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It is common to use different data mining methods in drought prediction. However, the
selection of the best model is mainly based on the accuracy of the simulation, while
most of the studies do not mention the features of the models. In this paper, the
performance of the most common data mining models, including Multilayer Perceptron
Artificial Neural Network (ANN-MLP), Radial Base Function Neural Network (ANN-
RBF), Regression Decision Tree (CART), Model Tree (MSP), and Support Vector
Machine (SVM) is evaluated in order to predict monthly one year ahead rainfall at
Bandar Abbas synoptic station and then the characteristics of each of them are
described. Calibration and validation of the models were done using raw data and a
three-year moving average of climatic parameters from 1347 to 1396. The performance
of the models has been evaluated using different statistical indices and comparative
diagrams. The results showed that the SVM and M5P models have good prediction
performance with RMSE of 7.93 and 8.31 mm, the MAE of 3.66 and 4.69 mm, and the
CC of 0.83 and 0.82, respectively. Also, with the exception of the CART, the change in
the data mining tool makes an eight to 11 percent difference in the accuracy of the
estimates. Therefore, the most appropriate model should be selected based on other
characteristics of the methods besides their accuracy. In addition, using the three-year
moving average of the input parameters has increased the correlation coefficient by
about 78 percent and reduced the RMSE by about 63 percent. The analysis of the long-
term drought situation showed that with the increase in the period of the standard
precipitation index, the separation of wet and dry years becomes more specific.

Cite this article: Mahjoobi, E., Abdolabadi, H., Mahjoobi, J., & Ghafoori, E. (2023). Investigating the Performance
of Data Mining Models in Rainfall Forecasting and Drought Analysis of Bandar Abbas Synoptic Station. Journal of
Water and Irrigation Management, 13 (2), 429-449. DOI: https://doi.org/10.22059/jwim.2023.355159.1053

SROlE]

NC

© The Author(s).
DOI: https://doi.org/10.22059/jwim.2023.355159.1053

Publisher: University of Tehran Press.




- -
. *»
r\'AT—‘H\'\:J.?g//o)/iﬁ U/J‘L:’ !*f ._a;{,‘,

Homepage: https://jwim.ut.ac.ir/

C/’/';"? oy

FSiS Cuardg Juloxd g i3k i 39 $3T010 G O o (w5

LS 500 Sy g ol

f 6ottt | T gz dlgn | T gabTJans den | B gomone las

emahjoobi@shahroodut.ac.ir :4sblly .l 9,8l gl  xis oKl (ol yes  wdids oIS anasjlarmo g o owdine 09,5 ¢ Jgims 0Liunyg )

h.abdolabadi@scu.ac.ir :aabll, .l nl ¢jleal leal ol sea dd o1 cum slame Ol (it 01K (am jlasms (wsdipe 09,5 ¥

jmahjoobi@gmail.com :4sbbl, .oyl 3 0j Mikie O €815 dnwg g b olee ( S ysun (slnojlo = lyes wdige oSl ¥

chsan_ghafoori@hotmail.com :aebll, .oylpl o 5 clidss ¢ pale doly oMl Sl oKl o)l pos wiige 0aSuzils ¥

2SS

Ao Sl

odas jabdy (ool bl Jglate JlwcSiisd o i 50 s9lealy calisee (sla g,y 5l oalitwl
Gl Shs 4 Oldllas L2l j3 a8 Jlo s 305 0 Sygo (Gilwdnd cB slio p 5y Jhe bl
s e pidsliie | glasgemme oS dlde pl o ol ol arg PGS e (gldle
Al o b e 45 (ANN-MLP) (s 4052 (ime ot 45 Jali (550503l
Jos ostle 5 (MSP) (55 Jto (CART) igpu$y a5 {ANN-RBE) el
g o (bl (le )yt Segiw ol dn Jlo o (5L Gt Cax (SVM) ol
5 pL sloodls I odlatul b b Jde oo ¢ (oxiwly g o gupts )] 51 o ya cla S
bl Jae 5,Shos 05 plosl YWAS B AYFY g)ll 03 50 (ouldl (olayiol,b o dws S pcie ko
claJse o olis @i s oLyl (clamolie claylages g caliste (oylol (slayal)l I el
¥I52 o Y55 4l MAE e le XY 5 VAAY Ll RMSE ,p0lis b ity MSP 5 SVM
GEree S bl Guoty > elke @D AT 5 AT (Stes copS g e
ool b pess By 5 (sdo > WY U cudn ciglas (g9lS0ald I3l 3> s CART Jao cliziwlay
Lol e8> je LS )0 o sbyy slo Sy slo live » 1L powslie Jao OBl plplhy 048 0
295 1) (Stsad 0 bawgio jobdy b dus S i (1o 5l (6365050 0gMes D0y )50
SeSis Gxejlyy cundy Judoo .l ooy ialS” 1o p3 £Y 3905 |) RMSE 4 islidl asys YA
Sitb g ogbye slolo KB olise oMl (il (5L ey Job Sl L b s

