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Assessment of land use changes in the previous years and prediction of these changes in
the following years is an essential tool for various planning and management of natural
resources. Population growth has led to the expansion of industrial areas, cities,
agricultural land and land use change. The purpose of this study was to model and predict
land use / land cover changes using the LCM model in Kurdistan province. The LCM
model uses the Markov chain model, the multilayer perceptron network, and MOLA to
generate a probability map, and finally could predict land use change. In order to detect
land use changes in the studied area, TM and ETM+ satellite images of Landsat were
used during three time periods of 2007, 2014, and 2021, and a separate map was prepared
for each year. The standard Kappa coefficients were used to validate the model. The
coefficients mentioned were calculated 0.78, 0.87, 0.87, respectively. The results of
modeling showed that 68.6% and 13% decrease in the area of forest and Rangeland land
in the next 20 years respectivly. The results indicate that the management of the area
could lead to more preservation of natural ecosystems and prevent its conversion to
agricultural land.
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Introduction

Assessment of land use and land cover changes over time and prediction of future trends represent critical tools for effective
natural resource management, land-use planning, and sustainable development. Population growth has led to unprecedented
expansion of industrial areas, urban centers, and agricultural lands, resulting in widespread land use changes that subsequently
cause soil degradation, increased erosion, and alterations in ecosystem functioning. Land use and land cover changes have
become a major concern for scientists and decision-makers due to their significant impacts on environmental systems, including
greenhouse gas emissions, climate change, biodiversity loss, and landscape fragmentation. These changes affect the demand
for land across various sectors including agriculture, forestry, urban development, tourism, and natural area conservation. The
Kurdistan Province, located in western Iran within the Zagros mountain range, represents an ecologically significant region
characterized by diverse ecosystems, with the Zagros forests being particularly valuable for their biodiversity and ecological
services. Unfortunately, these valuable ecosystems have faced increasing fragmentation and conversion to incompatible land
uses, threatening soil stability, watershed functions, and biodiversity conservation. Remote sensing and Geographic Information
Systems (GIS) provide powerful tools for monitoring land surface changes over time, enabling better understanding of human-
nature interactions and supporting informed decision-making for land management. Various land change models including
GEOMOD, CLUE, DIANAMIC, CA-Markov, and the Land Change Modeler (LCM) have been developed and applied for
predicting land use changes. This study aims to model and predict land use/land cover changes in Kurdistan Province over the
next 20 years using the LCM model, providing critical information for sustainable land management and conservation planning
in this ecologically valuable region.

Methodology

This study utilized Landsat satellite imagery from TM and ETM+ sensors for three time periods (2007, 2014, and 2021) to
detect land use/land cover changes in Kurdistan Province. Geometric and atmospheric corrections were applied to the images
using ENVI 4.7 software. Supervised maximum likelihood classification was employed to generate land use maps, classifying
the study area into five categories: agricultural land, urban areas, forest land, rangeland, and water bodies. The Land Change
Modeler (LCM), which integrates Markov chain analysis, multilayer perceptron (MLP) neural network with backpropagation,
and Multi-Objective Land Allocation (MOLA), was used for modeling and predicting future land use changes for the year
2040. Four sub-models were defined based on observed major transitions: forest to rangeland, rangeland to agriculture,
rangeland to urban, and agriculture to urban. Topographic variables including slope, aspect, elevation, and distance to roads
were used as explanatory variables. Model validation was performed by predicting the 2021 land use map using 2007 and 2014
data, comparing predicted results with the reference map using standard Kappa coefficients, which achieved values of 0.78,
0.80, and 0.87 for the respective periods.

Results and Discussion

The land use change analysis revealed alarming trends across Kurdistan Province. Between 2007 and 2021, urban areas
expanded by 273%, while agricultural land increased by 120%. Conversely, forest areas experienced a dramatic decline of
82%, and rangeland decreased by 14.2%. The period from 2007 to 2014 showed the most rapid urbanization with a 178%
increase, while the 2014-2021 period saw agricultural expansion accelerating at 39%. The LCM model validation achieved a
Kappa coefficient of 0.79, confirming acceptable accuracy for predicting 2021 land use. The prediction for 2040 indicates that
agricultural land will increase to 1,205,034 hectares (41.4% of the province), representing a 32% increase from 2021, while
forest areas will dramatically decrease to only 13,909 hectares (0.47%), representing a 68.5% reduction from current levels.
Rangeland is projected to decline to 1,657,786 hectares (57.03%), while urban areas will continue expanding to 17,803 hectares.
The conversion of forests and rangelands to agricultural land is attributed to population growth, availability of suitable
rangelands for cultivation in eastern parts of the province, dam construction increasing water availability, and unsustainable
agricultural expansion. Significant drivers include oak forest dieback due to drought, illegal logging for fuel, and conversion
of forest lands to agriculture. Protected areas such as Bijar and Kuhsalan have experienced slower conversion rates due to legal
protection. The projected decline in water bodies (1.1%) despite increased dam construction serves as a warning signal for the
province's water security and the need for sustainable water resource management.

Conclusion

This study successfully modeled and predicted land use/land cover changes in Kurdistan Province using the LCM model,
revealing critical trends that demand immediate management attention. The dramatic decline of forest areas (82%) and
rangelands (14.2%) coupled with rapid expansion of agricultural lands (120%) and urban areas (273%) between 2007 and 2021
highlights the urgent need for conservation interventions. The prediction for 2040, showing further forest loss to only 0.47%
of the province and continued agricultural expansion, serves as a warning signal for policymakers, land-use planners, and
natural resource managers. Protecting remaining forest patches, particularly in western parts of the province, and implementing
sustainable land management practices are essential to prevent irreversible ecosystem degradation. The results suggest that
effective management interventions could preserve natural ecosystems and prevent their conversion to agricultural land.
Strategies including strengthening protected area networks, implementing sustainable agricultural practices, regulating urban
expansion, promoting reforestation programs, and enforcing land-use regulations are essential for sustainable land management.
The LCM model demonstrated reliable predictive capability for this region, and the findings provide a scientific basis for
developing land-use policies that balance agricultural development with conservation of Kurdistan's valuable natural heritage.
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