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Abstract. Climate change and variability, as well as unplanned and irregular water use, affect sustainable 
management of lakes, which are of great importance in terms of water resources. Currently, Lake Egirdir, which 
is the second largest freshwater resource of our country and located in the Lakes Region, has been selected as the 
research area. In this study, data of Lake Egirdir water level measurement station and Egirdir meteorology 
station, which are effective on water potential of Lake Egirdir basin, were used as materials. In this study, Lake 
Egirdirwater level (EWL) and lake water volume (EWV) values and long-term temperature, rainfall, relative 
humidity, wind speed values of Lake Egirdir were used. Correlation and regression analyzes were performed to 
determine the relationships between EWL and EWV values and meteorological variables. Statistical compliance 
was examined by correlation (r) and probability (p) tests at 5 % significance level. In conclusion, while there are 
general changes in EWL and EWV values, it has been determined that there are generally decreases since 
2004.When the long-year changes are generally examined, it was determined that there was an average decrease 
of 0.833 m (0.091 %) in EWL values and 698.956 hm3 (18.750 %) in EWV values. In addition, the increase in 
maximum temperature, maximum relative humidity and maximum wind speed in the lake basin, while the 
decrease in total annual precipitation affected EWL and EWV changes. It has been concluded that as a result of 
agricultural activities, water use for irrigation purposes and drinking water supply for settlements affect EWL 
and EWV in Lake Egirdir basin. In addition, it is inevitable that the lack of planning for the use of water 
resources will adversely affect our water resources with climate change. 
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Introduction 

Climatic data elements and their characteristics have been affected significantly due to the 
changes in climate resulting with the increase of greenhouse gases. Climatic data elements can be 
determined by assessing the long-term averages (LTA) of meteorological data. Even though the 
averages of climatic data elements characterize the local or regional climate type, they may not fully 
represent all climate events [1]. Thus, short term maximum and minimum events should also be taken 
into consideration in addition to the averages of daily climatic data elements. As meteorological events 
may have significant impacts, that should not be neglected at critical times, even though the lives of 
living beings mostly depending on averages [2-4]. Moreover, it is also important to examine the 
changes on open water surfaces in addition to the changes in climatic data elements in order to 
determine the local or regional impacts of climate change [5-7]. Lakes, as the most important sources 
of fresh water in the world, are affected by negative impacts of surface flows, underground waters, 
tectonic activities and anthropogenic adversities [8]. The impact of climate change on water resources 
is especially affected by the change in rainfall characteristics. Rainfall is indicated as the primary 
source of the variation in water balance at the scale of space and time. The changes in ecosystem that 
have occurred as a result of climate change may have important outcomes for hydrology and water 
sources [6; 9]. 

The previously published results [10] on Lake Egirdir have demonstrated that the lowest water 
level of the lake was 915.33 m, the lake area was 45300 ha and the water volume was 2.74 billion m3. 
It was reported that the highest water level of the lake was 919.11 m, the lake area was 48150 ha and 
the water volume was 4.44 billion m3. Lakes are affected by global climate change, because they form 
an important geographical ecosystem for the environment and are very sensitive to meteorological 
conditions [11]. The water level of the lakes is a structure formed in the complex circulation of natural 
water between the catchment basins. Therefore, long-term fluctuations in the lake water level reflect 
the climate changes occurring in the region [12]. Wu (2019) [13], in his study, examined the effects of 
climatic variables on the water levels of 329 lakes by various statistical methods. He determined that 
the relationship between the lake water levels and precipitation is important. He also stated that there 
was a decrease in lake water levels with the increase of temperatures. 
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The sustainability of water sources have started to gain more importance especially due to the 
climate change and variability that was developed due to the irrational use of natural resources that 
started during the mid-1990s. For this purpose, Lake Egirdir, which is the second largest fresh water 
source in the Republic of Turkey, was selected as the study area. Correlation and regression analyses 
were carried out for determining the impacts of the meteorological variables (long term temperature, 
precipitation, relative humidity, wind speed) on the lake water level and lake water volume during 
1988-2018 period. 

Materials and methods 

Lake Egirdir is located within the borders of Isparta province in the Lakes region, between the 
North latitudes (35º37’41”- 38º16’55”) and Eastern longitudes (30º44’39 “-30º57’43”). It is a valley 
lake formed geologically in tectonic and karstic form. The lake is about 917.7 m a.s.l., the surface area 
is 488 km2, the basin area is 3309 km2 and its approximate active volume is 1905 hm3 [1;10; 14-17]. 