Dgdise puasule

gy Ao il g4

VAN el &,
VY[ AN 16 5650 &, U
DR VAV JRE IR

VEY/FN 1)L g B

o jlguls

(ool S D
oylstl o)l Lasls
Olsdy )y opile

Cundg Judod 9 (55l (smpbn 5 ggoald gloJuo 3 Slas wyy (VFY) Slusl (g)s2e g Do (g Sue sl e olas (e dlw!
DOI https://doi.org/10.22059/jwim.2023.355159.1053 ¥¥a-YA (V) W ¢ gL/ g o/ g pulo iy puis . olie ybis Sstoginnsr oliaan]  JluSiis

@ S O riys ©

NC

R SOS R -t NCHA ve) IPVINE P POV




Y OlKad 5 (w0 dlok [ oK) JSKiis Curidg Lo 5 iyl (it 43 (5915013 (g0 o 3, Klas [y 3

doddo .
simsa] ogee (3,5 5| (U 2lopg] Olpis 4 ) adldl sloosly plo wle glailaio ja 5> Jlosiis
Loukas ef al., ) a3 o )8 53U cov Ol mlio d wyiwd 13 1) xolgs muiions e g puiiians & jguods 45 L3L oo
sk dog g Sitddeg Gble o Ll 0pdo Cpo alomgc] clogreld den > ISl onyyy (2007
ol 22 @SB daslod plnl 5edS ) iGke SR G Ssbgie Gbaalle Canlus e )l
slodije (Jlocsis sny cwl 038 @ 1) gl ol 5wl b ol i (aldlpe cubdse
jo ilisee pole )3 bad by plos b baplusl ()b 5148 (o eS| Slol 3 (ooLaiBl g (eloinl o Jaolin ;
5l s ySols (Bachmair ef al., 2016) 18 s 3283 yobois |y 11 slo Jociis sloj g oS0 Slitaslys
Gilgw (s 9 el b plgiee bl s dyoSal glahaie g ) (il yd g cod Jucsiis any, bl
(sapde ozl b g 3ges ygly 1y oSy cpl CulSil (slaeygd oyt 3 SleMbl g lais)ge adlate (o)l
5 ol sl @leabels (b Glpl n 569 ps (e slag)b dbml gy b (el ) Gl 5 oS
dged o |y oy ol b ablie 095 g 03,8 > leMbl gl 5l plgie & wble JoSits e
Fole 3l sbans ) &S glSodls e sy hg) 9 JleSuts Sl yadls I gpSose b baailels wg5 )l
Coa (gdasie sl yasls (Mokhtar ef al., 2021) 65,5 o )8 sdlatwldyge g dbul wilad )3 )1\8 asg8d,g0
o3l lgie byl aley 51 4 ol ond &l JlocSits b ablia clap b 5 odlitl 5 JocSis o e
o3lizol b 5 pb 1y il 005, lkl sl g alS caghy Lasls Jloy oy Lasls el Lasls dacS
ol Gilies 5o o oy (slaelio » JlocSiis @ad 5 4l Gl o)y Y ledbl b asls oyl
Gty 3 Gigke Sl el pasls g (SPT) sk owdsylibiel pasls daasls cpl o j) s
UhyinS 4 43 b bk j) (Nikbakht Shahbazi ef al., 2012) 3 _wlisls 5 55,508 sla JluwcSis
N Olyisar s5Boals dmosls jlo3kj pom 0235 sl goite slalpl cdlu g 03y oGl slaailols (4938159,
Soxo 9 6ol 3l sladnsa (gl Wosly o blo)l o (il adS .Cuwl Bl drwgy (laid) o pole laadls
oxcnl 1)l @9 )8 CIES pieS b i LSl 395 lagsbey 2 Glee el )3 bl (Sl
Slgs oo g oo i (golSodld 4y ] Gl a8 odld ogul w90 3 ABlSl clagSl 5 aitps CleMbl ais
Jle ) Se 2l ooy sy oS s oslisal g laosls | (shaegerma olon bl Chogt sl ke
YL ey g &8 B Ol i Slillas 0j y> (g9lS0oly slabg, ) 38lsg, edlitl g culgide Lol
Oy L9y Aitaus 308 oo, () 457 Lol o5 sl (Su5lsyaem = orldl Pluo (gilustinds g gy 5 o]
Loilp oo o gy 4 (Sl S5 b | 5 03908 gl |y o JSike 5 opgihe slaosls (2o daosl
2 oy g oo Ll g5y g a8 SO 00 JBb g Modle sl ingh des 5l )l b, Ojseon
Khoshhal Dastjerdi and .>ge5 ojlil 1> Gldllas & olgf oo b pole 5 JwSid o i die)
O9rpey, WY (Fouan (oas 4SS | Gldel liwl 3 JLuSis 0593 (dnbe sslaied: (2010) Hosseini
Nikbakht .8l cusd JlocSids 0)90 dwius )0 doyd A YL Cdd a4 5 00)S adlitul r(MLP-ANN)
i 1 T(SVM) iy Jop cpmble Jio 5 wlidlon JlocSiis Liniie ly (2012) Shahbazi ef al.
$ SVM e o8 ol ol Loyl gobs 3,8 oolatl witwd s & 508 a1 a8 slolo o il (slasuw

