
MICROBIAL COMMUNITY CHANGES IN TNT SPIKED SOIL BIOREMEDIATION
TRIAL USING BIOSTIMULATION, PHYTOREMEDIATION AND

BIOAUGMENTATION

Hiie Nõlvak1, Jaak Truu2, Baiba Limane3, Marika Truu4,
Guntis Cepurnieks5, Vadims Bartkevičs6, Jaanis Juhanson7, Olga Muter8
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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause

serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using

laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and

phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes

in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant

decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day

tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most

profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue

fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses

suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
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Introduction

The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),

has been extensively used for over 100 years, and this

persistent toxic organic compound has resulted in soil

contamination and environmental problems at many

former explosives and ammunition plants, as well as

military areas (Stenuit, Agathos 2010). TNT has been

reported to have mutagenic and carcinogenic potential

in studies with several organisms, including bacteria

(Lachance et al. 1999), which has led environmental

agencies to declare a high priority for its removal from

soils (van Dillewijn et al. 2007).

Both bacteria and fungi have been shown to

possess the capacity to degrade TNT (Kalderis et al.

2011). Bacteria may degrade TNT under aerobic or

anaerobic conditions directly (TNT is source of carbon

and/or nitrogen) or via co-metabolism where addi-

tional substrates are needed (Rylott et al. 2011). Fungi

degrade TNT via the actions of nonspecific extracel-

lular enzymes and for production of these enzymes

growth substrates (cellulose, lignin) are needed. Con-

trary to bioremediation technologies using bacteria or

bioaugmentation, fungal bioremediation requires

an ex situ approach instead of in situ treatment (i.e.

soil is excavated, homogenised and supplemented

with nutrients) (Baldrian 2008). This limits applicabil-

ity of bioremediation of TNT by fungi in situ at a field

scale.

Corresponding author: Jaak Truu
E-mail: jaak.truu@ut.ee

JOURNAL OF ENVIRONMENTAL ENGINEERING AND LANDSCAPE MANAGEMENT

ISSN 1648-6897 print/ISSN 1822-4199 online

2013 Volume 21(3): 153�162

doi:10.3846/16486897.2012.721784

Copyright ª 2013 Vilnius Gediminas Technical University (VGTU) Press
www.tandfonline.com/teel

Copyright © 2016 Vilnius Gediminas Technical University (VGTU) Press
www.tandfonline.com/teel

Corresponding author: Hakan Alphan
E-mail: alphan@cu.edu.tr

JOURNAL OF ENVIRONMENTAL ENGINEERING AND LANDSCAPE MANAGEMENT
ISSN 1648–6897 / eISSN 1822-4199

2016 Volume 24(02): 97–107
http://dx.doi.org/10.3846/16486897.2016.1113976

implications is essential for land use planning and man-
agement.

Various techniques and datasets have been used for 
mapping urban land cover and its change. Techniques 
based on image radiometry provide satisfactory results in 
classifying urban land cover and detecting related change 
phenomena. In this respect, multi-resolution segmenta-
tion and object based classifiers have been proven to be 
useful (Smiraglia et  al. 2014). Sub-pixel image analysis 
methods and the hybrid approaches that combine pixel- 
and object-based classifications help to increase the ef-
ficiency of urban land cover mapping procedures (Yang 
et al. 2003; Villa et al. 2012). Change vector analysis and 
data mining of dense time stacks may be given as exam-
ples of change detection approaches that have been report-
ed to be useful for conceptualizing urban change (He et al. 
2011; Schneider 2012).

