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Table 2. Ranking the stations of East Basin of Urmia Lake based on Entropy Indexes

HX@) 45) HX @), Y®) 45) TXOYE) ) ITI(D) 45) o] pb
YIVEeY Y ¥/5 A \$ VA0V Y <FYYD i\ iy
YIVOYY i ¥/504- ! Yo vy Y- NARE) Y- aginsl
YIVa-¥ s FIAYYY Y AAT vY NAZON ! oles JoS el
YIVOSY An) ¥/0AY - W VNS W J¥VYY ¥ osly
YIvoss \E F/AFYY \te Y/0AMY Yo Javyy Yo Ol glaanisly
Y/vavs s /035y W VMY WY AR A Ol s
YIVOYY Yy Y050 Y 2% A <I¥AYY A Jop
YIVOYY A F/EVYA yY Yooy AR <[¥YAY a4 2rd
YIVosA Y ¥/550) Yy of-xay A <I¥YVY Y el
YIVOAY \rg ¥iEvay L JANRE Y JFIYY W BA%
YIVasA Y Y/avay N VIAS-¥ Ve <I¥-50 ye Tomsd
YIVaY- ) FIVYSA ¥4 Y/VEY Y4 <¥YYD Y4 Ue oyss prr
YIVOYY Yy FIAYSD vo YIYSVD Y NAZSN Y 3yiley>
YIVOY Y F/YVAA A% \IAY4Y4 \% AN YA o Adg>
Y/vaya A a1 VA yavay 1 AT 0 oy
YIVEY ) \Arani ¥ \Vara4 ¥ NAveze Y s By
YIVONS q ¥/5+5Y i VIAYES A AR A 3955
Y/va¥a Yo FIVINY iz \/ANY \lg /YAy g Sl
YIVOYA 4 ¥/SAY - Yo Y/¥vY Yy <J¥YEY Y &y
YIVEA- o FY/AY o FIFVVY A\t VEYAY \td Sl
Y/vara Y- FIYVEY \ VY-8 ) NARRYA ) -
YIVOst Y4 FEVYY ¥ Vode¥ Y <I¥00s A ald s
YIVO-Y 4 FIVATY ) Y/xYay ) NAZYAY vy LS s
YIVa0) A\l FIA-¥A Y AR ¥ NAZNE Y. U5 (5058
Y/vavy W YI0¥sY q VYEAN 2 NAYN v ol a5J38
YIVEYY Y FIEEYY Y- Y/-¥aa A <¥FND A ool B
YIVOsY YA FIFEVY Y \Vzatd ¥ NANAR 5 Oy (g
YIVaYY \# FISVYAA A Y/ YA A <J¥YE A s
YIVOAY Yo YIovss A VISAYS 5 <JYYYY o S
Y/vaY- N FIVYVA Y. Y/\SAY YA -/¥ava Yy NS
YIVONY A FIAVEY v¥ Y/¥Yan ve </¥ayy ¥ 4y
Y/vara 3 /0010 \ VAYAA a AR 4 Olyre
Y/VOA- v¥ FIVYYY YA \/ARRYS Yo <¥FEA Yo ol
YIVO¥- Al ¥/0-A% 4 VISYAD ) <I¥YYY ¥ ARV
YIVEVA ¥ ¥V A N Vage¥ A <J¥vay A Koy
YIVO0) yY /5 FY ¥ VAFYY \# <JEYYY \# s oy

Figure 2.

200

Alold oy iyl e leMb) 51 gy5] (SaS1 Joges =Y S
The Scatter diagram of variable Information transmission entropy of precipitation to distance

400

600

800
(3205 cdluo

1000

1200 1400



YA Sbas p)S wiyol g el gg,5T 51 odlianl b (i)l 4 (g 5lodinto

sououy HUOH?
i
2 e
g1 [8
3 3
& 3
g g
g g
= g
g1 2
g g
3 §
s o
i (53 =
Legend L 7 i
7 o 2
e ol sle dag) 5% At 598 L
ey laab | - X £ SRR &
g1 N s U S 2 FS
H b g
. : :
[ a4
g
- -
—
0 10 20 40 6O a0
[ - Mies
souou.u I“U"é

ITI() oMbl sl jasls bl p dsegyl dsb ) jusol ojg (gaiage —F S5
Figure 3. Basin of Urmia Lake zoning based on Information Transmission Index ITI (i)

oMb iy Sygod iy Sua b cplpls

sl
. 2 2
MinZ = a;; [al (Errsij - Errsmax) + az(Entij - Entmax) } (‘i)

ETTi]'—ETTmin

Errs;j = (V)

ErTmax—ET"min
9 Entmin = mln(Ent”) .CM»)‘ L)“'Jb)b dUa}
2955] dseS e Ciy 4 ETTg, = max(Erry;)
ET7Spax = max(Errs;;) Vb Bua b > uiomen

o] ’\ Ao owbyly sllas o libil gdide Hlade
o0l dneS ke Entyy, = min(Enti]-) PR IN
0¥ Lol wdl,{)]s slks (§0dgd>e 3 bls ol dl).g
aeS b Jesly L& bt sloolSiun] obolKe 1y
Enti; <1 byps (39 5185 ©ypo 3 45 98 00 iy yoi
0ol hie Gl gl Hlde &8 Ll b ‘U..u)
s g )l (cwl eSS aleMbl sl g0
&S Gl oyl dxe &Y Hlade DS e yao lade Ojguaiy)]
oor S ol e el g Cunl 3y alie by

