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Objective: In this study, the ordinary least squares (OLS) regression model was applied to estimate
the impacts of land use and land cover (LULC) changes from 1999 to 2023 derived from Landsat
satellite imagery on water productivity as a key ecosystem service essential for environmental
sustainability. Focusing on the Lavasanat district in Tehran province, which has undergone rapid
urbanization and severe land use/cover changes, this study determined the extent to which water
production performance (runoff) responded to land use/cover changes, thereby providing
significant information on the environmental consequences of land use/cover changes under
increasing human pressures.

Method: This study used Landsat satellite imagery to assess the trends in land use/cover (LULC)
changes over time at a spatial resolution of 30 m. Water yield modeling was performed using the
annual water yield index of the InVEST software. The model inputs included land use and cover
maps from three different time series along with data on precipitation, potential evapotranspiration,
soil depth, water availability for plants, and local biophysical tables. The results from the InVEST
model were analyzed using an ordinary least squares (OLS) regression model to estimate the
impact of land use/cover changes on water yield. This method allows for a detailed examination of
the relationship between land use/cover changes and their impacts on the water yield.

Results: The results showed that between 1999 and 2023, the area of green spaces, including
agricultural lands, gardens, and pastures, decreased by 161.21 km?, or 31 percent. Consequently,
the annual water production (runoff) increased from 105 to 130 million cubic meters. In addition,
the area of the minimum error zone decreased from 445.3 to 23.5 km?, indicating a decrease in the
reliability of the model. Such findings indicated the high variability and complexity of
hydrological interactions and indicated the severe effects of overdevelopment and increasing land
use/cover pressures.

Conclusions: The results of this study showed that the water production capacity (runoff) of the
ecosystem was vulnerable to changes in land use and land cover. These changes increased runoff,
reduced water permeability in the soil, and disrupted the hydrological balance of the region.
Therefore, it is necessary to use integrated modeling approaches and simultaneously pay attention
to climate change, socio-economic factors, and land use/cover planning. Regional planning should
also emphasize preservation and restoration of green spaces and smart management of urban
development, which is an inevitable necessity to maintain ecosystem resilience and water resource
sustainability.
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Introduction

Urban development and population growth have led to significant changes in land use/cover. These changes, especially
in regions near metropolitan areas, are important challenges in natural resource management and ecosystem
sustainability. The increasing rate of urbanization in many regions, such as Lavasanat, has created more complex and
multi-layered patterns of land use change in recent decades. Such processes are not confined to the reduction of
vegetation cover alone but extend to structural changes in the landscape, increased habitat fragmentation, and increased
pressure on the water cycle. Hence, the scientific study of the role of these changes with regard to ecosystem services
may play a leading role in predicting future risks and achieving sustainable planning. Land use changes can transform
the structure and function of ecosystems and severely affect ecosystem services. In this regard, water production, as one
of the vital ecosystem services, is of particular importance because the reduction of natural cover as a result of urban
expansion causes negative effects on water resources, especially on the peripheries of metropolitan areas. Therefore,
understanding the relationships between land use/cover changes and water production is essential for sustainable water
resource management and land use planning. Furthermore, global evidence shows that mountainous and peri-urban
areas are more sensitive to land-use changes than other areas, and even small changes can lead to major disruptions to
the water balance. This is particularly important in semi-arid regions where water demand is high. Despite the
importance of ecosystem services and the vital role of water production, rapid and widespread changes in land
use/cover have put increasing pressure on water resources, which leads to a quantitative and qualitative degradation of
water resources and serious challenges in sustainable management. In this context, a detailed and quantitative study of
the impact of these changes is an essential step to provide effective solutions for conserving urban water resources.
Recently, special attention has been paid to ecosystem services related to the urban water cycle in areas facing water
scarcity or severe pollution. In addition, concerns about climate change and the increasing frequency of droughts have
increased the need for studies that can explain long-term trends in water production. Integrating ecological models with
statistical analyses in these circumstances can significantly increase the accuracy of the analyses. Water production is
affected by various factors such as population trends, climate variability, economic activities, and especially land use
changes. In this regard, water production modeling has been considered an efficient method for analyzing the spatio-
temporal effects of land use. The InVEST modeling tool was used to analyze the ecosystem changes. The main
innovation of this study was combining the InVEST model with ordinary least squares (OLS) regression analysis. The
InVEST model simulates water production spatially, and ordinary least squares regression analysis quantifies the
intensity and direction of the impact of land use changes. This combination provides a more detailed view of the
relationship between spatial changes and ecosystem services, which has rarely been seen in previous studies. Using
Landsat images, land use changes in Lavasanat over 24 years were modeled, and a multi-dimensional analysis of their
impact on water production was provided. The results of this study can help decision-makers in natural resource
management and urban sustainability, and by identifying the strengths and weaknesses of water management practices,
it provides valuable information for biodiversity conservation and sustainable urban development.

