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Abstract

amount of reference evapotranspiration using meteorological data, the period of 30-year of Ahvaz meteorological station
was used. The reference method for calculating evapotranspiration was the Penman-Monteith method. In this research,
four scenarios with different combinations of model input parameters were examined. Finally, the results showed that the
best combination of input parameters for the gene expression programming model included parameters of minimum
temperature, maximum temperature, relative humidity and sunshine hours. For these input parameters, R2, MAE, and
RMSE statistics in the training phase are 0.964, 0.421 mm/d, and 0.507 mm/d, respectively, and in the test phase, they
are 0.965, 0.419 mm/d, and 0.506 mm/d, respectively. was obtained Rainfall was the only parameter that showed the least
effect on the rate of evaporation and transpiration, so that the increase of this parameter to the input parameters of the
model caused a slight change (less than one percent) in the values of the evaluation indices. It seems that the reason for
this is the low amount of rainfall in this area, so that in most months, the amount of rainfall is very small. Finally, the
results of this research showed that the gene expression programming model can be used as a suitable tool with good
accuracy for estimating reference evaporation and transpiration.
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Fig.1. Case study
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Table 1. Long-term average temperature and rainfall in different months of Ahvaz
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Table 2. Best values of model parameters
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30 (Number of chromosomes)es;ses,S slass
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Tc (Dependent output)ai.ls =g,>
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RMSE (Fitness function) L, &b
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Table 3. Descriptive statistics of the data used
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Table 4. Different input scenarios of the gene expression programming model

Joo (53959 59! Nlas o,y
ETo=f{Tmax+ Tmin } S1 1
ETo=f{ Tmax+ Tmin +RH} s2 2
ETo=f{{ Tmax+ Tmin +RH +Sun} s3 3
ETo=f{{{ Tmax+ Tmin *RH +Sun =Rain} S4 4

Lyl sy lxe
5 RMSE) laz Sla o 0k )32 (R?) (st oy 5955 a1 ot ()0 05 2y 4l Joo (Ul (S50 jskate 4
o s20 plp MAE s RMSE polie o s 9 <SG 008 sl g 0 oo (g e 090 ,5 oolaiw]l (MAE) Uas lho ,03 .Sl

sl

__ ——\\2

(1L, (ETo,i—ETo)(ETs—ETs))
Z E—)
Z?=1(ETo,i_ETo) -Z?=1(ETs,i_ETS)

’ n L N2
RMSE = 21=1(ET0K,11 ETg ) (Y)

MAE = <%, |ET,; — ET,| ™)

R? = ")

s ETg 5E_T0 (sley slopls slass n pli Slej a5 jo Slaslice 5 (g5lw and polie cud g & ET,; 9 ETg; YU lafls, o

-\ Q“J‘))‘N Lg)MAASW‘M;AQ;MUMan QA>L..J ML’@ G)wa5(5:‘.)®LM)JQLM u».i:l.«.n A

polie i S 3l lis all Ko ) W dx e g cl s b Cadie  Sen [Slo — g+ Cadle a5 o)l V4 g

)L.\M LRG| (5‘L°) O)X.La.c o L)")'"Q) 9 009 Clo o)‘}o& (RMSE) ul;u).o u...i»L.A 4.......:) o)Lci .\))‘\) 6)L~u M 9 @‘ML&M\A

33815 S b it |y a2 po Bymim yete oy Sp5e Joe a8 Ceol (T S0l s 3llaojod (1 Silee jlaie 058 S5 jho 4
Sl SYL C8s 5l Sl ol S5 yho a4 o lade ax e g Sl 00,5

50 gl Al e a4 Lo o o a4 o (sl lages el s 4 5 8 4 B 3el slaesls 61 GEP Jus sl 2l 5 ol
Ao 10 5 ole iy el p s o plis baylogad a5 jeb les ail ool &l (Y) oo jo ol s 5 (O B Y) sla S
SSlas sles Jie cools JBlas b ;500 & )le as iy (g0l (§,85 g puded Gliee (85l dd (6 Gl alys o9 4 dags lw
50 el ooy ploul og3 Liws CB3 (59, 0 yie (o ¢ IV g /OVY +/AYY ,l RMSE g MAE R? L bjgel ( JBlo> sles g



