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8- Support vector machine
9- Meta-heuristic
10- Naive Bayes
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2- Evidential belief function
3- Frequency ratio

4- Logistic regression

5- Random Forest

6- Extreme gradient boosting
7- Boosted regression trees
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Figure 1- Geographical location of the Zarineh-Rud Watershed.
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Figure 2- Location of the flood inundation events in Zarineh-Rud Watershed.
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12- Tolerance
13- Naive Bayes
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11- Multicollinearity
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18- Cut-off independent threshold
19- Cut-off dependent threshold
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14- Bayes' Theorem
15- Thomas Bayes
16- Pixel

17- Data-scarce
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Figure 3- Independent variables for predicting flood su

sceptibility in the Zarineh-Rud Watershed:

a) elevation, b) slope aspect, c) drainage density, d) land use, €) lithology, f) plan curvature, g)
profile curvature, h) mean annual precipitation, i) slope percent, j) soil texture, k) stream power
index (SPI), I) distance from stream, and m) topographic wetness index (TWI).
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Figure 3- (continued).
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Table 1- Tolerance statistic for the independent variables used in the Zarineh-Rud Watershed.

No. Variable Tolerance No. Variable Tolerance
1 Soil texture 0.781 8 TWI 0.121
2 SPI 0.125 9 Lithology 0.905
3 Distance from stream 0.265 10 Plan curvature 0.839
4 Slope aspect 0.903 11 Precipitation 0.762
5 Elevation 0.313 12 Profile curvature 0.784
6 Drainage density 0.258 13 Slope percent 0.185
7 Land use 0.742
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Figure 4- Flood susceptibility map of the Zarineh-Rud Watershed using the Naive Bayes Model.
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Figure 5- Flood susceptibility map of the Zarineh-Rud Watershed using the Naive Bayes Model.

o Glp paOlasl S SIS o
30,5 oolatwl 89,40, vl oS e Slomiul
sleag 0 sl ol 5l LSe e £Y sg0>
@ azgi b wiog objhS 5 0k (65 Jew Slosl
0isS i sl Jow cmin s le jo oglas
BB (6508 S Sloeiil gloaigy cpes o O
3 oMT&ch\g g claca sl og Ll
o gasl b (VYY) () ¢ e, iogh
G50l Jae 5l oolazwl b aS oy QT Sole Sl
S9,40 5 sul 3l (6 yieS slogisy oolw o (Srile
ol g oL (oS S oSlaxil gloany, o
:L»...A) )O 6&9..\7:.‘0 w.mg).; ‘)—w—‘ U"‘ )\) .-\4’\)9."
’QL‘PD‘ 9 Sl o.\.m‘)}‘ J....M: S S-S d.‘oL..a G'L»Lw
U"‘ ) ol 6[.@0)115) )‘ oolazwl L: L_,;'me..a:”.s
slawiul L) Slow dahie glgea 1) (gt
OSee S (omhe (Ol 5 0l (655 e

el Olles @zog Cosgame Lylil o ool

395855 ezl 6 e Sl (glaaigy ol
bl sl pl o el sadasl)l Y Jgas o
i sy v o i adplnil sla Julos
S oSk sl ladg 4 bgpe
CrSdew o5 olasiul g (LS FYVOFOIVA)
Lo slasiwl dgy Coluw 09 (LS FOAA/RA)
el eey 5 JLSe YVEY sgam 5 (652 Je
VYAP sgqum ol oyl @L..» el D5y Og,ds )
by S e Slasitul argy o esul Gl 5l LS
2 ol opl 5l ESe YAY sga o] p o958l o
as @chﬂ 310 (658 S 0l s slasiul 4y,
il (6 S S 0L L 5 0L slawinl sleasy,
51 ol ol 5l ,Se VOAY g0 i ofg dxg

ol s ey Conng 50 (68 i oS
sloasby ples i plgoe tagn ol @b
Gl e Dl glisly o Gupae 5 Slles
Cdy0e 5l B oogdh Bglee (S 10T soguse
b blie o o 48 lladl l2l 5 eolia
ololy 09d 6pSel> e (6 pS e olaniul



aibe (Sojed Slles Jolds Coew 09,5 5 Conl (50
] Lmd.ug).u.u 9 Q_A?Lw le.(bo)‘ﬁé colw

39 &S Jw dxino by y @bl - Y Jgu
0943 55 sl
Table 3- Rural areas prone to flooding in the
Zarineh-Rud Watershed.

No. Village City

1 Best Divandareh
2 Azizabad Divandareh
3 Biandareh Baneh

4 Bademjan Baneh

5 Khoshedare Saqgez

6 Eshaghabad Saqgez

7 Dareziarat-sofla Saqgez

8 Talejar Saqgez

9 Hangechineh Saqqgez

10 Sardareh Saqgez

11 Piromaran Saqgez

12 Gheshlagh-pol Saqqgez

13 Kaniband Saqgez

14 Ghahreman Saqgez

15 Kaniniaz Saqgez

16 Gheshlagh-reza Saqgez

17 Ghaplanto Saqgez

18 Mahidar-olia Saqgez

19 Khorkhoreh Saqgez

20 Mirge-nakhshineh  Saqqez
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Table 2- Area of flood susceptibility zones in
the Zarineh-Rud Watershed.

