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THE USE OF MULTI-TEMPORAL AND MULTISPECTRAL LANDSAT DATATO
DETERMINE CHANGE DETECTION AROUND TUZ LAKE ON SEYHAN DELTA

SUMMARY

The Tuz Lake, Seyhan River mouth and related cbasta have been subject to important changes
in the years 1972 and 2000. Three LANDSAT multisrsdcscanners (MSS), Thematic Mapper
(TM) and enhanced Thematic Mapper (ETM), imagetwad in 1972, 1987 and 2000
respectively, were used in this study. To delingateinterchange zone, land and water area, an
unsupervised classification technique- ISODATA vegsplied. It was observed that there were
important changes in the area of Lake Tuz, Seyhar mouth, shoreline, coastal sand dunes,
pastures, vegetation, barren land, swamps andudtgrial areas. Landuse changes because of the
intensifying agricultural activities. Two dams whiwere built on the river Seyhan and the coastal
sea currents are the most important factors of ¢hisnge. The changes involved concerning
accretion and erosion processes which possibly etngheectly with human alteration. Most of the
changes occurred in the result of the transformatiadifferent terrains such as pasture, sand dunes

bare lands, swamp, shrublands to agricultural areas
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INTRODUCTION

River mouth and coastal areas are special envirotesm@here water and land meet.
Variation in inputs cause changes in the physioglrenment, for example, an increase in coastal
currents may enhance coastal erosion, or a dedreasger discharge may limit the accretion [1].

Coastal sand dunes which have an extremely senstiosystem create habitats for plants
and animals. Coastal dunes are fragile systemsenneman activities destroy the vegetation and
this results in the deterioration of the dune. &v@mulation models of land use change [2-3] and
management of coastal zone areas [4] were elalorate

Turkey has the largest coastal sand dunes witkirEtiropean countries with a total area of
290.000 da. However, 216.500 da of these sand damesilong the Mediterranean coasts and
96.400 da of them is in the Adana province [5]. Tiest developed sand dunes occur in the
Cukurova delta, where the rivers Seyhan and Cefloaninto the Mediterranean Sea. However,
sand dunes located on the west of Cukurova bet®eghan River mouth and Tuz Lake have been
subject to changes in last 20 years. The firstistudbout the deltas and their sediments in the
Cukurova delta have been conducted by Erinc [§]1853).



Remote sensing (RS) and Geographical Informatiosteé®ys (GIS) provide a means for
locating, identifying and mapping certain coasedtlires and assessing of spatio-temporal changes
and their environmental impact. A number of techei have been reported in the literature for the
derivation of the coastline management from s&tatinages [7-9].

The objective of this study is to detect the effethumans on the biological and physical
characteristics of a coastal area, and to deterofiaages of the shore line around Tuz lake and the
Seyhan river mouth using Landsat imageries (MSS andl+ETM) from 1972 to 2000.

DESCRIPTION OF THE STUDY AREA

The study area is located nearly’33-3508' east and 389'-3648' north coordinates
between Seyhan delta and Tuz Lake, on the soutfuokey (Figure 1). The study area is
approximately 228 kfmand consists of various ecosystems such as ldgsons, abandoned
meanders, sand dunes, marshes. The area has variousenvironments, partly reflecting its,
geomorphological, pedological, hydrological and-bemgraphical diversity. Landforms largely
consist of a series of sand dunes, abandoned msaadeé river beds, alluvium plains which are
suitable for either cultivation or habitation.

According to the data obtained from Adana mete@iold station, mean annual temperature
is 18.8 °C. The coldest month is January and thenntemperature is 9.9 °C. In summer months
which are characterizing hot period, the mean teatpee is 28.1 °C in August. Annual average
rainfall is 647.1 millimeters and the 50 % of ppatEtion occurs in winter which is parallel to the
Mediterranean macroclimate character. The domimand direction is northerly in winter and
southeasterly in summer and the mean wind spe2isn/sec. Although winds from the south-
southwest dominate, other directions are observddsignificant frequency. Winds shift direction
in the year, but direction is much more variablemywinter.

According to Thornthwaite [10] , the study area vedassified as C2b2 s2b3, which is
semihumid, second - degree mesothermal, under izcehmate effect and has a strong water
deficit during summer. According to Kocman [11] sdmamid Mediterranean climate prevails in

the area.
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Figure 1. Location of the study area

Psammophitic, hydrophitic and halophytic plants arabjuis species occur in the area which
precludes the destruction of sand dunes. Vegetaisnbecome sparse due to destruction of sand
dunes which were covered with dense vegetatiorhfiisformationsCionura erecta, which is a
sign of extreme grazing occur on sand dunes whial @xposed to destruction of vegetation.
Arthrocnemum fruticosum, which naturally grows in salty swamps had beeaapgieared due to in
deterioration of dunes. Nevertheless, lots of magpecies were destroyed in the area. For
example Nerium oleander is only seen in a limited area located on the wéStuz Lake.Nerium
oleander had been completely disappeared due to destructisand dunes on the north of Tuz
Lake. Hydrophyte plants such a&tex agnus-castus, Juncus maritimus are only seen around
wetlands especially isolated areas in the westqiartiz Lake.

