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Extended Abstract
Introduction
Life on Earth is influenced by precipitation. Precipitation is one of the most significant factors that affect the

hydrological cycle. Considering that precipitation is non-linear, complex, and can be changed according to
spatial and temporal, estimating the amount of this important atmospheric factor in each month or year for each
region and watershed is particularly important in managing and optimizing water resources. Various
optimization models and algorithms have been proposed for modeling hydrological systems in recent decades.
These algorithms have significantly reduced errors and increased accuracy. Still, since hydrological systems rely
on random events, none of the methods can be completely and accurately selected as a superior model for
modeling and estimating. The honey badger algorithm is an innovative algorithm that requires a few iterations to
achieve an optimal solution, and this increases the speed of reaching the desired results. In current study
investigates the performance of three models, including multiple linear regression (MLR), artificial neural
network (ANN), and hybrid artificial neural network with honey badger optimization algorithm (HBA-ANN) for
modeling the temporal and spatial precipitation in East Azarbaijan province. The best-developed model was
selected by evaluation criteria such as R, RMSE, NRMSE, MBE, and NSE, the best model is selected.

Materials and Methods

The MLR model is one of the methods to analyze and investigate several variables. In this method, the model
has one dependent variable and several independent variables, so that a linear equation is generated between the
independent variables called X1, X2, ..., Xn and the dependent variable Y. ANN is a black box model of neural
networks in the human brain. One of the most used methods is the BP method, which includes two stages. In the
first stage, which is entitled feed-forward, the error value is calculated, after comparing output and objective
values. In the second stage, which is labeled the back-propagation, the error value calculated in the previous step
is corrected. The mentioned two stages continue until the output of the model approaches the desired output. The
HBA is a new algorithm that simulates the honey-seeking behavior of a creature called the honey badger. The
HBA includes two stages. In the first phase, the locations of this creature are calculated, and in the second phase,
the exact distance between the HBA and the prey (dj) is calculated based on the honey intensity (S) and the
honey smell intensity (Ij), as well as its new and optimal location for the prey Xnew. In the HBA-ANN model,
the HBA algorithm is used to determine the most optimal output value in the ANN and increase performance in
modeling. Therefore, the developed hybrid model can have the characteristics of both ANN and HBA methods.

Results and Discussion
In this study, in the first stage, the temporal modeling, and in the second stage, the spatial modeling of the

monthly precipitation of 18 stations in East Azarbaijan province during the period of 1996-2022 using MLP,
ANN, and HBA-ANN models has been paid. For temporal modeling of precipitation, one and two-month
precipitation delay steps of the stations were used as input parameters. The first 70% of the dataset was selected
for the training phase and the last 30% of the dataset was selected for the testing phase. Based on the results
obtained from evaluation criteria and graphic diagrams, it can be concluded that the HBA-ANN model indicated
significant accuracy compared to other models in the temporal modeling of precipitation. Also, by comparing the
results of the stations in the HBA-ANN model, the Heris station with R =0.94, RMSE=2.25, NSE=0.79,
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NRMSE=0.04, and MBE=1.06 in the testing stage performed better compared with other stations. For spatial
modeling of precipitation, the geographic coordinates of the stations, which include longitude, latitude, and
altitude, are used as input parameters, and average monthly precipitation is used as the output parameter. From
eighteen stations, 70% of the stations were selected for the training phase and 30% of the stations were selected
for the testing phase. Based on the results obtained from R=0.95, RMSE=1.03, NSE =0.92, NRMSE = 0.03, and
MBE = -0.81 and graphical diagrams, it can be concluded that the HBA-ANN model revealed significant
accuracy compared to other models in spatial modeling of precipitation.

Conclusion
Precipitation is one of the most important factors that significantly change the hydrological cycle. Therefore,

modeling and estimating this parameter is vital. In this study, the performance of multiple linear regression (MLR),
artificial neural network (ANN), and hybrid ANN using honey badger algorithm (HBA-ANN) models were used
for the spatial and temporal modeling of precipitation in East Azarbaijan province. For spatial modeling, the time
delay steps of one and two months of station precipitation were selected as input parameters. Also, for temporal
modeling, the longitude, latitude, and altitude parameters were used. The mentioned models were evaluated by R,
RMSE, NSE, NRMSE, and MBE assessment criteria. According to the results of temporal modeling, the HBA-
ANN model for all stations, especially Heris station with R equal to 0.94, RMSE equal to 2.25, NSE equal to 0.79,
NRMSE equal to 0.04, and MBEequal to 1.06 is selected as the superior model. Also, based on the results obtained
from spatial modeling, the HBA-ANN model with R equal to 0.95, RMSE equal to 1.03, NSE equal to 0.92,
NRMSE equal to 0.03, and MBEequal to -0.81 was selected as the best model. The MLR and ANN models,
respectively, presented a relatively poor performance compared to the developed hybrid model.
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Figure 4- Spatial distribution of the average precipitation of the study region (Thiessen polygon method)



