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Abstract 
Flood phenomenon is one of the catastrophic natural disasters which usually cause injuries 
and economic losses more than any weather phenomenon. Therefore, evaluating flood 
economic losses is important dramatically and it should be consider in socioeconomic 
development, spatial planning policies and flood control plans. Contrary to importance of this 
issue, available evaluating methods of flood economic losses are not comprehensive and there 
is not any consideration of environmental, economic and uncertainty approaches 
simultaneously. Comprehensive methods of flood economic losses evaluating help to decision 
makers for choosing best strategies of flood control in structural and non-structural plans. In 
this research flood losses scale and distribution are evaluated based on economic and 
environmental approaches. According to importance and requirement of developing a 
comprehensive master plan for evaluating flood economic losses especially in mega-cities, a 
flood economic losses evaluating model is developed in Darband and Golab Darreh Rivers 
and Maghsoud Beyk Channel using HEC-FDA model. The results showed most economic 
losses are occurred in 8 hazardous locations of residential sectors in Maghsoud Beyk Channel 
zone, also in this region total loss calculated is 12,220,237 dollars, and so the cost of flood 
control plan should be lower than this loss amount, in order to have economic justification. 
For the purpose of obtaining acceptable accuracy in evaluating flood economic losses, 
hydraulic and hydrological uncertainties have been calculated based on Monte-Carlo method. 
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Introduction 
 
In recent years, the frequency and intensity of natural catastrophic events has been increased 
by climate changing. Flood occurrence in different parts of the world causes financial and 
non-financial losses every year. So the frequency and intensity of this phenomenon are more 
than any other natural disasters such as drought or famine (Safe Community Secretariat 
Region1 Tehran Municipality, 2011). Studies show these two parameters in each region 
depend on several factors. Basins physical properties consist of river's shape, river's slope, 
waterway network, roughness coefficient and its hydrological data including precipitation, 

                                                
* Corresponding author: l_salimi@iau-tnb.ac.ir 



216 Moosakhaani et al. 

evaporation, transpiration, permeability and especially human activities has effected on flood 
intensity and frequency. So, identification of these factors in each region and its classification 
is principle step in flood control plans.  

Studies show contrary to arid and semi-arid conditions at least in half of Iran, 
decentralization of precipitation timing in most of this country's basins, lead to increase flood 
occurrence probability. However, it is not serious consideration to comprehensive 
management and decreasing of its losses; just in occurrence of destructive flood, authorities 
and decision makers focused on mitigation methods of flood losses (Kazemi et al., 2017). 

Accordingly, flood risk analysis includes flood hazard mapping, hydraulic structure design; 
urban drainage system planning and reservoir management is a method to quantify flood 
frequency and intensity (Kheradmand et al., 2018). On the other hand, the investigation of 
modeling results is very effective factor for decision makers (Zelenakova et al., 2019). Studies 
show do not stop flood occurrence even during dehydration and drought. Therefore, flood 
should not be considered as an unexpected phenomenon and special management and 
engineering's designing should be considered to its control (Safe Community Secretariat 
Region1 Tehran Municipality, 2011). 

In recent years, destruction of natural resources, uncontrolled exploitation of forests and 
pastures or changing in land using and conversion these lands to inappropriate agricultural 
land and construction in residential sectors has increased flood probability. One of the most 
damaging floods is occurred in August 1987 in Darband and Golab Darreh Rivers in north of 
Tehran and it had considerable losses and injuries special on residential sectors. Studies show 
this event was not coinciding with hydrological templates and it was failure probability of 
natural barriers in its occurrence. Therefore, it is necessary to review urbanization process by 
consideration of flood risk. Hence, timely and accurate urban land use and land cover (LULC) 
mapping is often required for flood risk assessment (Waghwala et al., 2019). 

