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ABSTRACT 

Flood is often called a phenomenon that leaves harmful effects by submerging lands and coastal areas. 
Flood control is in fac t said to all preparations and methods that lead to reduction of the harmful effects of 
a flood. Since Corgan River basin is prone to flooding, identifying areas prone to flooding is essential. The 
present study is a way of using hydrology model and flood risk prone areas within watershed and 
determining these verities of floods, i.e. to prioritize the rise in each sub-basin or hydrologic units. First, the 
watershed in GIS environment (GIS) software using Arc- Hydro basin was divided into nine areas, then the 
physical properties of basins and sub-basins was determined. With data required for flood hydrographs 
design for each sub-basin and watershed through the implementation of the entire HEC-HMS model was 
obtained . With peak dischar ge under consideration based on watershed and flood index definition for the 
rise in this research , it is proposed in each model rw1 the efficacy of each sub-basin is removed from the 
flood routing of basin process and the amount of basin output discharge without participation of the 
corresponding sub-basin was calculated. In this respect among sub-basins in terms of impact on the flood 
basin outflow, sub-basin No.W 150 is more critical. 
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Introduction 

To deal with the phenomenon of destructive floods 
and protection of human life and property and 
farms and facilities, a variety of ways, including con
struction of dams and structures and engineering 
operations for the rivers and beaches and water
sheds are resorted. That it is essential to recognize 
critical areas. And because science and technology 
now is not reached that level of evolution to prevent 
these harmful phenomena can change the elements 
to create the atmosphere. So, any solution and reme
dial principles should be investigated on the earth 
especially in watershed areas. In this connection, the 

firs t step to reduce the flood risk posed is to stop 
floods in the watershed, i. e. sub-basin. In this con
text, identifying areas prone to flooding within the 
basin is very important, because due to the large 
watershed areas and enforcement operations 
throughout the basin and flood control is not pos
sible even if not inspected carefully could allow in
tensifying the discharge of peak by changing the 
coincided discharges of peak in sub-basins. So areas 
that are potential to produce flooding should b e 
identified to have the po sibility to optimize the en
forcement operation in smaller and risky levels and 
the cost of providing additional flood control 
projects be prevented. 
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Generally two categories of climatic and basin 
factors are involved in creating floods. Source of 
many floods, especially in arid and semi-arid re
gions is rainstorms with high intensity and relatively 
short persistence of events. Thus in storms review, 
continuation, intensity and their spatial and tempo
ral distribution in flood formation should be consid
ered. One of the most important basin factors, land 
use, geological situation, vegetation, area, and slope 
and drainage network could be noted. The level of 
participation of each of these factors in flood forma
tion is called flood formation potential (Slobodan, 
2009) . Khakbaz et al. (2009) calculated Clark instan
taneous unit hydrograph and its Geomorphology 
instantaneous unit hydrograph GIUH parameters 
using GIS. They studied the basin located in north
ern Khorasan called Kardeh. He used GIS software 
to gain basin Hydrographic specification and then 
proceeded to calculate Clark instantaneous unit 
hydrograph. In Ankara University Department of 
Engineering Science, a study carried out on Yvachyk 
basin located in southeastern Turkey. Basin simula
tion using software HEC-HMS and HEC-GeoHMS 
took place. Using GIS information and maps of the 
area and after modeling, flood hydrographs were 
obtained (Yener and aorman, 2008). A joint investi
gation was conducted by the Department of Civil 
Engineering, Environmental Engineering, and Cen
ter for Remote sensing and hydrometeorology of 
American University of California on Illinois River 
basin of Arkansas State. In this study, rainfall - run
off system of basin was stimulated by semi-distrib
uted and lumped models. Then using the recorded 
output hydrograph of the basin, calibration was 
done and outflow discharges of the models were 
calculated (Khakbaz, 2009). Sunwan werakamtorm 
(1994) using HMS and Geographic Information Sys
tem (GIS) studied effects of user changes in up
stream lands of watershed on the pattern of flooding 
in downstream areas of basin assessed that in this 
study, five variables as inputs to the system used. 
The five variables include rainfall, infiltration rate, 
surface runoff, watershed area and the flood routing 
factors. He has used ArcGIS software to determine 
and integrate maps. Simulation of flood 
hydrographs in the past and future with loss sce
narios and increasing basin forests showed that de
creasing forest area, main and sub-basin runoff ba
sins will be more. Saghafian and Khosrowshahi 
(2005) using satellite imagery GIS prepared 
Damavand basin vegetation map and then in the 
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GIS environment using Arc View software combined 
user map of farms and soil hydrologic groups and 
calculated the curve number CN for the entire basin 
and sub-basins. Then using HMS hydrologic model 
and SCS method design got the hydrograph design 
caused by rainfalls (12-hour rainfall with are turn 
period of 50 years) . They combined HMS model 
with three rainfall runoff observed events, and were 
calibrated to determine the flood-producing rainfall, 
average rainfall of each sub-basin at the time of 
flood in Arc View environment and was introduced 
to the model. In this study for the flood routing 
Muskingum method was used and finally, the inten
sity of sub-basins flood rise prioritized with regard 
to their participation in the total output discharge of 
the basin. 

