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1 - Index of Entropy

2 - Weight of Evidence

3-AUC

4 -ROC

5 - Analythical hierarchy process (AHP)
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Figure 1- Flowchart of the Methodology.
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Figure 2- Geographical Location of the Study Area in Iran.
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6 - Lithology

7 - Profile curvature

8 - Slope

9 - Drainage density

10 - Infiltration number

11 - Stream frequency

12 - Digital elevation model (DEM)
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13 - Average annual rainfall

14 - Intensity of daily rainfall

15 - Krigging

16 - Normalized difference vegetation index (NDVI
17 - Landuse

18 - Topographic position index (TPI)
19 - Stream power index (SPI(

20 - Topographic Wetness Index (TWI)
21 - Natural breaks

22 - Geometrical interval

23 - Global position system (GPS)
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Figure 3- Factors Affecting on the Flood Occurrence.
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Table 1- Contingency Matrixs of Flood Occurrence (Van Westen 2002).
Causes of flood

Absence Presence Flood
Npixz Npix1 Presence
Npixs Npix3 Absence
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Table 2- Linear Multivariate Correlation Analysis and Collinearity Independence Test.

Collinearity Statistics

Factors affecting the occurrence of floods t Sig. Tolerance VIF
Tolerance Variance

(Constant) 0.833 0.05 - -
Profile curvature -0.03 0.02 0.849 1.178
Drainage density -0.873 0.03 0.339 2.946
Digital elevation model (DEM) -0.295 0.08 0.428 2.336
Infiltration number 0.659 0.01 0.376 2.661
Landuse -0.526 0.05 0.891 1.123
Lithology -0.07 0.04 0.514 1.947
Normalized difference vegetation index -0.554 0.08 0.856 1.168
Average annual rainfall 0.141 0.04 0.802 1.247
Intensity of daily rainfall -0.998 0.01 0.769 1.301
Topographic Wetness Index 0.574 0.06 0.725 1.379
Topographic position index 2.363 0.01 0.865 1.156
Stream power index -1.298 0.05 0.508 1.97
Soil -0.737 0.02 0.555 1.802
Slope 0413 0.04 0.297 3.371
Stream frequency 0.368 0.03 0.744 1.345
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Table 3- The relationship between the flood event and the effective factors and the amount of each of them by the entropy index and the weight of evidence.