Many of the urban LU/LC change studies use me-
dium-resolution images such as Landsat   (Alberti et al. 
2004) or SPOT (Chang et al. 2010) multispectral images. 
Combinations of images acquired by different aerial and/
or satellite sensors (e.g., Landsat TM/ETM+ and Terra/
ASTER) are also frequently used (Kamh et  al. 2012; 
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abstract. One of the most important needs in contemporary landscape planning is quantitative land use/land cover 
(LU/LC) change information. The reason a strong emphasis is placed on landscape change information is that it serves 
as an ecological and geographical basis for preparing and implementing development plans in a more sustainable 
manner. Multi-temporal analysis of LU/LC changes on the Eastern Mediterranean coast of Turkey revealed that there 
is a marked preference for these areas primarily for building development. This paper demonstrates a methodology 
that relies on quantitative analysis techniques for assessing spatiotemporal changes in LU/LC in the case of the eastern 
Mediterranean coast of Turkey. In this respect, satellite image datasets (SPOT panchromatic, Landsat TM) acquired in 
1989, 1995, 2001 and 2007 were enhanced. Resulting images were classified and compared to detect coastal urbaniza-
tion and development trends.  Post-classification change analyses were employed to quantify land cover conversions 
in three periods from 1985 to 1995, from 1995 to 2001 and from 2001 to 2007. This paper demonstrated that urban, 
agriculture and shrublands changed rapidly in this part of the Mediterranean coast.
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Introduction

Urbanization in coastal regions is complex since rapid 
building development in these areas is generally driven 
by various land uses. Most often, residential development, 
industries and transportation appear as major forces that 
create changes. Change detection of urban land use/land 
cover (LU/LC) is one of the most extensively studied top-
ics in landscape monitoring   (Ramachandra et al. 2014; Yu 
et al. 2013; Xian et al. 2012; Sancar et al. 2009; Ayazli et al. 
2010). Utility and importance of urban LU/LC change de-
tection based on multi-temporal remotely sensed imagery 
is widely accepted (Stefanov et al. 2001; Kamh et al. 2012; 
Schneider 2012). This importance arises from the fact that 
LU/LC information can be used as an indicator for un-
derstanding human interactions in the environment and 
for assessing implications of change trends on current and 
future states of ecosystem health and functioning (e.g., 
Desalegn et al. 2014). Urbanization has serious impacts 
on economic development (Walker 2001). It also affects 
biogeochemical processes (Zhang et al. 2014) and causes 
environmental pollution (Fang et al. 2014).

Since urbanization interferes with many ecologi-
cal systems and processes, geospatial information on its 
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Merlotto et al. 2012). Spatial and spectral characteristics 
of these images are generally satisfactory for urban stud-
ies. However, depending on the extent, spatial configura-
tion and history of the development, older images with 
higher spatial and spectral characteristics may sometimes 
be necessary. In such cases, merging these image datasets 
(Kamh et al. 2012; Deng et al. 2005) is useful as it leads 
to spatially enhanced images. The main advantage of this 
approach is to provide images with increased spatial and 
spectral capabilities that allow easier and more accurate 
classification and mapping. Several authors adopted this 
approach as an image enhancement procedure using mul-
tispectral and panchromatic images from the same remote 
sensing platform such as SPOT (Shaban, Dikshit 2002) 
or IRS (Ahmad, Singh 2002). Several other authors also 
merged SPOT with Landsat images (Nunez et  al. 1998, 
1999; Zhou et  al. 1998; Hosomura, Katho 1998; Aiazzi 
et al. 1996; Chavez et al. 1991; Wu et al. 2004) 

As summarized above, urban development attracts 
attention as it is an important environmental indicator, 
which can be taken into consideration in environmental 
planning and management processes (Alphan, Sonmez 
2015; Hepcan 2013; Salvati, Sabbi 2011; Miralles i Gar-
cia 2007; Prem 2007). Datasets and analysis protocols for 
analyses are dependent upon both planning needs and 
landscape characteristics. Data type and change analysis 
procedures for use in a fragmented and/or rapidly chang-
ing landscape may differ from those to be used in a ho-
mogenous and more stable landscape. Detecting chang-
es in landscapes of spatial and temporal heterogeneity 
require higher spatial detail and frequent observations 
(Kowe et al. 2015; Liu, Yang 2015; Taubenbock et al. 2012; 
Yiran et al. 2012). 

