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ABSTRACT 
 

This study considers rainstorm movement effect on runoff in a watershed scale. Neglecting rainstorm 
movement adversely affects runoff simulation and results in an inaccurate calculation of peak flow. Thus, using 
gravity center theory, a mathematical solution for calculating rainstorm movement value in basin, was obtained 
and movement values for each rainfall events was imported into model for runoff simulation. In order to 
evaluate rainstorm movement effect on peak flow, simulated runoff was compared in two hypotheses namely 
stationary and moving method. Runoff simulations were carried out according to the SCS method. Results 
showed that rainstorm movement has a significant effect on peak flow such a way that in most simulated events, 
peak flow are estimated partially accurately, however, this fact doesn’t apply to hydrograph volume in most 
cases. 
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Introduction 
 

Factors influencing rainstorm movement 
comprise rainstorm dynamic, watershed 
characteristics, infiltration and previous moisture 
content [17]. Rainstorm characteristics are variant 
spatially and temporally [15] which is defined as the 
rainstorm movement and in turn affects peak flow. In 
many hydrological studies assume that rainstorm 
characteristics are constant during the arrival and 
occurrence of rainstorm. In other words, for 
simplification purposes, rainstorm movement is 
neglected which would result in over and under 
estimation of peak flow [5, 19]. The problem of 
storm movement effects on runoff has been studied 
for a long time [13, 20, 9, 16 and 5]. 

De Lima and Singh [6] investigated the effect of 
storm movement on overland flow in laboratory 
using impermeable smooth plane surface and a 
movable sprinkling-type rainfall simulator. In 
different velocities and directions (rainstorms 
moving upstream and downstream), there was 

considerable differences in volume and peak flow of 
runoff hydrographs. 

Lee &Huang [11] studied the effect of moving 
rainstorms on attainment of equilibrium discharge in 
a V-shaped catchment and concluded that for storms 
moving downstream, runoff can attain equilibrium 
discharge and this subject is incompatible with 
conventional hydrologic design that assumes the 
storm duration must equal the time to equilibrium to 
attain the maximum discharge. 

Mizumura & Ito [12] studied the effect of the 
moving rainstorms velocity on water depth changes 
by the kinematic wave method and experimental 
results and the numerical computations. Results 
showed that the changes of peak discharge are 
dependent on the velocity and direction of the 
moving rainstorms. The semi-analytical solution 
showed that the maximum water depth was when 
moving storms velocity was equal to the velocity of 
flood movement. Their results showed that the effect 
of moving storms is larger in regions with little slope 
and high Manning’s roughness coefficient. 
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Generally, stated researches were carried out in 
limited scale using artificial surfaces and rainfall 
simulator. In this study, we are about to propose a 
mathematical method so as to evaluate rainstorm 
movement effect on runoff using rainfall-runoff data 
in a natural watershed. Hence, the main objective is 
to quantify and evaluate rainstorm movement effect 
on peak flow and hygrograph shape. Finally, runoff 
which simulated by rerecorded rainstorm events in 
two hypothesis of moving and stationary rainstorms 
were compared with each other. 

 
Materials and Methods 
 
Study Area: 

 
The Amirkabir Dam watershed is located in 

northwest of  Tehran Province and lies from 51° 
05'38˝ to 51° 30' 57˝ E longitudes and 35° 52' 56˝ to 
36° 11' 49˝ N latitudes. Study area is a part of Namak 

Lake basin and covers an area about 778 km2. This 
area is mountainous and its height changes from 
1863 to 4368 m. geology of study area belong to 
third era and its principal formations are Karaj 
formation, magmatic and sedimentary rocks. The 
least mean annual precipitation is in Karaj dam 
station with 214 mm and the most mean annual 
precipitation is in Nesa station with 1170 mm. 
Watershed soils based on SCS classification and 
FAO methods divided to three groups (B, C and D). 
Mean slope is 43.8% and only 0.02% of region is flat 
(Fig.1).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Situation of study area in Iran. 
 
Methodology: 
  

In this study, soil and topographic maps of 
1:50,000 scales acquired from Watershed 
Management Organization of Tehran, hydrological 
data (daily and hourly peak flow of floods) and 
recorded daily and hourly rainfalls in interior and 
exterior stations were used. 

