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ABSTRACT

The purpose of the study was to analyze agricultural drought in citrus areas of Seferihisar Kavakdere Plain by calculating 
NDVI and SAVI values and the surface temperature. The results showed that NDVI and SAVI have negative correlations 
with surface temperature during irrigation seasons, where significantly increased temperature and decreased rainfall 
reduced moisture availability for plants. The correlation coefficients between NDVI and surface temperature are -0.893 
for 2013 and -0.600 for 2014. The correlation coefficients between SAVI and surface temperature are -0.857 for 2013 
and -0.783 for 2014. The combination of NDVI, SAVI and surface temperature provides very useful information for 
agricultural drought monitoring and an early warning system.
Keywords: Remote sensing; Surface temperature; Vegetation index
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1. Introduction
Drought is a complex natural hazard that can cause 
devastating losses across large regions (Moorhead 
et al 2015). Agricultural drought is the decrease in 
the productivity of crops because of irregularities in 
rainfall, increase in the temperature rate, etc. which 
cause a decline in the soil moisture (Sruthi & Aslam 
2015). The monitoring agricultural drought is 
imperative for countries whose economic viability 
is strongly tied to agriculture (Lessel et al 2016). 
The agriculture sector is much affected by drought 
as it is highly dependent on the weather, climate, 
soil moisture, etc. Drought has been a recurrent 
phenomenon in Turkey for the last several decades. 
The drought occurrences have been generally 

closely related to lack of precipitation combined 
with high temperatures (Mengu et al 2011).

Drought is a severe problem, which influences 
different aspects of human life. It can cause the 
degradation of environment and many economic 
problems, especially in the agriculture sector 
(Goddard et al 2003; Ebrahimi et al 2010).

Rainfall, soil moisture, increasing temperature 
and changes in vegetation cover are the primary 
parameters affecting drought (Ebrahimi et al 2010).

Satellite derived vegetation indices are optical 
measures of canopy ‘greenness,’ useful in the 
assessment of active photosynthesizing and 
transpiring foliage (Glenn et al 2007). Different 
vegetation indices are available today, but none of the 
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major indices is considered inherently outstanding 
to the rest in all circumstances, and some indices 
are better suited than others for certain uses. NDVI 
and SAVI are widely used for vegetation studies at 
a regional as well as a global level because they are 
simple to calculate (Sruthi & Aslam 2015).

NDVI and SAVI are calculated from the visible 
and near-infrared light reflected by vegetation. 
Healthy vegetation absorbs most of the visible light 
that hits it, and strongly reflects near-infrared light. 
Unhealthy or sparse vegetation results more visible 
light and less near-infrared light (NASA 2017).

NDVI and SAVI are vegetation indices that 
give information on the development status of 
plants and they can be determined by remote 
sensing. These indices are being used to estimate 
vegetation photosynthesis activity and monitor 
drought (Koksal 2008; Escribano-Rodríguez et al 
2012; Camoglu et al 2013). Values of NDVI are 
between -1 and +1. While the NDVI of green areas 
is between 0 and 1, that of water and cloudy areas 
are less than 0. Vegetated surfaces are described by 
high NDVI values while soils typically result in low 
but positive NDVI that can vary somewhat with soil 
type, wetness, and brightness (NDVI∼0.05 to 0.24) 
(Bausch 1993; Glenn et al 2007).

NDVI is used for description of continental 
land cover, vegetation classification, and vegetation 
phenology (Tarpley et al 1984; Tucker et al 
1985; Dutta et al 2013), as well as for monitoring 
agricultural drought. SAVI is another vegetation 
index which considers soil background reflectance. 
In addition to NDVI and SAVI, climate variables 
(precipitation, temperature) are used in agricultural 
drought assessment (Bunting et al 2017).

This study focuses on the agricultural drought 
of the Seferihisar Kavakdere Plain through the 
analysis of three biophysical parameters, namely 
NDVI, SAVI and surface temperature. With this 
study, the drought tendency and the period of 
drought will be determined by examining the 
change of NDVI/SAVI values with respect to years 
and the influence of temperature and precipitation. 
Thus, by determining the periods when there is a 

trend of drought, effective use of water resources 
and proper planning of irrigation (how much and 
when to irrigation) may be considered.

