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Abstract

The main purpose of this paper is to investigate climate change impact that have been occurred on Salt Lake
located in the central Anatolia is one of the area that has been faced to extinction. In order to monitor current
status of the Salt Lake, Landsat satellite images has been obtained between the year of 2000 and 2014 (for the
months of February, May, August and November). Satellite images has been processed by using ArcGIS and
ERDAS softwares and the water surface area has been determined. The time series of water surface areas has
been analyzed with auto-correlation method and repeated pattern has been detected. The seasonal part of the
time series which period is 1 year and causes about 400 km? fluctuations has been removed with Moving
Average filter, successfully. As a result of filtration process, non-seasonal time series of water surface area of
Salt Lake were obtained. It is understood from the non-seasonal time series that the water surface area showed
variability between 2000 and 2010 and after 2010 it is stable until 2014. In order to explain the variability,
meteorological data (precipitation and temperature) of the surrounding area has been acquired from the related
service. The cross-correlation analyses has been performed with the movement of the water surface area and
meteorological time series. As a result of analysis, the relationship between water surface changes in Salt Lake
and meteorological data have correlated up to 80%. Consequently, several conclusion have been detected that
the topography of the region play a direct role of the correlation coefficients and the water surface changes are
effected from the environmental events that is occurred in the south of Salt Lake sub-Basin.

Keywords: Salt Lake, Climate Change, Shrinkage of lake, Correlation Analysis, Moving Average Filter.

Introduction

As a result of increased drought, many
freshwater supplies such as lake, groundwater
etc. has been reduced, excessively. As a result,
many studies have been carried out in the
various part of the world have report that
shrinkage of lakes which is a source of water
for both humans and livestock. The shrinkage
of lakes represents a huge threat due to
increasing drought effects and anthropogenic
activities. These activities may comprise, but
not limited to, land cover and land use change,
uncontrolled use of groundwater, deforestation,
rising water demands, urbanization, dam
construction and irrigation (Orhan et al., 2014;
Yildirim et al., 2011; Du et al., 2001; Yan et al.,
2002; Penny and Kealhofer, 2005; Legesse and
Ayenew, 2006, Kiage et al., 2007). Temporal
climatic fluctuation, especially the change of

precipitation, is believed to be the major cause
of lake shrinkages (Birkett, 2000; Moln’ar et
al., 2002; Mercier et al., 2002; Medina et al.,
2008). Increased evapotranspiration could
further expand the impact of the increase in
temperatures by leading to escalation of
summer aridity, potential harms on forests and
agricultural lands, detrimental effects on fruit
trees and vineyards, and amplified need for
irrigation. Therefore, large lake such as Lake
Burdur shrank, and shallow lakes such as Lake
Aksehir and Lake Eber vanished in Turkey
(Kantarci, 2005).

Remote sensing has been used to investigate the
impacts of climate change studies for many
years at local and global scale (Nagai et al.,
2007; Piwowar and Ledrew, 2002 Dube, 2001).
This technology has application, for instance, in
identifying and quantifying areas experiencing
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drought which is one of the most important
hydrological and agricultural problems in the
world (Gazioglu, et al. 2010; Simav et al.,
2013). In practice, spatial and temporal
comparisons can be made for specific locations
and/or for certain months/seasons using
multitemporal satellite data (Pozdnyakov et al.,
2005).

This study has focused to explain the Salt lake
shrinkage and the reasons of that problem.

Methodology, Study Area

Salt Lake is the second largest lake in Turkey,
only smaller than Lake Van, lying at an
elevation of 905 m as a tectonic lake. The lake
is very shallow (about 40 centimeters),
especially during dry summer months when the
water evaporates in huge quantities leaving a
tick crust of salt on the surface up to 30
centimeters. This salt is extracted, processed,
refined and sold in the local market, thus
making this the biggest industry for small
towns' economy in the area. It's not only the
largest salt lake of Turkey but one of the largest
and most saline in the world as well. The
density of the water is 1.225 gr/cm3 and
salinity is 32.4%. The lake has no outlet, and
only few surface streams feed it. Annual
rainfall in the surrounding area is as low as 300
mm (AAT, 2007).

Image Processing

In this study, a total of 56 multi-temporal and
multi spectral image series were used as
remotely sensed data source for the period of
2000-2014. All satellite imagery was acquired
from Landsat satellites. Eight images were
obtained from the Landsat Thematic Mapper
(TM), forty-three images were obtained from
the Landsat Enhanced Thematic Mapper plus
(ETM+) and five images were obtained from
Landsat 8 Operational Land Imager (OLI).
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Each image, used to calculate Water surface
area, presents the condition of either February,
May, August or November months of each year
to specify seasonal and temporal variations of
Salt Lake’s surface area.

Coastline changes and multitemporal water
reserve changes were obtained for Salt Lake
using The Normalised Difference Water Index
(NDWI). NDWI is derived using similar
principles to the Normalised Difference
Vegetation Index (NDVI). (McFeeters, 1996).
The selection of these wavelengths maximises
the reflectance properties of water. That is:
Maximise the typical reflectance of water
features by using green wavelengths, Minimise
the low reflectance of NIR by water features
and Maximise the high reflectance of NIR by
terrestrial vegetation and soil features. The
outcomes from this equation are water features
that have positive values while soil and
terrestrial vegetation have zero or negative
values (McFeeters, 1996).

In this study, manual onscreen digitizing was
preferred to extraction water body mapping.
Principal reason for preferring of manual
digitization process on screen is 43 of 56
images used in this study acquired after The
Landsat ETM+ Scan Line Corrector (SLC)
failed, causing the scanning pattern to exhibit
wedge-shaped scan- to-scan gaps, on 31 May
2003. The size of the study area and having
linear boundaries of Salt lake additionally is
other reasons for preferring this method.

