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Investigating Ecosystem Services Provision Dynamics under
Landuse/landcover Changes in the Lake Urmia Basin

Khadijeh Rahimi Balkanlou!, Fatemeh Panahi?, Mohammad Jafari?, Arash Malekian*

Abstract

The Lake Urmia has been experiencing intensive environmental degradation characterized by
the enormous reduction of the lake area and water table. This has been mainly related to land
use/cover changes, agricultural activities expansion and intensification. As land use changes is
of the most important factors having effects on this system alterations, transitions between
different land use classes and their effects on ecosystem services and goods have been
considered using ecosystem services assessment matrix on the basis of experts advising
approach. The results indicate that the lake area has been decreased from 4946.3 in 1987 to
2147.87 km? in 2016 (50%) which is due to two times agricultural lands area expansion and
1538.43 km? increase in comparison with the year 1987. Bare land and urban areas expansion is
also considerable in the mentioned time period. In such conditions, although increasing ecosystem
services supply such as two times agricultural products increase and water supply to 1.5 times in 1987-
2016, the supply of other ecosystem services remained constant or have declined. According to the
spatial hotspots studied in the lake basin, ecosystem regulating and cultural services as well as
biodiversity mainly decreased at the shorelines of the lake, while provisioning services
increased along the major rivers and close to cities. In this regard, understanding and studying
the causes of this phenomena in a natural ecosystem would assist valuable landscapes
conservation via spatial planning tools especially in sensitive and fragile ecosystems.
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level. Lake Urmia faces a similar tragedy as the Aral Sea in Central Asia,
which lost 90% of its water volume mainly due to the expansion of cotton
cultivation. During an extended drought period in the 2000s, the lake's
water level even dropped below 1270 m above sea level and more than
40% of the lake's bed was exposed. These changes and the underlying
drivers have direct implications for the provision of ecosystem services

Keywords: (ES) and biodiversity in the entire basin. This issue has been mainly
Environmental  risk | attributed to land-use and land-cover changes, in particular related to
assessment, multi- | agricultural expansion and intensification.

criteria decision-

making, OWA, Alborz

Dam

1. Introduction

Lake Urmia has experienced severe environmental degradation, mainly characterized by the
enormous reduction of its surface area and water level. Lake Urmia faces a similar tragedy as the Aral
Sea in Central Asia, which lost 90% of its water volume mainly due to the expansion of cotton
cultivation. During an extended drought period in the 2000s, the lake's water level even dropped
below 1270 m above sea level and more than 40% of the lake's bed was exposed. These changes and
the underlying drivers have direct implications for the provision of ecosystem services (ES) and
biodiversity in the entire basin. This issue has been mainly attributed to land-use and land-cover
changes, in particular related to agricultural expansion and intensification.

Investigating Ecosystem Services Provision Dynamics under Land use/land cover Changes in the Lake
Urmia Basin
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2. Materials and Methods

In this study, we reviewed the literature and used remote sensing data together with expert
knowledge to assess the main driving forces, resulting land use/land cover (LULC) transitions and
their spatiotemporal impacts on ecosystem services and biodiversity using a matrix-based assessment
approach. We focused on LULC change as the major indicator of the environmental state, as it affects
most parts of the system. Due to data and time limitations, we used existing LULC data covering five
time steps (1987, 1998, 2006, 2011, and 2016) with a 30 m resolution to analyze temporal changes.
This data has been generated from Landsat 5- TM and Landsat 8-OLI imagery using an unsupervised
classification approach (ISODATA algorithm) to differentiate six LULC classes. For assessing the
impacts on ES and biodiversity resulting from LULC change, we followed the matrix-based
assessment approach proposed by Burkhard et al. (2009). We focused on three provisioning ES (crop
provision, livestock provision, and freshwater provision), two regulating ES (water regulation, local
climate regulation) and one cultural ES (recreation and ecotourism) as well as biodiversity. To derive
a first matrix, we sent the primary proposed matrix to local experts in environmental science, to
review and adjust the values to local circumstances. We then linked these values to the land-use data
to derive ES provision for each time step and assessed the relative temporal changes. To identify
spatial hotspots, we first subtracted the cell specific ES values in 1987 from the values in 2016. In a
second step, we spatially aggregated this difference by a factor of 100 taking cell sums and
determined the 2.5% and 5% quantiles, i.e. the most negative values, as hotspots of losses and the
95% and 97.5% quantiles, i.e. the most positive values, as hotspots of gains. Finally, we calculated the
effect of each LULC conversion on ES provision and biodiversity between 1987 and 2016 to identify
the most critical transitions.

3. Results

We identified that since 1987 cropland areas doubled at the expense of bare lands and natural
vegetation, the lake has lost more than half of its surface area, urban and freshwater areas increase
threefold and by 50% respectively. This favored crop and freshwater provision, while all other
ecosystem services remained nearly constant or decreased, though spatial patterns were
heterogeneous.

4. Discussion and Conclusion

To address the land-use transitions with the most profound impact on ecosystem service provision,
we recommend the following measures: increase the water supply to the lake, reduce cropland
expansion, manage existing croplands more sustainably and protect natural vegetation. Our study
provides a comprehensive overview of the regional ecosystem service dynamics and a valuable
baseline for future research and environmental management in the basin.
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