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Extended Abstract

Background: Floods are one of the most important natural hazards that annually inflict
irreparable devastation across the country. Spatial analysis of flood hazard sensitivity and the
preparation of hazard maps are important approaches in flood management. The Aji Chai Basin's
large area and special geographical conditions make it one of the basins with high flooding
hazards. As a result, the current study mainly aims to use a statistical model and multi-criteria
decision-making techniques to create a flood hazard map for this basin. For this reason, flood
hazard maps were created using 18 parameters affecting the occurrence of floods. The
investigated parameters were Elevation, Slope, Aspect, Topographic wetness index, Sediment
transport index, Stream power index, Earth curvature, Drainage texture, Rainfall, Distance to the
river, River density, Lithology, Hydrological soil groups, Geomorphology, Distance to bridge,
Distance to dam, Normalized Difference Vegetation Index, and Land use.

Methods: The study area of this research is the Aji Chai Basin, which is located in East
Azerbaijan Province in terms of political divisions. The Aji Chai Basin is located in an almost
rectangular shape between the Sabalan Mountain and the Ghoshe Dagh mountain range in the
north, the Boz Gosh mountain range in the south, and the Sahand Mountain in the southwest. The
area of this basin is about 10985.9 km?. The elevation changes of the basin are from 1255 m at
the outlet of the basin to 3816 m on the slopes of Sabalan Mountain. In general, the Sabalan and
Sahand mountains, with a height above 3600 m, are considered the most important topographic
features in the region's roughness. The average annual rainfall of the Aji Chai Basin is about 315
mm based on the information from synoptic stations (Four stations, viz. Tabriz, Bostan Abad,
Sarab, and Heris) and rain gauges (24 stations) available in the region.

To achieve the research aim, the Analytical Network Process (ANP) model was employed as a
multi-criteria decision analysis method, and the Statistical Index (SI) model was utilized as a two-
variable statistical method. The Analytical Network Process is one of the multi-criteria decision-
making methods developed by Saaty in 1996. The statistical index (SI) method was introduced
by Van Westen in 1997. The research models were implemented using the location of 274 flood
points that happened in the past. The map of the location of flood points in the area was prepared
through the information of the regional water company of East Azerbaijan Province, field survey,
and the Landsat 8 satellite image of the OLI-TIRS sensor. The accuracy of the results was
evaluated using three statistical indices, namely Sensitivity, Specificity, and Accuracy, along with
the ROC curve and the area under the curve (AUC).

Results: The results of parameter weighting using the ANP model showed that the rainfall,
geomorphology, and slope are the three parameters with the highest weight with coefficients of
0.137, 0.104, and 0.101, respectively, indicating the great influence of these factors on the
occurrence of floods in the region. On the other hand, the sediment transport index and stream
power index were the two parameters of the lowest weight. The evaluation of the importance of
the parameters using the SI model also showed that areas near rivers and bridges and low-altitude
and low-slope areas were susceptible to flood hazards. The final maps were prepared from the
product of the weights of each of the parameters in their information layers and in five classes
from very low to very high potential. Examining the final maps showed that the distribution
pattern of hazard zones was similar in both models, and flat and plain surfaces were identified as
areas with a high flooding hazard. The important cities of the basin, such as Tabriz, Sarab, and
Bostanabad, are also in high and very high hazard classes, which shows the vulnerability of these
cities when destructive floods occur. Since these cities are formed along the rivers, it shows the
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need for authorities to pay serious attention to urban flood management. On the other hand, the
heights and steep slopes have the lowest potential for flooding.

Conclusion: Examining the area of each flood hazard class in the research models showed that
about 34% and 46% of the areas of the region in the ANP and SI models, respectively, were in
high and very high areas in terms of flooding. Examining the maps shows that the metropolis of
Tabriz, which is considered the most important population center in the basin, is located in high
and very high classes in terms of flooding due to its development along the Mehranroud and Aji
Chai rivers. This shows the need for the serious attention of the regional authorities to manage
the flood hazard in the basin as best as possible. The results of evaluating the accuracy of the
models showed that the performance of both models was good in preparing the maps of the flood
hazard potential in the region. Nevertheless, the SI model with a coefficient of 0.945 has the
highest value of the AUC, which indicates the greater accuracy of this model compared to the
ANP model.
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Figure 2. The network model for the preparation of a flood hazard potential map



L yiehly (295 dmalio yile =) Joo
Table 1. The pairwise comparison matrix of parameters

VA

parameter @ 2 3) “) (5) (6 ()] ®) ()] 10 an a2 a3 a4 as) (16) an as)
(1) Elevation i)l 1
(¥) Slope b 2 1
(Y) Aspect W JUES 1/3 1/5 1
(¥) Rainfall ol 3 2 6 1
anlyl jl alol