No. Flood susceptibility zone  Area (ha)

1 Very low 437565.78
2 Low 6598.98
3 Medium 2764.1
4 High 1296.36
5 Very high 297.18
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Table 4- Results of model validation for flood susceptibility prediction in the Zarineh-Rud

Watershed.
Evaluation approach E\_/alu_atlon Value
criteria
Cut-off independent threshold ~ AUC 0.936
Accuracy 0.857
Cut-off dependent threshold Precision 0.826
Recall 0.904

@ atwly g abnl 4 Jiies s lel sloo Ll
Sl ool o Jow cobll a5 s olsl abd
SV R LQ)'..»..?.:.J G5 S Slaai] S
S 00l lao,lel bl Joo ol 5,Skee
39y850,) el (68 Jaw Slamiul aisi g o obj)|
VOAY sgux wadsplxl sl Judos bl ol odgs
Candg ;0 S Juw oBaus 5l sl cpl 5l S
5 Slhbee slaasly ples wgycnlil wog Sl
VOAY oogamo 4 Wb e loe bl jo S e
sl g mlie céj0e 5l B osgd Bglaes LS
slaiwl b gble o e alSin oleladl

B9 6 RS olr oS (55 e
sladels p (e IS s pTamt o bl 5
5948 sl sul 0ols dgeS Ll i jo ( ole g oS
Sly ool o swile 6500 Jow 5l eslaal
Ssio lS Gl on Jow aons Gblio (o ioy
5 o Sldes adshse Lyl i jo g ol &il)l,
Loslagidn 0 o ke Gunse slasly
3 O9ben Sleiiay wg)cnlil B walsS 5l Gl
e oaile (6,50l Jae 8,8 o] sla jipgh
bl sluls sly ,5a8 Glapsel Ko o ool
OSoe &5 @l B g 090 (o p fiien o daies
(et Sgd B,k o] Szl s blas aily
Slawiwl asds aud lp Joo ol 5l osd oo olgring

Sx5ok Joo @b (iaghy cnl slaadl ulul 5
30 o oo Rty &l ools 5o eile
OLSes 5 o7 @l b oS og ceslio josel Gubiie
Syl Salen (YV:) oK g o8 5 (YY)
Slasinl dm i 4wy 5o Joe pl 0 Sles ax 51
b byl oo )0 olSiagh Ll wg ceslis Jo
e i Slaiagy ol b, o] (slacelil
g il Sy Ghegn @l Geleln s
Jdoas ool 50 Jow 5l Glgioe (YY) (2Ll
e odez pole slaane o ok slaclLl

3,5 ool M ez slacols = g 4 3es

wolpiudn 9 (5 5 domis
@olaidl 5 elazl Lol Slfleis )0 allu jo
(Bl ol 5 Jb gbols wil) bode
stba ) sledy OAe g 2o ovalin
2555 Sl USLs sl 5 i
Gloosls 2geS 4 axg LS o0 Jeeod
L I I Y IS IV P RE S
ile 6xSol Jae S lsisar eole s Joe
g o oolaiwl (6,8 e Slamisl coin slp
5 G i lrosls ululy ol o Slae
aS ol lid mls ol ol e lael slao Ll
Sl bl g conl odizn oy SO
3loolaiwl b oo o 7y (s ledi e sloole
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Extended Abstract

Introduction and Goal

Floods cause numerous financial losses and loss of life every year, and have a devastating
impact on the sustainable development of the country. However, generally, actual flood events
have not been used in spatial analysis and modeling, and flood susceptibility maps have been
prepared solely based on expert opinions and multi-criteria decision-making methods. On the
other hand, management plans and actions of executive agencies are usually developed without
considering the different flood-prone areas of watersheds. This study was conducted with the
aim of utilizing observational data of flooding events and determining the efficiency of the
Naive Bayes model in spatial prediction of flooding susceptibility in the Zarineh-Rud
watershed.

Materials and Methods

The flood events database was prepared based on flood event information in the Zarineh-Rud
watershed recorded by the Provincial Disaster Management Office and the Regional Water
Company. Given that various environmental factors play a role in the formation of floods and
inundation of lands adjacent to rivers, flood modeling is not possible without considering them.
Therefore, after reviewing various sources, thirteen environmental factors affecting flooding
were selected, including land elevation, slope direction, drainage density, land use, lithology,
surface curvature, cross-sectional curvature, average annual rainfall, slope percentage, soil
texture, flow power index, distance from the watercourse, and topographic moisture index. The
multicollinearity of environmental factors was examined using the tolerance factor statistic.
Raster layers of environmental factors were introduced as independent variables into the Naive
Bayes model. The flood event locations were divided into two groups, training and validation,
based on the spatial random method with a ratio of 30 and 70 %. After running the model, a
flood susceptibility map of the Zarineh-Rud watershed was produced, in which each cell
represents the probability of flooding in that area. The accuracy of the flood susceptibility map
was evaluated using independent and threshold-dependent statistics and validation group data.
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Results and Discussion

Based on the results of this study, the independent variables considered were without
multicollinearity and could be used as predictors in the modeling process. The validation results
based on the area under the receiver operating characteristic curve statistic showed that the flood
susceptibility map has an accuracy of 93.6%. According to the threshold-dependent statistics,
the efficiency of the Naive Bayes machine learning model was obtained as 85.7 based on the
Accuracy statistic, 82.6% based on the Precision statistic, and 90.4% based on the Recall
statistic.

Conclusion and Suggestions

The performance of the Naive Bayes machine learning model was suitable for spatial prediction
of flood susceptibility at the watershed scale and various variables can be used for spatial
analysis. The flood susceptibility map should be considered as the basis for planning river
regulation operations (such as building coastal walls and removing bed layers), flood
management (such as respecting river boundaries), and watershed management (such as
building watershed management structures in the upstream of flood-prone areas) in the Zarineh-
Rud watershed. Therefore, it is suggested that this model be used to prepare flood susceptibility
maps based on historical flood data in other basins of the country.
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