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reference ET models
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with model inputs and outputs
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Table 3- The RM SE (mm day™), NRM SE (%) and R? values for each of the functionsto estimate reference ET

Exponential func. gl &l

Logarithmic func. e, &l Linear func. _los &b
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Variable Num. Status NRMSE R’ RMSE NRMSE R’ RMSE NRMSE R’ RMSE

! 19.7 0.96 0.494 18.9 0.96 0.475 19.1 0.83 0.479

2 16.9 0.97 0.423 194 0.96 0.486 232 0.74 0.583

1 3 36.5 0.87 0.915 36.3 0.87 0.911 37.0 0.35 0.928

4 22.6 0.95 0.567 22.7 0.95 0.57 22.7 0.75 0.57
S 5 200 079 0527 182 097 0457 190 083 0477
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14 15.1 0.98 0.378 15.9 0.98 0.398 15.6 0.89  0.391
- 4 15 152 098 0381 159 098 04 155 089 0388
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Figure 2- Changesin ET of cucumber and tomato during
the growing period
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Table4- The RMSE (mm day™), NRM SE (%) and R? values for each of the functions to estimate cucumber ET

e dani AN Exponential func. o lod &4U Logarithmic func. _gois ,i &b Linear func.  Jad &4

Variable Num. Status NRM SE R? RMSE NRM SE R? RMSE NRM SE R? RMSE
1 21.7 0.95 0.531 22.6 0.95 0.554 252 0.07 0.618

2 18.4 0.97 0.45 18.7 0.96 0.457 25.1 0.08 0.616

1 3 23.6 0.95 0.577 25.8 0.93 0.632 25.2 0.07 0.618

4 19.7 0.96 0.482 20.3 0.96 0.498 24.9 0.09 0.611

5 16.2 0.97 0.396 18.0 0.97 0.44 247 0.12 0.606

6 16.6 0.97 0.407 17.8 0.97 0.435 25.2 0.09 0.617

2 7 18.3 0.97 0.448 18.8 0.96 0.461 25.1 0.10 0.614

8 252 0.95 0.618 17.8 0.97 0.436 253 0.09 0.62

9 16.5 0.97 0.405 16.1 0.97 0.394 25.0 0.1 0.613

10 18.6 0.97 0.455 20.5 0.96 0.502 25.1 0.09 0.615
""""""""""" 11 164 097 0401 178 097 0436 227 027 0557
12 15.1 0.98 0.37 15.4 0.98 0.377 24.4 0.15 0.598

3 13 15.6 0.98 0.382 15.3 0.98 0.376 25.2 0.10 0.617

14 14.4 0.98 0.353 15.6 0.98 0.382 25.0 0.11 0.613
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Table 5 The RMSE (mm day™), NRM SE (%) and R? values for each of the functionsto estimate tomato ET

yn oy [GAIPN Exponential func. s lod &4U Logarithmic func. _goi ,J &b Linear func. Jas &0
Variable Num. Status NRM SE R? RMSE NRM SE R? RMSE NRMSE R? RM SE
1 38.5 0.13 0.769 23.6 0.95 0.472 34.6 0.20 0.691
2 22.1 0.96 0.441 23.3 0.95 0.465 31.8 0.24 0.636
1 3 30.9 0.92 0.618 32.9 0.91 0.657 34.1 0.12 0.682
4 30.0 0.92 0.599 31.1 0.92 0.622 35.1 0.07 0.701
R T 201096 o401 T 2177777096 T 0433 T 3197024 0638
6 21.7 0.96 0.434 22.7 0.96 0.454 343 0.12 0.685
2 7 21.2 0.96 0.424 22.4 0.96 0.447 34.6 0.11 0.692
8 31.4 0.25 0.628 21.4 0.96 0.427 31.2 0.27 0.624
9 21.9 0.96 0.438 18.7 0.97 0.374 31.9 0.24 0.638
10 25.6 0.95 0.512 30.2 0.92 0.603 34.0 0.14 0.679
11 19.8 0.97 0.396 21.5 0.96 0.429 27.6 0.44 0.551
12 20.1 0.97 0.401 19.1 0.97 0.382 32.0 0.24 0.64
3 13 31.0 0.27 0.62 18.8 0.97 0.375 313 0.27 0.626
14 16.5 0.98 0.329 209 0.96 0.418 34.1 0.14 0.682
4 15 16.8 0.98 0.335 18.4 0.97 0.367 27.7 0.44 0.553
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Table 6- The characteristics of optimal artificial neural network model and statistical parameter s calculated to estimate
thereference ET in greenhouse condition

