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Abstract - Çatalca, located on the ridge between the Marmara and the Black Sea, is a rural district of 
Istanbul having the temperate climate. Landuse involves farming and forestry. This study makes a 
contribution and revises the applicability of two medium spatial resolution satellite sensors, NOAA AVHRR 
NDVI and MODIS (Terra) NDVI, for prediction to potential forest resource management in Çatalca district 
of Turkey on various spatial scales. The NOAA AVHRR NDVI sensor was chosen in view of its unique 
value for long-term climate impact studies. The MODIS (Terra) sensor, as a newer generation sensor 
specifically designed for, inter alia, terrestrial applications, since it provides the opportunity for 
observations at higher spatial and spectral resolution compared to NOAA AVHRR (NDVI). The required 
data preparation for the integration of MODIS data into GIS is described with a focus on the projection 
from the MODIS/Sinusoidal projection to the national coordinate systems. However, its low spatial 
resolution has been an impediment to researchers pursuing more accurate classification results. This 
paper summarizes a set of remote sensing applications of NOAA AVHRR NDVI/MODIS (Terra) NDVI 
datasets in estimation and monitoring of seasonal and inter annual ecosystem dynamics which were 
designed for forest resource management and can be implemented over Turkey. 
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Abstract -

 

Çatalca, located on the ridge between the Marmara 
and the Black Sea, is a rural district of Istanbul

 

having the 
temperate climate. Landuse involves farming and forestry. This 
study makes a contribution and revises the applicability of two 
medium spatial resolution satellite sensors, NOAA AVHRR 
NDVI and MODIS (Terra) NDVI, for prediction to potential 
forest resource management in Çatalca

 

district

 

of Turkey on 
various spatial scales. The NOAA AVHRR NDVI sensor was 
chosen in view of its unique value for long-term climate impact 
studies. The MODIS (Terra) sensor, as a newer generation 
sensor specifically designed for, inter alia, terrestrial 
applications, since it provides the opportunity for observations

 

at higher spatial and spectral resolution compared to NOAA 
AVHRR (NDVI). The required data preparation for the 
integration of MODIS data into GIS is described with a focus 
on the projection from the MODIS/Sinusoidal projection to the 
national coordinate systems. However, its low spatial 
resolution has been an impediment to researchers pursuing 
more accurate classification results. This paper summarizes a 
set of remote sensing applications of NOAA AVHRR 
NDVI/MODIS (Terra) NDVI datasets in estimation and 
monitoring of seasonal and inter annual ecosystem dynamics 
which were designed for forest resource management and can 
be implemented over Turkey.

 
   

 

I.

 

Introduction

 

emote sensing of land

 

surface parameters in 
mountainous region does not differ from remote 
sensing elsewhere with respect to a basic 

underlying principle (Lillesand and Kiefer, 1994; 
Lillesand et al., 2004; Fontana,

 

2009): land surface 
types may be discriminated based on their

 

inherent 
spectral and emittance properties (Campbell, 1987; 
Fontana,

 

2009)

 

in certain portions of the 
electromagnetic spectrum (Lillesand et al., 2004; 
Fontana,

 

2009). The benefit obtained from a remote 
sensing sensor thereby largely depends on its spectral 
resolution (Jensen, 2005), which determines the 
sensor’s capability to resolve spectral features of land 
surfaces (Fontana,

 

2009). Photosynthetically active 
vegetation is characterized by very low reflectance 
values (Jensen, 2005)

 

in the red part of the

 

electromagnetic spectrum due to the absorption of solar 

radiation by the leaf pigments involved in 
photosynthesis (Lillesand et al., 2004), and by increased 
reflectance in the near infrared portion of the spectrum 
due to reflection of incoming solar radiation at the leaf 
internal structures (Gitelson and Merzlyak, 1996; 
Fontana,

 
2009). In contrast, snow and ice covered 

surfaces are typically characterized by strong 
reflectance in the visible part of the spectrum and low 
reflectance in the short wave infrared part (Dozier and 
Painter, 2004; Fontana,

 
2009). Such differences in the 

reflective properties of a surface between certain 
wavelengths can be employed to compute spectral 
indices that give an indication of the abundance of a 
given land cover type within

 
the area covered by a pixel 

(Lillesand and Kiefer, 1994; Lillesand et al., 2004; 
Fontana,

 
2009). With regard to the monitoring of 

terrestrial vegetation, the Normalized Difference 
Vegetation Index (Rouse et al., 1973;

 
Tucker, 1979) is 

the most commonly used index and serves as a 
measure of photosynthetic activity within a certain area 
(Fontana,

 
2009). 

