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1 Introduction 

Drought, defined as lack of water in a certain period, is a natural disaster of meteoro-
logical origin that affects our lives dramatically in ecological, sociological, economic 
and many other areas (Özelkan 2016; Özelkan 2019a). Drought progresses slowly, 
its beginning and end are very difficult to predict, and its effects continue for a long 
time (Wilhite 2020). Drought first affects natural resources such as water, agricultural 
area and forest. An increasing population, the increased need for natural resources 
and excessive consumption have made combating drought more important than ever, 
especially in arid and semi-arid climatic regions (Genc et al. 2011; Çamoğlu et al. 
2018; Çakaroz et al. 2020). 

Drought is a four-stage process that begins with a lack of precipitation, and its 
first stage is called meteorological drought (Mishra et al. 2010; Özelkan 2019a). The 
second stage is hydrological drought, expressed as a shortage of water resources 
(Mishra et al. 2010; Kapluhan 2013; Özelkan 2019a). The third stage is agricul-
tural drought, which refers to the adverse conditions in agricultural production such 
as loss of product and yield (Mishra et al. 2010; Kapluhan 2013; Özelkan 2019a). 
The last stage of drought is the impact of meteorological, hydrological and agri-
cultural drought on social and economic life (unemployment, migration, economic 
depression, unrest, poverty, etc.) and this is referred to as socio-economic drought 
(Mishra et al. 2010; Kapluhan 2013; Özelkan 2019a). Considering the destructive 
effects, every stage of drought should be carefully examined, modeled and necessary 
precautions should be taken. In this context, the present research examined the effect 
of meteorological drought on water resources.
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The most common methods used to determine meteorological drought are 
meteorological drought indices, which are calculated according to equations that 
include meteorological parameters such as temperature, precipitation and humidity 
(Mohammed and Scholz 2017). Some of the major meteorological drought indices 
can be listed as Standard Precipitation Index (SPI) (McKee et al. 1993), Stan-
dard Precipitation Evapotranspiration Index (SPEI) (Vicente-Serrano et al. 2010), 
Percent of Normal Index (PNI) (Willeke 1994), Reconnaissance Drought Index (RDI) 
(Tsakiris 2005) and Palmer Drought Severity Index (Palmer 1965). The cumulative 
deviation curve is a frequently preferred method to determine the change and behavior 
of drought from past to present and to make predictions for the future (Liu et al. 2019; 
Özelkan 2019a, b). In addition to meteorological drought, excessive evapotranspi-
ration and human activities (daily consumption, irrigation, energy production, etc.) 
that occur in water resources such as lakes and streams may also cause hydrological 
drought (Li et al. 2017; Veijalainen et al. 2019). Losses that occur in water resources 
can be determined by many methods such as water level measurements (Yıldız 
and Deniz 2005), hydrometeorological calculations (Penman–Monteith, Thornth-
waite, etc.) (Lang et al. 2017), empirical open water surface evaporation calculations 
(Dalton, Meyer, etc.) (Gorjizade et al. 2014), water balance and budget calculations 
(Yaykiran et al. 2019), heat and mass transport (Zannouni et al. 2017), and energy 
balance (Duan and Bastiaanssen 2017). 

In the monitoring and management of water resources, satellite remote sensing 
is frequently and successfully used (McFeeters 1996; Xu  2006; Özelkan 2019b; 
Karaman 2021). Satellite remote sensing, which can view wide areas at once and 
conveniently provide the rapid and detailed examination of large water bodies 
(Karaman et al. 2015; Kale and Acarlı 2019a, b; Karaman 2022). Therefore, remote 
sensing has become a very useful tool in determining and modeling hydrological 
drought (Özelkan and Karaman 2018a; Schultz and Engman 2019). Water indices 
produced from spectral bands of remote sensing data, with their simple algorithms, 
have become one of the most preferred methods for determining water bodies (Ji 
et al. 2015; Özelkan 2020). The normalized difference water index (NDWI), created 
by considering the difference between the high reflectance of water in the green 
region and the low reflection in the near infrared (NIR) region, is one of the most 
frequently used water body detection and analysis indices for satellite remote sensing 
(McFeeters 1996; Karaman and Özelkan 2022). Following these, many different 
water indices have been presented to determine water bodies, such as the modified 
NDWI (MNDWI) generated using the short-wave infrared (SWIR) instead of the NIR 
in the NDWI (Xu 2006), and the automated water extraction index (AWEI) that addi-
tionally considers reflection in the blue region (Feyisa et al. 2014). However, correla-
tion and verification of the remote sensing findings with meteorological and hydro-
logical drought indicators calculated by in-situ measurement values make remote 
sensing studies more meaningful (Özelkan and Karaman 2018a). 

