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Table 1. Runoff coefficient values for each of the sub-watershed
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0.27 722.27 33.96 87.72 B1 INT 0.266 2117.75 397.350  32.706 B11111
0.27 3329.11 33.96 564.494 bl 0.264 1207.51 221300 44.614 B11111 INT
0.221 3711.89  2125.50 54.98 B211 0.260 2117.75 221.400  77.319 bl1111
0.228 3372.52  1593.11 43.83 B211 0.264 2863.83  696.310  38.939 B111121
0.232 3711.89 1593.11 98.82 b211 0.267 143471  226.350  29.615 BI111121 INT
0.266 3241.9 645.89 53.57 B21 INT 0.267 2863.83  226.350  68.555 bl111121
0.236 3711.89  645.89  152.397 b21 0.287 2895.96  222.020 62.446 B11112 INT
0.270 3088.17 649.8 46.07 B2 0.264 289596 222.020 131.000 bl1112
0.305 1526.29 215.14 58 B2 INT 0.304 846.51 198.160 10.484 B1111 INT
0.257 3711.89  215.14 256475 b2 0.260 289596 198.160 218.804 bl111
0.291 239226  157.01 73.65 B311 0.235 3329.11 1632.380 40.456 B11121
0.283 1845 157.01 54.33 B312 0.270 2855.41 555.130  48.145 B11121 INT
0.272 702.37 45.77 58.66 B31 INT 0.258 3329.11 556.150  88.601 b11121
0.283 2392.26 45.77 186.64 b31 0.297 1912.5 198.160  60.045 B1112 INT
0.249 701.50 100.76 40.51 B32 0.274 3329.11 198.160 148.646 bl1112
0.224 680.32 42.82 80.19 B33 0.316 1062.31 98.670 39.448 B111INT
0.175 221.97 -0.45 162.108 B3 INT 0.262 3329.11 98.670  406.899 bl11
0.248 2392.26 -0.45 469.46 b3 0.312 724.07 98.680 29.342 Bl11
0.300 756.54 78.09 60.39 B 0.309 1062.09  74.810 40.530 B11 INT
0.213 536.45 -0.83 142.15 B INT 0.268 3329.11 74.810  476.771 bll
0.244 3711.89 -0.83 1492.9 Total
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Table 2. Area of hydrological groups of working unit (square kilometers)
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60.39 3.50 56.14 0.75 B
142.17 111.82 18.06 12.29 B INT
87.72 24.27 60.31 3.14 B1 INT
29.34 0.54 28.80 0.00 Bl11
40.53 13.00 26.83 0.70 BI11INT
39.45 0.85 38.01 0.59 B111 INT
10.48 9.60 0.89 BI1111INT
32.71 0.38 0.87 31.45 B11111
44.61 2.05 41.10 1.47 B11111 INT
62.45 6.80 3.89 49.06 2.70 B11112 INT
38.94 531 8.30 25.34 Bl11121
29.62 2.96 0.24 25.07 1.35 BI111121 INT
60.05 1.89 52.77 5.38 B1112 INT
40.46 38.83 1.63 B11121
48.15 5.71 3.74 37.92 0.78 B11121 INT
46.08 7.88 3.00 33.27 1.92 B2
58.00 54.33 3.68 B2 INT
53.58 9.66 0.60 39.57 3.75 B21 INT
54.98 48.11 0.00 6.88 B211
43.84 27.36 3.85 12.63 B211 INT
162.11 158.33 3.73 0.05 B3 INT
58.66 24.94 33.73 B31 INT
73.65 1.01 0.51 72.14 B311
54.33 0.76 53.57 B312
40.52 2.53 37.99 B32
80.19 31.58 48.62 B33
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Fig. 4. Hydrologic Groups Map of Babolrood watershed
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Table 3. Land use area of work units (square kilometers)
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60.4 18 516 1.8 0.5 2.9 1.7 B
142.3 0.0 8.5 10.1 18.1 48 100.7 BINT
87.8 15 409 235 46 8.4 8.8 B1 INT
29.4 0.1 279 0.1 12 Bl1
40.6 04 246 1.8 0.4 13.4 BI1 INT
39.5 02 363 0.1 2.9 BI11INT
10.5 0.7 8.3 0.0 1.4 BIl11
327 327 Bl1111
44.6 1.7 13 411 0.0 0.4 BI1111
625 3.1 0.5 2.0 0.5 0.1 558 0.0 0.5 BI1112
390 5.4 0.0 1.7 06 313 Bl11121
296 12 275 0.0 0.9 Bl11121
60.1 0.1  50.1 0.2 9.7 BI112
405 310 25 5.9 1.1 Bl11121
482 3.1 35 02 412 02 B11121
46.1 9.8 0.8 353 0.1 0.1 B2
58.0 0.1 536 0.0 44 B2 INT
536 712 4.0 417 0.1 0.6 B21 INT
550 520 3.0 B211
439 394 03 24 13 0.4 B211 INT
162.3 1.7 14.9 145.6 B3 INT
58.7 00 293 32 2.9 8.2 15.1 B31 INT
73.7 0.6 72.9 0.0 0.1 B311
54.4 54.1 02 B312
40.6 0.5 0.1 381 0.3 1.6 B32
80.3 475 15 312 B33
1494, 150. 72 53 18.6 73 8545 404 445 60.6 304.8 ¢ o
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Table 4. CN value (dimensionless) of work units in different humidity conditions