The global importance of forests has never 
been in question, but interest in them has been 
increasing in recent years because of their obvious 
commercial value, importance in maintaining regional 
biodiversity and growth of forests reflect responses to 
longer term variation in climate and atmospheric 
properties (Coops et al., 1998). As a result of this 
interest the regional distribution of major forest and 
other vegetation types, has received increasing 
attention, with improved definition through satellite 
derived data (Matthews, 1983; Prentice, 1990; 
Townshend et al., 1991; Running et al., 1994; Coops et 
al., 1998).
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NOAA AVHRR NDVI/MODIS NDVI Predicts 
Potential to Forest Resource Management in 

Çatalca District of Turkey

Keywords : Çatalca, MODIS NDVI, NOAA AVHRR, 
vegetation index, remote sensing.

Change detection is one of the most successful 
implementations of remote sensing (Singh, 1989). This 
is because remote sensing data is usually the most 
accurate and up-to-date 'map' available especially in 
developing countries. Additionally, such areas could be 
benefited from using RS data as can follow up the fast 
growing towns and cities (Pesaresi, 2000; Baudot, 2001; 
Hurskainen and Pellikka, 2004; Brenner and Roessing, 
2008; Nicandrou, 2010) and other human impact on the 
environmental change such as deforestation and land 
used for agriculture. With a repetitive acquisition of 
imagery, it is possible to determine the types and extent 
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The NDVI (Sellers, 1985) as an indicator of vivid 

green vegetation and as a descriptor of ecosystem 
functions has proved to be very valuable for assessing 
ecological responses to environmental changes 
(Pettorelli et al., 2005; Alcaraz-Segura et al., 2009; 
Höpfner and Scherer, 2011). The NDVI is successful as 
a vegetation measure is that it is sufficiently stable to 
permit meaningful comparisons of seasonal and inter-
annual changes in vegetation growth and activity 
(Choudhury, 1987; Jakubauskas et al., 2002; Chen et 
al., 2006; Zoran and Stefan, 2006; Ahmad, 2012a; 
2012b). The NDVI is established to be highly correlated 

to green-leaf density and can be viewed as a proxy for 
above-ground biomass (Tucker and Sellers, 1986). 

The NDVI is the most commonly used index of 
greenness derived from multispectral remote sensing 
data (USGS, 2010), and is used in several studies on 
vegetation, since it has been proven to be positively 
correlated with density of green matter (Townshend et 
al., 1991; Huete et al., 1997; Huete et al., 2002; Debien 
et al., 2010). 

II. Study Area 
 

 
  

  

  
 

 
 

Figure 1 : Çatalca District - Landsat ETM+ 08 May, 
2003. 

Source: http://glovis.usgs.gov/   
III. Research Desıgn and Methods 

The objective of the National Oceanic and 
Atmospheric Administration (NOAA) series (James and 
Kalluri, 1994; Rao and Chen, 1995), NOAA-6, 7, 9, 11, 
and 14 (NOAA-6 data span the years 1980-1981, NOAA-
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of changes in the environment (Nicandrou, 2010). The 
most widespread technique used in change detection 
and monitoring is image-to-image comparison. Image-
to-image comparison methods include: image 
differencing (Dale et al., 1996; Teng et al., 2008; 
Berberoglu and Akin, 2009; Nicandrou, 2010), image 
enhancement techniques like principal component 
analysis and/or tasseled cap transformation (Healey et 
al., 2005; Jin and Sader, 2005; Pal et al., 2007; Koutsias 
et al., 2009; Nicandrou, 2010), band ratioing 
classification comparisons (Muchoney and Haack, 
1994; Jensen et al., 1995; Dale et al., 1996; Kaiser, 
2009; Nicandrou, 2010) and NDVI analysis (Mikkola, 
1996; Binh et al., 2005; Lee and Yeh, 2009; Nicandrou, 
2010).

