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1- Support Vector Regression

2- M5 Model Tree
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Table 3. Overall results of performed computations for all defined scenarios of M5 and SVR methods

SVR M5
O)lﬁw‘é
wi NS MAE RMSE wi NS MAE RMSE
-[aay DARE DANA ARV -[aay DALY DARE /¥ \
<[AAS AR <Iya¥ -lo¥y «[AAY <[AaA ALY Dia Y
RANZN PIALVA <IfYD Nical DAVE <[AaA DARAN <[EYA Y
QAN -[aay I5YY DAY AN 4 <[AaA I¥YA <[oFa ¥
AN S <[AaA ¥V oY AN 4 <[AaA ¥y <[oFY b
AN S <[AaA AAYN Josa AN <[AaA <J¥¥a <[63a 5
<[AYA <[AaA <I¥AY I55¥ <[ava <[2aA RAYNY I5¥Y \4
AV BARVN I¥YY Javy <[AAY <[AaA <I¥YA <[oFA A
-[aya PANY Y <Ivay AYRYN <[avy RANY Y «IAYA VAN a
<[AYA <[AaA RARYN 155N RANZN PIARVA <[00 [50A ).
<A¥Y DALY «Ivoy ARYY <[A¥F <[aay Ivos DAL AAl
QAVS «[AaA <I¥YA Nians </ava <[AaA J¥a¥ <I5¥Y WY
RAVAY <[AaA Ifa. I5¥0 RAVAY <[AaA o I50) W
<[AF¥ DALY 150 JIAY Bivad DALY oI5y BZNE ¥
<[avy <[AaA AN I8N AVAN BALYN /¥y <I5¥Y \
<[AA- <[AaA Riral Riag <[AAY BARVN Y5y o[fes \te
<IADY <[AAD AYAYVN VoFy <IAYY <[AA¥ AVARYN VoYY \\4



http://dx.doi.org/10.29252/jwmr.9.18.157
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.21.5
https://jwmr.sanru.ac.ir/article-1-872-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1397.9.18.21.5]

[ DOI: 10.29252/jwmr.9.18.157 ]

VPY 5 oty oy g5y oS0l sla g, 5l e3liel b ailjgy g po (5 ye5 — pes 35l

275 oy sy 485 G0 Oluslxe S5 @l ¥ Joi>

Table 4. Overal results of performed computations for empirical methods

wi NS MAE RMSE Uba
AT - viats -I0A¥ JRCAI
il A AVAY A¥ayY culy sy

Blee lod (1 Silo /80 slld Slauye (Sl )l
Gsolis Caps g (AN @SSl (i cupd o /FRY
Slaye 5:55ke yi> 9 ME(M5-16) gy (sl +/RAY
O G po /Y5 dﬂaﬁ slbs u,i;L.o o fEYe s
Sy Sl SV Sgely cap g /WA GISSL
@S Ghgy b dlie 3 Jo8 BB 8> SVR(SVR-16)
Caly C)p (275 gy & Cond Syt C83 9 j90 5l
5l Jeols s b osel s guls (saumlie sl 035" &3l
cdy o b gl (V) phlSes 5 e b ek
4 SVR 3 M5 lo b, jl edlitl b Bl clogy s
Sglp 3 Gy s (ol o I it <ol
5 2l 3 (BBgR 3 D9 oy ol 3 (5)%5 5y
bl s ol )3 @2 pe 335 9w (YY) oySen
olsidy )by (dle 5 (Syuae (as laasd i oslitl
ool 4 3l s Alols gl duglis 395 it
bopdls (hagh gliw np@dy olgs 4 SVR-1
Soinpin MW glad Slape (ke Hlo (il
oSyt b dglie )3 @2 pe 355 9 5 | 6538
Cloye xSk yis b SVM-RBF (45,8 & (3559
("Y)ohBer 5 (ply Gimgs ) oad ()15 /02 glas
2905 &)l

