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Abstract

One of the components of watershed water balance, which is very
important in watershed management and water resources management, is
runoff. Appropriate estimation of runoff value requires determining
Runoff Coefficient (RC). This study was conducted to evaluate the
effectiveness of multi-criteria decision-making methods in order to
estimate the RC in Amameh watershed, Iran. To do this, at first, slope
angle, land use/cover, hydrologic soil groups, maximum daily rainfall and
area of the study area layers was entered into geographic information
system (ArcGIS). After performing the necessary processing on the layers,
it were converted to raster formats based on the study area boundary. In
the next step, the analytical hierarchy process (AHP) structure was
established based on the research purpose. The weighted index values for
each layer and their different classes were then determined based on the
weighted index of the AHP by Expert Choice software. Based on these
five criteria, three models were made. Therefore in model 1, slope angle,
vegetation (land use) and hydrologic soil groups; in model 2, maximum
daily rainfall, area of the study area and hydrologic soil groups and in
model 3, soil infiltration and area of the study area were used. The
estimated RCs were then estimated based on weight for each criteria in
each model. The estimated RC with the observed RC, which have been
measured using the Kamphorst rainfall simulator at 60 points in different
land uses with an intensity of 60 mm hr* for 90 min, were compared. The
obtained results showed that the second model with Nash-Sutcliffe
Efficiency (NSE) coefficient of 0.59 and root mean squares error (RMSE)
of 0.363 had a better efficiency than the other two models. In general, the
results showed that the AHP method due to its simplicity, the application
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of qualitative and quantitative criteria simultaneously and the ability to
| assess compatibility in judgments can be used in the study of RC.

1.  Introduction

In order to design the spillway of dams, water structures, bridges, flood control operations and
watershed management, it is necessary to know the exact amount of runoff. One of the important
parameters in the estimation of runoff is the runoff coefficient (RC), which most researchers estimate
with different methods and using tables prepared for this parameter. Today, the use of Multi-Criteria
Decision-Making (MCDM) in this issue can be an effective solution for decision making. MCDM deals
with decisions involving the choice of the best option among several options by considering various
quantitative and qualitative criteria. One of the most important MCDM is linear allocation, prioritization
method based on similarity to the ideal solution, multi-criteria utility theory and Analytical Hierarchy
Process (AHP).

2. Materials and Methods
Study area

The area studied in this research is the Amamah Watershed with an area of 3712 ha, located in the
northeast of Tehran.

3. Research Methodology

At first, slope angle, land use/cover, hydrologic soil groups, maximum daily rainfall and area of the
study area layers was entered into geographic information system (ArcGIS). After performing the
necessary processing on the layers, it were converted to raster formats based on the study area boundary.
In the next step, the AHP structure was established based on the research purpose. The weighted index
values for each layer and their different classes were then determined based on the weighted index of
the AHP by Expert Choice software. Based on these five criteria, three models were made. Therefore
in model 1, slope angle, land use and hydrologic soil groups; in model 2, maximum daily rainfall, area
of the study area and hydrologic soil groups and in model 3, soil infiltration and area of the study area
were used. The estimated RCs were then estimated based on weight for each criteria in each model.

4.  Results

The value of the inconsistency rate was estimated equal to 0.05 in this study, which means that due to
the inconsistency rate lower than 0.1, the consistency in the judgments has been observed. The results
showed that all three models were able to estimate the RC well. In the first model, the results showed
that the slope with a weight of 0.374 has the first priority. The slope of the watershed has a noticeable
and significant effect on its surface flow. If the amount of slope increases, the role of infiltration-
increasing factors decreases and the amount of runoff increases. Among the slope classes, the 0-2 slope
class has a weight of 0.478, which is more important than other classes. Land use with a weight of 0.365
has the second priority in the first model. Land use plays a significant role in runoff generation, so that
in the conditions where the amount of vegetation is high and the slope of the area is low, during heavy
rains, the occurrence of runoff is delayed and its amount is very low. Eliminating vegetation or changing
the type and method of growing plants that do not have a lot of interception will increase the RC.
Excessive livestock grazing causes soil compaction and loss of vegetation and increases runoff from
the watershed. In the second model, the effect of soil and watershed area on the RC is the same, but in
this group, the maximum daily rainfall with a weight of 0.615 has the greatest effect. Soil characteristics,
especially soil permeability, is an important factor influencing the RC. In general, runoff is formed in
unsaturated soil conditions when the rainfall intensity overcomes the speed of infiltration into the soil.
Among the hydrologic soil groups, hydrologic soil groups D has a weight of 0.540 due to very low
permeability, which is more important than the other variables.

5. Discussion and Conclusion

In this research, land use criteria, soil type, slope, maximum daily rainfall and watershed area were
considered in order to estimate the RC. Three models were designed and evaluated based on these five
criteria. The result showed that all three models have the same performance in this study and have no
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significant differences, but since the second model has fewer criteria, it is easy to estimate the RC.
Considering the selection of the second model as the appropriate model, in this model, the effect of soil
and watershed area on the RC is the same, and in this group, the maximum daily rainfall with a weight
of 0.615 has the greatest effect, the reason for this can be the strong relationship between The RC and
rainfall is that increasing the amount and rainfall intensity on the one hand and decreasing the intervals
of rainfall on the other hand are factors that can increase the runoff generation.
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Evaluating Efficiency of Analytical Hierarchy Process for Estimating
Runoff Coefficient in Amameh Watershed

Atefeh Davarizadeh!, Mehdi Vafakhah?™ | Akbar Najafi *

Abstract

One of the components of watershed water balance, which is very important in watershed
management and water resources management, is runoff. Appropriate estimation of runoff
value requires determining Runoff Coefficient (RC). This study was conducted to evaluate the
effectiveness of multi-criteria decision-making methods in order to estimate the RC in Amameh
watershed, Iran. To do this, at first, slope angle, vegetation (land use), hydrologic soil groups,
maximum daily rainfall and area of the study area layers was entered into geographic
information system (GIS). After performing the necessary processing on the layers, it were
converted to raster formats based on the study area boundary. In the next step, the analytical
hierarchy process (AHP) structure was established based on the research purpose. The weighted
index values for each layer and their different classes were then determined based on the
weighted index of the AHP by Expert Choice software. Based on these five criteria, three
models were made. Therefore in model 1, slope angle, vegetation (land use) and hydrologic
soil groups; in model 2, maximum daily rainfall, area of the study area and hydrologic soil
groups and in model 3, soil infiltration and area of the study area were used. The estimated
RCs were then estimated based on weight for each criteria in each model. The estimated RC
with the observed RC, which have been measured using the Kamphorst rainfall simulator at 60
points in different land uses with an intensity of 60 mm hr* for 90 min, were compared. The
obtained results showed that the second model with Nash-Sutcliffe Efficiency (NSE)
coefficient of 0.59 and root mean squares error (RMSE) of 0.363 had a better efficiency than
the other two models. In general, the results showed that the AHP method due to its simplicity,
the application of qualitative and quantitative criteria simultaneously and the ability to assess
compatibility in judgments can be used in the study of RC.

Keywords: multi-criteria decision-making method, runoff coefficient, rainfall simulation,
rainfall intensity,
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