Los et al. (1994) and Sellers et al. (1996) were 
the first to derive land surface parameters with realistic 
seasonal and spatial variations for the globe from NDVI 
data collected by the AVHRR satellite (Los et al., 2000). 
Estimation of land surface vegetation parameters from 
satellite is based on the spectral properties of 
vegetation; vegetation strongly absorbs visible light, 
using the energy for photosynthesis, and strongly 
reflects near-infrared (NIR) radiation (Rouse et al., 1973; 
Los, 1998; Los et al., 2000; Ahmad, 2012).

The NDVI values range from -1.0 to 1.0, where 
higher values are for green vegetation and low values for 
other common surface materials. Bare soil is 
represented with NDVI values which are closest to 0 and 
water bodies are represented with negative NDVI values 
(Jasinski, 1990; Sader and Winne, 1992; Lillesand et al., 
2004; Karaburun, 2010; Ahmad, 2012a), the NDVI 
provides useful information for detecting and 
interpreting vegetation land cover it has been widely 
used in remote sensing studies (Myneni and Asrar, 
1994; Gao, 1996; Sesnie et al., 2008; Karaburun, 2010; 
Ahmad, 2012a). The theoretical basis for the NDVI lies 
with the red-NIR contrast of vegetation spectral 
reflectance signatures (Rahman et al., 2004). As the 
amount of live, green vegetation increases within a pixel, 
the red reflectance will decrease due to chlorophyll 
absorption while the non-absorbing NIR spectral region 
will generally increase especially leaf structure and 
amount (Baret and Guyot, 1991).

Çatalca (Fig. 1) is a rural district in Istanbul. Its 
neighbouring districts include Büyükçekmece to the 
south, Silivri and Tekirdağ to the west, while Avcılar, 
Küçükçekmece and Gaziosmanpaşa lie to the east 
(Ahmad, 2010). It is in Eastern or Turkish Thrace, on the 
ridge between the Marmara and the Black Sea.
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http://en.wikipedia.org/wiki/Black_Sea�
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http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(JAMES%2C+M.+E.)�
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(KALLURI%2C+S.+N.+V.)�


7, 1982-1985, NOAA-9, 1986-1989, NOAA-11, 1989-
1995, NOAA-14, 1995-2000) sun-synchronous orbits 
with nadir afternoon Polar Orbiting Environmental 
Satellites (POES) is to generate consistent (Kidwell, 
1991; James and Kalluri, 1994), well-calibrated (Teillet et 
al., 1990; Weinreb et al., 1990; Los, 1993; Vermote and 
Kaufman, 1995; Bannari et al., 2005; Ahmad, 2012), 
long-term datasets from archived operational 
environmental satellite data and make them easily 
accessible for climate research (Stowe et al., 2002) at 
local, national, regional and global scale. The dataset 
was produced by the Department of Geography, 
University of Wales at Swansea. The FASIR NDVI 
dataset and derived biophysical parameter fields were 
generated to provide satellite record from August 1981 
to December 1998 of changes in the photosynthetic 
activity of terrestrial vegetation (Los, 2010). The FASIR 
adjustments concentrated on reducing NDVI variations 
arising from atmospheric, calibration, view and 
illumination geometries and other effects not related to 
actual vegetation change (Sellers et al., 1994; Gamon et 
al., 1995; Los et al., 2000; Los et al., 2005; Hall et al., 
2006; Los et al., 2006; Baldi et al., 2008; Hashemi, 2010; 
Ahmad, 2012). The NDVI has been used widely in 
remote sensing studies since its development (Jensen, 
2005). 

