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Abstract

Recurring droughts at various intensity leads to decline in
streamflow and wetland area. In this study, using Landsat
satellite images, temporal changes in the area of the Bakhtegan
and Tashk lake from 1986 to 2019 were investigated. Also,
based on the Standard Precipitation Index (SPI), the effect of
precipitation falling on the lake area as well as the total inflow
to the lake were studied. Then, by generating land-use maps,
land-use changes in Bakhtegan and Tashk basin area were
analyzed. In addition, a model for forecasting lake area (of next
year) on the basis of lake area, total inflow, and annual
precipitation falling on the lake basin area associated with the
previous year was presented. The results showed that in the
study period, the minimum lake area occurred in 2011 and was
equal to 17.038 square kilometers, which shows a decrease of
98% compared to the maximum area corresponding to the year
1993. Furthermore, 12-month SPI in Bakhtegan and Tashk
Lake basin indicated that the meteorological drought index
directly affects the changes of the lake area. However, from
2006 to 2012, the inflow to the lake has severely decreased due
to the increasing human interventions within the basin such
that, during this period, lake surface area does not strongly
respond to SPI variations. The results of the forecast model
showed that the coefficient of determination between neural
network model output (lake area) with observed lake area
corresponding to satellite images was equal to 0.72. As a result,
the forecast model could acceptably predict the lake area.
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Table 1- Images downloaded from the Earth Explore website
Earth Explore Colw jloud b > polai ) Jous

Row Satellite Sensor Acquisition Date
1 Landsat 5 ™ 1986-04-11
2 Landsat 5 ™ 1987-05-06
3 Landsat 5 ™ 1988-07-11
4 Landsat 5 ™ 1989-04-09
5 Landsat 5 ™ 1990-08-18
6 Landsat 5 ™ 1991-04-15
7 Landsat 5 ™ 1992-04-01
8 Landsat 5 ™ 1993-06-23
9 Landsat 5 ™ 1994-05-25
10 Landsat 5 ™ 1995-03-06
11 Landsat 5 ™ 1996-11-06
12 Landsat 5 ™ 1997-01-09
13 Landsat 5 ™ 1998-05-20
14 Landsat 5 ™ 1999-11-06
15 Landsat 7 ETM+ 2000-05-17
16 Landsat 7 ETM+ 2001-05-17
17 Landsat 7 ETM+ 2002-03-21
18 Landsat 7 ETM+ 2003-05-23
19 Landsat 7 ETM+ 2004-05-12
20 Landsat 7 ETM+ 2005-05-31
21 Landsat 7 ETM+ 2006-05-18
22 Landsat 7 ETM+ 2007-05-21
23 Landsat 7 ETM+ 2008-06-24
24 Landsat 7 ETM+ 2009-06-11
25 Landsat 7 ETM+ 2010-05-29
26 Landsat 7 ETM+ 2011-06-01
27 Landsat 7 ETM+ 2012-05-02
28 Landsat 8 OLI/TIRS 2013-05-29
29 Landsat 8 OLITIRS 2014-03-29
30 Landsat 8 OLI/TIRS 2015-04-17
31 Landsat 8 OLI/TIRS 2016-05-05
32 Landsat 8 OLI/TIRS 2017-04-22
33 Landsat 8 OLI/TIRS 2018-04-09
34 Landsat 8 OLITIRS 2019-03-27
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Fig. 2- Time series of Bakhtegan and Tashk lake area (Square Kilometer)
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Fig. 3- The area of the Bakhtegan and Tashk lake from 1986 to 2019
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Table 3- Land use changes in Bakhtegan and Tashk basin (Square Kilometer)
(&30 FloghS) SWib g (Kidy abgs (51,] () Olpeds Y Jog>

Year/Class Water Soil Farm Garden th:gslllzi\rr? d Grgs.;cl):n d Ea:reralrr]lg Residential l\/?:rlgh
1986 880.4 293454 692 1223 779.7 1134.2 1567.1 1496.5 621.9
2000 943.9 18874.1 3522.3 1450.2 1843.6 654.3 2054.4 1910.5 1050.4
2016 405.9 20173.1 2119.1 1897.1 1612 1026.6 2224.6 4789 1392.3
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Fig. 7- Scatter plots of ANN forecast model in different phases
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Table 5- Values of evaluation criteria of Bakhtegan and Tashk lake area model
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Error criteria E RMSE CRM
(Square Kilometer)
Bakhtegan and Tashk Lake 0.76 0.51 -0.076
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6- Near Infrared

7- Green

8- Drought Indices Packages
9- Inverse Distance Weighting
10- Artificial Neural Networks
11- Root Mean Square Error
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1- Standard Precipitation Index

2- Maximum Likelihood

3- Normalized Difference Water Index
4- Digital Number

5- Quick Atmospheric Correction
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