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Abstract. Global warming, climate change, rapid urbanization and industrialization, population growth, 

unplanned and random water use considerably affect the lake water level (LWL) and lake water volume (LWV), 

which is very important since the lakes are clean water sources. For this study, Lake Egirdir, with a tectonic 

structure and basin area of approximately 3445.6 km2 within the borders of Isparta province, was chosen. In the 

study, long-year lake water level measurement station values of Lake Egirdir and long-year temperature, 

precipitation, relative humidity, wind speed values of the Egirdir meteorology station were used as variables. To 

develop equations between the Egirdir lake water level, volume and hydro-meteorological variables, the best fitted 

sub-equation models analysis, analysis of variance and multiple regression analyses (MRA) were performed. Their 

statistical relevance was examined with 5% significance level F, correlation (r) and probability (p) tests. Analysis 

of variance of each MRA equation developed to determine LWL and LWV estimation values was evaluated. In line 

with these values, it has been determined that the MLRA equation is more suitable than the Multiple Nonlinear 

Regression Analysis (MNRA) equation in estimating LWL, and the MNRA equation is much more suitable than 

the Multiple Linear Regression Analysis (MLRA) equation in estimating LWV. With the help of the equations 

developed for LWL and LWV estimations, it has been concluded that the Egirdir lake basin water management 

planning and project design studies within the hydrological cycle can have an idea beforehand. As a result, we 

think that it is very important to carry out the necessary planning and management studies in advance by revealing 

the current status of water resources in the future by carrying out these and similar studies. 
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Introduction 

The need for freshwater is continuously increasing due to the gradual decrease in the amount of 

usable fresh water in the world and the increase in population. In this case, water requires good 

management of resources [1; 2]. Modeling studies are also the most important method used in the 

management of these resources. During lake management, the effects of many planned studies can be 

determined with the help of modeling [2]. Ensuring the management of water, it can be realized 

sustainably by evaluating the hydrological, ecological, and economic aspects together and in harmony. 

With the last quarter of the twentieth century, water management at the basin scale has come to the fore, 

and the current situation is revealed with a holistic approach and solutions are sought for problems [3]. 

As the main reasons for the changes in the decrease in the levels of the lakes, researchers stated various 

factors such as changes in ground cover, changes in land use, urbanization, increase in agricultural and 

animal water needs, excessive use of the resources that feed the lakes and dam construction [4]. 

Researchers stated that besides human factors, climatic factors also cause changes in lake water levels 

[4; 5]. Lakes have human attention for centuries, both in terms of fresh water supply, which is inevitable 

for life, as well as important resources for many practices. From the perspective of the history, many 

important civilizations were established and rooted in areas where freshwater resources were found. 

However, especially in the last two centuries, when industrialization took place, the excessive 

proliferation of human beings and their insensitivity to the ecosystem have brought many environmental 

problems. These problems have gained momentum in the last century and have reached enormous 

dimensions [6]. 

In the study, Egirdir Lake water level and water volume modeling was performed using the multiple 

regression analysis methods, using water balance components and water level records. With the help of 

the created regression model, possible extreme annual water levels in the future were tried to be 

estimated. 

Material and methods 

Lake Egirdir is an important freshwater lake located in the Lakes region in the Western 

Mediterranean Region of Turkey. Administratively, it is located within the borders of Isparta province 
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between 35º37’41”-38º16’55” North latitudes and 30º44’39”-30º57’43” East longitudes. The average 

height of the lake is 917.7 m, its average area is 481.5 km2 and its water volume is 4.44 billion m3 [7]. 

In the study, LWL and LWV values measured by DSI, during 1988-2018 period were used. Long-term 

(1988-2018) temperature, precipitation, relative humidity, and wind speed values obtained from the 

general directorate of meteorology were used as materials [8; 9]. 

Autocorrelation analysis is a statistical method used to determine the correlation (internal 

dependence) between consecutive values in the values of the observation series ordered in time or 

locality [10-14]. Autocorrelation coefficient (rk):  
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where xi – i data of the observation series,  

 x̄ – mean of the observation series,  

 i – ordinal number of values in the observation series,  

 k – number of lags (k = 1, 2, ..., N),  

 N – total number of observations in the observation series.  

The statistical significance of the calculated autocorrelation coefficient is made with the t test at the 

chosen significance level (α). Accordingly, the t test statistic (tk) is calculated as follows: 
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The standard error of each autocorrelation coefficient is calculated for k = 1 and k ≥ 2 as follows: 

 for k = 1 ( ) NrSE /11 =  for k ≥ 2 ( ) ( ) NrrSE
N

k kk /21
1

1

2
−

=
+= ,  

where SE(rk) – standard error of lag number,  

 rk – autocorrelation coefficient,  

 k – lag number (k = 1, 2, …, N),  

 N – total number of observations in the observation series.  