Land using changes in river basins additionally increases probability of extreme climatic 
and hydrological phenomena and existing flood protection infrastructure may not be sufficient 
for protecting to their devastating effects (Solin et al., 2018). Also studies show engineering 
approaches are not able to response flood intensity and frequency in future and it should be 
considered as a strategic approach for flood risk management. It is increasingly argued that 
increasing of society capacity to resist floods requires a diversified portfolio of flood risk 
management approaches (Driessen et al., 2018) 

Because of the importance various factors on flood probability, performing of variety 
actions including watershed and land using management, using flood forecast and warning 
equipment, prevention, protection actions in flooded regions and implementation of flood 
hazard mapping in hazardous locations is very considerable. Flood hazard mapping has 
important role in prediction and calculation of flood losses should be considered for losses 
organization and management. These maps are important tools in enhancing resilience to 
natural hazards and it can play an important role in ensuring the long-term sustainability of 
local ecosystems and communities (Rahmati et al., 2019). 

Also studies show flood hazard mapping is one of the effective factors in identification of 
this phenomenon in different regions that represents valuable information regarding flood 
features. In flood hazard mapping should be better the regions is divided to different risk level 
according to land using. A detailed flood loss model is subsequently used to assess flood 
losses at different return periods (Wagenaar et al., 2019). In this method reflects differences in 
vulnerability to losses and accomplishes two goals. First, this variation allows to 
experimentally manipulating the marginal incentives so that causal relationships can be 
established. Second, it matches better a common characteristic in field settings. Among other 
things, these variations in vulnerability could be derived from differences in geographical 
location or available technologies (Blanco et al., 2019) 
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So evaluating flood economic losses is very important factor in flood risk management 
plans and there are several methods for do those. In a research investigated a modelling on 
physical components and human activities in flood risk management. This model shows how 
a flood risk changes over time in relation to the human dynamics has effect on the urban 
environment (Abebe et al., 2019). In a research for evaluation of adaptation option in 
estimating flood risk a model was generated by HEC-RAS (Hydrologic Engineering Center - 
River Analysis System) with a stochastically generated ensemble of flood peak in Niamey, 
Niger. Results showed increasing height of dikes would lead to less economic losses 
(kheradmand et al, 2018).  

The reviews show, it has high dependency to depth damage and spatial resolution and 
these factors are very important on calculation of residential loss (Afifi et al., 2019). Direct 
losses due to floods for industrial, commercial, residential, and agricultural lands as well as 
public facilities were calculated by the flood damage curves. Indirect losses were estimated 
using industry-related model (Yang et al., 2019).  

A model simulated flood hydrograph in Jijia River by using Mike model in open or closed 
outlets. In this model calculated water levels in this river. According to their results the 
optimized model is effective algorithm for decision making of variables which leading to 
minimum discharge (Draghia et al., 2017). In another research HEC-RAS is used as one of 
the hydraulic model to flood risk management and zoning in Siminehrood River in Iran. 
According to the results of this research flood occurrence in this river has high potential to 
losses in residential sectors. The results showed increasing of return periods will be lead to 
increase the flooded regions (Kazemi et al., 2017).  

In another study focused on flood probable losses in Philippines. The authors used HEC-
RAS and HEC – GEO - RAS (Hydrologic Engineering Center - Geologic - River Analysis 
System). The results showed flooded regions in the first 24 hours of the flood occurrence for 
return periods of 5, 25 and 100 years can be considered as one of the most important factors 
for flood planning and management (Acosta et al., 2016). Researches show HEC-RAS model 
has high ability and considerable precision in connectivity with HEC-GEO-RAS and ARC-
GIS (Aeronautical Reconnaissance Coverage Geographic Information System) for flood 
hazard mapping especially in mega-cities (Criado et al., 2019) and it is important input for 
estimating flood losses. These models are practical method for flood economic impact 
assessment. 

According to investigation on environmental impact assessment of flood and planning for 
flood hazard mapping a research has been done in a section of Guadalquivir River in 
Quemadillas Sector of Córdoba, southern Spain. They evaluated flood probable losses with 
return periods of 2, 100 and 500 years. They used HEC-RAS and ARC-GIS as comprehensive 
hydraulic and hydrological models which connected them by HEC-GEO-RAS. Their result 
showed this method help to mitigate and reduce flood risk (Martínez-Graña et al., 2018).  