owlidlen glaosly lad e ola)lid) o o )0 lgi oo g dad oo &l Jod BB o b oo do yiw d)lse ]



VF+F (090 0ylas w0 jw 0,90 o 55lof 9 of o o Yy

bl 1y AVl JlocSis o yiw (2015) Ghorbani ef al. 5,3 1,3 eslitwl g 4553,90 (s kol olgS 0,95 L
ol 50 L5 e biadS il dussS ) dibate oy uad JlocSiis Lyl 4 dag L MSP 55,5 Ju
s93ome g /AN [ Siused o i e b Hler Juad 3 5)L polie 4 dngi b eVl JlecSiis o ol olis gl
» 1y MLP-ANN Ju 3 Slas (2015) Dehbozorgi et al. .cul awiin JB /Y s Sl pShe
okt Lailg) 0 MLP-ANN &8 551 ol 5l (Sl gl )l L5 o)l 0,90 lidlsn JlocSits st
sldasMo LB joboay  Blg polds b ool Cawddiwdds s g Wil oo s 4 B v o)L g JleSlis
T(CART) g5y ol €53 Jdo bl ¢ JlocSiis i in sl (2016) Mozafari er al. . sl
Socis i 1 CART Jae a5 ol Lis bl golis .l j13 b)) 590 i S giamw oliu] ) 1,
Iy o b o ycalieo Wodly dls g S e (1wSle 5l oolatwl 9 5l cawlio Sl H5She oK) )
ik g5y bolas bgy 5l SPI asls b JlocSiis ot «ly (2017) Deo ef al. ans o oLis 355
oalil Wzl 5,5 0 MSP 2305 Jde o (LSSVM) @layye Jolis bty 515, el S(MARS) 0 pizoiis
Mokhtarzad et al. .xa> o ) G iw <y <yae s MARS § MSP i, oS b lis )] guls .3,
SVM 5 "(ANFIS) il (gome —535 glil s {(ANN) egimn e 4505 sloJae 51 (2017)
S5 3,Sdas SVM Jio a8 5y L o)l ol 155,S" odlaul 3,400 e ;5 SPI Lasli oy jskateds
obe oo by oUlg (2020) Zhang et al. sy 55 Jao 90 4 s JlocSis ot ¢y
st @l ) SYM 5 U(WNN) Soge (qas 45ed Jis ((ARIMA) diendgs a3l oS o
oo ARIMA o oS oy 5Lis byl zols .ol j18 wypdjge o yeiS Sboole b JlecSiis
MLP-ANN 2,65 5| (2021) Nivedika ef al. .5)y JucSis gusin 0 5500 Jio 90 4 Cans (6,10
Lo yotS Gliwa]) slacdbl ) @ly wldlgn olSiul W 5 Geoliss’ 5 ctantly sla JlocSis sopin @y
