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Abstract

The population is growing at an unprecedented rate, leading to a
surge in food demand. This surge is coinciding with scarcity of
water resources and intensifying competition among various
sectors for water consumption and therefore there is an urgent need
to precisely assess the water requirements of crops. Numerous
studies have been conducted so far to determine water demand by
considering various factors. Among these approaches, the FAO-
Penman-Monteith equation has emerged as a widely recognized
method. However, this equation entails extensive data
requirements and involves lengthy calculations. The objective of
this study was to develop a model for estimating the cumulative
water requirement of common crops (wheat, barley, corn, and
forage corn) on various latitudes within a specific region (the
western vertical strip of Iran). Remarkably, the model only
considers time as the input variable (growth period duration).
Since the relationship between the cumulative water requirement
of various crops and the length of the growth period follows a
sigmoidal pattern, three mathematical models were employed to
capture this trend; three-parameter logistic models, Gaussian
functions, and third-order polynomials, all used for the purpose of
modeling. The findings indicated that all three models exhibited
high accuracy in estimating the cumulative water requirement for
the crops during the growth period. The logistic model, in
particular, demonstrated superior performance when evaluated
using R?, RMSE, and NSE indices. Unlike the Gaussian and
polynomial models, the logistic model preserved its original shape
within the range of the growth period length, making it more
appropriate for modeling the cumulative water demand from
physical and biological standpoints. By utilizing this model, the
water requirement for the intended product can be effortlessly
estimated at any given point and within any desired time interval
throughout the growth period, spanning from seconds and minutes
to days, weeks, months, and beyond. As per the findings of this
study, an equation with exceptional precision was introduced for
each product in a homogeneous region, where the length of the
growth period is consistent. This equation allows for the
straightforward and precise estimation of crop water requirements.
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Ol s Gl 53 (o3 390 S gz (2025 o 5l Gilwdde @ -) Jgsa

Crop Model Equation R? RMSE NSE
” 704.62711
_ Logistic CET = T oemetramsisss 0.9912 122752  0.9921
D
5 Gaussian CET = 4833776 x o—3(Conzdssty 09961 81507  0.9961
— _ 3 2 _
Polynomial ~ CET= 0.00009i ;%gggg& 0.01990t 499497 10.4997  0.9938
. 690.41561
Logistic CET = 0.9979  8.3542  0.9979
- 1+ e—0.03106><(t—124-.124-00)2
% Gaussian CET = 5941164 x o2 e51017") 0.9978  8.4442  0.9978
— _ 3 2 _
Polynomial ~ CET= 0'0001°fr ;%gj‘z*g“ 147664t 0.0946 13.9552  0.0942
. 780.89187
g Logistic CBT = e s 0.9846 28.1731  0.9838
% Gaussian CET = 7637963 x o-3((2uir0)’ 0.9728 37.3869  0.9704
o — 3 _ 2
2 Polynomial CET = 0.00003t" - 3%%26‘152? +6.60167t 0.0969 15.0831  0.9908
. 784.73654
Logistic CET = o 0.99854 9.1811  0.9986
c
g Gaussian CET = 745.0760 x o—2(ailor)’ 09954 16.3483  0.9952
— 3 2
polynomial  CET = —0.00046t% +0.07624t> + 353045t (oo 55617 0.9903

+ 8.78573
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Table 2- Results of cumulative water requirement modeling of the studied crops in Ilam province
P! Gl p3 (o2 3590 Vgm0 (202 ol 5L (5lwd e gl -T Joso

Crop Model Equation R? RMSE NSE
. 718.72702
_ Logistic CET = T s isrs7® 0.99595 10.0238 0.9960
= Gaussian CET = 6475760 x o-3(C2S0T1Y’ 09942 12,0211 09943
o] _ 3 2 _
Polynomial T = 0.00000it3 . 3%'%10(“ 0.78308t (99146 145771 0.9913
Logistic CET = 895.06360 099499 11.6323 0.9951
— 1 _|_ e—0.02027x(t—198.0084—2)
% . 1/t—334.69142
_ 3 2 _
Polynomial CET = 0.00001t ++3g'%297‘f}83t 0.28657t 0.09207 17.2295 0.9879
L 638.04205
£ Logistic CET = T sosiente-507220 098410 23.6309 0.9832
o
) Gaussian CET — 6355322 x o2 (Taa%61y’ 0.9663 34.3762 0.9629
— — 3 _ 2
g Polynomial CET = 0.00003t" - 3206%27%6; +6.21659t 0.09642 30.0625 0.9688
Logistic CET = 75382180 0.99873 83901 0.9988
1 4+ e~—0.04283%(t—64.36497)
£ . 1/t-131.0448\2
3 Gaussian CET = 719.5704 x e~2(72056") 0.9954 159263 0.9953
— 2
Polynomial CET = —0.00040 + 0.07253¢" + 2.75761t 0.09953 61930  0.9993

+7.4723
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Table 3- Results of cumulative water requirement modeling of the studied crops in Kermanshah province
oLl )5 yliw! 43 (o g0 Dy90 Y guato (o u"' W e dse o -Y Jgas