So in this paper, after investigation of different methods in evaluating flood economic 
losses, finally HEC-FDA model (Hydrologic Engineering Center - Flood Damage reduction 
Analysis) as one of the most powerful tools in calculation of flood economic losses is used to 
provide an integrated hydrologic, hydraulic engineering and economic analysis during flood 
losses reduction plans. In this model uncertainty in discharge - exceedance probability, stage-
discharge, and damage-stage functions are quantified and incorporated into economic and 
engineering performance analysis. This exclusive feature in HEC-FDA model remarkable 
function in compared to another models. 

This model is an integrated system of software that is designed for interactive usage. This 
is consists of GUI (graphical user interface), hydrologic engineering and economics 
components, database and management capabilities, graphics and reporting facilities. 
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Also Monte Carlo simulation applied as a numerical analysis procedure that computes 
expected value of losses while explicitly accounting for the uncertainty in the basic 
parameters that used for determining flood economic losses. 

In this research a comprehensive model is applied to develop flood inundation depth maps 
for different return periods based on the probabilities of different boundary condition. A 
detailed flood damage model with exposure data for buildings and other properties and 
vulnerability curves is used to evaluate inundation depth into losses maps for different return 
periods. These losses maps at different return periods are used to calculate EAD (Expected 
Annual Damage). 

Darband and Golab Darreh Rivers data located is in the north of Tehran is applied to verify 
this comprehensive model. In calculation of flood losses, there are considerable uncertainties 
that in other studies are not usually calculated and it causes to decrease accuracy in 
calculations. In this research Monte-Carlo Method was utilized for calculation of data 
uncertainties in HEC-FDA Model. Also HEC-RAS Hydraulic model was utilized for 
evaluation of maximum flood spreading. In particular innovation of this research is 
developing an integrated loss evaluating model to consider hydraulic and hydrological data 
uncertainties for flood simulation in residential sectors. 

In this paper it is attempts to determine flood hazard mapping by using HEC-RAS Model 
to evaluate flood economic losses in Darband and Golab Darreh Rivers by HEC-FDA Model 
with the following remarkable features and novelty: 
1- Combination of Monte-Carlo Method and flood economic losses evaluation model 
2- Calculation of hydraulic and hydrological data uncertainties. 

Also this paper consists of 6 sections illustrate the steps of doing this research which 
follows:  

- Hydraulic modelling using HEC-RAS 
- Economic evaluation using HEC-FDA 
- Numerical modelling and hazard mapping 
- Identification of hazardous area 
- Hydraulic and hydrological data uncertainty 
- Calculation of economic flood loss in study area 

 
Methodology 
 
Case Study 
 
Golab Darreh and Darband Rivers are part of Tehran-Karaj Basin in Iran. These rivers come 
from Tochal Heights in north of Tehran and connected each other in Maghsoud Beyk Channel 
and finally flow in Namak Lake, located in the central Qom Province. Geographical location 
of Golab Darreh River is from x = 539,898 meters and y = 3,965,700 meters, length is 2,467 
meters, geographical location of Darband River is x = 538,748 meters and y = 3,962,625 
meters and length is 2,415 meters and Maghsoud Beyk Channel's geographical location is x = 
540,232 meters and y = 3,957,386 meters and length is 5,846 meter which is illustrated in 
figure 1 (Safe Community Secretariat Region1 Tehran Municipality, 2011). For doing this 
research meteorological, physiographical and hydrological data of study area have been 
gotten from 36 years ago up to statistical year of 2016 - 2017. Investigating these data showed 
precipitation level of Darband and Golab Darreh Rivers has variable ranges from 430 to 520 
mm per year with an average of 475 mm per year. The minimum, maximum and average 
altitudes in Golab Darreh Basin are 1613, 3320 and 2391 meters, Darband Basin are 1613, 
3932 and 2801 meters respectively. 
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Based on the available maps the basin's slop has variety range from 10% to 100%. The 
average slope of Darband Basin is 52% and Golab Darreh Basin is 49%. Figure 1 shows the 
status of Darband and Golab Darreh Basins (Safe Community Secretariat Region1 Tehran 
Municipality, 2011). 

