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Figure 1- Study area and location of hydrometric stations in North-East of Iran
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Table 1- Values of three validation criteria of Kwon (Vk), Xie and Beni (Vxsm), and Fukuyama and Sugeno (Vrs). C is
number of clusters

VxB,M Vs Vk m Vxsm VEs Vk m Vxem Vrs VK m C
0.76 194 55.69 0.75 217 54.69 0.74 235 54.09 2
0.59 91.5 43.54 0.49 409 36.89 0.55 25 41.23 3
0.57 5.84 43.76 0.58 -28 44.21 0.48 -62  36.51 4
0.94 -57.44 74.82 0.51 -77 44.28 0.45 -123  34.28 5
0.35 -92 28.5 2 0.41 -116 3252 17 051 -163 3884 14 6
0.78 -107 65 0.45 -139  36.28 0.52 -188 37.41 7
0.88 -121 75 0.44 -168 30.9 0.44 -209 51.36 8
0.73 -127 61.8 0.36 -175 30.6 0.43 -236 3251 9
0.51 -142 56.8 0.50 -209 42 0.38 -244  28.1 10
0.77 186 56.2 0.75 210 54.95 0.74 230 54.3 2
0.85 92.8 62.7 0.47 52.4  34.98 0.53 27.73 40 3
0.56 14.25 42.36 0.6 -18 455 051 -516 386 4
1.15 -53.8 93.7 0.54 -67.39 50.54 0.47 -108  36.1 5
0.37 -82.7 30.8 21 0.36 -107 291 18 048 -145 377 15 6
0.70 -99.7 60 0.43 -128 39.6 0.41 -165 40 7
0.72 -105 66.8 0.44 -149 34.6 0.45 -215  34.77 8
0.86 -112 73.8 0.54 -169 52.7 0.38 -240 34 9
1.47 -120 1376 0.45 -187  60.88 0.35 -2563 449 10
0.77 178 56.77 0.75 202 55.28 0.74 224  54.48 2
1.15 90 84.63 0.44 68 32,53 051 3278 385 3
0.54 20 41.28 0.59 -6 45.18 0.54 -40  41.46 4
1.33 -5.82 103.4 0.76  -61.24 60.04 0.49 -91 37.6 5
132 -7252 200 22 034 998 272 19 045 -127 3535 16 6
595 -83.66 29817 0.81 -114  66.37 0.49 -149  38.45 7
2.4 -13.91 2966710 0.83 -130  54.69 0.44 -174 349 8
185 -96.92 155.67 0.75 -148 65.6 0.38 -213 304 9
114 -101 2119 0.46 -156  69.56 0.54 -236 444 10

b2y qmal yp oMo b (oSSl By y> g (ool (o) (S729 (57855 A 53 41 by po 03l (a9 o (295 )3 S 22595 - Jgi>
Sl (ol o5 g3 WS (538,55 185 )3 4y

Table 2- Distribution of watersheds in regions. For plain English leters, geological feature is included, while for the other case
(with prime) this feature is not included
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Table 3- Results of homogeneity test

Cung iy

& ab & 4l

e H, H, H, Regio o> H, H, H, Regio
Homogeniet n  Homogenie n

y ty

O -0.492 -0.313 0.122 A O -0.492 -0.313 0.122 A
ONed lws -0.154 -0.255 -1.02 B’ O -0.118 -0.075 -0.859 B
O -0.123 -0.078 -0.912 c’ O -0.123 -0.078 -0.912 C
O -0.073 -0.061 -0.082 D’ O -0.253 -0.442 -0.795 D
O -0.193 -0.707 -0.505 E’' O -0.425 -0.311 -0.72 E
O -0.217 -0.417 -0.733 F' O -0.36 -0.254 -0.391 F
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Table 4- Distribution functions for regions by using goodness of fit tests
Region Distribution function
4l S )bl &y s
Three parameter log-Normal

aorp Kkoro

Aand A’ Gyl d Jloy 5 -0.008 -0.4664 0.9741
Generalized Pareto
B " . -0.0028 0.8409 -0.1631
48l press )b
Three parameter log-Normal
Cand C -0.0872 -0.3299 0.9145

el aw Jloy Sg

b Three parameter log-Normal 00658 -0.4493 0.0129
s 4o Jloy S ' | |

£ Three parameter log-Normal 00629 -0.4397 1.001
bl Jlo S5 ' ' '

F Generalized Extreme Value  0.4025 -0.0338 -0.4694
Three parameter log-Normal
Sl aw Jloy Sy
Three parameter log-Normal
Sl aw Jloy Sy
, Three parameter log-Normal
E Gl Lo o5 -0.0931 -0.3517 0.9388

Generalized Logestic
F 458, eSSt 0.0065 -0.3298 -0.5192

-0.1632 -0.2441  0.891

-0.0316  -0.5169  0.9925

Three parameter log-Normal X(F ) =&+ exp (,u +od™* (F ))‘
Generalized Extreme Value X(F ) =&+ % {1 — (— log F )k }‘
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Generalized Pareto
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Table 5- Coefficients of 4-parameters logarithmic model (Eg. 8) for all regions