2. Material and Methods

2.1. Material

The study area is located at Seferihisar in Izmir which 
is on Kavakdere plain in the west of Turkey in 2013 
and 2014. Seferihisar Kavakdere Plain is located 
at latitude 38º 9’ 28.8036’’ N and longitude 26º 53’ 
33.7200’’ E. The area has a semi-arid climate. The 
average rainfall is 613.1 mm based on rainfall data 
for 1981-2010. The major land use is citrus (pink), 
grape (blue) and olive trees (green) (Figure. 1). The 
total agricultural area is around 500 hectares. The 
greatest part of this is planted with 3045 da of citrus 
(about 61%) and grapes (about 33%), while the rest 
is dominated by olive-trees.

An aerial photograph was acquired to determine 
crop pattern. The polygons of citrus areas were 
determined by screen digitizing method (Bolca et 
al 2007) by using Microstation-Bentley software 
(Microstation 1995). The geo-rectification of all 
geographic data was performed using the UTM 
projection system, zone 35 European Datum 1950 
(Figure 2).

2.2. NDVI and SAVI indices

The data needed for NDVI and SAVI were obtained 
by using Landsat satellite images (Moorhead et al 
2015).

The NDVI is the ratio of the differences in 
reflectivities for the near-infrared band (NIR) and 
the red band (RED) to their sum (Waters et al 2002). 
The NDVI is a sensitive indicator of the amount 
and condition of green vegetation. Values for NDVI 
range between -1 and +1. NDVI was computed 
using Equation (1);

NDVI = (NIR-RED) / (NIR+RED)  (1)

The SAVI is an index that attempts to “subtract” 
the effects of background soil from NDVI so that 
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Using a constant soil adjustment factor (L), the SAVI 
models the first order of soil-vegetation interactions, 
and significantly reduces soil background effects 
across a wide range of vegetation conditions ( Huete 
1988; Qi et al 1993; Qi et al 1994).

The NDVI and SAVI values of Kavakdere Plain 
were determined from May to October for citrus 
growing seasons.

2.3. Surface temperature
The surface temperature of the study area were 
calculated using thermal bands of Landsat. Surface 
temperature was calculated using Equation (3) 
(Waters et al 2002);
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Where; Ts, surface temperature (K); εNB, narrow 
band emissivity; Rc, the corrected thermal radiance; 
K1, K2, constants for Landsat images.

Figure 1- Seferihisar Kavakdere Plain (Pink:Citrus, Blue:Grape, Green:Olive)

Figure 2- Citrus trees in the study area

impacts of soil wetness are reduced in the index. It 
was computed using Equation (2);

SAVI = (1+L) (NIR-RED) / (L+NIR+RED)   (2)

L is soil brightness correction factor. If L is zero, 
SAVI becomes equal to NDVI (Waters et al 2002). 
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Correlation coefficients were calculated to 
determine association between NDVI/SAVI and 
surface temperature.

3. Results and Discussion
Figures 3(a) and (b), and Figures 4(a) and (b) 
represent the line graph obtained for surface 
temperature and NDVI and SAVI of every month of 
the growing season for 2013 and 2014.

