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Abstract:  Watershed projects play an important role in managing soil and water resources throughout the world. Considering 
the long-term application of watershed structures in Iran, evaluation of these operations is necessary. Recently, a lot of 
watershed operations (biological and mechanical) have been performed in Sira-Kalvan watershed in Tehran province. 
To evaluate the effects of technical operations on river discharge, hydrological processes were simulated using HEC-
HMS model. The model inputs, which were identified by specific methods of the model and Curve Number method 
(CN), were used to convert rainfall to runoff. Based on hyetographs of different rainfall events, before and after 
implementation of watershed structures, hydrographs of flood were extracted. Based on characteristics of output 
hydrographs of the model, efficiency of operations in this watershed was studied. The results of this study showed 
that the biological operations have reduced the peak discharge and flow volume 14.34% and 12.52%, respectively. 
While, the mechanical structures have reduced the peak discharge and flow volume 81.5% and 72.36%, respectively. 
Also, results showed that operations have had positive effects on river discharge especially combination of 
mechanical and biological operations with each other, will lead to better results. 

Key words: Evaluation; Sira-Kalvan watershed; simulation; CN; HEC-HMS model 

1. INTRODUCTION 

A watershed is the area that drains to a common outlet. It is the basic building block for land and 
water planning. Degradation of watersheds in recent decades has brought the long-term reduction of 
the quantity and quality of land and water resources. The application of watershed management 
plays an essential role in soil and water conservation and evaluation of watershed management 
projects goes through specific objectives and is not new at all.  

Memarian Khalil Abad et al. (2018), by investigating the effect of biological activities and the 
construction of gabion check dams on the flood discharges, state that the role of biological activities 
in reducing peak flow and flood volume is much more effective than structural activities 
(construction of gabion). Therefore, the CN factor is an effective and controllable factor for flood 
discharge of the basin, on reducing peak flow. 

Mechanical and biological practices play an important role in water and soil conservation 
(Nezami, 2012). While the majority of basins are ungauged, development of flood forecasting 
methods is necessary (Khaleghi and Malekani, 2017; Kavian, 2015). 

In most parts of the world, evaluation of decisions (in various fields and majors) has a special 
importance and value. Nowadays, these plans have been accepted, not only in theory but also in 
practice. Using logical and comprehensive evaluation, the better solutions in various scales can be 
found and planning strategy can be done based on these solutions (Dastoorani and Sharifidarany, 
2009). Effect of watershed structures on flood control in the past was clear enough and it was 
presented in a qualitative method. Nowadays, quantitative methods are necessary for justifying the 
investment in this area (Kalhor, 2007). The first fundamental step in evaluating watershed structures 
is to quantify their effects by measurement of main parameters and the level of achieving the goals 
(Hayati and Saadat, 2009). Heshmatpour (2002) evaluated the effect of flood control structures in 
Ghaz Mehaleh basin in Golestan province. He used the peak discharge with 2, 5, 10, 20, 50 and 
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100-year return periods and the result showed that vegetation, mechanical and structure operations 
have been effective in controlling flood.  

Bani Habib (2004), by evaluation of technical operations in Golabdareh–Darband basin showed 
that operations have reduced flood discharge with 5, 25 and 200-year return periods, 60, 22 and 
18%, respectively. Also, the positive role of structures in controlling runoff has been approved by 
Raeesian (2004), Sadeghi (2004) and Ghaem Maghami (2004). Maadanchi (2005), by evaluating 
combination of mechanical and biological methods in reducing the runoff and sediment in pasture 
lands of Kerman province, showed that the operations have had considerable impact in reducing of 
runoff and sediment and increasing of soil moisture and vegetation cover.  

Azari (2006), after assessment of watershed management operations in Kabod Gonbad basin 
using hydrological model (HEC-HMS), expressed that operations have reduced the peak discharge 
and flow volume. Also, hesitated that HEC-HMS model is useful for different return periods in 
prediction and assessment of watershed management structures. Cheng (1989) emphasises that, 
when data is available, quantitative methods have better result than qualitative methods.  

Evaluation of watershed management projects is effective to improve quality of these efforts and 
to recognize their strengths and weaknesses (Johnson, 1993). Department of soil and water 
conservation engineering, G.B. Pant University of Agriculture and Technology (1997), by 
evaluation of soil and water conservation measures using analysis of time series methods, double 
mass, hydraulic regime, flow-duration curves, moving average and Sakramntsa and Tank models in 
Ranganga basin, suggest that these kinds of projects are very successful in achieving the predicted 
goals.  