"

e 1 030l b 58,1 (S g (Sloj (g 5Uw] e

Latitude

45.8 46

46.2 46.4 46.6

46.8

Mean Precipitation (mm)

a7 47.2 47.4 47.6

Longitude

(olslh (sioxin (509,) dalllas 3,90 Ao 5, e (150 95~ S
Figure 5- Spatial distribution of the average rainfall of the study region (Isohyet method)

Sy sl oSle e iy ol (2021
Or Sl 9 cwl plul (SKjsden ras Gl
33> Ml gty wild Su (298 5 93905 slaedld
» (Maroufpoor et al., 2020) &S 1,3, bls)l ] <558
Iyl Lnosls 45 5o 5 sl (6,550, 305 S5 55k )
Iy odly jlude o ©olal wSad o (33l iyl 3yl
355 s 30 &) By 5 balad ) &5 S b oy
Oigel slp 50,5 slaig, 5l S (Nourani, 2017)
s 0,58 ol 5> .l Back-Propagation s, ANN
Sl yh gl S S gl A ye )l e 93 1SS
5 opd s b b gdgys clls oyl )> &5 (Feed- Forward)
Jols S ol A e ger bls Sy L) g
ol duglie 5 (295 Jlade Bl | am s i (550l
@ bgrpe lad polio & (0 (o b e ol B ko |
las Lazl ey o dm Ao po 4y o )80l o ubly 5 Loy
doye pl 2 b e oy 3 5L (Back-Propagation)
doyo 5 Mg o ol e Jlde el p b
abl gy b Back-propagation 4 Feed-Forward
oA &SP sl oMb Jngin (295 & Abe
.(Nourani, 2017) xil (Bua) Hlas 550

P ) Cygot (295 9 99 Oom da) ANN o
9o g ol boo S 5o W g Wallas b oSy o 6 F

(MLR) &5 iy (s (ygmmw 5, Y=Y
S ol Gogisy ) (Ko WBan b g, Jus
opslediz (po)pn 5 JoS 4 gy ol S5 @ Gy
b ol wiejls (g cnl «(Shy cnl 4 a2l by
s ewy)Sy Jao sl YU Cows g cdd L ool
Jio joiito cpdiz g diluly joite Sy gl Jio lSnix
X1, Xy oy X oS Jotws sl pusio (p0 a5 Jygeo ) oCawl
e doul (Jad byl ded o 04l diusly &S Y i
Dybee Jol> (V) A
Y= ag+ a;X; +a,X, + - +a X te (V)
030l (gm0 )y alplal g @2 g g An (36 Ay )
Sol g dr gl 0gh adS ok dal 558 dal, 5l ST 055 00
(V) Al 3o doms 3 sl jho (2b) el 3 Lo e
g
E(Y) =ag +a;x; +a,X, + -+ apX, (v)
b cov Gaa &b lyea i E(Y) YU daly
Samadianfard and Asadi) cuwl Xi, X2, vy Xn (sl piio
(2017

(ANN) (e guan uas 350s -¥-Y
2 e o A e S (egan (mas S
Mirzania et al., ) cuwl olwl jro 0 was el



et yoSl cpl 50 (Xnew) dpds CusBgo pusd jslaiods ol

Xnew = Xprey + l:‘BIX]Jrey

+ Fryad;|cos(2mr,) [1 (V)

— cos(2mrs)]|
dosb Cusbge (e BUROOLE (Xprey) (V) iy 5
558 Uy samslis Bl g8t ol canday
A i 28 Ly Cjged) 1 (8L ()l s
550 ;0 ol WJgr 8oLl dae dwTs 9T a3 (dgu oo &i8)S
4 48D o i |y 2 g Cans Cun 02 F il K g oo