(Model structure) Jue jtstw Train gsjgel (Test) cygo03
R RMSE NRMSE RMSE NRMSE
(mm/day) (%) (mm/day) (%)
LM, Tansig, Tansig, Purelin,( 4—»30—»15—»1)* 0.98 0.0809 3.50 0.97 0.364 14.51
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Figure 3-Goodness of fit graph and observed and artificial neural network estimated curvesfor train data set of reference ET
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Table 7- The characteristics of optimal artificial neural network model and statistical parameter s calculated to estimate
cucumber and tomato ET

Model structure Juo ,tsLe Train ijgel Test ¢yg03
Jypaxo RMSE NRM SE RMSE NRM SE
(mm/day) (%) (mm/day) (%)
s LM, Tansig, Tansig, Purelin,( °—Y°—) °—>1)* 0.96 0.16 6.50 0.93 0.24 10.31
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Introduction: Greenhouse cultivation is a steadily developing agricultural sector throughout the world. In
addition, it is known that water is a major issue almost all part of the world especially for countries which have
insufficient water source. With this great expansion of greenhouse cultivation, the need of appropriate irrigation
management has a great importance. Accurate determination of irrigation scheduling (irrigation timing and
frequency) is one of the main factors in achieving high yields and avoiding loss of quality in greenhouse tomato
and cucumber. To do this, it is fundamental to know the crop water requirements or real evapotranspiration.
Accurate estimation on crop water requirement is needed to avoid the excess or deficit water application, with
consequent impacts on nutrient availability for plants. This can be done by using appropriate method to
determine the crop evapotranspiration (ET.). In greenhouse cultivation, crop transpiration is the most important
energy dissipation mechanisms that influence ET, rate. There are a large number of literatures on methods to
estimate ET, in greenhouses. ET, can be measured or estimated by direct or indirect methods. The most common
direct method estimates ET,. from measurements with weighing lysimeters. Thisalsoincludes the evaporation
measuring equipment, class A pan, Piche atmometer and modified atmometer. Indirect method includes the
measurement of net radiation, temperature, relative humidity, and air vapour pressure deficit. A large number of
models have been developed from these measurements to estimate ET.. Due to the fast development of under
greenhouse cultivation all around the world, the needs of information on how it affects ET, in greenhouses has to
be known and summarized. The existing models for ET, calculation have to be studied to know whether it is
reliable for greenhouse climate (hereafter, microclimate) or not. Regression and artificial neural network models
are two important models to estimate ET. in greenhouse. The inputs of these models are net radiation,
temperature, day after planting and air vapour pressure deficit (or relative humidity).

Materials and Methods: In this study, daily ET, of reference crop, greenhouse tomato and cucumber crops
were measured using lysimeter method in Urmia region. Several linear, nonlinear regressions and artificial
neural networks were considered for ET, modelling in greenhouse. For this purpose, the effective meteorological
parameters on ET, process includes: air temperature (T), air humidity (RH), air pressure (P), air vapour pressure
deficit (VPD), day after planting (N) and greenhouse net radiation (SR) were considered and measured.
According to the goodness of fit, different models of artificial neural networks and regression were compared
and evaluated. Furthermore, based on partial derivatives of regression models, sensitivity analysis was
conducted. The accuracy and performance of the employed models was judged by ten statistical indices namely
r0(2)t mean square error (RMSE), normalized root mean square error (NRMSE) and coefficient of determination
(RY).

Results and Discussion: Based on the results, the most accurate regression model to reference ET,
prediction was obtained three variables exponential function of VPD, RH and SR with RMSE=0.378 mm day".
The RMSE of optimal artificial neural network to reference ET prediction for train and test data sets were
obtained 0.089 and 0.365 mmday, respectively. The performance of logarithmic and exponential functions to
prediction of cucumber ET. were proper, with high dependent variables especially, and the most accurate
regression model to cucumber ET prediction was obtained for exponential function of five variables: VPD, N, T,
RH and SR with RMSE=0.353 mm day™. In addition, for tomato ET prediction, the most accurate regression
model was obtained for exponential function of four variables: VPD, N, RH and SR with RMSE= 0.329 mm day”
!. The best performance of artificial neural network for ET prediction of cucumber and tomato were obtained
with five inputs include: VPD, N, T, RH and SR. The RMSE values of test data sets for cucumber and tomato
ET were obtained 0.24 and 0.26 mmday™'. Moreover, the sensitivity analysis results showed that VPD is the most
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sensitive parameter on ET..

Conclusion: The greenhouse industry has expanded across many parts of the word and the need of
information on a reliable ET, method especially by indirect method is crucial. In this research, the artificial
neural network models indicated good performance compared with linear and nonlinear regressions. The
evaluated method could be used for scheduling irrigation of greenhouse tomato and cucumber.

K eywords: Performance Evaluation, Multivariable Regression, Meteorological Variables



