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Abstract: Increasing population, higher levels of human and industrial activities have affected the water resources in last 
decades. In addition, per capita demand for water in most countries is steadily increasing as more and more people 
achieve higher standards of living. Researchers should have more information about water resources as using and 
managing water resources efficiently. So, getting much and quick information had a great importance in water 
resources planning and management; and consequently, the determination of the characteristics of water resources had 
more importance. For this purpose, useful and easily applicable methods are searched to get optimum results and 
several test techniques are investigated to get much more information from the available water resources data. In the 
presented study, Informational Entropy method is introduced as an alternative test method to test the goodness of fit 
of probability functions. Presented study gives a brief detail on the applicability of Informational Entropy as a 
goodness of fit tool. For this purpose, mean precipitation data for 60 stations in Turkey are investigated. Results by 
testing the goodness of fit of probability functions by entropy-based method show that Informational Entropy can be 
applied for fitting the probability function according to the investigated datasets. 
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1. INTRODUCTION  

Efficient use of water resources is stated as a must by research results. For this purpose, getting 
much and quick information about water resources had become an important topic and therefore, 
more useful and easily applicable methods have to be researched. Measuring and evaluating 
hydrologic processes that represent time-variant characteristics of water resources is highly 
significant. It is up to the planner to extract the maximum amount of information from these series 
and to determine the required parameters for the design and operation of water resources systems. 
Since teh hydrologic data require a significant amount of labor and investment, it is highly 
important that collected data bring new information. 

Entropy is a measure of the degree of uncertainty of random hydrological process. Since the 
reduction of uncertainty by means observations is equal to the amount of information gained, the 
entropy criterion indirectly measures the information content of a given series of data. Entropy 
measures can also employed when a monitoring activity reaches an optimal point in time after 
which any new data does not produce new information or can be used for diagnostic checking in 
time series modeling. By using the informational entropy method, the probability distribution of 
best fit to observed time series can be evaluate (Baran and Barbaros, 2015). 

The presented study consists of two parts. The first part is to determine the global climate change 
effect by using trend analysis. For this purpose, the analyses performed on temperature and 
precipitation data for climatological meteorological observation stations (AWOS), which are 
located in 60 major cities of Turkey. All meteorological data are provided from Turkish State 
Meteorological Service – TSMS (DMI – Devlet Meteoroloji İşleri). 

The second part is to test the best fit of probability distribution function of precipitation data in 
Turkey. For this purpose, 60 gaging stations having long-term precipitation data are investigated. In 
probability analysis, the best fitting for probability distribution results are compared by Chi-square 
test and Informational Entropy method. 
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2. INFORMATIONAL ENTROPY 

2.1 Need for measuring the information content of hydrologic processes 

All attempts towards an efficient development of water resources within technical and economic 
perspectives require data and information on the quality and quantity of such resources. 
Accordingly, measuring and evaluating hydrologic processes that represent time-variant 
characteristics of water resources is highly significant. It is up to the planner to extract the 
maximum amount of information from these series and to determine the required parameters for the 
design and operation of water resources systems. The planner is not only concerned with the 
availability of data but also with the proper delineation of data collection networks. This is due to 
fact that collection processing and acquisition of hydrologic data require a significant amount of 
labor and investment. Thus, it is highly important that collected data bring new information. 

Considering the limited financial resources to be allocated to monitoring of data, emphasis must 
be put on the optimum selection of spatial of and temporal monitoring frequencies. The collected 
data must also be assured to meet the objectives of water resources planning and development. 
Consequently, it may be stated that an objective criterion in needed to determine the amount of 
information conveyed by observed data since all activities towards the planning of water resources 
rely on data and information contained in available observations. 

Entropy is a measure of the degree of uncertainty of random hydrological process. Since the 
reduction of uncertainty by means observations is equal to the amount of information gained, the 
entropy criterion indirectly measures the information content of a given series of data.  

The entropy concept known as the Mathematical Communication Theory or Information Theory 
seems to offer such a criterion and appears to bring appropriate solutions to the aforementioned 
problems in water resources engineering. In the area of hydrology and water resources, a range of 
applications of entropy has been reported during the last decades. In the entropy-based parameter 
estimation, the distribution parameters are expressed in terms of the given information (Singh, 1998). 

Baran (1993) has defined entropy as the variation of information content instead of as reduction 
of uncertainty - amount of information gained. The method is demonstrated on the series of the 
monthly observations of selected stream gaging stations. The results confirm that the new entropy 
definition leads to results that are more reliable and can be effectively used for the solution of water 
resources engineering problems related to uncertainty and information. The mathematical 
formulation developed does not depend on the use of discretizing intervals so that a single value for 
the variation of information can be obtained. Furthermore, the new definition introduces tolerance 
limits for the entropy function, which makes it possible to compare the uncertainty of various 
hydrologic processes with different magnitudes and different probability structures (Bozoglu and 
Baran, 2010; 2012) 

2.2 The role of the entropy concept in evaluation of hydrologic data 

In mathematically communication theory, the concept of and the measure for information 
content has been derived from statistical and probabilistic principles. Within this respect, the theory 
has also been referred to as Statistical Communication Theory. 