 

       
Figure 1. Location of Darband and Golab Darreh Basins 

 
Hydraulic modelling using HEC-RAS 
 
HEC-RAS is a hydraulic model that its capabilities have grown significantly since its 
inception. This software is free and developed by the USACE (U.S. Army Corps of 
Engineering) that used for flood plain management and flood insurance widely (Alzahrani, 
2017). In this research one-dimensional HEC-RAS Model and flow in steady state has been 
used to determine flooded regions according to different return periods. In steady state the 
energy equation is solved by using standard step by step method and can yield water surface 
profile. According output of his model hazardous locations were recognized and based on that 
flood spreading area was calculated.  

By supposing mass and momentum conservation between adjacent cross-sections the 
equations for one-dimensional models can be extracted. This yield the famous 1D Saint-
Venant Equations: 
Conservation of mass: !"
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Where Q is the flow discharge (Q = uA, u is the cross-sectional averaged velocity, A is 

equal to cross-section area), t is equal to time, g is the gravitational acceleration, h is the 
depth, Sf is the friction slope and S0 is the channel bed slope.  

For solving equation (1) and (2), numerical technique can be used so that estimating flow 
chart and water depth (h) for every cross-section in every time step can be gained (Q). 
 
Evaluating flood economic losses using HEC-FDA  
 
The HEC-FDA model provides the capability to perform an integrated hydraulic and 
hydrological engineering and economic analysis that is used for evaluating flood economic 
losses in loss reduction plans. This model is used for quantifying uncertainties in discharge-
return period, discharge-water level, Levee geotechnical failures and loss-water level 
functions in economic and operational analysis of flood losses reduction plans. These plans 
are evaluated through the expected annual loss of the analysis annually or over the life of the 
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plan. The HEC-FDA model is designed to accelerate the formulation of U.S. Army 
Engineering Center designs and evaluation technical analysis of flood loss studies. This 
model accelerates study process under functional elements of a study including modifying 
study design, hydrological engineering analysis, economic analysis and project formulation 
and evaluation.  

The important point in this model is using Monte Carlo Method. Hydraulic and 
hydrological data and the probability of occurrence in each different returns period and high 
repetition of it causes to decrease error rate significantly by multiple repeating of it to reach 
the optimal level. In other word uncertainty related to the model using Monte Carlo Method 
are considered and runs at optimal levels, and finally causes to decrease errors which is 
presented in figure 2. The relationship between estimation uncertainty and distribution of 
EAD can be understood by considering a sensitivity analysis application to computing EAD 
with a flow - exceedance probability curve, rating curve and stage-damage relationship as 
shown in figure 3. So procedure of this research for developing flood hazard mapping consists 
of three sections: Data pre-processing, data processing and data post-processing.  

The data pre-processing section is data preparation. In this section statistics of flood 
instantaneous flow maximum investigated in terms of homogeneity, relevance, adequacy, 
necessity and propagation accomplished by HEC-GEO-RAS in ARC-GIS. HEC-GEO-RAS is 
a communication way to connect between HEC-RAS and ARC-GIS. So, any changes 
considered in studied rivers by HEC-GEO-RAS in ARC-GIS with DEM Map and transferred 
to HEC-RAS. 

Because of the lack of hydrometric stations in Darband and Golab Darreh Rivers, four 
experimental methods consist of the Horton, the Fuller, the Krieger and the SCS methods 
used for calculation of flood maximum instantaneous flow as one of the most important inputs 
in HEC-RAS hydraulic model in this section. 

 

 
Figure 2. Monte Carlo simulation algorithm for estimating EAD (U.S. Army Corps of Engineering, 
2016) 
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In this region, precipitation data and its physical properties of the case study such as area, 
length of main stream and mean slope of the area were used in the form of empirical formulas 
to calculate the maximum instantaneous flow. In order to calculate flood instantaneous flow 
maximum in Maghsoud Beyk Channel (this channel has one hydrometric station) has been 
used statistical methods consist of the Gumbel Distribution, the Log-Normal Distribution, the 
Two Parameter Log-Normal, the Three parameter Log-Normal and the Distribution 
Equations. The usage of probabilistic approaches to fit and select the best fitting probability 
model to a set of observed data has lately gained suitable accuracy among researchers (Langat 
et al., 2019). 