The MODIS sensor combines characteristics of 
the AVHRR (Maselli et al., 1996) and the Landsat TM 
and was designed to improve and complement 
monitoring of land, ocean, and atmosphere by these 
previous missions (Barnes et al., 1998). The MODIS 
provides higher radiometric sensitivity compared to 
AVHRR (Barnes and Salomonson, 1993; Fontana, 
2009). In each of the 36 spectral bands, the 12-bit 
resolution results in 4096 levels of discrimination in 
measured response (Guenther et al., 1998; Fontana, 
2009). The bands are sensitive to different portions of 
the electromagnetic spectrum between 0.46 μm and 
14.39 μm at spatial resolutions of 250 m, 500 m, and 1 
km, depending on the spectral band (Fontana, 2009). 
The output delivered by the MODIS level 1B algorithm 
includes geolocated at aperture radiances in all 36 
spectral bands (Isaacman et al., 2003; Xiong et al., 
2003; 2003a; Xiong et al., 2005; Fontana, 2009). 
 

 
 

Figure 2 : Scheme for research design and methods. 
 

The MODIS (Terra) NDVI 16-days composite 
grid data for Çatalca district of Turkey in HDF format 
were acquired; February 2000 to February 2010 from the 
NASA Earth Observing System (EOS) data gateway. 
Details documenting the MODIS (Terra) NDVI 
compositing process and Quality Assessment Science 
Data Sets can be found at NASA's MODIS web site 
(MODIS, 1999; USGS, 2008). Tile number covering 
Çatalca is h20v04, reprojected from the Integerized 
Sinusoidal projection to a Geographic Lat/Lon projection 
(Fig. 2), and Datum WGS84 (GSFC/NASA, 2003; 
Ahmad, 2012a). 

The MODIS is a key instrument onboard the 
Terra satellite. MODIS provides images over a given 
pixel of land just as often as the Advanced Very High 
Resolution Radiometer (AVHRR) but in much finer detail 
and with measurements in a greater number of 
wavelengths using detectors that were specifically 
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designed for measurements of land surface dynamics 
(Huete, 2005). The MODIS design team gave substantial 
emphasis to instrument calibration and characterization 
recognizing these activities as critical for generation of 
accurate long-term time-series products needed for 
global change studies (Huete et al., 1999; Justice et al., 
2002). 

ERDAS imagine 2011 and ArcGIS 10 software 
were used for application of NDVI index and calculation 
upon Landsat TM/ETM+ images (path 180, row 31); 
May 2000, June 2002, May 2003, July 2006, September 
2009 and September 2011 respectively and change 
detection technique was applied to investigate forest 
resource change for the period of 2006 to 2011 and 
2000 to 2011 at Çatalca district of Turkey (Fig. 2). NOAA 
AVHRR NDVI (seasons of August, 1981 to December, 
1998) was used to generate time-series variation profile 
for Karacaköy and Safaalan villages and MODIS (Terra) 
NDVI composite image for phenological temporal 
comparison at Dağyenice during 2006 to 2009 and 
comparative time-series phenology metrics for 
Danamandıra, Hallaçlı and Karacaköy (seasons of 
February, 2000 to February, 2010) villages of Çatalca. 

Vegetation Indices are seamless data products 
that are computed from the same mathematic formulae 
across all pixels in time and space, without prior 
assumptions of biome type, land cover condition, or soil 
type and thus represent actual, long-term 
measurements of the land surface (Huete et al., 2002). 

Spectral-based change detection techniques 
have tended to be performance limited in biologically 
complex ecosystems due, in larger part, to phenology-
induced errors (Lunetta et al., 2002; Lunetta et al., 

2002a; Lunetta et al., 2006). An important consideration 
for land cover change detection is the nominal temporal 
frequency of remote sensor data acquisitions required 
to adequately characterize change events (Lunetta et 
al., 2004; Lunetta et al., 2006).

 

IV.

 

Results

 

Fig. 3, 4, 5, 6, 7, 8 (Table 1) shows NDVI values 
of Landsat TM/ETM+

 

images for May 2000; June 2002; 
May 2003; July 2006; September 2009 and September 
2011 respectively. The NDVI index was applied upon the 
Landsat TM/ETM+using ERDAS imagine 2011 software 
while ArcGIS was used for NDVI calculation. The result 
showed that there was a relationship between forest 
cover and NDVI values. The NDVI is an attractive tool to 
monitor herbivore habitat quality, its interpretation 
requires caution. The significance of NDVI index may 
vary according to habitat type

 

(Pettorelli et al., 2005; 
Hamel et al., 2009).