D9d e dploe pj dail) jl &S

1 ifre <1/
F= 6 2
{—1 otherwise (W)
re €[0,1]
Xnew = Xprey + adjr7F, r; €[0,1] (\Y)

O e Cuee lge B Ay )b )
Silwand 1y 9AS (Juusy555 Byl 5l &S Sloj |y les Jus
iy (W) 5 (V) (V) sladaly )5 avwbre S o
Xprey 9 Xprey 45&5)) .L.{L;c O l) F 9 0 ).:.)Lmo
D1yt o 5 g s 55,98 03> Cobse i
S5 S 25 emlia Glige (1) daly 5 amae
Cumbyo (e 5 S (dj) alold 4 diy )los Jus
» (Almodfer et al., 2022) &S o 9> 5 Cons |y deasb
ol 04 0 L3l HBA 55,68l Sl o loges 44 & IS5

HBA-ANN (6 pud 3 59501 —0-Y
sokaieds HBA (gilwdine wiyeXl 51 HBA-ANN Juo
38das lalBl g (ovas 884d )5 (295 ke (i G
Db iz Jluo Gilodre 5 Gmgin 2 U9
ANN 3 HBA 5 ol (2 o oS, & b peita o8 il
Je cduy dlaws yiSlas 4y 4S5 jlade oS Sloj b clinds plas
5 ANN (sblje Slgi oo (g Jdo dom )3 3550 Ao

(Mohammadi et al., 2020) s awsls |, HBA

Ll el —o-Y
bl bl s 5l g8de sladde S Sles )y jslated;
Slaye 1Sk Hio glas (NSE) calSGl- i ooy
o glos 5llas)u8 1 Sle o (NRMSE) oids (g5l oy
P Tl )9f.l.o dlm);;ol)li oyl ol oas oalazwl (MBE)
Danende Mehr et al., 2019; Ye et al., 2021; ) cuwl

:(Maroufinia et al., 2022

Y= f(W1X1 + W2X2 + -+ Wan + b) (Yl)

(HBA) s Juns 5,55 (5 jlwains s yo31 - €Y
S8 o ol 6yl 13 5 a0y X SLHBA (o555
L sledJus (55555 oL & (639290 bawgs s Jus (552 9 Cunr
0555 dgbe ol (giludae Anld (cly g (siludns
Gk 3l e (8L (sl ol (Bl gl e
4wy 9IS (S35 )3 9 035 (e 1) 948 Cumgn (S
1) 9u8" 38> e e s (g9 By il ecales ) e
Gy e HBA ool a8 e odlazal o ) g Iy
g St dbpe 9> Jold 5 cuwl Sl ileaine
2 AX) by cmer by el g0

:(Almodfer et al., 2022) cusl 455 & ya0ay HBA

Xll X12 X13 de
e - )
an an Xn3 Xnd

Joebaly cnl > 2950 B4 pj Ay Jol dspe
o 4 baye Sacudas Cul gt Jus (585 Cusdse
23 )5 dwbre (0) Al b plgice Curer L Iy Sllge
b 5 @Y slaje cipga LBI § UBL o)l
O Casdse wel J 9 Xj 5 ded 2 g Cunr lab
Almodfer ) 1S o o)lsl N 03lil b Curon & a5 lsd Juue
(etal., 2022
=K x x x] ()

9 sn 03 54 () U (F) sladlasly pgo Al yo >

X; = LB; + r;(UB; —LB;), r; €[0,1] *)
r,S

j= W’ r, € [0,1] (V)
j

dj = Xprey = X; ()

S 3 o Bl e ol 8 &1 358 2o
51 S syt o Jue 532 005 1) 25 (St Ji Jue
S Ml A5 e gy g NS CS il o5 Jue o2
05385 ow Aol di 5 clale wud sxad i S Ll xyw
§ oS Jsl ) oliabl glsioss ool dass 5 g5 Jue
il 1SS b Sleyjen il eyl e A pe 4 Slis] Ao
s 53 (5o ol Jain 393 g0 o3z (1) & § (a)
(Almodfer et al., 2022) xb ials l;
0(=C><exp<_iter) (V)
MaxXiter
o) Gl ke col sae K C jlade YL dlayly