In data processing section, river geometric system is recalled in HEC-RAS, flows and river 
boundary conditions are calculated in cross sections. The model is implemented in data post-
processing and water profile is calculated in different return periods and sent to ARC-GIS. 
After comparison water surface profiles with altitude in DEMs map, flood hazard mapping is 
determined for each return periods of 2, 5, 10, 25, 50, 100 and 200 years. By creation TIN 
(Triangulated Irregular Network) for each profiles and comparison with TIN obtained from 
ground elevation level, flooded regions, depth, and velocity and water shear stress are  
calculated in different sections(U.S. Army Corps of Engineering, 2016). The output of HEC-
RAS model is used as input in HEC-FDA model, and flood depths is calculated in different 
sections. Finally, land using loss diagrams are plotted and zoning is done based on flood 
economic losses for residential and commercial sectors.  

According to condition of this area, data is divided into two land using consist of 
residential and commercial sectors. Namely flood-depth values are considered for all of 
sections and it is done for all considered intervals. Considering inputting, the next steps are 
automatically calculated and it gives flow chart possibility based on statistical data for 
different return periods. Finally, the estimating flood losses of Golab Darreh and Darband 
Rivers and Maghsoud Byek Channel are implemented. Figure 4 shows steps of research this 
methodology. 

 

 
Figure 3. EAD computation sensitivity analysis (U.S. Army Corps of Engineering, 2016) 



222 Moosakhaani et al. 

 
Figure 4. Steps of research methodology 
 
Results 
 
Numerical modelling and hazard mapping 
HEC-RAS Modelling 
 
At this section calculated profiles have been compared with DEMs Map of study area and 
also identified surface area and depth of flooding in each section. These levels are added to 
topographic map and city parcel of study area and its results are reviewable and visible 
through ARC-GIS. The sample result of cross sections profile is shown in figure 5 according 
to instantaneous maximum flow (related to flood occurrence in 1987). 

The developed HEC-RAS model was calibrated to reproduce the last rating curve. As 
illustrated in figure 6 it was found best calibrated model. The two curves match well 
confirming that calibration process was satisfactory. In the following, the areas where the 
flood spreading occurred in outside of river's bed (according to different return periods and 
reported Q in flood occurrence in 1987) is presented in table 1. 

The results showed if flood occurred with return period of 200 years in this area, there is 
not any flood spreading in outside of Golab Darreh River's bed. But there are spillages of 
flood spreading in outside of Darband River's bed in height between 2000-2100 meters.  

The results showed if flood according to flood's properties 1987 occurred in this area, the 
most losses and flooded regions will be in around of conjunction of Darband and Golab 
Darreh rivers, Maghsoud Beyk Channel and then in lower sections. These results showed in 
figure 7.  

 
Identification of hazardous area 

 
Based on the result there are 10 locations of flood spreading in this area. Darband River has 
one zone (D1) also Golab Darreh River has one zone (G1) and Maghsoud Beyk Channel has 8 
zone (Maq1-Maq8) of flood spreading as following in table 2. 

Data Processing Data Post -Processing 

Definition of study 
area 

Geospatial Data 
Management and 

Preprocessing 

Data preparing 

Digitalize rive 
geometry in ARC-
GIS using HEC-

GEO-RAS 

Export RAS geometry file 

Developing HEC-RAS 
Model and import 

geometry data 

Export water surface profile 
and extend them 

Definition of flood 
discharge and run model 

Import model result back 
into ARC-GIS using 

HEC-GEO-RAS 

Analyzing floodplain in 
ARC-GIS 

 

Evaluating hydraulic and 
hydrological data 

uncertainty 
 

Loss estimation for each location 
using HEC-FDA 

 

Data Pre- Processing 
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As results show the most hazardous locations are in Maghsoud Beyk Channel and the 
major cause of flood spreading is insufficient water discharge capacity. 

