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Evaluating and forecasting the changes in habitat quality (HQ) caused by land use/land
cover (LULC) variations during urbanization is crucial for establishing a comprehensive
ecological planning system and tackling the obstacles to global sustainable development.
Over the last several decades, the biodiversity and environmental quality of the northern
provinces have seen significant transformations as a result of population growth, urban
development, climate change, and the rise in tourist activities. In this research, the LULC
maps of Amol City were preparing for the years 2000 and 2020 using remote sensing data.
Additionally, using the CA-Markov model, a simulation was conducted for the year 2035,
considering two scenarios: Business-As-Usual (BAU) and Ecological Protection (EP). To
assess the spatiotemporal changes occurring at HQ, we integrated the INVEST-HQ model
with the CA-Markov model. The findings indicate a significant decline in overall HQ in
the city of Amol between 2000 and 2020, mostly due to urbanization and agricultural
expansion. Between 2020 and 2035, according to the BAU scenario, the landscape pattern
and HQ will continue to deteriorate, following the previous trend of decline. The EP
scenario, on the other hand, will be critical in stabilizing and supporting the area's HQ.
This emphasizes the significance of preserving ecological spaces like forests and
grasslands. The study's maps and findings may assist local managers and related
organizations in implementing more efficient plans and solutions for the preservation of
these ecosystems.
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Introduction

Habitat quality (HQ) is an important measure of the variety of living organisms and the benefits they provide to
the environment. It may be influenced by changes in how land is used and covered, particularly urbanization (He
et al., 2023). Land Use and Land Cover (LULC) change is the main factor influencing the changes and
movements seen in natural environments. These changes have significant repercussions for the environment at
the local, regional, and global levels. To preserve ecological stability and promote organized and sustainable
growth, it is necessary to evaluate the HQ by considering changes in the LULC (Wang et al., 2021).
Urbanization, agriculture reclaiming, and deforestation may cause a decrease in HQ due to the direct effects of
occupying natural habitat areas, such as reducing their size and breaking them up into smaller fragments.
Furthermore, there are indirect consequences such as disturbance, resource appropriation, pollution, and alien
species invasion (Wei et al., 2023). The goal of this research is to assess the HQ in the Amol City area, a region
in northern Iran undergoing rapid urbanization (Firozjaei et al., 2020). It will do this by analyzing the temporal
and spatial patterns of LULC change, and examining how these patterns impact the appropriateness of habitats
for various species under different circumstances. The study's objectives are as follows: (1) to analyze and
delineate the patterns of HQ in Amol City from 2000 to 2020; (2) to simulate and predict the spatial distribution
of HQ in Amol City in 2035 based on the business-as-usual (BAU) scenario; and (3) to examine the impact of
the proposed scenario, which involves the protection of ecological spaces (EP), on future HQ in Amol City.

Materials and Methods

To monitor LULC changes in the study area, the researchers used remote sensing images from 2000 and 2020.
The images were pre-processed and classified using a Neural Network algorithm in Envi 5.6 software. Four
classes of land were considered: built-up, agricultural, forest, and grassland. To verify the accuracy of the
classification, a spatiotemporal analysis was performed using real Google Earth images. The study also used the
CA-Markov model in TerrSet 2020 software to model future LULC in 2035 under two scenarios (Fu et al., 2022;
Ghalehteimouri et al., 2022). The InVEST model was used to evaluate the HQ of the LULCs derived from the
acquired LULCs. Based on the types of land use, the model calculated the degree of habitat destruction and the
HQ index using threat factors, the sensitivity of different habitat types to threat factors, and the suitability of
habitat types (Tang et al., 2023). The results were compared to determine the HQ under different scenarios.

Results

The results showed that the highest area in 2013 was covered by agriculture (49.4%), followed by forest
(38.5%), built-up (9.6%), and grassland (2.5%). The developed land use and water bodies are predominantly
located in lower-elevation areas with gentle slopes. In addition, the forest cover was in the southern part of the
study area. Furthermore, findings illustrate that the built-up areas increased significantly from 9.6% to 23% in
2020 and are projected to reach 32.4% in 2035 under the BAU scenario, while the EP scenario reduced the built-
up areas by 1743 hectares. The forest areas decreased from 38.5% to 20% in 2020 and are expected to decline
further to 13.5% in 2035 under the BAU scenario, while the EP scenario preserved the forest areas by 4209
hectares. The agricultural and grassland areas showed less change, but grassland increased fourfold in 2020 due
to deforestation. The HQ was higher in the southern forest and mountainous areas, but lower in the northern
agricultural and urban areas. HQ also decreased over time and space, especially in the central and northern areas
of the city, due to urban expansion and land use conversion. The implementation of the EP scenario resulted in a
favourable impact on mitigating the reduction in HQ rates and increasing the percentage of regions with high or
excellent HQ. The research indicated that HQ is impacted by several variables, including land cover, human
activities, and urbanization. It emphasised the need for well-designed policies and planning to achieve a
harmonious balance between socio-economic growth and biodiversity protection in urban suburbs. The study
conducted a comparative analysis of its findings with previous research on HQ evaluation and prediction. It
proposed the implementation of specific policies and actions to achieve a balance between development and
conservation requirements in the area. To summarise, the research reveals that the LULC transformation in the
Amol City region has been marked by a notable rise in urban and agricultural zones, together with a decline in
forested regions from 2000 to 2020. The degradation of the environment posed a significant obstacle for LULC
categories that depend on forests for their survival. The simulation results suggest that under the BAU scenario,
there would be a continued decrease in HQ. However, in the EP scenario, HQ would be improved by appropriate
management of urban and agricultural areas, as well as an increase in forest coverage. Hence, our study not only
offers more proof that urban growth is a significant driver of the aforementioned transformations but also
highlights the significance of remote sensing in ecological modelling, particularly in areas where data is limited.
The results of this study are very significant for the remote sensing community since they include combining
remote sensing images with innovative methods to monitor changes in LULC related to land degradation and
sustainable development objectives.



Journal of Geography and Planning Vol. 30, No. 92, 2025

Conclusion

This study takes a close look at the patterns of HQ in Amol City over time and space by combining CA-Markov
and InVEST models with open-source remote sensing data. The study also showed that the INVEST and CA-
Markov models can be useful for figuring out how good habitats are in a range of LULC change scenarios.
According to the findings, the HQ index experienced a significant decline from 2000 to 2020. Moreover, the loss
of environmental ecological spaces, such as tree covers, pastures, and farmland, led to a substantial decrease in
the HQ index. To address this issue, it is crucial to implement efficient land use management measures in order
to reduce the environmental effects of human activities on the HQ. This study emphasises the critical role of
remote sensing in monitoring LULC changes in both short- and long-term scenarios. By integrating CA-Markov
and InVEST models, we were able to effectively track the spatial and temporal changes in HQ by analysing
LULC changes. Ultimately, our study provides a more profound comprehension of the connections between
LULC changes caused by environmental restoration projects and changes in habitat quality. The study found that
implementing measures such as afforestation and reforestation initiatives, combined with promoting tourist
development, may mitigate the negative impacts of LULC changes on HQ. In addition, several policy actions
were suggested to align urbanisation with ecological preservation.
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