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Introduction

Land use and land cover (LULC) change is one of the most critical environmental challenges of the 21st
century, driven largely by human interaction with natural resources. Such changes lead to significant
ecological and socio-economic impacts, including water and air pollution, soil erosion, loss of
biodiversity, altered hydrological regimes, and increased flood risks. The Manderjan watershed, located
in the Zayandeh Rood basin of Isfahan Province, Iran, has experienced substantial LULC
transformations over recent decades, primarily through the conversion of rangelands and natural covers
to agricultural and residential uses. These changes not only threaten local ecosystem stability but also
exacerbate water management challenges in an already water-stressed region.

Accurate prediction of future land use patterns is essential for sustainable watershed management and
planning. Remote sensing (RS) and geographic information systems (GIS), combined with predictive
modeling, offer powerful tools for monitoring and projecting LULC changes. Among various modeling
approaches, integrated models such as the Cellular Automata-Markov (CA-Markov) model have gained
prominence for their ability to combine spatial dynamics (through cellular automata) with temporal
transition probabilities (through Markov chains). This hybrid model is particularly effective in
simulating complex spatio-temporal land use changes, as demonstrated in numerous studies worldwide
(e.g., Hyandye and Martz, 2017; Memarian et al., 2012).

This study aims to simulate and predict LULC changes in the Manderjan watershed using the CA-
Markov model, based on historical Landsat imagery from 1991 to 2021. The specific research questions
addressed are: (1) What have been the historical patterns of LULC change in the Manderjan watershed?
(2) What is the projected future trend of LULC change under a business-as-usual scenario? (3) What are
the potential environmental threats and consequences associated with these projected changes? The
findings are expected to provide actionable insights for sustainable land use planning and natural
resource management in the region.

Materials and Methods

The study area, the Manderjan watershed, covers approximately 228 km?2 within the Zayandeh Rood
basin, located about 150 km west of Isfahan. Its geographical coordinates range from 50°27'16" to
50°40'34" E and 32°45'12" to 32°57'07" N, with an average elevation of 2401 m above sea level and an
average slope of 12.67%.

Landsat satellite images (Path 37, Row 164) for the years 1991, 2001, 2011, and 2021 were acquired
and preprocessed through geometric, radiometric, and atmospheric corrections. Supervised
classification with the maximum likelihood algorithm was applied to categorize land use into four
classes: agricultural land, mountainous land, rangeland, and residential land. Classification accuracy
was assessed using error matrices, overall accuracy, producer’s accuracy, user’s accuracy, and the
Kappa coefficient.

The CA-Markov model, implemented in the IDRISI TerrSet software, was used for change analysis and
future projection. Transition probability matrices were generated from the 1991-2021 LULC maps to
quantify changes between classes. The model was validated by simulating the 2011 and 2021 LULC
maps based on earlier data and comparing them with the actual classified maps. After validation, future
LULC maps for 2031 and 2041 were projected under a scenario of continued current trends, using a 10-
year time step.

Results and Discussion

The classification of historical images yielded high accuracy, with overall Kappa coefficients exceeding
0.80 for all years, confirming the reliability of the extracted LULC maps. The validation of the CA-
Markov model showed excellent performance, with Kappa values of 0.96 for 2011 and 0.969 for 2021,
indicating a strong agreement between simulated and observed LULC patterns.

Analysis of historical changes revealed a consistent decline in rangeland areas and an expansion of
agricultural and residential lands. Between 1991 and 2021, rangeland decreased significantly, while
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agricultural land increased due to ongoing conversion. The transition probability matrices indicated a
high likelihood of rangeland being converted to agricultural use.

Future projections for 2031 and 2041 suggest a continuation of these trends. By 2031, agricultural land
is expected to expand further, with rangeland decreasing by approximately 315 hectares. By 2041,
rangeland loss is projected to reach about 868 hectares. Residential areas also show a gradual increase,
contributing to the reduction of natural covers. The total change magnitude between classes remained
below 9% in 2011 and below 15% in 2021, reflecting systematic and directional transformations rather
than random shifts.

These predicted changes carry serious environmental implications. The replacement of permeable
rangelands with agricultural and impervious residential surfaces reduces infiltration capacity, increases
surface runoff and curve numbers, elevates flood risks, and diminishes base flow in streams. Soil erosion
is likely to intensify, and groundwater recharge may decline, exacerbating water scarcity in the region.
The trends align with findings from similar studies in Iran and other semi-arid regions, such as those by
Gholizadeh et al. (2023) in Ghal’eh Joq, Iran, and EI Haj et al. (2023) in Morocco, highlighting a global
pattern of natural land cover loss due to anthropogenic pressure.

The CA-Markov model proved to be a robust tool for LULC projection in the Manderjan watershed,
though it has inherent limitations. It relies on past trends and does not account for sudden socio-
economic shifts, policy interventions, or climate anomalies. Moreover, the use of only four broad land
use classes may overlook intra-class variability. Future improvements could include integrating socio-
economic drivers, using higher-resolution imagery, and developing alternative management scenarios.

Conclusion

This study successfully applied the CA-Markov model to simulate past and future LULC changes in the
Manderjan watershed. The results indicate a clear and ongoing trend of rangeland conversion to
agricultural and residential uses, with significant potential environmental consequences, including
increased flood risk, soil degradation, and reduced water retention capacity. The high validation
accuracy supports the reliability of the projections.

The research provides a spatially explicit, quantitative basis for land use planning and highlights the
urgent need for sustainable management strategies. Recommendations include establishing protected
rangeland zones, promoting sustainable agricultural practices, and implementing urban growth
boundaries based on ecological carrying capacity. The methodology adopted here can be extended to
other watersheds in Iran and similar regions for proactive land use planning and decision support.

For future research, it is suggested to: (1) incorporate direct drivers of land change (e.g., distance to
roads, population density, policies) into the model; (2) use advanced classification algorithms and
higher-resolution imagery for finer class discrimination; (3) develop and compare multiple future
scenarios, including conservation and controlled-development options; and (4) quantitatively assess the
hydrological and ecological impacts of projected changes through integrated modeling approaches.
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