Radwan (1999), using the flood analysis model which was prepared for Petra, Jordan, evaluated 
the role of various activities, like flood control, forestation, terracing, controlling and storage dams 
and combination of them. The results of the simulation using the model showed the reduction of 
peak discharge and flow volume up to 70%. Holko and Kostka (2005), in order to investigate the 
effect of vegetation on hydrological regime in the northern mountainous basin of Slovakia used the 
rainfall-runoff model (Wasim-ETH). This study showed that conversion of all present forests to 
pasture reduces 20% of actual evapotranspiration and increases the runoff rate by 7%. Chuan Ran et 
al. (2008) compared the sediment reduction due to check dams with other soil conservation methods 
and the results showed that check dams are effective to rapidly reduce the amount of coarse 
sediment entering the Yellow River. Bombino et al. (2008) declared that check dams have 
important effects on the riparian vegetation and geomorphology of channels. 

Sira Kalvan watershed is one of the important watersheds in Iran, because it is located upstream 
of Karaj reservoir and many villages are located inside and around this watershed. Floods damaged 
properties and communication links, such as roads and bridges and had strong effect on erosion and 
sediment transport in the region. So, to reduce negative effects of flood a lot of watershed 
operations (biological and mechanical) have been performed in this watershed recently. Because of 
the importance of evaluation of these operations, in this study the effect of these watershed 
operations (in Sira-Kalvan watershed) on river discharge was evaluated. 

2. STUDY AREA 

Sira-Kalvan watershed is a sub basin of Amir Kabir dam. The study area lies from 51˚ 04' to 
51˚10' east longitude and from 36˚ 00' to 36˚ 09' north latitude and covers an area of about 7630 ha, 
and its main channel is Sira River. This basin has 8 sub basins, presented in Table 1 and the location 
of the study area is shown in Figure 1. 

 
Table 1. Sira-Kalvan sub basins 

K2-4 K2-3 K2-2 K2-2-1 K2-1 K2 K1 K Sub-basins 
379 1155 1120 1975 1851 294 291 565 Area (ha) 
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Figure 1. The position of Sira-Kalvan basin in Tehran Province 

3. MATERIALS AND METHODS 

3.1 Identification of rain gauge and hydrometric stations 

In order to simulate the hydrological behavior of the basins, the rain gauges and hydrometric 
stations in the basin were identified. There is one hydrometric station, which is in the outlet and 
only one rain gauge station (Karaj Dam rain recorder station), which is outside of the catchment 
(3 km distance). Rainfall and flood data were obtained from the Ministry of Energy. Precipitation 
data with 15 minutes time interval and flood data with 2-hour time interval were used as input to the 
model.  

3.2 Input data to the model (before the watershed management practices)  

 For the simulation of rainfall - runoff process in HEC-HMS model, three elements, including 
basin model, precipitation model and control indices, were determined and defined for the model. 

3.2.1 Sira- Kalvan watershed model  

The basin model structure is based on its parameters and the corresponding hydrologic data. 
Various elements exist in the model such as sub-basin, reach, junction, reservoir, sink and 
diversion. In this study, based on the status of Sira-Kalvan watershed, there are only three elements: 
sub-basin, reach and junction. For each sub-basin, CN, initial loss, percentage of impermeable lands 
and lag time were defined and for every reach, X and K coefficients were calculated and entered to 
the model. 
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3.2.2 Precipitation model  

Precipitation model includes required information, which is related to basin model, to determine 
precipitation for simulation. There are different methods for entering precipitation data to the 
model, including Inverse-Distance Gage Weighting, User Gage Weighting, User Hyetograph and 
Gridded Precipitation. In this study the User Hyetograph method was used. 

3.2.3 Control indices 

In control indices, the time and date of start and end of rainfall and flooding and also the time 
interval must be entered. After introducing the above three items and the confidence about input 
data accuracy, each basin assumed as a rain gauge station and hyetograph of every rainfall based on 
defined dates in control indices section and its corresponding observed output hydrographs were 
entered to the model. For calculating basin output hydrograph, first, each part of the basin model, 
the precipitation model and relevant control indices were introduced to the model. The results of the 
model include, output hydrograph from each component, infiltration of every sub-basin and rainfall 
excess in each sub-basin. 

3.2.4 Input data to the model (after watershed management practices) 

After implementation of watershed management practices in the basin, some data about prior 
practices, such as area of sub-basins, initial losses, CN, percentage of impermeable lands and lag 
time as well as information related to after operation phase, such as rainfall, floods and time and 
date of start and end of rainfall and floods, were entered into the model. 

