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Abstract: Time parameters, including parameters which are of them used the most hydrologic and hydraulic 
models. Most commonly time parameters used in hydrology is time Concentration. Time Concentration it is duration 
that the water farthest point watershed reach to the outlet or point from Way River. Time concentration is required 
on the design of spillways, estimating flood volume, preparation flood hydrograph and many other hydrologic 
analysis. Until now is presented many methods for estimating time of concentration that the purpose of this study 
select the best method of techniques estimating the time concentration is in ivar watershed. Direction estimated time 
concentration on this watershed were used of five experimental method kirpich, chaw, Jianduty, Williams and 
California. Based on the results of the maximum and minimum time Concentration on the sub watershed I08 and I10 
was obtained for method chaw 1.75 and 0.55, method California 1.88 and 0.52, method Williams 3.41 and 0.55, 
method kirpich 1.82 and 0.52 and Jianduty 4.78 and 0.55 h. Time concentration also watershed using any method 
was obtained (Kirpich, Chaw, Jianduty, williams and california), respectively, 2.01, 2.01, 4.82, 3.85 and 2.15 hours. 
With considering various parameters such as main water way length, subwatershed and watershed area and water 
way slope for kidney watershed units, the suitable concentration will be kirpich..  
[Shojaei S, Zargham Taheri A, Mousavi S A, Poudine Z. Comparison of some empirical relations in the 
estimated time of Concentration Ivar Watershed. Stem Cell 2016;7(3):61-67]. ISSN: 1945-4570 (print); ISSN: 
1945-4732 (online). http://www.sciencepub.net/stem. 11. doi:10.7537/marsscj070316.11. 
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1. Introduction 

Temporal parameters that are used on most 
models including hydrological and hydraulic 
parameters. The most common parameter on 
hydrology used when it is time of concentration. 
Concentration time is the period during water from the 
basin to the point farthest exit or reaches the point of 
the river (Najmaii, 1989). In other words, 
concentration time period that is the focus farthest 
point drop compared to the concentration required to 
its own course and to reach that point. The farthest 
concentration point drop compared to their physical 
distance but are may be considered hydraulic 
(Alizadeh, 1995). Time of concentration is required in 
the spillway design, estimation of flood hydrograph 
floods and many other hydrological analysis (Keramat 
Khani, 1996). With regard to the physiographic and 
climatic conditions determine the time concentration 
on the basin, and have design concentration used to 
estimate time across the globe formulas and equations. 
However, Iran has different climates and cannot be 
arbitrary and taking into account some of the 
parameters of this formula and used ties. Therefore, it 
is necessary that these formulas and relationships 

basin tested different country to select the best method 
(Motamed Vaziri, 2004). Abbasi (1991) for Kasilian 
basin in northern Alborz introduced Bransby 
Williams’s formula about the best way to estimate 
time of concentration. Moghaddamnia (1997) in two 
basins Amameh and Kasilian northern Alborz, the 
concentration achieved by injecting salt and empirical 
relationship Bransby Williams concluded that the best 
way to estimate time of concentration in this region. 
Motamed Vaziri (2004) to compare some empirical 
equations to estimate time of concentration measured 
in the basin began Shahrestanak and results in a slope 
of less than 3% did not provide an adequate answer 
focus of empirical equations to estimate time, In the 
slope of 3 -7% relatively acceptable answer offered to 
Chow, Krpych, California Basu and on slopes of more 
than 7%, provides the best answer delay equation 
SCS. Goitom (1989) in one of the basins of Arizona 
study showed that the relationship Krpych is a good 
relationship for time of concentration in the study area. 
The aim of this study was to estimate the time of 
concentration and select the best method is in the 
basin. 
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2. Materials and methods 
Ivar watershed with an area of about 5,500 