Urbanization on the eastern Mediterranean coast of 
Turkey has occurred rapidly and it created serious envi-
ronmental implications such as water pollution and de-
struction of agricultural areas. 

Residential building development is an important 
phenomenon along the coast. This is mostly driven by 
tourism- and recreation-related reasons that have creat-
ed very dense vertical development of large multi-storey 
buildings since 1980s (Alphan, Sonmez 2015). This part 
of the Turkish Mediterranean coast is highly accessible by 
highways from populated Mediterranean and Southeast 
Anatolian cities such as Adana, Kahramanmaraş and Ga-
ziantep. As being one of the closest and easily accessible 
sea coasts to above mentioned centres, study area has at-
tracted domestic tourism, which resulted with develop-
ment of large apartment blocks used as summer apart-
ments. 

The fact that building development takes place on 
fertile agricultural lands is one of the most important en-
vironmental concerns. Therefore, mapping and monitor-
ing of these trends hold a potential to demonstrate spatial 

behaviour of development, which may be considered as a 
key input for suitability analyses (e.g., suitability of land 
areas for building development) and land use change 
modelling (e.g., CA Markov Model). This information 
is critically important for development plans that aim to 
achieve an optimum spatial organization for coastal land 
uses.

The aim of this study is to analyse LU/LC change 
trends in the west of Mersin, one of the most rapidly de-
veloping coastal zones in the Mediterranean region of 
Turkey. In this respect, digital image enhancement and 
interpretation techniques were employed in order to dem-
onstrate change processes and provide qualitative and 
quantitative information for development planning.

1. Materials and methods

1.1. study area

The study area is situated in the west of the city of Mersin, 
a populated urban centre in the Eastern Mediterranean 
region of Turkey (Fig. 1). Typical Mediterranean climate 
with dry summers and mild winters prevail in the region. 
Agriculture and residential development are the most 
prominent land uses. The area has experienced various en-
vironmental problems due to development of multi-storey 
buildings serving as summer apartments (Alphan, Derse 
2013). Most of these buildings occupy a narrow coastal 
strip that was transformed from prime agricultural areas 
during the last three decades. 

1.2. data sets

The history of the urbanization and the biophysical char-
acteristics of landscapes in study area make it necessary 
to work over a long time span with the images of high 
spatial resolution. For this reason, satellite image datasets 
(SPOT panchromatic and Landsat TM) acquired in a time 
span between 1989 and 2007 were used for image clas-
sification and change detection.  As a commercial high-
resolution optical imaging Earth observation satellite sys-
tem that operates from space, SPOT is short for Satellite 
Pour l’Observation de la Terre (Satellite for observation of 
Earth). SPOT program was initiated by the French space 
agency in the 1970s (CNES-Centre National d’Études 
Spatiales). Panchromatic and multispectral instruments 
on board the SPOT satellites have been acquiring high-
resolution images of Earth since February 1986, following 
the launch of the SPOT 1 satellite (10 m Panchromatic, 20 
m multispectral). SPOT datasets are particularly impor-
tant for change studies that date back to 1980’s and that 
require high spatial resolution. 

The Landsat Program is the longest running project 
that aims to acquire satellite images of the Earth’s surface.  
Several instruments (RBV, MSS, TM) carried by Landsat 
satellites 1-5 have provided images of the Earth. Landsat 
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7 and 8 that carry ETM+ and OLI instruments are still 
operational.  Millions of images acquired by these instru-
ments are a unique resource for global change research 
and applications in agriculture, cartography, geology, for-
estry and regional planning. The fact that, on April 21, 
2008, the USGS announced plans to provide all archived 
Landsat scenes at no charge to all users makes Landsat da-
tasets even more important for change studies. 

