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 Flood is one of the most complicated and destructive natural disasters which causes lots 

of casualties and financial losses each year. Therefore, we should seek methods to be 

able to manage the severity and frequency of these casualties to some extent, and 
reduce their effects. First step towards this purpose is to gather the flood zone maps, 

which these maps have been used extensively in management of the floods in plains, 

and are considered as one of the basic information in studying the construction projects 
in world. In this investigation, maximum instantaneous flood, in the desired time range 

is calculated according to the hydrologic statistics and information, and using the HEC-

RAS software, the water level elevation is calculated; moreover, the flood zone maps 
are derived for return periods of 2, 5, 10, 25, 50, 100, 200 years in ArcGIS 

environment. In addition, the impact of variation of the Manning coefficient, on extent 

of the flood plains has been studied. The results indicate that, flooding of the 
surrounding lands in desired return periods is impossible due to the valley shaped river 

in the study region. Moreover, according to these results, the extent of the flood plain 

will increase with respect to the increase in roughness coefficient. 
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INTRODUCTION 

 

The frequency of floods in recent decades has caused Human and financial losses of floods rise 

dramatically in most areas which are vulnerable to invasion of destructive floods. Interrupting communication 

systems and social and environmental ill effects can be expressed as indirect flood damages. In expert 

discussions, one of the causes of increased flood is reduced solid rainfall or solid to liquid precipitation changes 

as a result of climate changes. But population growth coupled with poor planning for land use, deforestation and 

pasture and impervious surfaces development have caused in watershed, water percolates into the ground and 

flow rapidly toward the downstream resulting in abundant, harsher, more abrupt floods and they cause more 

damages. 

Because of frequent occurrence of floods each year, a significant level of fertile land has been occupied by 

the river. The collected data show that the frequency of flood occurrence in Iran has increased from 39 cases in 

1971 to 276 cases in 1998. Among floods that has heavy damage in Iran and other countries, one can refer to 

flood in Khorramshahr, Iran on 23 October 1954 occurred as a result of flooding and rising water in Euphrates 

and Tigris rivers in which 24 villages and Khorramshahr-Ahvaz railway was devastated. In the flood in Neka 

(Iran) in 1999 took place as a result of heavy precipitation started the day before, more than 80 people were 

killed. The main cause of this accident was environmental negligence such as converting forests into arable 

land, degradation of rivers and irregular removing of sand. Blocking the entrance of bridges by trees cut and 

clogging waterways by done constructions lead to aggravated floods. The other items that lead to exacerbate the 

disaster include indiscriminate construction in river sanctum and violating its sanctum and non-compliance with 

the technicalities of the construction, the low road width, expanding urban, Maze of passages. Pakistan flood in 

2010 which took place in the aftermath of heavy monsoon rains and rising Send river’s level embraced 

provinces Sarhad, Send, Panjab, Baluchestan in Pakestan and more than 2,000 people lost their lives in the 

disaster. Queensland Australia floods were a series of severe floods in the country that began in December 2011, 
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and a large part of the country was underwater for a while and causes large areas of Australia were being 

evacuated. As a result of flooding in central and south-west China caused by heavy rainfall 175 people were 

killed and 86 people were missed and 1.6 million Chinese became homeless.  

The most basic steps in management of floodplain were controlling flood, estimating flood damages, 

determining the flood insurance and exact boundaries of the flood plain or flood zoning; achieving these results 

cannot be enabled unless the hydraulic analysis. On one hand, because of physical improvements and 

construction, controlling flood and conserving safety levels is still not satisfactory in major rivers. This situation 

requires the implementation of non-structural methods such as flood warning system centers and usage of new 

information systems. With the increasing availability of digital information and computer performance analysis, 

a geographic information system (GIS) has played a significant role in the modeling of hydrologic and 

hydraulic. 