It can be clearly seen that surface temperature 
and NDVI/SAVI are inversely proportional to each 
other. When the temperature is greater, NDVI/
SAVI values are less, and this indicates a decrease 
in the vegetation density (Tucker 1979; Santos & 
Negri 1996). Reflection values of NIR started to 
display an increase in June when citrus trees were 
growing, after that were followed by a decrease in 
September.
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Figure 3- (a), Surface temperature; (b), NDVI and SAVI for Citrus (2013)
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Figure 4- (a), Surface temperature; (b) NDVI and SAVI for Citrus (2014)
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In the both years, NDVI/SAVI values were 
lower during the hotter months of the growing 
season (June, July and August) whereas they were 
higher in September and October. The decrease in 
soil moisture due to irregular or no rainfall together 
with increased temperature caused the agricultural 
drought to be severe. By calculating the correlation 
coefficients between surface temperature and 
NDVI/SAVI, it can be clearly seen that they show 
a correlation. The correlation coefficients between 
NDVI and surface temperature were -0.893 for 
2013 and -0.600 for 2014, the same coefficients for 
SAVI and surface temperature were -0.857 for 2013 
and -0.783 for 2014. Negative correlation between 
NDVI/SAVI and surface temperature was found on 
the Kavakdere Plain, where significantly increased 
temperature and decreased rainfall reduced moisture 
availability for plants. Sruthi & Aslam (2015) 
conducted an analysis of the correlation between 
surface temperature and NDVI for 2002 and 2012 
in the Raichur region of India and obtained results 
of -0.635 and -0.586. Ozelkan et al (2011) found 
a negative correlation between NDVI and surface 
temperature. Kornieli et al (2009) indicated that 
when water was the limiting factor for vegetation 
growth, NDVI-Surface temperature correlation was 
negative. These values agreed with the results of the 
present study.

SAVI values were lower than the NDVI 
values, because SAVI takes into account not only 
vegetation but also the effects of the soil reflection. 
Qi et al (1994) stated that the SAVI index measured 
the vegetation index more sensitively because, 
differently from other vegetation indices, it included 

a soil correction factor which took account of 
reflections from plants and soil.

NDVI and SAVI values for October were 
higher in 2013 than in 2014, because there were 
less rainfall and higher temperature in October 
2014 than in October 2013 (Table 1). In a study by 
Zougrana et al (2015) in the south-west of Burkina 
Faso, a positive correlation was found between 
NDVI and rainfall. It was found by Bunting et 
al (2017) that SAVI had a strong correlation 
with precipitation and negative relationship 
with temperature in southwestern US. Kornieli 
et al (2009) indicated that the strongest negative 
correlations were between NDVI and surface 
temperature with low precipitation (moisture-
limited growth) areas in the western US.

Precipitation is the major responsible factor of 
vegetation growth that is indicated by NDVI (Dutta 
et al 2013) and SAVI.

Temperature is an important factor that may 
affect NDVI (Ji & Peters 2005; Dutta et al 2013) and 
SAVI variation. It was found that during drought 
periods, vegetation indices values were relatively 
low, while surface temperature were relatively 
high (Kogan 2000; Kornieli et al 2009). Drought 
resulting from decreased rainfall and increasing 
temperatures lead a reduction in NDVI and SAVI in 
areas of vegetation. High summer temperatures are 
one of the most important factors causing drought. 
NDVI and SAVI are the most common vegetation 
indices which are obtained from satellite and used 
to monitor the areas affected by drought (Escribano-
Rodríguez et al 2012).

Table 1- Climate data of study area

May June July August September October

2013
Rainfall (mm) 50.4 0.0 0.0 1.4 8.4 107.2
Max.Temperature (oC) 33.0 36.1 37.0 38.0 32.6 28.8
Min.Temperature (oC) 11.7 13.4 18.3 18.9 12.5 6.4

2014
Rainfall (mm) 4.4 21.8 0.0 0.0 4.0 39.8
Max.Temperature (oC) 29.6 34.6 35.0 38.1 32.3 29.1
Min.Temperature (oC) 11.8 12.6 17.6 17.8 12.3 9.4
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4. Conclusions
In conclusion, the spatial and temporal drought 
status of the Kavakdere Plain was evaluated over 
two years using vegetation indices and temperature 
data obtained from Landsat images. Irregular or no 
rainfall and high temperatures in the area caused a 
fall in NDVI and SAVI values in the citrus growing 
season. In particular, these indices were lower in 
the second year of the study, associated with an 
increase in temperatures and a decrease in rainfall. 
This indicates an increasing trend to drought in the 
area. The significant relationship between NDVI/
SAVI, temperature, and rainfall in the agricultural 
areas emphasizes that drought inhibits density of 
green vegetation. This shows that the lowest NDVI/
SAVI values occur in the extreme dry conditions. 
Therefore, early drought detection is important for 
planning of the water resources and the irrigation 
management in Kavakdere Basin, whose economy 
strongly depends on agriculture.
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