= ) &5 Al
Lo g 5 e

79.6 88 62 Bl11121
81.6 88 68 B211
77.3 91 62 B211 INT
66.9 88 62 B111121
62.4 73 62 B11111
65.9 90 55 B2
64.8 91 55 B21 INT
65.0 82 55 B11121 INT
65.1 100 55 B111121 INT
65.5 100 55 B11112 INT
64.3 100 55 B11111 INT
64.6 90 55 B1111 INT
64.3 90 55 B1112 INT
62.7 76 55 B2 INT
62.3 81 62 B311
62.2 81 62 B312
62.8 91 62 Bl11
69.0 91 62 B11INT
63.2 91 55 B111 INT
63.6 100 62 B32
63.9 91 60 B
71.1 91 62 B31 INT
68.4 91 60 B1 INT
69.5 91 62 B33
78.6 91 55 B INT
80.8 91 62 B3 INT
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Fig. 5. Curve Number Map of Babolrood watershed
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Table 5. Medium weight slope, middle slope, slope view of study watershed by work unit (percentage)

“ls et sled 539 B fa o N e 2>y
) ) ) (ha) (km"2) 559,08

30 30-60 43.93 3270.55 32.71 Bl1111
28 30-60 40.66 4461.40 44.61 B11111
28 30-60 38.05 3893.93 38.94 B111121
28 30-60 39.68 2961.53 29.62 B111121
30 30-60 42.66 6244.59 62.45 B11112
28 30-60 33.22 1048.41 10.48 B1111 INT
35 30-60 51.93 4045.58 40.46 B11121
35 30-60 51.99 4814.52 48.15 B11121
28 30-60 37.86 6004.54 60.05 B1112 INT
25 30-60 32.98 3944.84 39.45 B111 INT
15 12-20 23.97 2934.24 29.34 Bl11

12 12-20 17.09 4052.97 40.53 B11 INT
12 12-20 17.63 8772.31 87.72 B1 INT
30 30-60 48.09 5498.28 54.98 B211

30 30-60 51.01 4383.78 43.84 B211 INT
30 30-60 46.25 5357.69 53.58 B21 INT
32 30-60 53.70 4607.79 46.08 B2

25 30-60 43.12 5799.98 58.00 B2 INT
30 30-60 46.00 7365.36 73.65 B311

30 30-60 4434 5432.99 54.33 B312

5 2-5 11.76 5866.24 58.66 B31 INT
15 12-20 21.86 4051.75 40.52 B32

11 0-2 15.00 8019.20 80.19 B33

1 0-2 1.25 16210.77 162.11 B3 INT
18 12-20 25.26 6039.31 60.39 B
1.5 0-2 3.55 14215.17 142.15 B INT
23 30-60 28.92 149297.7 1492.98 Total
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Fig. 6. Slope map of Babolrood watershed
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Table 6. Prioritization of sub-watershed over flood