eolislamgd (eloyuizo gl olo 93 31 o3lizusl b SPT o (6 yus osllao iyt 5| (S W] gl .0,5 oslizl
b3 ow,Sy o (ANFIS) uae (g5 zliiwl piwaw 5 MLP-ANN (¢la Jio (2021) Malik et al. g
2l 303 )5 Ly pdyse Aid yeiS olSiugl i > wlidles JlocSis aiie ¢lp |y | (MLR) alSas
Slasly asg b6 5,Slee MLP-ANN 5 ANFIS (cla Jao 45 sl jLis L]
FLSdS Gapin ) yleals Cilise sbahgy LUlF 2 b LS GRegg gd e oanlie o jobolen
Ll 3 5 Al 4 5ol J3l 2 et o Cudd ol Glisen el e oJlogyl b slessly o,
5,5 Sy (ot <85 lizn g2 it Jho A5 aas gty (95T o |y tdls syt b 5 (sl
oas bds (Jle e wcul snds lojlil iy gl Jae sl Shg a4 Cldlas el 3 oS Jbs >
Ml @l |y Jie o5l ot %05 5o b oniysSl 3 orddualbne (slagyjy o Sl o5ias
Cua jlidyge sapehly b sl K3 whe Alins Cunl Coenl 3)50 Ao (293 (eSS 3 C T
Sl Glr 6rns sl sl gl )y Sl ool alins S8 4 g5 g Jde (9,50,)8
Gl Gaptn 9 S (Sg5e I alie Hlald g2y cul b iy (ogian (uas sbbaSid 4 Cand Jae
Oy Sy slacpile 5 (cguae ac AL AW 5 By gl Jse & cwl Jb o pl e o
opdghie jl laegerme QL 2L gk cul S Bae oll ol g Bl el g sy B ol
{ANN-MLP) ;Yuiz 95000y (Sguao (mas &b Jold ol 5| Sy 50 (cloShy (o 9 sgodb (sla o



LYY olKad 5 (w0 dlok [ oK) JSKiis Curidg Lo 5 iyl (st 43 (595013 (g0 o 3, Klas [y 3

3 Jae CART) (g)S) spSpanai <853 (ANN-RBF) (eled al ol b (oguas (as &Sud
BATFY 0)93 (b (plie sy Seipgines ol )3 Jocsits iy 3 (SVM) gty b owile 9 (MSP)
live o8] ) oSS Camdg o ygms g (souldl (slmosls o dus S yoxio (5:Sikeo 51 olizl L VYRS
bl =) e s 1y Slwl oo adlhe ol wody oy dle (SPI) skl syl asls
dcgedne 93 59y p 0Bl 2l Sl Jie Sl Shy (yp Y i Jlcsis Clllas ) g5losls s se (35 g
o =¥ g e D (bl g Jue sla Sy sliee 2 @l Jolow -1l dw Syotie (5:50ke 5 1 031