Criteria class number Flood FR  wt w- C  S(wH S¥w) SO C/SO (i) Hj Hjtotal Hj W
] <07 847240 7 031 -116 003  -LI9 014 000 038 313 011 035
de‘“f‘ge 07-12 14726585 279 072 033 052 085 000 000 009 994 025 050 125 158 021 021
ensity >12 5306724 265 189 064 036 100 000 000 009 1.7 065 04l
Intensity of <88 2388529 39 062 048 005 053 003 000 017 318 024 049
daily 88 - 100 6181325 123 075 028 010 038 00l 000 010 37 029 05 153 158 004 003
rainfall 100 - 146 12310705 389 120 0180 -0334 0514 0003 0006 0094 550 047  -0.51
<290 328581 16 185 061  -001 063 006 000 025 247 041 053
‘:;iﬁ‘fle 290 - 410 4928681 97 075 029 008 037 001 000 011 330 016 043 190 200 005 0.06
el 410- 630 12591242 373 112 0116 021 032 00 001 009 35 025  -0.50
630-747 303206 65 081 021 003 024 002 000 013 -181 018  -044
Topographic < 1591837 9 021 -154 006  -1.60 011 000 034 477 007 027
Wetness 511 15518962 356 087 014 032 046 000 001 009 517 029 052 121 158 024 023
Index >11 3769597 18 187 063 021 084 00l 000 009 931 063 042
Normalized <0.1 5854335 45 029 -123 024 -148 002 000 016 950 010 -0.33
difference 0.1-02 6876778 349 192 065 061 126 000 001 009 1423 065 -040 123 200 038 028
vegetation 02-04 8087818 157 074 -031 016  -046 001 000 009 48 025  -0.50
index 0.4-0.55 61676 0 000 000 000 000 000 000 0047 -007 000 000
) Valley 13155234 408 118 016 0355 0516 0002 001 0097 531 031  -0.52
Topographic Normal slope 380983 18 179 058 002 060 006 000 024 249 047 051 162 200 019 0.I8
p?;;telzn High slope 6042177 122 077 027 009 036 00l 000 010 350 020 -046
Heights 1302000 3 009 000 006 006 000 000 004 -138 002 012
Lithology Cl.Cm 808173 2 009 237 0036 240 050 000 071 339 002 0.3
Dp,Dekh 1162637 13 042 086 003 -089 008 000 028 318 011 035 240 317 024 0.0
Elc,Elm,Ekh 141296 3 080 -022 000 022 033 000 058 -038 021  -047
Jbash,Jch,JdJ1,Jmz,Jse 2830441 21 028 -127 011 -138 005 000 022 620 007 027
K.Kad-ab,Kat,K1 Ksn,Ksr,Ku 1344311 7 020 -162 005 -1.68 014 000 038 441 005 022
Mur,Mure,Murm,Murmg 671224 0 000 - 003 - - 0.00 - - 000 000
CPCmep d,Plc,PlBE f,‘r’szpzlaAbv’leav 1560397 3 007 262 007 269 033 000 058 465 002 0.1
Qal,Qft1,Qft2,Qm,Qsd,Qsw,Sn 11440953 493 163 049  -146 195 000 002 014 1403 042  -0.53
TRe,TRe2, TRJs 911947 9 037 098 003 101 011 000 034 301 010 033
-l (159 9 (290! (LS Galwgar o Sdale 51 Qb Gojluil g s SISE s (et salarly Y Jgurr dalol
Table 3- (continued).
Criteria class number Flood FR  wt  w- C  SwhH S$*w) SO (C/SO (Pi) Hj Hjtotal Hj T Wj
Landuse Grassland 5340343 21 015 -1.90 026 -2.16 0.05 0.00 022 971 0.01 -0.05
Forest 6060052 22 0.14 -198 030 -229 0.05 0.00 0.22 - 0.0l -0.05 1.74 2.81 038 1.09
Watery agricalture 7335285 354 183 0.60 -0.60 1.20 0.00 0.01 0.09 1349 0.09 -031
Residential 244400 81 1256 253  -0.15 2.68 0.01 0.00 0.12 2226 0.63 -042
Garden 247916 19 2.90 .07 -0.02 1.09 0.05 0.00 0.23 467 0.14 -040
Dry farming 1412823 46 123 021 -002 023 002 000 015 148 006 -0.25
Wetland 237346 8 128 025 000 025 013 000 036 070 006 -0.25