& B35 9y pdlie Clpssd sla)ldged (ieen
b slgbyy Fr sl dw gl eddidnoien
P ey g el 28 gy g eile
P Culge —oeiy —Pb gyl Job gl b awlis
Sl glaylses o VO JSS  (oriecous dls g
Wilodds saly UL.».: Y JS.»: e )95.\40 L;l.mui‘:”

Joo wwl pasuie ¥ g ¥ gl axsls

olel sl jzal)l 99r Ty g s oy 2eS” zisls L SVR-1
Blas sl (ke /Y (glad Slaye (ke Hi
Goaby cops 9 /AR @ISSle B s /YVA
ilisee slag s b duslio (o 1) 5,Sles i </AQY
» oeed 3 SVR g M5 sl Juo (gly ond Gy
wily Coly <oy g S (228 iy b amlie
0k pda il L MS-1 Jse <5 pgd 4o 3 cunl
oy VA llas glad (4 Sle o /FVY gllas layge
S aBS ) AT Ssalyg s 5 /AN iSOl Lt
g @2 by 4 Cund e e 4 B
dugliio )3 odel Joo & slaow)p b comizren 23l adlllae
b ile 6360k slagdy, i lag )l 5Shes
Sl 51 5ol O 48 235 oo sdaliie ¢ o35 Lalgy 3 Slee
M5-1, M5-2, M5-4, M5-5, M5-) M5 3, g1,k \V
SVR-1, SVR-2, SVR-5, ) SVR b5, syl D 4 (8
4 Cuud (syieS glad o iy By (SVR-6, ,SVR-8
& 325 9 5 ot je )l (225 slahs,
2 5 n Lbay caslio g Yl las ¢8> Gy 1)
Cd> Culy Cyg g @ oS 35 9 S mote
MS [ogy gyl o jllad 5 0355 )l Jod LB
s (SVRAT) SVR (ogy sk s 5 (M5-1)
2 sl d gV slag,lw coly jo ol atily (5,58
iobe )2 Py gl 4w lyie 4 SVR 5 MS () 9
gl 503 (Bl jlxad OBl g o ol (3,05 9 p5es
Glod yiehl 93 5l ks 4l 4 a2y b 55 VP o)l
bl b bles oo oolitel i8] leby Camas g Sibie


http://dx.doi.org/10.29252/jwmr.9.18.157
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.21.5
https://jwmr.sanru.ac.ir/article-1-872-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1397.9.18.21.5]

[ DOI: 10.29252/jwmr.9.18.157 ]

VY

5 9 e

(595 2 50 (o) & 30 B8 § pud

9 RS

(595 2 5o o) @ 0 3

(593 32 0 o) @ 50 355 § w5

(395 52 0 (glao) @ 0 3

o gl TSVR-5 bug ks oy A

kg et O

Vo
%

0 Noon \o Y
395
oy g e © Sl

Yoos
29

9 M5 SVR (slajig) g cuign = ety —g8 b, 5l olatl b a yo 3y g poes pdlie Sloj lyuids (slaloges =V IS5

WAY o 5 arl 1A 0)las [ogd Jlo 550 059> e dnlicimgly

L
o«
3
-
53
3’ ¢
3
%
a
s I
o Vi \ore
39
\
:{ © gaalze  SVR2 by odkd it O
) A ;
3,
Y
y
3’ ¢
LS
%
a
N N o
I [ \oue
393
\
i o Glualis  TMS-l b g oad g e
X .
3,

3

(395 2 s o) @ 0

1 © Slal  TMS2 hugaad g S
o, A

£

)

% ¢

N

%

a

o I

95 g culy Co)98 (025 sla by,

Figure 2. Time series plots of reference evapotransﬂ
empirical methods of

ration using FAO-Penman Monteith, SVR, M5 and

argreaves and thornthwaite



http://dx.doi.org/10.29252/jwmr.9.18.157
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.21.5
https://jwmr.sanru.ac.ir/article-1-872-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1397.9.18.21.5]

[ DOI: 10.29252/jwmr.9.18.157 ]

VY 5 Ol 3 gy SolSodls (sl by, 5l e3lisl b &l @ po 85 = p5es 35l

¥ =0.9792x + 0.1491

>

M5-1 b g g 2 G0 5 s 0ok i e
1

SVR-1 i g G5 3 e 0k o o 5l
%

\d ¥ 14 A e . Y ¥ 4 A 1.