* _ 3 12 2 12 1
(b) Distance to river
(%) River density aalyl (15 3 172 3 172 172 1
(V) NDVI LS sy, 12 1/4 3 1/4 1/4 12
(M Landuse )l op)ls 2 12 2 12 12 2 2 1

5| alol
il _ 2 1 2 12 12 2 2 3 1
(1) Distance to bridge
S 3l alols

. 12 1/5 12 1/3 1/3 12 12 12 12 1
(V) Distance to dam
(V) Lithology S 12 173 2 1/5 12 12 173 172 2 2 1
S [PAPSRW-pITS
o . < b’_; 173 173 2 1/7 173 12 12 172 172 2 12 1
(VY) Hydrological soil groups
8,5 9195 o S5

AFng Cagy et A 2 12 2 12 12 2 2 12 12 2 12 2 1
(VY') Topographic wetness index
- S L
"“’J‘f o= ) 1/4 1/4 12 177 13 12 12 13 12 12 12 12 13 1
(V¥) Sediment transport index
anll &8 jasls

e . 1/5 173 12 173 173 173 12 172 172 12 12 12 12 2 1
(Vo) Stream power index
(%) Drainage texture _.iSajcdl 172 1/5 2 1/5 1/3 12 12 1/3 1/3 2 2 2 12 2 2 1
(W) Earth curvature

12 173 3 1/5 173 12 2 1/3 172 3 4 3 12 3 3 3 1

o) bl
(\A) Geomorphology ¢3sss,se553 3 1 5 12 12 1 2 2 3 5 12 3 4 5 5 3 5 1

@i ey orHEn <bfo (A m? doad) el ] g g0
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Table 2. Final weight of parameters and the inconsistency index

sl 039 Aeby 03 Fably 039
Parameter Weight Parameter Weight Parameter Weight
Elevation 0.051 NDVI 0.039 Topographic wetness index 0.047

Slope 0.101 Land use 0.064 Sediment transport index 0.017

Aspect 0.023 Distance to dam 0.068 Stream power index 0.021
Rainfall 0.137 Distance to bridge 0.023 Drainage texture 0.031
Distance to river 0.093 Lithology 0.040 Earth curvature 0.049
River density 0.062 Hydrological soil groups 0.027 Geomorphology 0.104

Inconsistency index: 0.052
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Figure 3. The flood hazard potential map using the ANP model
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Table 3. The weight of classes of each information layer
(Parameter) sl

Number of flood ) e bl slass

(Class) LY (Number of pixels) JuS; sl K ST
" (points
1255-1767 6420018 143 0.486
() g} 1768-2279 5281474 49 -0.390
) €5 2280-2791 1863781 0 0
Elevation (m) 2792-3303 0 0 0
3304-3816 0 0 0
0-10 5807182 158 0.670
(o) e 10-21 3879092 31 -0.539
e 2135 2379342 2 2.79
Slope (%) 35-55 1398322 1 2.95
>55 457751 0 0
Flat gows 183057 4 0.466
North Jlos 2019026 38 0317
North east 5,5 Js 1480556 16 -0.237
East 3, 1306097 23 0.250
:““ “‘f South east 3,5 g 1623702 24 0.075
Spect
P South L 2041145 24 -0.152
South west & g 1809553 25 0.0082
West 2 1571118 17 -0.236
North west w¢ Jlas 1978523 21 -0.255
215-270 2382691 59 0.453
) 271-298 2451426 53 0318
. N
biue) Lo ke 5 299-320 2538775 38 -0.049
Rainfall (mm) 321-344 2493215 23 -0.533
345-483 2340491 19 -0.661
0-250 2935085 148 1164
- 250-500 2472866 17 -0.827
) el
() byl ] bt 500-750 2024359 5 -1.85
Distance to river (m) 750-1000 1557699 3 2.10
> 1000 3216510 19 -0.979
0-0.30 2254893 30 0.167
ol o515 0.31-0.42 2381290 24 -0.445
e 0.43-0.52 2617648 20 0.722
River density 0.53-0.71 3659551 85 0.389
0.72-1.31 1293137 33 0.503
0.17-0 15339 0 0
s 0.01-0.20 9326074 79 -0.618
e o 0.21-0.30 1917146 48 0.464
NDVI 0.31-0.40 653194 41 1.383
0.40-0.61 294900 24 1.643
Water (wetland and dam) 114864 0 0
Garden ¢l 431671 8 2.361
S el Agriculture (gj,5liS 22010154 100 0.953
Landuse Grassland &0 75369483 52 1.371
Built up areas oid 4o 3bls 5107523 30 1.212
Rocky or earthy areas S b Siw 3ble 6826158 2 -1.789
0-300 149631 32 2.60
(520) e § alols 300-600 344539 18 1.200
Distance to Bridge 600-900 487244 25 1.182
(m) 900-1200 588511 16 0.547
> 1200 10636673 101 -0.504
0-1000 157950 0 0
. 1000-2000 292678 13 1.038
)
) s oo 2000-3000 419463 30 1.514
Distance to Dam (m) 3000-4000 510627 19 0.861
> 4000 10825880 130 -0.269
. A 70764 38 353
e B 1651023 73 1.03
Hydrological soil C 10189008 78 0.72
groups D 295927 3 -0.43
5.15-6.52 2644920 1 359
S cask) a3l 6.53-7.22 3590748 9 169
Topographic wetness 7.23-7.92 3623302 52 0.046
index 7.93-8.78 2949870 85 0.743
8.79-11.77 1203968 45 1
0-300 5699484 156 0.691
gy o asli 301-500 3816723 30 -0.546
Sediment transport 501-700 2398442 5 -1.88
index 701-900 1485249 1 0.711
> 900 611711 0 0
0-1400 5811307 157 0.678
i il 1401-2790 3653873 29 -0.546
HErS o 2791-4200 2389301 5 -1.87
Stream power index 4201-5580 1529849 1 3.04
5581-6980 627259 0 0
0.33-0.40 1419320 25 0.071
e 0.41-0.50 3262992 74 0324
i el 0.51-0.60 3779024 47 -0.276
Drainage texture 0.61-0.70 2256957 28 -0.279