 

Fig. 9 (Table 2) shows change detection using 
NDVI classification at Çatalca. The result showed that in 
May 2000, the forest cover was 1018.38 km2, in June 
2002, the forest cover was 926.41 km2. The forest cover 
reduced from 96% in May 2000 to 87% in June 2002. In 
May 2003, the forest cover was 920.64 km2

 

while in July 
2006, the forest cover reduced to 794.29 km2. The forest 
cover was continuously decresing with respect to time. 
In September 2009, the forest cover was 785.24 km2

 

while in September 2011, further reduced to 768.30 km2. 
The findings showed that forest cover reduced from 
96% in May 2000 to 73% in September 2011.

 
 

Noaa Avhrr Ndvi/Modis Ndvi Predicts Potential to Forest Resource Management in Çatalca District of 
Turkey

  
  

 
  

20
12

  
G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
  

 
(

)
 I
ss
ue

  
  
  
 e

rs
io
n
I

V
III

X
II

Y
ea

r

H

 
© 2012 Global Journals Inc.  (US)

Figure 3 : NDVI 2000, Çatalca. Figure 4 : NDVI 2002, Çatalca.
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Figure 5 : NDVI 2003, Çatalca. Figure 6 : NDVI 2006 Çatalca.

Legend

Water Bare Soil

Figure 7 : NDVI 2009, Çatalca. Figure 8 : NDVI 2011, Çatalca.
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Table 1 : NDVI values of Landsat Images.

Image Acquisition Date Maximum NDVI Minimum NDVI
Mean
NDVI

Standard 
Deviation

15 May, 2000 (ETM +) 0.65 -0.62 0.36 0.21
14 June, 2002 (TM) 0.81 -0.59 0.56 0.20

08 May, 2003 (ETM +) 0.78 -0.55 0.44 0.19
27 July, 2006 (TM) 0.78 -0.55 0.47 0.23

05 September, 2009 (TM) 0.76 -0.56 0.47 0.23
11 September, 2011 (TM) 0.79 -0.63 0.46 0.23

Multi-year time series of NDVI can reliably 
measure yearly changes in the timing of the availability 
of high-quality vegetation and or forest resource (Hamel 
et al., 2009). The NDVI values may inaccurately 
represent productivity due to the difference in 
reflectance in heterogeneous habitats, such as those 
with interspersed woody and herbaceous vegetation or 
sparse vegetation and abundant bare ground (Elvidge 
and Lyon, 1985; Huete et al., 1985; Huete and Tucker 
1991; Hamel et al., 2009). The biological significance of 
NDVI indices should be assessed in various habitat 

types before they can be widely used in ecological 
studies (Hamel et al., 2009). The premise is that the 
NDVI is an indicator of vegetation health, because 
degradation of ecosystem vegetation, or a decrease in 
green, would be reflected in a decrease in NDVI value 
(Meneses-Tovar, 2011). Therefore, if a relationship 
between the quantity of an indicator – aerial biomass –
in various forest ecosystems and the NDVI can be 
identified, processes of degradation can be monitored 
(Meneses-Tovar, 2011; Zaeen, 2012).

Table 2 : NDVI Classification of Landsat Images.

34

Image Acquisition Date
Classes Area

(km2)
Area
(%)

15 May, 2000 (ETM +)

Forest 1018.38 96
Vegetation 37.75 4
Lakes 0.90 0
SUM 1057.03 100

14 June, 2002 (TM)

Forest 926.41 87
Vegetation 123.55 12
Lakes 7.08 1
SUM 1057.03 100

08 May, 2003 (ETM +)

Forest 920.64 87
Vegetation 127.67 12
Lakes 8.72 1
SUM 1057.03 100

27 July, 2006 (TM)

Forest 794.29 75
Vegetation 256.08 24
Lakes 6.66 1
SUM 1057.03 100

05 September, 2009 (TM)

Forest 785.24 74
Vegetation 265.32 25
Lakes 6.47 1
SUM 1057.03 100

11 September, 2011 (TM)

Forest 768.30 73
Vegetation 282.49 27
Lakes 6.24 0
SUM 1057.03 100
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Figure 9 : Change Detection using NDVI Classification at Çatalca.