& OA s pE Flalis lak 3,&,6,,_5.,:‘_,:!»&,!.&-

- 3
2
3 r
5y ]3 A ¥ = 0.905x + 0.2893
‘13 A y = 0.9159x + 0.2742 4 P
3 1 1
i, %
{ o
- 2ox
. % 1,
.% t)
- Y
L)
3 . 4
w
4 A
wn = T
n>E Y ¥ 5 A 1.
@ Y ¥ 5 N B O s S el ks

Emr GRS s S Pl Sl

3 )
¥ E!
1) A ¥ =0.9159x + 0.2742 i
X * A
° <
1 . 3
? s .
i 1
- &;
A X
3 S
LY} %
2 . R
—S] 3 \$
= 4
a e
wn
\d ¥ 4 A | s r
L OR s pd Flalis i . Y ¥ 4 A 1.
A SR s o el ke
1.
43 1
2 9
]J A _ * *
> )—0.896:+0.3 ° =
B ° 3
:;3 o, ® i ¥=0.743x-0.407 P
3sl ERE
j{‘ “, : i B ® se o
-y ° - i}r | e
3 ° [ S
9 Ly Peo
;EJ " ;; ¥
. (] .
i iy
T A o T T T
T r # A ¥ - A ¥ gL I
A G g R Sl s T G A Flaalis ik

Figure 3. Scatterplots of reference evapotranspiration u5|hnngAO-Penman Monteith, SVR, M5 and empirical
methods


http://dx.doi.org/10.29252/jwmr.9.18.157
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.21.5
https://jwmr.sanru.ac.ir/article-1-872-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1397.9.18.21.5 ]

[ DOI: 10.29252/jwmr.9.18.157 |

V5O

365 311 VL olye 4 8> S 0o (glaJue g 039 yiaS
slodly o (Siisend colyps g jlee Glyoal polas oo
9 SVR 5y lagliw bawg odd (dngin 5 Slalis
S3a Y (Y USE) 035 ey (228 sl 9 MS
Slunlie abaii el dlols ools pl,SLs )3 & cad

bl aslllae 3550 slasby) (sllas

Standard deviation

AAY b 5 3ol /A o5l [oas Jlo 350l 0jgn o e doliiimgy

bl iz olg (o ¥ S5 Sl (5pSeons LB 3
P9y 90 2 Sl ) o)led gyl Sl ol &S 3965
— b g, 5 Jols polie L gyt gilas SVR 4 M5
Tyey 4 3 VIS  Gezen > Culige —pely
o L g ok oasy blis 411y, 45 53,5 Lo odnlie
SVR-1 9 M5-1 LJ"’9) 9o 2 d‘)’ ()L“" o b">) & 4

® Observed

® M5-1

M5-2

M5-5

® SVR-1

® SVR-2
SVR-5

@ Torrent white
® Hargrivs

Standard deviation

_ $lig) @y 3)% 9 p5 (b 0 adllas 3)00 Sl o) ok plSLy ¥ S5
Figure 4. Taylor diagram of studied methods in predicting daily reference evapotranspiration

