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Abstract

Accelerated changes in land use/land cover (LULC) cause changes in environmental dynamics and land
degradation. The monitoring and modeling of changes, based on a time-series LULC approach, is fundamental
for planning and managing regional environments. The current study analyzed the LULC changes, as well as
estimate future scenarios for 2027 and 2037. To achieve accuracy, in predicting LULC changes, the land
change modeler (LCM) was used for the Latian Dam Watershed. The LULC time-series technique was
specified utilizing four atmospherically-endorsed surface reflectance Landsat images for the years t1 (1987),
t2 (1998), t3 (2007) and t4 (2017), to authenticate the LULC predictions to obtain estimates for t5 (2027) and
t6 (2037). The LULC classes identified in the watershed were (a) built-areas, (b) vegetated areas, (c) bare lands
and (d) water bodies. The dynamic modeling of the LULC was based on a multilayer perceptron (MLP) and
artificial neural network (ANN) in LCM. The overal accuracy rate equivalent 80.66, 83.21, 84.32 and 85.12for
the years t1 (1987), t2 (1998), t3 (2007) and t4 (2017), and Kappa Index equating to 0.80, 0.82, 0.84 and 0.86
respectively. The results of LULC change analysis showed an increase in the build-up areas; and a decrease in
bare lands and vegetated areas within the duration of the study period. The results of this research could help
regional planners and managers in the formulation of public policies designed to conserve environmental
resources in the Latian Dam Watershed and consequently, minimize the risks of the fragmentation of orchards,
vegetated areas and degradation of the valuable resources.
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Extended Abstract

Introduction

Accelerated changes in land use/land cover (LULC) cause changes in environmental dynamics and land
degradation. The monitoring and modeling of changes, based on a time-series LULC approach, is fundamental
for planning and managing regional environments. Most studies on land cover and land use changes have been
concentrated on urban expansion, with fewer focusing on regional development and watersheds, especially in
semi-arid regions. These regions hold significant importance for recreational land use, urban and rural
development, and agriculture. The current study analyzed the LULC changes, as well as estimate future
scenarios for 2027 and 2037.To achieve accuracy, in predicting LULC changes, the land change
modeler(LCM)was used for the Latian Dam Watershed.

The dynamic modeling of the LULC was based on a multilayer perceptron (MLP) and artificial neural network
(ANN) in LCM. The lack of up-to-date and quality information and rapid databases related to land cover and
land use changes in regional studies hinders accurate and efficient research and increases the risk of improper
regional development planning and policymaking (Darabi & Jalali, 2018). Therefore, modeling and prediction
can aid in land and natural resource planning, especially in the watershed of the Latian Dam, which is exposed
to disturbances and degradation due to excessive land use, traditional agriculture, and unplanned construction.
The aim of this research is to monitor past to present trends and simulate future changes to develop a potential
land use pattern in the Latian Dam watershed for the years 2027 and 2037. This will be achieved using an
algorithm based on an Atrtificial Neural Network Multi-Layer Perceptron (ANN-MLP) in the Land Change
Modeler (LCM) model.

Materials and Methods/Study of Area

The Latian Dam watershed is located in the northeast of Tehran Province. It serves as one of the sub-watersheds
of the Jajrood River basin, covering an area of approximately 790 square kilometers (JAMAB Consulting
Engineers, 2006). The geographic coordinates of the watershed range from approximately 35°35' to 36°36'
east longitude and 35°51' to 36°51' north latitude (Figure 1).
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Figure (1): Study Area - Latian Dam Watershed
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Methodology/Experimental Design

To achieve the main objective of the research, which is the examination of land use changes over a 30-year
period and the prediction of these changes for the next 10 and 20 years, precise land use maps are essential.
Therefore, supervised classification using the Maximum Likelihood method in ENVI software was employed.
Subsequently, all data and layers were georeferenced to the UTM coordinate system, zone 39 in the Northern
Hemisphere. The methodology used in this research, along with its steps, is presented through a flowchart
(Figure 2).
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The next step involved the preparation of potential ransition maps for different land use types in the Land
Change Model (LCM). This was achieved through Multi-Criteria Evaluation (MCE), fuzzy logic, Multi-Layer
Perceptron (MLP) perceptron, and Artificial Neural Network (ANN). Subsequently, prediction maps for the
years 2007 and 2017 were generated using LCM. In the following stage, the actual and predicted maps for the
year 2017 were compared and evaluated. The land use map for 2017 was then used as the base map for
simulating future changes in 2027 and 2037 by calculating the transition probability matrix during the years
2007-2017. Finally, predicted maps of land cover changes for the years 2027 and 2037 were simulated.

Result and Discussion

The results obtained reveal visible changes, including the expansion of human-made areas, the destruction of
vegetated regions, and barren lands. Between the years 1987 to 2017, a wide range of land use and cover
changes was observed, involving an increase in human-made areas, a decrease in vegetated areas, and minor
alterations in barren lands, while no significant changes were observed in water resources.

Multiple natural and human factors can lead to changes in land cover and land use, resulting in varying rates
of transition over different time periods. The changes in land cover and land use for the study area were
categorized into three time periods. The first period, from 1987 to 1998, indicates an increase in built-up areas
from 14.81 square kilometers to 15.52 square kilometers. During this period, 71.0 square kilometers of
vegetated areas were reduced. In the second period, from 1998 to 2007, construction activities showed growth,
increasing their area from 64.4 square kilometers to 70.06 square Kilometers. Simultaneously, vegetated areas
experienced a reduction, decreasing from 46.42 square kilometers in 1998 to 43.26 square Kilometers in 2007.
In the third period, from 2007 to 2017, the most significant increase was related to the built-up areas with an
increase of 74.6 square kilometers, while the most substantial decrease was associated with areas lacking
vegetation cover, with a reduction of 6.6 square kilometers.
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The approach involves examining the past and present and considering a scenario of continuity (assuming that
land use changes will continue as in previous years). The results obtained from the LCM based on this scenario
indicate that if the pattern of the last 30 years continues in the future, the destruction of vegetated areas in the
watershed will continue. This corresponds to a 31.1% reduction in 2027 and a 64.1% reduction in 2037.
Meanwhile, the built-up areas show increase from 26.90 square kilometers in 2017 to 48.27 square kilometers
in 2027 and 71.28 square Kilometers in 2037. This represents a 2.2% increase by 2027 and a 5.2% increase by
2037.

Conclusion

The results and analyses indicate an increase and expansion of built-up areas, a reduction in vegetated areas,
and areas lacking vegetation cover, with no significant changes in water resources. The results of this research
are consistent with findings from other studies such as (Ansari et al., 2019; Azari et al., 2016; Falahatkar et al.,
2016; Subdi et al., 2013; Gholamalifard et al., 2012; Sang et al., 2011). What distinguishes this study from
previous ones is the geographical and climatic location, proximity to the metropolitan area, and the types of
driving forces that have influenced changes in this watershed.
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