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Abstract: Change in the land use patterns affects on hydrological processes in watersheds and disrupts 
the natural balance of water flow. In this study, the hydrologic components variation of land use 
change of the years 1988 and 2009 in Kan watershed has been studied. Using the Landsat satellite 
images, the land use data in those two years was acquired, and through supervised classification were 
classified into four types of urban use, Complex lands (city, garden and parks), Agricultural-Garden, 
and Arid lands. According to this classification, the urban use of the watershed is 5.63 and 10.5 percent 
of the total watershed area, respectively for study years. Afterwards, using SCS and HEC-HMS model, 
the watershed runoff and variation of the hydrologic balance components was computed. To run the 
SCS model via IDW, the total annual precipitation of 27 meteorological stations in Tehran province 
were used to produce the precipitation layer. In this model through zonal analyses, the relationship 
between runoff rate and land use change was determined. To simulate the rainfall-runoff for the years 
1988 and 2009 using HEC-HMS model, the precipitation data, discharge, daily temperature and also 
monthly evaporation of the Sooleghan station were used. In the watershed model, the SCS Curve 
Number method and SCS Unit Hydrograph were selected for precipitation and flow transfer losses, 
respectively, and Specified Hyetograph in meteorological model was used. The models results showed 
that the runoff coefficient was increased from 71.79 to 87.25 percent for SCS model, and from 56.49 to 
64.10 percent for HEC-HMS model.  
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INTRODUCTION 

 
 Natural arrangement of the water and sediment transfer from semi-arid mountain watersheds downwards 
are influenced by human intervention. The most important is land use change. Some of the changes resulted 
from urbanization in the watersheds are destruction of water distribution lines, Cutting off the natural drainage 
streams and increasing of the impermeable surfaces. In order to understand the effects of land use change and 
(or) land cover on hydrological processes on the Earth’s surface, it is important to know the characteristics 
variation of runoff through changes in patterns of land use (Shi et al, 2007). The impermeable areas expand 
rapidly with the development of urban, and the storage capacity of precipitation and runoff coefficient increases. 
Urbanized area on intense states of precipitation is of more prone to flood risk.   
 Land use change and urban expansion towards the mountain watersheds adjacent cities, increase the risk of 
flood because of the height and runoff volume, and decrease the time to reach the maximum discharge 
(Saghafian et al., 2008; Nirupama and Simonovic, 2007; Campana and Tucci, 2001; Liu, 2004). Encroachment 
on natural environments, the presence of multiple structures, and a lack of appropriate regulations to protect 
these environments has provided the condition of flood. The impacts of man-made changes on surface 
hydrology can be measured from the ratio of the flood discharge after these changes to the flood discharge 
before them during return periods. But despite this, it seems complicated to analyze the effects of the land use 
change on flood frequency, because of the lack of flood data and also non-static or dynamic development 
processes, especially in urban areas (Suriya and Mudgal, 2011).  
 Impacts assessment of the land use change on processes of floods in multiuse lands via GIS and modeling 
approach in 2004 by Liu, watershed urbanization and variation of flood behavior in Metropolitan area, Los 
Angeles (Shang and Wilson) in 2008, and Suriya and Mudgal research entitled “The impact of urbanization on 
flood: a case study at Thirusoolam watershed” in 2011, are examples of researches conducted in connection with 
the effects of land use change and urban development on the variation of flood patterns. Hadiani (2006) in a 
research entitled “the role of land use change on discharge of regional floods of Madarsou watershed, using SCS 
method” assessed the maximum temporal discharge of flood in two states of currently being used and the 
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estimated ability; Neshat and Sedghi also in 2006 computed the runoff value of Bagh-Malek Watershed, 
Khuzestan Province, using SCS and HEC-HMS methods. 
 Some of related researches to Kan watershed are the flood modeling in the watershed of Kan river 
catchment by Alvankar and Saghafi (2006) and also the investigation of flood situation in Kan river, Tehran 
West by Rouzkhash et al (1389, 2010).  
 Due to the expansion of Tehran metropolitan area to the district No. 22, Kan watershed, and consequently 
the usage change and development of urban structures (for example the Tehran-Shomal (north) highway), and 
also being prone to flooding in this watershed (Jun 1954, May 1994, April 1995, est.), the first aim of this study 
is to investigate the pattern of land use change in the study area using RS technique, and then, using SCS and 
HEC-HMS methods, to assess the impact of these changes on the characteristics of produced surface runoff and 
the maximum discharges in the years 1988 and 2006. 
 