In this research is part of the Siminehrood river located in the West Azarbaijan province of Iran is selected 

(fig 1). Given the importance of the region, and existing two village of Haji-lak and Sari-ghamysh in river’s 

margin, studying flooding and zoning of flooded area in these regions is chosen as necessity, and the main 

objective of this research. In this research a number of case studies that have been done by external and internal 

experts and researchers were obtained. They are mentioned below: 

Counting administrative requirements, especially in dry climates, James et al. [4] tried to zoon flooded area 

in Utah in America and stated that due to changes in flood areas from flood to flood, it should be noted that in 

the zoning districts, the actual rates of risks should be shown. Djikoc and Maidment [1] used triangular irregular 

network for modeling flood drainage in an urban environment in Texas. Following further research in this area, 

he states that the use of TIN model for estimating the parameters of the flow and discharge are very useful and 

effective. Wahhabi, using remote sensing and GIS techniques and software HEC-1 and Mike11 by the help of 

cross sections taken from the river tried to zoon flood hazard in Taleghan basin. This is specified in Zoning Map 

of prohibited area, provided certain conditions. Safari [6], using the HEC-RAS model attempts to zoon flood 

hazard in the Neka river in the Mazandaran province. He also concluded that this model has very high 

performance in computing water surface profiles and flood zones. 

Ojigi et al. [5] studied on zoning and flood damage in the central region of Nigeria, Elco E. et al [2] on the 

part of West Rivers in Belgium, and Soltani et al were examined zoning of Sistan River flood with return period 

of 12 years. The results show that 2121 hectares of lands adjacent rivers are prone to flood. Hassanzadeh et al 

[3] by integrating HEC-RAS model with GIS using HEC-GeoRAS amendment attempted to estimate flood zone 

with return periods of 25, 50 and 100 years, in the range of ESCO Guri-chay River. The results show that the 

integration of Geographic Information Systems with HEC-RAS model for the analysis of flood zones is very 

powerful and efficient, [1~9]. 

 

Materials and study area: 

The study area, with an area about 3001 square kilometers is in West Azerbaijan province and between 

547,000 to 625,990 longitudes and 4,003,640 to 4,075,480 latitudes. The bulk of the basin in terms of political 

divisions is located within the cities of Mahabad and Bookan and a small portion is within the cities of Bane and 

Saggez. This area in terms of divisions of the catchment basins of Iran belongs to the Urmia lake basin (fig 1). 

In this study several information resources are used as follows: 1:250,000 and 1:50,000 topographic maps 

of military geography, topography maps of 1:2000, 1:2000 maps prepared by the Department of West 

Azerbaijan Regional Water Company in the late July, 1392, Satellite images Landsat-7, hydrometric data 

obtained from the Department of West Azerbaijan Regional Water Company,Field observations inquired from 

West Azerbaijan Regional Water Company and the information received from the Statistical Center of Iran. 

Moreover for producing the desired map, and obtaining expected outcomes, software HEC-RAS, HEC-GeoRAS 

and GIS have been used. 
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Fig. 1: The study area, with an area about 3001 square kilometers is in West Azerbaijan province of The 

IR.IRAN 

 

In this study, hydrological data, including average daily flow and maximum flow was provided at the 

station Dashband  in Bokan, Siminehrood in Miandoab and Gezel Gonbad of West Azerbaijan Regional Water, 

after performing the necessary tests on the data, correcting and completing data were done. Using software 

SMADA different distributions were fitted to the data and through the test method of the standard error, the best 

distribution of data was determined. Then the floods with different return periods were estimated. Table 1 HEC-

GeoRAS and HEC-RAS were used in a GIS environment for modeling. Finally the zoning of flooded area with 

different return periods was extracted. One of the empirical formulas used for estimating maximum flood 

discharge is Fuller equation. This equation can be written as follows: 
0.8

aveQ C A               (1) 

max (1 0.8log )aveQ Q T              (2) 

0.3

max(1 2.66 )pQ Q A               (3) 

In this regard; Qave: Average maximum daily rate per year (cubic meters per second), Qmax: maximum daily 

discharge back in time T year(s) (cubic feet per second), Qp: a T-year peak discharge (cubic meters per second) 

and C: regional coefficient, A: basin’s area (km ²) 

To calculate C, at first coefficients for each of the stations were originally obtained, then their average was 

used to calculate the rate of return periods for each hydrologic unit. This coefficient at first is calculated for all 

the stations and the mean value used in the equation is calculated in Table (2).Then the flood peak discharge 

values for different return periods are obtained in Table (3). 

