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Abstract:

Significant transformations in land use over recent decades have posed serious challenges to the capacity of ecosystems to deliver essential
services. Therefore, it is crucial to assess the impact of such changes on ecosystem services more precisely. The present study aimed to
forecast future land use maps by employing the Scenario Generator tool within the INVEST software, allowing for the extraction and analysis
of past and present land use maps. Additionally, the Habitat Quality tool of the same software was utilized to evaluate the effects of land use
changes on habitat quality in the Talar watershed, located in Mazandaran Province. The findings revealed that the unrestrained expansion of
agricultural lands and residential areas—particularly during the 2024 to 2044 period—Ileads to a decline in habitat quality, a trend most
evident in the northern and eastern zones of the study area. Furthermore, land degradation intensified during this same period. The results
indicate that human activities aimed at ensuring the welfare and nourishment of a growing population have replaced natural landscapes with
agricultural lands and residential zones. These alterations have resulted in land degradation and a decrease in the quality of habitats for both
flora and fauna. If the current trend continues, the extinction of native species in the near future is highly probable. Therefore, it is imperative
to implement principled and comprehensive management strategies to conserve and rehabilitate natural landscapes—especially forested
areas—thus paving the way for the improvement and enhancement of these regions, and ensuring the protection of species that naturally
inhabit them.
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Extended Abstract

Introduction

Land use is a fundamental indicator of the interaction between human societies and their environment, encompassing
agricultural, residential, forestry, and recreational functions shaped by economic, social, and cultural factors (1). Over recent
decades, dramatic land use changes, driven by population growth, technological development, and economic expansion, have
significantly altered landscape patterns and ecosystem functions (2). These transformations have had profound implications for
biodiversity, climate regulation, and human well-being, highlighting the urgent need for sustainable land management policies
(3).

Land use change, such as deforestation, urban sprawl, and agricultural expansion, is closely tied to ecological degradation.
Urbanization has been linked to disrupted hydrological cycles and water pollution (4), while deforestation accelerates
biodiversity loss and contributes to carbon cycle disruption (5). Agricultural expansion, though essential for food security, often
results in soil erosion, water scarcity, and the loss of ecosystem services like pollination and climate regulation (6).

To address these challenges, forecasting land use changes has become a vital component of environmental planning.
Spatially explicit models that integrate GIS data with statistical and computational techniques provide tools to simulate the
impacts of land use policies and environmental changes (7). Agent-based models (ABMSs), regression-based statistical models,
and hybrid frameworks have been developed to analyze these dynamics, each offering distinct methodological strengths (8-
10).

Among these tools, the INVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) model has gained prominence
for its capacity to evaluate ecosystem service dynamics under various land use scenarios. By integrating spatial data and GIS
capabilities, INVEST assesses how land conversion—e.g., deforestation or agricultural encroachment—affects services like
water purification, carbon sequestration, and biodiversity conservation (Sharp et al., 2018). The model’s holistic framework
enables researchers and policymakers to explore the ecological and economic trade-offs of development decisions (11).

Habitat quality assessments, a key component of this study, depend on ecological, physical, and human-derived indicators
to gauge ecosystem health and sustainability (12). Land use change often results in habitat fragmentation and degradation, with
consequences for climate systems and ecological resilience (13). Conversion of natural habitats to monocultures or urban areas
reduces species richness and undermines key ecosystem functions (14).

Recent research utilizing spatial-temporal prediction models such as CA-Markov and INVEST has demonstrated the impact

of land conversion on habitat quality. For example, in China’s Three Gorges and Yangtze River Basin, agricultural and




1Fe¥ Jlu

. & ¢ > ﬁ,é [ 36
Glrsghess .

residential expansion led to habitat loss and ecological disruption (15, 16). In Iran, similar patterns were observed in protected
areas and urbanized zones, where anthropogenic pressures degraded habitat quality (10, 17). Despite these advances, limitations
in high-resolution data and the need for integrative models remain significant challenges. Thus, further studies that incorporate
ecological, social, and economic dimensions are necessary to inform effective conservation strategies.