Study area is also rich for the fauna and manyimaf $pecies live in and around the Delta
area. Larus fuscus, Larus cachinnans, Gelochelidon, nilotica, Sterna caspia, Sterna albifrons,
Haematopus ostralegus, Charadrius hiaticula, Pluvialis squatarola, Arenaria interpres are some
species found in the study area. Coastal sand daneeareas for breeding of sea turti€aretta
caretta, Chelonia mydas, Trionyx triunguis lay eggs in April and May on the coastal sand dune

around Tuz lake.



The soils are generally entisols and inceptistdsxonomy classification) and coarser
textured and shallower. Sandy soils are found atolue lake between River Seyhan and Tuzla.
Hygromorphic soils, which are flooded in winter andh for organic matters, are common.
Agriculture is carried out on the highly fertileceptisols which have been developed on the
alluviums. Irrigable agriculture is carried outand around the abandoned bed of River Seyhan and
lands located in the north of Karinkati lake. M@&iople in the area engaged in agricultural
activities and animal breeding. The remainder efdahea is used for grazing with large numbers of
cattle, sheep and goats being herded on the areeh v almost completely denuded of grass and
with very little cover.

The most important residential area is Tuzla wisismmer and winter populations vary due
to tourism activities. There are temporary settlets®n the coastal area such as Altinkum Beach,

Dalyan. Tuzkuyusu, Hasiragaci on the north and Kabavhich are very close to the sand dunes.

MATERIAL AND METHODS

Multi-date satellite images from Landsat sensorevesed to detect the changes of the
northwestern of Seyhan Delta. Since the landscpeesult of the advance and retreat of shoreline
in historical times, the present study is largedgdd on the analysis of recent multi-dates satellit
images covering the years 1972, 1987 and 2000.

Digital image processing

Three satellite images from Landsat Multispectraarher (MSS), Landsat Thematic
Mapper (TM) and Landsat Enhanced Thematic Mappes EETM+), images taken in 1972, 1987
and 2000 were used in this study. All operationd baen done by using tools of ERDAS
IMAGINE Version 8.5. All images were geometricaltprrected using a third order polynomial
method was applied. More than 20 ground controitpeGCPs (e.g., intersections of dykes, rivers
and/or roads) were selected from the rectified go@phical map. The calculated RMS error was
acceptable. After all images were edge matched bgnae spatial location and projection, there
were masks or subset according to area of int@rakis study. The process generates a same size
of area and boundary position (Upper Left Conner laswer Right Conner) to all images.

Unsupervised Classification

To delineate the interchange zone, land and wates, saan unsupervised classification
technique- ISODATA was applied [12-14]. The ISODABAgorithm is a modification of the k-
means clustering algorithm, which includes mergihgsters if their separation distance in multi-

spectral feature space is below a user-specifiegsiiold [15].



Postclassification operations

After classification the subclasses were merged raedded to nine main classes. These
classes are sea, river, lake and lagoons, agmeulhatural grassland, sparsely vegetated area, bar
exposed soil and rocks, beaches, and marshy anethe. result of classification, there were a bt o
isolated pixels whose classification is differerdn that of their neighbors. These pixels create “a
noise” for following interpretation of features the resultant map composition. Therefore, these
pixels were eliminated by using a 5x5-pixel majofitter built by the Model Maker of ERDAS
IMAGINE. The filtering process smoothes the rastata and the resulting image is easier to read.

Accuracy assessment

In this case, to assess the accuracy of classificalO random points for each class of
interest (only deposits) were generated on thelteegumap composition and compare to visual
inspection, comparison with existing database lik&5,000 scale topographic maps, land cover
maps provided by the General Directorate of RuskiSes and field studies. The classification
accuracy of searching landuse landcover classes mvere than 70%.

Shoreline Change Determination

GIS capability has been used to determine the @wmafjshoreline athe Lake Tuz and the
delta which occur in the classified images. Theruauies created from unsupervised classification
and IHS color composite were delineated througls@een digitizing. Digitizing errors will always
occur (undershoots, overshoots, triangles). Howewer screen digitizing is more accurate then
using digitizing table and usually, according tooGephical Information System (GIS) and
Remote Sensing software [16]. After digitizing pees, the vector format was transferred to raster
format. Through spatial analysis, the shape ofriter mouth and sandy area (in hectare) were
successfully detected and calculated. The changdbeoSeyhan river mouth and the related

shoreline from 1972 to 2000 were determined.