Combined use of these image datasets for analysis 
in landscapes of high spatial and temporal diversity has 
a potential to provide increased spatial and spectral ca-
pabilities. For this reason, four SPOT panchromatic and 
four near-anniversary Landsat TM datasets were selected 
for data fusion. Acquisition dates of these images are 1987 
(December), 1995 (May/June), 2001 (May, June) and 2007 
(September/November). Change analyses that employ 
spectral band comparisons (e.g., image ratioing) on bi-
temporal basis require images of the same season in order 
to avoid false interpretations during comparisons. Howev-
er, post-classification approaches are not dependent upon 
seasonal consistency since images of the earlier and later 
dates are classified separately. Considering different season 
of image acquisitions, post-classification classification was 
performed.

1.3. Image fusion 

LU/LC mapping procedures based on panchromatic im-
agery sometimes require enhancement operations such as 
data fusion in order to create images with higher quality 

and more information. In this approach, the main idea 
arises from the fact that panchromatic images have much 
finer resolution than do the multispectral images. There-
fore, panchromatic and multispectral images from the 
same or different platforms are merged to convey more 
information on the resulting image. Several methods 
have been developed for this purpose. Commonly used 
methods include red-green-blue (RGB) to intensity-hue-
saturation (HIS) (e.g., Welch, Ehlers 1987), principal 
components analysis (PCA) (e.g., Chavez et al. 1991) and 
Wavelet (e.g., Wu et al. 2004) transformation techniques. 
Sarp (2014) reported that PCA provides the highest spec-
tral quality among other techniques such as IHS, Gramm-
Schmidt and Brovey transformations.

SPOT panchromatic images with 10-meter spatial 
resolution are greyscale images covering visible propor-
tion of the electromagnetic spectrum. These images pro-
vide information on visual variables such as size, shape, 
hue, texture, orientation, etc. Higher spatial resolution of 
panchromatic images has its advantages for object iden-
tification in terms of several variables such as size, shape 
and texture. However, limited spectral information con-
tained in these datasets generally requires pre-processing 
for image enhancement. Image fusion combines relevant 
information (e.g. spectral and spatial information) from 
geo-referenced input images into a single image. 

Since image fusion requires datasets with high spatial 
consistency, image datasets in this study were geometri-
cally corrected and registered to UTM projection. During 

Fig. 1. Location of the study area
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this process, resampling was done with RMS errors less 
than one pixel to obtain high spatial consistency.

Principal components merge were used for spatial 
enhancement. In this process it is assumed that the first 
principal component (PC) contains only overall scene lu-
minance; all inter-band variation is contained in the other 
five PCs, and scene luminance in the short wave infrared 
(SWIR) bands is identical to visible scene luminance (Er-
das 1999). Examples of high resolution panchromatic and 
multispectral input images and the results of this opera-
tion are given in Figure 2.

As shown in Figure 2, data merging operation substan-
tially increased spatial quality of images. This is particularly 
important for discriminating small and scattered building 
patches from surrounding environment and for identifying 
agricultural patches, which can be confused with other land 
cover features such as vegetated (i.e. shrubland) or non-veg-
etated (i.e. bare areas) natural areas in input images.

1.4. object-based image classifications 

An object-based methodology was adopted for image clas-
sification. According to this methodology, image segmen-
tation and classification were performed for each of the 
images of 1989, 1995, 2001 and 2007. 

Segmentation is a process that groups adjacent pixels 
of a homogeneous spectral similarity. Specifically, during 

this process a watershed delineation approach is employed 
to partition input imagery based on their variance. A de-
rived variance image is treated as a surface image allocating 
pixels to particular segments based on variance similarity. 
Across space and over all input bands, a moving window 
assesses this similarity and segments are defined according 
to a stated similarity threshold. Various similarity tolerances 
and other factors (e.g. weight mean and variance) were ex-
perimented to produce most representative segmentation 
results. During segmentation, a 3x3 window size was used. 
Weight mean and variance factors were 0.3. A similarity tol-
erance of 20 was set during this procedure

Segments can then be classified using a majority 
rule classifier based on a majority class within a segment 
(Eastman 2012). Thematic classifications were based on 
segmentation results. Sets of training segments were cre-
ated for each of the dates in order to define spectral sig-
natures prior to Maximum Likelihood classification. The 
classified maps were validated and compared on a bi-
temporal basis. Post-classification change analyses were 
employed to quantify land cover conversions in three 
periods from 1985 to 1995, from 1995 to 2001 and from 
2001 to 2007.