S ol oSl saimdylis MaXiter 5 (Cuol 53 (15 )8y




\YYy e jloal b Wb G5 g Sl 5l

slie P() «slwlin polie O®) «se2 Ly, R = N (0() —0)(p() — p)
e s e = SN s T : (\¥)
5 Shalie polie 1Sk 0 dbrosly S 3las N ¢ Slowloes \/Z}z;“(o(i) _5)e \/Z%ii“(p(i) _p)?
5 Slalie polie wSlas Omax Sluwbre polis (. Sbe P
i=N
9 RMSE golis iz o ottt flowlons jp3lie Joli> Ouin RMSE = _Z(O(i) - p())? (V)
5 2o Ve il S 322 NRMSE 5 jiw dis 4 MBE N&
Jolye S 89y .ol Ggllae asL Sod5 5 sue 4 NSE NSE = 1 — (Z%l(oi - }ii)zz) (%)
ol odalie LB 15 VS 5 iag bl N i=1(0i = P)
MBE = w (V)

1
NRMSE _dn X P 00? (VA)

Omax—Omin

’ Jealishedyl e

’ PohoproaN

l

| &0 otk ol i &

‘ e ity €Y Badlgs o o oot

R {Xnew)

3 i &0 Jad begt o) ot b 4 by Gl ) IS e
(Xnew) —_— . ),“.’u‘fb‘ﬁ"*’ y —
' (Max iteration) o

e oy 03 ot

(Xprey)

HBA 2,051 5y 105 =1 JSW5
Figure 6- Diagram of the HBA algorithm




IFY U YIY Olbiw N €Y JL«J ¥ b)loa.:v & b)sb/dl&5gi %x.\ogd}b&d.\o Qw/a‘)&o@5)w}

\ve

3y0 0] WA iyl A g le; claaala

o ———

ol e g5l Jaa ol g ggledea

l

l

Siledie gle iy, il sl by
TR sl ol bash s e gl ————

(MLR) 4y b g | (MLR) 4ty b3 )

(ANN) oyiacn g 850 | (ANN) ybna puns i
Oj.nj] Olpindy Laasly deys e g5lalin < ]

HBA-ANN 4 vt J40 HBA-ANN g pun Joo
S gy lal Sppee b b))

Y Y
b0 poliaty Jda it ki e yplhiad o (it o
b okl

ORgj el Jalye (Sl jlagei -V JSu

Figure 6- Diagram of research

cure bopmp ol HBA-ANN gy Jao
cops YIVO b Glupe S0k diyy /AF  Siwen
sls Slope oSk o s VA GilSilum
Ve s slbd 3llae)id (1SSbe g /¥ 00d (GluJloy
Gapd b Sl oSl 5 0yl gyt 3, Shos (g0l Ay
Cops SN s Ol ke ddy)y o /VY | Siuon
slos Slope oSk o s /0P CilSilu
VAR L gl 3llaoyid ko g +/+ A oud (g5l by
@l 905l Ay p3 oK) plo 40 Coms huns 5, Sles
i) j3 glpn Jo bl oo (cpminpn D
S @)l RMSE  jlde (sduoyd YO &)l Coge uym
s NRMSE jlais (cdoy> 0+ 515, (NSE e (g

b Soguas mac 4D 0 MBE s (gas)0 ¥4 45

oy g b Y
» alal Gl e olej (slodie & sy ol
Sy Bk (b (8 gl Gl cwliles oSl VA
SBus b oS, bl sy YeYY-1A5
sty Jio g (ANN) (sgiae (pae &4 (MLR)
i ilwJie jolaiedy Cuwwl sad aslyy HBA-ANN
ol dalegd 5 anlacSy Sloj 3T sl bl
ol dopd Ve odlatwl (6099 jurie laisds WolKiuy]
Glp bodly ol dop Yo g higel Lisu gl laosls
22 0,Shes ¥ g ¥ Y (laJgun ) wiad Obl el i
2 e hjgel Abye 5> ob oSl VA o el Jio aw
gl amd o oLt bl slajlne pull 2 (g0l Al e
jeoslital 3590 Sl Jio gl duglio 9 ¥ LY sla o> &
5 NRMSE , NSE 3 RMSE R bj) slajbes o)l
HBA-ANN (3,00 Jio & ¢85 4o g5 0 MBE
Sloj Gilwdse 3 ie plo @ Cund (g2 JE <
53 boolu] ol dulie b copizpn 0y Glis 393 5 )L