RESULTS

The changes of morphology at Seyhan river mouth T Lake between 1972 and 2000
were detected in this study by using RS and GIS. oMby shoreline change but also landuse-
landcover change has been examined.

The most important change is seen in natural lgunads around Lake Tuz and close vicinity
(Table 1, Figure 2). The area of natural pasture®9i72 decreased from 25% to 1% in 15 years and
increased 2% in 2000. These natural pastures haal decreased almost completely in time. It is
found that there is a major decrease of bare ldvesches and marshlands and natural pastures. In

contrast, a significant increase of agriculturaaar was determined. Agricultural areas which did



not exist in 1972 have increased up to 44% in 28s€This shows that not only pastures, but also

scrublands and even bare lands and sand duneseatdar agricultural activities.

Table 1. Percentage of landuse-landcover classes

Area (%) Years

1972 1987 2000
Sea 34 34 34

River 1 3 3
Lake And Lagoons 3 3 3
Agriculture - 36 44
Natural Grassland 25 1 2

Sparsely Vegetated Area 25 14 9
Bare Exposed 5 6 2
Beaches 5 2 2
Marshy Places 2 1 0
1972 Landsat MSS  _ S . 1987 LandsatTM ) ' 2000 Landsat ETM+ : e Td

Legend
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Figure 2. Landuse — landcover classes from satellite imagesring the years 1972, 1987 and 2000.

This extreme human pressure on the delta areadhsed important changes on the coastal
area around Tuz Lake. The surface area of Tuz tedkeced to 8 square kilometers from 14°km
1972. It was determined that, rehabilitation paagiwere performed in the lake in the following
years. As the result of this rehabilitation andimlage changes, the surface area of the lake has
reached to 10.7 kfnin 1987 and 10.4 kfnin 2000. Shortly, the surface area of the lakentas
changed much in 1987 — 2000 (Table 2, Figure 3ldFstudies and image evaluation methods
confirmed the conclusion that the overuse of tle&adras caused the narrowing of the lake surface.
In the satellite image taken in 1972, while a swaanga considered as the former bed of Lake
Karinkati is clearly seen, agricultural areas shifto the swamp areas and swamps shifted to the
Lake Karinkati (Figure 2).



Table2. Shoreline changes of the Lake Tuz in periods 109&#, 1987-2000 and 1975-2000 (ha).
Changing Old lakebad-1972 1972-1987 1987-2000 1972-2000 Old lake-2000

Always lake 784 781 1032 779 1032
Lake toland 617 3 37 5 370
Land to lake - 288 10 263 10

1987-2000

19721987

Legend
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Figure 3. Shoreline delineation and change detection occdroed 1972 to 2002

Distinct changes have been determined on the cohsislta where such landform changes
occur. Change in the mouth of Seyhan River has bgamined. According to this, it is found that
there was a retreatment of 408 meters in 1972 7,139 m in 1987 — 2000 and 624 m in 1972 —
2000 in average (Figure 4). At the same time psrimdaximum changes in the river mouth were
~486m, ~361m and ~823 m respectively. Changes efatka at the river mouth are related to
retention of the water in two dams on the SeyhareRiAs the result of this erosion, coast line
retreated and an area of 94 ha has become seaitvvées land, between 1972 — 1987 (Table 3;
Figure 4). Erosion and advance of sea to the latbdontinued while it slowed down in 1987 —
2000.

Table 3. Change detection area occurred at the shoreline (ha

Change detection1972-1987 1987-2000 1972- 2000

Always sea 11561 11639 11575
Always land 22674 22762 22622
Erosion 94 82 145
Accretion 170 16 156
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Figure 4. River mouth delineation and change detection gedufrom 1972 to 2000

DISCUSSION AND CONCLUSION

The results indicate that landuse and landcovee badergone huge changes due to human
activities allover the Seyhan delta zone. Howeless of sand dune and degradation continue
rapidly, largely due to the escalating human aitisiand the associated conversion of natural
habitats for human uses. The value that is placedatural resources by local communities living
in and around Seyhan delta and Tuz Lake is based tfg immediate benefit they derive in terms
of income and livelihood. But this evaluation tend$e viewed from a short-term perspective with
no thought being given to what will happen once tlagural resources have been depleted. The
local people are aware of the value and functidrhe sand dunes, lagoons, wetlands, as well as
the dangers of over-exploitation. The sand dunesrathe process of being irreversibly destroyed
usually as a consequence of the unsustainableyleedl people, demographic changes, increases
in demand for agricultural land, for pasture. Agtiaral activities are important pressure factar fo
the decrease of marshlands, swamps and pastutke srea. The presence of agricultural based
economy and land reclamation in the region arentbst important reasons of this unsustainable
land use. Researches on sand dunes conductedferedif locations in the Mediterranean coast
have concluded with similar results [17-20]. Similasults were presented by Uslu and Bal (1993)
for different periods (1947-1992). They determirikdt the length of the coastal dunes of Seyhan
delta has been declined, the widest belt of coastaés moved backward, the area of the coastal
dunes have been decreased, and during 45 yeamdp@5%,1% of coastal dunes have been
converted to the agricultural fields, orchards greenhouses [21].