(SDAT) 3l JlocSits Ll 5 435 )5l aer (slie 2 JloSis Comdy

Ly g 3lge ¥

o n 4Y Lo (guas (as dSud b Jse daosly Clasuie g (Sllas dilate (Syee Sl i 2l 5
s Jal Syt a1 sble 5 Jho S5 gmnsSy amal 53 elud 4y ol b e oS
S Gl 25 By JluSis byl (a3l g e L o Glajlse (e 258
(51a3 () boogio 51ed dP) sl ol el slo oy 5 4 bgpye el 5 ]l csglSoss cslo
P slale ywlds 3 a8 (WD) ob cps 5 (WS) ol ce jo (RH) oo Cugboy (Tiin) J8las (slod o Tinax) il
b osly iR .03, eoliw] el i cd ol jas Sy g oSl (3 WY ol IVFY o Sl Job
ass )3 Gl polie 4y gy e oSl cnl )3 olel bl (8 18 sy 3y90 I cigesl g 3l ealitl
2 ol gl ol )l s Cllug & o b il eSS oy Cans (o5 I edliiwl b a8 Cavlaole I (gdga50e
Wy Gk A 4 )3 8 50 el slaosld dcgese LS )0 ooy e dw S e (1Nike ¢ Sllllas 0y9d ol
o5 0oyl S g, pl slaodly gl aS ol L guls b edlitw] VL I b SIS e 9050 5l laodly 54,
2oy g 63 s o b (gyle] Llod 4y g ond 5 jatuiie gy oyl S yoie pSoke I edlitl I e S 03
BAYYY oL 3 ailale wlie ,3 laodls o ys Ar 5l oiwly dlsye 13 b s g0l Caps ol ialS x5, gyl
A5 odlazwl YYAS B AYAY (cla Jlo 4 bgsye aodld dopd Yo 5l oxiwcomo dlsye )3 gl Liolesl gl g WWAS
a3 Ui ) GiagR cnl sl B (V) S

axdliaos g0 dilo N Y

O30 il s ) 0oy ¥V 5 0392 i iy ol ol Sl 53 oS50 lid )3 Bly el iy (s o
OF 5 bl (2)e B> Ve g 423 TV Cusbge 13 g Gl (635 00 850 53 byl b 9o Joli
s 2lsn gl o cpl il ouds Z8ly s yn A5 wilad 5 o lBgds LS > oldlas b 4dds VY g as
Shb gpaed ol Iy e willl Gl SRy Sl pe ¥ b aw g by e Sl gl L5 03p )8
oolie iy o AVl (glod JBlus 5 Sl bawgile Al o Joine g oUgS (sloglinn 9 (SYsb 5 )5 (Slaliunls
Foshes We g0 )3 (ulie iy o &Vl el (03l 5650k Bl o o) (Bl 2 )3 VY 5 YY S0 G ey
13 Ly s 31 coyin Ve i) 3 olStnl () dmd e (i |y yobee yhis gt olKin] Cabn ¥ S
G 1y adlae ol 3 oolitelsysn (oeddl slazall oyl lasein (1) st ool 0 sl VFTD L
A2 o inled WWAF Cold VWYY glo L



1Pt 239 0 las oo jreaw 09 o5 ylbeol 9 ol g o £Ye

Collection of climatic
parameters of Bandar
Abbas synoptic station

Examining the + *

homogeneity of data

using the Runs test Preparation of monthly Preparation of monthly time
- time series of climatic ) series of three-year moving
parameters between 1347 average of climatic parameters
Completing statistical and 1396 between 1347 and 1396
deficiencies by the I
Normal ratio method + *
Selection of data related to the Selection of data related to the
period 2017 to 2018 as a test set period from 1347 to 1386 as a
of models model training set

v v

Training of ANN-MLP, ANN-
RBF, CART, M5P and SVM

Testing ANN-MLP, ANN-RBF,
CART, M5P and SVM models

models
L + ]
Determining monthly calibration Choosing the best Comparing the performance of
coefficients based on average <+ model based on ¢ different models using raw data and
Discrepancy ratios statistical parameters three-year moving average data

v

Forecasting the monthly rainfall
of 1397 using the best model and —p>
applying calibration coefficients

Calculation of standard
precipitation index for 1, 3, 6, 12,
18, 24, 36 and 48 months in the
period from 1347 to 1397

Analysis of short-term,
——p medium-term and long-
term drought situation

Prediction of drought
situation in 1397

Figure 1. Research Process

y LY 2 Legend <
R 2SS A - B Bandarabbas city |
> ~ 3 5 Hormozgan province | S

0 40 w0 160 240 320

55°0'0"E
z : z
= | Legend >
2| ¢ 2
& | O Synoptic station ]

Value |
High : 3235
z z
) )
- 2
~ ~
] Kilometers =
0 15 30 60 9% 120
T L) 1
55°0'0"E S6°0'0"E 57°00"E

