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Figure 1- Location of Urmialakein northwestern Iran

X(1) osds (oS0l Gloj gy s (gl alasd 2 > Lx A
(W)5S ol ) S 0 Glpen |y o

X(t)=(x0) Xt —2) Xt ~27),. xt—(k—1)2) 0)
dn K dmodls lo (glp (loj pudas ¢ JSCul sl t )] 5 oS
oot Il 3 gloy b laalie (y Jeolgd T g pisw
09 (B Jod> 4 a8l e @S (a5t WU F S
(WV) cudg lpen T 2 (sl s

0 el e i
Sl LBy s Slodgiee 5o s ul ()3, gl
bylyds & Wi 95 oyl - (random) dslas )lid, 4 (periodic)
55 30 Ll ol Supn o il i ok 3 o
sob doy A 393, (039 (B3l 5 (9 (95) ay2 b
s—=lad L;)LQM»J ‘wal Spinaw cas dl95g° uRSuie


www.SID.ir

VAP Coigudyl - (1903909 ) o)leds ¥ il (S gl wy s FY

30 Proai sl o S(HT) 5 S(t) wYlas! iy 4 Pr(S(t+T))
Laodls ay bosye pl, 5ot unn | lote a8 conl Jlis! mb jlade
23,5 gl

by &1 B9y Olgine d b oaBlis day (s sl p9d 25 5
(V)05 dlasly gubo 050,84 el ous glayl Cao

E(d+1

_E@+]) ®)
E(d)
Dga oo duolxo i &g 4 E(d) 0) alaly )

a1 -0

N7 2 [y, 0oy
Byxe N ool jlay 93 AW o5l [ || coMe ol j> oS
My o5 S05 ,Kled NN 5 ouilis day d daodly (g Jobo
Dedse iy ) sl g & Cunl 1505 )1y 4 dluen

[Yalt) = ¥4"t)] = maxglt+ [T -s"™e+ 7))

Ei(d)

)

E1(d) ()38l 155, J 2 a8 Cul (gylade d Hlade p Sewlio

D9y U O

(St gub cuaals paaal lageils

9= lai b Slogsl asuis a8 ool osls 3JUT ol
A5 dales  Bime ola jasli dobl (5 bl o adllas 3y5e witu
a5 s OpenTSTOOL 531 5,5 5l oalisul b sl aploxo b oS
4 olei o Matlab )> aid iy plosl g &8 9 Voo Jlo 2 V.Y
A Zewly ol ol

(Correlation Dimension) Sivusan aas (A

3 35 el Loy VAAY J 3 (S S 95
= U1 s parde by wiyeSl cnl (V) 2055 gl LwlSy
Ol (b 395 Ly ataly )3 JULST8 dwrin jl 4 cospde
Sobdy nog 5 (siluasiie 1 (93h) o) —Cunlad S
Sl s Jae S 5wl 0 glize 4y (g5lwdnd )l S gu]
Soul 1y ol Sy (laseSo g S s | i H3 o S50 b
Iy 4338 an o8 Jdo &S Comg (e opl & b 418, sl a8
i MolS” slacwlus g ol 4 Silgn Ll asly bl Ay
2 i Cuxdg 0dimd lid b pie (po (Siuawed 280 gusl
s 3y b gy (S (Sisad oy (YO) il 42318
Cga ol ablyco sl (95 oS izman 5 s (Slgd]
b gloyS 5150 anlgs gy (eas Slysil claaibeles <l

F:R > RE )
X(t+7)=F(X(®)+ plt)
wbald 5 (GSbyw (9,535 o alalld 229 > 4
e (b L (1) Jlosn! jiite (6 )S0jlasl 3 59290
AWM s) D550 (sllad  abod lpoitinw ;5 ol odds a8 )5 Lo
Ml i) Sloie (Bl o5 jlonn b (jobre b 93y
23 (Slagdl slaptug) 85 o 1) s Syg0 4 b (3l
MolS 5y 41 533 g s gl _50Lss (slagatnmas 3 &S o
(V) 290 @iy (Bolas g (Sl

