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Table 1- Daily statistical parameters of the data used in the test period

Parameter u2 SSH RH Tavg E
Unit (m/s) (hr) (%) (°Q) (mm)
Average 1.99 7.18 54.81 17.07 3.54
Minimum 0.25 0 19 5.3 0.2
Maximum 6.5 114 91.25 29.7 10.8
Standard 0.97 3.29 1351 4.01 176

deviation
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Table 2- Different input combinations to estimate the amount of daily evaporation in the studied

Scenario parameters Input Output
1 Tavg E
2 Tavg Tmin Tmax E
3 Tavg Tmin Tmax RHavg E
4 Tavg Tmin Tmax RHavg RHmin RHmax E
5 Tavg Tmin Tmax RHavg RHmin RHmax U2 E
6 Tavg T min T max RHavg RHmin RHmax U2 SSH E
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Table 3- Evaluation parameters of the studied models in the test period

Model

Evaluation criteria

R RMSE (mm/day) NS WI
SVR-1 0.65 1.53 0.25 0.78
SVR-2 0.64 1.60 0.18 0.77
SVR-3 0.71 1.45 0.33 0.82
SVR-4 0.69 1.52 0.26 0.81
SVR-5 0.70 1.56 0.22 0.81
SVR-6 0.69 1.52 0.26 0.82
SVR-FOA-1 0.61 1.39 0.38 0.73
SVR-FOA-2 0.62 1.39 0.38 0.73
SVR-FOA-3 0.68 1.32 0.44 0.79
SVR-FOA-4 0.72 1.30 0.46 0.81
SVR-FOA-5 0.72 1.25 0.50 0.81
SVR-FOA-6 0.71 1.24 0.51 0.82
OSVR-3 @SVR-FOA-6

o

Predicted E (mum/day)

Observed E (mm/day)

= N
o o
| |

Standard Deviation
-
o
|

| .
s
IReference

00 05 1.0 15
Standard Deviation

-. 5- Taylor diagrams and scatter plots of daily evaporation values for the best scenario in each

model

Jo B 33 515l ) sl ST 41395 32 0 R g 30 STy 9 sakd SIS0 -0 ICh

144

o3 25%~75%
T Range within 1.5IQR
124 SVR |~ Median Line
= Mean
104
z 8
k=]
E
5 o
4
24
o T T T T T T T
AR S C P R S e O

124

83 25%~75%

T Range within 1.5IQR
— Median Line

o Mean

SVR-FOA

E (mm/day)

T :
3 a
<o

N D e 5 o
@ @@ @
o of of of of ol

Fig 6- Box plot diagrams of daily evaporation during the test period
09031 0393 33 4139 & yo & -y Sldwrr Sl 10905 -1 KO

2lo @ G 1y 65YL S8 pgw s W5 039 pow
gyl 2bj,l 30 SVR-FOA Juo p .l azily lags b

S (8 it 3,8os ol 5 oty (slogy L &S Amd o0 (LGS
SFSesS 03k bl ey gyl Lol wiladls gy s plos &
ly 8 (p Vb @il gyl 10 g5 009 udd gl &

o] 4zl gy jliw plo 4 Caws

9 SVR J.Lo 99 Lg|).3 |) d‘d‘:’? dL&,)]JyJ (5') JSMJ

SVR Jse jd a0 plis |y lags )l ples > SVR-FOA
& G |y alio ojl g (1SShe (i g pow slag )l
g )liw plo b dwlio )> x>je Gy piud (ABly Lo
b oly (Ui 6 el 5 poms g2yl (o Al (pizmen iladl
Shalio jlube & Cod (55l Gl bl gl > o 4G