3.3 Assessment of watershed management practices 

Since the purpose of simulation of hydrological behavior of basin in this paper is evaluation of 
technical operations effects on the river discharge, so with regard to studies of Natural Resources 
Department, Executive Office of Tehran Province a List of practices collected and divided into two 
parts including mechanical and biological  practices. 

3.3.1 Evaluation of biological practices 

The goal of biological practices is the increase of vegetation cover. In this study, to evaluate the 
role of these actions in reducing river discharge, their role was considered as reducing CN. The 
study revealed that in the affected area of catchment by biological operations, vegetation cover has 
been increased about 50 to 60 % and rangeland condition has been improved from poor to good. 
Based on land use, hydrological condition and hydrological soil groups, CN reduction for those 
parts of the sub-basin was calculated by equation (1). Then, the appropriate CN of the sub-basin, 
after watershed management operations, was calculated with weighted method using equation (2)  

N =  !! ×!! ! !! ×!! ! !! ×!! ! (!! ×!!)
!

       (1)  

N: mean of reduced CN  
N!, ..., N!: reduced CN by considering hydrological soil groups of A, B, C and D, in standard 
CN table of U.S. SCS (Table 2). 
S!, S!, S!, S!: Area of hydrological soil groups of A, B, C and D, respectively (ha) (Table 3).  
S: Basin area (ha). 
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Table 2. CN of hydrologic soil groups – cover (Antecedent Moisture Condition: I) 

Hydrologic soil groups Hydrologic condition Land use 
D	C	B	A	

76 72 62 48 Poor Natural range or 
cultivated 68 62 50 30 Medium 

63 55 41 21 Good 

CN! =
!!" × !"!" ! (!! × !"!)

!
  (2) 

CN!: New CN of sub basin, after biological practices 
S!" and S!: Area of the part in sub basin with and without biological practices (ha), respectively. 
CN!" and CN!: CN of the part in sub basin with and without biological practices, respectively. 
S: sub basin area (ha)  

 
Table 3. Area and hydrologic soil groups of the basin 

Area (%) Area (ha) Runoff yield potential Hydrologic soil groups 
-  -  Low A 

4 304 Medium B 
59.5 4542.5 High C 
36.5 2783.5 Very high D 
100 7630 -  Sum 

   
   For the evaluation of effect of practices in reducing Sira-Kalvan river discharge, peak 

discharge and flow volume of outputs hydrographs of HEC-HMS model for 11 rainfall-runoff 
events in two conditions (before practices) were compared: 1- with effects of biological operations 
(in terms of CN and initial losses), 2- without effects of biological operations. So, new CN and 
initial losses due to effects of biological operations were given for 11 events, then the model for 
these 11 events were re-run. Model output (in terms of peak discharge and flow volume) with and 
without effects of biological practices for 11 events were compared. The relative error and RMSE 
(Root Mean Square Error) of these operations on peak discharge and flow volume were calculated 
using equations (1) to (6). 

∆Q! =  !!"# ! !!"
!!"#

 ×100  (3)  

RMSE!! =
(!!"#!!!")!!

!!!
!

  (4)  

∆Q!: Relative error of peak discharge changes due to biological operations 
RMSE!!: RMSE of peak discharge changes due to biological operations 
Q!"# and Q!": Peak discharge(m3/s) of calculated hydrograph before watershed management 
practices, with and without effects of biological practices, respectively.  

∆V! =  !!"# ! !!"
!!"#

 ×10  (5) 

RMSE!! =
(!!"#!!!")!!

!!!
!

    (6)  

∆V!: Relative error of flow volume changes due to biological operations 
RMSE!!: RMSE of flow volume changes due to biological operations 
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V!"# and V!": flow volume(m3) of calculated hydrograph before watershed management 
practices, with and without effects of biological practices, respectively. 

3.3.2 Evaluation of mechanical operations effect on peak discharge and flow volume of Sira-
Kalvan river 

The main goal of mechanical operations is reducing of peak discharge and flow volume. To 
evaluate the effect of mechanical operations on peak discharge and flow volume, relative error and 
RMSE due to these operations were calculated. At first, relative error and RMSE of peak discharge 
and flow volume of calculated and observed hydrographs for nine events after operations were 
calculated using equations (7) to (10). This error is due to three factors: the model error (error of 
peak discharge and error of flow volume), biological practices and mechanical operations error. 
Model error is the mean error of peak discharge and flow volume of calculated and observed 
hydrographs of events before operations, which was calculated using equations (11) to (14). Then, 
errors of peak discharge and flow volume of model and biological practices were subtracted from 
the mean error of peak discharge and flow volume of calculated and observed hydrographs of nine 
events after operations using equations (15) to (18). Finally, the residual of mean error of peak 
discharge and flow volume of calculated and observed hydrographs of above nine events is due to 
effects of mechanical operations in the basin. 