$x5b by Glp (lidlen o)l 5l (Sl
slagdyy (85 55 )3 L g 03)F iy pad o 0)Lal uile
ol g Ll 5 See uly C5)95 9 592,55l (025
solie duglis b cd )3 I8 Ly dyge ot Cows
ol polie g adllas 3)90 slagbyy bawgs 0rd (Snie
ool slogell bwg cuBige —peiy —glb by,
oS sl b M5-14 SVR-1 ¢l Juo oS 0 yasuiie
5 ok Cinys slagyliw ;00 b dwlia 5 s e
Iy Yl il 4 cds adllas 3)50 (2285 Sloby,
Sheslitwl bl o 500 cole 4 loaly lis dg5
sl (Jilis slod (ke (slod cwlidlgn (slayzal )l
5 2Bl Olebs Cons g 3L e g o Cugby Sl
oS 555 gy Jaie M5 g SVR sl pg, 5l edlitul
ey ol > 985 moh Vb <8 LTy gy
9 5 39 ) adllae 3550 slaglyy (Ul 235 e
ohXingn ;N3 bugi e sl @bl 3 g2 pe 5y

25 58 Gyt (yp g o 3)90

Jle @5 0 sdalie ¥ G 1 &5 (gekilen
slo bl oles (53,5 a5 5 b (5, ] aik) SVR-1
2y B 9 yS Gepie 0 ) YL Cdy (9349
Jde 50 gy copl 5l dm ol ddly 545 K] pd il
bosls b (£yaS Lolais dlols (S5, 30,8 alaii) M5-1
P9y (m9d Olgie 4 g adhy () e ki) Slalie
L5 anlil 5y
dle (550b oty (WUl ol Budod )
@y oS 3y% g 35 (me3S sl SVR 3 M5 Jals
Ol Sedel s 4y ol 9 <85 )18 (S9lS g w390
oly Sy g se Sl 25 by @B b by 9
Q@  Segiaw ol olaie Cply 05 dwlis
oS o) Jled slaoliul o gm0 oy
ey 0,90 (b ol wlidler slaodly o 1,5 Ll
e 15 351 olidlgn lojlo 5 VWVA-RE cla s
—oek mPB gy bogape ol 5ym gy dle
D Ban polie plgie 4 polde ol (185 a3 5 g s


http://dx.doi.org/10.29252/jwmr.9.18.157
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.21.5
https://jwmr.sanru.ac.ir/article-1-872-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1397.9.18.21.5]

[ DOI: 10.29252/jwmr.9.18.157 ]

\icd 5 oty oy g5y oS0l sla g, 5l e3liel b ailjgy g po (5 ye5 — pes 35l

&l
Alberg, D., M. Last and A. Kandel. 2012. Knowledge discovery in data streams with regression tree
methods. Wiley Interdisciplinary Reviews Data Mining Knowledge Discovery, 2: 69-78.
Alikhanzadeh, A. 2006. Data minig. Olome Rayaneh, 340 pp (In Persian).
Alizadeh, A. 2002. Irrigation _Sgstem Design. Ferdowsi University of Mashhad, 450 pp (In Persian%.
,ZAZI|72ade(k|1, Al‘D'er and §3h. Kamali 2008. Crops Water Requirements. Emam reza University of Mashhad, Iran,
pp (In Persian).
Allen, R.G., L.S. Pereira, D. Raes and M. Smith. 1998. Crop Evapotranspiration. Guidelines for Computing
Crop Water Requirements. Irrigation and Drainage Paper No. 56, FAO, Rome, Italy, 300 pp.
Arun Raj, V.E. and P.G. Jairg. 2014. Reference evapotranspiration modelliing using support vector
regression. International Journal of Scientific & Engineering Research, 5(7): 2229-5518.
Babamiri, O., H. Nowzari and S. Maroofi. 2017. Potential Evapotranspiration Estimation using Stochastic
Time Series Models (Case Study: Tabriz), Journa of Watershed Management Research, 8(15): 137-146.
Bhattacharya, B. and D.P. Solomatine. 2004. Neural networks and M5 model trees in modeling water level -
discharge relationship. Department of Hydroinformatics and Knowledge Management, NESCO-IHE
Institute for Water Education, P.O. Box 3015, 2601 DA Delft, The Netherlands.
9. Boser, B.E., Guyon, |.M. and V.N. Vapnik. 1992. A training algorithm for optimal margin classifiers. In
D.Haussler, editor, 5th Annual ACM Workshop on COLT, pﬁﬁ;& 144-152, Pittsburgh, PA.
10. Chiew, F.H.S,, N.N. Kamaladassa, H.M. Malano and T.A. MacMahon. 1995. Penman-Monteith, FAO-24
r2elference crop evapotranspiration and class-A pan datain Australia. Agricultural Water management, 28: 9-