 

 
Figure 5. Sample cross section profile of Maghsoud Beyk River per capacity exceeds of the river 
 

 
Figure 6. Actual water surface compared to calculated water surface in order to show model 
calibration 

 
Table 1. The area of flood spreading occurred in outside of the river's bed in studied area for mentiod 
return periods (m2) 

River 
Return Periods (year) 

2 5 10 25 50 100 200 Qmax (
56

7
) 

Darband 0 0 0 0 333 876 1149 7141 

Golab Darreh 0 0 0 0 0 0 0 2084 

Maghsoud Beyk 0 0 0 0 52,840 78,868 85,953 195,838 
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Figure 7. Flood hazard mapping by return period of 200 years in Maghsoud Beyk Channel 
 

 
Figure 8. Flood hazard mapping by cosidering return period of 200 years in study area 
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Table 2. Hazardous locations based on flood spreading in study area  

Type of hazard Type of hazardous 
structure 

Location (UTM) 
Zone River 

x y 
Insufficient water discharge 

capacity  Bridge 538726 3962543 Maq1 

Maghsoud 
Beyk 

Insufficient water discharge 
capacity, bridge scour Bridge 539120 3961207 Maq2 

Insufficient water discharge 
capacity  Bridge 539357 3958892 Maq3 

Insufficient water discharge 
capacity  Pedestrian bridge 539439 3958635 Maq4 

Insufficient water discharge 
capacity  Bridge 539459 3958568 Maq5 

Insufficient water discharge 
capacity  Bridge 539501 3958260 Maq6 

Insufficient water discharge 
capacity  Pedestrian bridge 539606 3958194 Maq7 

Insufficient water discharge 
capacity  Bridge 539697 3958115 Maq8 

bridge scour Channel cross 
section 538405 3964057 D1 Darband 

Insufficient water discharge 
capacity  Bridge 538833 3962664 G1 Golab Darreh 

 
Hydraulic and hydrological data uncertainty 
 
In following, hydraulic and hydrological uncertainties calculated in HEC-FDA model based 
on Monte Carlo method, are shown in figures 9 and 10.  

As shown in figures 9 and 10, calculated data uncertainties in this model has acceptable 
accuracy as shown in figures 8 and 9. 
 

 
Figure 9. Calculation of hydraulic data uncertainty  in HEC-FDA model based on Monte Carlo 
Method 
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Figure 10. Calculatin of hydrological data uncertainty in HEC-FDA model based on Monte Carlo 
 
Calculation of flood economic losses in study area 

 
In previous section showed this case study has 8 hazardous locations in Maghsoud Beyk 
Channel zone, 1 location in Darband River zone and 1 location in Golab Darreh River zone. 
Also, according to river hazard zoning maps, 295 residential land using are at risk, including 
one case in Darband River zone, one case in Golab Darreh River zone and 293 cases in 
Maghsud beyk channel zone. It should be noted in this research, according to study area 
condition, commercial and residential sectors are considered. 

In related to commercial land using, one commercial land use in Darband River zone, two 
residential sectors in Golab Darreh River zone and 6 residential sectors in Maghsud beyk 
channel is recognized. 

In next step for obtaining value of existing residential and commercial sectors, due to lack 
of comprehensive information system, the questionnaires were prepared and filled in by 
experts. Their analysis was able to obtain an average value for residential and commercial 
sectors and how to distribute the value of these lands using around the calculated average. 

Based on the results of HEC-FDA model, the most losses are in Maghsoud Beyk channel 
zone and in residential sectors in subsection of Maq5. After investigation and field visiting in 
this area is determined the most losses of residential and commercial sectors has taken place 
in the floodplain (in legal confines of the river) that indicating unusual land using in this area 
shown in table 3. 

 
Conclusion 
 
The main goal of this paper was estimation of flood economic losses based on literature 
review, local and regional data in Golab Darreh and Darband Rivers and Maghsoud Beyk 
Channel. Therefore, it had been tried to show how a holistic approach can help to choose 
reliable solution for estimating flood economic losses. 