Crop Model Equation R? RMSE NSE
Logistic CET = 687889358 0.98720 15.9816 0.9874
> 1+ e—0.01387><(t—421.37991)
(<5} 2
= Gaussian CET = 162231543 x -3 31550mt") 0.9865 16.4168 0.9867
an}
: CET = 0.00006t* — 0.01078t? + 1.07355t
Polynomial +17.27396 0.99196 19.8847 0.9763
. 3990.27409
_ Logistic CET = T srsentama7oei) 0.98770 17.5648 0.9879
3 : 1/t-1457.5079\2
§ Gaussian CET = 1317235.15 X e_f(m) 0.9870 18.0831 0.9963
: CET = 0.00006t> — 0.01126t? + 1.08684t
Polynomial +16.77540 0.99231 27.6369 0.9611
. 767.56460
£ Logistic CET = T s osiosne737579 0.99826 10.2102 0.9982
o
S Gaussian CET = 777 3247 x o-2(Cornira0)’ 0.9820 32.0813 0.9805
S : CET = —0.00007¢> + 0.00599t + 5.74736t
s Polynomial —32.07360 0.99549 21.7816 0.9925
. 645.47677
Logistic CET = TG oreri(=sa 35960 0.99856 7.6225 0.9983
e
g Gaussian CET = 6194116 x o-2(Tatiomsz)* 0.9946 14.8267 0.9943
— 3 2
Polynomial CET = —0.00040t* + 0.06565t> + 3.06834t [ go00c £ 905 0.0991

+ 2.68333

Table 4- Results of cumulative water requirement modeling of the studied crops in Kurdistan province
Obwd )5 Hliw! 13 oy 3590 OY guasme (2059 (2 5 gilwae G -F Jous

Crop Model Equation R? RMSE  NSE
_ Logistic CET = —— 2_00_20?21 f;iﬁii?fwoo) 0.98244 18.8991  0.9828
3 2
E Gaussian CET = 457901742 X - 3ms1oie) 09810 23.7981  0.9786

Polynomial CET = 0.00006t* +‘1%%143;2196t2 +1.38094t 099091 141933  0.9896
N Logistic CET = — 3_650?2‘?35'2_2:228903) 0.98053 22.5510 0.9811
£ Gaussian CET = 7328805.06 x o s(Gapss73y” 0.9787 235664 0.9796
Polynomial CET = 0.00007¢* +‘&%§Zﬁt2 + 174350t 0.99146 151899  0.9908
g Logistic CET = — e_g?;g?f?&oss%) 0.99958  4.7002  0.9996
2 Gaussian CET = 706.8609 X e—%(it‘;;i;;:l)z 0.9889  21.2969  0.9882
§  Polynomial CET = _0'00014fg+ 7%‘2224“2 +323865 99579 21.0078 0.9908
Logistic CET = 1— e_Z 05;3;2532_98482) 0.99890  7.8942  0.9989

£ . 1/t-128.1114\2
S Gaussian CET = 693.3095 x e 2 492591 ) 0.9992  4.7875  0.9991
polynomial CET = —0.00067t3 + 0.14492t% — 2.37539¢ 099944  6.8850  0.9992

+43.40343
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Table 5- Results of cumulative water requirement modeling of the studied crops in West Azerbaijan province
% 0Ll Gl 3 (o 3590 S gaze (2005 ol b 55l S -0 Jgor

Crop Model Equation R? RMSE NSE
i 1368.7992
Logistic CET = 36879923 0.98619 16.1700 0.9867
- 1 + e—0.01821x(t-282.96823)
[<5) 2
i Gaussian CET = 136039.16 X -2 23m) 0.9843  17.2187 0.9845
. CET = 0.000055t> — 0.0089t2 + 0.6952t
Polynomial 4155410 0.99034 13.6497 0.9901
" 1284.95962
Logistic CET = 0.98685 17.5977 0.9874
E 1 + e—0.01889><(t—277.45785)
. 1/t—756.515312
% Gaussian CET = 14133.5505 x e_f(m) 0.9845 19.1257 0.9848
. CET = 0.000055t> — 0.0090t2 + 0.6941t
Polynomial +16.1822 0.9902 15.2131 0.9902
" 604.93484
£ Logistic CET = - seraxtreaonin 0.99944  4.6702  0.9998
> Gaussi L(L1741695y? 0.9887 210784 0.9879
=2 aussian CET = 615.2019 x e 2 703821 ) ' ' '
— — 3 2
g Polynomial ~ CET = T0.00011t" +0.02274t%+ 3.06050t 99504 21,9186  0.9889
—9.67064
" 701.72538
Logistic CET = - rerox(75 012D 0.99889  7.3782  0.9989
c
3 Gaussian CET = 642.4782 x o~ (Caade10)’ 0.9991  6.6937  0.9991
_ 3 2 _
Polynomial CET = —0.00061t* + 0.13519t> — 251028t go04c 57887  0.9993

+ 39.70253
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