Method

This study examined land use/cover changes in the Lavasanat district over a 24-year period (1999-2023) and their
impact on water production (runoff). The research methodology involved processing Landsat satellite images with an
accuracy of 30 meters with eCognition Developer 9.01 software, using the Annual Water Yield model of InVEST
software. The model inputs included land use/cover maps in three time periods, precipitation, potential
evapotranspiration, soil depth, plant available water, and a biophysical table. In this study, all parameters related to
climatic conditions, such as precipitation and potential evapotranspiration, were considered constant to assess only the
effect of land use/cover changes on water production. This approach allowed the role of human factors to be more
accurately separated and interpreted, and modeling results could be presented with minimal uncertainty due to climatic
fluctuations. Then, the results of InVEST modeling were entered as the dependent variable into the ordinary least
squares regression model to quantitatively evaluate the impact of land use/cover changes as the independent variable on
water production. Using the ordinary least squares regression model made it possible to numerically and quantitatively
analyze the intensity and direction of the effect of land use changes and examine the relationship between spatial
changes and water production in the form of linear patterns. In addition, statistical analysis of modeling results helped
to identify areas with high sensitivity to land use changes and provide a basis for sustainable water resources planning.
This approach allows for the statistical analysis of the relationship between spatial changes in land use/cover and water
production (runoff) values and helps researchers to examine the magnitude and direction of these effects in the form of
linear patterns. Also, combining satellite data with statistical analysis allowed validating the model results and reducing
possible errors caused by input data, increasing the accuracy of predictions.

Results
The results of the study showed that during the years 1999 to 2023, a decrease of 161.21 square kilometers (31 percent)
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of green spaces led to an increase in the volume of produced water (runoff) from 105 to 130 million cubic meters.
According to the obtained results, with other factors held constant (except for land use/cover change), the volume of
produced water in Lavasanat increased from 105 million cubic meters in 1999 to 130 million cubic meters in 2023. This
significant increase in runoff volume indicated that the reduction of green cover and the development of urban areas
could directly affect the hydrological cycle and reduce water infiltration into the soil, even when constant climatic
conditions were considered. This growth, due to land use changes, was justified by a linear relationship and a high
coefficient of determination (R?>=0.9624), indicating a strong correlation between these changes and the increase in
runoff, so that about 24 million cubic meters had been added to the volume of runoff in 24 years. The high coefficient
of determination indicated that land use change was the dominant factor in the increase in runoff, and almost all the
observed changes could be attributed to human interventions. This fact highlighted the importance of land use
management in maintaining hydrological balance and preventing increased risk of surface floods. The average water
production changed from 204 to 251 mm, and the actual evapotranspiration changed from 179 to 132 mm. Also, the
error of the ordinary least squares regression model in 1999 was highly accurate in agricultural, rangeland, and parkland
land uses; only some residential areas were overestimated in red. In 2013, it expanded in urban and water areas in parks,
indicating a decrease in the model's accuracy in these land uses. In 2023, the yellow area decreased, residential areas
were heavily red (overestimated), and natural land uses such as rangeland and water resources were predominantly blue
(underestimated). This pattern indicated that with increasing urbanization and land use change, the model performance
accuracy declined in predicting runoff in urban and natural areas, and more advanced models were needed. This trend
of decreasing model accuracy with increasing urbanization indicated that simple models may not be able to fully
simulate the hydrological complexities resulting from structural and microscale land use changes, and the use of more
advanced models was essential for future analyses. These results emphasized that the use of relative variables and the
ordinary least squares regression model could provide a clear picture of the trend and intensity of changes in water
production services. Ultimately, these findings can help decision-makers identify areas sensitive to increased runoff and
set appropriate management priorities to maintain green cover and control urban development. Also, trend analysis can
provide a basis for sustainable policymaking in urban water resources management.

Conclusions

Water supply is one of the key ecosystem services that is affected by natural and human factors and plays an important
role in the development of societies. Declining water quality and quantity can impact agriculture, drinking water supply,
and local economies and increase the costs of flood and drought crisis management. In the Lavasanat district, during the
study period, the reduction of green spaces and the rapid expansion of urban (residential) areas reduced water
permeability of the soil and increased surface runoff, disrupting the hydrological balance. Increased surface runoff not
only disrupts the hydrological cycle but can also lead to soil erosion, surface water pollution, and reduced biodiversity.
This fact emphasizes that urban development without careful planning and neglecting ecosystem services can have
long-term and irreversible impacts on water resources and natural ecosystems. Identifying and protecting sensitive
green areas, especially in marginal and mountainous areas, is of particular importance. The accuracy of the ordinary
least squares regression model was favorable in the early years but decreased with the intensification of urbanization.
This trend has put pressure on ecosystem services and increased runoff production; rapid urban development also
reduced the accuracy of simple water resource prediction models and showed the complexity of hydrological
interactions. The use of hybrid, dynamic, or machine learning-based models can enhance hydrological predictability in
urban areas with rapid land use changes. The decrease in model accuracy with increasing urbanization indicates that
simple models may not be able to predict hydrological behavior in areas with severe land use changes, and therefore the
use of hybrid or more advanced models is necessary for water resources planning in developing regions. Therefore,
smart and sustainable management of land use/cover by preserving and restoring green spaces and controlling urban
development is essential to improve water quality and increase ecosystem resilience. Besides designing green belts and
restoring natural cover, the development of urban policies based on ecosystem service assessment, runoff management,
and protection of waterways can reduce the pressure on ecosystems. In addition, the integration of satellite data, spatial
modeling, and statistical analyses can form a sound basis for management decisions. Preventive policy measures,
creation of greenbelts, and restoration of natural cover can enhance the resilience of ecosystems and reduce surface
runoff and flash flood risks. Success in the management measures and enhancement of resilience of ecosystems depends
on the participation of the local community and public education regarding the importance of maintaining green cover
and sustainable management of water resources. Consideration of ecosystem services in urban planning should be a key
principle for policymakers and natural resource managers. It is expected that prospective, ecosystem-based urban
planning supported by land use change scenarios will be able to reduce pressure on ecosystem services and water
resources and sustain urban development in a way that is congruent with sustainability.
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