o)l 4y Cannd (g (3l i (gl ot g9 ylaw Lol g



SVR-1 —=—R
—e— RMSE
—a—NS
—v—wi

S SVR2

 SVR3

SVR-4

SVR-FOA-1 —=—R
—e— RMSE
B
—v— Wl
SVR-FOA-6 S SVRFOA=2
SVR-FOA5S ~ SVR-FOA3

SVR-FOA-4

Fig 7- Radar charts of the studed models
adllae 3590 S o (5101 (S 10905 Y S

SVR-FOA 5 SVR (gl Jio (6,13l oo 3503 (V) JSi5
sl a3l SVR-3 Juo (cly a0 oL 905l 0,93 ;0 1,
2 b gl ple & cuws 1y Hlade pyie WIE 5 R
Coles j 5wl 1y (eSS Hlade RMSE jasls asJls
Oizpen ol 0o Bl i o9k Ly 35 NS Lasla
&S Wb o SVR-2 & bgsye 35 NS adlis jlade oy yieS
Gyl @il 1y sellae 3Slas gl opl dad o oL
slis 3 WI g NS R (slaylxo i 35 SVR-FOA oo
il g lad e 5 Canl s jlade (p ke 4 el
Slagliw blie )0 .l atily gl plo & Cuwd o5
sl @ o ) s e i sy S pe g Jl
ol L g5 1y (g pcans 5 )Sles g atily lagy Lo

S 5 o
ol ool I e (gl @2 pe 3y S Sy
d9eke . e glaghy) Gliie gycul Sl sl Hl)65 0
TS nibe Sl Wleagel Sl il sla e 2 Slos
2l Jols Sy padlze ol Glglp Coenl pi e oGy
51 oolawl 3y50 3 oS
o el o0 plul SVR-FOA wile oS 5 (slaniy o)

&lawlie c)».’>o’| L;LM)’?

Jgal asle (oYL g2 pe Gpaimpiis £ L bl )3 godge
3 sl b haggy opl 33 MSimlin cyeal e 5l e
— e polio Slanl olSisl )5 SVR-FOA 5 SVR sla b,
3,5 359l Yoo =Y oYY (bl 0y95 (b o lig) gye 3
auglio 590 (glol (clayialby 1 oolil b odel cavday gl
SVR-FOA Juo mid gyl o 43 Laute 5 o5 )3
4 Cuwd (VYF mm/day) bas o yieS b1y 0ySdes o i
syl 38 SVR Jao sbag s oo 0 b &) b Juo olos
ploa cows (VYO mmiday) 1) s oy 28 SVR Jao pows
e mids gyl (IS cdls jd bl ol 38 31 SVR wluS s
@y Gy ple Guohe » SVRFOA (oS5
S Smobn Sy g A Sl el @ls alj,

43,5 S dljg) @ pe

S1oud g i
) 23 Sl g pa ilpe dlie Bl alwy opl 4
el b SleMbl g Lol by (> jguiS  wlislon ool

References
1- Ahmadi, M.,Sharifi, A.,Dorosti, S.,Ghoushchi, S.J., Ghanbari, N., 2020. Investigation of effective
climatology parameters on COVID-19 outbreak in Iran. Science of the total environment, 729, pp.

138705.

2- Aljanabi, Q.,Chik, Z.,Allawi, M.F. El-Shafie, A.H.,Ahmed, A.N., El-Shafie, A., 2018. Support vector
regression-based model for prediction of behavior stone column parameters in soft clay under highway
embankment. Neural Computing and Applications, 30, pp. 2459-2469.

3- Allawi, M.F.,Binti Othman, F.,Afan, H.A,.Ahmed, A.N.,Hossain, M.S.,Fai, C.M., El-Shafie, A., 2019.
Reservoir evaporation prediction modeling based on artificial intelligence methods. Water, 11(6), pp.

1226.

4- Allen, R.G.,Pereira, L.S.,Howell, T.A., Jensen, M.E., 2011. Evapotranspiration information reporting:
I1. Recommended documentation. Agricultural Water Management, 98(6), pp. 921-929.



