Water and Soil Management and Modeling %

University of Mohaghegh Ardabili

Online ISSN: 2783 - 2546

Evaluation of spline and Bezier interpolation functions in reference
evapotranspiration modeling using satellite image data

Parastoo Amirzehni ®, Saeed Samadianfard 2* @, AmirHossein Nazemi 3®, Ali Ashraf Sadradini *

1Ph.D. Student, Department of Water Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

2 Associate Professor, Department of Water Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran
3 Professor, Department of Water Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

4 Professor, Department of Water Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

Extended Abstract
Introduction
Reference Evapotranspiration (ETo) is a crucial component in water resource management, forming the backbone

of planning and forecasting agricultural water requirements. Accurate calculations of ETg are indispensable for
modeling crop water needs effectively. However, while satellite imagery provides valuable data for estimating
ETo, the irregularity of data capture intervals can hinder the availability of detailed meteorological information
necessary for precise calculations. This issue presents a significant challenge, which this study aims to address.
The importance and necessity of this research stem from its potential to significantly improve agricultural water
management practices. By effectively combining satellite data with meteorological inputs, our study seeks to
develop a methodology that enhances the accuracy of daily ETo estimations. Such advancements are vital for
ensuring efficient water usage and better resource management, ultimately promoting sustainable agricultural
practices. Thus, the goal of this research is to harness the complementary strengths of satellite-derived data and

meteorological insights to create a robust and high-accuracy tool for estimating daily ETo.

Materials and Methods

The standard FAO-Penman-Monteith method, which is based on the Penman-Monteith equation that integrates
radiometric and aerodynamic parameters, was adopted as the base method for calculating ET, of a reference crop.
However, this method demands a large amount of meteorological data such as solar radiation, relative humidity,
wind speed, and maximum/minimum temperature, which can be challenging to obtain. To overcome this
limitation, satellite images from Google Earth Engine system for the years 2001 to 2021 were processed using
Landsat sensors to extract parameters such as land surface temperature (LST), enhanced vegetation index (EVI),
leaf area index (LAI), and normalized difference vegetation index (NDVI). These parameters can be used to
estimate effective evapotranspiration continuously in the short term by applying models and interpolations. One
of the problems of planning and management based on satellite image data is the lack of daily images of the study
area. Interpolation is a mathematical process that estimates unknown data at other points using data available at
specific points. This process is used to fill in gaps, increase resolution, or create continuous maps from satellite
data. The LST (8 days) and vegetation cover data (16 days) were converted into daily data using spline and cubic
spline interpolation functions. This work was done using spline and Bezier interpolation functions and for days
without data at equal intervals, coded in Mathematica.

Results and Discussion

The analysis identified that saturation vapor pressure and land surface temperature, recorded both during the day
and night, exhibited the highest correlation and coefficient of determination with ETo. For the Tabriz station,
scenario 10 demonstrated the most accurate ET, estimation, achieving a Root Mean Square Error (RMSE) of
0.364. In comparison, the Ardabil station reached its highest accuracy in scenario 12, with an RMSE of 0.430.
These findings indicate that models integrating both meteorological and satellite parameters are superior for
achieving accurate ETO estimations. When comparing interpolation methods, the Spline method provided more
precise modeling than the Bezier method, demonstrating its effectiveness in addressing the complexities inherent
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in ETo estimation tasks. However, incorporating additional parameters into the machine learning model,
particularly the LAI, unexpectedly decreased the model’s accuracy, suggesting that a more refined parameter
selection may enhance predictive capabilities.

