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Abstract
Introduction
Flood is one of the most important threats to human society, which has increased in recent decades with the

increase in population and climate change. Therefore, studying the features of the watershed, which are related to
the level of flooding, can help in the correct management of this risk. Watersheds are different in morphological
characteristics, so they have different hydrological reactions in the same climatic and environmental conditions.
The stability of the morphometric characteristics of the sub-watersheds has made them used in flood studies. So
the investigation of the morphometric factors of the watersheds can be of great help to the management and
prioritization of flood sub-watersheds. In this research, an attempt has been made to introduce and prioritize
flood-prone sub-watersheds using morphometric data in the environment of the geographic information system
in the north of Birjand Plain, using the maximum entropy method and VIKOR decision-making model.

Materials and Methods )
This plain is located at a longitude of 58° 45 to 59° 30'and a latitude of 32° 30'to 33°. The area of the Birjand

Plain watershed is 3155 km?, of which 1045 km? are plains (33 %) and the rest are highlands. In this research,
morphometric factors (14 factors), entropy method, and VIKOR decision-making method were used to prioritize
22 sub-watersheds in the north of Birjand Plain. Since the morphological factors of the aquifer basin have
different effects on the processes of runoff formation, there is a need to determine the effects of the parameters,
which Shannon's entropy method is used in this research. In the following, using the VIKOR method, sub-
watersheds are prioritized.

Results and Discussion
Morphometric factors are important in identifying and determining flood risk areas. The effect of morphometric

factors on flooding is not the same, so it is necessary to determine the importance of each parameter. Shannon's
entropy method was used to determine the impact of different morphometric factors (13 parameters) on flooding
in the northern Birjand Plain watershed. The results showed that the V/f index with a relative importance of 0.51
has the greatest effect on flooding and prioritization of sub-watersheds in the study area. In prioritizing the
flooding of sub-watersheds, all factors are not the same in terms of influence, so some factors have a positive
effect and some criteria have a negative effect on flooding, for example, the more the amount of drainage density
increases, the more it has a positive effect and causes an increase in flooding. It is possible that if the parameter
of the channel maintenance index is lower, the flooding will be more. This attitude and point of view have not
been seen in many studies, but in this research, the nature of the parameters was determined based on the
opinions of experts and previous studies. In this study, the increase of watershed asymmetry indices, tissue ratio
index, channel maintenance index, and valley width to height ratio index have a negative effect, that is, with
their increase, there is less flooding, and other factors have a positive effect, that is, with their increase, flooding,
and runoff production also increase.
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Conclusion
Watershed projects are one of the most important strategies for flood control. The implementation of watershed

projects for flood control requires the determination of flood-producing areas and their prioritization.
Considering the lack of sufficient hydrometric stations at the level of the sub-watersheds and the lack of recorded
statistics and information about floods in the country's watersheds, it is practically impossible to infer the
severity of sub-watershed floods from the available data alone. Therefore, it is appropriate to use methods such
as morphometric factors that require less hydrometric and quantitative data. There are various methods for
determining the amount of runoff and prioritizing sub-watersheds in terms of flooding, and most of these
methods are based on graphical methods and the use of empirical formulas, statistical analysis of flood data, and
watershed separation. In this research, 14 morphometric parameters were used to prioritize floods in the north of
Birjand Plain, because the morphometric characteristics of each sub-watershed are like its fingerprint, and it is
possible to prioritize sub-watersheds for flood control based on that. In this research, sub-watersheds 9, 22, and
14 were prioritized from one to three, respectively, based on morphometric criteria.
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Table 1- Decision matrix

o ’;’ smf Af T Mi Bh DI S Re Te C Rf i Br sl
BL 113 299 039 030 283 168 107 055 088 060 025 139 163 530
B2 110 726 046 031 310 200 120 020 066 050 014 090 177 6.1l
B3 119 1791 053 022 817 183 115 045 089 055 017 219 278 1107
B4 142 2092 077 039 910 175 116 027 167 057 024 037 187 753
B5 112 631 035 026 893 18 112 022 104 055 015 2060 197  9.75
B6 106 275 036 038 1091 160 115 022 111 063 017 110 163  9.40
B7 109 708 073 029 665 196 118 019 062 051 013 184 168 1319
B8 111 956 042 028 820 216 116 028 155 046 025 534 214 1131
B9 117 777 039 040 735 169 107 029 140 059 028 054 866  7.90
B1O 100 008 024 033 831 18 110 033 180 055 042 322 183 651