The tk values calculated for each lag number (k = 1, 2, 3,… N) in the observation series are compared 

with the selected α significance level and the t distribution table value (tt) at n-1 degrees of freedom. If 

tk < tt, it is decided that there is no autocorrelation (rk) between the values of the observation series, and 

if tk > tt, there is autocorrelation [17]. The correlogram is used for the visual (graphical) representation 

of the statistical significance of each calculated rk. Each rk value in the correlogram must be between the 

calculated upper confidence limit UCL(rk) = tt·SE(rk) and lower confidence limit LCL(rk) = tt·SE(rk) 

values [10; 12; 14-17]. 

Multiple Regression Analysis. In statistical studies, there may be a linear or non-linear relationship 

between dependent and independent variables. This relationship is determined by the correlation 

analysis to be made between the dependent and independent variables. In this analysis, the direction and 

size of the relationship between the variables are determined as well as the type of mathematical 

function. According to the type of mathematical function, they are divided into linear and nonlinear 

regression models [13; 17].  

Multiple Linear Regression Analysis is a model used for linear modeling of the relationship 

between the dependent variable and more than one independent variable [13; 17-20].  

  ++++++= nn XXXXY ...332211
,  (3) 

Multiple Nonlinear Regression Analysis is a model used to minimize the estimation error (ԑ) when 

the relationship between more than one independent variable and the dependent variable is not linear. 
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where α, β1, β2, .., βn, – coefficients of equations,  

 Y – dependent variable,  
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 X1, X2, .., Xn – independent variables,  

 ε – error term [17-21]. 

Best Sub-Equation Group Analysis. Subgroups of equations are formed by using all independent 

variables that have an effect on the dependent variable. It is a statisti7777cal method used to determine 

the best sub-equation group containing the least independent variable among all sub-equation groups 

created. For this, all subgroups of equations are ordered according to their regression coefficients (R2). 

The best subgroup of equations among them is determined by the F test. 
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where Rp–i – regression coefficient of the previous subgroup of equations, 

 Rp – regression coefficient of the next subgroup of equations, 

 p – number of variables used in the previous sub–equation group,  

 i – number of variables used in the next sub–equation group,  

 N – total number of observations [13; 17].  

The calculated F values are compared with the Ft value of the F distribution (Fα, (N-i), (N-p-1)). If 

F > Ft, this process is continued among the other sub-equation groups that follow. However, when 

F < Ft, the test is stopped, and it is decided that the previous sub-equation group is statistically the best 

sub-equation group [18; 22; 23]. 

Analysis of Variance is used to analyze how the independent variables affecting the dependent 

variable in the developed estimation equation interact with each other and the effects of these 

interactions on the dependent variable. Statistical significance is determined by comparing it with the F 

test at the chosen significance level (α) [13; 17; 21].  

Results and Discussion  

The changes in the long-year LWL and LWV values of Lake Egirdir were investigated. While the 

long annual LWL average of Lake Egirdir was 917.095 m, it was determined that it reached the minimum 

water level with 916.028 m in 1995 and the maximum water level with 918.051 m in 2004. When LWV 

values were examined, it was determined that while the average was 3377.488 hm3, it reached a 

minimum value of 2998.937 hm3 in 2009 and a maximum value of 3774.435 hm3 in 2000. In general, 

in Figure 1, it has been determined that the differences in the change between LWL and LWV values of 

the lake have increased since about the middle of 1999, while it was determined that this difference was 

more between the years 1999-2018.  

 

Fig 1. Lake Egirdir long-annual LWL (a) and LWV (b) series correlograms 

We can say that the demand for water volume from Lake Egirdir increased more after the middle 

of 1999. Therefore, it has been emphasized that LWL and LWV values may be addictive. For this 

purpose, the serial dependencies of the lake to LWL and LWV values between 1988 and 2018 were 

analyzed by autocorrelation analysis and their correlograms were created (Fig. 1). When the 

correlograms of LWL and LWV series in Lake Egirdir are examined on an annual basis, it is seen that 

the k = 1 delayed (year) serial dependence (r1 = 0.792 in LWL and r1 = 0.724 in LWV) is very important, 
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and that LWL and LWV values compared to LWL1 and LWV1 values 1 year ago have been determined 

to be involved (Fig 1). In other words, it was determined that there is a very significant serial dependence 

between LWL and LWV values and 1 year later of LWL1 and LWV1 values. Fig 2 has been prepared in 

order to determine whether the current year’s lake water level and water volume are effective on the 

previous year’s values due to the continuity of the lake’s water circulation. 