In this study, the spatial–temporal change of a dam lake area was monitored by 
satellite remote sensing and the influence of meteorological drought on this areal 
change was examined. The Atikhisar Dam Lake, which is near the city of Çanakkale 
and the only water source that feeds the region, was preferred as the study area. The
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areal change of the dam lake was determined by using NDWI derived from multi-
spectral Landsat satellite images. The temporal change of the drought is presented by 
the cumulative deviation curve. To determine meteorological drought, SPI and SPEI 
drought indices were utilised comparatively. The study covers the period between 
1984 and 2020 and all calculations were made according to the 12-month water year 
calendar, which begins on the first day of October and ends at the end of September. 
In conclusion, this study reveals how successfully the areal change of a dam lake 
influenced also by anthropogenic effects such as daily consumption, irrigation and 
energy production, can be modeled by considering only the meteorological drought. 

2 Materials and Methods 

This section explains the general characteristics of the study area, meteorological 
and remote sensing data used, processing of these data, meteorological and remote 
sensing indices produced and how the analysis was carried out. 

2.1 Study Area 

Atikhisar Dam Lake is located between 26°31'2.22"–26°33'10.30"E eastern merid-
ians and 40°3'49.67"–40°7'36.31” northern parallels and within Çanakkale province 
in the west of Turkey (Fig. 1). Atikhisar Dam Lake is the only water source of 
Çanakkale city and used for several purposes such as for drinking water, irrigation 
and flood protection (Akbulak et al., 2008; Koca, 2005). The dam was built between 
1971 and 1975 as a body of earth fill on Sarıçay Creek, which is within the bound-
aries of the Sarıçay Basin (Akbulut et al. 2009). Saricay Basin covers an area of 
approximately 473 km2 with a maximum height of 908 m and a slope of 45.7°. 
Saricay Creek is the longest stream in the basin and is approximately 43 km long and 
8.5 km of it within the dam’s limits. Saricay Creek then passes through the middle of 
the city and flows into the Çanakkale Strait (Dardanelles) (Özelkan 2020). Atikhisar 
Dam Lake is situated 11 km from Çanakkale city center, 60 m above sea level, has 
an area of more than 3 km2 at normal water elevation, and an average volume of 40 
hm3 (Koca 2005). It has been recorded that the water availability in the dam lake has 
decreased to 10% of its normal level due to severe droughts experienced in the past 
(Koca 2005).

The study area is under the influence of the subtropical Mediterranean climate 
zone (Altan and Türkeş 2015). More particularly, the regional mild Marmara climate, 
a transition zone from the Black Sea to the Mediterranean, is experienced in the 
invetigated region (Şensoy et al. 2018). According to the long-term data of the Turkish 
State Meteorological Service, the most rainy month is December with an average 
monthly total of 106.8 mm, and the driest period is August with 6.4 mm. July is the 
hottest month with an average of 25 °C and the coldest month is January with 6.1 °C.
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Fig. 1 Location of study area

Winds from the north cause low temperatures in winter while winds from the south 
bring precipitation to the region (Ilgar 2010). Around the dam lake vicinity are found 
the flora olea oleaster, laurus nobilis, guercus coccifera, rhus coriaria, pinus brutia 
and pinus nigra growing, which are maquis elements belonging to Mediterranean 
vegetation. In the northern slopes of the dam lake are the species guercus, fagus
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orientalis and castanea sativaunder which thrive under the influence of humid mild 
forests (Koca 2005). 

2.2 Meteorological Data and Pre-processing 

The precipitation and temperature data measured between 1984 and 2020 at the 
meteorological station of the Turkish State Meteorological Service located in the 
center of Çanakkale city were used to determine the drought in the study area. 
All investigations were performed according to the 12-month water year calendar, 
starting at the beginning of October (i.e., beginning of rainy season) and ending at 
the end of September (i.e., end of dry season). For example, the 12-month period 
between October 1983 and September 1984 was included in the 1984 water year 
data. 