5- Arya Azar, N.,Ghordoyee Milan, S., Kayhomayoon, Z., 2021. Predicting monthly evaporation from
dam reservoirs using LS-SVR and ANFIS optimized by Harris hawks optimization algorithm.
Environmental Monitoring and Assessment, 193, pp. 1-14.

6- Asadifard, E. and Masoudi, M., 2018. Status and prediction of carbon monoxide as an air pollutant in
Ahvaz City, Iran. Caspian Journal of Environmental Sciences, 16(3), pp. 203-21.Y

7- Baydaroglu, O. and Kocak, K., 2014. SVR-based prediction of evaporation combined with chaotic
approach. Journal of Hydrology, 508, pp. 356-363.

8- Chen, J.-L.,Yang, H.,Lv, M.-Q.,Xiao, Z.-L., Wu, S.J., 2019. Estimation of monthly pan evaporation
using support vector machine in Three Gorges Reservoir Area, China. Theoretical and Applied
Climatology, 138(1), pp. 1095-1107.

9- El Bilali, A.,Abdeslam, T.Ayoub, N.,Lamane, H.[Ezzaouini, M.A., Elbeltagi, A., 2023. An
interpretable machine learning approach based on DNN, SVR, Extra Tree, and XGBoost models for
predicting daily pan evaporation. Journal of Environmental Management, 327, pp. 116890.

10-Eslamian, S. and Eslamian, F., 2022. Handbook of Hydrolnformatics: Volume I.  Classic Soft-
Computing Techniques. Elsevier .

11-Ghumman, A.R.Jamaan, M.,Ahmad, A.,Shafiquzzaman, M.,Haider, H.,Al Salamah, I.S., Ghazaw,
Y.M., 2021. Simulation of pan-evaporation using penman and hamon equations and artificial
intelligence techniques. Water, 13(6), 793.

12-Guan, Y.,Mohammadi, B.,Pham, Q.B.,Adarsh, S.,Balkhair, K.S.,Rahman, K.U.,Linh, N.T.T., Tri, D.Q.,
2020. A novel approach for predicting daily pan evaporation in the coastal regions of Iran using support
vector regression coupled with krill herd algorithm model. Theoretical and Applied Climatology, 142,
pp. 349-367.

13-Huang, G.,Wu, L.,Ma, X.,Zhang, W.,Fan, J.,Yu, X.,Zeng, W., Zhou, H., 2019. Evaluation of CatBoost
method for prediction of reference evapotranspiration in humid regions. Journal of Hydrology, 574, pp.
1029-1041.

14-Jha, S.K. and Hayashi, K., 2014. A novel odor filtering and sensing system combined with regression
analysis for chemical vapor quantification. Sensors and Actuators B: Chemical, 200, pp. 269-287.

15-Kisi, O.,Genc, O.,Dinc, S., Zounemat-Kermani, M., 2016. Daily pan evaporation modeling using chi-
squared automatic interaction detector, neural networks, classification and regression tree. Computers
and Electronics in Agriculture, 122, pp. 112-117.

16-Kumar, P. and Singh, AK., 2022. A comparison between MLR, MARS, SVR and RF techniques:
hydrological time-series modeling. Journal of Human, Earth, and Future, 3(1), pp. 90-98.

17-Malik, A.,Tikhamarine, Y.,Al-Ansari, N.,Shahid, S.,Sekhon, H.S.,Pal, R.K.,Rai, P.,Pandey, K.,Singh,
P., Elbeltagi, A., 2021. Daily pan-evaporation estimation in different agro-climatic zones using novel
hybrid support vector regression optimized by Salp swarm algorithm in conjunction with gamma test.
Engineering Applications of Computational Fluid Mechanics, 15(1), pp. 1075-1094.

18-Mashaly, A.F. and Fernald, A.G., 2020. Identifying capabilities and potentials of system dynamics in
hydrology and water resources as a promising modeling approach for water management. Water, 12(5),
pp. 1432.