(Embedding Dimensions) suiilds slagl

4 diad olapiaww «Slogsl lagium S ols ol 5
231 (N (93t (slb yial)ly dny il dlaxd y2 L8,
sbayiehl Gl L ()b jl g aales ()5 slde k (V) dal
O Slwbre Gldas o Laosly poo piun S5 ks j0 Jso
ylio Vo5l 5 )5 slak (gl gy cnl 5l b Gl Bl Cus
odlawl PSTeW) ul.u d‘); L;‘B.)La}' prery dLQAAn uLonv )‘ Sy .\m19>
9 i dny ol (gl (Sl (slaoged (V) 51 JE @) 595
g—oy o8 JB (lad L) s 513 &7 ol il ol
Slal a8 Lo hgy oyl (o yigalS 51 (S5 0yl dgng cdimd o
» (Y) cwl (Takens embedding dimensions) S5 saslis
V() Jloyp X(O)ly sl 0 d @k 5l gt duy 10lS L 40a8 )l
by lFe p) Cyge 4] 4pdB pl e 485 LS )

dt)=h(xt) R >R
y(t)=[dt), st +T), st +2T),..st+(d-1)T)]

(v)

oisel 5 U le alolé T=mt m=(1,2,3,..) o] ,» &
3ol YO Joym d Gl L add ol b 9o
Wy el IS o 3555 |y X(0) e (oSl (slaamsls
g 255 X(1) 4 (il R et S 329 1 ol Jolos
29 (b Wb plS 93 e ygo a andb cpl )8 @ sl
L dylade pos p5 )3 9 3980 (el Tolon b 130 jlude Jl pl8
(T) o 335 dline sl Jgl p15 50 (1) o2l 2oy lon
oslezwl (Mutual Information) |olite cleMbl 6 51 4le5 oo
ewlia T ol 01 0391 (V) g yo 3 S anc] gub (Falaly) 5,8
&l wosten (gl b ol il

_ ; M}
(4 WZMPr(s(t),s(t T))log{m SR (%)

9 Pr(S(1)) sl js ) sLmosls JSoli dol e


www.SID.ir

PO Wazl ;s Of adaw 3l e (paadti 9 o)y )8 (Eouan (omas S 9 ool a1 ylai 3 )8

Stog=dl 2Ll ) (3l slas,s 5l odlisl LIS joha,
lgioe Laodody ol (Gmiier e 9 Siglgrhen slaoty
sl b Ol mls copis g5y 4ol » SLls S oS
Ol 2l el (@S el 4 S8 (gl sl )l i
gl S a1y 005y Svranad (sl Jlgus gy (s SeS 4y
(N o 355 o 53 o (sdiedgwr lime 4 iy 9))
3y
by o g 5l s oy (gm0 Slhogdl J8) 4 g L
3929 Olej S 3 Sllg ol o ol g Sl o)
apog)l azlyd ol s 5l s ol e S5 gy )
5 i webp Mg Snptn S & Cul eal b 990
5 oslinl Uy ol oyl a8l o 5T Lty e (sl lSal, )
ye0 OpenTSTOOL 58l o5 0 (Silusors (535005 o0 505!