hectares, located in North Khorasan province, Jajarm 
city and with longitude 56 degrees 8 minutes and 58 
seconds to 56 degrees, 15 minutes, 53 seconds width 
and longitude 36 degrees 58 minutes and 3 seconds up 
to 37 degrees and 4 minutes and 26 seconds. The 
climate classification will be assessed Domarten 
climate arid regions. Minimum and maximum altitude 
of 1031 and 1603 meters, the annual average rainfall 
of 168 mm. The average annual temperature 14.1, the 
average annual minimum temperature 7.8, 22.1 
average annual maximum temperature, absolute 
annual minimum -8.1 and the absolute maximum 
annual 40.1 ° C. Prevailing wind are east winds and 
the amount of 17.3 of the total. In this study, the 
boundary of the study area using aerial photos, 
satellite images and was used field visits to the 
watershed on a topographic map 1: 50000. And all the 
main branches of permanent water basins, specific and 
regional digital mapping software after Ilwis3.2 
topography within each of the identified main 
branches and sub-basins were obtained in this way. 
Further studies and measurements were concentrated 
in the sub-basins. Using the physical characteristics of 
the basin and a number of empirical equations to 
estimate time of concentration was calculated. 
Numerous empirical formulas and relationships have 
been proposed by experts in hydrology in that study, is 
used some of the most important this relationship. 

Williams’s equation: 
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  (1) 
 
In this formula: TC = concentration time in 

hours, L = length of the main stream (km), H = main 
channel height difference (m), A = area in square 
kilometers, this method is recommended for large 
areas. 

Jyanduti equation: 
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  (2) 

 
Tc = time of concentration (hr), A = area (Km2), 

L = length of the main stream (km), H = average 
height difference between the field and the exit point 
(m). 

 
Krpych method: 
This time concentration will be calculated as 

follows. This method is recommended for areas with 
smaller land area. 

 
385.03

949.0 









H

L
Tc  (3) 

 
Tc = time of concentration (hr), L = length of 

main stream (Km), H = difference height in area (m) 
CHAV method: 
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Tc: Concentration time (hr), L: Water flow 

length of the longest string (Foot), S: Main River slope 
(%). 

 
California Method: 
In this method, used the following formula: 
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Tc = time of concentration (hr), L = length of 

main stream (Km), H = difference height in area (m). 
 
3. Results and discussion: 

Due to factors affecting the classification of areas 
such as topography, the river, the location townships, 
hydrological issues, and with the help of aerial 
photographs and topographic maps according to a 
survey, the region was divided on smaller areas. As a 
result of this classification, Ivar than include 11 sub-
watershed Hydrologic, 10 sub non-hydrological and 9 
sub hybrid formation. 

With regard to the processing of data in GIS 
environment and the use of specialized software and 
office and field studies was determined watershed 
physical parameters such as area, perimeter, shape, 
drainage density, slope, channel length, shape factor, 
time of concentration, height. 

The results of the calculation of these factors for 
each subdivisions is specified in Table 2.  
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Table 1. Different sub-basin watershed Ivar 

Type 
Perimeter 

(KM) 
Area 

(KM2 ) 
Sub basin No 

H
yd

ro
lo

gi
c 

10.18 2.07 I1 1 
14.16 7.80 I2 2 
10.43 2.95 I3 3 
11.59 5.14 I4 4 
18.86 5.36 I5 5 
7.61 1.90 I6 6 

14.49 5.36 I7 7 
7.67 1.75 I8 8 

14.98 2.99 I9 9 
10.26 4.58 I10 10 
8.93 1.85 I11 11 

N
on

-h
yd

ro
lo

gi
ca

l 

1.91 0.10 I'1 12 
8.21 1.72 I'2 13 
8.21 1.72 I'3 14 
6.60 1.05 I'4 15 
0.68 0.03 I'5 16 
2.88 0.37 I'6 17 
5.15 1.05 I'7 18 

15.21 5.18 I'8 19 
4.81 1.04 I'9 20 
6.02 1.61 I'10 21 

H
yb

ri
d 

15.46 10.84 I01=I3+I2+I'1 22 
19.09 19.77 I02=I01+I1+I4+I'2 23 
27.17 26.23 I03=I02+I5+I'3 24 
28.60 23.19 I04=I03+I6+I'4 25 
28.05 34.57 I05=I04+I7+I'5 26 
28.63 36.69 I06=I05+I8+I'6 27 
30.57 40.74 I07=I06+I9+I'7 28 
40.11 51.53 I08=I07+I10+I'8+I'9 29 
42.72 55.00 Ivar =I08+I11+I'10 30 
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Table 2. The physical properties of sub-basins 
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Table 3. The physical properties of sub-basins 
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Table 4. Time of concentration in Ivar Watershed and sub-watershed using experimental method 
T

im
e 

of
 c

on
ce

n
tr

at
io

n
 J

ya
n

d
u

ti
 m

et
h

od
s 

(h
) 