Conclusion

The study explored the use of Spline and Bezier interpolation functions in conjunction with the Random Forest
algorithm to enhance the accuracy of daily ETo modeling using satellite image data. By leveraging satellite imagery
data, such as land surface temperature, leaf area index, and normalized difference vegetation index, alongside
meteorological data, this research aimed to address the challenge of limited data availability often encountered in
traditional methods like the FAO-Penman-Monteith. In analyzing results from the Tabriz and Ardabil stations, it
was revealed that the combination of meteorological and satellite data significantly improved the accuracy of ETg
predictions. The Spline interpolation method, particularly when paired with the Random Forest algorithm,
consistently provided more precise estimations compared to the Bezier method, especially under scenarios with
reduced input information. At the Tabriz station, the best ETy estimations were recorded in the S-RF-10 model
(RMSE = 0.364), while in Ardabil, the S-RF-9 model yielded high accuracy (RMSE = 0.430). Importantly, the
saturation vapor pressure emerged as the most influential meteorological factor, whereas land surface temperature
held the highest correlation among satellite parameters.
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Figure 1- The location of the study areas in Iran.
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Figure 3- Overview of RF algorithm
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Table 2- Combination of the model inputs for both interpolation methods at the Tabriz station.

Model No. ewsm Tmax LST-N  Tmin LST-D Rhmax Rhmin n radglo24 U2 EVI LAl NDVI
*
; * *
3 * * *
4 * * * *
5 * * * * *
6 * * * * * *
7 * * * * * * *
8 * * * * * * * *
9 * * * * * * * * *
10 * * * * * * * * * *
11 * * * * * * * * * * *
12 * * * * * * * * * * * *
13 * * * * * * * * * * * * *
14 * * * * * * * * * * * *
15 * * * *
16 * * * * * *
17 * * * * * * * *
Jud sl ol 53 (2l (99,5 (B9 93 32 81 adlllae 390 Je (S (539,9 a5 5 - Jgua
Table 3- Combination of the model inputs for both interpolation methods at the Ardabil station.
Model No. ewsm Tmax Tmin Rhmin n LST-D LST-N Rhmax LAI NDVI U2
*
% * *
3 * * *
4 * * * *
5 * * * * *
6 * * * * * *
7 * * * * * * *
8 * * * * * * * *
9 * * * * * * * * *
10 * * * * * * * * * *
ll * * * * * * * * * * *
12 * * * * * * *
* * * * * *
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Table 4- Comparison of ET, correlation values with meteorological parameters.

Jeo)) Sy 25 ol @)
0.88 ewsm 0.94 ewsm 1
0.85 Tmax 0.92 Tmax 2
0.73 LST-D 0.91 LST-N 3
0.73 LST-N 0.90 Tmin 4
0.72 Tmin 0.90 LST-D 5
0.64 Rhmin 0.77 Rhmax 6
0.64 n 0.75 Rhmin 7
0.50 radglo24 0.67 n 8
0.47 lai 0.61 radglo24 9
0.46 Rhmax 0.61 u2 10
0.41 NDVI 0.43 LAI 11
0.19 U2 0.34 NDVI 12

o3 ead5LS 5 pad)loe g2yl )3 jg) 3 yiehe /YA (ljee
gl 4 by yo +/AN ke R? Jlxie O i (et ol
Lgiye +/2Y Jlade R? oy iaS g coisins g 03 5L5 03l 03 juuw
P53 i Oy B de aualie jlges ol Jgl gl &
4 MAPE -y oS &S 298 o0 odnlite .ol odii 039l ¥ S
goles > VY/ED o] ity g B-RF-16 & bgyje AFY e
Gl oA Juols B-RF-15
d>pe > Jud)l S-RE Juo (b)) sbojline s

B L8 el a5 395 00 oanlie ¥ Jou> 4 x5 |

2 b oKl 93 o P ETo b1y (Stuers (o yidin gl
eSS Uz Juwdyl ;3 9 NDVI 3,5 0 o« cawl Jb
w8l 39 glite J> 4 39y 0 Jloinl &5 )15 1) (Stsen
BYee) Jlo 5l oolel 590 Sl 4 an g b il adlato 9
lmodld duoyd Yo ol yiolos] dls po wansl o lsesl Y- ¥
slp el slayline plis 4 sl oy b sas VEVY byl
Ao yo) Jud)l g 50,05 oKl 3 ;3 B-RF 9 S-RF Jue o