Fig. 10 shows change detection during 2006-
2011 at Çatalca district of Turkey. The findings showed 
that decreased in the forest cover was 122.31 km2 

(12%), some decrease was 542.81 km2 (51%),
 unchanged was 1.37 km2, some increase was 272.16 

km2 (26%), while increased was 118.38 km2 (11%). 
Decreased and some decrease > some increase and 

A variety of change detection techniques have 
been developed and many have been summarized and 
reviewed (Singh, 1989; Mouat et al., 1993; Deer, 1995; 
Coppin and Bauer, 1996; Jensen, 1996; Jensen et al., 
1997; Yuan et al., 1998; Serpico and Bruzzone, 1999; Lu 
et al., 2004). Due to the importance of monitoring 
change of Earth’s surface features, research of change 
detection techniques is an active topic, and new 
techniques are constantly developed (Lu et al., 2004).

Fig. 11 shows change detection during 2000-
2011 at Çatalca district of Turkey. The findings showed 
that decreased in the forest cover was 152.26 km2

(14%), some decrease was 91.57 km2 (9%), unchanged 
was 0.29 km2, some increase was 486.55 km2 (46%), 
while increased was 326.36 km2 (31%). Some increase 
and increased > decreased and some decrease while 

detection technique was performed upon NDVI images; 

May 2000 and September 2011. The results and 
accuracy assessment is given in Table 3.

Fig. 12 shows comparative change detection, 
during 2006 to 2011 and during 2000 to 2011 at Çatalca 
district of Turkey. The findings showed that deforestation 

enchroahment or removal of forest for small-scale 
farming or agricultural land use was increasing. Change 
information of the earth’s surface is becoming more and 
more important in monitoring the local, regional and 
global resources and environment. The large collection 
of past and present remote sensing imagery makes it 
possible to analyze spatio-temporal pattern of 
environmental elements and impact of human activities 
in past decades (Jianya et al., 2008).

Digital change detection is the process that 
helps in determining the changes associated with land 
use and land cover properties with reference to geo-
registered multi-temporal remote sensing data (Prenzel 
and Treitz, 2004; Ramachandra and Kumar, 2004). It 
helps in identifying change between two or more dates 
that is uncharacterized of normal variation. Change 
detection is useful in many applications such as land 
use changes, habitat fragmentation and rate of 
deforestation through spatial and temporal analysis 
techniques such as GIS and Remote Sensing along with 
digital image processing techniques (Ramachandra and 
Kumar, 2004).
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increased while unchanged in forest cover was 
negligible. The change detection technique was 
performed upon NDVI images; July 2006 and 
September 2011. The results and accuracy assessment 
is given in Table 3.

unchanged in forest cover was negligible. The change 

was increased with respect to time (Fig. 9), the 
-
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Fig. 13 shows NOAA AVHRR NDVI time-series 
variation profile for Karacaköy, Çatalca. The trend 
analysis showed that climate was not stable during the 
seasons of August 1981 to December 1998. The NDVI 
value in August 1981 was 0.66 and in December 1998 
was 0.35 (Fig. 13). Remarkable fluctuations were 
observed at start/end NDVI values. The fluctuations in 

At seasonal to inter-annual time scales, 
vegetation phenology reflects dynamics of the Earth’s 
climate and hydrologic regimes, and is diagnostic of 
coupling between the Earth’s biosphere and 
atmosphere. Information related to large-scale 
phenology (Nightingale et al., 2008) is therefore useful 
for studies of seasonal and inter-annual variability in 
carbon exchange and vegetation-climate interactions.

Fig. 14 shows NOAA AVHRR NDVI time-series 
variation profile for Safaalan, Çatalca. The trend analysis 
showed that climate was not stable during the seasons 
of August 1981 to December 1998. The NDVI value in 
August 1981 was 0.38 and in December 1998 was 0.45 
(Fig. 14). Fluctuations were observed at start/end NDVI 

variation in the temperature and precipitation/rainfall. 
Remarkable fluctuations were observed during April 
1997 (NDVI value 0.69) to November 1998 (NDVI value 
0.61) at Safaalan. The changes in the NDVI belong to 
the temperature-precipitation driving type (Weishou et 
al., 2011), of which temperature was the dominant 
driving factor. Precipitation was the main reason for the 
NDVI change at Safaalan.