∆𝑄!"# =  !!" ! !!"
!!"

 ×100   (7) 

RMSE!!"# =
(!!"!!!")!!

!!!
!

   (8) 

∆Q!"#: Relative error of peak discharge of calculated and observed hydrographs, after operations  
RMSE!!"#: RMSE of peak discharge of calculated and observed hydrographs, after operations 
Q!" and Q!": Peak discharge( m3/s) of observed and calculated hydrograph, after operations, 
respectively. 

∆𝑉!"# =  !!" ! !!"
!!"

 ×100 (9) 

RMSE!!"# =
(!!"!!!")!!

!!!
!

   (10)  

∆V!"#: Relative error of flow volume of calculated and observed hydrographs, after operations 
RMSE!!"#: RMSE of flow volume of calculated and observed hydrographs, after operations 
V!" and V!": flow volume(m3)of observed and calculated hydrograph, after operations, 
respectively. 

𝑍! ∆Q!"# =  !!"! !!"
!!"

 ×100   (11) 

RMSE!!"# =
(!!"!!!")!!

!!!
!

   (12) 

∆Q!"#: Relative error of peak discharge of calculated and observed hydrographs, before 
operations 
RMSE!!"#: RMSE of peak discharge of calculated and observed hydrographs, before operations  
 Q!" and Q!": Peak discharge(m3/s)of observed and calculated hydrograph, before operations, 
respectively. 
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Z! ∆V!"# =  !!"!!!"
!!"

 ×100  (13) 

RMSE!!"# =
(!!"!!!")!!

!!!
!

   (14)  

∆V!"#: Relative error of flow volume of calculated and observed hydrographs, before operations 
RMSE!!"#: RMSE of flow volume of calculated and observed hydrographs, before operations 
 V!" and V!": flow volume(m3) of observed and calculated hydrograph, before operations, 
respectively. 

Q! =  ∆Q!"# −  (∆Q!"# +  ∆Q!)  (15) 

RMSE!! =  𝑅𝑀𝑆𝐸!!"# −  (𝑅𝑀𝑆𝐸�!"# +  RMSE!!  (16) 

Q!: Relative error of peak discharge due to mechanical operations  
RMSE!!: RMSE of peak discharge due to mechanical operations 
∆Q!"#: mean relative error of peak discharge of calculated and observed hydrographs, after 
operations 
∆Q!"#: mean relative error of peak discharge of calculated and observed hydrographs, before 
operations 
∆Q!: mean relative error of peak discharge changes due to biological operations in the basin 

V! =  ∆V!"# −  (∆V!"# +  ∆V!)    (17) 

RMSE!! =  𝑅𝑀𝑆𝐸!!"# −  (𝑅𝑀𝑆𝐸!!"# +  RMSE!!)  (18) 

V! and RMSE!!: Relative error and RMSE of flow volume due to mechanical operations, 
respectively. 
∆V!"# and ∆V!"#:: mean relative error of flow volume of calculated and observed hydrographs, 
after and before operations, respectively. 
∆V!: mean relative error of flow volume changes due to biological operations in the basin. 

3.4 Input data to HEC-HMS model 

Initial input data to HEC-HMS model is presented in Tables 4 and 5. 
 

Table 4. Input data of HEC-HMS model 

Impermeable 
lands (%) 

Lag 
time 
(min) 

Time of 
concentration 

(min) 

Initial 
abstraction 

(mm) 

S 
(mm) 

 
CN (І) 

Area 
(km2) Sub-basin 

1 18.43 30.72 18.78 93.94 73 19.75 K2-2-1 
2 32.04 53.4 18.78 93.94 73 11.2 K2-2 
3 18.43 30.72 26.16 130.84 66 11.55 K2-3 
4 8.64 14.4 25.02 125.1 67 3.79 K2-4 
2 56.88 94.8 25.02 125.1 67 5.65 K 
1 26.32 43.88 29.83 149.17 63 18.51 K2-1 
2 42.48 70.8 28.57 142.87 64 2.94 K2 
2 10.44 17.4 26.16 130.84 66 2.91 K1 

3.5 Channel routing parameters  

Muskingum method applied for flood routing in this study due to availability of data and wide 
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usage. By using of some information like flow velocity and hydrological parameters in each sub-
basin, K coefficient of Muskingum for each reach obtained using reach length and average flow 
velocity. Muskingum X coefficient was considered equal to 0.2. Values of K and X coefficients of 
Muskingum method are presented in Table 5.  
 