RZ MSE 6, 6,
07 027 -19 276
067 017 175 -2

1 0 25 214
054 039 368 -08
061 02 562 -13
055 03 505 -1.24
066 016 1659 -1.86
049 036 853 -1.93
056 019 699 -1.23
042 045 181 -2.38

Region
0, 6, 6, "L
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Table 6- Median of relative error for regions corresponding to 5 return periods

Median of relative error (RE)

(RE) (o (slas ailno

T=100 T=50 T=25 T=10 T=5

0.53 0.45 0.35
0.23 0.27 0.35
0.14 0.01 0.04
0.39 037 034
0.43 031 021
0.36 0.45 0.33
0.37 032 0.29
0.44 039 031
0.38 033 024
0.28 026  0.35

Region
aal
0.29 0.16 A
0.37 0.33 B
0.01 0.04 C
036 0.3 D
0.24 0.23 E
0.36 0.39 F

031 0.29 B’
026 0.26 D’
021 0.25 E'
0.43 0.49 F'
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Table 7- Evaluation criterion of ————
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Introduction: Finding out homogeneous watersheds based on their flood potential mechanisms, is needed
for conducting regional flood frequency analysis. Similarity of watersheds based on flood potential severity
depends on many factors such as physiographic and meteorological features of the watershed, geographical
location and geological features. These criteria although are sound ones, they suffer from this concept that there
is no attention to hydrological losses of runoff into the soil. As a result, current literature lacks for considering
geological features into delineating homogeneous regions. The primary contribution of this paper is to include
one geological criterion on flood regionalization. In a previous study we made a homogeneous classification for
Khorasan Province of Iran without taking into consideration of infiltration features of the region. So, by taking
geological features there may provide a sound comparison to regionalization issue.

Materials and Methods: To find out the effect of geological feature on delineation of homogeneous regions,
73 hydrometric stations at North-East of Iran with arid and semi-arid climate covering an average of 29 years of
record length were considered. Initially, all data were normalized. Watersheds were clustered in homogeneous
regions adopting Fuzzy c-mean algorithm and two different scenarios, considering and not considering a
criterion for geological feature. Three validation criteria for fuzzy clustering, Kwon, Xie-Beni, and Fukuyama-
Sugeno, were used to learn the optimum cluster numbers. Homogeneity approval was done based on linear
moment’s algorithm for both methods. We adopted 4 common distributions of three parameter log-Normal,
generalized Pareto, generalized extreme value, and generalized logistic. Index flood was correlated to
physiographic and geographic data for all regions separately. To model index flood, we considered different
parameters of geographical and physiological features of all watersheds. These features should be easily-
determined, as far as practical issues are concerned. Cumulative distribution functions for all regions were
chosen through goodness of fit tests of Z and Kolmogorov-Smirnov.

Results and Discussion: Watersheds were clustered to 6 homogenous regions adopting Fuzzy c-mean
algorithm, in which fuzziness parameter was 1.9, under the two different scenarios, considering and not
considering a criterion for geological feature. Homogeneity was approved based on linear moment’s algorithm
for both methods, although one discordant station with the lowest data was found. For the case with inclusion of
genealogic feature, 3-parameter lognormal distribution was selected for all regions, which is a highly practical
result. On the other hand, for not considering this feature there were no unique distribution for all regions, which
fails for practical usages. As far as index flood estimation is concerned, a logarithmic model with 4 variables of
average watershed slope, average altitude, watershed area, and the longest river of the watershed was found the
best predicting equation to model average flood discharge. Determination coefficient for one of the regions was
low. For this region, however, we merged this region to other regions so that reasonable determination
coefficient was found; the resulting equation was used only for that specific region, however. By comparing the
distributions of stations and also two evaluation statistics of median relative error and predicted discharge to
estimated discharge ration corresponding to 5 different return periods (5, 10, 20, 50, and 100 years). Both
perspectives showed acceptable results, and including geological feature was effective for flood frequency
studies. With considering the geological feature for regionalization, Besides, Log normal 3 parameters
distribution was found appropriate for all of the regions. From this point of view, geological feature was useful.
Median of relative error was lower for small return periods and gradually increased as return period was
increased. Median of relative error was between 0.21 to 00.45 percentages for the first method, while for the
second method it varied between 0.21 to 0.49 percentages. These errors are quite smaller than those reported in
literature under the same climatic region of arid and semi-arid. The probable reason may due to the fact that we
made a satisfactory regionalization via fuzzy logic algorithm., We considered another mathematical criterion of
“predicted discharge to the observed discharge”. The optimum range for this criterion is between 0.5 and 2.
While under-estimation and over-estimation are found if this criterion is lower than 0.5 and higher than 2,
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respectively. Based on this premise, 75 to 95 percentages of stations were categorized as good estimation under
the first method of analysis. On the other hand, 78 to 97 percentages of stations were considered good for the
second approach.
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