Corelation

In statistics, dependence or association is any
statistical relationship between two random
variables or two sets of data. Correlations are
useful for applied sciences in order to estimate
the dependence between two environmental
variables with one another (Dunn ,2014).
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Figure 1. Examples of the Salt Lake for NDWI
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Cross correlation is a standard method of
estimating the degree to which two series are
correlated. Consider two series x(i) and y(i)

where 1=0,1,2...N-1. The cross correlation “r” at
delay “d” is defined as;
rxy= Yi(xj—my)(yj—g—my) (1)

0xOy
Where mx and my are the means of the
corresponding series. If the above is computed
for all delays d=0,1,2,...N-1 then it results in a
cross correlation series (correlogram) of twice
the length as the original series.

As the the autocorrelation can be expressed as a
function of the time-lag with the time series
own data with the delay, the given formula can
be replaced with;

X= 2i(Xi—my) (Xj—q—Myx)

2

02

Moving Average Filter

There are several ways to reducing seasonality
from the time series such as differencing
method, logarithmic transformation and moving
average filter for the data on time domain. But,
if the period of the time series is known, the

moving average filter has generally preferred
(Yalvac, 2016).

In statistics, a moving average (rolling average
or running average) is a calculation to analyze
data points by creating series of averages of
different subsets of the full data set. It is also
called a moving mean (MM) or rolling mean
and is a type of finite impulse response filter
(Booth et al.). The definition of M sample size
of a simple Moving Average (MA) filter is:

1 @it pM+PM—_1+.+Py_(n-1)
MA ==)1iC =
n i=0 PM-i n

3)

In eq (3), n indicates the Moving Average
sample size and P shows the each sample of the
time series. In order to reduce seasonality on a
time series, n should be chosen as a period of
the time series which has been estimated via
autocorrelation analyses.

As seen from Figure 2, the water surface area
time series which obtained from remote sensing
techniques contain periodic fluctuations. The
period of the fluctuation has been estimated one
year (4 samples) by using autocorrelation
analyses (Figure 3). It is thought that this
periodicity caused by annual rainfall similarity
and it is called as seasonal effect.
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Figure 2:

57

Years

Time series of water surface area derived from remote sensing technique.
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Figure 3: Correlogram of time series data of water surface by means of autocorrelation analyses.

The seasonal effect has been detected and
removed from the time series by means of
moving average filter. As seen from figure 4,
while the blue line indicates the raw time series,
the red line shows the filtered (non-seasonal)
data. Filtered data gives information about the
changes Salt lake water surface area between
the year of 2000 and 2015. It can be concluded

1000

from Figure 4 that the water surface decreased
about 400 km? between the years of 2000-2002.
Then, it remained constant during the 2002 to
2006. After 2006, it decreased about 300 km?
and falling to the level of 290 km?. During the
2006 to 2007, the water surface uplift to 600
km? and it was followed stable until 2014. Last
year, again it fell to the level of 300 km?.
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Figure 4: Raw and filtered (non-seasonal) time series of water surface area data
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In order to estimate the correlation between
water surface area and precipitation, cross-
correlation analyses has been carried out. For
this purpose, precipitation data has been
obtained from the observation station near the
Salt lake between the year of 2000-2013. Total
annual of the rainfall has been calculated for
each year and analyzed with water surface area
by means of cross-correlation analyses. The
correlograms for Aksaray and Cumra (highest
and lowest cross-correlation values)
precipitation observations stations have been
shown on Figure 5 and Table 1 shows the cross
correlation values numerically.

In figure 5, blue line indicates the confidence
interval and a peak (0.77) is seen for the
Aksaray stations on lag 0 which cross the
confidence level (0.58 for the 14 samples). The
correlograms for the cihanbeyli and nigde also
similar with Aksaray. Unlike Aksaray,
Cihanbeyli and Nigde, all of the sample of
Cumra station are nearly 0.2 that are below the
confidence level. This situation is nearly same
for the stations which have low cross-

correlation value.

Table 1. Table of Confidence level

Correlation Value
Aksaray 0.773
Cihanbeyli 0.6
Beysehir 0.2
Eregli 0.42
Karaman 0.41
Kulu 0.15
Karapinar 0.1
Nigde 0.68
Seydisehir 0.32
Cumra 0.1
Konya 0.40
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Conclusion

Correlations are statistical tools that can
be wused easily in the study of
environmental issues, which depend on
many external factors. By processing the
correlation coefficients, the relationship of
environmental variables with each other
will be revealed. Thus, in light of external
factors, environmental events will be more

accurate with watch from a broad
perspective.

Especially, meteorological events such
as rainfall affected by environmental
events include  seasonal effects due
to the meteorological events repeating

every year. In this study, seasonal effect was
determined using the auto-correlation analysis
in water surface area series. The effect,
identified as 1 year, has been removed from
the time series. Using Moving Average
filter. Thus changes in water surface area
has been demonstrated over the years by
purified time  series from  seasonal
fluctuations.

When the correlations are examined, water
surface area of the salt lake has been found to
be directly related to meteorological events. So
precipitation seen in  Aksaray, Nigde,
Cihanbeyli (in conjunction with topography)
has been found to be associated with the level
of 80% with the change in the salt lake area.
Meteorological monitoring stations in the
region should be examined to monitoring
changes in the salt lake area. Area change is not
only related to precipitation. Therefore changes
of the Salt lake area will be compared with
temperature ground water etc. in further studies.
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Figure 5: Cross-correlation correlograms for Aksaray and Cumra precipitation observation stations.
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Figure 6: Map showing the relationship of the meteorological stations.
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