological security of the Tibetan plateau: Methodology and a case
study for Lhaze County. Journal of Environmental Management. 80(2), 120—131.


https://www.sciencedirect.com/science/journal/01692046
https://www.sciencedirect.com/science/journal/01692046

Yasser Moarrabl & Vahid Novin / Environmental Resources Research 13, 1 (2025) 158

Zhong, Q., and Li, Z. 2024. Long-term trends of vegetation greenness under different urban
development intensities in 889 global cities. Sustainable Cities and Society. 106, 105406.
Zhou, X. 2007. Review of researches on ecological security assessment in China. Journal China

West Normal University. 28 (3), 200-206.