The NDVI has the potential ability to signal the 
vegetation features of different ecoregions and provides 
valuable information as a remote sensing tool in 
studying vegetation phenology cycles at a regional 
scale (Guo, 2003). An understanding of vegetation 
phenology is very important in assessing various 
forestry-related activities (Linkosalo et al., 2006; 
Westerling et al., 2006; Sekhon et al., 2010).

Phenology has emerged recently as an 
important focus for ecological research (Menzel et al., 
2001; Hashemi, 2010). Several biophysical as well as 
terrestrial ecological models relating to climate change 
studies require phenology information at large spatial 
scales. Satellite remote sensing provides powerful 
techniques that can monitor and characterize 
phenological trends at large scales (Justice et al., 1985; 
White et al., 2005; Hashemi, 2010; Ahmad, 2012). 
Changes in the phenological events may therefore 
signal important year-to-year climatic variations or even 
global environmental change (Botta et al., 2000; Jolly et 
al., 2005; Hashemi, 2010; Ahmad, 2012).

Fig. 15 shows phenological temporal 
comparison for Dağyenice during 2006-2009 using 
MODIS (Terra) NDVI, 250 m at 16-days interval. The 

findings showed that maximum precipitation/rainfall 
occurred in the months of January to May, while August 
was dry. The climate was stable at Dağyenice, Çatalca 
except January 2006, severe dryness was observed in 

Fig. 16 shows comparative time-series 
phenology metrics for Danamandıra using MODIS 
(Terra) NDVI, 250 m at 16-days interval. The trend 
analysis showed that climate was not stable during the 
seasons of February 2000 to February 2010. 
Fluctuations were observed at start/end pixel values. 
Severe dryness was observed in January 2002, 
December 2002, February 2003, January 2004, 
February, 2005, December 2005 and January-February 
2006. Minor fluactions were observed during March 
2006 to February 2010. Remote sensing provides a key 
means of measuring and monitoring phenology at 
continental to global scales and vegetation indices 
derived from satellite data are now commonly used for 
this purpose (Nightingale et al., 2008; Tan et al., 2008; 
Ahmad, 2012).

Vegetation phenology refers to the relationship 
between climate and periodic development of 
photosynthetic biomass (Ahl et al., 2006). Satellite 
monitoring of vegetation phenology has often made use 
of a vegetation index such as NDVI because it is related 
to the amount of green leaf biomass (Lillesand and 
Kiefer, 2000; Beurs and Henebry, 2004; Ahl et al., 2006).

Fig. 17 shows comparative time-series 
phenology metrics for Hallaçlı using MODIS (Terra) 
NDVI, 250 m at 16-days interval. The trend analysis 
showed that climate was not stable during the seasons 
of February 2000 to February 2010. Fluctuations were 
observed at start/end pixel values, the fluctuations in 

36

the phenological profile were due to variation in the 
temperature and precipitation/rainfall at Karacaköy.

values, the fluctuations in time-series profile were due to 

this month. Reed et al. (1994) used NDVI time series 
data to describe seasonal dynamics of vegetation cover 
by deriving multiple phenologic parameters related to 
vegetation activity and forest resource management. 
Several studies used these phenologic metrics or dealt 
with additional indicators to describe vegetation 
phenology (Bradley and Mustard, 2008; Funk and 
Budde, 2009; Höpfner and Scherer, 2011).

time-series phenology metrics were due to variation in 
the temperature and precipitation/rainfall. Severe 
dryness was observed in December 2001, January 
2002, December 2002, February 2003, February 2005, 
December 2005, January 2006 and January-February 
2010. Minor fluactions were observed during February 
2000 to November 2001. Accurate estimates of canopy 
phenology are critical to quantifying carbon and water 
exchange between forests and the atmosphere and its 
response to climate change (Ahl et al., 2006).
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Figure 10 : Change Detection during 2006-2011 at 
Çatalca. Figure 11 : Change Detection during 2000-2011 at 

Çatalca.