Mathematical communication theory analyzes the statistical structure for information of a series 
of numbers, sings or symbols that make up a communication signal, without considering all their 
kind, meaning, value or any other subjective characteristics. The term information content here 
refers to the capability of signals to create communication, and the basic problem is the generation 
of correct communication by sending a sufficient amount of signals, leading neither to any loss nor 
to repetition of information (Cherry, 1957; Pfeiffer, 1965). 

Shannon has considered that average information content of the source is more significant than 
described per each symbol. In this case, Shannon considers that the source is made up of 
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independent and discrete signs or symbols which occur with probabilities pn (n=1, …, N). 
Consequently, Shannon defined the information content of a message sent by the transmitter as: 

( ) ∑−= nn ppnH log  (1) 

with units as (bit/symbol). The further named the information content H(n) as entropy (Shannon and 
Weaver, 1949) as his definition is similar to the entropy function described in statistical mechanics 
(Cherry, 1957; Pierce, 1961; Pfeiffer, 1965). 

Hydrologic processes must be observed to achieve optimum decisions regarding the design and 
operation of water resources systems. On the other hand, data collection practices must also be realized 
on an optimum basis in delineation of what, where, when and how long to measure (Baran, 1993). 
Planners after use the terms expected information, increase of information, or deficiency of information 
and relate their design parameters to the information conveyed by available data. Information has often 
been expressed indirectly in terms of statistical parameters such as variance, standard error or correlation 
coefficient instead of quantitative terms (Harmancioglu and Singh, 1998). 

The main difficulty associated with the applicability of the entropy concept in hydrology is the 
lack of a precise definition for the case of continuous variables. According to Baran (1993), a new 
definition describes the concept, not as an absolute measure of information but as a measure of 
variation of information.  

2.3 Variation of information entropy for testing the goodness of fit 

For investigated Variation of Information [H(X/X*)], basic statistical parameters are calculated and 
then the range of each data set and maximum entropy are calculated by equations (2) and (3), 
respectively. 

RH logmax =  (2) 

bxaabR <<−=  (3) 

Marginal entropy is calculated by equation (4) and then informational entropy H(X⎥X*) is calculated 
by equation (5). 

2/1log2log)( ++= σπXH  (4) 

( ) max
* )(/ HXHXXH −=  (5) 

For the half range value, replacing the appropriate values in equation (4), one obtains the acceptable 
entropy value for normal probability density function as equation (6) using normal logarithms. 

( ) 6605.0/ * =crXXH  (6) 

When the entropy H(X⎥ X*) of the variable which is assumed to be normal, remains below the above 
value, one may decide that the normal probability density function is acceptable and that sufficient amount 
of information has been collected about the process (Baran, 1993; Baran and Barbaros, 2015). 

If the a posteriori distribution function is selected as lognormal LN(µy, σy), the variation of 
information for the variable x can be determined as equation (7). Here, since lognormal values will 
be positive, one may consider –a = 0. Then the acceptable value of H(X⎥ X*) for the lognormal 
distribution function will be as in equation (8). 

( ) [ ] 4189.1log)(2log/ * −−= yyaSinhXXH σσ  (7) 

( ) 4189.1log/ * −−= yyaXXH σσ  (8) 
 
One may observe here that, no single constant value exists to describe the confidence limit for 
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lognormal distribution. Even if critical halfrange is determined, the confidence limits will vary 
according to the variance of the variable. However, if the variance of x is known, one can compute the 
confidence limits (Baran, 1993; Bozoğlu and Baran, 2010; Baran and Bacanli, 2006, 2007a, b). 

3. AVAILABLE SITUATION AND DATA 

There are different climates in various parts of Turkey due to irregular topography. In the Taurus 
Mountains, it is close to the shore and rain clouds cannot penetrate the interior of the country. As the 
rain clouds pass over the mountains and reach Central Anatolia, they do not have an important ability 
to produce rain. The North Black Sea Mountains and the Caucasus Mountain keep the rain cloud, 
which is why the region is affected by the long and very cold winters and continental climate. In the 
eastern mountains, minimum temperatures between -30 °C and -38 °C are observed and can snow for 
120 days a year. Winter often passes through heavy snowfall. The villagers in this area can remain 
isolated for several days during the winter storms (DMI, 2002; Bacanli et al., 2008, 2010). 

In Turkey, summers are hot and dry; temperatures are above 30°C. Although spring and autumn 
usually pass slightly, abrupt hot and cold changes in the area are frequent in both seasons. Annual 
average precipitation is about 500-800 mm; actual quantities are determined by elevation. Annual 
average precipitation in Turkey is shown in Figure 1. 

 

Figure 1. Annual average precipitation of Turkey. 

 

Figure 2. Long term mean temperature of Turkey. 
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Western Anatolia has a mild Mediterranean climate with an average temperature of 9 °C in 
winter and 29 °C in summer. Similar climatic conditions are observed on the southern coast of 
Anatolia. The climate of Anatolian Plateau is a systematic climate. There is a big temperature 
difference between day and night. The average temperature in summer is 23 °C and winter is -2 °C. 
The climate in the Black Sea region is wet and moist (summer 23 °C, winter 7 °C). There is a long 
winter in Eastern Anatolia and Southeastern Anatolia, and there is snow from november to the end 
of April (average temperature in winter is -13 °C and 17 °C in summer). The long-term average 
temperature of Turkey is shown in Figure 2. 