© N o g rwdh B

11. Dastorani, M.T., S. Poormohammadi, A.R. Massah Bavani and M.H. Rahimian. Evapotranspiration
Condition in Yazd Station under Uncertainties of Different GHG Emission Scenarios and ET Estimation
Models, Journal of Watershed Management Research, 1(2): 1-20 ] ) )

12. Fallahi, M.R,, H; Varvani and S. Goliyan. 2012. Precipitation forecasting using regression tree model to
good c;nntrol. 5" International conference on watershed & soil and water management, Kerman, Iran (In

ersian).

13. Gleckler, P.J.,, K.E. Taylor and C. Doutriaux. 2008. Performance metrics for climate models. Journal of
Geophysica Research: Atmospheres, 113$D6): 1-20.

14. Jensen, M.E., R.D. Burman and R.G. Allen. 1990. Evapotranfiration and irrigation water requirements.
¢S(|3(E3|\g§nuals and Report on Engineering Practices No. 70. American Society of Civil Engineers, New

orK, pp.

15.Kisi, O. and M. Cimen. 2011. A wavelet-support vector machine conjunction model for monthly
streamflow forecasting. Journal of Hydrology, 399: 132-140.

16. Kumar, M., N.S. Raghuwanshi, R. Singh, W.W. Wallender and W.O. Pruitt. 2002. Estimatin
fi\ég;()%raznzslﬁ)iggtéon using artificial neural network. Journal of Irrigation and Drainage Engineering-ASCE,

17. Manikumari, N. and G. Vinodhini. 2016. Regression models for predicting reference evapotranspiration.
International Journal of Engineering Trends and Technology (1JETT), 38(3): 134-139.

18. Mirhashemi, H. and M. Panahi. 2015. Evaluation of a data mining model in predicting of average
temperature and potential evapotranspiration month for the next month in the synoptic weather station
Yazd. Biological Forum- An International Journal, 7(1): 1469-1473

19. Naderi, N. and A. Alizadeh. 1998. Determining reference crop evapotranspiration in Mashad and
comparing with empirical methods, MSc Thesis, Ferdowsi University of Mashhad. 110 pp (In Persian).

20. ggl g/l3 2006. M5 model tree for land cover classification. International Journal of Remote Sensing, 27(4):

5-831.

21. Pal, M. and S. Deswal. 2009. M5 mode tree based modeling of reference evapotranspiration. Hydrol ogical
Processes. 23:1437-1443.

22. Panahi S., M. Karbasi and J. Nikbakht. 2016. Forecastir:(A;Iof reference evapotranspiration using MLP, RBF
and SVM neura networks. Journal of Environment and Water Engineering, 2(1): 51-63

23. Quinlan, J.R. 1992. Learning with continuous classes. In: Proceedings of Australian Joint Conference on
Artificia Intelligence (Singapore: World Scientific Press), pp: 343-348.

24. Samadianfard, S. and E. Asadi. 2017. Prediction of SPI drought index using support vector and multiple
linear regressions. Journal of Water and Soil Resources Conservation, 6(4): 1-16 (In Persian). )

25. Sattari, M.T., V. Ahmadifar and R. Pashapourar. 2014. M5 tree model b modeling of evaporation
losses in Eleviyan reservoir and comparison with empirical equations. Irrigation & Water Engineering.
5(17): 110-122 (In Persian).