VYo

w03l b 0, (G g Sloj il

HBA-ANN (63 pd Juio 3,800 (95, (s bao —£ Jgi>
Table 4- HBA-ANN hybrid model performance evaluation

Wl (i gaw )55 o 3 os jlomo =Y Jgir

Table 2- Multiple linear regression model performance

criteria evaluation criteria
3Sdes b slaslme REo 3Sdes byl sloyline Sl

MBE NRMSE NSE RMSE R MBE NRMSE NSE RMSE R

2.05 0.09 0.66 3.85 0.81 [LIES 3.78 0.12 0.65 5.67 0.77 [HES
-2.01 0.08 0.73 35 0.85 ol 3.25 0.07 0.7 4.78 0.83 sl

22 0.08 0.68 3.62 0.88 3% 32 0.07 0.65 4.18 0.85 3%
223 0.01 0.6 3.6 0.77 g 3.25 0.08 0.57 4.79 0.71 Ao
1.99 0.08 0.56 3.68 0.73 Gl yuo 323 0.18 0.53 4.52 0.68 -
-2.86 0.15 0.7 5.62 0.85 S 5.01 0.08 0.68 6.75 0.84 lS
-0.97 0.05 0.85 1.06 091 aclye -0.71 0.06 0.78 1.69 091 4l
-1.05 0.07 0.76 227 0.88 wle -1.02 0.08 0.75 2.89 0.85 o
1.81 0.05 0.84 23 0.93 Sye 1.01 0.07 0.83 248 0.9 Lyo
1.94 0.1 0.67 2.76 0.8 OBy 3.01 0.12 0.64 4.35 0.72 OBy
-1.08 0.05 0.68 2.53 0.9 Faanad -2.24 0.07 0.66 333 0.88 Faanad
-1.97 0.07 0.8 2.89 0.84 ol 33 0.07 0.79 4.12 0.83 oo
2.05 0.07 0.65 3 0.8 P9y 3.02 0.13 0.64 4.13 0.73 gy
2.15 0.07 0.67 3.28 0.82 N 3.15 0.11 0.66 4.26 0.79 R
1.06 0.04 0.79 225 0.94 R -2.64 0.05 0.77 3.16 0.93 R
-1.45 0.08 0.81 2.57 0.88 P -2.89 0.08 0.78 3.66 0.86 e
2.47 0.09 0.71 3.69 0.85 b 4.86 0.1 0.91 6.14 0.81 <l
1.74 0.1 0.72 39 0.82 Glosghyl> 491 0.12 0.62 6.23 0.75 Glosgll>

Bl g b Jue (b)) g dwlie jolateds (Al cnl >

295 S 9 Sy Joged I (SIS ©gohr Jae oy
5, Slos g 35350 (sloolKiul 0l Sl &y do g b i oo lau]
P8 ool daolKiw! den > g i Jle
Sas obesl wloals &l Jle b gl cbpun Jse b
sshaiedy &5 e oSl e Solng sbajlges A S
o2l 90l ol i Conl Wodly Slolyd mises oy lis
Sl 55100 lawgs 9 48 )5 )8 jeome S (g9, Lodls jlages
F s Slglhd 4 plgi e 25800 Sl Baodls bawgs &
Mol sl logas dajloges oyl (S cdls 3 0y (o oals
zol 4 pais ] 50 g e 45 dis (clas l3ged BAS
Ol A U @ aag bl las 1y ey j3 i g
Sl g ale ( Blas jlade Gy b (gl a5 5,8 saalin
9 5170 9 \\7Ans 9 of+N L ).gl).g Py u.:l.llblw.a dllbo.)l.)
HBA-ANN | Jools ool iSlis 5 aile ¢ J8las jlude
2o cwpa Slalie ol g Slis g abe ol Hlads
SYENY g YA/ 5 S/ | ), HBA-ANN ol claosls
ol yShs g abo ¢ Jolis jlude o b lp S5k
e g dle (Jilas Jlde VO L ply cuwpa Jlalis
YR/A 5 YVIOY 5 IV L s HBA-ANN 5| Jols cloosls
P g dle (o e b coxe b glp Bb 1

S0 mas A Juoe 3,80eos jlxo Y Joua

Table 3- Artificial neural network model performance

evaluation criteria

38las b)) sloylno

oK)

