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Figure 1- Location of the watersheds in west Azerbaijan and Shaharchay watershed and Band hydrometric station
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Figure 4- Fluctuations of monthly average river flow of Shaharchay river in time period of 1951-2011
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Table 2- Statistical parameters of Shaharchay river data

Woasls g4 Xmean  Xmax Xmin Sx Csx
Kind of data (m’s)  (m’s) (M) (M) ()
ey laodls 5019  39.090 0000 6721 2104

Calibration data
recoo gool o6 36330 0000 6692 1.830
Validation data
taodls J5 4537 39.090 0000  6.767 2.660
All data
Xmean: o o3ls 5, Kke  Xmax: b osls jSls Csx: (K>
Average of data Maximum of data ~ Skewness

Xmin: s o3> sl
Minimum of data

SX: 031y jlze il >l
Standard deviation

S Syl () 3 B3] 3,90 &ilgi - Jgaa
Table 3- Functions which is used in genetic programming

83! 390 pulgd
Used functions

o¥9)
Method

V= S5 el

- - +1 ) X) /7 \/
Genetic programming -1

Y — 55 sl

i i + % /a \/s Ln(X), €X, Power
Genetic programming -2

V= S5 gl
Genetic programming -3

+, -, %, /,\, Ln(x), exp, Power, Sin, Cosine, Arctangent
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Figure 5- Observed and predicted Shaharchay river flow by genetic programming-2 and MS model tree using Q.
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Table 4- Assessment of studied models in prediction of Shaharchay river flow in band hydrometric station

ool gl el
Jse s 53959 Jae Statistical parameters
Inputs of the model Model RI\/;SE MAE (m%s) R
(m°/s)
V85 eyteby 4.8567 2.9138 0.7300
Genetic programming -1
¥ S5 el 4.8233 2.9536 0.7077
Genetic programming -2
Qu ¥ K55 (g eydel
CTERIGRER 49127 3.0255 0.6985
Genetic programming -3
M5 555 s
4.7907 2.8884 0.7058
M5 model tree
VS el 3.3544 20485 0.8730
Genetic programming -1
¥ S5 etelin 3.3501 2.1373 0.8731
Genetic programming -2
Ql-lv QI-Z Yo St 5 aols
O Soteby 3.5644 2.2415 0.8554
Genetic programming -3
M5 555 e
3.8480 3.3828 0.8232
M5 model tree
VS i 35715 21417 0.8546
Genetic programming -1
5 *; S5 sl , 33094 2.0399 0.8769
enetic programming -
Qi Qz: Qus e programmn
TS Sl 3.6836 2.3289 0.8493
Genetic programming -3
M5 a5 53
3.5514 2.0877 0.8562

M5 model tree
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Figure 6- Scatter plot of observed and predicted Shaharchay river flow by genetic programming-2 and M5 model tree using
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Table 5- Resulted analytical formulations from different genetic programming models for prediction of Shaharchay river

flow
b ¢d . .
Jao sl 6399 Jae Lo Jge 8
Inputs of the .
model Model Analytical formula
V= S5 sl
Genetic Q =116164- — 2889 0464325 (Q., —1.0069)+ _48939%xQ,
orogramming -1 15.4317-Q,, Q.. +(7.4115/Q,,)
Y — S5 s pyaely
Qu Genetic Q =2Q,, —4.59897 + exp(- Q_,)x (0.470093-Q, ,)— M +1.60499(4.29288 - Q,_, + Ln(Q,,))
I, 118622 -Q_; +Q 4
programming -
¥ S Sl Q, =2.06184x(Q, , )** +cos(L. 75458 Q, , +(0.29318xsin(Q, , ))/Q. ; J+
prog?ai:zgli(r:\g 3 cos(arctan(5.58344 -Q,, ) xc0s(5.23111- Q, 1)3)— 0.113096 x Q, , xc0s(Q, ;)
V= Sj iyl
§ AN 3.08585xQ, , 8.61923 9.99295 - 3Q,_
i =Q + P <1 _0,0480611 0.41425 + -2
prog(r;aer?w?rtlli(r:lg L Q=Qu* s Qs Qe Qe Q., ) Q,-292712+(9.99295/Q ,)
Y — S35 s yaabiy Q, =224425-(Q,_, +2.83551)x exp(~ Q) — Q_, +0.628713x (Q_, — Q)+ +1.40657 x Q,_, +
Qe Qrz Genetic Qu
programming -2 Q. —2.98038 +(3.87503/Q, ,)
¥ S 6?«)“"“)? Q =1.7322x Q" +0.177459(Q,_, - Q_,)+ Q. — 0.816559x Q,_, + arctan(Q,_, — Q,_, f x e™(Z21400) |
Genetl_c sin(log(Qt,j))
programming -3
V- Lg-““’) d}i)d“b/‘f Q= 8.16467 xQ_; xQ _ Qs 15.3807x Q.4
Genetic ' 8.16467xQ_, +9.95773xQ, ,xQ, g gag5z_ 0100669xQ; 557239+ Q , +Q ,xQ;
programming -1 ' 8.72287-Q,
y— d-“-’) d}i)ubﬁ _ _ _ 0.419237 x EXp( o1 — Q[—Z) 8.20132xQ_; xQ,_, QxQ5-Q,-Q,
. Q=Q.,—-ep + +
Qt1, Qr2, Qrs Genetic Q., exp (sz)* Qu+Qu, _ _
978882 Qs