wlalcandt s b .l oad odygl ¥ Jgdn 3 islel
OieS 9 o3)lez sl ) WYY (f5e 4 RMSE. (it
0392 g2 lw (pod33l 53 jg) )3 yie(shes +/FY e 4 RMSE
g )lis & bgspe +/A8 Jlade R? i oy yidi owiored .ol
sl @23)lo g2yl &2 bgrpe /0% G0 R oy a8 5 033k
4 bgyye WY 3o 4 MAPE -y 5i6S &S 545 0 ol liie
o1 Juols S-RF-14 g )ls )3 ¥AIDS ] iy 5 S-RF-11
Iy s i Judyl 0 W o WY Y glags s a ST .l
O 3l (g M o 4 S35 Jl 35 7 S5 53 izl
ol i s ol 0 o0l gyl (pl 3 s el b Dl
el o)y 4 5l a8l Qb 5y gl e 4 S-RF-9

ol 0435 03wl (gloylgnlo g  aoliilom

015 03)gl AL D (gla Jodo 13 (laodld o p3 o Jolis ioloj]
S-RF (o Jas sl d Jaao 1 odolcuwnddy guls Gubs el
9 05k gyl > VY lie & RMSE op iy oy
Opedd ) jgy 3 yiake <IYF lie 4 RMSE (p yieS
JAM L il R Jliis iy et el 0357 g2yl
gl & bpye JAAR? o (2 5208 9 003 g2l 4y by yo
ol 0dygl ¥ S5 jd e (ooled dunlde oges sl 033k
S- 4 bgrys MAPE e oy ieS 45 395 cn odlia ol
el 0313 7 SRF-15 gy i 55 5] i 5 RF-10
2 oialejl dbye 13 B-RF o (gl (b5 (slolne gl
Jae opl sl oselcant gl sdo .ol oad 03)g & Joi>
RMSE 3 yieS 5 gl solio 3 Vo + J3e0 4 RMSE i

a0 53 oMl (U 39,0 5 ol sbradld U dalas i Jae (glol pdlio —0 Joua
Table ¢- Statistical values of Random Forest model using spline interpolation data in Tabriz.

RMSE (mm day™) R? R NS Wi MAPE MBE ol U
1.000 0.901 0.949 0.900 0.972 25.880 70.020 S-RF-1
0.990 0.903 0.950 0.902 0.973 23.410 -0.039 S-RF-2
0.910 0.910 0.959 0.910 0.978 23.870 0.0350 S-RF-3
0.840 0.930 0.965 0.930 0.981 22.560 0.034 S-RF-4
0.800 0.936 0.968 0.935 0.983 19.440 0.009 S-RF-5
0.770 0.942 0.971 0.941 0.984 17.390 0.019 S-RF-6
0.730 0.947 0.973 0.946 0.986 13.980 -0.026 S-RF-7
0.704 0.951 0.975 0.951 0.987 13.150 -0.030 S-RF-8
0.701 0.952 0.976 0.951 0.987 13.930 0.080 S-RF-9
0.360 0.988 0.994 0.987 0.997 8.970 0.055 S-RF-10
0.370 0.987 0.993 0.986 0.996 9.170 0.057 S-RF-11
0.393 0.986 0.993 0.985 0.996 9.550 0.061 S-RF-12
0.401 0.985 0.993 0.984 0.996 10.03 0.063 S-RF-13
0.395 0.986 0.993 0.985 0.996 9.610 0.063 S-RF-14
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1.020 0.890 0.947 1.020 0.896 0.970 27.450 S-RF-15
0.383 0.986 0.993 0.383 0.985 0.996 9.460 S-RF-16
0.388 0.986 0.993 0.388 0.985 0.996 10.580 S-RF-17
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Table 6- Statistical results of Random Forest model using Bezier interpolation data in Tabriz.

