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Performance study of RASAM_d Distribution Models in Rainfall Runoff
Simulation

Zeinab Mirzaie', Rouhallah Fatahi?*, Khodayar A bdollahi®, Azarakhsh Azizi4, Ali Mokhtaran?®

Abstract

Since it is not possible to fully measure the data required for the catchments for runoff rainfall models,
so choosing a model that can accurately represent the output hydrograph while simplifying the structure
using minimum input data, It is a must. In this research, the distributed analog hydrology RASAM
model based on the matching of electrical circuits with hydrological equations was applied to model the
estimation of the contribution of surface and underground flow to arable lands and the calculation of
underground drainage hydrographs introduced the analog model RASAM-d1. In order to incorporate
the new concept of Run-On the distributed analog model RASAM_d2 was developed. The new
RASAM-d1 model was implemented to estimate surface runoff hydrograph for the Open Book Basin
and was used to estimate the underground drainage discharge for the F30-1 farm in Mes-Abad County.
In this study, a new concept of Run-On for agricultural lands was first introduced. The calculations
related to the addition of the new Run-On concept to the RASAM-d1 model were performed and the
RASAM_d2 model was developed and implemented for two P1 and P2 rainfall events and the model
was validated and the RMSE, NS and MRE statistical indices for RASAM_d2 model obtained the values
of 0.13, 0.11, 0.95, 13.68, 0.89 and 6.4 for 2 rainfall events, respectively. According to the results, by
adding the new Run-On concept, the RASAM_d2 distribution model estimated the groundwater
drainage hydrograph much more accurately. With this concept in mind, the contribution of underground
stream feeding to precipitation was estimated more accurately. The results of applying this model in two
examples show that this new distributed model is able to simulate the process of converting precipitation
into surface runoff and deep feeding of underground drainage. Therefore, using this model, one can
expect the dimensions of hydraulic structures and underground drainage to be designed more accurately
and the drainage systems that are being implemented will be used with greater efficiency.

Keywords: simulation, rainfall-run off model, analouge model, Run-On, Estimation of surface
and underground flow
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Performance study of RASAM_d Distribution Models in Rainfall Runoff
Simulation

Zeinab Mirzaie', Rouhallah Fatahi?", Khodayar A bdollahi?, Azarakhsh Azizi4, Ali Mokhtaran®

Introduction

Drainage is the collection and discharge of water from the surface or soil profile and the retention of
water within the soil profile so plant can use it as irrigation water. If the land does not have natural
drainage, it is necessary to use artificial drainage (Pazira, 2008). Predicting the performance of drainage
systems in controlling the water table and drainage can help a lot in planning and managing these
systems (Mokhtaran et al., 2013). Vidon and Guadra (2011) investigated 8 rainfall events that led to the
generation of groundwater drainage in a soil with silty loam soil. They concluded that between rainfall
and water table with average and maximum flow And runoff intensity was highly correlated in
groundwater drains. The maximum rainfall intensity was inversely correlated with the hydrograph
response time and it was suggested that the fast response time is due to the increase in flow in large
pores under high intensity rainfall. Rainfall-runoff models are important tools used in hydrology that
enable users to predict runoff from rainfall in a watershed (Traore et al., 2014). Choosing a model that
can provide a prediction with the desired accuracy while using the simplicity of the structure and using
minimal input information (Sharifi et al., 2004). The use of analog models alone or in combination with
modern methods can not only be fruitful in better understanding hydrological processes. (Singh, 1995).
The research that has been done so far on runoff precipitation modeling has ignored the effect of flow
on the soil surface and its subsequent infiltration. The run-on phenomenon is defined as the infiltration
of surface water when it encounters areas with a lack of soil moisture as it moves downstream. (Nahar.,
2004).

In this paper, the distributed analog model RASAM _d1 is introduced to estimate the share of surface
and groundwater flow in agricultural drainage fields. This model, while simplifying the structure using
the minimum input data, provides the output hydrograph with the desired accuracy. In order to increase
the accuracy of estimating groundwater drainage hydrographs, a new Run-On concept has been included
in this model and the RASAM _d2 distributed analog model has been developed. This new distribution
model is able to simulate the process of converting precipitation to surface runoff and deep feeding of
underground drains with very high accuracy.