O 42 Ay | (egian (s el (b g 9

005 s il (351 (S 6 Camlo g sl 03,57 55005 & g9,
oL 355 5] i 3,5k ody Blas J (55t 3 o o
Sl oty slaglony o ypasll g ool 5l (S i
LY iz gyt Jao ooo8ly locuas (giluJue )3 olitul
S jl &8 abl o (Multi Layers Perceptron) MLP jLas| 4
ol SIS oy Y W b Su g (298 4Y S99 &Y
¥ gy pled & Y S by pled Hlsle ol 5 ol
S Gy 45l laiges (V) JSub 3 sl oo Juatle dn
(¥) IS5 53 o plan 35 (oo oamlis plais 42Y S 1) Y
Ols=e a Ggp5 ol Y 1 plaS o g5y 2 25 0 oanlie
s SS an b e SV L as Wyls agg 0lijloy slassly
ko el medali (g5 9 Loy Jlail ops gd oo Juate
@l 4 e 090 O S0k wsSl plsie 4 ol 51 &S
oo g Layjg hjsal sl 8 (b (YA) 29 0 45 ) glite
c..\_».nb (Blas) uol_:l) bMa_s] 9 ..\JHU_A E—> l{;i Ls 4 LS"'"‘L
e (a8 4 Lo AT G A8 (o0 jid (2032 s9b 4 igdise
0359 9o-l> (SraSud gy (BASLS (ogas Jdo sy 395
(Back e ay Ll 359l Jlg, Lo (Feed Forward)
5 LaXp (Y) JSb 0 (Y JSs) el Propogation Training)
o (1) S8 st 853 sla 29 3 9 Slaedgyg i ¥ 4 YD
Syt (Sgian (195 Sy g ol plsl Sluslone g 4418 090

il 33 e La5 5> Lnodls 5§ (oot bli5 Jgo |y R glasd
53 g S (o )5 0,8 (99,0 &S ) (blE S &g
(WS Ole 2 ©oge & glgice 05 3550 (585

R 5 SlR-pd)-x])
C(R)=——— (R-|xi)-xj)) @
NIN-1) & 4
2 5 ol &)l O(X) g odls asely Job Cyno N ] 5 oS
1l ot dasuiie
0 x<0
0(x)= (*)
I x>0
T Al (gl 29d 0 S35 yao & R polie oS oK
Wby ylgi o C(R) yuuss
—h Dc
C(R)— lng(l) kR (\+)
. InC (R
D. = hm# (")
R—0 ln R
o a0l Wle e R polie gy daless diwen odld dsgazes
oo 4 (39 s Bl 0, S )0 (gldlais ) dgub S35
PLSLY (o cunlio (Stumod dap (1e3S 9 S ol (o)
plSo opl (o Cuomd o 98 puoy |y In R & ¢ In C(R)
ol 3 il s e (g30e De 81020 o cawdy |) D jlado
395t st 90 e 351 Sliasdl oo sloline | (S Sl
(3)S (0

Skl sl (o

Ll 4y Gl Sl Sl s e duasiio S
A g Gy Sl Glie (01 (LS (gl el 4yl
Sl slas (V) o byl ) cued cnl o8 Sk 28
(V) S0 Cinyo5 5 O yg0s (ol B 5 (350ke b Ay

1 & [, s(t+A)-s(t+A

e ™

il Jul 2l S(t) daoals JS sl N (IY) dlsleo
03 At o S(D)ass S5 JISsl b S'(1) okl dmy Lawsg 05
ol gl iy LS Bl slod (g2 e Bl oo o
Sl 4 b adl idy adgl llyd 4 Cowlus a2 5 (VW 5 Y)
S2s5 Caledn (Nobuon b das 93 o501 il JSlugdl s
PSSy i an oasll dn (Rl L (o8 dn) adgl el
35,5 o dlols


www.SID.ir

VAP ot dyl - (1903909 ) o)leds ¥ il (S g ol wypis  FF

xp(1)
xp(2)

x(3)

xp(N)

yo(1)
Yp(2)

Yo(3)

ye( M)

(YA) Oleds 4 S L 4 iy (g yiaw 1 450l =V IS5
Figure 2- Multi-layer perceptron network with a hidden layer (28)
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Figure 3- Nonlinear model of a simple neuron
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Table 1- Statistical parameters of monthly evaporation of Urmia lake 1967-2007
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Table 2- Results of artificial neural network models

Jo 52979 “luS Ol 4 53 (g5 Sl RMSE MAE R®
Model Input Compinations Hidden Layer Neurons

1 €,,6, 6 21.58 16.55 0.94

2 e..e 7 18.6 14.51 0.95

3 eH , eH2 8 18.51 14.27 0.96

4 € .,6.,,8 8 17.73 14.15 0.96

5 e,.8.,.e., 7 17.47 13.23 0.96

6 € ..8.,,8 5 17.24 13.3 0.97

7 14.67 10.96 0.97

7 6 1,6.,.6 .6 1
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Table 3- Results of chaostheory and best combination of artificial neural network