All meteorological data are provided from State Meteorological Works - DMI. In the presented 
study, precipitation and temperature data of 60 DMI Gaging Station in Turkey are investigated. The 
observed period of Precipitation Gaging Stations - PGS is from January 1950 to December 1998. 
The altitudes, latitudes and mean values in the observed period of investigated PGS are executed. 

In trend analysis, both the temperature and precipitation data are performed by parametric and 
non-parametric methods. Some selected gaging stations and different data series investigated in 
detail are Izmir (temperature and precipitation data, 49 years), Güre (precipitation data, 28 years), 
Salihli (temperature data, 31 years), Gediz (precipitation data, 29 years), Kula (precipitation data, 
60 years) and Adana (temperature and precipitation, 49 years). All these data are provided from 
DMI and investigated in trend analysis. 

4. TREND AND PROBABILITY ANALYSIS 

In the presented study, average monthly and annual temperature and precipitation data are 
analyzed in detail using the available 9 different data sets for 6 districts. Izmir, Güre, Salihli, Gediz, 
Kula and Adana, which have long-term temperature and precipitation data, are investigated for 
trend in both parametric and non-parametric methods. The annual mean precipitation datasets which 
located in major cities are also performed by both parametric and non-parametric methods in trend 
analysis. Both Spearman-Rho and Mann-Kendall non-parametric tests are performed and the results 
showed there are no significant trends for the performed data. 

The best fitting Probability Distribution Function (PDF) is searched for each precipitation gaging 
station. For this purpose, prior parameters – the basic statistics (mean, standard deviation, skewness, 
and excess coefficients) are calculated and the parameters for best fitting PDF for Chi-square Test 
are executed. 

 
Table 1. Results of Informational Entropy Method for Normal Distribution 

 Average Range Hmax Hx H(XIX') Test 
Adapazarı 817.87 585.9 6.37 6.29 0.08 Suitable 
Adıyaman 732.37 694.4 6.54 6.64 -0.09 Suitable 
Afyon 425.25 403.4 6.00 5.87 0.13 Suitable 
Amasya 454.30 293.8 5.68 5.74 -0.05 Suitable 
Ankara 396.64 410.6 6.02 5.79 0.23 Suitable 
İzmir 678.63 746.8 6.62 6.54 0.08 Suitable 
Manisa 731.26 732.4 6.60 6.54 0.05 Suitable 
Zonguldak 1222.32 847.3 6.74 6.67 0.07 Suitable 

Table 2. Selected Summarized Results of Informational Entropy Method for Log Normal Distribution 

 Hmax Hx H(XIX') Hcr Test 
Adapazarı 6.37 5.16 1.21 3.01 Suitable 
Adıyaman 6.54 5.95 0.59 2.19 Suitable 
Afyon 6.00 4.98 1.02 2.57 Suitable 
Amasya 5.68 4.65 1.03 2.94 Suitable 
Ankara 6.02 4.88 1.14 2.60 Suitable 
İzmir 6.62 5.84 0.78 2.22 Suitable 
Manisa 6.60 5.77 0.82 2.35 Suitable 
Zonguldak 6.74 5.53 1.22 3.05 Suitable 
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For the following step, each precipitation gaging stations are investigated in terms of Informational 
Entropy and prior statistical parameters are calculated. Basic parameters and equation results to 
determine the Informational Entropy are executed for 60 major cities and obtained the “Suitable” result 
each for the case. This is expected as suitable for normal distribution when executing the total 
precipitation data and suitable for lognormal distribution if there is skewness. The results are given only 
for the 8 example cities of 60, for normal and lognormal distributions in Table 1 and 2, respectively. 

5. CONCLUSIONS 

In trend analysis, the aim is to determine the effect of global climate change on temperature and 
precipitation. For this purpose, 9 different data sequences were examined. It is noted that the selected 
data stations having long term observations (annual total precipitation) and also affected by urbanization 
or agricultural facilities. The results show that there is no significant trend in the data series investigated 
except for rainfall data at Güre and Gediz stations. On the other hand, it should be noted that even it is 
stated as there is no trend in annual precipitation data, performed trend analysis in detail for selected 
stations’ monthly precipitation data show the significant trend. 

In the probability analysis, the best fitting probability distribution was investigated and it was 
found that most Precipitation Gaging Stations - PGSs are suitable for normal and lognormal 
distributions. Normal and Log-normal distributions are considered only in the Information Entropy 
method. Similar results were obtained for goodness of fit testing by both Informational Entropy and 
Chi-Square Method. The results for these stations should be investigated by further specified 
studies. Consequently, the presented application of Informational Entropy method can be stated as 
one of the effective tools to evaluate hydrological data besides the other testing methods and it can 
be stated as a potential tool to be used in investigating climate change effects and in decision 
making processes. 
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