The aim of this study is a way of using hydrology 
model and flood risk prone areas within watershed 
and determining these verities of floods, i.e. to pri
oritize the rise in each sub-basin or hydrologic units. 

Materials and Methods 

The studied area, the main basin is the Gorganrood 
River that its major part is located in Golestan prov
ince and a small part in the province of Semnan and 
Khorasan. The geographical coordinate of this area 
is 36° 44' to 37° 49' north latitude and 54° 42' to 56° 
28' east longitude and its area is about 532 square 
km. the Gorganrood River is formed by joining of 
Zav and Gharnave rivers in the northern city 
Kalaleh. The Haji Qushan River before the Golestan 
dam and the Dough and Oghan rivers join the 
Gorganrood River at the Golestan dam. Finally, this 
river flows into the Caspian Sea. Among the studied 
basins, the Dough River has the longest path. 

HMS Model 

HMS model is the Windows version of HEC-1 
model. HMS model was presented by the hydro
logic center of US Corp of Engineers to supply the 
flood's hydrograph in 1981 and after that, so many 
changes were made on that and finally in 1998 pre
sented as HMS and under the license of a Windows. 
HMS is one of the computer mathematical models 
which itself consists of some subcategories as runoff 
sections, the surface flow, the base flow and the to
tal flow and they are used to simulate the hydrologic 
behavior of the basins. His model includes three 
main sections by the names of Basin Model, Meteo
rological Model and Control Specification. In addi-
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tion, this model is able to optimize and calibrate the 
parameters. This model can be used for simulation 
and predicting the effects of the parameters' varia
tion after validation. The basin simulator is respon
sible to clarify the whole structure of the basin and 
simulation will be possible by clarifying the overall 
structure of the basin. 

Model Calibration 

Every model which exists in HEC-HMS has some 
parameters. The amount for every parameter must 
be determined to estimate the runoff and the flood 
hydrograph. How can suitable adjustable values be 
chosen for every parameter? In case of having ob
servable rainfall and runoff, calibration will be the 
answer of this question. Calibration makes use of 
the observable hydro climate data parameters to be 
determined to make the best fit between the observ
able and simulated results in a systematic study. 
This study is often called optimization. Calibration 
starts with the collection of the data. The time peri
ods of rainfall-runoff are the required data for the 
rainfall-runoff models. The model by the primary 
amounts can measure the considered output (the 
runoff hydrograph). In this research, the data of 15 
floods, which had more complete hydrographs com
pared to the other floods happened, were chosen 
from 2000 to 2007. 10 floods among the 15 floods 
were chosen for calibration and the other 5 floods 
were used for validation assessment (Fig. 1). 

HEC-GeoHMS Extension 

HEC-GeoHMS is a software in GIS field presented 
by the Environmental Systems Research Institute 
(ESRI) to analyze spatial data used in HEC-HMS 
software. The application generates a geographical 
data file to use in HEC-HMS. The output HEC-HMS 
in graphical mode can also be observed by this soft-
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Fig. 1. Comparison of measured and simulated 
hydrographs 
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ware. Other features include the annex to create 
field maps, basin model files, meteorological model 
files that can be used for hydrology modeling by the 
HEC-HMS. 

The hydrology model has been produced by the 
corp. of engineer's center of the U.S. Army. This 
software provides the ability to stimulate the rain
fall-runoff at the basin. The HEC-HMS software can 
be used to solve a wide range of geographical levels 
by different topographies. Catchment Simulation in 
HEC-HMS is done by three major factors called ba
sin model, meteorological model and control speci
fication. 

