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ABSTRACT:
The main purpose of this paper is to investigate climate change effects that have been occurred at the beginning of the twenty-first
century at the Konya Closed Basin (KCB) located in the semi-arid central Anatolian region of Turkey and particularly in Salt Lake
region where many major wetlands located in and situated in KCB and to share the analysis results online in a Web Geographical
Information System (GIS) environment. 71 Landsat 5-TM, 7-ETM+ and 8-OLI images and meteorological data obtained from 10
meteorological stations have been used at the scope of this work. 56 of Landsat images have been used for extraction of Salt Lake
surface area through multi-temporal Landsat imagery collected from 2000 to 2014 in Salt lake basin. 15 of Landsat images have been
used to make thematic maps of Normalised Difference Vegetation Index (NDVI) in KCB, and 10 meteorological stations data has
been used to generate the Standardized Precipitation Index (SPI), which was used in drought studies. For the purpose of visualizing
and sharing the results, a Web GIS-like environment has been established by using Google Maps and its useful data storage and
manipulating product Fusion Tables which are all Google’s free of charge Web service elements. The infrastructure of web
application includes HTML5, CSS3, JavaScript, Google Maps API V3 and Google Fusion Tables API technologies. These
technologies make it possible to make effective “Map Mash-Ups” involving an embedded Google Map in a Web page, storing the
spatial or tabular data in Fusion Tables and add this data as a map layer on embedded map. The analysing process and map mash-up
application have been discussed in detail as the main sections of this paper.

1. INTRODUCTION
The climate system has been changed after preindustrial period.
Some of the changes over the lakes and their basins are mainly
due to reflect changes in precipitation, evaporation and human
activities where the general assumption of vital role is played by
the emission of greenhouse gasses (Kantarci, 2006).
Many investigations carried out in different parts of the world
have noted shrinkage of lakes which are source of water to 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; Yıldırım 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 of the water basins became increasingly
important over the recent decades due to global climate change
and worsening ecology (Ekercin, 2007). Remote sensing has
been used to investigate the impacts of climate change studies
for many years at local and global scale (Dube, 2001; Nagai et
al., 2007; Piwowar and Ledrew, 2002). This technology has
application, for instance, in identifying and quantifying areas
experiencing drought which is one of the most important
hydrological and agricultural problems in the world. 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).
The widespread use of internet in last 20 years and
developments in web technologies, have brought the concept of
web mash-ups. The term mash-up originally comes from pop
music, where people seamlessly combine music from one song
with the vocal track from another—thereby mashing them
together to create something new. However, a mash-up, in web
development, is a web page, or web application, that uses
content from more than one source to create a single new
service displayed in a single graphical interface. The term
implies easy, fast integration, frequently using open application
programming interfaces (API) and data sources to produce
enriched results that were not necessarily the original reason for
producing the raw source data (Wikipedia, 2016).
These developments are also affected web maps which were
published as static maps in early stages of web and evolved
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them into map mash-ups which combine data from different
sources in a single web application and provide effective
geographic information system (GIS) functionality. In this study
sharing analysis results with map mash-ups for investigating
change of Salt Lake surface area and to examine meteorological
drought by using precipitation data in Konya Closed Basin have
been focused on. To achieve this goal, the concept of map
mash-ups is intended to be the key element.
This study was conducted in Salt Lake Basin that located in the
Central Anatolia, Turkey. Multi-temporal and multispectral
image series were acquired by Landsat TM/ETM/OLI. 10
meteorological stations data has been used to examine
meteorological drought The main goals of this study are;
•To investigate the change of Salt Lake surface area by
evaluating water reserve changes through multi-temporal
Landsat imagery collected from 2000 to 2014.
•To examine meteorological drought by using precipitation data
•To share of the data obtained from this study via a Map MashUps application

2. METHODOLOGY
2.1 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).
2.2 Satellite Remote Sensing Data and Processing
The extraction of coastlines of lakes is mapped by using optical
and radar imagery in several ways. Namely supervised
classification, unsupervised classification, visual interpretation,
density slicing, manual onscreen digitizing approaches are used
for water body identification in wetland areas with single-band
and multi-band, multi-temporal and multi-sensor imagery
(Dechka et al., 2002; Parmuchi et al., 2002; Wang et al,2002;
Hung et al., 2008; Durduran., 2010; Yıldırım et al., 2011).
In this study, a total of 71 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. Twenty-four images were obtained from the
Landsat Thematic Mapper (TM), forty-two images were
obtained from the Landsat Enhanced Thematic Mapper plus
(ETM+) and five images were obtained from Landsat 8
Operational Land Imager (OLI). 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.