Figure 2. Geographical location of the study area



Y0 /lKad 5 (w0 Mok [ oK) JSKiis Coridg Lo 5 iyl (st 43 (5915013 (g0 o 3 Klas (o 3

Table 1. Statistical characteristics of climatic parameters

Parameter Symbol Unit Max Min Mean
Precipitation P mm 263 0 14.2
Average Temperature Tonean °C 35.8 14.2 27
Maximum Temperature Thnax °C 51 23 36.6
Minimum Temperature Thin °C 30 2 17.7
Relative Humidity RH % 83 39 64.5
Wind Speed WS m/s 70 4 11.2
Wind Direction WD Degree 360 10 168.1
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Table 2. Drought classification thresholds based on standard precipitation index

Index Value Qualitative Description | Index Value Qualitative Description
SPI < -2 Extreme Drought 0<SPI<1 Mildly Wet
—2<SPI<£-15 Severe Drought 1<SPI<15 Moderately Wet
—-15<SPI<-1 Moderate Drought 1.5<SPI<2 Severely Wet
—1<SPI<0 Mild Drought 2 < SPI Extremely Wet
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Table 3. Errors of statistical parameters in validation of different models with raw and three-year moving average
datasets at a monthly time step

Model Three-year Moving Average Datasets Raw Dataset
Bias CC NSE RMSE MAE CC RMSE
ANN-MLP 1.42 0.813 0.649 8.39 527 0.460 24.42
ANN-RBF 1.46 0.794 0.595 9.00 5.33 0.459 25.10
CART 2.90 0.764 0.314 11.71 5.92 0.403 26.17
MSP 1.24 0.828 0.655 8.31 4.39 0.467 23.89
SVM -0.34 0.833 0.686 7.93 3.66 0.481 22.22
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Figure 3. Performance of different models in monthly one year ahead rainfall simulation based on three-year moving
average dataset
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Figure 4. Observed and simulated monthly precipitation time series in validation of different models with three-year
moving average dataset
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Figure 5. Violin diagram of observed and simulated values of monthly precipitation in validation of different models

with three-year moving average dataset
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Figure 6. Taylor diagram comparing the performance of different models developed based on the three-year moving
average of the data
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Figure 7. M5P model tree output rules in monthly one year ahead rainfall simulation based on three-year moving
average dataset
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Table 4. Calibration coefficients of SVM model results by different months
Calibration Calibration Calibration Calibration
Month Coefficient Month Coefficient Month Coefficient Month Coefficient
January 0.98 April 0.86 July 0 October 0
February 1.2 May 0 August 0 November 0.58
March 1.15 June 0 September 0.2 December 1.03
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Figure 8. Standard precipitation index chart for 1, 3, 6, 12, 18, 24 and 36 months from 1347 to 1397
Table 5. Standard precipitation index based on drought classification for 612 months (51 years)
SPI Normal Moderately Extremely Severely Moderate Extreme Severe
Wet Wet Wet Drought Drought Drought
SPI-1 447 105 24 12 24 0 0
SPI-3 468 60 24 12 33 12 3
SPI-6 436 60 24 12 56 17 7
SPI-12 420 60 24 12 60 24 12
SPI-18 420 60 24 12 61 23 12
SPI-24 420 60 24 12 60 24 12
SPI-36 420 60 24 12 60 24 12
SPI-48 442 49 24 12 49 24 12
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Table 6. Number of dry months over periods of 10 years
SPI 1347-1357  1358-1368  1369-1379  1380-1390  1391-1397

SPI-1 21 25 23 37 19
SPI-3 43 50 38 61 31
SPI-6 47 62 47 95 47
SPI-12 42 61 49 107 41
SPI-18 57 48 52 110 26
SPI-24 58 40 46 115 27
SPI-36 57 44 5 120 50
SPI-48 47 46 0 120 59
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. Standard Precipitation Index
. Multilayer Perceptron Artificial Neural Network
. Support Vector Machine
. Classification And Regression Trees
. Multivariate Adaptive Regression Splines
. Least Square Support Vector Machine
. Artificial Neural Network
. Adaptive Neuro Fuzzy Inference System
. Autoregressive Integrated Moving Average
10. Wavelet Artificial Neural Networks
11. Multiple Linear Regression
12. Discrepancy Ratio
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