The temporal change (length, frequency, trend, etc.) of the drought experienced in 
the region was firstly examined using the cumulative deviation curve. The cumulative 
deviation is calculated as the sum of deviations of the total precipitation for each 
period (water year in this study) from the long-term average of the investigated 
time interval (1984–2020 in this study) and reveals the dry and rainy periods in the 
time interval investigated (Sener et al. 2010; Özelkan and Karaman 2018b; Özelkan 
2019a). The cumulative deviations are calculated using the Eq. 1 and graphically 
drawn as a function of t, with t = 1, 2, …, n (Karabulut 2015). 

St =
∑t 

1 
(Xi − Xm) (1) 

where St is the sum of deviations, Xi is the total precipitation of each period, and Xm 

is the long-term average of the investigated time interval. The lower and upper safety 
limits of the precipitation and coefficient of variation (Cv), in which small values 
indicate regions with regular and enough precipitation, are used in the interpretation 
of the cumulative deviation, and are calculated by using Xm and standard deviation 
(σ) of the long-term data, as follows (Türkeş 2010; Yetmen  2013; Yolcubal 2019). 

Lower safety limit = Xm − σ (2) 

Upper safety limit = Xm + σ (3) 

Cv = σ/ Xm (4) 

The meteorological drought was determined by using the Standard Precipita-
tion Index (SPI) and Standard Precipitation Evapotranspiration Index (SPEI). SPI
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is computed by dividing the difference of the corresponding period’s (water year in 
this study) (Xi) precipitation total from the long-term average (Xm) of totals by the  
standard deviation value (σ) calculated from the long-term data (McKee et al. 1993; 
Dhakar et al. 2013; Özelkan et al. 2016). 

SP  I  = (Xi − Xm)/σ (5) 

SPEI takes into account both precipitation and temperature variability to predict 
drought conditions (Vicente-Serrano et al. 2010). The first step in calculating the SPEI 
proposed by Vicente-Serrano is to estimate the monthly potential evapotranspiration 
(PET) using the simple and useful Thornthwaite method (Vicente-Serrano et al. 
2010; Danandeh and Vaheddoost 2020). Afterwards, the water surplus or deficit (Di) 
of the corresponding month (i) is computed using the water balance equation that 
calculates the difference between precipitation (Pi) and PETi (Vicente-Serrano et al. 
2010; Danandeh and Vaheddoost 2020). 

Di = Pi − PET  i (6) 

Then, the evolved water deficit values (Di) are standardized, and finally fitted to 
a log-logistic distribution (Vicente-Serrano et al. 2010; Danandeh and Vaheddoost 
2020). The SPEI value of the corresponding month (i) is the standardized value of 
the exceeding probability (p) of a given Di (Danandeh and Vaheddoost 2020). 

SP  E  I  = Wi− 
2.515517 + 0.802853Wi + 0.010328Wi 

2 

1 + 1.432788Wi + 0.189269Wi 
2 + 0.001308Wi 

3 (7) 

If p ≤ 0.5, Wi = 
√−2ln(p), and if p > 0.5,  Wi = 

√−2ln(1 − p), the sign of 
the resultant SPEI is reversed where p is the probability of exceeding a designated D 
value, and p = 1− F(x). SPI and SPEI can be used to study meteorological drought 
for 1, 3, 6, 9, 12 and 24-month periods (McKee 1993; Vicente-Serrano et al. 2010; 
Arslan et al. 2016; Osuch et al. 2016). In this study, 12-month SPI and SPEI values 
covering the water year were calculated. The positive values of the SPI and SPEI 
represent the rainy periods without drought, while the negative values represent the 
drought periods with less precipitation. The drought classes (i.e., climatic moisture 
categories) and values are shown in Table 1.