Recording rain-gauge stations (recorded 
rainstorm with 15 min time intervals) and non-
recording stations were used for precipitation data 
and hydrometric station of Karaj-Sira (discharge with 
one hour time intervals) were used for runoff of each 
event. Afterwards, rainfalls acquiring simultaneous 
rainstorms and runoffs were chosen. Finally 6 
rainfall events were recognized. In this study, only 
precipitation events caused by rainfall were 
considered and snowmelts were not used. For 
hydrological studies, HEC-HMS software 
(Hydrological Engineering Center–Hydrological 
Modeling System) developed by United States army 
was considered for simulation purposes. The model 
comprises two individual parts (Rainstorms with 15 

minutes time intervals and floods with 1 hour time 
intervals). This model needs to some of rain 
characteristics in order to simulate runoff which were 
extracted from DEM (Digital Elevation Model), soil 
map, land-use map and rainstorm characteristics. 

Since SCS method is widely used in 
hydrological studies for runoff calculation, it is 
proposed as accurate method in many researches [1, 
14]. In this study, Also SCS method was used due to 
accessibility to base data and maps. Flow routing was 
carried out using Muskingum method [3] and rain 
characteristics were calibrated regarding hydrometric 
and rain gauge stations. To assess rainstorm 
movement, spatial and temporal characteristics were 
analyzed. Despite the former, other characteristics 
(for instance soil and slope) were considered as 
constant.  

For this purpose, in one case, precipitation of the 
nearest recorder station was applied to the whole 
subbasins (stationary rainstorm hypothesis), and in 
the other case, precipitation with temporal movement 
(moving rainstorm hypothesis) was applied for 
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simulation. So, temporal and spatial distribution and 
storm movement was studied as follow. 

Spatial distribution of rainstorm is a 
deterministic parameter on shape hydrograph [5]. 
Spatial distribution within each catchment was 
extracted with regard to the IDW (Inverse Distance 
Weighting) method. 

Moreover, temporal distribution of rainfall is a 
prominent factor [5]. In this paper, temporal 
distribution was defined according to the histograms 
in each recorder stations. For rainstorm events, in 
non-recording stations with no temporal pattern, the 
pattern should be defined and split into finer time 
intervals. For temporal analysis of rainfall within 
subbasins, precipitation was defined from spatial 
distribution map of precipitation and was separated 
according to the nearest recording station data. 

In order to evaluate rainstorm movement, 
simultaneous 
rainfalls in 
recording 

stations around the area was used. Given various 
temporal distribution pattern of precipitation in the 
stations, the center of gravity theory was used to 
determine the time of occurrence of each rainstorm 
in each subbasin. Center of gravity could be broadly 
defined as the time in which the momentum of time 
elements of precipitation is equal to zero around it 
and whole precipitation within this domain could 
have been regarded centralized. Center of gravity 
was calculated using momentum method and with 
respect to the start time of rainstorm [2].  Fig. 2 
illustrates the center of gravity in recording station of 
Amirkabir Dam in rainfall event 04/29/2009. 

 
 

 
 
 
 
 
 
 
 
 
 
Fig. 2: The gravity center of rainfall in Amirkabir Dam recorded station in rainfall event 04/29/2009. 
 

Afterward, equation of temporal surface passing 
through the three recording stations around the area 
was determined using SPSS software. 

cByAxtxy   (2) 

Where, txy is occurrence time of the gravity 
center of precipitation in x and y coordinates and x 
and y are the coordination of the center of gravity in 
the recording stations in UTM and a, b, c are the 
coefficients of the equation. 

Fig. 3 shows three dimensional temporal 
surfaces. T axis expresses time of occurrence of 
rainstorm. The coordination of the center of gravity  

 
 

of each subbasin was substituted into the equation 
and time of the center of gravity of each subbasin 
was obtained. After that, temporal shift was obtained 
through calculating difference between the times of 
the center of gravity in the base station (Amirkabir 
Dam) with those of subbasins. Temporal shift within 
each subbasin was applied for all rainfall events. 
From another point of view, an analytical method 
was proposed for calculating the movement in 
accordance with the center of gravity. This method 
was firstly developed by Khalighi [10].

 
 
 
 
 
 
 
 
 
 
Fig. 3: Rainfall temporal page in rainfall event 03/28/1998 
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Fig. 4: The Hyetograph of rainfall of decomposed in subbasins (a): without temporal shift (b): with temporal  
            shift 
 
Results: 
 

Simulation in two individual hypotheses was 
carried out for all rainfall events: 1- prior to time 
shift (stationary rainstorm hypothesis) and 2- after 
temporal shift (moving rainstorm hypothesis) 

Rainstorm movement effect was pursued for all 
rainfall events as follows: 
1- Determining the center of gravity in regions 
affected by rainstorm 

2- Determining temporal surface equation in every 
rainfall events 
3- Determining the gravity center of rainfall for 
subbasins 
4- Determining temporal shift in each subbasin 
5- Applying temporal shift upon each subbasin 

