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ARTICLE INFO ABSTRACT

Information on land use/land cover in the form of maps and statistical data is very vital for spatial
planning, management and utilization of land. Satellite images are using in the investigation of
changes in land use and land cover as extremely useful tools. The objective of this study was to obtain
changing in land use/cover, especially the rice production area is nearly 40% of the production takes
place in turkey is located along the Meric river in Edirne province of Thrace region in Turkey.
Landsat TM of 2001, 2006 and 2011 were acquired by USGS Earth Resources Observation and
Science Center Site. Rapideye image of 2011 was obtained from Local distributor in order to control
classification accuracy of low resolution Landsat image. For this purpose, a supervised classification
methodology has been employed using maximum likelihood technique in Erdas 9.3 software. Study
area were categorized into six different classes namely, Rice, Forest, Water, Agriculture, Pasture and
Roads. The results were validated using ground truth data and long term data of Turkish Statistical
Institute (TSI). The results indicate that especially between 2001 and 2006 Rice areas have been great
increased as 41% from 25909 ha to 43839.33 ha and decreased to 41021.18 ha in 2011. In addition, as
a result of comparison of high resolution Rapideye and low resolution Landsat image, highly good
relationship was found in detection of Rice areas. The results show that the Landsat images could
potentially be applied at large spatial scales to monitoring of rice on a timely and accurately.
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INTRODUCTION

Especially tropical zones, rice is a crop at the top level based
on worldwide food consumption. Also in our country, rice
consumption has been increasing. The rice consumption has
been met by importation because of insufficient output in our
country. Right agricultural policies could be ensured by
support of right, rapid and economic acquiring information
methods. It is necessary to detect amounts of production and
planting areas for crop production during our participation
process in the European Union (Eraktan 2002). For this reason,
consumption demand of agricultural products and our current
production amounts are should be put forward. The crop
pattern in the agricultural areas can be determined by many
personnel and long working period by the reason of dynamic
structure in agricultural production and their activities are
performed in wide areas. This situation causes both to be
achieved data with very large costs and obtained inaccurate
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results based on the information are getting from declaration of
farmers. Marketing prices could be determined realistically
through the amount of production are detected properly and
this case will provide that preventing price fluctuations when
farmers sell their products and leading fulfillment of social
expectations. Remote Sensing (RS) can be simply defined as
the science which identifies characteristics of objects can
without direct contact (Kansu 2006). The measured quantity of
remote sensing system is electromagnetic energy spreading
from related object. The observations and measurements which
are made by devices carried through satellites or air vehicles
are utilized from electromagnetic energy (Kavzoglu 2002).
Plants are grown on land can be detected by using of different
classification techniques.  Generally, classification process is
divided into two groups and these are supervised and
unsupervised classification. Unsupervised classification
applies in the case of inadequate information in study area.
Supervised classification can be applied where there are
detailed spatial information in study area. In the classification
process there are several stages, these are selection and
providing of the image to be used in the classification,
implementation of pre-processing the image, image
enhancement, obtaining supporting data by field studies and
geodetic information, determination of the sampling areas,
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selecting suitable algorithm and accuracy analysis (Lillesand
and Kiefer, 2000). Maximum likelihood algorithm was used
for this study in supervised classification. It is assumed that
data histograms band is normally distributed in the rule of
maximum likelihood. Maximum likelihood decision rule is
based on the probability that a pixel belongs to a certain class
(Ayhan et al., 2003). Numerous studies were carried out using
Landsat satellite images for determination of land use and land
cover until today. Wood and Macomber (2001) conducted a
study about determantion of changing forest cover in wide area
by Landsat Image.Reis and Yomralioglu (2002) were
attempted to determine land cover of Trabzon by Landsat
UTM Image. Esetlili and Kurucu (2003) used supervised
classification method to determine cotton cultivation area.
Frokling et al. (2003) determined Rice cultivation area by
using of Landsat Image. Rice (Oryza sativa L.) is one of the
most important staple food crops, feeding over half of the
world’s population. In 2010, the global Rice production was
approximately 672 million tons from a cultivation area of
around 154 million ha (Zhao et al., 2015). Rice is a very
important plant in Turkey. Turkey contributed to Rice
production was approximately in 99.400 ha and 900,000 tons
in 2011. 55% of this production is realized from Thrace region.
Satellite imagery from optical sensors has been widely utilized
to discriminate and map the rice cropping systems (Peng et al.,
2010; Sakamoto et al., 2006; Sakamoto et al., 2009; Xiao et
al., 2002a, b; Xiao et al., 2002). In this study, Rice fields tried
to determine in Edirne Province which is the most production
area in Turkey. The changing of Rice production areas was
monitored by 2001, 2006, and 2011 years of Landsat Images.