2.3 Remote Sensing Data and Pre-processing 

A total of 33 multispectral Landsat satellite images (path/row: 173/34) with 16 bit 
radiometric and 30 m spatial resolution were obtained between 1984 and 2018 over 
the study area from the United States Geological Survey (USGS) data portal (Table 
2). Note that all images are provided at the end of the water year to be consistent with
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Table 1 Meteorological 
drought classes and values of 
SPI and SPEI (Liu et al. 2021) 

Drought class Drought values 

Extremely wet ≥ 2 
Severely wet 1.5 ≤ SPI ≤ 1.99 
Moderately wet 1.0 ≤ SPI ≤ 1.49 
Normal −0.99 ≤ SPI ≤ 0.99 
Moderate drought −1.49 ≤ SPI ≤ −1.00 

Severe drought −1.99 ≤ SPI ≤ −1.5 

Extreme drought ≤ −2.00

Table 2 List of Landsat 
satellite images used in study 

No Acquisition date Satellite Path/Row 

1 07.09.1984 Landsat 5 TM 181/032 

2 26.09.1985 Landsat 5 TM 181/032 

3 13.09.1986 Landsat 5 TM 181/032 

4 23.09.1987 Landsat 5 TM 182/032 

5 25.09.1988 Landsat 5 TM 182/032 

6 07.10.1989 Landsat 5 TM 181/032 

7 01.10.1990 Landsat 5 TM 182/032 

8 27.09.1991 Landsat 5 TM 181/032 

9 29.09.1992 Landsat 5 TM 181/032 

10 23.09.1993 Landsat 5 TM 182/032 

11 19.09.1994 Landsat 5 TM 181/032 

12 24.09.1996 Landsat 5 TM 181/032 

13 04.10.1997 Landsat 5 TM 182/032 

14 30.09.1998 Landsat 5 TM 181/032 

15 17.09.1999 Landsat 5 TM 181/032 

16 19.09.2000 Landsat 5 TM 181/032 

17 30.09.2001 Landsat 7 ETM + 181/032 

18 24.09.2002 Landsat 7 ETM + 182/032 

19 05.10.2003 Landsat 5 TM 182/032 

20 30.09.2004 Landsat 5 TM 181/032 

21 03.10.2005 Landsat 5 TM 181/032 

22 04.09.2006 Landsat 5 TM 181/032 

23 30.09.2007 Landsat 5 TM 182/032 

24 05.10.2009 Landsat 5 TM 182/032 

25 01.10.2010 Landsat 5 TM 181/032 

26 04.10.2011 Landsat 5 TM 181/032 

27 30.09.2013 Landsat 8 OLI 182/032

(continued)
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Table 2 (continued) No Acquisition date Satellite Path/Row

28 19.10.2014 Landsat 8 OLI 182/032 

29 20.09.2015 Landsat 8 OLI 182/032 

30 01.10.2016 Landsat 8 OLI 181/032 

31 18.09.2017 Landsat 8 OLI 181/032 

32 01.10.2019 Landsat 8 OLI 182/032 

33 03.10.2020 Landsat 8 OLI 182/032 

the drought index results. In 1995, 2008, 2012 and 2018, cloudless images could not 
be obtained at the end of the water year. However, 33 images were obtained consisting 
of 24 Landsat-5 Thematic Mapper (TM), 2 Landsat-7 Enhanced Thematic Mapper 
(ETM + ) and 7 Landsat-8 Operational Land Imager (OLI) images. Furthermore, 
atmospheric and geometric corrections of all images representing surface reflectance 
were made by the vendor.

The NDWI of McFeeters (1996), which takes into account the high reflectance 
in the visible region and low reflectance in the infrared of the water, was preferred 
to determine the lake area, since NDWI gives better results in natural areas (i.e., 
water, vegetation, mud and soil) compared to MNDWI indices that work with 
SWIR (Özelkan 2020). NDWI ranges from −1 to 1 and values above 0 indicate 
water (McFeeters 1996). The NDWI index was first proposed for Landsat 5 TM 
(McFeeters 1996), then numerous water body determination studies were performed 
using Landsat 7 ETM + (Zhou et al. 2017; Özelkan 2019a) and Landsat 8 OLI 
(Özelkan 2019b; Yang et al. 2015). NDWI images are generated by replacing the 
second and fourth bands of Landsat 5 TM and Landsat 7 ETM + and the third and 
fifth bands of Landsat 8 OLI satellite images in Eq. 8, in which R means reflectance. 
The NDWI index is expressed in Eqs. 9, 10 and 11 with the center wavelengths in 
micrometers of green and NIR bands for each satellite as follows: 

