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ABSTRACT 
The change procedure of hydro-meteorological parameters in a region could be mentioned 
as one of the most important factors on climate studies. The climate is the result of the 
integrated effects of meteorological phenomena and could explain a moderate climate 
situation in study areas. Changes in precipitation, temperature and moisture percentage 
could be considered as most important parameters of hydro-meteorological factors in a 
watershed. In this study, by taking long-term data from hydro-meteorological stations, 
employing fuzzy logic in a Geographical Information Systems (GIS) framework, fuzzy 
equivalence relations have been extracted. Finally by station clustering with natural neighbor 
technique, which has been developed to estimate the target variable in a region, the climate 
zonation map in Tabas study area has been addressed. To validate the extracted zones, 
hydro-meteorological layers have been overlaid and classified, based on standard deviation of 
each variable; Gained results show that extracted zonation has met the concepts of climate 
variations in study area. Efficiency of fuzzy thinking and accuracy of heuristic methods for 
spatial variability studies are the most important obtained result . 
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INTRODUCTION 

 

 Generally, the natural systems are not fixed but gradually changing, in this way optimal land identification 

and utilization of its resources has been always vital and important. Long term land use planning has always 

been the major part of the evolution of human societies. Land utilization should be based on the thorough 

understanding of the environment and also on the variety of uses to meet the sustainable development 

fundamentals. In this respect, climate and its spatial changes have particular importance. Hydro-meteorological 

factors and phenomena are important parameters which directly or indirectly affect the climate of the region and 

have played a major role in determining and evaluating the water balance of an area. 

 Due to the role of climate in studies, design, implementation and utilization of the water resources, climate 

determination studies of the area, which is a part of hydro-meteorological evaluations, seems to be necessary. It 

should be noted that drought not only affects agricultural products and water resources but also has catastrophic 

consequences on natural vegetation of an area and unfortunately accelerates the expansion of deserts 

(Ebrahimzadeh, 2013). In this study, which has titled in "Fuzzy Clustering and Climate Zonation" , it is 

expected to zonation of climate in a fuzzy approach; in the other word, by employing the concepts of fuzzy logic 

and equivalence relations, the arid and semi-arid climate zonation expected to be derived in a GIS (Geographic 

Information Systems) framework. . By considering the rate of knowledge development, it was supposed that 

once these uncertainties will disappear; but in recent years, uncertainties always have been considered as an 

unavoidable part of natural systems (Javadi Pirbazari, 2008; Bardossy, 1995). Fuzzy logic is a new tool to deal 

with uncertainty. In general, not having accurate analytical rule or methodology, fuzzy logic could be applicable 

in the field of natural sciences with uncertainties (Zimmermann, 1995). Due to the development of fuzzy theory 

in various fields of science, recently  mentioned theory has been used in a variety of engineering estimating such 

as the water pressure index of plant (Ansari, 2003), functional evaluation of  the water networks containing  

limited  information [8], ranking and classification of the  irrigation system functionality (Kourehpazan Dezfuli, 

2008), monitoring and zonation of draught and groundwater vulnerability mapping; literature reviews show that 

in all of mentioned fields of natural science and in some relevant studies, application of fuzzy logic is strongly 



511 

 

recommended.  In this study, by using the fuzzy equivalence relations and statistical methods, climate of Tabas 

study area, located in the Kavir-e Loot Basin will be zoning. Identification of climate zones with similar 

characteristics could be considered as the main extractable result of  this zonation. Eventually, using iso-

precipitation, iso-temperature and iso-humidity curves, and overlaying them in GIS framework and with raster 

calculation concepts, climate zones will be validated. A detailed description and procedures have been presented 

as following.  

 

The location of the studied area: 

 Tabas study area  with an area of approximately 5100 square kilometers, located in Yazd province, west 

side of   the southern Khorasan province; its longitude and latitude are between  23-56 to 22-57 and  13-33 to 

34-07, respectively. The location of the studied area is shown in figure No. 1. This area is a part of Kavir-e Loot 

basin.  The principal stream   of this area is Cal Sardar river (mentioned river is the main Tabas City water 

supplier), other important water ways are Azmighan river in the north of Tabas, Korit River, Darreh bid river  

and the salt river. The Tabas and Korit can be cited as the major residential area within the study area.  