 

Fig. 1. Location and boundaries of the study area [18] 

In the study, Eğirdir lake located in the Lakes Region was chosen as the research area. The 
studied period is from 1988 to 2018, Egirdir lake water level (EWL) and water volume (EWV) 
measurement station [19] and Egirdir district meteorology station meteorological values (long term 
temperature, precipitation, relative humidity, wind speed) were used [20]. Correlation and regression 
analyses were conducted to determine the relationship between EWL, EWV and meteorological 
variables. Correlation analysis is a statistical method used to determine the degree and direction of the 
relationship between two variables. The r coefficient can be calculated using the following equation 
(1): 
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where xi – independent variable; 
 yi – dependent variable; 

 x̄ – mean of the independent variable; 
 ȳ – mean of the dependent variable; 

 n – total number of observations [21-25]. 

Probability value (p): It is a value used for the purpose of determining the presence of statistical 
difference in studies, if any, the level of this difference (statistical comparison). The p value is made to 
check the probability of making incorrect decisions, when there is a statistically significant difference 
in differences [26-28]. 
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Results and discussion 

The temperatures for Lake Egirdir (1988-2018) along with the EWL and EWV values are 
presented in Figure 2. Long term EWL values were determined as; 917.095 ± 0.537 m on average, 
maximum 918.051 m (2004) and minimum 916.028 m (1995). Whereas long term EWV values were 
determined as; 3377.488 ± 231.333 hm3 on average, maximum 3774.435 hm3 (2000) and minimum 
2998.937 hm3 (2009). It was determined, when long term changes were examined, that there is an 
average decrease of 0.833 m (0.091 %) in EWL values and a decrease of 698.956 hm3 (18.750 %) in 
EWV values. While it can be observed, when the changes in EWL values are considered, that the 
value of 918.5 m in 2004 could not be attained in the coming years and that EWL was always under 
this level afterwards. It was also observed that the EWV value of 3774.435 hm3 in 2000 could not be 
attained again in later years (Figure 2). It was noticed, when the long term temperature values were 
Tmax is 38.6 ºC, Tavg is 12.36 ºC and Tmin is –14.9 ºC. Furthermore, it was noticed, when the changes in 
Tmax, Tavg and Tmin temperature values were examined, that there is an increase of 0.50 ºC (13.731 %) 
in Tmax along with an increase of 1.84 ºC (13.38 %) in Tavg and an increase of 3.40 ºC (37.0 %) in Tmin. 
Motiee and Makbin [29] found that the climate change causes to reduce 50 cm water level of the 
Superior Lake located in North America and that in a short period of time the water level of the lake 
has been decreased by 1 cm·year-1. According to Tan et al. [11], the relationship between lakes and 
climate change is complicated. The author claims that the water levels of global lakes show a rising 
trend and are closely related to the increases in temperature and precipitation. Precipitation mainly 
affects lakes that are primarily supplied by precipitation and surface runoff. Furthermore, the author 
has stated that the effect of temperature on the lake water level is through melting of ice and snow and 
evaporation rate. 

 
 

Fig. 2. Changes between EWL and EWV along with temperature values 

Tmax values increase due to the local impact of climate change, which leads to the increase in 
evaporation at the lake. Increase in evaporation will lead to a decrease in the values of EWL and 
EWV.Also Tayebeh et al. [30] reported significant lake level decrease due to the rainfall reduction and 
increase in evaporation and temperature. Similarly, Figure 3 presents the changes between EWL and 
EWValong with precipitation values.  

Based on the Egirdir meteorology station long term rainfall values, it has been observed that the 
maximum value of Pt was 1106.6 mm (2009), while the minimum value was 455.7 mm (2008) with an 
average value of 773.39 mm. Whereas the maximum value of Pmax was 141.9 mm (2003), the 
minimum value was 32 mm (2008), while the maximum value for Pavg was 10.408 mm (2005), the 
minimum value was 5.022 mm (2018) with an average value of 7.280 mm. It was noticed, when the 
changes in theEgirdir meteorology station Pt, Pavg and Pmax values were observed, that Pt has decreased 
by 140.9 mm (15.51 %), Pavg by 2.066 mm (29.14 %) and Pmax by 23.80 mm (40.20 %) (Figure 3). It 
was also noticed that the EWL and EWV values have a decreasing trend since 2004 and that the Pt 
values have also decreased accordingly. 

It can be indicated that the EWL and EWV values have been affected by the imbalances and 
lower amount of rainfall, as well as the increase in temperature at the Egirdir region. The increase in 
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temperature led to an increase in evaporation from water surfaces leading to adverse impacts on the 
values of EWL and EWV. In addition, the increase in drinking water consumption related with Lake 
Egirdir along with water consumption due to various agricultural activities should not be ignored. 