Stream <0.6 941267 19 076 -0.27  0.01 -0.28 0.05 0.00 023  -1.20 033 -0.53
frequency 0.6-0.8 2109189 26 047 -0.76 006 -0.82 004 000 020 -408 020 -047 151 158 0.05 0.04
>(.8 17830093 506 1.08  0.07 -0.58 0.65 0.00 0.02 016 421 047 -0.51
Infiltration <l.1 10434179 164 060 -052 034 -0.86 0.01 0.00 009 -920 0.18 -0.45
aumber 1.1-22 9728565 364 142 035 -045 0.80 0.00 0.01 0.09 892 044 -052 1.50 1.58 0.05 0.06
>2.2 717804 23 121 0.19  -0.01 0.20 0.04 0.00 0.21 095 038 -0.53
<400 9160728 491 203 071 -l64 235 0.00 0.02 0.14 17.17 0.82 -0.24
Digital 400 - 1200 5051351 59 044 -082 016 -0.98 0.02 0.00 0.14  -7.10 0.18 -0.44 0.70 232 0.70 035
elevation 1200 - 2000 5596653 1 0.01 -499 031 -5.31 1.00 0.00 .00 -530 0.00 -0.02
model (DEM) 2000 - 2800 986351 0 0.00 000 005 -0.05 - 0.00 - - 000 0.00
2800 - 3681 85313 0 0.00  0.00 0.00 0.00 - 0.00 - - 0.00  0.00
Concave 8867119 221 094 -0.06 004 -010 001 000 009 -1.12 028 -0.51
chﬁfre Flat 3632008 158 1.65 050 -0.15  0.65 0.01 0.00 009 687 049 -0.50 1.51 1.58 0.05 0.06
Convex 8381268 172 078 -025 014 -0.39 0.01 0.00 0.09 425 023 -049
<-2.6 136552 0 0.00  0.00 0.007 - 0.00 0.002 0.043 -0.15 0.00 0.00
Stream power -2.6--0.1 5017872 126 095 -0.05 0.02 -0.07 0.01 0.00 0.10 -0.64 036 -0.53 1.37 2.00 032 021
index -0.1-0.2 10721692 378 137 031 -049 0381 0.00 0.01 0.09 8.64 052 -049
>0.2 5005845 38 029 -1.25 023 -145 0.03 0.00 0.17 -8.62 0.11 -0.35
Rock - Antisols 3080865 32 039 -093 010 -1.03 0.03 0.00 0.18 -5.67 0.11 -0.36
Inceptisols 2545466 19 028 -1.26 0.10 -1.36 0.05 0.00 023 -5.82 0.08 -0.29 1.41 281 0.50 0.25
Alfisols 3688388 29 030 -1.21  0.14 -135 0.03 0.00 0.19  -7.08 0.09 -0.30
Soil Rock - Inceptisols 565758 0 000 000 003 -0.03 000 000 004 -065 000 0.00
Aridsols 1892538 33 066 -041 003 -045 0.03 0.00 0.18 -249 0.19 -0.46
Molisols 9013989 438 1.84 061 -1.02 1.63 0.00 0.01 0.11 1545 0.53 0.00
Salt boards 93074 0 0.00  0.00 0.00 0.00 0.00 0.00 0.04 -0.11 0.00 0.00
0-5 7680751 362 1.79  0.58  -0.61 1.19 0.00 0.01 0.09 1328 045 -0.52
5-15 3181031 117 139 033 -0.07 041 0.01 0.00 010 389 035 -0.53 1.78 232 023 0.18
Slope(%) 15-30 4092835 45 042 -088 013 -1.01 0.02 0.00 0.16 -648 0.11 -0.34
30-50 3642953 18 019 -1.68 016 -1.83 0.06 0.00 024  -7.65 0.05 -0.21
>50 2282826 9 0.15 -1.90 0.10 -2.00 0.11 0.00 034 -595 0.04 -0.18
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Figure 4- Prioritizing of the Factors Affecting on the Flood Occurrence with Shannon's Entropy Method.
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Figure 5- Flood Occurrence Susceptibility Zonation Map with Entropy Index and Weight of Evidence Methods.
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Figure 6- Figure 7- Flood occurrences susceptibility zonation classes in each model.
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Table 4- Flood Occurrences Susceptibility Zonation Classes Area, frequency ratio (FR) and Seed Cell Area Index