 

Research methodology: 

 For fuzzy clustering similar to classic models, firstly, a matrix of similarity between elements (in this study 

meteorological stations could be considered as elements) should be formed. To start the calculation of each   

elements of similarity matrix, i.e., rij, fuzzy equivalence relation (   ) has to be calculated based on Maximum-

Minimum method (equation No. 5).  If fuzzy relation “ ” has 3 characteristics of reflection, symmetry and 

benchmarking then it is called the "similarity relation" (equivalence relation). If the fuzzy relation matrix “R” 

has only two characteristics reflection and symmetry then it is called fuzzy harmonic relation or tolerance. A 

tolerance relation or fuzzy harmonic relation can convert to a fuzzy similarity relation only by combining with 

itself for n-1 times with maximum-minimum method (equation No. 4). It should be noted that fuzzy relation R 

(matrix R) has 3 characteristics including reflection, symmetry and benchmarking if the equations No. 1,2 and 3 

have been true.  In below equations µ is the membership degree of (x,x). 

          (1) 

          (2) 

           (3) 

             (4) 

             (5) 

 Due to these mentioned relations, it can be concluded that unlike the classic relations, which are binary (just 

1 and 0) the elements of fuzzy logic can gain decimal values (less than or equal to 1 and more than or equal to 

zero).  α sections of this equivalence relation will be classical equivalence relations which contain zero and one. 

Therefore, for data classification and clustering using fuzzy logic relations, first of all fuzzy equivalence 

relations (fuzzy similarity) should be extracted, then according to different sections of α, classification of each 

parameter and element have to be done.  It is clear that based on the selected value of α, the number of clusters 

and the number of members belonging to each cluster can be changed. In this study, because of climate 

distribution similarities, the values of α respectively selected as 0.92, 0.95, 0.96, 0.97, 0.98 and 0.99.  

 

Results: 

 Regarding to the cases mentioned in the previous paragraph and by considering table1, the magnitude of 

long term rainfall, temperature and average humidity of  neighbor hydro-meteorological stations normalized  by 

employing equations No. 6 to 8. Then, by using maximum-minimum relation (equation 5),  a fuzzy relation 

matrix has been set for stations under investigation. To clarify the issue and explain the method of calculation, 

element No. 35 of matrix (r35)  has calculated according to equation No. 9. The other elements of matrix (which 

totally has 14x14 elements) will be calculated similarly. It should be mentioned that due to the symmetry of the 

mentioned matrix, half of the entries will be calculated. Elements located in the main diameter of matrix are all 

equal to the unit. Fuzzy matrix  is given in relation 10. 

            (6) 

            (7) 

            (8) 

        (9) 
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 Using equation 1 to 3, it can be said that, given matrix in equation 10 (fuzzy matrix), is a Tolerance relation 

because for instance the r15 (element in row no 1 and column no 5) =0.96, and r54=0.82, while 

. Thus, first the  relation should become a fuzzy equivalence relation (fuzzy 

similarity). For this purpose, it is necessary to transmit the  (fuzzy relation) with itself for maximum n-1 times 

(n refers to the number of sampling points, which in this research n=14) by employing Max-Min equation. (n-1) 

time maximally with itself which in this study is 13 times (using maximum-minimum equation).The result show 

that  is a fuzzy equivalence equation (as presented in equation no 11).    

 

 
 

Fig. 1: The location of Study Area. 

 
Table 1: Characteristics of meteorological stations in the studied area. 

Station Location Dimension-less ***

LTAAH 

**LTAAT *

LTAAP 

Station Name Ro

w 

x y z ***

LTAAH 

**LTAAT *

LTAAP 

(Degree 

Centigrade) 

(Degree 

Centigrade

) 

(mm) 

(Degree 

Centigrade) 

(Degree 

Centigrade
) 

(mm) 