Table 5. X and K coefficient of Muskingum method in various reaches 
X K of Muskingum Mean flow velocity 

(m/s) 
Reach length 

(m) 
Parameter   
Reach     

0.2 1420.24 3.03 4303.33 1 
0.2 2840.48 3.03 8606.66 2 
0.2 5694.15 2.91 16570 3 

4. RESULTS 

4.1 Evaluation of biological practices 

Suitable CN of sub-basins after biological practices and relative error and RMSE of peak 
discharge and flow volume, which were affected by biological practices, are presented in Tables 6 
and 7, respectively. Calculated and observed hydrographs of the model before biological practices 
for E8 event and calculated and observed hydrographs of the model, after biological practices for 
the above event are presented in Figures 2 and 3, respectively. 

 
Table 6. New CN after biological practices 

CNN SAb(ha) 
 
 

CNAb SA(ha) CN 
 

Sub-basin 
66 449.1 54 1525.9 70 K2-2-1 
63 472.7 54 647.3 70 K2-2 
63 130.85 49 1024.15 65 K2-3 
65 10.85 49 368.15 65 K2-4 
58 234 49 331 65 K 
61 265 47 1586 63 K2-1 
60 48.1 47 245.9 63 K2 
58 124.3 49 166.7 65 K1 

 
 

Table 7. Relative error and RMSE of peak discharge and flow volume after biological practices 
ΔVb VBeb (m3) VBe (m3) ΔQb QBeb (m3/s) QBe (m3/s) Event Code  

16.99717 141.2 165.2 31.14754 6.1 8 E1 
22.88488 144.2 177.2 26.31579 5.7 7.2 E2 
13.96598 111.7 127.3 29.09091 5.5 7.1 E3 
22.00303 65.9 80.4 36.53846 5.2 7.1 E4 
21.57895 38 46.2 68.42105 1.9 3.2 E5 
27.77778 18 23 18.18182 1.1 1.3 E6 
11.15857 187.3 208.2 29.5082 6.1 7.9 E7 
17.82095 118.4 139.5 28.07018 5.7 7.3 E8 
12.90207 279.8 315.9 19.5122 12.3 14.7 E9 
12.19963 108.2 121.4 45.67901 8.1 11.8 E10 
31.75676 14.8 19.5 27.77778 1.8 2.3 E11 
211.0458 1315.5 1423.8 360.2429 59.5 77.9 Sum  
19.18598 -  -  32.74936 -  -  Mean  

RMSEQb 1.889204  
RMSEVb 20.43262  
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Figure 2. Observed and calculated hydrographs, before biological practices for E8 flow event. 

 

Figure 3. Observed and calculated hydrographs, after biological practices for E8 flow event. 

4.2 Evaluation of mechanical operations effects on peak discharge and flow volume of Sira-
Kalvan river 

Relative error of peak discharge and flow volume of events after and before mechanical 
operations and average percentage of peak discharge and decreased flow volume due to mechanical 
and biological operations are presented in Tables 8 to 11, respectively. RMSE of peak discharge 
and flow volume due to biological and mechanical operations are presented in Tables 12 and 13.  
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Table 8. Relative error and RMSE of peak discharge and flow volume of events after activities 

ΔVAoe VAo(m3) VAe(m3) ΔQAoe QAo(m3/s) QAe(m3/s) Event Code 
120.7407 27 71 487.15 1.09 6.4 E12 
145.7627 69.62 171.1 216.04 4.05 12.8 E13 
101.0263 89.64 210 106.34 3.78 7.8 E14 
123.2118 35.93 94.2 346.32 1.77 7.9 E15 
170.1603 39.31 106.2 190.5 1.79 5.2 E16 
56.56638 70.13 191.5 

 
186.21 2.83 8.1 E17 

65.85212 126.86 210.4 178.55 4.99 13.9 E18 
188.3683 12.38 35.7 250 1.2 4.2 E19 
146.281 12.1 33.5 

 
93.75 1.6 3.1 E20 

153.275231 -  -  228.31 -  -  Mean 
RMSEQAoe 5.662106 
RMSEVAoe 79.79263 

 
Table 9. Relative error and RMSE of peak discharge and flow volume of events before activities 