2. Study Area: 
 Kan watershed is the greatest watershed in north of Tehran that its mainstream is the greatest river passing 
from Tehran City. This watershed is located between latitude 35 45’ 49” to 35 57’ 11” and longitude 51 09’ 53” 
to 51 22’ 29”, with an area of 205.7 km2, in the vicinity of the Hesarak Watershed at east, Jajroud at north and 
eastern north, the watershed of Karaj dam at north and western north,  and Vardij watershed at west (Fig. 1). 
Based on Domarton method of climate classification, the study watershed has a macro-type semi-arid cold, 
Mediterranean and semi-humid cold climate. The average annual precipitation of the watershed at the medium 
altitude (2400 m) is equal to 383.2 mm, and its maximum and minimum is 608.10 and 206.7 mm, respectively; 
maximum precipitation is in winter in form of snow and its minimum is in summer in the form of shower. The 
average annual temperature is 7.5 ‘C, the average annual maximum and minimum is 26 and -10 ‘C, respectively. 
The importance of risk investigation, especially the flood risk in Kan watershed, is that any changes in land use 
and human intervention in this mountainous system lead to downstream destruction, and because of a big 
population, the consequent vulnerability of the risks is increased. The history of the risks in this watershed 
shows that two giant floods in the years 1333 (1954) and 1374 (1995) resulted in great deaths and destructions, 
representing the potential risk of it. 
 

 
 
Fig. 1: Index map of study area. 
 
3. Data and Methods: 
3.1 Detecting the Land Use Changes: 
 In the present study, in order to determine the land use changes in Kan watershed, TM satellite images of 
1988 (Sep 19) and ETM+ of 2006 (Jun 19) with a spatial resolution of 30 m were used. To determine the land 
use of the watershed during this 18-year-period (1988-2006), satellite images were validated by check points 
extracted from 1:25000 topographic maps to correct their geometric errors. Then, classification of land use was 
done through the maximum likelihood algorithm in supervised classification. The images were classified into 
four types of urban use, complex use (city, gardens and parks), agricultural-garden and arid land. This 
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classification method uses the mean of estimation averages and variances of categories that they will be used to 
evaluate the probabilities. To get an accurate output, the maximum likelihood algorithm assumes that 
probabilities estimation for all categories is equal and histograms of input bands are normally distributed. This 
method gives the average variance and variability in spectral values of each class as a terrestrial dataset; 
therefore, it requires accurate terrestrial data. The main advantage of this method is that it is based on statistics 
provides an estimate of overlapped areas (Suriya and Mudgal, 2011).  
 
3.2 SCS Model: 
 A comprehensive analysis for the effects of land use change on runoff patterns and flood regimes in a 
watershed needs to apply the hydrological models proportional to remote sensing data and geographical 
information system. The risk assessment approach (2005) for regions of low or no statistics suggests using the 
hydrographic methods like the method of Soil Conservation Society of America (SCS). In this study, one of 
selected methods for runoff assessment in the study area is SCS. Reasons for this choice are: applicability on 
different environments, reliable and convenient results despite its simplicity, and similar results to complex 
models. Inputs of this model are precipitation and characteristics of land use from runoff ability of permeability 
(CN). To produce precipitation layer, total annual precipitation data of 27 meteorological stations in Tehran 
(Fig. 1) in years 1988 and 2006 were used, location of the stations over Tehran Province is illustrated in figure 
2; precipitation data have turned into point layers, then using IDW method (power 2), they were interpolated. 
The IDW method with power 2 for precipitation data has the least predicted error (RMSPE). The purpose of 
interpolation is to create a layer of precipitation to extend knows data out to points with no data or to convert 
large scale data to fine scale. This layer with a spatial resolution index of 30 m was created for Tehran Province. 
Afterwards, based on this layer and Kan watershed district, the precipitation layer for those mentioned years was 
extracted. 
 

 
 
Fig. 2: Position of climate station in Tehran province. 
 