 
Table 1: Results of instant peak flow frequency in rang stations 

Return Period Appropriate statistical 

distribution 

Name of Station N

o 200 100 50 25 10 5 2 

558 522 483 438 372 312 211 Pierson Log. Type 3 Miandoab-Simineh 1 

544 526 501 469 410 347 221 Pierson Log. Type 3 Dashband-Bookan 2 

214 203 191 179 160 144 114 Pierson Log. Type 3 Gezel-gonbad 3 
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Table 2: Used C factor in the fouler equation 

Return Period Name of Station No 

200 100 50 25 10 5 2 

0.24 0.245 0.250 0.253 0.253 0.245 0.208 Miandoab-Simineh 1 

0.298 0.315 0.331 0.345 0.355 0.346 0.277 Dashband-Bookan 2 

0.272 0.282 0.292 0.305 0.320 0.333 0.331 Gezel-gonbad 3 

0.270 0.281 0.291 0.301 0.309 0.308 0.272 Average  

 
Table 3: Flood peak discharge values using fouler equation 

Upstream area. T C Qave Qmax Qp 

Km2 M3/sec. M3/sec. M3/sec. 

 

 
 

2847 

2 0.272 158 196 244 

5 0.308 179 279 347 

10 0.309 179 323 402 

25 0.301 175 370 460 

50 0.291 169 398 496 

100 0.281 163 424 528 

200 0.27 157 445 554 

 

Flood zoning process: 

In order to prepare zoning maps, the varieties of flood return periods of 2, 5, 10, 25, 50, 100, and 200 years 

are used. The form of these sections for different return periods and in various sections are presented. 

Procedures are in the way that the data of points selected mapping enter in to the Arc-GIS and TIN map of the 

studied range is provided. Then, using the hydraulic model HEC-GeoRAS, cross section data is calculated and is 

transmitted to the HEC-RAS software. In environment of this software, the calculated rates for different return 

periods are modeled and then the model runs. Sections with different return periods of floods (fig. 2 and 3) and 

river longitudinal profiles and velocity diagram are presented in figures 4 and 5. Finally, the results of these 

calculations were returned to the HEC-Geo-RAS model and Flood zoning maps for different return periods 

offered, (fig 6). 

   
 

Fig. 2 and 3: Cross section no 3118/462 

 
Fig. 4: Longitudinal profiles of the river for discharge with different return periods 
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Fig. 5: Velocity values in various points of the river for discharge with different return periods 

                        
Fig. 6: Flood zone with return period of 200-year, in the referred range 

 

Checking Manning coefficient decreases and increases in the extent of floodplain. In this study, the 

roughness coefficient of 0.035 is considered. By increasing roughness coefficient to 0.040 according to the 

Manning formula, water velocity reduces and water level rises. Accordingly, with increasing water height, 

floodplain area increases. Through decreasing roughness coefficient from 0.035 to 0.030, water velocity 

increases and water level decreases. The results are shown in graph form (7) and (8). 

 

 
 

Fig. 7: Variation of Water surface level in the various return periods, for the available Maning factor 
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Fig. 8: Variation of Water velocity in the various return periods, for the available Maning factor 

 

Conclusion: 

In this research, a combination of hydraulic HEC-RAS model and GIS was used in order to prepare maps of 

flooded area zonation, depth and velocity. The results shows that used software is very functional and effective 

in hydraulic analysis of rivers and preparing these maps, then it is suggested to use these software in similar 

studies in other rivers. 

In general, preparing geometric data of rivers such as the line of water flow, left and right shore, and cross-

sectional data from topographic maps is very time consuming, while by the use of HEC-Geo-RAS, it can be 

done easily and quickly.  

Considering floods with different return period and water height in zoons by the number of 65 to 478 and 

1147 to 1556 which are located in Siminehrood, adjacent to Haji-lak and Sari-ghamysh villages, shows that 

there is no possibility of flooding and merging lands in water because of high barrier in both right and left side 

of shore and steep slope e of sides.  

By increasing roughness coefficient from 0.035 to 0.040 in zoon 3206, in flood with return period of 200 

years, water level has increased from 1299.54 meter to 1299.88 meter.  

Zoning flooded areas should be done based on precipitation information in area and be compared with the 

results of this study.  

It is better to consider rare and historic floods in area for flood studies and identifying long period returns.  

If it is possible, the value of water level should be calculated by the use of other computer models such as 

MIKE11 ،HEC-HMS and SMS should be compared with obtained values of HEC-RAS.  

The accuracy of topography maps is very important in producing flooded area zonation maps. It is 

suggested to use new methods of mapping such as spectral methods  based on the received light in order to 

produce these maps. 
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