55.08

3 

33.78

3 

845 0.585 0.907 0.872 35.537 19.768 86 Khour-Biabanak 1 

55.55 33.03
3 

118
8 

0.786 0.84 0.913 37.191 18.304 115.495 Tabas 2 

57.36

7 

33.7 124

0 

0.807 0.828 0.929 37.849 18.045 118.689 Arsak 3 

55.03

3 

33.33

3 

145

0 

0.895 0.78 0.97 39.533 16.997 131.591 Bayaze- 

Biabanak 

4 

56.86

7 

34.33

3 

850 0.644 0.917 0.852 34.721 19.99 94.729 Dastgerdan 5 

57.03

3 

33.93

3 

864 0.65 0.914 0.855 34.833 19.921 95.589 Parvarde Mine 6 

57.08

3 

33.65 134

5 

0.851 0.804 0.95 38.691 17.521 125.14 Kharvan Tabas 7 

57.25 33.8 116

8 

0.777 0.844 0.915 37.272 18.404 114.266 Roughe 8 

57.41

7 

33.86

7 

885 0.659 0.848 0.859 35.002 18.493 96.879 Boshrouye 9 

56.28

3 

33.95 770 0.565 0.935 0.837 34.079 20.377 83 Halvan 10 

57.51

7 

33.3 136

5 

0.789 0.797 0.954 38.852 17.381 116 Deyhook 11 

56.95 34.46 745 0.701 0.936 0.832 33.879 20.404 103 Yaghoobieh 12 
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7 

56.95 33.6 690 0.605 1 0.821 33.437 21.8 89 Tabas2 13 

57.13
3 

33.65 148
0 

1 0.773 0.976 39.774 16.847 147 Mehrabani 14 

Long Term Annular Average Precipitation (L.T.A.A.P) * 

Long Term Annular Average Temperature (L.T.A.A.T) ** 

Long Term Annular Average Humidity (L.T.A.A.H) *** 

 

 And eventually different sections of α of the fuzzy equivalence relation ( ) for the values of 0.92, 0.95, 

0.96, 0.97, 0.98 and 0.99 are calculated as following matrixes, respectively. 

 

 
 

Equation10: fuzzy matrix (fuzzy relation) 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 1.00 0.88 0.86 0.81 0.96 0.96 0.84 0.89 0.94 0.96 0.85 0.93 0.93 0.77

2 0.88 1.00 0.98 0.92 0.89 0.90 0.95 0.99 0.93 0.85 0.97 0.90 0.84 0.88

3 0.86 0.98 1.00 0.93 0.88 0.88 0.97 0.98 0.91 0.83 0.97 0.88 0.82 0.89

4 0.81 0.92 0.93 1.00 0.82 0.82 0.97 0.91 0.85 0.78 0.95 0.83 0.77 0.96

5 0.96 0.89 0.88 0.82 1.00 1.00 0.85 0.90 0.96 0.95 0.86 0.96 0.94 0.78

6 0.96 0.90 0.88 0.82 1.00 1.00 0.85 0.90 0.97 0.95 0.87 0.96 0.93 0.79

7 0.84 0.95 0.97 0.97 0.85 0.85 1.00 0.94 0.88 0.81 0.97 0.85 0.80 0.93

8 0.89 0.99 0.98 0.91 0.90 0.90 0.94 1.00 0.93 0.85 0.96 0.90 0.84 0.87

9 0.94 0.93 0.91 0.85 0.96 0.97 0.88 0.93 1.00 0.92 0.89 0.94 0.90 0.81

10 0.96 0.85 0.83 0.78 0.95 0.95 0.81 0.85 0.92 1.00 0.82 0.94 0.95 0.75

11 0.85 0.97 0.97 0.95 0.86 0.87 0.97 0.96 0.89 0.82 1.00 0.87 0.81 0.91

12 0.93 0.90 0.88 0.83 0.96 0.96 0.85 0.90 0.94 0.94 0.87 1.00 0.93 0.79

13 0.93 0.84 0.82 0.77 0.94 0.93 0.80 0.84 0.90 0.95 0.81 0.93 1.00 0.74

14 0.77 0.88 0.89 0.96 0.78 0.79 0.93 0.87 0.81 0.75 0.91 0.79 0.74 1.00

S
ta

ti
o

n
 C

o
d

e

Station Code

 
  

Equation 11: Fuzzy equivalence matrix (fuzzy similarity relation). 

 

 In figure 3 to 5, three climatic zones, depending on the values of α is given. For interpreting this climate it 

can be said that the climate variability will increase with increasing values of α, in other words considering 

α=0.99 there are 4 stations (stations2, 8, 5 and 6) in a same climatic category and in this case there are 12 

climatic categories and in α=0.95 there will be four climatic categories but in α=0.92 only two categories is 

distinguishable. 