During segmentation and classification, “Segmen-
tation” and “Segclass” modules of Idrisi 17.0 (The Selva 
Edition) was used. Flow of the classification procedure is 
given in Figure 3.

Fig. 2. Examples of merged images that show buildings and agriculture: (a) SPOT 
Panchromatic, (b) Landsat TM, (c) merged image 

Fig. 3. Flow of the classification procedure
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1.5. accuracy assessment

Accuracies of individual classifications were evaluated in 
order to validate the results. For this purpose, overall and 
Kappa accuracies were calculated using reference informa-
tion that included 256 pixels of reference for each of the 
individual dates. Stratified random sampling technique 
was used for selecting reference pixels. Minimum number 
of sampling points was 16.  

2. results and discussion

2.1. land cover mapping

Images of 1989, 1995, 2001 and 2007 were pre-processed 
and classified to create land cover maps (Fig. 4). 

Resulting maps in Figure 4 were investigated and 
compared. The most prominent change phenomena in the 
study area were (1) conversions from/to agriculture areas, 
and (2) urbanization. Characteristics of these changes can 
be summarized as follows:

(1) Agriculture-related changes such as agricultural 
encroachment over natural areas is predominantly ob-
served in N/NW of the study area. As shown in Figure 4, 
expansion of agriculture over shrubland, resulted in a de-
crease of this cover type. But more importantly, shrubland 
cover became more fragmented after 1995. Conversions 
from agriculture to urban areas were also observed on the 
coast.

Fig. 4. Changes of LU/LC between 1989 and 2007

Table 1. Accuracies for individual classifications (OA: Overall 
accuracy (%); UA: user’s accuracy (%); PA: producer’s accuracy 
(%); K: Overall Kappa)

1989 1995 2001 2007

LU/LC 
Type PA UA PA UA PA UA PA UA

Ur ban 100 94.7 74.1 100 95.0 100 76.9 87.0

Agri-
cul ture 99.2 97.5 99.1 94.6 99.2 91.7 93.8 95.3

Fo rest 100 100 100 93.8 100 93.8 100 100

Shrub-
land 98.4 100 95.4 95.4 93.0 100 93.8 95.7

Bare 90.5 100 82.6 82.6 68.0 89.5 79.0 65.2

Water 100 100 100 95.0 100 100 100 90.0

OA: 94.53
K: 0.9183

OA: 94.14
K: 0.9194

OA: 94.53
K: 0.9183

OA: 91.80
K: 0.8812

(2) Rapid urbanization is evident in the NE coast of 
the study area. Figure 4 suggests that these changes are 
more dramatic between 1989 and 2001.

2.2. Validating classification results 

The results that indicate the level of consistency between 
observed (i.e., reference data) and estimated (i.e., land 
cover maps) land cover is given in Table 1. 
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Inspection of the accuracy results showed that 
overall accuracies and Kappa values were over 90% in 
most cases (Table 1). Water surfaces had the highest ac-
curacy values. Accuracy calculations suggested that ur-
ban areas were effectively mapped. Accuracies for urban 
areas in 2007 classification are slightly lower than those 
for the other dates but still around 90%. Buildings in the 
study area occur either as small and scattered or rela-
tively larger aggregated patches. These pattern types are 
highly variable across space and time. High classifica-
tion accuracies showed that, despite this variation, use 
of enhanced images provided opportunities for mapping 
this variability effectively. The fact that an object-based 
approach was adopted also helped to produce very ac-
curate classifications. 

2.3. Quantifying from-to changes 

Cross tabulations of the earlier and later date LU/LC sta-
tistics for three periods (1989–1995, 1995–2001, 2001–
2007) are given in Tables 2, 3 and 4.

