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Abstract

The concern of the present research was to do a comparative study between the GEP, ANN and
ANFIS models to estimate monthly global solar radiation. For this purpose, long-term (24-years)
monthly data of global solar radiation (Rs, MJ m™2), sunshine hours and air temperature (°C), from
Tabriz synoptic station were used. To perform the artificial intelligence models, a new combination
of inputs including monthly mean clearness index (Kt), monthly temperature range (AT), relative
sunshine hours (n/N) and extraterrestrial global solar radiation (Ra) were employed. Since the lowest
values of MBE and RMSE (0. 13 and 1.97 MJ m 2 respectively) and the highest value of R? (0.92)
were obtained for ANN model, and therefore, the ANN model was selected as the best model to
estimate the monthly global solar radiation. Using quarter-quarter (Q-Q) plots revealed that although
the ANN model generally presents the best fit for monthly global solar radiation data, this model is
found to be not successful in estimating the higher values of monthly global solar radiation data.
Therefore, the application of ANN model is recommended for regions with lower solar radiation
values. The performance of the ANFIS model was better than other models in covering the highest
and lowest values (the first and fourth quarter). Therefore, it can be concluded that the ANFIS model
gives more accurate results in the areas with the higher values of solar radiation. The findings also
show that unlike previous researches which were carried out in daily scale, the performance of GEP
technique for modeling monthly global solar radiation is satisfactory especially in the ranges of 250
to 800 MJ m~2. Thus, it can be inferred that GEP can be more powerful in modeling the phenomena
which have low fluctuations or a limited range.

Keywords: Artificial Neural Network, Adaptive Neuro-Fuzzy Inference System, Monthly global
solar radiation, Gene Expression Programming, Tabriz

‘54.44‘_.\.4.:4'4‘\9.& LSLAQKZ.A.A:}‘ BL C.:‘)J:M—.\ ):A‘J‘é.

oledls) ssas pue & da g b ol s (55885l
3 2023 sladae b ) ool o (B oae)l
6o (3o Lo 99 Olse s s Slislas LASIS

PGBl a5 i s GBSty 5 9ol

2 el lagusss ) S sadnsa Gl

(oosliS bl il slal
sl 5ady waald glag3sl 5 golers «(s58lso0a
S gy ool O ST asle s gadnsA Gl cueal
3025 =533 35515 6l SRl CpisSse dile ol
Ol cuaal sea g b (Yo Vo LKaa 5 iiags) el

Cr) Ao Seslal (o i Juls 4 isandsa



VO

alale (audyos JS b 3yl > wadsn b Jae LUl5 b))

Bl Ja sl eolallzss ol e sime (isa
gl 5o (Y SLlKas 5 i) wila aily
grae lasud Wl o gian (oA LA, Ladl
S ah, s Tolatay Sl cadle I e siae
plasw (05 ol @il SIS el
b S5 glaeSad 5 Y Rl uae —(g56 il
Gasdosa ol Gnoiy o @Ooledas @l S50
(YN LK 5 s1la go) ol sud suliio
6l SIS L, (oo sums puac Lo
ol sy Blese i 5 o w8 (golaae
ool 3 (oo sas (ouac b Sl ssliial Lol cabe
5% il (s Gl oA @ls oo sladae b
3ise dyeolS aiia iy B3 et € oK0a
ol wsln sl esiee pume glaia
el s (IS AR (fine alaan s sy 5
5 et 5 VoV s pain Fe 04 o)Kan 5 23K0)
Ol o8 OBAsSy adia 55 Ol 5a (YT (l,Kes
5 S Wsad Glsieds ol GBS oo e
S Ok e ladSad Sl (YY) ollKes
B oomb wosln sl feelad b gl 5 oY
aan s 00,S ol J g3 i Ol g 5o gy A
Gasdosa ol a,uTss 6l ANN GI (YN 1) Cua
Sades bas o 1 slos 3l olsies
sSLae (YoWY) Slile 5 S0 o asad soliial
o Whs, IS sadosa b Gwoiy 58 ANN
550 p oSl Yo li L1 5258 snses olSil
G S wallae ol b wols 153 culis
Pl (has 4 ot uae Kb Jas lo e
Jae o Slae (Y+10) HER 5 508 (s (mines ool

0 Gls, sadnsa palla Gl Gty 50 ANN

6 Gene expression programming (GEP)

7 Adaptive neuro fuzzy inference system (ANFIS)
8 Multi-layer perceptron (MLP)

® Radial basis function (RBF)

sloolas 5 e sladsesd (2oa3 sladas
s Hlga S oo B,) gl n (Bl 55T sl
ol dos slaggu sy pslal 5o (a5 ladas
Slead (i ya3 ulidlsa glasiol sl sl 5 (S
suls oliad Gudny lEEAS (Y- VY LK 5 o lis)
s adtie Jole 0 Sage o1 olelu o« el
AL 5 ollE ) sl gandip i US GG 1o
5 e s aily gladas sigs o Skee (o1
o9 gndosa ol asls @le e ol
9 ) ol Gl Gl suiSuSl i slaga gy
Olsieds ol —a s ,ie&T dalas (YT f,Kan
) T olel 3wy, 5ol oad Jus
5 B3 S oo saliin) udosa JS GRB a,sl
6l soanie slagiagsy oSG (VAT o),len
0% Eadinea S (oS sladae da g8 5 (il
o) aandl ol sad alal gl Gbi. 3lbe
— e (VAVA) Hladils wlalllas < ()5 o0 Lagha g5
5 (Yoo A) Oblsea 5 ol (Y0V) obd 5 o0
b 51 asS e,lal (Y44Y) Sl (bl 5 ololise
s (Siwly Ol ol —a 5 ST Jas
2Wlas ol b sl gla el )l o Jao Gl (a3
OoSar 5 o) 5 S o)Ll allaie (ALK (hidigy £ 53
(YN

Sl 2 ode (esuae Giga slagis,
Glide slaswy oludas 5 Gmgin @l 0 @bl
— o So8he 5 Sulad glasala b Jolad 4o juls s ylal,
550 el glasuls [ sda oS el s o ool sl
bl ool (S S5 ladas o Slae o e
medady (Swoiy cnald aue s 4 psaS slagh, S
S iiass SIS s (sl 51 linabsl sl da

1 Artificial intelligence (Al)

2 Artificial neural networks (ANN)
3 Support vector machine (SVM)
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