0.71-0.90 987486 1 -2.78
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Table 3. The weight of classes of each information layer

SNl sloaY IS, o Gla oS ()js Y g 4]

yoelyly oM Sy Sl Do bl sl SI
Parameter Class Number of pixels Number of flood points
| Flat jsie 6609915 97 0.068
o) Slos
Earth curvature g 985271 46 122
U9 6418637 49 -0.584
@l“f”s bt 6160832 0 0
Mountainous areas
£, oS csloos® 763670 0 0
Low mountains
s5ale 43
Moorland 1217714 7 -1
Sl by s
e e Volcanic cones 26622 0 0
SiPedr00955 -
Geomorphology ‘f")) s 3465430 124 0.821
Plain surfaces
POl slacads 195815 19 1.81
Intermountain plal]’lS
River bed 41534, yius 72980 35 3.41
Wetland oYi 1401 0 0
Dam s 13917 0 0
City b 287413 7 0.437
Qal 86146 1 0.303
Qtl 1612755 28 0.098
Q2 1610233 67 0.973
Qsl 92173 3 0.727
Qla 49073 1 0.258
Qabv 137241 0 0
Plqc 100786 0 0
Pldvt 82481 0 0
Plc 128669 0 0
Mure 40446 2 1.145
Plms 19549 0 0
Murm 1299826 16 0.245
Mur 1661998 23 0.127
Ogr 2257 0 0
Siolsd Ebv 326723 0 0
Lithology Plgm 103308 2 0.207
Omgm 17643 0 0
Plasv 915508 6 0.875
Plmbl 1536522 30 0.216
Leof 11683 0 0
PImb3 208624 0 0
Eabv 1164874 7 0.962
Mdav 140279 0 0
Pldsv 49685 0 0
Egr 27697 0 0
Edsv 15839 0 0
Ku 227717 5 0.333
Kuft 484507 1 -2.03
Kav 42393 0 0
TRe 10757 0 0
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Figure 4. The flood hazard potential map using the SI model
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Table 4. The area of each flood hazard class
v ANP s ST Jio
Crass ol iop (eesiashs) colus ol o (errmginshs) s
(%) Area Km? (%) Area Km?
oS
VeryTow 17.7 1941 17 1856
27 2956 27.4 3010
Low
Jﬁ‘d 3
Mod;;te 213 2341 9.4 1034.7
sl
i g)h 32 3526 432 4745
oL s
Ve r; fiigh 2 221 3 340
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Table 5. Assessing the accuracy of models based on training and validation data

; ANP Jso ST Jae
&bl yasls — —
Statistical index u,;;)iy;\ ool uzx;.t;)l,::.\ slosls «:"’)’9“‘ slosly W)L&I slosly
Training data Validation data Training data Validation data
True positive 143 61 171 75
True negative 178 74 161 67
False positive 49 21 21 7
False negative 14 8 31 15
Sensitivity (%) 0.91 0.88 0.84 0.83
Specificity (%) 0.78 0.77 0.88 0.90
Accuracy (%) 0.83 0.82 0.86 0.86
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Figure 5. The ROC curve based on training data
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