MATERIALS AND METHODS

This study was conducted in Edirne province because of it is
the most important rice-producing area in TURKEY. In this
research, the study area was started from Uzunkorpu District
passing Ipsala District through Meric River and reached to
Aeagan Sea in Turkey. Annual precipitation is 600 mm and
annual mean air temperature is 13.5 C. The study area is under
influence of Black Sea and Mediterranean Sea climate along
coastline is neighbor of Marmara Sea. Interior part of the study
area has continental climate. While the winter seasons are cold
and rainy, the summer seasons are hot and little rainy. Meric
and Ergene rivers are used as main water resource. Meric river
is a much fresher water resource than Ergene river.  The Rice
cultivation areas in this study are comprised of the regions
which are close to river bed and bottom flat land (Şener et al,
2015).

This study had four stages; these were acquiring satellite image
and pre-process, calculation of cropindex, classification and
accuracy analysis. Landsat Thematic Mapper (TM) imagery
with little or low cloud cover from 2001 to 2011 were acquired
over the study area, which is covered by two path/row scenes
(181/31 and 181/32). All image had been processed for
geometric and radiometric calibration. Normalized Difference
Vegetation Index (NDVI) was selected as the cropindex.
NDVI is calculated with surface reflectance values from red
and NIR spectral bands (Tucker, 1979). The formula is as
follows:

NDVI= 																								
(1)

The temporal dynamics of NDVI derived from Landsat
historical images could well characterize the temporal
development of Rice fields. Afterwards, classification process
was conducted by using of spectral values in selected samples.
Maximum likelihood decision rule was implemented in
classification process. Each pixel in image data was added to
land cover category which was most similar type for pixel. All
of data were categorized then, results were taken in the form of
maps and statistical tables (Lillesand and Kiefer, 2000). The
report of DSI and Agriculture Province Directory were
examined and farmers survey studies were conducted. Also,
2011 year of Rapideye Satellite Image were used for accuracy
process. Accuracy analysis was conducted to investigate
suitability between assigned class for a pixel and actual class
of it. The compatibility of actual class belonged pixels are
obtained from existing maps and GPS measurements with
classified pixels are controlled (Göksel, 1996). The samples
belonged actual classes were randomly selected. As the pixel
values of the sampling points which are basis of the
classification may cause deviation for evaluating the results,
land cover map can be useful (Erdas Field Guide, 2002).

Fig 1. Land use and vegetation cover distribution of year of 2001
(Landsat TM image)
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RESULTS

In the study, six main classes were Rice, forest, water, roads
and agriculture were composed for type of land cover. Land
use and vegetation cover distribution of year of 2011 by using
Landsat TM of 2001 was given in Fig 1. Rice, agriculture,
forest, water and roads were determined as 25909 ha, 150055
ha, 5615 ha, 2027 ha, 4551 ha and 963 ha respectively in 2001
(Table 1).

Table 1. Land use and vegetation cover distribution of year of
2001 (Landsat TM image)

LULC Area(ha) Percent (%)
Rice 25909 13,70
Agriculture 150055 79,34
Forest 5615 2,97
Reeds 2027 1,07
Water 4551 2,40
Roads 963 0,51
Total 189120 100

Fig 2 shows the major land use classes in the study area in
2006. Water bodies were easily identified with clear
boundaries. Agricultural area was found the major land use
type as 127321,25 ha in Table 2. Other land use types rice,
forest, rice, water and roads were found as 43839,33 ha,
5559,56 ha, 5541,12 ha, 5089,74 ha and 1769 respectively.

Fig. 2. Land use and vegetation cover distribution of year of 2006
(Landsat TM image)

Table 2. Land use and vegetation cover distribution of year of
2006 (Landsat TM image)

LULC Area (ha) Percent (%)

Rice 43839,33 23,2
Agriculture 127321,25 67,32
Forest 5559,56 2,9
Reeds 5541,12 2,9
Water 5089,74 2,7
Roads 1769 0,94
Total 189120 100

2011 year of Landsat satellite image classification map was
given in the Fig 3.