RMSE (mm day™?) R? R NS wi MAPE MBE s s £
1.000 0.901 0.949 0.900 0.972 25.880 -0.023 B-RF-1
0.990 0.903 0.950 0.902 0.973 23.410 -0.039 B-RF-2
0.890 0.922 0.960 0.921 0.979 22.400 -0.036 B-RF-3
0.850 0.928 0.963 0.927 0.980 19.370 -0.035 B-RF-4
0.820 0.933 0.966 0.930 0.982 16.210 -0.090 B-RF-5
0.860 0.926 0.962 0.926 0.980 17.930 -0.063 B-RF-6
0.755 0.944 0.972 0.944 0.985 15.932 -0.034 B-RF-7
0.755 0.944 0.972 0.944 0.985 15.932 -0.034 B-RF-8
0.410 0.984 0.992 0.983 0.995 11.430 0.071 B-RF-9
0.420 0.983 0.992 0.982 0.995 11.610 0.073 B-RF-10
0.450 0.981 0.991 0.980 0.995 12.260 0.075 B-RF-11
0.470 0.980 0.990 0.970 0.994 12.690 0.068 B-RF-12
0.390 0.986 0.993 0.985 0.996 10.730 0.075 B-RF-13
0.380 0.986 0.993 0.986 0.996 9.420 -0.026 B-RF-14
2.290 0.490 0.700 0.470 0.820 72.650 0.025 B-RF-15
0.380 0.986 0.993 0.986 0.996 9.420 -0.026 B-RF-16
0.390 0.986 0.993 0.985 0.996 10.730 0.075 B-RF-17
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Table 7- Statistical results of RF model using spline interpolation data in Ardabil.

RMSE (mm day™) R? R NS Wi MAPE MBE 5o pl
0.900 0.790 0.892 0.780 0.933 32.620 -0.135 S-RF-1
0.880 0.800 0.896 0.790 0.937 30.100 -0.130 S-RF-2
0.840 0.820 0.910 0.810 0.944 28.350 -0.138 S-RF-3
0.830 0.834 0.913 0.822 0.946 27.350 -0.153 S-RF-4
0.810 0.838 0.915 0.827 0.947 26.810 -0.151 S-RF-5
0.630 0.890 0.947 0.890 0.971 20.020 -0.030 S-RF-6
0.590 0.910 0.950 0.900 0.974 18.810 -0.046 S-RF-7
0.560 0.922 0.960 0.910 0.977 17.510 -0.040 S-RF-8
0.520 0.930 0.966 0.929 0.980 16.100 -0.046 S-RF-9
0.530 0.929 0.964 0.925 0.979 16.580 -0.042 S-RF-10
0.430 0.960 0.980 0.950 0.987 13.530 -0.064 S-RF-11
0.450 0.950 0.976 0.947 0.985 15.950 -0.065 S-RF-12
0.470 0.940 0.974 0.943 0.984 16.320 -0.050 S-RF-13
1.270 0.590 0.770 0.580 0.840 48.560 -0.220 S-RF-14

5l eols &l59y ETo odd s i 9 Slaline yolis
p Py ol odd 03yl ¥ S5 )3 o Ipl gla Jse oy iy
9 S-RF-9 o)l ;3 4 B-RF-14 s RF-S-10 3,5 slo Jas
Oliwe &S 595 o oaliie O S5 bl . Aizws B-RF-12
2 ETo (puizred Cawl 355 5l 508 Jwdyl 0 ETo (suess
owlio Como b Jo Jloa 2 )b (6568 Loy Aleld o)
K)) Shalie glbosly way b illas 45" W55 pesw |y ETo
el (jo)8

o) 93y (gly Uas bglos ol yarndy (glazs (sl lygel
NS O R P L B I N S
Logas g aigeS 0ld lyal Jio o 1 ) &5 398 o oinlise
ol pdgaome  Slialie yolie Coms 4y (aest yolde dinliy
S 55 3 rp 290 g | (29 ol e
Gl (Slalie polas 5l 5 i