 Applying the method of Soil Conservation Service (SCS), estimation of watershed runoff using Curve 
Number will be more realistic. The runoff elevation in SCS method is computed by equation 1, in which Q is 
the runoff elevation, P is rainfall amount, and S is surface storage of soil. Based on equation 1, 20 percent of it is 
before starting the runoff flow and the rest 80 percent during runoff flow is absorbed to soil and its quantity 
depends on vegetation, land usage, soil permeability condition and its former moisture (Ghahroudi, 2005). S 
value is computed by equation 2; in this equation CN is a dimensionless variable between 0 to100. At CN equal 
to 100, soil losses its ability to absorb rainfall and the runoff elevation is equal to rainfall (Ghahroudi, 2005). In 
this study, CN value for urban use is 98, complex lands (City, Garden and Parks) 79, agriculture-garden 70, and 
arid land 82. 
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 Spatial analysis was applied to prove the relationship between land use change and variation of hydrologic 
balance quantities in the watershed. Variability of land use was computed into areas with ranges of 1 and 2 by 
overlapping and cellular analysis; number 1 and 2, respectively show unchanged and changed areas over 18 
years. Rate of runoff Change was also determined through subtracting the runoff layer.  Finally, the relationship 
between runoff production value and hydrologic balance quantities with land use change in two periods was 
analyzed by zonal statistics; through this method, and based on the values of other layers, statistical 
computations over on an area were applied. In this analysis, land use of each year was monitored by the 
produced runoff value of the same year.  
 
3.3 HEC-HMS Model: 
 HEC-HMS model was created by object oriented technique. This technique is a natural way for problem 
statement, dividing its complexity into understandable components and applying its codes for solving the 
problem (US Army Engineers, 1994). This model shows the watershed as a uniform system with hydraulic and 
hydrologic components.  Each part of the model simulates a particular aspect of precipitation-runoff process in 
the watershed. In other words, different parts are combined together to simulate the physical properties of the 
watershed, and each component is a representative of one factor for turning rainfall into runoff. Simultaneously 
combining the effect of those factors will produce the final flood hydrograph. In order to model the watershed 
components or urban hydrologic watershed, HEC-HMS model is used that each one has a particular duty related 
to the process of turning rainfall into runoff and their monitoring.  
 It is important to validate the mathematical model simulating the watershed runoff, using rainfall-runoff 
data at the same time. Therefore, maximum daily discharge and average precipitation and temperature for years 
1988 and 2006 were gathered. These data were acquired from Sooleghan hydrometric and Climatology station 
of Kan watershed. Average monthly evaporation values were also used in model for those years. 
 Extracting input factors of model; since there is no measurement or access to the required factors in 
different parts of HEC-HMS model in Kan watershed, it is better to choose the methods that beside they are 
very applicable, they also need the least factors. In other word parsimony principle should be considered. This 
principle implies that between several models to choose; besides having applicability and efficiency (better 
runoff simulation), uncertainty of factors should also be noticed.  In a simpler way, models with least required 
factors are preferred.  
 A schematic physical and geometrical illustration of watershed is introduced in components of watershed 
model. In this study, SCS Curve Number method in parts of precipitation loss was used. Required factors for 
this method are initial abstraction, curve number and the impermeable proportion of soil surface. Combining the 
prepared maps from hydrologic groups (soil texture based) and land use, average value of CN at medium 
condition of moisture for that two year in Kan watershed was computed. Having computed the average value of 
CN, surface conservation of soil (S) is obtained from equation 3. Estimation of empirical value of initial 
abstraction is conducted by equation 4 used in several investigations (Baltas et al, 2007; Lim et al, 2006). 
 
S = (25400/CN) – 254                                                                                                                     (3) 
 
Ia = 0.2S                                                                                                                                     (4)  
 
 In equation 3, CN is a dimensionless variable between 0 to100. At CN equal to 100, soil losses its ability to 
absorb rainfall and the runoff elevation is equal to rainfall. In equation 4, Ia is initial abstraction (mm) and S is 
surface conservation of soil. Impermeable proportion of soil surface of watershed are other factors for SCS 
Curve Number method from prepared land use layers of years 1988 and 2006.  
 In the conversion or transfer part of watershed model, SCS Hydrograph Unit method was applied. Required 
factor for this method is delay time obtained from equation 5. Considering the aim of this study and the 
importance of S and CN value in the watershed’s runoff simulation, this equation was used. 
 
t lag = [L0.8 * (S+1)0.7] /1900y0.5                                                                                                                                                         (5) 
S = (1000/CN) – 10 
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 In this equation L is length of main river in feet, y is slope of main river in percent, CN is curve number, t 
lag is delay time in hour, and S is surface conservation of soil in the watershed.  
 In the component of meteorological model, Specific Hyetograph method was applied and based on 
statistical years used in this study, simulated data of study years in this software were managed as control 
periods. Afterwards, through automatic method and assuming that best factors are selected for minimum error of 
peak, model was calibrated.  
 