Analysis results showed that area coverage of various 
LU/LC types is disproportionate. Agriculture and shru-
bland are the most extensive LU/LC types in all time peri-
ods. Agriculture covered 8842 ha of land, which made up 
57% of the study area (15378 ha) in 1989. This increased 
9994.65 ha in 2007, corresponding to 65% of total area. 
Shrubland cover that occupied 4600 and 2877 ha of land 
in 1989 and 2007, respectively, has the second largest ex-
tent. Bare areas covered 769 ha, almost twice as large as 
urban coverage (424 ha) in 1989.  However, this changed 
in 2007, due to the facts that urban areas increased almost 

Table 2.  Quantitative changes in Period 1 (1989–1995) 

1995 (ha)
Urban Agriculture Forest Shrubland Bare Water Total 1989

19
89

Urban 424.4 0.0 0.0 0.0 0.0 0.0 424.4
Agriculture 113.2 8761.8 0.0 2.0 22.5 0.0 8899.4
Forest 0.0 0.0 144.6 0.0 0.8 0.0 145.4
Shrubland 12.0 24.2 0.0 4587.7 31.4 0.0 4655.4
Bare 35.6 55.8 0.0 10.7 667.3 0.0 769.4
Water 0.1 0.7 0.0 0.0 0.0 483.6 484.4
Total 1995 585.3 8842.4 144.6 4600.5 722.0 483.6 15378.4

Table 3. Quantitative changes in Period 2 (1995–2001)

2001 (ha)
Urban Agriculture Forest Shrubland Bare Water Total 1995

19
95

Urban 585.3 0.0 0.0 0.0 0.0 0.0 585.3
Agriculture 156.4 8612.3 0.0 0.0 73.8 0.0 8842.4
Forest 0.3 2.7 133.3 0.0 8.3 0.0 144.6
Shrubland 21.8 1234.9 0.0 3078.4 265.3 0.0 4600.5
Bare 64.5 240.4 0.0 0.0 417.1 0.0 722.0
Water 0.2 0.0 0.0 0.1 0.0 483.4 483.6
Total 2001 828.5 10090.3 133.3 3078.5 764.5 483.4 15378.4

Table 4. Quantitative changes in Period 3 (2001–2007)

2007 (ha)
Urban Agriculture Forest Shrubland Bare Water Total (2001)

20
01

Urban 828.5 0.0 0.0 0.0 0.0 0.0 828.5
Agriculture 146.5 9865.6 0.0 42.8 35.4 0.0 10090.3
Forest 1.5 0.3 130.5 0.0 1.0 0.0 133.3
Shrubland 22.4 117.1 0.0 2834.1 104.8 0.0 3078.5
Bare 22.8 11.6 0.0 0.0 730.1 0.0 764.5
Water 6.3 0.0 0.0 0.0 0.0 477.1 483.4

Total (2007) 1028.0 9994.7 130.5 2876.9 871.3 477.1 15378.4
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2.5 fold and reached 1028 ha and that bare areas increased 
at a much slower rate and reached 871 ha.

Cross-tabulations in Tables 2–4 provide informa-
tion on “from-to” conversions, which showed that most of 
the changes took place in agricultural and built-up areas. 
Shrubland and a few patches of pine forest make up the 
natural vegetation in the study area. Some of these forest 
patches are included in a natural site. A smaller percent-
age of forest cover in the coastal zone corresponds to the 
areas used as camping sites. These areas are strictly pro-
tected from building development. Therefore no devel-
opment occurred in these areas during the study period. 
Small amount of the change observed in forest areas is 
outside of the protected locations in upper areas. Conver-
sions from water also exist in cross tabulations. These were 
mostly due to land reclamation (i.e. land fill) projects on 
the coast.

As previously mentioned, agriculture-related changes 
comprised conversions from/to agriculture. Urbanization 
mostly took place at the expense of agriculture, bare areas 
and shrubland. Figure 5 shows change trends in the forms 
of conversions “from agriculture” and “to urban” areas. 