Results 

Using digital elevation map of the desired basin and 
considering the main rivers in the Arc GIS environ
ment, the studied basin was divided into nine Sub
basins (Fig. 2). All drainages were identified. The 
physical properties of the basin and Sub-basin 
(Table 1) were determined using HEC-GeoHMS ac
cessions. Also by spatial Analyst accession and by 
combining user raster maps of land use and soil per
meability compared with standard CN tables, CN 

Subbnln --·) --·) --•) -- ) _ _ _ 1(2) 

- -,.213) --•) 
- -e(\) -,..._-•) 

Meters 
0 12,00014,000 48,000 72,000 96,000 

Fig. 2. Division of Golestan province to nine major Sub
basins 

values were calculated for each cell and CN map of 
the whole basin was obtained. By determining the 
needed data, the flood hydrograph for each Sub
basin and the entire Basin was done by running the 
HEC-HMS model (Fig. 4) . 

To complete and rebuilding the data of the sta
tions that their statistics are incomplete were used in 
the SPSS and SMADA software's. In this study, an-
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Table 1. Physical properties of the basin and Sub-basins that have been obtained using HEC-GeoHMS accessions 

Sub-Basin Area Perimeter River 
(Km2) (m) slope 

(%) 

Shurdareh 814.5 199817 7.7 
Kalaji 1 306 105874 6.7 
Kalaji 2 240.7 113268 3.9 
Ye! cheshmeh 707.2 212421 12.5 
Gorganrood 89.4 68398 2 
Doogh 856.4 265190 10.8 
Haji ghoshan 13.3 26384 4.69 
Robat 446.7 147384 9.2 
Dasht 1033.1 242503 6.9 
Total basin 4507.3 1381239 

nual, monthly and daily d ischarge of the rivers a t 
hydrometric stations has been studied . According to 
the s tatistical period of the hydrometric stations and 
to h ave the sa m e s ta ti s tical indicato rs in the dis
charge and rainfa ll part of this research and also 
existing re la tively the same wet and dry period s in 
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Fig. 3. Map Curve Number (C ) in Golestan Province 
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Fig. 4. Entering Sub-basins map in the in HEC-HMS en
vironment 

CN River Lag Time of 
length time concentration 
(km) (hr) (hr) 

84 68.49 5.56 8.68 
58 29.73 3.27 5.8 
76 37.8 5.48 8.55 
70 97.24 8.44 13.2 
82 25.8 6.37 9.94 
78 89.5 6.75 10.5 
84 8.92 3.04 4.74 
50 51.48 6.32 9.85 
60 86.81 9.2 14.4 

the 44-year s ta tis tica l p e ri o d 1964 to 2008, this 
course has been considered as the sta tistical indica
tor period . 

To run the mod el in addition to the physica l 
properties of the Sub-basins determining the Storm 
specifica tions in continuous and different return pe
riods are required . Therefore, using the existing sta
tistical p eriod , the amount of rainfall for different 
stations in 2 to 1000 years return periods were esti
mated . In the s tudied ra nge of the Arazko u seh , 
Minoodasht, Goles tan fo res t, Goles tan Dam and 
Dasht Shaad s tations were equipped b y recording 
rain gauge and to d etermine the rainfall pattern, the 
statistics of these stations have been used and rela
tively recovered significant rainfa lls have been ex
tracted . Rainfa lls were d ivided into two short term 
(less than 8 ho urs) and long (m ore than 8 h ours) 
groups and to compare the temporal distribution of 
the rain fall s ta tions there was an attempt to m ake 
the rainfa ll dimensionless distribution at each and 
the temporal distr ibution of the ra infa lls were ob
tained . 

Floods with d ifferent ins tantaneous discharges a t 
the hydrometric stations of the basin have been re
cord ed . Because the goa l was to ana lyze the dis
charges that are not involved in the melting of snow 
in, thus a desired number of data was removed and 
the flood s under research w ere limited to the d ays 
when the flood caused by rain is d esired . 

At the calibra tion level regarding in ad equa te 
level observed hydrographs on the other hand, due 
to the importance of peak floods in flood events, the 
maximum amount of Discharge as a calibra tion in
d ex were con s idered . W e ighted Curve N umber 
(CN) of basins was extracted from the CN m ap s. In 
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order to compare the basins momentary peak dis
charge, some observations and computations of the 
peak stream error percentage method has been 
used. The equation is as follows: 

(1) PE= ({Q0 b -QJ/ Q0Jx100 
Where PE =different percent 
Q00 = observed peak discharge hydrograph 
Qsi= simulated peak discharge hydrograph 

This point should be added that the method of 
determining severity of floods rise is not an urgent 
need of this research is to model calibration because 
the main goal of prioritization of Sub-basins in terms 
of potential to produce flooding is to compare them 
to one another. So Sub-basins are compared with 
each other in calculation conditions or parameters 
estimation considering physical characteristics. Nev
ertheless to increase the accuracy of results, much 
time spent under the parameters calibration of the 
sub-basins with available rainfall data. 