26. Sattari, M.T., F. Nahrein and V. Azimi. 2014. M5 mode trees and neura networks based prediction of
daily ETO (Case Study: Bonab Station). Irrigation and drainage, 1: 104-113 (In Persian).

27. Sayyadi, H., A. Oladghaffari, A. Faalian and A.A. Sadraddini. 2009. Comparison of RBF and MLP neural
networks performance of reference crop evapotranspiration, Water and Soil Science, 19(1): 1-12 (In

Persian).

28. Soltani, A., SM. Mirlatifi and H. Dehghanisanij. 2012. Estimating Reference Evapotranspiration Using
Eimi,tec; Westher Data under Different Climatic Conditions. Journal of Water and Soil, 26(1): 139-149 (In

ersian).

29. Taylor, K.E. 2001. Summarizing multiple aspects of model performance in a single diagram. Journa of
Geophysical Research: Atmospheres, 106: 7183-7192.

30. Trajkovic, S. 2007. Hargreaves versus Penman-Monteith under humid conditions. Journal of Irrigation and
Drainage Engineering-ASCE, 133(1): 38-42.

31. Tragkovic, S. and S. Kolakovic. 2009. Estimating reference evapotranspiration using limited weather data.
Journal of Irrigation and Drainage Engineering-ASCE, 135(4): 443-449.

32. Vapnik, V.N. 1995. The Nature of Statistical Learning Theory. Sprin%er, New York. 314 pp.

33. Vapnik, V.N. 1998. Statistical Learning Theory. Wiley, New Y ork. 736 pp.


http://dx.doi.org/10.29252/jwmr.9.18.157
https://dor.isc.ac/dor/20.1001.1.22516174.1397.9.18.21.5
https://jwmr.sanru.ac.ir/article-1-872-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22516174.1397.9.18.21.5]

[ DOI: 10.29252/jwmr.9.18.157 ]

Journal of Watershed Management Research, Vol. 10, N0.18, Autumn and Winter 2018 ..........ccoveieeiieiniiiiieeiiitcineeeiieee e 167

Estimating Daily Reference Evapotranspiration using Data Mining M ethods of
Support Vector Regression and M5Model Tree

Saeed Samadianfard® and Solmaz Panahi?

1- Assistant Professor, Department of Water Engineering, Faculty of Agriculture, Tabriz University,
~ (Corresponding author: s.samadian@tabrizu.ac.ir) ) ]
2- M.Sc. Student, of Irrigation and Drainage, Department of Water Engineering, Faculty of Agriculture, Tabriz
University
Received: November 7, 2017 Accepted: July 2, 2018

Abstract

Evapotranspiration is one of the most important components of the hydrological circle and its proper
determination Is highly important in most researches such as water hydrological balance, design and
management of irrigation systems, simulation of crop production and design and management of water
resources. Nonlinear characteristic, uncertainty and needing for different climatological datain simulating
evapotranspiration are the reasons that motivate researchers to investigate data mining methods such as
M5 model trees and support vector regression. In the present study, the precision of mentioned methods
in estimation of reference crop evapotranspiration in comparison with empirical methods such as Hargrivs
and Torrent white eguations was studied. For that purpose, using meteorological dataset of 1371-1394
years of Tabriz synoptic station, the daily values of reference crop evapotranspiration were computed by
FAO-Penman-Monteith method. Then, using these computed values as target outputs, 17 various
scenarios combining at last one to up to six meteorological parameters have been considered using
mentioned methods. Finally, the capability of support vector regression and M5 model trees for
estimation of evapotranspiration was analyzed using test data set. Results of statistical analysis and Taylor
diagram showed that support vector regression and M5 model trees in a case of considering all
meteorological parameters with root mean square of 0.398 and 0.44, respectively, provided precise results
comparing with empirical methods such as Hargrivs and Torrent white.

Keywords: Empirical Methods, FAO-Penman-Monteith Method, Machine Mearning Algorithms,
Reference Evapotranspiration
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