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Table 1. Different set of input and output variables.
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(Input set) (Input variables) (Output variable)
setl ET,, ET;
set2 ET., ETe, ET;
set3 ET.., ET.s, ETys ET,
setd ET.,, ETes, ET3, ETy ET;
set5 ET.., ETes, ETs, ETos, ETys ET,
set6 ET.., ETea, ETs, EToy, ET,s, ETes ET,
set7 ET.., ETes, ETs, ETos, ETys, ET,, ET,s ET,
set8 ET.., ET.s, ETs, ETos, ETys, EToa6s ET,
Set9 ET.., ETws, ETes, ETes, ETes, ETesgs, ETos0 ET,
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Figure 1. Performance of Wavelet-GMDH Model according to mother wavelet type.

s e a e SGE Wi 2l
Aas o olatl Lol 055 la s Slag )
IS 2500 b sl 4 VL slalsss 4 sba
Daged Mr b (Koo Jodd il polar]
Sy ol o W bl 4 IS
L dae s 5 axdls el s |y JiSKm omlidedir

Yy

AL Ll sl IR Y Jpdr 4 a5 L

Loy 5 3,5 GMDH Jue &35 555 5 gzl
Slag 53 doys T T oy gl las
Sl 6 1ol GMDH = g0 Juka 3 L3l
Gl s & IS wp mhaw 4 s L
S Ae e e Sl s e
GMDH ze 4l 4 (35,5 Olgea g 25



1190 (£) )l dTF) Als S 5 f clis gla iy} s puls

oo sWesls ;3 GMDH as &K g GMDH -S> 40 slad bl sla, e anulis —Y Jgu

Table 2. Comparison of statistical criteria for wavelet-GMDH and GMDH models for test data.

$2500 48 yoaa B
Lol sla s L
(Input set) SO SR J
(Statistical criteria) (Model)
9 8 7 6 5 4 3 2 1
1.22 1.23 1.24 1.24 1.25 1.26 1.27 1.3 - RMSE
0.844 0841 0.840 0.838 0.837 0.833 0.831 0.823 - R’
GMDH
21.11 21.60 21.24 21.79 21.83 22.03 22.18 23.09 - MAPE(%)
-0.009 -0.016 -0.018 -0.018 -0.020 -0.024 -0.034 -0.034 - MBE
0.35 0.35 0.32 0.33 0.34 0.31 0.43 0.49 0.89 RMSE
0987 0987 0989 0988 0987 0989  0.981 0974 0918 R’ o
¥
5.99 5.99 5.64 5.80 6.03 5.53 7.74 8.71 15.67 MAPE(%) wavelet-GMDH
-0.003  -0.005 -0.002 -0.002 -0.003 -0.003 -0.001 -0.001 0.002 MBE

* Unit of RMSE and MBE is in mm/day.
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Abstract

Background and Objectives: Reference evapotranspiration is one of the most effective
components of agricultural water use and management of water resources. Determination of the
water requirements of various plants during the growing season is necessary in order to prevent
water waste and proper planning: In recent years the use of artificial intelligence techniques and
hybrid model in forecasting of hydrological parameters has become very popular: The objective
of this study is to evaluate GMDH neural network and wavelet-GMDH hybrid models in
forecasting of daily reference evapotranspiration at Ahvaz synoptic station.

Materials and Methods: For this purpose, 10-year period (2000 to 2009), 7 years (2000-2006)
for training and 3 years (2007-2009) to test different models were considered. Reference crop
evapotranspiration time series generated using standard penman-monteith equation. Different
combinations of inputs (different delays) and various mother wavelets were examined. To test
different models were considered different combinations of inputs (9 different delays); and
different mother wavelets (13 mother wavelets). A total of 126 models 117 of them related to
hybrid models wavelet-GMDH and 9 for GMDH neural network were carried out. To choose
the best model, statistical criteria such as coefficient of determination (R?), root mean square
error (RMSE) and the mean percentage error (MARE) was used.

Results: The results showed that wavelet-GMDH hybrid model (RMSE=0.31 mm/day)
compared with GMDH neural network (RMSE=1.22 mm/day) has higher accuracy in
forecasting daily reference evapotranspiration. The results showed that use of delays longer than
four days have little effect on the accuracy of models and in some cases can result in reduced
accuracy. The results of similar studies that have used wavelet transform to preprocessing data
are in correspondence with our findings. Results of GMDH neural network showed that number
of delays did not affect the accuracy of model. This study evaluates the accuracy of the wavelet-
artificial neural network hybrid model for different mother wavelets. Results showed that Meyer
mother wavelet due to its complexity and its shape improved the accuracy of models.
Conclusion: Results of this study showed that, at the forecasting of one day ahead reference
evapotranspiration Wavelet-GMDH model (MAPE=5.53%) has significant superiority to
GMDH model (MAPE=22.11%). The results of this study can be used in the planning of
irrigation water in this area. At the end it is recommended that proposed models has been
evaluated in different climate conditions of Iran.

Keywords: Reference evapotranspiration, Time series forecasting, Wavelet transform,
GMDH neural network, Ahvaz synoptic station
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