(SCAD).

Model Flood susceptible Number of % Number of % Frequency Seed Cell
Very low 4 0.51 3026315 14.50 0.01 0.51 28.35
Shannon Low 9 1.15 3639275 17.44 0.01 1.15 15.15
entropy Moc!erate 56 7.16 5161300 24.73 0.07 7.16 345
High 230 2941 4464262 21.39 0.29 29.41 0.73
Very high 483 61.76 4578709 21.94 0.62 61.76 0.36
Very low 17 2.17 756286 3.62 0.02 2.17 1.67
Weight Low 49 6.27 4140168 19.84 0.06 6.27 3.17
of Moderate 87 11.13 6482241 31.06 0.11 11.13 2.79
evidence High 137 17.52 4401054 21.09 0.18 17.52 1.20
Very high 492 62.92 5090111 24.39 0.63 62.92 0.39
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Table 5- Accuracy Evaluation of Two Models for Training and Testing Data by Mean Error Measurement Parameters.

Error Index of Entropy (I0OE) Weight of Evidence (WOE)
Training (70%) Testing (30%) Training (70%) Testing (30%)
RMSE 0.0011 0.050 0.003 0.053
MAE 0.0007 0.003 0.002 0.009
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Extended Abstract

Introduction and Objective

Floods and earthquakes are the most common and unpredictable natural events that harm communities
by affecting life and property and affect the landforms of the basin. Therefore, in ways to reduce the
effects of natural events, The main goal has changed to public awareness and emphasis on informing
the people in line with preventive measures before the occurrence of abnormal events. Considering
these explanations and the need to compare and evaluate the effectiveness of probabilistic statistical
methods, The main goal of this research is to investigate the morphological, hydrological and climatic
factors affecting the occurrence of floods, Modeling and evaluation of land sensitivity potential in
Gorganrood watershed to flood occurrence. Also, the most important innovation of the current research
compared with to the previous researches related to risk zonation in the country, the comparison of
two probabilistic methods of Shannon entropy and weight of evidence in order to determine the most
efficient model and increase the accuracy of flood prediction maps.

Materials and Methods

1- Selection of the study area, Collecting and preparing maps of effective factors as independent
variables, 15 factors were considered in this research. 2- The flood event distribution map was prepared

Article Type: Research Article

*Corresponding Author E-mail: K sh424@yahoo.com

Citation: Shirani, K., Sadri, M.A. 2023. Prioritization of Effective Factors and Flood Susceptibility Zonation Using
Probabilistic Models and GIS Environment in Gorganrood Watershed Golestan Province. Watershed Management
Research. 36(1): 111-131.

DOI: 10.22092/WMRJ.2022.358648.1473

Received: 21 April 2022, Received in revised form: 06 June 2022, Accepted: 21 June 2022, Published online:
21 March 2023

Watershed Management Research, VOL. 36, No.1, Ser. No: 138, Spring 2023, pp. 111-131.

Publisher: Regional Information Center for Science and Technology ©Author(s)

O




VOL. 36, No.1, Ser. No: 138, Spring 2023 Watershed Management Research

using the information received from the Ministry of Energy and field observations as a dependent
variable, and it was divided into two groups of test points (30%) and training points (70%).
3- Quantifying the effective factors with the help of the frequency ratio index and also performing the
multilinear test (independence of the effective factors). 4- Implementation of entropy and weight of
evidence models, Preparation of flood sensitivity zoning maps and classifying them into five
categories: very low, low, medium, high and very high. 5- Assessing the accuracy of classification and
validation of zoning maps and predicting sensitivity to flood events. 6- Determining the importance of
effective factors and choosing the most suitable model.

Results and Discussion

In total, based on the calculated weights of both entropy index and weight of evidence models,
in the order of factors land use, altitude, Normalized difference vegetation index (NDVI), soil,
Topographic Wetness Index (TWI), Drainage density, Stream power index, slope (SPI), Topographic
position index (TPI), lithology, average annual precipitation, Infiltration number, Profile curvature,
Stream frequency and Intensity of daily rainfall are effective in flood occurrence. In this research, the
land use factor and then the vegetation cover factor have a high priority in the occurrence of floods due
to land use changes. The intensity of rainfall is in the last rank, but its importance and influence should
not be ignored along with other factors. The maps resulting from flood risk zonation by both models
indicate the high accuracy of zone classification and proper distribution of flood points in high and very
high zone. Also, based on the receiver operator characteristic (ROC) curve and accuracy classification
levels, the efficiency of both models is in the very good category (0.8-0.9) In terms of
comparing the models to each other, the results of the area under the curve (AUC) values of the Shannon
entropy model show a higher score accuracy in both testing and training situations (0.94 and 0.98) than
the Bayesian weighting method (83.83). 0 and 0.88) which indicates a high correlation between the
prepared flood sensitivity map and the distribution map of the number of flood events.

Conclusion and Suggestions

In this research, in order to prepare a map of flood event zoning, 368 flood zones with a repetition
number of 782 flood events and 15 factors affecting flood events were used. Based on the fitting of
both models and the prioritization of the factors affecting the occurrence of floods, it was determined
altogether that land use, altitude and vegetation factors have importance and priority in the occurrence
of floods in the study area and Profile curvature, Stream power index and Intensity of daily rainfall
factors were placed in the last priorities. The results showed that Shannonys entropy model has the
appropriate class threshold in classification, and by using 30% of flood occurrence zones, it has more
priority for zonation and flood occurrence prediction. But in general, both models are effective in
zoning and predicting flood occurrences.

Keywords: Flood, Gorganrood, Shannon entropy index, weight of evidence, zonation



