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) ' based on pattern extraction between data. In this study, a neural-fuzzy
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Evolutionary Algorithms ANFIS (HHO-ANFIS) structure. Monthly precipitation and temperature
Mahabad Dam and inlet flow data to the reservoir one to three months ago were used as
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input parameters as 6 different input patterns. About 70% of the data was
used for training and 30% to test the models. The results showed that the
ANFIS model has good accuracy in training data although, for test data, its
accuracy was greatly reduced. The development of the HHO-ANFIS model
improved the accuracy of the prediction. The patterns with all input
parameters had the highest prediction accuracy. In this pattern, values of
Root Mean Square Error (RMSE), Mean Absolute Error (MAE), and Nash
Sutcliffe Efficiency coefficient (NSE) for test data were 3.9 MCM, 2.41
MCM, and 0.86, respectively. Due to the good performance of the model
used, it can be recommended for time series predictions.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

Inlet flow to the dam reservoir is one of these
the balance and
Because

important parameters in
hydrological cycle.
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processes are influenced by several other
processes, it is difficult to discern their general
behavior during working time; in other words, a

. nonlinear relationshi verns th { )
hydrological onlinear relationship governs these processes
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It is essential to predict the correct amount of
Inlet flow to the dam reservoir in the
management of macro-water resources. There are
various models and tools to predict evaporation
from the surface of dam reservoirs, among which
artificial intelligence and machine learning
models have attracted much attention in recent
years for various reasons, such as lower cost,
being time-effective, and the need for less
information.

The HHO-ANFIS hybrid model has been
developed in the last two years by various
researchers for time-series predictions. The
results indicate a very positive performance of
the hybrid models developed in the predictions.
In this research, an attempt has been made to
predict the amount of inflow to the reservoirs of
dams using the ANFIS model and its developed
model using the HHO algorithm.

Material and Methods

The Mahabad river catchment basin between
45°25°-46°45° E, and 36°23°-36°45’ N is located
in south of Lake Urmia. The area of this basin is

1524.53 km?2. The Mahabad river is formed by
the confluence of the Bitas tributary in the east
and the Kotar tributary in the west. On this river,
the Mahabad reservoir dam was constructed at
the junction of theBitas and Kotar tributaries in
1967. The height of the structure is 47.5 m with a
length of 700 m with a pebble and clay bed. The
annual volume of inflow water to the Mahabad
dam is 339 MCM. The area of the lake behind
the dam is 360 ha. In order to predict the inflow
to the reservoir of Mahabad Dam, several
variables, including temperature, precipitation,
and inflow to the dam reservoir in the previous
month, have been used. The time series of these
variables during the study period is shown in Fig.
1. It is observed that the trend of precipitation is
somewhat similar to that of the inflow to the dam
reservoir. In the months when the temperature
has increased, the inflow to the dam reservoir has
decreased, indicating the inverse relationship
between the two variables. In general, the
variables considered in this study vary with time
significantly.
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Fig. 1 Time series of input and output parameters, a) Input flow time series to dam reservoir and rainfall, and b)
Input flow time series to dam reservoir and temperature
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Development of Hybrid ANFIS-HHO Model for Flow Prediction

Adaptive inference
(ANFIS)

The ANFIS model was developed by combining
ANN and fuzzy inference system (FIS) (Jang,
1993). The ANFIS architecture generally
includes five main layers. In layer 1, the
generalized Gaussian membership function p
produces a new output Outy; from the inputs x

andy (Eq. 1)

neuro-fuzzy system

Outli = uAi(X),i =1,2 (1)
Outy; = pB;_,(y),i = 3,4
Where,
N2
u(x) = e_(x_g_;) 2

and A; and B; are the membership values of L,
while P; and oi are the equation parameters. The
output of each node is obtained in the second
layer using Eq (3).

ud;(x) * uB;—»(y) @)
Afterward, the output of layer 2 is normalized

in layer 3 (Eqg. 4)