In this research demonstrated how the interdependency of different sectors could result in 
losses from one sector to the next and provided evidence as which sector might be affected 
the most. Thus, additional information on building and its properties had been needed for 
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estimating flood economic losses help in obtaining more accurate analysis on exposed 
properties and used by policy maker in risk management plans.  
Such a survey would allow estimating the risk in status quo and 
 
Table 3. Expected Annual Damage based on HEC-FDA Model (dollars) 

Basins Zones Commerial loss Residential loss Total 

Darband D1 1,633,930 333,182 1,967,112 

Golab Darreh G1 - - - 

Maghsoud Beyk 

Maq1 - 3,684,392 3,684,392 

Maq2 - - - 

Maq3 - 2,962,860 2,962,860 

Maq4 - - - 

Maq5 - 3,214,074 3,214,074 

Maq6 - 306,132 306,132 

Maq7 - 25,354 25,354 

Maq8 - 60,313 60,313 

Total 1,633,930 10,586,307 12,220,237 

 
More accurately estimating the benefits of adaptation options. So the success of flood 

control plans is in combination of scientific and practical experiences. Studies showed, 
scientific evaluation using hydraulic modelling and cost analysis proved high level of 
efficiency in the protection of property and environment. 

Implementation of hydraulic model helped the relevant authorities to decide the best choice 
of suitable flood mitigation measures in terms of cost-benefit. These actions could prove the 
significance risk analysis in flood protection by stating the economic value of protected 
properties endangered by floods.  

So in first stage, HEC-RAS model and ARC-GIS were used for flood risk modelling and 
identification of inundation areas. According to investigation of flooded levels in HEC-RAS 
analysis, flood with return periods of 2, 5, 10 and 25 years occurred in these river's bed and 
natural river's paths and there are enough capacities to transfer flood flow in these rivers with 
mentioned return periods. 

In the following, the results showed flood occurrence with return periods of 50, 100, 200 
years and reported flood in year 1987 river’s capacity is not available in some sections. The 
maximum levels of flood spreading in low attitudes paths of the surrounding area in these 
rivers especially near the axis of Maghsoud Beyk Channel for flood return period of 200 years 
is 85,953 m2 and for maximum flood flow occurred in 1987 is equal to 195,838 m2.  

In the next step, by cosidering HEC-RAS output, flood economic losses in HEC-FDA 
model is estimated based on the Evaluated Annual Damage Method. After evaluating 
uncertainties by Monte-Carlo method in HEC-FDA Model, calculated economic losses is 
12,220,237 dollars in residential and commercial sectors. So cost analysis in this model 
showed the costs of flood protection structures plans had to be less than 12,220,237 dollars. 

Most important factor in hydraulic and hydrological studies is data uncertainties and its 
effect on results. This factor is not usually calculates in researches and lead to errors in final 
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calculation. In this study uncertainty was calculated in HEC-FDA Model and results showed 
calculated uncertainties in hydraulic and hydrological data has acceptable accuracy. 

On the other hand, investigation of regions vulnerability showed combination of upstream 
and urban factors leading to aggregate vulnerability arising from flood occurrence in this area 
and it may lead to irreparable losses in short time. 

As the results show the most hazardous locations are in Maghsoud Beyk Channel and the 
major cause of flood spreading is insufficient water discharge capacity. So decision makers in 
particular Tehran Municipality should have special attention to increase of water discharge 
capacity.  

Furthermore environmental assessments is required to be applied at two main levels in 
flood risk management in study area. These are the basin flood management planning stage 
and the project design and implementation stage. The environmental assessment at the 
planning stage is the Strategic Environmental Assessment (SEA) and Environmental Impact 
Assessment (EIA) is applied at the time of transferring a basin flood management plan into 
specific projects. 

For integrated water resources management, as well as integrated flood management, a 
river basin is considered as the most appropriate unit. So, this is important factor before 
starting any new engineering project to consider EIA and SEA approaches and also economic 
evaluation plan.  

For future work is suggested in estimating flood loss analysis in addition to financial loss is 
considered non-financial analysis. 
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