2.2.1 Normalised Difference Water Index (NDWI):
Coastline changes and multi-temporal water reserve changes
were obtained for Salt Lake using geometrically corrected
satellite images. At this process, The normalised difference
water index (NDWI) was used to mapped water surface area of
Salt lake. NDWI is derived using similar principles to the
Normalised Difference Vegetation Index (NDVI). (McFeeters,
1996). The NDWI index is calculated as following equation:
NDWI 

(Green  NIR)
(Green  NIR)

(1)

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).
The vegetation suppressed and the open water features
enhanced in NDWI. Thus, Land cover and water body has
become quite distinguishable. In this study, manual onscreen
digitizing was preferred to extraction water body mapping.
Principal reason for preferring of manual digitization process on
screen is 42 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. The exact dates of satellite images and
related water surface areas are given in Table 1.
2

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Area (km )
February
863,00
406,00
914,00
723,00
880,00
498,00
891,00
374,00
835,00
912,00
943,00
954,00
961,00
950,00
449,00

2

Area (km )
May
945,00
494,00
844,00
907,00
382,00
799,00
879,00
319,00
281,00
945,00
869,00
978,00
954,00
842,00
376,00

2

Area (km )
August
221,00
27,00
185,00
88,00
71,00
43,00
88,00
0,00
27,00
272,00
269,00
273,00
135,00
84,00
61,00

2

Area (km )
November
231,00
629,00
92,00
236,00
323,00
467,00
363,00
324,00
334,00
327,00
290,00
329,00
395,00
382,00
294,00

Table 1. Salt Lake Surface Area for each month and year.
2.2.2 Normalised Difference Vegetation Index (NDVI):
The Normalised Difference Vegetation Index (NDVI) is an
index which measures this difference, providing a measure of
vegetation density and condition. It is influenced by the
fractional cover of the ground by vegetation, the vegetation
density and the vegetation greenness. It indicates the
photosynthetic capacity of the land surface cover.
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The NDVI is calculated as a ratio between measured reflectivity
in the red and near infrared portions of the electromagnetic
spectrum. These two spectral bands are chosen because they are
most affected by the absorption of chlorophyll in leafy green
vegetation and by the density of green vegetation on the surface.
Also, in red and near-infrared bands, the contrast between
vegetation and soil is at a maximum (Cai et al. 2010). The
NDVI transformation is computed as the ratio of the measured
intensities in the red (𝑅) and near infrared (NIR) spectral bands
using the following equation:
NDVI 

( NIR  RED)
( NIR  RED)

(2)

NDVI value is always between -1 and +1. Higher values
associated with greeness and intensity of vegetation. Bare soil
and rocks values are close to zero, while clouds, rain, and snow
have negative values. In this study, images of 2003, 2007, 2011
were used to produce NDVI. Visualization of vegetation
indexes and comparison between each other was performed via
Maps Mash-Ups application
2.3 Standardized Precipitation Index (SPI)
The Standardized Precipitation Index (SPI) is a widely used
index to characterize meteorological drought on a range of
timescales (e.g. 3, 6,12, or 24 month). On short timescales, the
SPI is closely related to soil moisture, while at longer
timescales, the SPI can be related to groundwater and reservoir
storage.
SPI is obtained by normalized with dividing the difference
between the amount of rain (Xi ), which is in an i station and a
selected time period, and average rainfall (X i avr ) with standard
deviation (σ) , and the following equation describes given
equation 3. This equation is used in the case of rain data having
normal distribution. In the opposite condition, from this
distribution z-values (SPI) are determined the possibility that
correspond to observations which corresponds to the standard
normal distribution as series by adapting a normal distribution.

SPI 

X i  X iavr

(3)



As a result of making normal the SPI values, both wet and dry
periods will be represented in the same way within the selected
time period. Drought assessment which made in consideration
of values of SPI, It is defined as the dry periods when the index
is consistently negative. According to this method, drought
categories of violence are given in Table 2. (McKee et al.
1993). 10 meteorological stations data has been used to
generate (SPI) from 1975 to 2011 on 12-month periods.