MBE __NRMSE ___NSE___RMSE__ R

425 0.1 0.66 551 0.78 il
3.17 0.09 0.7 4.7 0.78 ol
3.02 0.18 0.61 535 0.53 95
291 0.12 0.95 468 075 S
3.01 0.14 0.51 582 0.62 s
497 021 0.68 6.81 0.63 s
2.98 0.08 064 401 0.9 ailye
248 0.07 071 375 08l wile
5.78 0.19 0.76 684 084 5o
2.61 0.12 0.61 493 052 s
3.1 0.19 0.63 578 088 s
2.13 0.12 0.79 4.1 0.76 oSLe
3.14 0.15 0.61 5.87 08  sdgpus
2.98 0.12 071 43 086  sblku
22 0.08 0.78 309 093 i
2.16 0.07 0.79 364 073 oo
45 0.17 0.88 6.1 0.75 by
291 0.13 067 465 067 gl




IFY G IIY Wliio V€Y Jlo oF 5 ko € 0,90 /S 9 0l €y it g (gjlwdie dy i [, K02 g 5l

A

5 YIV YIA SIA ply oo s HBA-ANN 3 ANN MLR
HBA-ANN 3 ANNMLR (¢laJao 4olb 55,5 10 (s
P &Sl adsg bl VAN g VIFY BV L ol e
i 1, alol oy 58 HBA-ANN (1 Joe & S5
St Jie e ys5ie Jao il (Slanlie olis) ]
skt (ANN) (egion (puae 85 Jao 5 25 b5
Mges 1N JK @ dagi b opren ok al)) hes
A5 oMol gy Jdo Pk (b)) sskaiedr (oo slad
Sl b 53 o (515 e 2580 ali & yiolan
suasglis a5 3y 1) e cp St jays 0 9 CrieS

ol el 53 G S ignid 3 Shos

5 YOIA 9 VF/AA 5 yoo b ply cuipay Slaalis claesl
Shpud Jdo 5l Lol glaoaly iS5 aile ¢ Jolas lude
Gl )3 ey ol YXY 5 VOYE o YA L il oy
HBA-ANN ipyen Jio o 85 ns oy S
(Slalie glaosl @9@’9 sljbses 4 (Sod5 4 4>93'L
slylbaes 4 S 40 ¢
dad o ol |y ot oKl 93 slp yels plSLo
S ok a5y 3 e duslie o (b)) jglated;
B ke Ady)y 9 FSF S dde 4 (Sl o
Aaled 1y g 5YL €y Jao cmd lis 1) (6508 dae lalkes

wb..\.wubwl).:)JJ.\n e

sladie dols uyn 10d jold jlged ) oz il

60
Max55 34
.50
€ Max46.65
E40 Max38.88
c
k)
E 30
s
§ 20 Median:17.34 Medain1!
%10
0 Min0.01 Va2 58 M3
Actual MLR ANN HBA-ANN
Bonab

40

Precipitation (mm)
N w
o o

N
o

MLR
Ajabshir

ANN HBA-ANN

Precipitation (mm)

Precipitation (mm)

50

Max40.25

N
o

w
o

Median21

N
o

—_
o

Min4.25

MLR  ANN HBA-ANN

Tabriz

Max:39.95 A
Min8.11

Actual MLR

Actual

Max40.15,

N
o

w
o

Median27.64

N
o

-
o

o

ANN  HBA-ANN

Heris

09051 Coamd (515 axlllas 3 y90 Ailnie caidiio slm] Hla 551 sl3g05 —A JSW

Figure 8- Violin diagram of four selected stations of the study region for the test section
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Figure 11- Violon diagram of observation data and model data for the test section



Y U VYY Olxbo VLY le ¥ D)Lea;} & o,p/dl&,gi %)‘.’."‘“5(_5}"*’;]"\“ QM/&‘)‘S&@j)W}

= -
o N
10 S S o S
2 S 4 i
¢ viation
e#_)“ Blue point: observed standard deviation

c
S
© Distance
? Model to observed
©
o 5 ——_ - MLR 1.26729
§ ANN 250356
S
& HBA-ANN 1.18333

. ¢

Standard deviation

09051 Cromd (5159 051! 3 )50 (B JNe (51 Hok P15 U -VY IS

Figure 12-Taylor diagram for the models used for the test section
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Figure 13- Relative error diagram of the hybrid model for training and test section
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