“o> pj b el ool “o b L
BI1112 INT 14 B2 1
B111121 15 B11121 2
B111INT 16 B211 INT 3
B1111 INT 17 B11121 INT 4
B 18 B211 5
B11 19 B21 INT 6
B32 20 B311 7
B1 INT 21 B312 8
B11 INT 22 B2 INT 9
B33 23 B11111 10
B31 INT 24 BI11112 INT 11
B INT 25 B11111INT 12
B3 INT 26 B111121 INT 13
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Table 7. Area of flooding classes in the sub-watershed of the study area

s oy L \% % 111 11 I o
33 b 5] Loy S oS A
2.74 4043.94 3642.23 401.7 B11121
3.72 5495.5 481.72 89.76 1749.38 244713 727.52 B211
2.97 4380.36 439.26 25.81 2712.47 1178.79 24.02 B211 INT
2.63 3889.24 3547.62 341.62 B111121
221 3265.63 3265.63 Bl11111
3.12 4607.79 13.39 4058.23 34436 191.81 B2
3.63 5356.18 6.59 18.84 4872.12 83.68 374.94 B21 INT
3.26 4814.52 4730.01 6.49 78.02 B11121 INT
2.01 2961.53 11.65 822.55 1897.11 95.54 134.69 Bl&\}%zl
423 6244.59 1713.52 4053.1 151.38 326.6 BI1112 INT
3.02 4457.78 14.41 2688.39 1568.41 39.93 146.64 BI1111 INT
0.71 1047.97 959.18 88.79 BI111INT
4.07 6004.37 3306.93 2015.27 143.7 538.47 BI1112 INT
3.93 5797.84 2967.69 1257.39 1206.54 366.22 B2 INT
4.99 7363.47 2406.47 3311.6 1635.71 9.68 B311
3.68 5429.63 2322.69 465.77 2632.03 9.14 B312
1.99 2933.26 2486.03 392.55 54.68 Bl1
2.74 4045.32 575.74 2099.89 1369.69 BI1INT
2.67 3941.08 2848.14 949.48 143.46 BI11INT
2.74 4050.31 1553.26 2244.1 252.96 B32
4.09 6038.26 3735.71 1877.37 425.18 B
3.97 5865.71 608.94 2763.15 2493.62 B31 INT
5.94 8766.75 636.73 5386.07 2743.95 B1 INT
5.43 8010.64 815.36 4061.57 3133.71 B33
9.62 14198.75 125.23 1679.72 12393.8 B INT
10.96 16183.83 366.83 15817 B3 INT
101.04 149194.25 41844.61 10708.6 64967.06 30706.97 967.02 JS o
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Fig. 7. Flooding Map of Babolrood watershed
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Table 8. Prioritization of sub-watershed in terms of flooding limitation
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5 * BI1121
3 * B211
5 * B211
INT
Bl11121

BI11111
B2
B21 INT
B11121
INT
B111121
INT
2 * B11112

INT
2 * BI11111
INT
2 * B1111
INT
B1112
INT
B2 INT
B311
B312
B11
* B11INT
* B111
INT
B32
B
* B31INT

1
1
1
1 * B1 INT
2 * B33
3
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Table 9. Flood flow coefficient values by hydrological units of the watershed

Tt SR SR g S R S

(1) s (in.hr) (mm.hr) (1) 358 L6, (hr) B
32.29 0.82 20.77 1.00 1.63 44.44 79.64 B11121
30.58 0.83 21.04 0.81 2.57 46.92 77.29 B211 INT
23.07 1.58 40.17 5.29 6.00 14.99 68.37 B1INT
20.01 1.02 26.02 0.00 2.34 39.16 81.63 B211
20.00 1.21 30.72 0.20 3.08 47.63 65.87 B2
18.21 1.87 47.52 0.00 2.94 46.76 64.99 B11121 INT
17.61 0.78 19.78 0.28 3.08 41.89 64.83 B21 INT
18.15 1.58 40.12 4.90 5.67 10.19 71.11 B31 INT
17.67 1.68 42.72 12.73 13.07 293 78.59 B INT
14.08 1.04 26.29 0.07 5.43 38.36 62.25 B311
14.00 1.22 31.10 0.05 2.04 33.71 66.88 B111121
13.99 0.80 20.35 0.07 4.97 35.86 65.45 B11112 INT
13.81 0.80 20.35 0.32 5.14 31.24 64.34 B1112 INT
13.58 0.93 23.50 0.00 1.80 38.72 62.42 BI11111
13.52 1.39 35.21 0.00 2.68 34.56 65.13 B111121 INT
13.41 1.27 32.35 0.11 3.51 32.93 64.27 B11111 INT
13.10 1.13 28.67 0.00 3.63 36.67 62.19 B312
12.36 0.78 19.78 0.00 4.90 34.94 62.72 B2 INT
13.33 1.57 39.89 1.89 6.45 12.86 69.50 B33
11.94 1.33 33.82 0.31 4.25 25.94 63.16 BI11INT
11.70 1.53 38.76 1.06 3.85 14.57 69.02 BI1INT
12.78 1.40 35.56 0.82 7.46 21.47 63.88 B
11.32 1.47 37.26 0.79 4.04 18.61 63.64 B32
10.97 1.39 35.21 0.09 2.12 25.61 64.57 B1111INT
9.35 0.74 18.70 0.35 4.73 19.95 62.84 B11
8.96 1.70 43.24 9.19 11.88 0.82 80.77 B3 INT
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Abstract