As shown in Figure 5, urbanization on agriculture ar-
eas (i.e. conversions from agriculture to urban areas) ex-
ists in all periods. Although highest amount of this type of 
change is observed in Period 2 (1995–2001), it persisted in 
Period 3 (2001–2007) at similar rates. The fact that higher 
rates of urbanization takes place on agriculture areas is an 
important finding worthy of consideration and it requires 
attention in development planning for the region.

Other changes depicted in Figure 5, such as those 
from agriculture to shrubland and bare areas also in-
creased. High rates of conversions from agriculture to bare 
areas in Period 2 should be interpreted carefully owing to 
the fact that seasonality impacted map comparisons (e.g., 
1989–1995, 1995–2001, etc.) differently. Change detection 
for the Periods 1 and 3 were based on the comparisons of 
winter and early summer images. However, Period 2 was 
assessed using early summer images for both the earlier 
and later dates. This did not cause any particular problem 
during classifications except for the case of open-field ag-
riculture that show contrasting spectral responses between 
seasons due to presence (or absence) of crops. As a result, 
some agriculture fields without crops were classified as 
bare areas. These locations appeared as agriculture-to-bare 
(or vice versa) conversions in winter-summer compari-
sons. Therefore, conversion between agriculture and bare 
areas is affected by seasonality. In some locations, even the 
comparisons of the same seasons suffered from confusion 
between agriculture and bare areas due to different crop 
types (e.g. different harvest times) or changes between an-
nual and permanent crops over time.

In the light of above given explanations one may ex-
pect that agriculture-to-bare conversions in Figure 5 (left) 
may be less than estimated, since a proportion of this type of 
conversion is actually agriculture-to-agriculture (i.e., crops-
to-bare soil after harvest) conversions. On the other hand, 
bare-to-urban conversions in Figure 5 (right) may be inter-
preted that a certain amount of bare areas in this conversion 
type is in fact agriculture. These suggest that destruction of 

Fig. 5. Agriculture- and urban-related conversion trends across three time periods
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agriculture areas by urbanization is even higher than calcu-
lated values due to overestimation of bare areas.

Conversion from agriculture to shrubland is due to 
land abandonment especially in upper areas, where lime-
stone outcrops and patches of natural vegetation exist. In-
creasing amounts of conversions from shrubland to urban 
in Figure 5 (right) is the evidence that urbanization tends 
to grow in the west of the area, where shrubland domi-
nates the landscape.

Alphan, Yilmaz (2005) reported that agriculture has 
increasingly grown over marginal areas and urban devel-
opment occurred at the expense of prime croplands in the 
eastern Mediterranean coast of Turkey. Other parts of the 
Turkish Mediterranean coast such as Kusadasi and Edre-
mit bay faced similar problems resulting from develop-
ment (Kara et al. 2013; Irtem et al. 2005). Intense human 
uses also cause complex LU/LC changes around the Medi-
terranean basin (Salvati, Sabbi 2011). The analyses showed 
that study area is no exception in terms of diversity of the 
LU/LC and the magnitude of its change. Tourism is one of 
the main drivers for development on the coast. One of the 
easily recognizable impacts of building development on 
the coast is the change of visibility in coastal landscapes 
(Alphan, Sonmez 2015; Musaoglu et al. 2004). However, 
many other direct or indirect impacts such as those that 
are caused by land-based pollutants carried into the Medi-
terranean coastal zone also exist. Building development on 
the coast consume prime soils and it pushes agriculture 
towards marginal areas. This process is an important cause 
of agricultural intensification that may lead to biodiver-
sity losses (Pekin 2013). Residential and touristic develop-
ment is considered one of the key conservation challenges 
in Turkey. Significant conservation efforts have focused 
on protecting the species’ nesting sites (Sekercioglu et al. 
2011). Areas designated as archaeological and natural sites 
contribute to protecting important coastal areas from de-
velopment. Analysis results in this study showed that such 
designations helped to protect coast from development. 
As it can clearly be seen in Figure 4, east coast of the town 
of Erdemli, which is a natural site, remained intact (i.e., no 
urban development between 1989 and 2007). 