As it is seen in Table 3, After classification process belonged
to year of 2011, agriculture, rice, forest, water, Rice and Roads
were determined as 131234,90 ha, 42341,43 ha, 5562,1 ha,
6272,06 ha and 1884,50 ha, 1855ha respectively.

Table 3. Land use and vegetation cover distribution of year of
2011 (Landsat TM image)

LULC Area(ha) Percent (%)

Rice 42341.43 22,39
Agriculture 131234,90 69,38
Forest 5562.10 2.94
Reeds 1884.50 1.00
Water 6272.06 3.32
Roads 1855,00 0,98
Total 189150 100

2011 year of Rapideye satellite image classification map was
given in the Fig 4.

Fig. 3. Land use and vegetation cover distribution of year of 2011
(Landsat TM image)
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Fig 4. Land use and vegetation cover distribution of year of 2011
(Rapideye image)

As it is seen in Table 4, After classification process belonged
to year of 2011, agriculture, rice, forest, water and Roads were
determined as 133776.11 ha, 41021.18 ha, 6855.11 ha,
5618.82 ha and 1878.44 ha respectively. Accordingly, it was
seen that rice area covered 21.7 % of study area.

Table 4. Land use and vegetation cover distribution of year of
2011 (Rapideye image)

LUVC Area (ha) Percentage (%)
Rice 41021,18 21,7
Agriculture 131475,10 69,51
Forest 6855,45 3,6
Reeds 1878,44 1,0
Water 5618,82 3,0
Roads 2300,10 1,21
Total 189150 100

As a result of comparing Landsat and Rapideye image
classification, LUVC were found close to each other’s
especially Rice 3,21%, Agriculture 0,51% and Reeds 0,3%.
this results indicated that Landsat image given sufficient
results as much as Rapideye image. Changes in rice planting
areas are given in Fig 5. As shown in Fig 5, it is generally
observed that the increase in rice planting areas. Rice area in
the 1990 was 16312 ha 43 839 ha in 2011 and in 2006 was
identified as the 42 341 ha. Rice cultivation areas reached 42
341 ha in 2011, while it was 16 312 ha in 1990.

Fig. 5. Rice fields changing between in research area (2001-2011)

Accuracy assessment was derived from random selected point
in order to reveal accuracy percentage of supervised
classification technique for all year. Accuracy assessment was
performed for all years. The results of accuracy assessment of
2011 Landsat and Rapideye images were given in Table 4.and
Table 5.  Overall accuracy was determined as 84,38 % and
85,56 % for 2011 Landsat image and Rapideye image
respectively. On the other hand, kappa statistics were
calculated as 0.8113 and 0,8232 for 2011 Landsat image and
Rapideye image respectively.

Table 4. Accuracy assessment of land use and land cover
classification (2011 Landsat image)

Overall classification accuracy is 84.38%. Overall Kappa
statistics is 0.8113

Table 5. Accuracy assessment of land use and land cover
classification (2011 Rapideye image)

Class
Name

Reference
Totals

Classified
Totals

Number
Correct

Producers
Accuracy

Users
Accuracy

Rice 17 16 15 88,24 93,75
Reeds 9 11 8 88,89 72,73
Water 11 11 11 100,00 100,00
Road 25 21 18 72,00 85,71
Forest 11 10 9 81,82 90,00
Agriculture 17 21 16 94,12 76,19
Totals 90 90 77

Overall classification accuracy is 85,56 %. Overall Kappa
statistics is 0,8232

DISCUSSION

Hyun and Jong, (2015) indicated that generally, higher spatial
resolution differentiates similar crop species and growth
processes better than lower resolution in relatively small, Rice-
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dominated landscape areas but It was seen that Landsat
satellite image classification also gives quite good results.

Conclusion

In this study, it was tried that determine changing of rice
production area by years in Edirne Province.  Rice remains
under water for a long time in terms of plant breeding
techniques and it makes easier to detect with the satellite’s
thermal band. During the study, it was found to have a general
upward trend over the years of Rice fields in the research area.
On the other hand, during the study comparison between using
of Rapideye and Landsat satellite images was also possible.
When examining images for 2011, especially rice, agriculture
and reeds field trials give very close results by the two images.
So, it was determined that both images could be used safely in
such activities.
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