For flood routing of the rivers Muskingum 
method was used. The two factors X and K are re
quired for this method. K has time dimension and 
equals to the flood wave transmission time interval 
from beginning to the end of flood routing. X is a 
dimensionless coefficient and indicates the relative 
impact of Discharge in the amount of input and out
put storage. X amount of storage in different rivers 
varies from O to 0.5. This value for the two studied 
rivers was considered 0.2. K values in each interval 
were obtained by dividing the interval length on the 
speed of water into that interval. According to statis
tics available in Golestan Regional Water Authority 
and hydraulic similarity interval, the speed of water 
for the intervals was considered 1.3 meter per sec
ond and was then calibrated . 

Determining the severity of Sub-basins flood rise 
of 50 years rainfall sample continuing 16 hours was 
as follows. Since the maximum time of concentra
tion was calculated for about 15 hours so the rainfall 
design with 16 hours continuity was chosen because 
rainfall with more continuity has not changed the 
peak discharge as long as rainfall continues, flows 
outside the basin with the same peak discharge. 

Discussion 

Using the above data, the HMS model for Discharge 
calculation with the participation of all basins was 
run and total amount of flood from the entire basin 
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was calculated. Then run this model was applied 
again, but in each model run, one of the sub-basin 
and as a result its hydrograph was omitted from 
flood routing of the basin and the output discharge 
was stimulated without considering that sub-basin. 
Also For other Sub-basins at each model run, effec
tiveness of each Sub-basin was omitted from the 
basin flood routing and the amount of outflow dis
charge of basin without the participation of related 
Sub-basins were calculated. After finishing sub-ba
sins flood routing the effectiveness of each sub-basin 
in reduction of output discharge was obtained. 

At the first implementation of the model that was 
done with SO-years design rainfall the amounts of 
each Sub-basin Discharge with regard to the speci
fied parameters was calculated (column 3 Table 2). 
Shourdareh Sub-basin by producing 317 cubic 
meters per second peak Discharge and the Haji 
Qushan sub-basin with 4.8 cubic meters per second 
relatively allocated to have the most and the lowest 
amount. It is noteworthy that the Shourdareh Sub
basin is second in size of area. Since the rainfall for 
all Sub-basins has been considered the same, so the 
different amounts of Discharge can not necessarily 
be affected only by area and other physical proper
ties of Sub-basins are involved. 

For example, outflow discharge of basin without 
much participation of the Shourdareh sub-basin was 
618.3 cubic meters per second (column 4 Table 7).By 
omission of KalAjil and replacing Shourdareh Sub
basin the amount of outflow discharge was calcu
lated 832.3 cubic meters per second. By subtracting 
these values from the outflow Discharge and the 
entire basin, the level of participation of each sub
basin was obtained in the outflow discharge (col
umns 5 and 6, Table 7). When the effect of sub-ba
sins Discharge at peak discharge of the entire basin 
is into consideration, their impact does not only de
pend on the area of sub-basin, but the interaction of 
effective factors (including the location of Sub-ba
sins) can be decisive. Thus, hydrological effect of 
Sub-basins on the output of the entire basin will 
cause nonlinear behavior, so that the basin that nec
essarily has larger area or higher Discharge would 
not have more influence on the output flood of the 
basin. For example, the Dough Sub-basin in terms of 
peak discharge is ranked the second, in terms of 
participation in the flood basin output is placed the 
sixth. Although the Sub-basin seven has the lowest 
distance to output of basin, and due of its spatial 
location takes the shortest time to participate the 
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output discharge of the entire basin, its final partici
pation in peak discharge of the entire basin due to 
non-simultaneity of peak discharge with other sub
basins is not noticeable. This represents an interac
tion effects between factors such as spatial location, 
area and characteristics of Sub-basins in determin
ing contribution in the peak discharge of the whole 
basin. To remove the effect of basin area in prioritiz
ing the Sub-basins flood rise, the level of effect of 
each sub-basin's unit area on output floods were 
considered (Table 2 Column 8). Colurnn9 in table 2 
indicates the priority of Sub-basins from the specific 
discharge of Sub-basin (peak discharge on the unit 
area) and column 10 has been obtained by dividing 
column 6 by column 2 of the same table. Shourdareh 
Sub-basin had the highest participation level in the 
output flow of the entire basin, also will be place the 
first rank per each unit of area of the Sub-basin. 