Bl 104 2495 036 033 461 199 113 025 091 050 027 062 184 816
Bl2 104 1135 039 032 801 208 109 059 123 048 029 104 189  12.96
B13 112 1991 067 022 795 216 117 035 109 046 027 034 177 1368
Bl4 118 1388 072 031 721 198 112 065 144 050 033 077 235 1154
BI5 212 1918 031 035 849 191 108 062 196 052 030 131 242  7.73
B16 112 472 069 028 378 215 115 048 082 047 019 126 224  7.08
Bl7 203 2188 052 041 853 18 116 061 273 053 030 196 358 572
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B22 137 382 026 036 1021 196 104 050 146 051 020 016 214 981
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Table 2- Normalized matrix

S Re Te C Rf \%} Br Sl

0.00 0.05 0.04 0.00 0.03 0.51 0.10  0.02

sl 8305 SMF Af T Hi Bh Dd
Jolos 553 002 016 004 001 004 0.00
B1 004 001 004 004 002 004
B2 004 003 005 004 002 0.05
B3 005 007 005 003 005 0.04
B4 005 011 008 005 006 0.04
B5 004 002 003 004 005 0.04
B6 004 001 004 005 007 0.04
B7 004 003 007 004 004 0.05
B8 004 004 004 004 005 0.05
B9 004 003 004 006 004 0.4
B10 004 000 002 005 005 0.04
B11 004 009 004 005 003 0.05
B12 004 004 004 004 005 0.5
B13 004 007 007 003 005 0.05
B14 004 005 007 004 004 0.05
B15 008 007 003 005 005 0.5
B16 004 002 007 004 002 0.05
B17 008 008 005 006 005 0.5
B18 003 008 007 006 006 0.04
B19 004 005 002 006 006 0.04
B20 005 008 005 005 006 0.5
B21 004 001 002 005 002 0.5
B22 005 001 003 005 006 0.05

0.04 0.060 0.03 0.05 0.05 0.03 0.03  0.03
005 0.022 0.02 0.04 0.03 0.02 0.03  0.03
0.05 0.049 0.03 0.05 0.03 0.05 0.05  0.06
005 0.029 0.06 0.05 0.05 0.01 0.03 0.04
005 0.024 0.04 0.05 0.03 0.42 0.04  0.05
0.05 0.024 0.04 0.05 0.03 0.02 0.03  0.05
005 0.021 0.02 0.04 0.02 0.04 0.03  0.07
005 0.030 0.05 0.04 0.05 0.11 0.04  0.06
0.04 0.031 0.05 0.05 0.05 0.01 015 0.04
004 0.036 0.06 0.05 0.08 0.07 0.03  0.03
005 0.027 0.03 0.04 0.05 0.01 0.03 0.04
0.04 0.064 0.04 0.04 0.05 0.02 0.03  0.07
005 0.038 0.04 0.04 0.05 0.07 0.03 0.7
005 0.070 0.05 0.04 0.06 0.02 0.04  0.06
0.04 0.067 0.07 0.04 0.06 0.03 0.04 0.04
005 0.052 0.03 0.04 0.04 0.03 004 004
005 0.066 0.09 0.05 0.06 0.04 0.06  0.03
0.04 0.057 0.05 0.05 0.04 0.02 0.04 0.04
005 0.063 0.07 0.05 0.06 0.01 0.03 0.04
005 0.053 0.05 0.04 0.04 0.03 013  0.05
0.05 0.062 0.04 0.04 0.05 0.01 0.03  0.03
004 0.054 0.05 0.04 0.04 0.00 004  0.05
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Table 3- Determine positive and negative idea point

Smf Af T Hi Bh Dd

Re Te C Rf \%i Br Sl

f+ 0.08 0.00 0.08 0.07 0.07 0.05 0.05
f- 0.04 0.12 0.03 0.03 0.02 0.04 0.04

0.07 0.02 0.04 0.08 0.00 0.15 0.07
0.02 0.09 0.05 0.02 0.42 0.03 0.03
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Table 4- Determine usefulness and regret
B B B B B B B B B B B B B B B B B B B B B B2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2
Ri 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.0
) 10 09 09 15 51 10 10 13 04 09 13 09 15 09 11 09 11 11 09 12 10 9
Si 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 02
) 26 30 34 35 78 26 29 40 17 30 38 23 30 24 34 24 32 30 28 26 25 2
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Figure 2- Prioritization of sub-watersheds in the north Birjand Plain using the Vikor method
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