OUtZi =

Wi

Sz (4)

i=1 Wi

Out3i = _i =

The output is then used in a linear combination
Equation (Eq. 5).
Out,; = wify =w; (pix + q;y + 1) %)

Where, p, g, and r are parameters defined for the
i-" node. The model’s output is obtained using

Eqg. (6).
Outu = Z Wlfl (6)

Harris Hawks Optimization

The hunting method of Harris hawks includes
two stages of soft and hard besieges. In the soft
siege, the rabbit still has enough energy and tries
to escape with random misleading jumps. The
hawks gently surround the prey to make it more
tired. However, in the hard siege, the prey is
completely tired and has little escape energy.
Harris hawks hardly surround the prey to finally
deliver the surprise pounce. In this algorithm, the
Harris hawks move randomly to find prey, and
their position is determined by Eq. (7).

X (t) — 1| Xrqna(t) — 2, X ()] q=0.5
X(t+1 ={rand ran 7
D = Kaie© = X (@) = 75 (LB+ 1, (UB~LB)) g <05 0
Where, X(t) and X(t+1) are the position of hawks ~ Xm(t) =3 i1 Xi(t) (8)

at iterations t and t+1, respectively, Xrawit(t) is the
rabbit’s position, 1, I, I3, 4, and g are random
numbers, being updated in each iteration, UB and
LB and the lower and upper limits of variables,
Xrand(t) is the position of an arbitrary hawk, and
Xm is the average position of the population,
which is obtained using Eq. (8).

Results

Error evaluation criteria in Table (1) show that
different input patterns in ANFIS model have a
large error difference between training and test
results. However, in this model, the sixth model,
which included all input parameters, was more
accurate, especially in the training section.

Table 1 Results of error evaluation criteria in ANFIS and HHO-ANFIS models in different input models

NSE MAE (MCM) RMSE (MCM)

Pattern name Model Test Train Test Train Test Train
p1 ANFIS -0.08 0.55 6.10 4.48 11.80 8.65
HHO-ANFIS 0.62 0.59 4.70 4,54 8.00 7.75

P2 ANFIS 0.34 0.57 6.00 4,79 10.46 8.31
HHO-ANFIS 0.72 0.72 4.47 4.38 6.96 6.83

P3 ANFIS 0.00 0.77 4.87 3.10 125 5.96
HHO-ANFIS 0.60 0.80 2.86 3.14 6.60 5.88

P4 ANFIS 0.55 0.85 5.42 2.61 8/59 4.62
HHO-ANFIS 0.74 0.76 3.77 3.25 5.88 5.90

P5 ANFIS -0.49 0.97 8.00 1.26 15.0 2.15
HHO-ANFIS -0.71 0.87 3.60 2.27 6.25 454

PG ANFIS -0.26 0.92 6.75 1.40 16.24 3.04
HHO-ANFIS 0.86 0.90 241 2.00 3.90 417

The results of the models in the HHO-ANFIS
model showed that there is almost a small

Environment and Water Engineering

difference between the training and test data.
Among the various input patterns, the sixth
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pattern, which included all input parameters, was
selected as the most appropriate pattern. In this
model, RMSE, MAE and NSE values for test
data were 3.9 MCM, 241 MCM and 0.86,
respectively. The fifth model was the closest
model to the selected model with the
participation of all input parameters except the
inlet flow to the dam reservoir with a delay of
three months. In this model, RMSE, MAE and
NSE values for test data were equal to 6.25
MCM, 3.60 MCM and 0.71, respectively.

Conclusions

In this study, the estimation of the estimated
amount of inlet flow to the dam reservoir was
performed using the ANFIS model and the
ANFIS hybrid model developed by the HHO
algorithm. Examining the simulation results in
the machine learning approach showed some
positive points in the prediction, which can be
mentioned as follows:

1. HHO-ANFIS hybrid model compared to its
single model (ANFIS) had a good performance

Environment and Water Engineering

in predicting the amount of input current to the
dam reservoir.

