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Abstract

Evaporation is one of the important phenomena of the
hydrological cycle and its prediction is essential for water
management, planning and conservation. Since chaos theory
deals with the study of dynamic systems, in this research the
prediction of the evaporation process was carried out using the
combination of chaos theory and intelligent models, including
support vector machine, decision tree, group learning, and
Gaussian process. Data of the Semnan synoptic station during
the period of 1995-2019 was selected. The optimal values of
delay and mutual information were respectively obtained as 18
and 9 using false nearest neighbor methods in order to
reconstruct the variable phase space of evaporation. According
to different combinations of variables, the most optimal
response of all models was determined for the combination of
all parameters, and the two factors of evaporation and
temperature had the greatest impact on the prediction. In
general, the support vector machine model with R2 = 85.5 and
MAE = 1.4 had the best performance followed by the methods
of Gaussian process, group learning and decision tree method
as next bests. The combined use of chaos theory along with
intelligent algorithms has a good ability to estimate
evaporation.
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Table 1- Statistical data values in Semnan synoptic station from January 1, 1995 to October 31, 2019
Y+ ,0STYY U YAAD agils Jol (Sloj gyl 5 olows Sy g s | 45 L0315 (5 b0l pdlio —Y Jou

Statistical  Evaporation Temperature Wind Pressure Relative Sunshine Rainfall
value (mm) (Celsius) speed (m/s) (Pascal) humidity (%) (hours) (mm)
Average 9 235 2.1 889 62 9.2 0.3
Standard 4.84 8 1.4 4.81 15.6 3 1.61
deviation
Variance 23.53 64 2 23.2 244 9 2.6
Maximum 25 37.8 0 870 93.2 14.2 36.2
Minimum 0 1.3 12.25 902.7 6.5 0 0
Number of 6460 6460 6460 6460 6460 6460 6460
data
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Fig. 1- Location of Semnan synoptic station
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Fig. 2- Time series of monthly evaporation in Semnan station
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Table 2- Input values to predictive models according to phase space reconstruction
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Input output
1 2 3 m dimention
Training data
Xt Xt+1 Xt—T Xt— (m-1)T Xt0u+1
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IF ¥ Hla o) 0 lowd piuunsy JUwr ¢yl ! O ol ol
Volume 20, No. 1, Spring 2024 (IR-WRR)

VY



S Gl plug dwdin 5 ¥ KD )3 (35 5 C8) e 4 d2g7 L
4 5 Cawl s Ol (Seolod 0dgame 40 alowy 9 (b Jolis
M8y & Glpe e pluw (9 Sl Loy 513, w0gMe
S Sleai b 85 00 gy Sloj 5w 009 S92 40
Mged 33 K09y s {8, ¢l o 0gMe 3yl Cisllan e Jloj
2ol obged cnl > Cunl dgpedie i (Gomd JS) aS L
@ g (Solad glaylid) (ol e L (slge plate sagSl 3924
N8y eSSl Sl & 2pde edalie (&S Sjpe
Er e o plie a3l s Sl o Swdppand

el 035 03,91 ¥ g 33 LMAX 5 g1 apalad S,

=W -y

23U Gloj g Cawydl wluod (5S35 dmwle Y-V
o el )y

0Sep ie b clad dbul 5 Slsdl )y glaie 4
Slil & Guoes Sloj gy slp Jlite leMbl 5 s pdb dluars
arg bl oad 0)sl F g ¥ S5 )0 ey g pd b Giliee polie

Sl sl A 5 R 3L ke i e sla IS 4,
WS} YA )‘Lé dL&é

@9 2 % 36 5 WA s bond (il slad (lp Ol
ol 015 oano 5 O JSB ) e Sloj (6w (Sm s (sLid

1
0.9+
0.8
0.7F
0.6f
0.5f
0.4f

FNN

0.3F
0.2}

0.1f
0

0 10 20

30 10 50 60

Embeded Dimention
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Fig. 5- Absorption bed in the three-dimensional space of the evaporation time series phase space (a) and
its recurrence plot (b)
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Table 3- Values of return rate, certainty, entropy and LMAX
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Table 4- Efficiency criteria for predicting evaporation
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Data MAE (mm)  RMSE (mm) CC (%) R? (%)
Training data 1.81 2.45 85.94 73.69
Test data 1.64 2.16 90.66 82.12
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Fig. 6- prediction of evaporation during 60 days using evaporation time series
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Fig. 7- Scatter plot of predicted vs measured evaporation
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Table 5- Delay and dimension parameters to reconstruct the state space for different MTSs
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Scenario (multidimensional time series) Dimension Delay
Evaporation/Temperatute MTS1 5 19
Evaporation/Temperature/Wind Speed MTS2 3 13
Evaporation/Temperature/Wind Speed/Pressure MTS3 2 11
Evaporation/temperature/wind speed/pressure/precipitation ~ MTS4 2 8
Evaporation/Temperature/Wind Speed/Pressure/Precipitation MTS5 2 8

/Humidity

Evaporation/Temperature/Wind Speed/Pressure/Rain MTS6 2 7

/Humidity/Sunshine Hours
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Table 6- Results of quantitative criteria for four regressors (SVR, DT, EL and GP)
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Fig. 8- Scatter plot of predicted vs measured evaporation with hybrid data of different time series for SVR
(Ev: Evaporation, T: Temperature, W: Wind speed, P: Pressure, R: Rainfall, RH: Relative Humidity, S:
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Fig. 9- Prediction of evaporation during 1292 days with the combined data time series using SVR (Ev:
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1- Support Vector Machine (SVM)

2- Chaos Theory

3- Multivariate Regression Spline (MRS)
4- Deep Learning (DL)

5- Random Forest (RF)

6- Long Short-Term Memory (LSTM)

7- Multilayer Perceptron (MLP)

8- Seasonal Autoregressive Integrated Moving Average
(SARIMA)

9- Copula Bayesian Model (CBM)

10- Machine Learning (ML)

11- Decision Tree (DT)

12- Gaussian Process (GP)

13- Ensemble of Learners (EL)

14- Phase Space (PS)

15- False Nearest Neighbor (FNN)

16- Recurrent Quantification Analysis (RQA)
17- Recurrence Rate (RR)

18- Entropy

19- Maximum Line (LMAX)

20- Positive Lyapunov Exponent (PLE)
21- Mean Absolute Error (MAE)

22- Root Mean Square Error (RMSE)
23- Correlation Coefficient (CC)

24- Determinent Coefficient (DC)

25- Multidimentional Time Series (MTS)
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