Methods and Materials

The study was conducted in the Talar watershed of Mazandaran Province, covering 1,727 km2. This southern and flood-
prone watershed features a varied elevation range (216-3,967 m) and a predominantly northward flow into the Caspian Sea.
To assess land use changes, Landsat 7 (2004) and Landsat 8 (2024) satellite images with 30-meter resolution were processed
using ENVI 5.3 and ArcGIS 10.3. Geometric and atmospheric corrections were applied to enhance accuracy.

The Maximum Likelihood Classification algorithm was used for land use mapping, drawing on field samples, GPS points,
and Google Earth. Accuracy was evaluated using the overall accuracy and Kappa coefficient. Future land use for 2044 was
predicted using the INVEST Scenario Generator tool, incorporating GIS overlays, expert opinion via AHP, and land suitability
indices.

For habitat assessment, the InVEST Habitat Quality tool was employed. Input layers included historical, current, and
predicted land use maps, spatial threat maps, sensitivity matrices, and legal protection data. Habitat types (e.g., forests,
rangelands) and anthropogenic land uses (e.g., roads, residential areas) were assigned threat and sensitivity scores, with spatial
influence modeled up to 20 km.

Findings

The 2004 and 2024 land use maps identified nine land use classes: forests, dense and degraded rangelands, rainfed and
irrigated agricultural lands, orchards, residential areas, rivers, and roads. Accuracy assessments showed overall accuracy of
91% (2004) and 89% (2024), with Kappa coefficients of 0.88 and 0.86, respectively.

Between 2004 and 2024, forest areas declined by 2.64%, primarily replaced by rainfed and irrigated agricultural lands.
Rainfed agriculture showed the highest growth (69.91%), while dense rangelands declined by 5.95%, and degraded rangelands
expanded by 97.11%. Residential and orchard areas also grew significantly due to tourism and agricultural incentives.

The 2044 land use forecast revealed continued forest decline (4.47%) and expansion of rainfed agriculture (59.67%) and
degraded rangelands (72.28%). However, the growth rate for irrigated lands slowed due to water and topographical constraints.
The Scenario Generator indicated no new land use classes by 2044.

The Habitat Quality tool produced habitat quality and degradation maps for 2024 and 2044. The findings showed significant
habitat degradation concentrated in the northern and eastern zones, with additional degradation emerging in the west and central
regions by 2044. Despite the relatively low absolute degradation index, the model showed a pronounced decline in habitat
quality.

Habitat quality was categorized into five equal intervals: very low, low, moderate, high, and very high. From 2024 to 2044,
very low-quality habitat area expanded dramatically (from 9.89% to 65.55%), while all higher-quality classes declined,
including a 13.55% drop in very high-quality areas.

Discussion and Conclusion

The study underscores the critical impact of land use change on habitat quality within the Talar watershed. The expansion
of agricultural and residential zones—fueled by population growth, economic needs, and aesthetic appeal—has resulted in the

systematic replacement of natural landscapes, triggering habitat degradation and fragmentation. Over the 40-year simulation
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period, land use trends indicated a persistent conversion of forested and densely vegetated lands into croplands and settlements,
with direct consequences for ecological integrity.

The projected decline in habitat quality, particularly in ecologically sensitive zones, highlights the potential loss of
biodiversity and the weakening of ecosystem functions. The increase in degraded rangelands and reduced forest coverage
implies heightened vulnerability to erosion, loss of carbon sinks, and decreased climate resilience. The habitat quality maps
suggest that if the current trajectory continues, much of the watershed will shift toward low ecological functionality by 2044.

While the INVEST model provided a reliable spatial simulation framework, its outputs hinge on the accuracy of input data,
particularly the relative threat weights, habitat sensitivities, and legal/institutional protection indices. These variables strongly
influence the degradation projections, emphasizing the need for comprehensive, localized datasets and stakeholder engagement
in model calibration.

The findings advocate for the implementation of structured, multi-dimensional land management strategies. Protecting
forested areas, controlling urban sprawl, and enforcing land use regulations are essential to curbing habitat loss. Additionally,
integrating ecological restoration efforts and sustainable agricultural practices can help reverse some of the degradation trends
observed.

Ultimately, the study offers a valuable framework for understanding the dynamic interplay between human land use and
ecosystem health. It serves as a decision-support tool for policymakers and planners to prioritize conservation interventions,

assess trade-offs, and guide the formulation of sustainable land use policies tailored to the socio-ecological context of northern

Iran.
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