S RMSE MAE R?
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Artificial Neural Network .cguae uwac 4Sus 14.67 10.96 0.97

Chaos Theory gl 4 ks 16.92 13.47 0.97
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Introduction: Dynamic nature of hydrological phenomena and the limited availability of appropriate
mathematical tools caused the most previous studies in this field led to the random and the probabilistic
approach. So selection the best model for evaluation of these phenomena is essential and complex. Nowadays
different models are used for evaluation and prediction of hydrological phenomena. Damle and Yalcin (2007)
estimated river runoff by chaos theory. khatibi et al (2012) used artificial neural network and gene expression
programming to predict relative humidity. Zounemat and Kisi (2015) evaluated chaotic behavior of marine wind-
wave system of Caspian sea. One of the important hydrological phenomena is evaporation, especially in lakes.
The investigation of deterministic and stochastic behavior of water evaporation values in the lakes in order to
select the best simulation approach and capable of prediction is an important and controversial issue that has
been studied in this research.

Materials and Methods: In the present paper, monthly values of evaporation are evaluated by two different
models. Chaos theory and artificial neural network are used for the analysis of stochastic behavior and capability
of prediction of water evaporation values in the Urmia Lake in northwestern of Iran. In recent years, Urmia Lake
has unpleasant changes and drop in water level due to inappropriate management and climate change. One of the
important factors related to climate change, is evaporation. Urmia Lake is a salt lake, and because of existence
valuable ecology, environmental issues and maintenance of ecosystems of this lake are very important. So
evaporation can have an essential role in the salinity, environmental and the hydrological cycle of the lake.

In this regard, according to the ability of chaos theory and artificial neural network to analysis nonlinear
dynamic systems; monthly values of evaporation, during a 40-year period, are investigated and then predicted.
So that, 10 years of data are applied to model validation and a four-year time horizon is predicted by each model.
In the present paper, a multi-layer perceptron network with a hidden layer are used. Number of neurons in the
hidden layer is determined by try and error. Also different input combinations are used to find out the best
artificial neural network model. Prediction accuracy of models is evaluated by three indexes. These three indexes
are mean absolute error (MAE), root mean squared error (RMSE) and determination coefficient (R?).

Results and Discussion: Results of chaotic parameters such as a positive lyapunov exponent and the
correlation dimension non-integer slope indicate that evaporation values in the Urmia Lake have chaotic
behavior. So these values have not stochastic behavior and can be predicted by suitable models. Chaos theory
and artificial neural network are used for prediction in this paper. Values of MAE, RMSE and R2 for validation
data are 10.96, 14.67 and 0.97 for artificial neural network and 13.47, 16.92 and 0.97 for chaos theory,
respectively. The determination coefficient is the same in the two models while the values of MAE and RMSE is
lower in the artificial neural network. So error indexes indicate that the artificial neural network is slightly better
than the chaos theory. In order to prediction by artificial neural network, The best input combination includes
four time delays that they are values of a month ago, two months ago, eleven and twelve months ago. Because
in the chaos theory only the evaporation time series is applied, in order to better comparison of artificial neural
network and chaos theory, in the artificial neural network model only the evaporation time series is used. Results
of the four-year time horizon indicate somewhat similar behavior of two models especially in the minimum and
maximum values of time series. In the maximum and minimum value chaos theory and artificial neural network
predict similar values while in the other values there are some difference and the artificial neural network model
predicted values less than chaos theory.

Conclusions: The results obtained from the chaotic nature determination parameters of the evaporation data,
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positive lyapunov exponent and the correlation dimension non-integer slope; indicate the chaotic behavior of
study time series. Therefore, the system has a hidden pattern (i.e., the system isn’t Stochastic). The verification
results indicate the high accuracy of chaos theory and neural network models - a little more accurate - and it was
found that both models have similar accuracy in prediction of the future evaporation values or data that haven't

been recorded in the past.
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