VEY lidlgn oo ool oo L g po 55 5 e e 259l 0 05 ol (il Jae (Ul )lSam g 0 Ao

Jsl 925l 4 S R 0Ll ¢ qns gy oy a8ll b .0ys )5 4ol (639)9 (sla o)l 4 ¢ o Cugloy il b pgd (5905l
l, sals oo y0 Ve Jgl g9 biw 4 Cas RMSE o)Ll g 2alS oo y0 AY Jgl (692 )bew 0 Cas MAE oLl ¢ ol 381 oo j0 1 /0
MAE o,lol ¢ 1381 0uo,0 VA 5 YIF p50 5 Jsl (slogs )l a5 s R? 0le] ¢ SlidT lelis 20l381 b pgus (90l 5o 0l olis
s, VA0 g YVIO pgo 5 Jol (sbogs )law 4y s RMSE o,lal g palS 0o )0 VA/-Y g YO 090 9 Jol slogy L 4y s
o R? 0l cg0 )l ol jo ol oyl s s T wilol 699,5 OLS 54 Syl sl 1 gyl jo 0l las |, uals
Ve¥ g Y8 FAUT pgm 5 p90 (Jgl slogs )l 4 Cons MAE o lol ¢ 2alS 0o )0 10 g FIA YT pgs g p90 ¢ gl logs bw 4
0,0 Vo 3905 pguw (90 lw 0 S g LEblS 2o ,0 YIO 9 VYY) pg g gl (slag liw 4 Cans RMSE o lel 3 iaol38l oy
Cagby o Sl glos dga JBlu (slos oS 53 51145 0,5 ol oy Sl e o (oo oLt gl ol (lad 1) gl
Sl 55 B 45 Bl el aloyo 55 (5 ige sy Sl oy (on S5 42 35 03l 5359 plyie & ST Slells 5

Ol 1y 095 (hie Sl 5 hjgel Al ye 1o I 0Bl (o0 Gl alilate (pl )0 gz e 3505 5 3 byl ol (SKen (e oS
Ll ools
12
S1
10
8
(m
[a
€ s
o
'_
w
4
y =0.9191x + 0.4516
2 R?=0.9324
0
0 2 4 6 8 10 12
ETO(Penman)
9ol Al 30 30 ST (g91 sbw &y by po Sy 4 Sy yl0g05 Y JSb
Fig. 2. Scatter plot related to the S1 scenario in the training phase
S2
12
10
8
a 6
S
o
= 4
w (@) y =0.9538x + 0.2626
R?=0.9459
2
0
@)
0 2 4 6 8 10 12
-2
ETO(Penman)

igel Al po 1382 g1 )b 4 bgspo S 4 S log08 Y IS
Fig. 3. Scatter plot related to the S2 scenario in the training phase



VF-Y UL.M.\JL 9 )LQ‘J. A 5)lm§3 4f=9.) 3)9.3 L‘Ji ‘;AA)W d.ﬁ)—f)ls d‘.ﬁw&’f %M’D ‘ii

S3
12
10
8
w
[a
S 6
o
'_
oy
y =0.9579x + 0.2401
R2=0.9646
2
0
0 2 4 6 8 10 12
ETO(Penman)
93901 4l y0 10 83 g3 5liuw 4y bgsyo G 49 S logei P S
Fig 4. Scatter plot related to the S3 scenario in the training phase
S4
12
10
8
6
w
a 4
g 0.2282x +0.9514y =
e 2 0.9019 =2R
w
0
50 8 10 12
-4
0©
-6
ETO(Penman)
uu)}oi 4.1}).0 oS4 9..:.)&»4 O b,g).o )|.>5».5 O JS.«;
Fig 5. Scatter plot related to the S4 scenario in the training phase
Shigel Al o (gl b3l sl eSO Jou
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