programming -2

¥ S ghupmebiy
Genetic
programming -3

Q =((@Q., —sin(0.765961x Q_,))/(Q._,** )+ (@, ~sin(7.55762-Q,,)/(Q. ) + sin(yQ, —sin(Q_, ~2xQ, ;)

A.uul)L;o d.u‘a » &.AJ&O)M Gy (2D ).13‘.'0;0 9 ul)bl) [EWC AW 431)‘ wa““’ e‘y LSL“QL";)T

Qe §3939 yiol )by Jawgd dilddg, (15 00wd v 1y M5 (G855 Juw 3l sselcuwday ool s —F Jgun
Table 6- Resulted mathematical models from M5 model tree for prediction of river flow using input parameter of Q.

§39,9 bl o5 Wlhag) (013 dpmwlone dla
Input conditions Mathematical formula for computing river flow
Qi1 Q
Qi1 < 2.67 Q;=1.2674 x Q1 +0.3339

Qi1 >2.67

Q,=0.543 x Q,; + 4.1532
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Table 7- Resulted mathematical models from M5 model tree for prediction of river flow using input parameter of Q. , Q.

§39,9 bl W3y, (23 dwwlone alail,
Input conditions Mathematical formula for computing river flow
Qs Qtz Q¢

Qw1 < 1.175 All values Q;=1.1401 x Q4 - 0.3475 x Q,., + 0.7538
1.175 < Q1 < 2.67 Q2 < 1.03 Q;=0.7029 x Q. + 6.2287 x Q,, - 2.2456

1175<Qp1<2.67 1.03<Q,<2.42 Q;=1.892 x Q; - 0.1058 x Qy, - 0.169
1.175 < Qq < 2.67 Q2 >2.42 Q;=1.0326 x Q1 - 0.2073 x Q., + 0.6047
Q1> 2.67 All values Q;=0.9048 x Q. - 0.663 x Q., + 6.8348

Qs Q12,Q03 (299 Syl yb Jawgi ilddg, 15 80 g i (1 M5 55 Juw 3 o] Cuwddy oLy s -A Joas

Table 8- Resulted mathematical models from M5 model tree for prediction of river flow using input parameter of Q; 1, Qt.2,Qt3