otalejl Al ye ) L) B-RF o (clys (b)) slolne
& RMSE (s i ol op) 3ao .l 00 03,91 A Jgdo 5
Olie 4 RMSE iS5 03,i gl )0 VFYD e
Crimod Cusl 039 g2)ls (3pon3]lg3 13 o) 53 yia e +/YOY
S 5 o3jk sl & Loy +/0OF i R? jlade o 2ty
3955 oo 0dnliie .ol w23l (g0 )l 4 bgs po +/FA Hlade R?
5 B-RF-11 4 bgypo V0/-¥2 Jie & MAPE (3 1S oS
ol odal Conddy B-RF-14 g5l ,3 05/VAD o oy yiin
bosyd ol b o 1l sla o ol duslie Hoges
2 sl oad 03,5l ¥ USS )3 Syl g 25 03 w2 5 Mg
13 sl g LB MAPE _asls &5 fsme oSl 93 2
o ol 3 5 sl o aS o035l i oy o
oo b L S el a3l gl 15 MAPE 405 ¢lpss
sl 005 (g5l Jde (lojlanlo yial)b



YOA-YEY Clbxdo YL+ £ Jl.w‘\ D)Lo.ns «© b)sb/dbsui%ﬁé&,d)w‘)ﬂ%w/u‘)&hgwﬁab”‘ VoY

3905 sy Bblie wlislsn slaodls g loylsnls LST
sl yiiie (p Pt S o AL &S Wdges pIMel Lyl
slalles b owdhio aw (0 ity cols) oSl izad
S ol gl canday 59y 0 yie dwe V g0> RMSE
CJa.w sl )ibls'i,c Jﬁa)l 9 Ry oK dl).g &S ol
(5 iy Sizan 3 Cgadl Sy s (3L i 4 3085
e loslnle 5 wlislsn claosly 5l L 1 .cudls ETo b
P e g e Juo /FY 5 </¥FF o5 4 RMSE lalls
b 030> (AalS 50 g Ml (g,

dalaio ,> Mahmoudinezhad et al. (2024) _i»gy 5
Slogpste b Mol ogn o glishs b & Kp
5303 )18 adllas 3y90 1) @2 ye 0l 55 9 e 2 (sulidlsn
Ot Felio) yite (0 IS (s Cugb) o5 3 (LS gl
ol S5 45y 5 MYVE Coglgl b (Lo yuio ples 048 s i
YL il (Sisad oo b dudyss (IS G0 yiozen
b9y el (Bly 3y g S 0AS ol e (0
sy > Talebi et al. (2023b) « pirod (sl idgh
5okl b 5y g jlonl oSl g5 55 ailale ETo 3,9l g
i 5 A Cuwdd ojlonle polad I onds zlysciwl (sl il )by
a3l g e paw slod ola el dges odlaiw] ole
ST Jlo ) Glojlgale ol I alS by Jols
S lagn oSl 5 eslital b oliy) 60 gl Sl Ve
S 285 wons (MLP) aYuia (gpbwy 9 (RF) (Solas
o lanlo 4y Conud Ludle bicmia yygba 5l Juols (glaoaly 5y
slbes RF Jas .l 38> ailale ETo 25l ;0 A cwsd
L5 RF-4 Jis .cuils MLP Jao G 4 (¢ 5208 RMSE
ogMe .39y NS=+/28Y RMSE =-/ YVA R%=-/AAY slallas
ol b Talebi et al. (20238) aslie imgh <SS 50 ¢yl p
@l g aljg) LST Jols (gl lgnls cleMl s MLP s |
RMSE=-/ VWV R’=./af% . LAl 4 NDVI
b5 b &S oel Canddy 3y (gl WI=-/AVY g NS=-/AQ¥
Ab cilhs pils imgh