Due to the increase of flood incidents in recent
years, the correct assessment of flood risk is one of
the important components of flood reduction in
urban areas. The purpose of this research is to
create updated flood risk maps in the Babolrud
watershed using synoptic station data and
physiographic information (elevation, area, slope).
Then, by using Geographical Information System
(GIS), Landsat 8 satellite image and
superimposition of layers (area, slope, land use,
drainage density), flood potential was zoned. In
order to prepare a flood risk map in the Babolrood
watershed, the main factors affecting the
occurrence of floods in the region were selected
using relevant published sources and the opinions
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of professors and experts, and a map of each factor
was prepared by GIS software. The results of flood
risk zoning showed that B2 sub- watershed has a
higher flood potential than other watersheds. Sub-
watershed B11121, B211INT, B11121INT and
B211 were then identified in the next priorities in
terms of flooding, respectively. Finally, based on
the flood intensity index method, sub- watershed
B11121, B211INT and B1INT with the highest
flood flow coefficient were identified as the most
flood sub- watershed. The results obtained from
flood zoning in the region showed that the highest
percentage of the watetshed area with 43.33% is
allocated to zones with moderate flooding. In
between, the lowest percentages are assigned to
very low (0.64%) and high (7.33%) areas zones,
respectively. According to the provided land use
map, most of the flooded zones are related to
residential areas or rainfed agricultural lands.
Watercourses with ranked 3 and 4 are known as
flood zones and flood control areas to the
downstream areas. Watercourses with a rating of 5
and above are located in flood plains or river
reaches and usually have shallow and widespread
floods. Also, in some areas of the watershed, which
have a relatively high altitude, the amount of runoff
increases and causes flooding in the area.
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Therefore, monitoring the withdrawal of river loan
resources in order not to destroy the river bed and
constructions (Land use change) are among the
priority proposals in this watershed.

Background and Objective

The ever-increasing expansion of cities and urban
constructions is  accompanied by  the
transformation of agricultural lands and natural
resources; Therefore, its consequence will be the
expansion of impervious zones and the increase of
surface runoff, which may cause devastating urban
floods in the long run .Floods are generally
aggravated by various factors such as the high
discharge of rivers, infiltration into flood channels
and development activities in active flood plains.
For this reason, it is necessary to study and
research in cases related to flood forecasting and
control. One of the ways to reduce the damage
caused by floods is to determine the flood
generating areas and apply appropriate control
methods. Therefore, the investigation of the
effective factors in the occurrence of floods and the
analysis of flood-prone areas and the audit of flood
potential through zoning can be more useful in
land use and applying the correct method of
watershed management .In fact, the purpose of
flood zoning is to determine the progress of the
flood, its height and characteristics in the period of
different returns, which ultimately can be used to
determine the land use, study and economic
justification of construction plans, identify flood
insurance in the region and create mandatory
restrictions in the risky regions used .Therefore,
flood zoning using geographic information system
(GIS) is one of the non-structural solutions and
efficient tools in managing and reducing flood
risks. Considering that the data and methods of
remote sensing or RS and GIS have helped to
monitor, evaluate and prepare maps of flooded
areas, and as a result, they are reliable data for
carrying out related activities .Therefore, the
purpose of this research is to identify areas with
different flood potentials, zoning the watershed
area of Babolrud according to the probability of
flooding and providing appropriate solutions to
control and reduce the effects of floods to help
managers and planners in the field of natural
resources and water resources.