4. Results: 
 Results for investigation of land use change in Kan watershed in years 1988 and 2009 are presented in 
Table 2. Table 2 and figure 3 show that the most land use change has take placed in urban use.  
 - Urban use in year 1988 had an area of 13.3 km2, having 5.63 percent of the total area of watershed; this 
value in year 2006 has changed to 26 km2 that is about 1.5 percent of the total area of watershed, showing an 
increase in urban use during 18 years.  
 - Complex lands (city, garden and agriculture) in 1988 were 3.79 km2

 that is 1.61 of the total area of 
watershed; area of these lands in 2006 have became 5.24 km2 that is 2.22 percent of the total area of watershed. 
This is due to lack of land and has forced inhabitants to change the arid lands to  stepped garden land on steep 
slopes that have both urban and garden use.  
 - Agriculture-garden lands with an increase of 9.73 km2, 4.12 percent in 1988, have became 13.21 km2 
extended out to 5.6 percent in 2006.  
 - Arid land has had an intense decrease of total area of watershed over these 18 years. In 1988, this land had 
an area of 209.24 km2, 88.64 percent of the total watershed area, was the largest part of watershed. In 2006, its 
area has lessened to 199.97 km2, 14.81 percent of watershed area. 
 

 
 
Fig. 3: Land use map of Kan watershed (1988 – 2006). 
 
Table 2: Land use change of Kan watershed (1988 – 2006). 

Land use 1988 2006 
Area in sq. km % Area in sq. km % 

Urban use 13.3 5.63 26 10.5 
Complex lands 3.79 1.61 5.24 2.22 

Agriculture-garden 9.73 4.12 13.21 5.6 
Arid land 209.24 88.64 199.97 81.14 

 

 The rainfall estimation map of this watershed in 1988 presents a minimum and maximum annual 
precipitation of 267 and 406 mm, respectively. In 2006, minimum and maximum annual precipitation was 261 
and 521 mm, respectively (figure 4). CN map is also illustrated in figure 5. Having computed the surface 
conservation of soil and precipitation layer, runoff value of Kan watershed were estimated in those two years; 
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figure 6 shows this estimation. According to this figure, runoff elevation in Kan watershed for 1988 has a range 
of 190 to 399 mm, and for 2006, 141 to 364 mm.  
 To understand the relationship between the amount of produced runoff in the watershed surface and land 
use change, land use variability was acquired using cellular analysis which is illustrated in figure 7a. According 
to the results from this model, land use variability of watershed is divided into two categories of 1 and 2. Zones 
with number 1 are those parts of watershed their land use pattern has not changed during 1988 to 2006. But, 
zones with number 2 are regions their land use pattern has changed during these years. Variation of watershed’s 
runoff elevation is in the form of an increase of 213 in some parts to a decrease of 73 in other parts (7b). 

 
 
Fig. 4: Maps of annul runoff (1988 – 2006). 
 

 
 
Fig. 5: Maps of CN (1988 – 2006). 
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Fig. 6: Runoff value of Kan watershed (1988 – 2006). 
 

 
 
Fig. 7a: Land use and 7b. runoff variability (1988 – 2006). 
 
 Runoff rainfall of the watershed was simulated by HEC-HMS model. Table 3 represents the physical 
properties of Kan watershed and factors involved in HEC-HMS model for years 1988 and 2006. Based on 
combination of land use layers and soil texture (hydrological group), average weight of CN was computed 65 
and 69 for 1988 and 2006, respectively. Using CN values and applying equation 3, S was computed 136.77 mm 
for 1988 and 108.86 mm for 2006 that 0.2 of these values were considered as initial abstraction; delay time was 
also 7.77 and 6.81 hours, respectively for 1988 and 2006. 
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Table 3: Physical components of Kan watershed. 
Main River length 

(foot) 
River slope 

(%) 
Year CN Surface storage Initial abstraction Lag 

time 
Impervious Surface 

(%) 
81683 4.45 1988 65 136.77 25.35 7.77 7 

2006 69 108.86 21.77 6.81 11 

 
 Considering involved factors in hydrological model, hydrograph produced from runoff-rainfall simulation 
of watershed by HEC-HMS model (figure 8a, b). According to simulation results, maximum instantaneous 
discharge of the years 1988 and 2006 is 36.1 and 58.1 m3/s, respectively.  
 

 
 
Fig. 8a: Daily discharge hydrograph in year 1988. 
 