NDW  I  = 
(RGreen − RN I  R) 
(RGreen + RN I  R) 

(8) 

NDW  ILandsat5T M  = 
(R0.5690 − R0.8400) 
(R0.5690 + R0.8400) 

(9) 

NDW  ILandsat7ET  M+ = 
(R0.5600 − R0.8350) 
(R0.5600 + R0.8350) 

(10) 

NDW  ILandsat8OL  I  = 
(R0.5613 − R0.8646) 
(R0.5613 + R0.8646) 

(11)
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2.4 Data Analysis 

Between 1984 and 2018, at the end of the water year (i.e., at the end of the dry period), 
33 lake area values extracted from NDWI created from Landsat satellite images were 
associated with 33 SPI and SPEI meteorological drought indices values respectively 
for the same period by correlation-regression analysis. In this context, Pearson’s 
correlation coefficient (r) and significance probability (p) values of ANOVA (Anal-
ysis of Variance) (i.e., significance F (SF)) were calculated among the data sets. 
Additionally, root mean square error (RMSE) was used to determine the accuracy 
of the water body areas derived from NDWI compared to areas measured by the 
Turkish State Hydraulic Works. 

3 Results and Discussion 

In this section, the spatial–temporal change of meteorological drought and dam lake 
area will be examined, and the findings will be discussed by considering the field 
data and previous studies. 

3.1 Meteorological Drought Analysis 

The trend and frequency of the meteorological drought in the study area is presented 
by the cumulative deviation curve analysis (Fig. 2). The average precipitation in the 
study area, which is under the influence of the subtropical Mediterranean climate 
zone, is 581 mm and its standard deviation is 136 mm. The lower and upper safety 
limits of the precipitation are 718 mm and 445 mm, respectively. The 1985, 1990, 
1992, 2007, 2008 and 2020 values are under the lower safety limit, and the minimum 
precipitation was experienced in 2008 with 333 mm. The precipitations of 1995, 
1998, 2002, 2013 and 2018 were over the upper safety limits, and the maximum 
was experienced in 2013 with 844 mm. Between 1984 and 2020, 70.27% of the 
precipitation of 37 water years was found to be within the safety limits. The coefficient 
of variation (Cv) was found as 0.23, indicating that the region receives regular and 
sufficient precipitation. On the other hand, in the last two decades it has been observed 
that the difference between minimum and maximum precipitation has increased (i.e., 
the σ tends to grow) and the precipitation regime has begun to deteriorate, although 
there is a small increase in the average annual precipitation totals covering the long 
term. Change in precipitation patterns is an obvious indicator of climate change 
(Dore 2005; Kale and Acarlı 2019b). Moreover, small Cv value 0.23 indicates that 
changes in groundwater levels are also more regular in water wells located in such 
regions (Yolcubal 2019).
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Fig. 2 Cumulative deviation curve from water year precipitation data between 1984 and 2020 

According to the cumulative deviation curve graph created from the total water 
year precipitation data between 1984 and 2020 (Fig. 2), a long dry period occurred 
between 1984 and 1994, followed by a rainy period until 1999, then a partially stable 
period until 2004, a dry period between 2004 and 2010, then a long rainy period 
between 2010 and 2019 were experienced in the study area. It should be noted that 
the dry period until 1994 begins in 1982. Since before 1984 was not included in the 
period investigated, it has been excluded from the analysis. Finally, the past (1984– 
2019) behavior and current trend of the curve indicate that a dry period was entered 
as of 2019. In the analyzed period, the least precipitation after 2008 was 360 mm in 
2020, just after 2019 with 630 mm. This sharp decrease in precipitation from 2019 
to 2020 may indicate that the dry period we are in currently may be extremely severe 
in the coming years. 