ΔVBoe VBo(m3) VBe(m3) ΔQBoe QBo(m3/s) QBe(m3/s) Event Code 
8.22 152.64 165.2 11.88 7.15 8 E1 
60.95 110.09 177.2 4.34 6.9 7.2 E2 
19.3 106.7 127.3 7.57 6.6 7.1 E3 
9.58 73.37 80.4 7.57 6.6 7.1 E4 
49.22 30.96 46.2 18.51 2.7 3.2 E5 
17.88 19.51 23 8.33 1.2 1.3 E6 
26.65 164.38 208.2 5.33 7.5 7.9 E7 
3.27 135.07 139.5 2.81 7.1 7.3 E8 
0.86 313.2 315.9 5.75 13.9 14.7 E9 
34.29 90.4 121.4 12.59 10.48 11.8 E10 
24.83 15.62 19.5 19.79 1.92 2.3 E11 
23.18 -  -  9.49 -  -  Mean 

RMSEQBoe               0.625176 
RMSEVBoe 27.47377 

 
Table 10. Relative error and RMSE of peak discharge and flow volume after mechanical operations 

VM ∆𝐕𝐀𝐨𝐞 ∆𝐕𝐁𝐨𝐞 ∆𝐕𝐛 QM ∆𝐐𝐀𝐨𝐞 ∆𝐐𝐁𝐨𝐞 ∆𝑸𝒃 

110.909 153.2752 23.18 19.1859 186.07064 228.31 9.49 32.74936 

𝐑𝐌𝐒𝐄𝐕𝐌  RMSE!!  RMSE!!"#  RMSE!!"#  RMSE!!  RMSE!!  RMSE!!"#  RMSE!!"#  
31.8862 20.4326 27.47377 79.79263 3.147726 1.88920 0.625176 5.662106 

 
Table 11. Average percentage of decreasing peak discharge and flow volume due to mechanical  

and biological operations 
Peak discharge decrease 
(biological practices) (%) 

Peak discharge decrease 
(mechanical operations) (%) 

Flow volume decrease 
(biological practices) (%) 

Flow volume decrease 
(mechanical operations) (%) 

14.34 81.5 12.52 72.36 

 
Table 12. RMSE of peak discharge and flow volume (biological operations) 

RMSE of peak discharge RMSE of flow volume 
1.889204 20.43262 

 
Table 13. RMSEof peak discharge and flow volume (mechanical operations) 

RMSE of peak discharge RMSE of flow volume 
3.147726 31.88624 
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5. DISCUSSION AND CONCLUSION  

In most parts of the world, the issue of economical and profitability evaluation of structures is 
vital in order to judge about their success or failure. A point that should also be kept in mind is that, 
worldwide, particular attention is given to the evaluation of watershed management practices. Thus, 
the FAO publishes journals and different views on this subject. Its methodology and objectives are 
ordered in a way that, first, before implementing the plan, the primary conditions are studied. Then, 
the effect of each quota of operations in reducing runoff, sedimentation, and vegetation will be 
studied (Refahi, 2015). Since the watershed management projects were implemented in Sira-Kalvan 
watershed in Tehran province, the effects of this project were evaluated. 

The results of this study showed that watershed management operations (biological and 
mechanical) in Sira-Kalvan watershed were effective and they significantly have reduced the 
average peak discharge and flow volume. The results of this study are in accordance with Bani 
Habib (2004), Maadanchi (2005), Azari (2006) and Radwan (1999). 

Biological practices have reduced the average peak discharge and flow volume, 14.34% and 
12.52%, respectively. The result is in accordance with Bani Habib (2004) and Maadanchi 
(2005). Mechanical practices have reduced the average peak discharge and flow volume, 81.5% and 
72.36%, respectively. This result agrees with findings by Heshmatpour (2002), Raeesian (2004), 
Sadeghi (2004), Maadanchi (2005), Chuan Ran et al. (2008) and Radwan (1999). 

As presented in Tables 12 and 13, RMSE of peak discharge due to biological and mechanical 
operations are 1.889204 and 3.147726, respectively. Also, RMSE of flow volume due to biological 
and mechanical operations are 20.43262 and 31.88624, respectively. 

The main result of this study is that watershed management operations (biological and 
mechanical) in Sira-Kalvan watershed have had important effects on river discharge, controlling 
flood and increasing life of Karaj reservoir. Also, if mechanical and biological operations are 
combined with each other, better results will be obtained. 
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