Coastal sand dunes which occur in the study ar#oaing their naturalness due to human
pressure, misuse and unsustainable of land. Rapwitly of population and increasing agricultural
activities in the research area has caused theofipeessure over the natural areas in the Seyhan
delta between Tuz lake and river mouth. Agriculk@etivities in sand dunes have accelerated by

this effect. Agricultural areas are expanded biiflg the sand dunes.



Vegetables are grown very extensively to harvestairly spring on the coastal dunes in the
area. Increase in mechanization has resulted msfoseming the sand dunes rapidly to agricultural
areas after 80’s. Today, cereals, mostly peanuisarly vegetables and fruits are widely grown in
the area (Photo 1). Wheat agriculture is prefeseshe years because of ability to grow above-
average Yields per acre for less cost. Secondapscire grown for higher yield on sand dunes in
research area. Field researches show that a pisagrdawn after harvesting the wheat and water

melon.

Photo 1. Peanuts and early vegetables and fruits (strawbeelon, and watermelon) are widely grown in
the area on the sandy soils which were formedditefhing of sand dunes.

Photo 2. Stockbreeding activities are carried out in thereasing number of pastures around coastal and
inland sand dunes but as not efficient as agriciltu

Any form of deterioration of the natural potent@l land that affects ecosystem integrity
either in terms of reducing its sustainable ecalalgoroductivity or in terms of its native biologic
richness and maintenance of resilience. Agricultacéivities that cause land degradation include
shifting cultivation without adequate fallow pergydabsence of soil conservation measures, and
cultivation of fragile lands such as sand dunethénstudy area. Population pressure also operates
through other mechanisms.

Too many people with trying to raise too many argre@ad to overgrazing. This removes

grass cover and vegetation on the sand dunes ads e high rates of wind and water erosion on



sand dunes around Tuz Lake. Overgrazing is madesewby the conversion of traditional
rangelands to crop lands. Stockbreeding activities carried out in the decreasing number of
pastures around sand dunes and coastal dunestuiteficient as agriculture (Photo 2).

Major land use on inland dunes and coastal duresm@ntioned below according to the
results of field researches and analysis of stdeilnages: Reclamation of sand dunes for
agriculture purpose and transformation of coastal mland sand dunes to agricultural areas by
stakeholders (1), Utilization as inert materials éonstructions (2), transportation of sands to the
yards of houses (3), usage as seedling mediumlg¥ig out sand over infertile fields for
betterment (5), laying out over the roads (6), apireg out in barns (7), spreading out on the serfac
of greenhouses (8), spreading for the seedlingstabte fields (9) and usage as filling material on
sideway parquets(10).

Coastal currents and winds are the main factotscthased the significant changes like land
accretion and erosion have been observed betwegh drsd 2000 on the delta shoreline. Human
interference with sediment supply also affected dbastline change. Seyhan and Catalan dams
which were built on Seyhan River have blocked theemals brought by the river to the coast.
Sediments on the mouth of the river were carriethéosouth east of the delta by the coastal sea
currents and wind. In other words, due to arrivhlittle materials, the sand on the coast was
transported to the south east by dominant northeslgsvinds. Also, short cut channels made for
irrigation and drainage affected the nature ofadeBimilar result observed in the Ceyhan delta
which is situated on the east of Seyhan [22]. Madenshort-cut channel caused to stop the natural
development on Ceyhan delta. Coastal erosion hexrs d@minant and the eastern half of the former
delta undergone a strong coastal erosion and déetnj22].

Overall, based on results from the various analgses discussions that have been made,
some conclusions can be drawn from this study. & hes:

1. The results reported here highlight the disappearamf coastal sand dunes which are
important habitats for both flora and fauna onSleghan Delta.

2. Converting Landsat imagery from the RBG to the IkSgery is useful for detecting
shoreline and sandy area.

3. Landsat imagery can be used for coastal changestibet analysis and the accuracy could be
increased by using high spatial resolution imagery.

4. Integration of remote sensing and GIS on coastalyais improve the quality of the
information attain.

5. Stability of the Seyhan river mouth and the Tuzelak not consistent, the sedimentation

processes need to be monitored, especially for giag@urposes.
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