19-Mirzania, E.,Vishwakarma, D.K.,Bui, Q.-A.T.,Band, S.S., Dehghani, R., 2023. A novel hybrid AlG-
SVR model for estimating daily reference evapotranspiration. Arabian Journal of Geosciences, 16(5),
pp. 1-14.

20-Pan, W.-T., 2012. A new fruit fly optimization algorithm: taking the financial distress model as an
example. Knowledge-Based Systems, 26, pp. 69-74.

10



21-Poluru, R.K. and Kumar R, L., 2021. An Improved Fruit Fly Optimization (IFFOA) based Cluster Head
Selection Algorithm for Internet of Things. International Journal of Computers and Applications,
43(7), pp. 623-631.

22-Ruiming, F. and Shijie, S ,.2020 .Daily reference evapotranspiration prediction of Tieguanyin tea plants
based on mathematical morphology clustering and improved generalized regression neural network.
Agricultural Water Management, 236, pp. 106177.

23-Saltelli, A.,Aleksankina, K.,Becker, W.,Fennell, P.,Ferretti, F.,Holst, N.,Li, S., Wu, Q., 2019. Why so
many published sensitivity analyses are false: A systematic review of sensitivity analysis practices.
Environmental modelling & software, 114, pp. 29-39.

24-Samadianfard, S.,Jarhan, S.,Salwana, E.,Mosavi, A.,Shamshirband, S., Akib, S., 2019. Support vector
regression integrated with fruit fly optimization algorithm for river flow forecasting in Lake Urmia
Basin. Water, 11(9), pp. 1934.

25-Sattari, M.T.,Feizi, H.,Samadianfard, S.,Falsafian ,K., Salwana, E., 2021. Estimation of monthly and
seasonal precipitation: A comparative study using data-driven methods versus hybrid approach.
Measurement, 173, pp. 108512.

26-Shabani, S.,Samadianfard, S.,Sattari, M.T.,Mosavi, A.,Shamshirband, S.,Kmet, T., Varkonyi-Kdczy,
A.R., 2020. Modeling pan evaporation using Gaussian process regression K-nearest neighbors random
forest and support vector machines; comparative analysis. Atmosphere, 11(1), pp. 66.

27-Shan, D.,Cao, G., Dong, H., 2013. LGMS-FOA: an improved fruit fly optimization algorithm for
solving optimization problems. Mathematical problems in engineering, 2013, pp .

28-Sun, X.,Bi, Y.,Karami, H.,Naini, S.,Band, S.S., Mosavi, A., 2021a. Hybrid model of support vector
regression and fruitfly optimization algorithm. for predicting ski-jump spillway scour geometry.
Engineering Applications of Computational Fluid Mechanics, 15(1), pp. 272-291.

29- Sun, Z.,zhu, G.,Zhang, Z.,Xu, Y. Yong, L.,Wan, Q.,Ma, H.,Sang, L., Liu, Y., 2021b. Identifying
surface water evaporation loss of inland river basin based on evaporation enrichment model.
Hydrological Processes, 35(3), pp. €14093.

30- Tikhamarine, Y.,Malik, A.,Pandey, K.,.Sammen, S.S.,Souag-Gamane, D.,Heddam, S., Kisi, O., 2020.
Monthly evapotranspiration estimation using optimal climatic parameters: efficacy of hybrid support
vector regression integrated with whale optimization algorithm. Environmental Monitoring and
Assessment, 192, pp. 1-19.

31- Vapnik, V.and Chervonenkis, A., 1974. Theory of pattern recognition. Nauka, Moscow, pp .

32- Wanniarachchi, S. and Sarukkalige, R., 2022. A review on evapotranspiration estimation in agricultural
water management: Past, present, and future. Hydrology, 9(7), pp. 123.

33- Wu, J.,Wang, Y.-G.,Burrage, K.,Tian, Y.-C.,Lawson, B., Ding, Z., 2020. An improved firefly
algorithm for global continuous optimization problems. Expert Systems with Applications, 149, pp.
113340.