The temporal variation of drought was examined according to the 12-months SPI 
(SPI-12) and SPEI (SPEI-12) drought values calculated from the total precipitation 
of the water year and shown together with the dry and rainy periods according to the 
cumulative deviation curve (Fig. 3). SPI and SPEI values generally exhibit similar 
behavior as the cumulative deviation curve in the long term and are naturally more 
correlated with the precipitation. The average of differences between SPI and SPEI 
values is 0.18 and the biggest difference is 0.51. Pearson’s correlation coefficient (r) 
between SPI and SPEI is 0.97. It was observed that SPI and SPEI values differ more 
in arid conditions below zero, while this difference is less in rainy periods, which 
are expressed with values above zero. Compared to SPEI, SPI generally gives more 
extreme values due to lack of precipitation in arid conditions. According to SPI and 
SPEI, the most severe drought years were determined as 2008 and 2020, respectively. 
As mentioned, a dry period was entered after 2019 and the severe drought in 2020
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Fig. 3 SPI and SPEI drought values from water year precipitation data between 1984 and 2020 

(SPI = −1.74 and SPEI = −1.94) at the beginning of the dry period is a worrying 
precursor for coming years. 

3.2 Determination of Lake Area Using Remote Sensing 
and Its Correlation with Drought 

The spatial–temporal changes of the water body area in the dam lake were examined 
with NDWI generated from the Landsat satellite images obtained at the end of the 
water years between 1984 and 2020 (Fig. 4). Since cloudless images are not available 
for 1995, 2008, 2012 and 2018, these four years were excluded from the analysis in 
determining the correlation of the lake area with drought. Within the analyzed NDWI 
data set, the average of the lake water area is 2.02 km2 and the standard deviation is 
0.61 km2. The lake area reached its widest limits in 2010 with 2.98 km2. According to 
the water body area values determined from local measurements by the Turkish State 
Hydraulic Works, the lake area was determined by NDWI to have an average of 5.78 
km2 RMSE, with 82.68% accuracy. The driest year hydrologically (i.e., the year with 
the smallest lake area) was determined as 1990 with a lake water area of 1.09 km2, 
even though the driest years meteorologically were 2008 (not included in analysis) 
and 2020 (Fig. 5). Despite the severe meteorological drought in 2020, the reason 
why the water area is larger than in 1990 is the improvement and modernization of 
agricultural irrigation systems (i.e., preferring drip and sprinkler irrigation instead 
of wild flooding systems) over the years and the decrease in water consumption.
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Fig. 4 The spatial–temporal change of water body area of Atikhisar Dam Lake, cumulative devi-
ation, SPI and SPEI values. (Note: Cumulative deviation values were divided by 100 to display 
together with water body area, SPI and SPEI values.)

Similar to meteorological drought, hydrologically, the driest period was between 
1984 and 1994 with an average of 1.4 km2, and the rainy period was between 2010 
and 2019 with an average of 2.62 km2. Especially at the end of the water year, there 
was a 26% increase in the average precipitation in September between 2010 and 
2019 compared to the 1980s, and this precipitation increase is a major factor in the 
increase of the lake area (Fig. 5). At the end of the water years since 2009, the lake 
area decreased below 2 km2 for the first time in 2020. The 30.5% decrease from 
2.85 km2 in 2019 to 1.98 km2 in 2020 at the beginning of the dry period creates 
concern regarding the coming years (Fig. 5). The lake area determined by NDWI 
at the transition dates to rainy or dry periods according to the cumulative deviation 
curve, and the minimum and maximum water body area of the lake within the data 
set for the examined dates, are shown in Fig. 5. 

When the temporal variation of the data was examined, it was seen that the change 
in the lake area is related to meteorological drought (Fig. 4). However, since the cumu-
lative deviations are computed as the sum of the differences of precipitation from 
the mean and are not suitable for short-term interpretation (annually, in this study), 
they were found to be uncorrelated with the lake areas determined by remote sensing 
(Fig. 6a). However, in the long-term analysis, there is a significant relationship in the 
trend between cumulative deviation and the area values (Fig. 4). Compared to cumu-
lative deviation values, the change in the SPI and SPEI drought values were found 
to be significantly more correlated with the change in the water body area (Fig. 6b, 
c). According to ANOVA, the SF values between the water body area and drought
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Fig. 5 Areas of lake determined by NDWI on transition date to a rainy or dry period, according to 
cumulative deviation curve. (Note: 1990 and 2010 represent minimum and maximum areas of lake, 
respectively, within data set examined.)
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Fig. 6 Correlation between water body area from NDWI and a cumulative deviation, b SPI, and c 
SPEI values
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indices (i.e., SPI and SPEI) were found to be almost 0, and all correlations shown in 
Fig. 6b, c have almost 100% confidence level. SPI values with 0.68 correlation were 
found to be slightly more correlated with the water body area values from NDWI 
than SPEI with 0.65. SPI may have generated better results because the valley where 
the dam is located is narrow, far from the sea, and richly forested in vegetation. 
Therefore, the wind triggering evapotranspiration is not high in the region and as a 
result rainfall is more dominant in the water budget.