Sl odlawl 3y50 sl o S LUle calsye ol
slodly gly Bolas K Jae 5l Job ETo opess
Mged 3l odliiwl b ooyl 5 5200 (slooKiwn! 15 15 g o3 Msnol
auglio yold J1oges ol p .cowl odd 0d)gl & IS5 ;> ol
Soge 2 ke Jde oy ying Gl odid 00l L lagy s oy
e b S5y 3e8 mye & Gupln S & 2p dales
o] 93 oy p yd gy BB 4SS il 3 S5 Slaalie
@ oy ol 3 Jae cnyipn oS Cul cpl Jed)l g uys
S e 4 sl Jod)l 53 0u8 L2l oyl b

Gl Jae bawgs s u yiw ETo ypolie (SuiS1y, Jhages
B-RF- 4 S-RF-9 4 3,5 4l B-RF-14 S-RF-10 5,
J3e 5k s 0 sl oad a0yl ¥ S > )l ol 14
S eSS o o iy ETo yiSTas polie a8 dgu o0 odnlise
(B9 ¥ Ll JSis) cusl Slaalis yolis

G5 — o5 Asadzadeh et al. (2015) (slaslllao jo
035 (e35 (495U (Slasby) b )l cudd )3 |y g e oS
—wLe—uM hgls) L \) ETo Ql)’,,o OLL.’.‘ LD ged 4 lBo 9
ET- )18l 5 9 J)S (5 o5l (s 0 52,5 )l o5 5 5816
kel )3 g <8)S 1,8 eolatwl 5y90 Sluwls plsl 4l REF
VIVE 5 YIM F/A XIVR SN it ETo awgio olia
a4 5a0,8 5l dlyly ol L gouls wyp b 03] eSS
—ook b dunliie ) 01> ©Yolee 44y 4 Cund (6505 (6399
o ob Gl 1) (U5l She) pde eSS -yl
b L F ISS 50 50 0ad Tal o Jae odol Cuwdy
Sobles gl glojloges o (JBg5 xipe &5 s Ll pen
23153 595 32 yrecdee FIV 3505 )

Ub9y Ul Douna et al. (2021) iagh & o
2 adlaie dw > &ilie) BT (dnpin ln |y (Solay S0
9 LAl &Y gae 1 odlitl b ¥V B YV Jlo 5l Wl

Ja)l 33y 2l 090 G031 LRF Juo (glel g -A Jgo
Table 8- Statistical results of RF model using Bezier interpolation data in Ardabil.

RMSE (mm day™) R2 R NS wi MAPE MBE g2l Pl
0.909 0.795 0.892 0.780 0.933 32.620 -0.135 B-RF-1
0.889 0.803 0.896 0.790 0.937 30.100 -0.130 B-RF-2
0.862 0.816 0.900 0.800 0.940 28.520 -0.140 B-RF-3
0.649 0.892 0.940 0.890 0.970 21.660 -0.024 B-RF-4
0.597 0.909 0.954 0.908 0.974 20.180 -0.026 B-RF-5
0.598 0.910 0.954 0.908 0.974 19.260 -0.040 B-RF-6
0.600 0.908 0.953 0.904 0.973 19.750 -0.043 B-RF-7
0.566 0.920 0.959 0.917 0.977 18.170 -0.030 B-RF-8
0.564 0.921 0.960 0.918 0.977 17.930 -0.045 B-RF-9
0.569 0.920 0.959 0.916 0.976 18.420 -0.040 B-RF-10
0.459 0.954 0.976 0.946 0.985 15.030 -0.068 B-RF-11
0.453 0.953 0.976 0.947 0.985 15.950 -0.065 B-RF-12
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0.470 0.940 0.974 0.943 0.984 16.320 -0.050 B-RF-13
1.430 0.490 0.700 0.460 0.790 56.180 -0.310 B-RF-14
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Figure 4- Comparison of the daily ET, estimates from the top models with the FAO method (observed) in Tabri and Ardabil
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Figure 5- Box plot to compare the outputs of the models.
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Continued Figure 5- Box plot to compare the outputs of the models.
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Figure 7 Scatter plot of ET, values predicted by the S-RF-10 and B-RF-14 models in Tabriz, and the S-RF-9 and B-RF-12 models in Ardabil
versus observed values.
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