34- Yan, Z.,Wang, S.,Ma, D.,Liu, B.,Lin, H., Li, S., 2019. Meteorological factors affecting pan evaporation
in the Haihe River Basin, China. Water, 11(2), pp. 317.

35- Yoon, H.,Jun, S.-C.,Hyun, Y.,Bae, G.-O., Lee, K.-K., 2011. A comparative study of artificial neural

networks and support vector machines for predicting groundwater levels in a coastal aquifer. Journal of
hydrology, 396(1-2), pp. 128-138.

11



FXTENDFD ABSTRACT

A comparative study using a data-driven method versus a hybrid
approach to estimate daily reference evapotranspiration in Ahvaz

M. Sharafi'”, S. Besharat? and K. Zeinalzadeh?®

1"- PhD student, Department of Water Engineering, Faculty of Agriculture, Urmia University, Urmia, Iran.
(st_m.sharafi@urmia.ac.ir)

2- Associate Professor, Department of Water Engineering, Faculty of Agriculture, Urmia University, Urmia, Iran.

3- Associate Professor, Department of Water Engineering, Faculty of Agriculture, Urmia University, Urmia, Iran.

Keywords: Prediction, Optimization, Fruit fly Algorithm, Support Vector Regression, Ahvaz.

Introduction

Evapotranspiration is considered one of the most essential parameters in meteorology and water
resources (Sun et al., 2021b). Therefore, accurate estimation of reference evapotranspiration is
one of the most important tasks that lead to better management of water resources and solving
many water engineering challenges (Wanniarachchi and Sarukkalige, 2022). Various
meteorological variables, such as solar radiation, air temperature, relative humidity, and wind
speed, can interactively affect the reference evapotranspiration component (Yan et al., 2019).
Therefore, the development of various improved methods to predict this very important variable
is of particular importance for researchers (Ghumman et al., 2021). Due to the complexity of
hydrological systems, complete modeling of hydrological systems is very complicated (Eslamian
and Eslamian, 2022). In addition, the existence of uncertainty in future climate changes makes it
important to model and achieve possible future changes. In such a situation, it is beneficial to use
modeling based on mathematical relationships and data-based models (Kisi et al., 2016). One of
the available models is Support Vector Regression (SVR), which has been used in various studies
(El Bilali et al., 2023; Shabani et al., 2020). The fruit fly optimization algorithm (FOA) is used as
one of the innovative algorithms for optimization, and due to its high accuracy in various
optimization applications, such as global continuous optimization problems, it has been able to
attract a lot of attention (Wu et al., 2020). The aim of this research is to evaluate the performance
of SVR optimized with FOA in estimating daily reference evapotranspiration of Ahvaz station
located in Khuzestan province. Due to the hot and semi-desert climate of Ahvaz and the growing
shortage of water resources, accurate forecasting of daily reference evapotranspiration becomes
more important in-this station. It is noteworthy that the SVR-FOA hybrid model is used for the
first time in this research to predict daily reference evapotranspiration values. The review of
previous studies has shown that the SVR-FOA model has not been used to estimate daily
reference evapotranspiration.

Methodology

Study area

In the current research, daily reference evapotranspiration values were considered during the
statistical period of 22 years in 2000-2022 at Ahvaz station. This city is located in the
geographical position of 31° 30" N and 48° 65" E, in the plains of Khuzestan and with a height of
12 m above sea level, in the southwest of Iran and the center of Khuzestan province.