Methodology

In order to conduct the research, the rainfal runoff analog RASAM model was used. This model was
developed in 2015 (Abdollahi et al., 2016). In this research, RASAM-d1 model was developed for
application in calculating the share of surface flow and drainage in field drains.
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In this study, each pixel of the networked field is compared as an electrical circuit with 4 capacitor-
resistance circuits. Based on the deductive model of HS-ES processes (hydraulic system - electrical
system), shape parameters and Weibull scale were used to describe the final hydrological equations. The
RASAM model uses a network approach to simulate the spatial distribution of leaf, evapotranspiration,
infiltration and surface runoff.

In the RASAM model, the water balance per pixel is according to formula (1).

AS :P—(fl(RC1)+f2(RC2)+f3(RC3)+f4(RC4)) @

Where S A is soil moisture (mm), P is rainfall (mm), RC1 is the corresponding transpiration evaporation
function, RC2 is the corresponding deciduous function, RC3 is the corresponding infiltration function
and RC4 is the corresponding surface runoff function.

In the first step, the RASAM-d1 model was used for the Open Book Basin. A hypothetical rainfall event
was simulated with a rainfall time of 1.5 h for a rainfall intensity of 10 mm / h. The surface of the basin
and the middle canal were assumed to be impermeable and the surface runoff was simulated. In
RASAM-d1 model, the values of scale and shape parameters of the basin were divided into two parts
during and after rainfall and different values were considered.

The simulation results of the rainfall event in the Open Book basin are as shown in Figure (1).

6 .
5 -
CVFEM
4 4
—-o-- HydroGeosphere
g Y . 2 N IFDM
£
o } - - - -RASAM
2 - )/ RASAM_d1
!
—e— Analytical
1
0 \
0 0.5 1 1.5 2 2.5 3 3.5
Time(h)

Figure(1): Surface runoff simulation results for a hypothetical rainfall event with a time of 1.5 hours on the Open
Book Basin by RASAM-d1 model compared to several other models

By comparing the output hydrographs of CVFEM, HydroGeosph, IFDM and analytical models, the
results of these models are very well matched. The RASAM-d1 model is better than the RASAM model
with the hydrograph obtained from the analytical model.

In order to apply the model in arable land and simulate underground drainage hydrographs from data
related to 2 rainfall events in the year 94-93 in winter planting conditions (wheat) and at the site of
drainage project of F30-1 farm with an area of 44 hectares in the province Khuzestan was used.
RASAM-d1 model using research farm data and 2 rainfall events P1 and P2 (respectively related to
rainfall on 03/22/2015 and 05/22/2015 and rainfall on 22/02/2015 and 23/02/2015) Was implemented .
According to the figure (2) models, RASAM-d1 simulates the output hydrograph with good accuracy in
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the ascending branch, but the peak hydrograph and the slope of the descending branch are less than the
measured value. Then the concept of Run-On was included in the RASAM_d model and the RASAM-
d2 model was developed.
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Figure (2): The results of simulation for P2 event by RASAM-d1 model without considering Run-On and RASAM_d2
model by considering Run_On concept in comparison with the observed results

Conclusion and Discussion

The new RASAM-d1 model was used to estimate the surface runoff hydrograph for the Open Book Basin and to
estimate the underground drainage discharge for the F30-1 farm in Mianab city. According to the
output results and observation of the output hydrograph, the flow model of the underground drainage
flow was less than the observed values. According to previous studies on infiltration in catchments, a
new concept called Run-On has been developed, which is the effect of surface flow at the soil surface
boundary on the slope and its infiltration in later stages. Is. In this study, for the first time, the new
concept of Run-On for agricultural fields has been proposed. Calculations related to adding a new
Run-On concept to the RASAM-d1 model were performed and the RASAM_d2 model was performed
for two rainfall events P1 and P2. According to the results, by adding the new Run-On concept, the
RASAM_d2 distribution model estimated the drainage hydrograph with much higher accuracy. If this
concept is considered in the infiltration equations and in the equations of underground drains, the share
of groundwater flow from the amount of rainfall is estimated with higher accuracy and consequently
the dimensions of water structures and underground drains are designed with higher accuracy. And the
drainage systems that will be implemented will be operated with higher efficiency.

The most important references

Abdollahi, Kh., P. Guzman and M. Huysmans. 2016. Rainfall-runoff modelling using a spatially
distributed electrical circuit analogue. Nat Hazards. 82:1279-1300.

Nahar, N. 2004. Role of run-on for describing field-scale infiltration and overland flow over
spatially variable soils. Journal of Hydrology. 286: 36-51.