 With regard to the relation (14) (fuzzy equivalence relation ( fuzzy similarity) for α= 0.99) and as signing a 

same code for stations with similar climate and using natural neighbor concept  in Geographical Information 

Systems (GIS), equivalent climate zone Raster Maps, with interpolation between stations with different codes 

will be obtained. Interpolation logic is “gradual change in climate from one place to another”. It should be noted 

that the base for estimation in natural neighbor method is on the classification of the studied area by creating 
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Thiessen Polygons (TP) with and once without a destination point (the centroid of the target cells in the 

estimation). At the first stage weights derived and at the second stage derived weight will apply to the devoted 

area to the destination in a weighted form. 

 

 
 

2 8 3 7 11 4 14 5 6 1 9 10 12 13
1.00

0.99

0.98

0.97

0.96

0.95

0.92

 
 

Fig. 2: The dendrogram (tree diagram) of clustering using equivalence fuzzy relation (fuzzy similarity) to  

fourteen stations of the studied area of Tabas (in this diagram, α sections could be observed) 

 

Validation of fuzzy clustering using long term annual iso-precipitation, iso-tempreture  and relative  humidity 

curves: 

 In this section, using iso-precipitation, relative temperature and humidity curves, which have drawn by 

using data extracted from hydro-meteorological stations nearby the studied area, validation of the climate 

zonation will be discussed. It should be noted that, the first step to validate the extracted climate zonation maps 

is to overlay the climatology maps. In this way, the maximum and minimum values of each variable have to be 

extracted, then iso-precipitation, iso-temperature and iso-humidity curves have to be normalized based on 

extracted Max and Min values. Then, by calculating the standard deviation of each dataset, basic iso-map 

(curves) classified and finally the results overlaid in a GIS framework by raster calculations.  

 The result map is shown in figure 9. Considering figure 9 and comparing it with figure 5, it can be said that 

the probable climate zones that have been prepared according to basic climate maps,  are in relative adaptation 

with climate zones in conditions of α=0.92 (section α=0.92). This means that when α=0.92, dendrogram (tree 

diagram) presented in figure 2, have the similar trend with  that shown in figure 9. Due to the presence of only 

two stations within the studied area and thereby creating only two climatic zones, this relative adaptation is 

justifiable. As mentioned before in α=0.92 only two climate classes are distinguishable. 
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Figure3: climate zone α=0.92 Figure4: climate zone α=0.95 Figure5: climate zone α=1.00 

   
Figure6: iso-precipitation curves 

in studied area 

 

Figure7: iso temperature curves in 

studied area 

 

Figure8: relative iso-humidity 

curves in studied area 

 

 

 
 

Fig. 9: Simple overlaying climatology layers (dimensionless) for extracting probable climate zonation. 

 

Conclusion: 

 Considering the issue presented in the previous paragraphs, by using the equivalence fuzzy logic relations, 

information about the climate zonation could be summed up as follow: 

 According to this method it can be used to identify the trend of changes of target variable in studied area. 

The target variable in this study is climate variations. 

 By drawing dendrogram, one can classify and categorize variables. In presented research, to achieve the 

similarity relation, fuzzy sets and relevant operators being used. The results show that, in comparison with 

classical methods, the fuzzy approach could identify the variation pattern and change procedure, too.  

 By validating the extracted climatic zones by using the basic climatology curves, the ability of fuzzy model 

in identifying the climatic zones was tested. 

 As it is clear in iso-climate zones, the zones with higher elevation have more long term average rainfall and 

less temperature  are categorized into the same climate zone  and gradually by moving toward the plain (which 



516 

 

has lower elevation), climate will be different. The general trends of climate variable changes have  gradual 

behaviors which meet the concepts of climatology in environment and real world.  This could be an evidence of 

efficiency of fuzzy logic in dealing with issues. 

 It is noteworthy that in this method, the purpose of climate determination is not only zonation, but also 

determination of zones with similar climatic conditions, thus by having in hand the empirical experiences and 

equations (such as Demartan, Emberger, Selyaninow, Koppen, . . .), the nature of each class could be estimated, 

reasonably.  
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