When Figure 2 is examined, it has been decided that the changes between LWL and LWL1 and LWV 

and LWV1 values are parallel to each other, therefore, LWL1 and LWV1 values are effective independent 

variables in modelling LWL and LWV values. The correlation (r) analyses of the measured LWL and 

LWV values (dependent variable) and LWL1, LWV1, temperature, precipitation, proportional humidity, 

and wind speed values (independent variables) were performed separately both to the measured values 

and to the logarithmically transformed values. The obtained results were compared with r and p values 

at 5% significance level (< 0.05). It was determined that LWL was affected by LWV, LWL1, LWV1, 

annual minimum proportional humidity, annual maximum wind speed variables, and LWV by LWV, 

LWV1, LWL, annual maximum precipitation, annual maximum proportional humidity variables, 

respectively. Other independent variables were determined to be insignificant.  

 

Fig 2. Changes between LWL and previous year’s LWL1, LWV  

and previous year’s LWV1 values 

With the analysis of the best sub-equation models, the best sub-equation models that contain very 

few independent variables that are effective on LWL and LWV dependent variables determined for 

multiple regression analyses were determined. According to the analysis results, respectively; LWV, 

LWV1, LWV, annual average precipitation, annual minimum wind speed variables were effective on 

LWL. LWL, LWH1, LWL1, annual average precipitation and annual minimum wind speed variables were 

found to be effective for LWH. According to the variance analysis results of each MRA equation 

developed for the estimation of LWL and LWV values it has been determined that the MLRA equation 

(FH = 323.62) is more suitable than the MNRA equation (F = 281.92) in LWL estimation. It has been 

determined that the MNRA equation (F = 285.32) is much more suitable than the MLRA equation 

(F = 281.60) in LWV estimation (Table 1). The average and standard deviations of the long-year Pave, 

RHave and RHmin variables of Lake Eğirdir are calculated as 7.280 ± 1.244 mm·year-1, 66.934 ± 3.195% 

and 35.174 ± 5.254%.  

Table 1 

Developed MLRA and MNRA equations and statistical properties  

Models 

Developed Multiple Linear Regression Equation (MLRA) 

and 

Multiple Nonlinear Regression Equation (MNRA) 

Correlation 

coefficient 

(r) 

Standard 

deviation 

(s) 

MLRA 

LWL = 82.0 + 0.9103·LWL1 + 0.002258·LWV-0.002043·LWV1 –  

– 0.01339·RHmin 
0.9915 0.0809972 

LWV = –29220.0 + 0.9060·LWV1 + 411.7·LWL –  

– 379.7·LWL1 + 5.86·RHmin – 33.1·Vmin 
0.9913 33.4717 

MNRA 

LWL = 0.242·LWL1
0.9178

·LWV0.008364
·LWV1

-0.007607
· 

·Pave
–0.000182

·RHmin
-0.000485 

0.9913 1.000085 

LWV = –23.8·LWV1
0.9126

·LWL113.27
·LWL1

-105.16
·Pave

0.0236
·RHmin

0.0568 0.9914 1.00991 
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In order to determine the most suitable equation model for LWL and LWV, minimum correlation 

coefficient (r) and standard deviation (s) values were taken into account. It has been determined that the 

appropriate model for LWL (r = 0.9915, s = 0.0809972) is MLRA, and for LWV (r = 0.9914, 

s = 1.00991) the MNRA models are suitable. With the help of the equations developed for LWL and 

LWV estimations, it has been concluded that it is possible to make predictions in the water management 

planning and projecting studies of the Lake Egirdir basin within the hydrological cycle. Göncü et al. [4] 

stated that the effect of climatic factors and anthropogenic effects should be separated from each other 

in the trend analysis studies they conducted with the lake water level. In this way, they concluded that 

the trends in the lake level changes could be better understood. Our study is similar to this study. Batur 

et al. [24] in their study of Lake Van stated that the water level in the lake directly depends on the 

precipitation-flow-evaporation interaction prevailing in the basin and the regime of hydrometeorological 

variables. This study provides parallelism with our study. 

Conclusions 

In the study, long-year meteorological values were used together with the measured LWL and LWV 

values of Lake Egirdir. Due to the continuity of water circulation in the natural structure of the lake, it 

was determined whether the current year’s LWL was effective on the previous year’s LWL1, and the 

current year’s LWV was effective on the previous year’s LWV1. It was decided that the changes between 

LWL and LWL1 and LWV and LWV1 values were parallel to each other, and therefore LWL1 and LWV1 

values were effective independent variables in modeling LWL and LWV values. In addition, variance 

analyses of each MRA equation developed to determine LWL and LWV estimation values were 

evaluated. In line with these values, it has been determined that the MLRA equation is more suitable 

than the MNRA equation in estimating LWL, and the MNRA equation is much more suitable than the 

MLRA equation in estimating LWV. With the help of the equations developed for LWL and LWV 

estimations, it has been concluded that the Egirdir lake basin water management planning and project 

design studies within the hydrological cycle can have an idea beforehand. In this context, we believe 

that there will be more studies that will reveal the status of water resources. As a result, we think that it 

is very important to carry out the necessary planning and management studies in advance by revealing 

the status of water resources in the future by carrying out these and similar studies. 
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