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Identification of homologous hydrological groups is one of the 

fundamental topics in hydrology in both applied and research dimensions. 

One of the common methods to achieve homogeneous hydrological zones 

for estimating flood zones is the use of clustering methods. In this study, 

the using, evaluation and comparison of statistical methods and methods 

based on artificial intelligence for clustering Karkheh catchment have 

been investigated. SOM, K-meansand hierarchical clustering were used for 

the study area. In the following, the study of hydrological homogeneity of 

the obtained areas was evaluated using the linear torque method and the 

heterogeneity adjustment was evaluated using the methods proposed by 

Husking and Wallis. The results show that the study area can be converted 

into two clusters. The values of homogeneity statistics for the first and 

second clusters were calculated to be 0.33 and 0.17, respectively, which 

indicates the homogeneity of each region. Due to the short statistical 

period in some stations, statistical shortcomings and the reliability of the 

results of regional frequency analysis, this method should be used in 

estimating floods in other catchments.  
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Figure 1. The location of Karkheh basin and selected water measuring stations 
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Table 1. Specifications of selected water measuring stations 

Basin area  

(km2) 

Statistical period length 

(years) 

Longitude  

(Decimal degrees) 

Latitude  

(Decimal degrees) 

Average height of basin 

(m) 
Station No. 

1152 56 48.25 33.72 2026 Kaka Reza 1 

2147 30 46.84 33.55 1739 Tang Sazin 2 

1636 56 48.25 33.45 1652 Cham Anjir 3 

1812 56 42.89 33.33 1240 Afarine-Kashkan 4 

667 57 47.25 34.23 1552 Qoorbaghestan 5 

610 42 47.97 34.08 2047 Noorabad-BadAvar 6 

1599 49 47.25 33.73 1808 Halilan-simrere 7 

1090 57 47.43 34.33 1871 Polchehr 8 

2041 57 47.92 34.42 1773 Aran Gharb 9 

777 57 48.21 33.79 2104 Sarab Seyed 10 

808 56 47.89 33.31 1644 Afarineh-Chelhol 11 

9253 56 47.72 33.16 1252 Poldokhtar-Kashkan 12 

2588 42 46.68 33.74 1531 Dartoot 13 

1225 57 46.78 34.55 1542 Doab Mark 14 

836 57 48.12 34.35 1531 FiroozAbab-Firoozan 15 

3476 54 47.8 32.97 1125 Jelogir-Majhin 16 

6359 41 47.95 33.48 1601 Doab-Gamasiab 17 
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Figure 2. Schematic view of the stages of regional flood frequency analysis 
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Table 3. Some statistical parameters and non-uniformity statistics of Hosking and Wallis 

Non-uniform  

statistic 

Linear Kurtosis  

coefficient 
Linear skewness  

coefficient 

linear variation  

Coefficient 

Statistical period length  

(years) 
Station No. 

0.7 0.1046 0.2535 0.3723 37 Kaka Reza 1 

2.74 0.3721 0.5492 0.4829 33 Tang Sazin 2 
0.42 0.1941 0.2797 0.357 35 Cham Anjir 3 

0.97 0.1257 0.2294 0.326 39 Afarine-Kashkan 4 

1 0.2973 0.4069 0.4524 29 Qoorbaghestan 5 
0.58 0.0941 0.2189 0.3778 31 Noorabad-BadAvar 6 

0.48 0.1961 0.3385 0.3833 40 Halilan-simrere 7 

1.14 0.2631 0.321 0.382 34 Polchehr 8 
1.59 0.2534 0.3209 0.4205 31 Aran Gharb 9 

1.21 0.2187 0.375 0.382 26 Sarab Seyed 10 
1.53 0.0447 0.243 0.4672 38 Afarineh-Chelhol 11 

0.77 0.1745 0.2452 0.3632 40 Poldokhtar-Kashkan 12 

2.53 0.1261 0.3576 0.5613 24 Dartoot 13 
0.44 0.1942 0.3825 0.48 28 Doab Mark 14 

0.45 0.1914 0.3825 0.4766 28 FiroozAbab-Firoozan 15 

0.16 0.1429 0.2706 0.4031 52 Jelogir-Majhin 16 
0.31 0.1791 0.3353 0.4035 33 Doab-Gamasiab 17 
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Figure 3. Diagram of linear moments of the studied stations, a) Line skewness coefficient, b) Line skewness 

coefficient and linear elongation coefficient 
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Figure 4. Matrix of correlation coefficients, histogram and dot diagram of the characteristics of the studied watersheds 

(length of the main waterway (L), area of the basin (A), average slope of the basin (S), average height of the basin (Have), 

perimeter of the basin (P), slope Main channel (LS), the highest height of the main channel (Hmax), the lowest height of the 

main channel (Hmin), the height of the center of gravity of the basin (Ho), geographical position X,Y. 
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Figure 5. Distribution of physiographic characteristics effective in flood formation in the trained SOM map 
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Figure 6. Determining the number of optimal clusters 
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Figure 7. Clustering of 17 stations on the trained SOM map using K-means 
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Figure 8. Dendogram resulting from Kohonen layer clustering using Ward hierarchical clustering 

  

  
Figure 9. Clustering of the SOM output map by Ward's hierarchical clustering algorithm (the bold numbers indicate 

the cluster number and the numbers inside each of the hexagons indicate the number of stations assigned to that unit.) 
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Table 4. Heterogeneity statistics for each region before homogeneity adjustment 

  Num. stations Before adjustment After adjustment 
Clustering Method No. Zone Before After H1 H2 H3 H1 H2 H3 

SOM+Kmeans 1 6 6 0.68 -0.43 -0.40 - - - 
2 11 11 1.77* 

0.38 -0.06 - - - 
SOM+Hierarchical 1 8 9 0.33 -0.25 -0.40 0.33 -0.52 -0.42 

2 9 8 1.11* 
0.22 -0.8 0.71 -0.52 0.52 
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1. K-means 

2. Hierarchical clustering 

3. Self-organizing map 

4. Quantile 

5. Pattern analysis 

6. Nodes 

7. Moment Ratio Diagram 
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