Totally 12 hydrological models were resulted 
and the proposed method was evaluated for all 
rainfall events. Results of 4 hydrological models 
presented in Figs. 5 to 6. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: The simulation of overland flow hydrograph in Karaj-Sira station in 04/16/2003 (a): before rainstorm  
             movement (b): after rainstorm movement 

(b) 

(a) 

(b) 

(a) 
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Fig. 6: The simulation of overland flow hydrograph in Karaj-Sira station in 11/04/2008 (a): before rainstorm  

             movement (b): after rainstorm movement  
 

For statistical analysis, Chi-Square Correlation 
Test was used. Results of 6 rainstorm events are 
tabulated in tables 1 to 2. In most cases, peak flow 
differences are decreased between simulated and 
actual (observed) hydrographs. In other words, 
rainstorm movements have substantially affected 

runoff and better estimation has been made on peak 
flow measures. But negligible changes have been 
recognized in hydrograph volumes and in most cases; 
storm movement has no affect on volume of 
hydrograph. 

 

Table1: Differences between of simulated and observed hydrographs peak flow (
s

m3
) 

Rainfall event Position 
Stationary storm Moving storm 

Peak flow 
Difference ( Chi-Square 
Test) 

Peak flow 
Difference( Chi-Square 
Test) 

03/28/1998 
Observed 5.3 

0.076596 
5.3 

0.018 
simulated 4.7 5 

10/17/2000 
Observed 7.89 

0.737953 
7.89 

0.186533 
simulated 10.7 9.2 

04/16/2003 
Observed 12.2 

0.336111 
12.2 

0.107463 
simulated 14.4 13.4 

04/21/2003 
Observed 12.6 

0.03 
12.6 

0.006977 
simulated 12 12.9 

11/04/2008 
Observed 7.78 

0.019514 
7.78 

0.000831 
simulated 7.4 7.7 

04/29/2009 
Observed 42.08 

0.576076 
42.08 

0.015674 
simulated 47.3 42.9 

 

Table 2: Differences between simulated and observed hydrograph volume ( )3m  

Rainfall event Position 
Stationary storm Moving storm 

Volume 
Difference ( Chi-Square 
Test) 

Volume 
Difference ( Chi-Square 
Test) 

03/28/1998 
Observed 180.36 

0.560648 
180.36 

0.560648 
simulated 190.7 190.7 

10/17/2000 
Observed 377.28 

45.34518 
377.28 

50.52493 
simulated 532.7 542.9 

04/16/2003 
Observed 524.48 

0.105327 
524.48 

0.105327 
simulated 517.1 517.1 

04/21/2003 
Observed 343.44 

1.308129 
343.44 

1.308129 
simulated 365.3 365.3 

11/04/2008 
Observed 343.94 

0.350734 
343.94 

0.350734 
simulated 355.1 355.1 

04/29/2009 
Observed 1676.45 

25.40165 
1676.45 

25.40165 
simulated 1482.4 1482.4 

 

Conclusion and Discussion: 
  

Comparing hydrographs in two hypotheses led 
to the conclusion that in watershed scale, better 
estimation can be achieved if direction and velocity 
of rainstorm movement to be considered. Given what 
is concluded, HEC-HMS model is able to properly 
simulate the differences between stationary and 

moving rainstorms. Many researchers emphasize on 
the effect of storm movement on runoff if moves 
downstream and vice versa [11, 15]; in this paper 
proposed that due to the different reaction of 
subbasins; storm movement in other directions 
should be considered. This fact effects on runoff and 
overlooking it, could lessen the consistency between 
actual and simulated hydrographs.  

(b) (a) 
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In spite of the fact that the number of recording 
rain-gauge stations in the region was limited, amount 
of precipitation in each subbasin was determined 
according to precipitation of the nearest station, thus 
this model is concomitantly applicable to the regions 
low in station frequency; nevertheless, in regions 
with more stations, rainfall temporal surface equation 
can be more accurate. 

Results revealed that mathematical analysis, 
Gained through the center of gravity theory, is able 
to properly simulate rainstorm movement. In this 
study, the main purpose was to simulate and escalate 
accuracy in peak flow estimation and subsequent 
results was in line with this objective. The same 
method was applied to flood volume estimation and 
the output was that considering direction of 
movement and time of occurrence of rainstorms 
doesn’t affect runoff volume. Other results showed 
that rainstorm movement consideration would be 
able to better estimation of peak flow [6] and this is 
consistent with which we have come to. It appears 
that parallel studies should be directed toward 
including wind data (speed, direction etc.) and 
precipitation data synchronously, which could bring 
about more accurate results for hydrograph 
simulations. 
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