  

  

Fig. 3. Display of changes between EWL and EWV along with precipitation values 

Yüksel et al. [7] reported that the temperatures continue to increase and that they will increase 
further by 2 ºC at the end of the century leading to increase in water surface evaporation and decrease 
in underground water levels. Whereas Gökkur [9] emphasizes that the changes in the temperature 
regime affect the time-amount of rainfall and snowfall thereby changing the underground and surface 
water amounts. The increase in temperature speeds up evaporation, which results in the decrease in the 
irrigation water volume. Therefore, our findings are in accordance with those of Yüksel et al. [7] and 
Gökkur [9]. It has been concluded that the decrease in the values of EGH and EWL is due to the 
increase in the temperature values around the lake basin along with the decrease in the rainfall regime. 
Also, Bartoali et al. [31] reported that in recent years fluctuations of the basin water levels are 
influenced by changes in precipitation, evaporation, and evapo-transpiration. The indications of the 
changes between the Egirdir lake EWL and EWV and the relative humidity values are given in Figure 
4. It was noticed, when the Egirdir long term relative humidity values were observed, that; the 
maximum value for RHmax was 99.8 %, while the minimum value was 90.70 %, the maximum value 
for RHavg was 72.69 %, while the minimum value was 60.15 % and that the average value was 
66.93 %, the maximum value for RHmin was 43.70 %, while the minimum value was 19.00 %. It was 
noticed, when the relationships between EWL and EWV and relative humidity were observed, that 
when EWL and EWV have decreased during the 2004-2018 period, the RHmax values have increased. 
Similarly, it was noticed that the EWL and EWV values were in parallel during the indicated dates 
with the values of RHavg and RHmin. It can be stated that changes have been observed in relative 
humidity values subject to changes in local climate, especially, starting from 2004.  

Also, it was noticed, when the Egirdir long term wind speed values were observed, that 
(Figure 5): the maximum value for Vmax was 12.60 m·sec-1, while the minimum value was  
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7.70 m·sec-1, the maximum value for Vavg was 3.578 m·sec-1, while the minimum value was 2.771 
m·sec-1and that the average value was 3.095 m·sec-1, the maximum value for Vmin was 1.10 m·sec-1, 
while the minimum value was 0.00 m·sec-1.It was concluded that; Vmax decreased by 2.0 m·sec-1 

(19.417 %), Vavg decreased by 0.783 m·sec-1 (19.417 %) and Vmin decreased by 0.10 m·sec-1 (10.0 %). 
While there was a decrease of 1.379 m (0,150 %), especially in EGS values as of 2004, it was 
observed that there was a decrease of about 2.0 m·sec-1 (19.417 %) in Vmax after 1988, a decrease of 
0,783 (22.033 %) in Vavg values as of 1988 and an increase of 0.10 m·sec-1(10.00 %) in Vmin as of 
1988. 

 

Fig. 4. Display of changes between EWL and EWV along with relative humidity values 

  

Fig. 5. Display of changes between EWL and EWV along with wind speed values 

Correlation analyses. Separate correlation (r) analyses were carried out for determining the 
statistical significance and direction between the EWL and EWV values (dependent variable) and 
temperature, precipitation, relative humidity and wind speed (independent variables) in addition to 
determining the independent variable(s) that have the greatest impact on the EWL or EWV values. As 
a result of the correlation analyses carried out separately for both dependent and independent 
variables, it was noticed that there were moderate correlations between the EWL values and RHmin  
(-0.433) and Vmax (-0.362), between the EWV values and Pmax (0.385) and RHmax (-0.384). The impacts 
of other independent variables on the EWL and EWV values were observed to be statistically 
insignificant based on the r and p (<0.05) values. Also, it was noticed that there is an inverse 
proportion between the EWL values and RHmin, Vmax values, a linear proportion between the EWV 
values and Pmax and an inverse proportion with the RHmax values.  

Conclusions 

It is considered that climate changes have taken place at Lake Egirdirselected as the study area. 
These changes were noticed especially as increases in temperature and decreases in precipitation. It 
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was concluded that increase in temperature values will lead to an increase in evaporation, whereas 
decrease in precipitation will have an adverse impact on the amount and volume of water masses. It is 
clear that the EWL and EWV values have decreased continuously, starting especially from 2004. In 
this regard, it is concluded that the decrease in the values of EWL and EWV are due to the changes in 
temperature and precipitation. Even though the relationship between the changes in temperature, 
precipitation and the values of EWL and EWVwere statistically significant at a moderate level, it can 
be stated that is very significant for practice. Therefore, it is concluded that the future plans for water 
use of Lake Egirdir should be sincerely revised, since it is the second largest fresh water lake of 
Turkey.  
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