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Ranking Evaluation of Data-driven and Conceptual Modelling of
Rainfall-Runoff Process in Monthly Time Scale

Fereshteh Modaresi!, Kumars Ebrahimi ?‘and Shahab Araghinejad?

Abstract

Rainfall-runoff monthly modelling process plays an important role in dams’ operation. Herein the
performances of three data-based models including Artificial Neural Network (ANN),
Generalized Regression Neural Network (GRNN) and K-Nearest Neighbor (KNN) are compared
in tandem with IHACRES conceptual model, while they were applied with similar data, and
optimal structures. Simulation of monthly inflow to Karkheh reservoir, Iran, was considered as
the case study, and 32-year data (1982-2014) of monthly temperature and precipitation belong to
the upper sub-basin of the dam, and monthly inflow to the reservoir were used. With respect to
the different rainfall-runoff patterns in different months, the models assessed in a general and
monthly manners using a rating method based on performance criteria including: Nash-Sutcliff
Efficiency (NSE), Root Mean Square Error (RMSE) and Correlation Coefficient(R). Results
showed that both model evaluation procedure in validation phase, ANN and KNN models have
the highest and lowest efficiency in monthly streamflow forecasting, respectively. Based on the
rating general evaluation the performance of ANN (NSE= 0.749, R= 0.868) and IHACRES
(NSE=0.699, R=0.842) are similar with a score of 8 while the GRNN (NSE= 0.618, R= 0.793)
and KNN (NSE=0.601, R=0.777) models with similar performance (score 5) were ranked in the
second order. However, in accordance with rating monthly assessment of the models, the
performance of GRNN was similar to IHACRES with the total score of 38 based on three criteria
while they were ranked in the second order after ANN model with score 48.

Key Words: Neural Networks, IHACRES, Karkheh, KNN, Ranking Method.
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Abstract

Rainfall-runoff monthly modelling process plays an important role in
dams’ operation. Herein the performances of three data-based models
including Artificial Neural Network (ANN), Generalized Regression
Neural Network (GRNN) and K-Nearest Neighbor (KNN) are compared
with IHACRES conceptual model, while they were applied with similar
data, and optimal structures. Simulation of monthly inflow to Karkheh
reservoir, Iran, was considered as the case study, and 32-year data (1982-
2014) of monthly temperature and precipitation belong to the upper sub-
basin of the dam, and monthly inflow to the reservoir were used. With
respect to the different rainfall-runoff patterns in different months, the
models assessed in a general and monthly manners using a rating method
based on performance criteria including: Nash-Sutcliff Efficiency (NSE),
Root Mean Square Error (RMSE) and Correlation Coefficient(R). Results
showed that in both model evaluation procedures in validation phase,
ANN and KNN models have the highest and lowest efficiency in monthly
streamflow forecasting, respectively. Based on the rating general
evaluation the performance of ANN (NSE= 0.749, R= 0.868) and
IHACRES (NSE=0.699, R=0.842) are similar with a score of 8 while the
GRNN (NSE= 0.618, R= 0.793) and KNN (NSE= 0.601, R= 0.777)
models with similar performance (score 5) were ranked in the second
order. However, in accordance with rating monthly assessment of the
models, the performance of GRNN was similar to IHACRES with the total
score of 38 based on three criteria while they were ranked in the second
order after ANN model with score 48.
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1.  Introduction

Rainfall-runoff modeling in monthly scale is of importance in estimation of inflow to the reservoir of
dams and development of operation rule curves for dams. Conceptual modeling of rainfall-runoff
process enjoy proper accuracy because of applying all of the effective factors. However, the main
limitation of this modeling is time scale of input data which can be maximum in daily scale while long-
time modeling using this type of models even requires short-time data, the preparation of which is very
difficult. IHACRES is the only conceptual model that uses monthly data to model monthly runoff. So,
data- driven models are good alternatives for monthly rainfall-runoff modeling. In this study, the
performance of three data driven models are compared with each other and with IHACRES conceptual
model for rainfall-runoff modeling while they are assessed monthly and totally (based of all months)
on the basis of ranking method.

2. Materials and Methods

In current research, Karkheh basin was selected as case study and the inflow to Karkheh dam was
forecasted. For this purpose, 32-year monthly rainfall and runoff data in the period of 1982-2014 were
used. In this study, the performance of Artificial Neural Network (ANN), Generalized Regression
Neural Network (GRNN) and K- Nearest Neighbor model (KNN) was compared to IHACRES
conceptual model for rainfall-runoff modeling. In order to set the parameters of all models, the n-fold
cross validation method was applied, and the performance of models was evaluated based on three
assessment criteria including Nash-Sutcliff Efficiency (NSE), Root Mean Square Error (RMSE), and
Pearson Correlation Coefficient (R).

3. Results

Results show that in general assessment the efficiency of all models in calibration phase are good while
the accuracy of ANN results (NSE= 0.749, R= 0.868) in validation phase is better than other models.
The accuracy of IHACRES (NSE= 0.699, R= 0.842) results are placed in the second rank whereas
GRNN (NSE=0.618, R=10.793) and KNN (NSE=0.601, R=0.777) are in third and fourth ranks. Based
on ranking models according to assessment criteria, the efficiency of IHACRES model is similar to
ANN model whilst that of GRNN and KNN are similar. However, monthly assessment of the model
results indicates that ANN and KNN models are the best and worst models, respectively while the
performance of GRNN and IHACRES are similar.

4.  Discussion and Conclusion

With respect to the results of this study, it can be concluded that monthly assessment of models reveals
the performance of the models in a better way and the obtained results is more confident as compared
to the condition that all of the model result in all months are evaluated in general.
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