T
im

e 
of

 c
on

ce
n

tr
at

io
n

 K
rp

yc
h

 m
et

h
od

s 
(h

) 

T
im

e 
of

 c
on

ce
n

tr
at

io
n

 W
il

li
am

s 
m

et
h

od
s 

(h
) 

T
im

e 
of

 c
on

ce
n

tr
at

io
n

 C
al

if
or

n
ia

 m
et

h
od

s 
(h

) 

T
im

e 
of

 c
on

ce
n

tr
at

io
n

 C
h

ow
 m

et
h

od
s 

(h
) 

S
u

b
 b

as
in

 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     
 
 
4. Conclusion 

There is empirical methods for obtain of basin 
concentration time. In this study, tried to make be 
measurable the required parameters of equations 
presented that exist or simply. For this purpose were 
selected five common methods (Krpych, chav, 

Bransby Williams, Jyanduty and California). To 
measure the concentration time in each of the sub-
basins, evaluated the main stream carefully and based 
on parameters such as slope, flow depth, speed was 
divided into equal intervals. Then the concentration 
time accordance with the procedures described in the 
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section Methodology, obtained in each interval. From 
total of time concentrate obtained in each interval is 
achieved of sub-basins, sub-basins time concentration. 
The results showed that the highest and lowest sub-
basin of time concentration in I08 and I10, for Chow 
method is 1.75 and 0.55, California method is 1.88 and 
0.52, Williams’s method is 3.41 and 0.55, Krpych 
method is 1.82 and 0.52 and Jyanduti method is 4.78 
and 0.55 hours was obtained. Time of concentration 
basin is also using any method (Krpych, chow, 
Jyanduty, Williams, California) was obtained 
respectively 2.01, 2.01, 4.82, 3.85 and 2.15 hour. 
Taking into account various parameters such as main 
stream length, basin area and sub- basin and slope of 
stream for all field units Krpych will be the right Time 
of concentration. 

 
References 
1. Abbasi.A. 1991. Final Project Report prepared 

calibration resulting runoff model for small 
watersheds. Ministry of Construction and Water 
Research Center. 

2. Alizadeh. A, 1395. The principles applied 
hydrology. Astan Quds Razavi Press. 

3. Goitom T.G. 1989. Evaluation of tc methods in a 
small Rural watershed. Channel flow and 
catchment run off: Centennial of Manning's 
Formula and Kuichling's Rational Formula B.C. 

Yen (Ed.) University of Virginia, U.S. National 
Weather Service and University of Virginia. 

4. Keramat Khani, M. 1996. Methods to determine 
the concentration time of the watershed, Ministry 
of Agriculture. Group assesses of flood. 

5. Mahdavi. M. 1999. Applied Hydrology. Volume 
2, Tehran University. 

6. Mobaraki. J. 2006. Evaluate the accuracy of 
empirical equations to estimate concentration 
time to and time to peak hydrograph. Master's 
thesis, Tehran University. 

7. Moghaddamnia.A.R. 1997. A comparative study 
of time of concentration, latency and time to 
reach peak flood hydrograph analysis based on 
empirical methods and weather in the area. 
Master's thesis, Tarbiat Modarres University. 

8. MotamedVaziri, B. 2004. Some empirical 
equations for estimating time of concentration on 
watershed Shahrestanak. Master's thesis, Tehran 
University. 

9. Njmayy. 1989. Engineering Hydrology, Volume 
II, Sara Press. 

10. Xing F. Asquith W.H. Garcia C.A. Cleveland T. 
Thompson D. and Malla R. 2004. Literature 
Review on Time Parameters for Hydrographs. 
Project Report 0-4696-1, Department of Civil 
Engineering, Lamar University, Beaumont, TX.  

 
 
 
9/28/2016 