$39,9 bl W3y, (23 dmwlone dlail,
Input conditions Mathematical formula for computing river flow
Qu1 Qtz Qts Qt
Qui = 2.67 All values  Allvalues  Q;=1.7424 x Q1 - 0.2464 x Q., - 0.0619 x Q.3 + 0.4485
2.67<Qu1<14.635 Allvalues Qu3< 831 ¢ = 1.0535 x Q4 - 0.6593 x Q. - 0.5963 x Q.3 + 7.0514
2.67<Qu1<14.635 Allvalues Q3 >831 Q;=0.4704 x Q.- 0.1645 x Q. +0.0266 x Q.3 + 1.0327
Qu1 >14.635 Allvalues Qu3 >8.31 Q;=0.6259 x Q1 - 0.1727 X Q, + 0.0166 x Q.3 - 0.1082
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Introduction: Precise prediction of river flows is the key factor for proper planning and management of
water resources. Thus, obtaining the reliable methods for predicting river flows has great importance in water
resource engineering. In the recent years, applications of intelligent methods such as artificial neural networks,
fuzzy systems and genetic programming in water science and engineering have been grown extensively. These
mentioned methods are able to model nonlinear process of river flows without any need to geometric properties.
A huge number of studies have been reported in the field of using intelligent methods in water resource
engineering. For example, Noorani and Salehi (23) presented a model for predicting runoff in Lighvan basin
using adaptive neuro-fuzzy network and compared the performance of it with neural network and fuzzy
inference methods in east Azerbaijan, Iran. Nabizadeh et al. (21) used fuzzy inference system and adaptive
neuro-fuzzy inference system in order to predict river flow in Lighvan river. Khalili et al. (13) proposed a BL-
ARCH method for prediction of flows in Shaharchay River in Urmia. Khu et al. (16) used genetic programming
for runoff prediction in Orgeval catchment in France. Firat and Gungor (11) evaluated the fuzzy-neural model
for predicting Mendes river flow in Turkey. The goal of present study is comparing the performance of genetic
programming and M5 model trees for prediction of Shaharchay river flow in the basin of Lake Urmia and
obtaining a comprehensive insight of their abilities.

Materials and Methods: Shaharchay river as a main source of providing drinking water of Urmia city and
agricultural needs of surrounding lands and finally one of the main input sources of Lake Urmia is quite
important in the region. For obtaining the predetermined goals of present study, average monthly flows of
Shaharchay River in Band hydrometric station has been gathered from 1951 to 2011. Then, two third of
mentioned data were used for calibration and the rest were used for validation of study models including genetic
programming and M5 model trees. It should be noted that for prediction of Shaharchay river flows, previous data
of mentioned river in 1, 2 and 3 months ago (Q, Q, Q) were used.

Genetic programming: was first proposed by Koza (17). It is a generalization of genetic algorithms. The
fundamental difference between genetic programming and genetic algorithm is due to the nature of the
individuals. In genetic algorithm, the individuals are linear strings of fixed length (chromosomes). In genetic
programming, the individuals are nonlinear entities of different sizes and shapes (parse trees). Genetic
programming applies genetic algorithms to a “population” of programs, typically encoded as tree-structures.
Trial programs are evaluated against a “fitness function”. Then the best solutions are selected for modification
and re-evaluation. This modification-evaluation cycle is repeated until a “correct” program is produced.

Model trees generalize the concepts of regression trees, which have constant values at their leaves. So, they
are analogous to piece-wise linear functions. M5 model tree is a binary decision tree having linear regression
function at the terminal nodes, which can predict continuous numerical attributes. Tree-based models are
constructed by a divide-and-conquer method.

Results and Discussion: In order to investigate the probability of using different mathematical functions in
genetic programming method, three combinations of the functions were used in the current study. The results
showed that in the case of predicting river flows with Q, M5 model trees with root mean squared error of 4.7907
in comparison with genetic programming by the best mathematical functions and root mean squared error of
4.8233 had better performances. Obtained results indicated that adding more mathematical functions to the
genetic programming and producing more complicated analytical formulations did not have positive effect in
reducing prediction error. Unlike the previous observed trend, in case of predicting river flows with Q Q, the
genetic programming method with root mean squared error of 3.3501 in comparison with M5 model trees with
error of 3.8480 had more satisfied performance. Finally, in the case of predicting river flows with Q, Q,Q, the
genetic programming method with root mean squared error of 3.3094 in comparison with M5 model trees with
error of 3.5514 presented better predictions. As a result, it can be stated that genetic programming by the best
mathematical functions and considering the input parameters of Q,Q,Q, by resulting less root mean squared error
and high correlation coefficients had the best performances among others. Also, the results showed that adding
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more trigonometric functions did not improve the precisions of the predictions.

Conclusion: In this research, the intelligent models such as genetic programming and M5 model trees have
been used for prediction of monthly flows of Shaharchay River located in East Azerbaijan, Iran. The obtained
results showed that the genetic programming by the best mathematical functions and M5 model trees in case of
considering the input parameters of Q,Q,Q, by less root mean squared error had the best performances in river
flow predictions. As a conclusion, the genetic programming method by specific mathematical functions
including four basic operations, logarithm, power and using input parameters of Q,Q,Q, has been proposed as the
best and precise model for predicting Shaharchay River flows.
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