Despite the fact that several protection statuses con-
trol building development on the coast, development over 
unprotected coastal areas is still an important issue. Inte-
grated management of coastal landscape requires a com-
prehensive inventory of biophysical features, landscape 
patterns and processes. Prem (2007) described main con-
cepts and approaches of landscape management. Vulner-
ability analysis, landscape character assessment, modelling 
and simulation of change were described as some impor-
tant topics for management. However, in absence of com-
prehensive information, priority areas may be determined 
using the areas of likely development suggested by future 
development models. 

Several authors used remotely sensed images for 
landscape mapping and bi-temporal change detection 
purposes in coastal landscapes. For example, CORONA-
ASTER or Landsat TM-ASTER image pairs were classi-
fied and compared (Hepcan 2013; Kesgin, Nurlu 2009) 
for change detection. However, this study used merged 
images with 10 m spatial resolution in order to maximize 
consistency between images and minimize possible clas-
sification and change detection errors due to resolution 
difference.

conclusion

This paper dealt with tourism-oriented building develop-
ment and LU/LC changes in a coastal zone, where land 
morphology and human preferences resulted with linear 
development with a scattered pattern of buildings. The 
need for higher resolution of spatial information that aris-
es from spatial characteristics of this development made 
it necessary to employ image enhancement techniques. 
Therefore, SPOT panchromatic and Landsat images were 
integrated prior to image analyses (i.e., image classifica-
tion and change detection). 

Selection of seasonally consistent images is an im-
portant criterion for change detection in order to reduce 
potential negative impacts of different variables such as 
vegetation phenology, crop pattern, snow cover and soil 
wetness on image processing. However, it becomes in-
creasingly difficult as a longer time span that includes 
more than two images is selected for change analyses. 

Mapping the state of the LU/LC in this coastal zone 
in 1980’s is of critical importance to effectively demonstrate 
magnitude and extent of change in 1980’s due to the fact that 
integration of the country’s economy into expanding world 
economy caused serious landscape-level environmental 
changes in this period. Therefore, an 18-year period between 
1989 and 2007 was used in change detection to cover 1980’s 
in change analyses. Time series included four images that are 
6 years apart. In fact, the start of this period was the earliest 
available date for SPOT (panchromatic) imagery. 

Images of the start and end dates of the 18-year study 
period are winter images, while other two images were 
early-summer images. For this reason, post-classification 
comparison approach was adopted for change detection. 
Unlike pre-classification, this approach relies on indi-
vidual image classifications and pairwise comparisons. 
This approach eliminates difficulties arising from sensor 
differences or environmental variability, since every im-
age is classified independently. However, some confusion 
between agriculture and bare areas still existed.

This paper demonstrated that urban, agriculture and 
shrublands changed rapidly in the Eastern Mediterranean 
coast of Turkey. Spatial configuration of LU/LC suggests 
that urban patches are likely to grow on agriculture areas. 
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It also shows that possible expansion of agriculture will 
take place over shrublands. As depicted in the LU/LC 
maps, shrublands became fragmented between 1989 and 
2007. They may become even more fragmented due to ag-
ricultural expansion that creates important implications 
for biodiversity and wildlife. Development scenarios may 
be modelled and possible development areas can be taken 
as priority areas for further analyses in order to identify 
and protect valuable resources and contribute to sustain-
able management.

This paper used a methodology for analysing change 
trends resulting from development on the coast with spa-
tially enhanced images. As demonstrated in this paper, 
SPOT panchromatic images can be incorporated with 
Landsat datasets to take the advantages of high spatial and 
spectral resolution in a single image dataset. Spatially en-
hanced images were successful for mapping the extent of 
developed areas and the other LU/LC types. The quanti-
tative information derived from image classifications and 
change detection can be used as inputs for modelling fu-
ture development and help to create development plan-
ning and resource management solutions. 
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