2. Analysis of inlet parameters showed that the
P6 pattern, which includes parameters of
temperature, precipitation and the amount of inlet
flow to the dam reservoir with a lag of one, two
and three months, provides better results.

3. Meteorological information is also required to
predict the amount of inlet flow to the dam
reservoirs in addition to the inlet flow data to the
reservoir with different lags.

Data Availability

The data can be sent by corresponding author by
email (m-najarchi@iau-arak.ac.ir) based on the
request.
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Fig. 2 Time series of input and output parameters, a) Input flow time series to dam reservoir and rainfall,
b) Input flow time series to dam reservoir and temperature
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Table 2 Correlation coefficient between input and output parameters
Parameters Qn T P Qn-1 Qn-2 Qn-3
Qn 1
T -0.28 1
P 0.55 -0.57 1
Qn-1 0.56 -0.01 0.17 1
Qn-2 0.15 0.27 -0.12 -0.56 1
Qn-3 -0.06 -0.50 -0.33 -0.14 -0.56 1

*Inlet flow to the reservoir dam (Qn), Inlet flow to the dam a month’s lag (Qn-1), Inlet flow to the dam two months lag (Qn-

2), Inlet flow to the dam three months lag (Qn-3), Temperature (T), and Precipitation (P)
$39y9 <hlize slagSl (905 Y Jgoxr
Table 3 Compilation of different input patterns
Pattern Output
Input patterns

name parameter
P1 Inlet flow to the dam a month lag 3 s
P2 Precipitation o
P3 Inlet flow to the dam a month lag + precipitation = 5, =
P4 Inlet flow a month lag + precipitation + inlet flow to the dam two months lag g § i
p5 Inlet flow a month lag + precipitation + inlet flow to the dam two months lag + % % e
temperature S o3
PG Inlet flow a month lag + precipitation + inlet flow to dam two months lag + §- gf

=3

Temperature + inlet flow to dam three months lag
W Ll e & jguods oadaid 5 4k o glo Juw Lawgi 0alypgad (slasSl
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Table 4 Optimized parameters of ANFIS and HHO-
ANFIS models
Model Parameter value
Fuzzy structure Sugeno-
type
Initial FIS for training Genfis3
The type of membership Gaussian
functions
ANFIS  The membership function of .
Linear
output
Optimization method Hybrid
Number of fuzzy rules 10
The maximum number of 2000
epochs
Number of search agent 40
Iteration number 2000
B 1.5
HHO Range partitions (weights and
H [31_3]
biases)
Population size 30
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Table 5 Results of error evaluation criteria in ANFIS and HHO-ANFIS models in different input models

NSE MAE (MCM) RMSE (MCM)

Pattern name Model Test Train Test Train Test Train
p1 ANFIS -0.08 0.55 6.10 4.48 11.80 8.65
HHO-ANFIS 0.62 0.59 4.70 454 8.00 7.75

P2 ANFIS 0.34 0.57 6.00 4,79 10.46 8.31
HHO-ANFIS 0.72 0.72 4.47 4.38 6.96 6.83

P3 ANFIS 0.00 0.77 4.87 3.10 12.5 5.96
HHO-ANFIS 0.60 0.80 2.86 3.14 6.60 5.88

P4 ANFIS 0.55 0.85 5.42 2.61 8/59 4.62
HHO-ANFIS 0.74 0.76 3.77 3.25 5.88 5.90

p5 ANFIS -0.49 0.97 8.00 1.26 15.0 2.15
HHO-ANFIS -0.71 0.87 3.60 2.27 6.25 454

P6 ANFIS -0.26 0.92 6.75 1.40 16.24 3.04
HHO-ANFIS 0.86 0.90 241 2.00 3.90 4,17
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