Conclusion 

Must accept the fact that one of the basic and reme
dial solutions to prevent and contain flooding, is to 
identify areas prone to flooding risk within the wa
tershed and primarily inhibit and prevent flooding 
in the head origin must be done. Thus, providing a 
suitable method to identify areas with higher poten
tial for flooding in the basin is essential. Ways to 
check this thread have been applied so far, or the 
entire basin has been considered integrated 
(lumped) and due to the breadth and extract of the 
watersheds for administrative remedies have al
ways been difficult or in rare cases in which this is
sue has been studied in the surface of the sub-basins, 
usually the hydrologic behavior of the Sub-basins is 
assumed linear and only Sub-basins Discharge with
out considering the effects of hydrograph reduction 
(in the rivers flood routing) and its arrival coinci
dence to the output of the basin has been consid
ered, including many Renewable Natural Resources 
study projects by the Forests and Rangelands Orga
nization of Iran. Even the definition of the concept of 
the index or a member of the floods rise of various 
sources has presented different viewpoints. 

Model run calculations from the proposed 
method showed that the way Sub-basins partici
pated in output is not proportional to the peak dis
charge of the sub-basins and the sub-basins that 
have more Discharge do not necessarily have the 
most impact on the output flood because the flood 
routing of the waterways and the location of the 
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Sub-basins can cause changes in how contributions 
are. So for any flood control operations or reduction 
of peak discharge in the basin output the impact of 
each Sub-basin must be considered according to 
their portion in making output flood. In cases that 
the area where Sub-basins influence flood rise pri
oritizing, we can do this prioritizing for each unit of 
the sub-basin. The index of flood rise severity deter
mination per area unit of the catchment in prioritiz
ing of the flood control operation designation per 
each available facility can be considered proper to a 
certain area. Also in executive sections that design 
economic matters is one of decisive factors. The level 
of output flood reduction per each surface unit of 
the sub-basins has more importance. A proposed 
method for each catchment and in each climate is 
investigated and its enforcement is advice in the 
control flood study form. 

References 

Abu Hasan, Z ., Hamidon, N. and Suffian, M. 2009. Inte
g rated River Basin Management (IRBM): Hydro
logic Using HEC-HMS for sungai kuran basin , 
perak. International Conference on Water Resources. pp. 
63-70. 

Kafle, T.P., Hazarika, M.K., Shrestha, K.G., Prathumchai, 
K. and Samarakoon, L. 2006. Integration of remote 
sensing and GIS with flood simulation model for 
flood hazard mapping in the Bagmati River, Nepal, 
Proc. Fifth International Symposium on New Technolo
gies for Urban Safety of Mega Cities in Asia, Phuket, 

1233 

Thailand. pp. 78-86. 
Khakbaz, B., H su, K., Imam, B. and Sorooshian, S. 2009. 

From lumped to distributed by semi-distributed: 
Calibration procedures for semi-distributed hydro
logic models. Journal of Hydrology. 418-419: 61-77. 

Jahnson, C.A., Yange, A.C., Nixon, K.R. and Legates, D.R. 
2001. The use of HEC-Geo HMS and HEC-HMS to 
perform Grid-based Hydrologic Analysis of a water
shed, Dodson and Associates, INC-Hovston, Texas, 
USA. 135 p . 

Saghafian, B. and Khosroshahi, M. 2005. Unit response ap
proach for priority determination of flood source 
areas. Journal of Hydrologic Engineering. 10(4): 270-
277. 

Sunwan werakamtorm, R. 1994. GIS and hydrologic mod
eling for management of small watersheds. ITC Jour
nal. 4: 343-348. 

Yener, M. and A. aorman. 2008. Modeling Studies with 
HEC-HMS and Runoff Scenarios in Yuvacik Basin. 
Deparhnent of Civil Engineering, Middle East Tech
nical University. 06531 Ankara / Turkey. 153p. 

Savant, G., L. Wang and D. Traux. 2002. Remote Sensing 
and Geospatial Applications for Watershed Delin
eation . Conference Proceedings: Integrated Remote Sens
ing at the Global, Regional and Local Scale. IAPRS, Vol. 
XXXIV, Part 1, 182p. 

Wang, L. and Lin, H . 2006. An efficient method for iden
tifying and filling surface depressions in digital el
evation models for hydrologic analysis and model
ing. International Journal of Geographical Information 
Science. 20 (2): 193-213. 

Wurbs, R.A. 2006. Methods for Developing Naturalized 
Monthly Flows at Gaged and Ungagged Sites. Jour
nal Hydrologic Engineering. 11: 55-64. 