SPI values
0 to -0.99
-1.00 to -1.49
-1.50 to -1.99
≤-2.00

Drought Category
Mild drought
Moderate drought
Severe drought
Extreme drought

Table 2. SPI Drought Categories

2.4 Map Mash-Up Application
After the success of reverse-engineered mash-ups such as
chicagocrime.org and housingmaps.com, Google launched the
Google Maps API in June 2005 to allow developers to integrate
Google Maps into their websites. Using Google Maps API
service users have the ability to embed Google Map to their
own web pages and this base map supports some useful overlay
support to external data (i.e. kml, ground overlay, Fusion Tables
Layer). Another useful option with Google Maps is the support
of using Fusion Tables as layers on the map application. Google
Fusion Tables is a cloud-based service for data management and
integration. Fusion Tables enables users to upload tabular data
files (spreadsheets, CSV, KML), currently up to 100MB. The
system provides several ways of visualizing the data (i.e.,
charts, maps, and timelines) and the ability to filter and
aggregate the data. It supports the integration of data from
multiple sources by performing joins across tables that may
belong to different users. Users can keep the data private, share
it with a select set of collaborators, or make it public and thus
crawlable by search engines. The service launched in June
2009. By the Fusion Tables API, users can copy a small
fragment of JavaScript code into the source of their page (e.g., a
blog entry) and the visualization will be displayed there, with a
live link to the data. That is, when the data is updated in Fusion
Tables, the visualization is also updated (Gonzales et al., 2010).
It provides client-side visualizations through the Google
Visualization API. This is a well-established framework for
visualizing data on the client. The visualization is rendered on
the browser using JavaScript or Flash, and the data required by
the visualization is obtained from a data source interface.
The Salt Lake surface area files were produced as KML
(Keyhole Markup Language) files and added on the map as
Fusion Tables layers. Also the NDVI images were produced as
raster image files and added on the map by using Google Map’s
ground overlay function.
For producing SPI charts, another useful API for drawing
interactive charts, HighCharts API, were used. The interface of
the mash-up application consist of two main pages. The first
page includes time slider for investigate lake surface area
change by different dates (Figure 1a) and interactive SPI Chart
(Figure 1c). The second page includes a swipe tool for compare
two different map interactively (Figure 1b).
3. CONCLUSION
Water surface change in Salt Lake was explored using a total of
56 multitemporal Landsat imagery collected on almost the
same days in different months and years. Remotely sensed
image processing presented water and salt covered areas of Salt
Lake surface for February, May, August and November months
from 2000 to 2014.
Landsat TM/ETM+/OLI satellite images show the dramatic
seasonal and temporal surface changes in Salt Lake for years
2000, 2003, 2007, 2011 and 2014. Similarly, SPI value indicate
that in drought periods for these years. When analyzed
meteorological data from 2000 precipitation decreased in the
basin and the lake water surface area has shrunk year by year.
When all surface area in Salt Lake (from 2000 to 2014) are
compared, 2007,2008,2005 and 2003 respectively are
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Figure 1 (a) Loading different salt lake surface area files by time using time slider (b) Comparing different NDVI images by using
swipe mode tool (c) Interactive SPI chart produced by High Charts API
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Determined as the most arid years. The lake vanished in August
2007 and The Salt Lake has come to the brink of drought during
the summer months in recent years particularly due to
increasing drought, uncontrolled underground water usage,
climatic fluctuations, and especially precipitation.
We proposed a web mash-up application in order to visualize
the results and share on the web. Effective visualization tools
are very important for evaluating and analyze the timedependent data. By the concept of mash-ups emerged recently it
is possible to use content from more than one source to create a
single new service displayed in a single graphical interface.
Mash-ups are created by using APIs that are online libraries and
functions provided by vendors. Map mash-ups are the most
popular among the others. APIs can be defined as a gate to
access Web services. Nowadays the Internet users from
amateurs to experts can create powerful maps only using these
APIS and the services. Taking account of these developments,
we have used free of charge services published on the Web for
the creation of interactive interfaces that use a GIS
infrastructure. For this purpose the leader mapping service
Google Maps has been used. There are a lot of mapping service
on the web, but neither of them offers a free API with free
content, as Google Maps does. Thus, in this study Google Map
API with its powerful tools were used.
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