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Accepted: 2021/01/17 of the hydrological cycle and is simulated using hydrological models
to examine the relationship between rainfall and runoff. The
accuracy of the runoff estimation depends on the input parameters
of the hydrological model including the sub-basins Curve Number
(CN), Initial abstraction (Ia) and Lag time (Lt).

Methods: In this study, to more accurately estimate the simulated
discharges computing through the hydrological model HEC-HMS in
Mahabadchay watershed, the input parameters were calibrated. For
this purpose, two evolutionary algorithms including Particle Swarm
Optimization (PSO) and Simulated Annealing (SA) were used. In each
iteration, the basin hydrological parameters are estimated using
optimizer and given to the simulator. Afterwards, simulations are
made. The Root Mean Square Error (RMSE) was used as objective
function. The Autolt software was used to automatically couple the
optimization algorithms with HEC-HMS model. The rainfall-runoff
data related to the 5 events of year 1387 were used to calibrate and
validate the optimal parameters.

Findings: The results showed PSO convergence speed is more than
SA algorithm in finding optimal objective function value and
calibrating the hydrological parameters including CN, Ia, and Lt. Also,
the optimal computed hydrograph found by SA algorithm had good
agreement with that of by PSO one. Considering the results, it is
concluded that the hydrologic parameters of watersheds without
data can accurately be estimated by linking optimization and
hydrologic models.
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Extended Abstract

Introduction

The rainfall and runoff process is one of the
main phases of the hydrological cycle and is
simulated using hydrological models to
examine the relationship between rainfall
and runoff. The most important goal in the
calibration of HEC-HMS input parameters is
to find the optimal values of hydrologic
parameters so that the difference between
the calculated and observed discharges to be
minimum. Due to the time-consuming and
costly trial and error methods, it is necessary
to use evolutionary optimization algorithms
to automatically optimize the watershed
parameters, including the sub-basins Curve
Number (CN), Initial abstraction (Ia), and
Lag time (Lt). To do the optimization, the
HEC-HMS hydrologic model and two
optimization models of Particle Swarm
Optimization = (PSO) and  Simulated
Annealing (SA) were linked with Autolt.

Materials and Methods

In this study, to more accurately estimate the
simulated discharges computing through the
hydrological model HEC-HMS in
Mahabadchay = watershed, the input
parameters of CN, Ia, and Lt were calibrated.
For this purpose, two evolutionary
algorithms, including PSO and Simulated
Annealing SA were used. In each iteration,
the basin hydrological parameters are
estimated using an optimizer and given to
the simulator. Afterward, simulations are
made by calling HEC-HMS hydrologic model
with Autolt and saved in the corresponding
files in the HEC-HMS directory files. Then, an
optimizer is called and the optimization is
made. These steps are continued until
finishing the iterations that were 1000
iterations. Actually, the Autolt software was
used to automatically couple the
optimization models with HEC-HMS. The
Root Mean Square Error (RMSE) was used as
an objective function. The rainfall-runoff
data related to the 5 events of the year of
2008 were used to calibrate and validate the
models and find out the optimal hydrologic
parameters. PSO is inspired from moving of
fish and their social life, where there are a
number of particles distributed in the search

space of the function being optimized. At
each moment, each particle adjusts its
location in the search space according to the
bestlocation it has been in so far and the best
location among all its neighbors. The idea of
SA algorithm originates from the gradual
cooling of metals for their greater strength,
approaching the optimal solution of the
problem by passing from one state to
another. Autolt is a software that can
automatically move the mouse and window
in the Windows environment. The lining
between the models were done by writing
corresponding works in Autolt environment.

Findings

The HEC-HMS model of the Mahabadchay
watershed was provided, and the two
optimization models of PSO and SA were
coded in MATLAB to read the input files of
the HEC_HMS hydrologic software and do
the optimization. The Autolt code was
written to link the hydrologic and
optimization models, causing all the
processes to be done automatically. The
convergence behaviors of PSO and SA in
reaching the optimal solutions were
presented, resulting in the running time in
SA is less than that of PSO. These modes can
be used in any watershed without reliable
data on hydrologic parameters. The
determination coefficients obtained from
PSO and SA were 0.83 and 0.82, respectively.
Also, the RMSEs for both optimization
models were obtained the same.

Discussion

The results showed the PSO convergence
speed is more than the SA algorithm in
finding optimal objective function value and
calibrating the hydrological parameters
including CN, Ia, and Lt. Also, the optimal
computed hydrograph found by the SA
algorithm had good agreement with that of
by PSO one. In terms of accuracy, the
prediction parameters are valid when the
accuracy and predictability of these
parameters are proven in the validation
phase with an acceptable error. The
validation of the extracted optimal
parameters, including the curve number,
initial loss, and lag time in the studied area,
was done using the rainfall-runoff data
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related to two events that were not used in
the calibration phase. To compare the
calculated and observed flow charts, the
hydrograph simulated by HEC-HMS was
drawn using the optimal parameters
obtained from the calibration phase along
with the observed hydrograph of the
associated event. The predicted
hydrographs using the optimal parameters
of the SA algorithm have a better fit with the
observed hydrograph than PSO. However,
for both events, the predicted discharges are
lower than the observed discharges. In other
words, the value of the parameters
optimized by both algorithms has estimated
the flow rate lower than the actual value.
However, the SA values are closer to the
observed values.

Conclusion

Considering the results, it is concluded that
the hydrologic parameters of watersheds
without data can accurately be estimated by
linking optimization and hydrologic models.
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