 
 
Fig. 8b: Daily discharge hydrograph in year 2006. 
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5. Discussion and Conclusion: 
 It is very important for metropolitan managers and planners to know the hydrologic impacts of urban uses 
on upstream watersheds. Urban planning process needs to detailed information of land use change patterns, 
runoff and also the flood forecasting that are acquired from expansion of urban construction on watershed. 
Successful management of urban flood is up to understanding the flood behavior; in this issue, combination of 
GIS and Remote Sensing techniques is an effective tool to analyze urban development, land use change and to 
model the surface runoff.  
 Since the aim of this study is to consider the role and impact of land use change on the district’s runoff 
amount, SCS and HEC-HMS models were applied for analysis. The reason for selecting these models is the 
possibility of involving the land use characteristics, precipitation, physical and physiographical properties of 
watersheds, etc. in the models. Results from classification and (or) detection of land use changes and estimated 
runoff, show the relationship between these two variables very well.  
 Tables 4 and 5 show variation of hydrologic balance components of Kan watershed for SCS and HEC-HMS 
model during a period of 18 years. It is important to note that differences in total annual precipitation values of 
two models is due to involving precipitation data of 27 meteorology stations in SCS model and involving only 
Sooleghan hygrometry station dada for HEC-HMS model. Regarding to table 4 and results of SCS model, 
variation of hydrologic balance components of watershed shows that rainfall loss reached from 100.58 mm in 
1988 to 54.72 mm in 2006, representing the impact of land use change on quantity of this component. Runoff 
coefficient has also considerably increased from 71.79 to 87.25 percent. Annual discharge capacity and average 
annual discharge has also increased.  
 Based on results of HEC-HMS model, maximum spontaneous discharge for years 1988 and 2006 is 36.1 
and 58.1 m3/s, respectively. Runoff coefficient is has also increased from 56.49 percent in 1988 to 64.1 percent 
in 2006. Therefore, observed variations in hydrologic balance components of Kan watershed in these two years 
is in form of increase in maximum spontaneous discharge and runoff coefficient. These variations are due to the 
impact of land use change in watershed on hydrologic system that resulted from expansion of impermeable 
lands and CN increase, has resulted in increase of runoff coefficient and consequently in greater maximum 
spontaneous discharges. 
 
Table 4: Hydrologic components resulted from SCS model. 

Year Total rainfall 
(mm) 

Rainfall loss 
(mm) 

Runoff 
(mm) 

Runoff 
coefficient (%) 

Annual discharge volume 
(1000000 m3) 

Annual mean 
discharge (m3/s) 

1988 356.58 100.58 256 71.79 60.43 1.92 
2006 429.05 72/54 374.33 87.25 88.36 2.8 

  
Table 5: Hydrologic components resulted from HEC-HMS model. 

Year Total rainfall 
(mm) 

Rainfall loss 
(mm) 

Runoff 
(mm) 

Runoff coefficient 
(%) 

Annual discharge volume 
(1000000 m3) 

Annual mean 
discharge (m3/s) 

1988 248.5 123.78 160.72 56.49 37.94 1.2 
2006 546 196 350 64.1 86.62 2.6 

 
 Generally, using supervised classification, satellite image processing of study area during 1988 and 2006 
clearly reflects the watershed variation patterns and shows that urban use, particularly residential and villa-
garden use, is intensively expanding over the watershed. Certainly, these variations will affect on hydrologic 
cycle in the watershed, floods and downstream urban areas. Results from classification and detection of land use 
changes were assessed along with runoff, and hydrologic balance components from SCS and HEC-HMS 
methods showed the relationship between these variables. It also considered that as land use changed in years 
1988 and 2006, the hydrologic component of watershed has also varied.  
 The importance of hydrology of Kan watershed is obvious in some other researches. Water and Watershed 
research company of Jihad (2003) based on statics of years 1969 to 1999 (30 years) of Sooleghan hydrology 
station and empirical and SCS model, in an investigation entitled “Comprehensive watershed plan of Tehran 
Municipality, district no. 22, justifying investigations phase of altitude 1400 m and upper”, has assessed the 
quantity of hydrologic balance components; results are presented in table 5. 
 
Table 5: Hydrologic components of Kan watershed estimated by Jihad investigation. 

Year Annual 
rainfall 

Annual discharge volume (1000000 
m3) 

Hydrologic balance components (SCS method) 

1969-99 625 Kutain Justin ICAR Annual runoff 
(mm) 

Direct runoff 
(mm) 

Runoff coefficient 
(%) 

43.51 80.45 42.49 387.44 182.4 62 

 
 Another investigation was conducted by Jihad and Agricultural researches company (2009) in which used 
regional analysis method in hydrologic investigation of Kan watershed. In this research statistics of Sooleghan 
Hygrometry station from 1969 to 2007 (34 years) were used. Annual runoff of 325.49 mm, Annual discharge 
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capacity of 66.96, and average annual discharge of 2.12 m3/s and runoff coefficient of 46 percent are the results 
of this research.  
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