Table (1) shows the different scenarios considered as input and output of the models. Parameters
of average temperature (Tag), minimum temperature (Tmin), Maximum temperature (Tmax),
average relative humidity (RHayg), minimum relative humidity (RHmin), maximum relative
humidity (RHmax), wind speed (U), and sunshine hours (SSH) as input parameters and daily
reference evapotranspiration (E) as the target parameter. The way of choosing different input
compounds to estimate daily reference evapotranspiration in the studied models is based on
having a higher correlation than other compounds.
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Table 1. Different input combinations to estimate the amount of daily evapotranspiration in
the studied models

Scenario parameters Input Output
1 Tavg E
2 Tavg Tmin Tmax E
3 Tavg Tmin Tmax RHavg E
4 Tavg Tmin Tmax RHavg RHmin RHmax E
5 Tavg Tmin Tmax RHavg RHmin RHmax U2 E
6 Tavg T min T max RHavg RHmin RHmax U2 SSH E

Support Vector Regression (SVR)

SVR is used to classify and analyze regression problems. This method was proposed by Vapnik
and Chervonenkis (1974). SVR is based on the dual classification in the desired feature space and
is widely used in prediction problems (Jha and Hayashi, 2014; Yoon et al., 2011).

Fruit fly optimization algorithm (FOA)

Pan (2012) presented the fruit fly optimization algorithm (FOA) for the first time. This simple
and fluent algorithm has solved part of the challenges related to the difficulties of previous
algorithms. This algorithm is similar to many other meta-heuristic algorithms that are designed
based on the inspiration of nature, based on the natural behavior of organisms. The fruit fly
approaches the location of the fruit after smelling the fruit in the.air. This insect finds the exact
position of the fruit by using its sense of sight (Poluru and Kumar R, 2021).

In this research, the statistical parameters of correlation coefficient (R), root mean square error
(RMSE), Nash-Satcliff coefficient (NS), and Willmott’s index of agreement (WI) were used to
evaluate the performance of different scenarios defined for the studied methods.

Findings

The evaluation of the results according to Table (2) showed that the third scenario of the SVR
model with R=0.71, RMSE= 1.45 mm/day, NS=0.33, and WI=0.82 has the lowest error
compared to other SVR combinations. The high accuracy of this model shows the high
importance of the relative humidity parameter in increasing the prediction accuracy of the
reference evapotranspiration parameter. Among the combined SVR-FOA models, the sixth
scenario with R=0.71, RMSE=1.24 mm/day, NS=0.51, and WI=0.82 has the highest accuracy
compared to all scenarios. The reason for this is the addition of the sunshine hour’s parameter to
the model inputs. Because the city of Ahvaz has a semi-desert climate due to long sunshine
hours, and as a result, sunshine hours have an effective role in predicting the accuracy of the
daily reference evapotranspiration parameter.

Table 2- Evaluation parameters of the studied models in the test period

Evaluation criteria

MQge} R RMSE (mm/day) NS Wi
SVR-1 0.65 1.53 0.25 0.78
SVR-2 0.64 1.60 0.18 0.77
SVR-3 0.71 1.45 0.33 0.82
SVR-4 0.69 1.52 0.26 0.81
SVR-5 0.70 1.56 0.22 0.81
SVR-6 0.69 1.52 0.26 0.82
SVR-FOA-1 0.61 1.39 0.38 0.73
SVR-FOA-2 0.62 1.39 0.38 0.73
SVR-FOA-3 0.68 1.32 0.44 0.79
SVR-FOA-4 0.72 1.30 0.46 0.81
SVR-FOA-5 0.72 1.25 0.50 0.81
SVR-FOA-6 0.71 1.24 0.51 0.82
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Conclusion

Forecasting reference evapotranspiration is of particular importance for researchers, therefore
researchers have provided various methods to improve the performance of forecasting models. In
this research, using SVR and SVR-FOA methods, daily reference evapotranspiration values were
estimated in Ahvaz station during the statistical period of 2000-2022. The obtained results were
compared using statistical parameters and it was found that the sixth scenario of the SVR-FOA
model provided the best performance with the lowest error (1.24 mm/day) compared to all
models. Among the scenarios of the SVR model, the third scenario of the SVR model showed the
lowest error (1.45 mm/day) compared to other SVR combinations. In the general situation of the
sixth scenario, the combined SVR-FOA model provided good results in predicting daily
reference evapotranspiration values and was suggested for daily reference evapotranspiration
prediction.
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