Table 3 : Change detection using NDVI calculation.

Classes

During 2006 to 2011 During 2000 to 2011

Area
(km2)

Area
(%)

Accuracy
Assessment

(%)

Area
(km2)

Area
(%)

Accuracy
Assessment

(%)
Decreased 122.31 12 80.25 152.26 14 83.37
Some Decrease 542.81 51 91.67 91.57 9 89.45
Unchanged 1.37 0 86.92 0.29 0 92.34
Some Increase 272.16 26 90.52 486.55 46 84.53
Increased 118.38 11 82.15 326.36 31 87.42
SUM 1057.03 100 - 1057.03 100 -

Figure 12 : Comparative Change Detection at Çatalca.
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Fig. 18 shows comparative time-series 
phenology metrics for Karacaköy using MODIS (Terra) 
NDVI, 250 m at 16-days interval. Fluctuations were 
observed at start/end pixel values. Severe dryness was 
observed in February 2003, January 2004, February 
2005 and February 2006. Minor fluactions were 
observed during January-March and November-
December 2009. The MODIS (Terra) NDVI profiler for 
viewing phenological change in multi-year NDVI 

associated with known or suspected regionally apparent 
forest disturbances and to detect, track, and assess 
several biotic and abiotic regional forest disturbance 
events across Çatalca, including ephemeral and longer 
lasting damage from storms and drought. Such change 
products are most effective for viewing severe 
disturbances affecting multiple MODIS pixels (Spruce et 
al, 2012).

38

Figure 13 : NOAA AVHRR NDVI time-series variation profile for Karacaköy, Çatalca.

Figure 14 : NOAA AVHRR NDVI time-series variation profile for Safaalan, Çatalca.

Figure 15 :  MODIS (Terra) NDVI phenological temporal comparison for Dağyenice, Çatalca.
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Figure 16 : MODIS (Terra) NDVI comparative time-series phenology metrics for Danamandıra, Çatalca.

Figure 17 :  MODIS (Terra) NDVI comparative time-series phenology metrics for Hallaçlı, Çatalca.

Figure 18 : MODIS (Terra) NDVI comparative time-series phenology metrics for Karacaköy, Çatalca.
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V. Discussion and Conclusions

The NOAA AVHRR satellite series was originally 
designed as a weather satellite. However, from the early 
1980s, AVHRR data has found increasing use to monitor 
the type and condition of land vegetation. The AVHRR 
vegetation data archives extend back to August 1981 
(Emery and Brown, 1989; Kidwell, 1991; James and 
Kalluri, 1994). The AVHRR dataset has been used in 
several studies in the past few years (Zeng et al., 1999; 
DeFries et al., 2000; Lotsch et al., 2003; Tucker et al., 
2005; Brown et al., 2006; Chris and Molly, 2006; Ahmad, 
2012).

Information from conventional ground-based 
data has significant deficiencies as demonstrated by an 
analysis of these sources. Data from the NOAA AVHRR
NDVI has been used to carry out classification at 
Çatalca district of Turkey. The specific data sets that 
have been used, have substantial limitations. The 
MODIS NDVI of the Earth Observing System (EOS) will 
be a substantially better instrument in terms of several 
spectral, radiometric, and geometric properties than the 
AVHRR NDVI (Townshend et al., 1991).

The study demonstrates the successful 
application of NOAA AVHRR NDVI/MODIS NDVI data 
products on forest cover management. The MODIS 
vegetation phenology products contribute vital current 
information on forest conditions (Spruce et al, 2012). 
Through the application and analyses of time-series 
data, this research provides valuable understanding of 
the impact of environmental drivers on the spatial, 
annual and inter-annual variation of forest cover 
dynamics across Çatalca. The methodology presented 
in this research paper has several desirable properties. 
Since it treats each pixel individually without setting 
thresholds or empirical constants, the method is globally 
applicable (Vermote and Vermeulen, 1999; Vermote et 
al., 2002). In practice, different algorithms are often 
compared to find the optimal change detection 
algorithm for a specific application.
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