Materials and Methods

The present research was conducted in the
Babolroud watershed in the south of Mazandaran
province. The area of Babolrud watershed is 1493

square kilometers and its height varies from a
minimum of -0.83 meters to a maximum of 3711
meters above sea level. Galogah, Khoshrodpey,
Marzikola and a part of Babol are the important
residential centers of this watershed .Due to the
wide and flat bed and floodplain of the Babulroud
river and the good quality and quantity of the rice
crop, the farmers of the region have turned to the
cultivation of this crop and the lands along the
river are completely devoted to rice cultivation .To
conduct a geological study in the Babolrud
watershed, in order to cover the entire area,
1:100,000 geological maps of Qaemshahr and
Amol and 1:250,000 Sari were used .In order to
make more use of this information and investigate
the lithological situation of the region, the
lithology information layer of the region was
digitized using GIS, and in this way, the area of
each formation in the region and in each sub-basin
was determined. In order to prepare a map of
permeability and flood potential using geological
and structural characteristics as well as other
characteristics of the region, relevant maps were
prepared and presented .Finally, in this research,
by using synoptic station data and physiographic
information (height, area, slope) and using GIS,
Landsat 8 satellite image and overlaying layers
(area, slope, land use, drainage density, etc.), Flood
potential was zoned .In order to prepare a flood
risk map in the Babolrud watershed, the main
factors affecting the occurrence of floods in the
area were selected using relevant published sources
and the opinions of professors and experts, and a
map of each factor was prepared by GIS software.
The final flood risk map was prepared based on a
combination of factors (land use, slope, flow
coefficient and rainfall intensity).

Results and Discussion

After the field surveys of the watershed by
vegetation, agriculture and geology types, soil
hydrological groups were determined in the
Babolrud watershed. Then, the type of watershed
land exploitation was determined. Based on the
calculation of the required values, the weighted
average slope of the entire watershed is 28.92%.
This physiographic parameter shows that working
unit B2 has a high potential in producing runoff
and is in the group of high flood risk sub-basins.
After that, B11121, B211INT, B11121INT and
B211 sub-basins were determined as the next
priorities in terms of flooding respectively. Finally,
based on the flood intensity index method of
Babolrud watersheds, B11121, B211INT and
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BL1INT subbasins with the highest flood coefficient
were identified as the most flood-prone subbasins
in Babolrud watershed. Each of the sub-basins has
a different intensity of flooding according to its
location and climatic features, and based on other
geographical features, they have flood-prone areas
or flood-prone areas .So that after preparing the
zoning map, the studied area was divided into five
classes based on the intensity of flooding with very
low, low, medium, high and very high levels of
flooding. The results obtained from flood zoning in
the region showed that the highest percentage of
the area with 43.33% is allocated to areas with
moderate flooding. These areas are mostly
concentrated in the southern and eastern parts of
the domain. Areas where the probability of
flooding is high can be seen in the middle border
of the watershed. In between, the lowest
percentages are assigned to very low (0.64%) and
high (7.33%) areas, respectively. Based on the
presented land use map, it can be seen that most of
the flood zones are related to residential areas or
rainfed agricultural lands .This issue can be related
to the indiscriminate constructions and the
continuous change of the cultivation pattern and
finally the development of the river beds and the
proneness of the lands adjacent to the river to
floods.

Conclusion

Considering the flood potential of the sub-basins in
the Babolrud watershed, where the flood
production capacity varies from very low to very
high, structures such as stone-mortar dams and
stone nets (Gabions) can be used to control flood .
In this research, the considered physiographic
factors, including the area under the basins, basin
slope, density of drainage and flood coefficient, in

addition to the rainfall factor and land use, which
were used as the most indicative factors in flood
zoning, were considered in the investigation of the
flood potential. The role of many of these
influential factors in this watershed has caused
them to fall into the category of high flood risk in
the region. Therefore, these areas should be placed
in the first priority of the corrective actions of the
district managers in order to reduce the flood risk .
One of the most important problems in the studied
area is floods caused by rainfall in seasons with
heavy rainfall. Considering the system of
waterways, as well as the factor of high rainfall
and high slope of the slopes, it is possible to create
a dam for some waterways according to their flow
rate in order to prevent flooding. But what is very
important in this is the role of humans in changing
land use and destroying forest cover and building
roads without considering the geological
conditions of the region. Therefore, one of the
essentials emphasized in this research is the strict
monitoring of the preservation of vegetation in the
area, as well as the management of the type and
amount of land use changes; Therefore, knowledge
of the flood potential of watersheds can be very
useful in formulating different plans for crisis
management, allocating the necessary budget,
managing water resources, and watershed and
aquifer management programs .Supervision of
constructions and change of wuses based on
supervision of the withdrawal of river loan
resources for its negative impact on the
environment and increase of flooding are among
the priority proposals in this watershed.

Keywords: Land use change, Downstream,
Zoning, Flooding, Flood flow coefficient.
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