The imperfect correlations show that the dam lake area not only changes due 
to meteorological drought. Atikhisar Dam Lake is multi-purpose and was built to 
provide drinking water, agricultural irrigation and flood protection (Koca 2005; 
Akbulak et al. 2008; Kale and Acarlı 2019b). On the other hand, the population 
of Çanakkale city has increased approximately 120 times since the initial construc-
tion of the dam and more than 30% in just the last 10 years (TÜİK 2020; Özelkan 
et al. 2018). While this population growth has caused an increase in anthropogenic 
demand (i.e., water consumption) from the dam lake, it may result in a decrease in 
the correlation between the water body area of the lake and meteorological drought. 
Preventing floods that may threaten the city of Çanakkale and agricultural areas, 
and leaving excess water accumulated in the lake due to precipitation, are other 
important tasks of the Atikhisar Dam (Koca 2005; Kale and Acarlı 2019b) that may 
also cause a decrease in the correlations. In addition, when examined in terms of 
flora, the vegetation density around the dam prevents erosion and prolongs the life 
of the dam. Conversely, dense vegetation slows down surface flow in the Sarıçay 
Basin, where the dam is located, and increases the groundwater level, which causes 
a decrease in the water reaching the dam lake (Koca 2005). The findings listed so far 
strongly suggest that the presence of water in the lake area may not be solely due to 
meteorological drought. 

Finally, since the change of drought over the long term was examined in this study, 
30 m was preferred as the common spatial resolution used in NDWI data produced 
from different Landsat satellites. However, with 15 m resolution the lake area can be 
determined more successfully (Özelkan, 2020), and this may increase the correlation 
between the lake area and drought in this study. Additionally, since the water area 
values created from the NDWI images are associated with SPI and SPEI calculated 
based on water year meteorological data, the time difference between the image 
acquisition dates and the end of the water year may affect the correlations. 

4 Conclusions 

The ever-increasing population worldwide together with severe drought puts tremen-
dous pressure on water resources. Particularly in arid and semi-arid regions, the influ-
ence of drought on water resources should be carefully monitored and examined in all 
aspects. In other words, water resources management should be the most important 
issue in drought-prone regions; implementing urgent precautions such as education 
of the public on water management, a preference for technologies that consume less
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water in our lives and industry, strict control of agricultural irrigation and usage of 
sensitive methods, and preference of agricultural plants that do not consume exces-
sive water according to climatic characteristics. Otherwise, it is inevitable that we 
will experience a lack of drinking water and food. Misguided water management 
causes meteorological drought to evolve into hydrological, agricultural and eventu-
ally socio-economic drought. In this study, the correlation between spatial–temporal 
change in a dam lake and meteorological drought was investigated. While the cumu-
lative deviation curve, SPI and SPEI were used to determine the meteorological 
drought, NDWI was used to determine the water change in the lake area. The main 
findings of this study are as follows. 

• The cumulative deviation curve was very convenient in the interpretation of 
meteorological drought over a long period. 

• SPI and SPEI gave precise results in the interpretation of meteorological drought 
in short periods. 

• The drought values generated by SPI and SPEI were significantly correlated 
with the water area values of the lake determined by NDWI. Since the valley 
where the dam is located may have made evaporation slightly less important than 
precipitation, SPI gave a slightly better result than SPEI. 

• Since the investigated reservoir is not a natural lake but a dam lake, meteorological 
drought cannot be said to be the only determinant factor in changes in the water 
body area. 

This study shows that in order to create more successful models, the water budget 
of the dam lake (water consumption, irrigation, discharged water, etc.) as well as 
hydrogeological and environmental factors should be considered. The results of this 
study proved that the ability to ensure continuous monitoring, view large areas at 
once, and construct digital data easily associated with different sources of data make 
remote sensing a very successful tool to monitor and examine the impact of drought 
on water resources. 
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