(Y Songe 30 (bl s olKiw! e b 1S

Db lopg Cuenl anie JBls b gldalais yo,b pesd
ool Sl caslio bl (s (sl e adlllas oyl
ol 03 dawgs zul sases maw > L slaolKiw)
5l Wl )le il 00l drwgy Jdo Lol Glial .l
SleMbl sl gm0 Jolhs 9,8 aidin §

a;; = bi; X ¢ ()
by > ()
byj < fuer (o)
¢y > (\W)
()

Liai=1 (10)
a;j, byj,cij € [0,1] (V%)

5 SledMbl Jwsl peml Ol awb a8 bl

dlael 5l ylxo 95 (ol duwlio (gl ccunl gl as  yuilylg

o s byl slaosly U dgd o ooliiu! oA 5kl
:(8) 295



AR

&S D9 o odnliie W Canddy guld Bdo a8 S
9 0 85 Sl L oolidy Cbcad a8 okl
Sl |y iy dbd oo cdd b auly oS s cudly
iyl ol @l b ol dlold ool Cunts ol
(FA) wapsS i)l ool 2 o)l 8 o g9 K4 5l o>
S8 It enl Sl Jols Cloa cnyiae g 008 L2l b0 -
s 09d o b lie &S job ylod Canl o ool i ¥
£5 3 o B8 5 5 b ity w2l ) Jeols
Sl dols Sl o8 w5l e b <S>
ool Bl JalS Las g a3l e o8 > cadlsy

SSd Sluogad 4 da g b alge i bo gl
s bl olie b sbacydgime dilaie  seiwplb
2o b o] el dige Cusbe sl (gl VL
Sl glejbs skl Bl puizen W8S S L
Slon 5 o b e bl 3 (WMO) ( wliilen
Y @ye poghS Are B Fee ja 0 oSl S (Jine
Cglite Uiond (slapoalil Seng 4 dngi b g Lo ) 51 o]
coiie bla 5l O e Blbl s ¢ Sldlas sdgie )
P peshS V0 glad 4 clodgae il oSt ol
o) ol el 3game o j5 a5 as 4 S s
dold 58,5 Lo D b piored (Cul 4Bl 2959 (6,500
2 Sty Jdo 8l g8 3l osel Cunsy dine
03l dmwgs QUi pyS 035931 5l eolaiwl b 5 (o laueo
o) ol (gl s abai S5 dpl )b » 0 9 A
Sy des A ol @i Gl Gl Gw AE s
(¥) Jgdopd o5 b s o o] b
Ll 045 0313 Oiules Lm‘j Slaise

—— BEST
2zl —— MEAN

fitness

0.5
0

. . . . . . . . .
10 20 30 40 80 60 70 80 90 100
iteration

WA il g 5l TV ojlauis /pa3l Jlo Jee| 055> Cu e dolidg

(a5 by Jlde 4 i b K> Bib 5l g e
diy Sl & Wl olftun] bolSe gl bl
oS 29 g0 Ly Cij yite (ol ply Bl (eSS (i)l
Seily blE o) Ess;; > by d)l)ﬁx—o)y, »
(131 SV s iy ol e S5 51l e o5
e Qjj 255 o o e Sygocpl pE g ) e
Enti; <mibyd 93 2 ()80 ©y90 5 & ol o
o Hlie Gyaocpl me 3 9 ) Lk Essy > o
sl yusio Sl pLST po oS 0,8 (0 Ve (B9 Ay 055 o0
ol wiyoSdl Cyge (pl 53 XS Y Hlaie by o9y
Cpgonl > 2,5 o0 ding dbi JUi> 4 g 295
O mlpd @y 9 @y 2980 Bgte 0)oSUl 5 Hho ke
S pp Cusalddrgi b o] jlade & aien ) 5 i
S oo pp oy 9dio s 0k pS paeal (slaylne
ol ity digg dads 8L )3 Jlee ] 8l sl iy
by Caabas pae | bl (& abal) YU an a6 gl b
1 iy b gizron e Jlil gyl i)
aude L solKiu] Luwl (sly (ooloiin b Y
N )JJLo.a Lb L\»l Ak )L>L» L5|)>| d‘)’ Nl o0
03 paide slp polie pl &ly 3 29d pastie
sVl glad uilly 9 omly JU (a9,5T b odgame
g ddbie (wohl b Clogad @ g b il
GduaSho ) Yo ol j0 walisee polis b as 4 g0l
Sy doyd Fo g 1 =/ wleMbl Jsl pq,0]
S Cubge Sl )y = <[P g il slad
e copiomen 3,8 13 Jlaine s oliuy] el
A3 1Dyl g @y pdlie lime 93 2 LSy Cuenl

42

4l

38t

361

34F

fitness

32f

3t

281

26

|
0 10 20 30 40 50 60 70 80 90 100
iteration

plos ol o 4y (oolpiiin FA 5,53 g (canly) 355kl FA w3,651 51 ol cannds pdlie o yian ) o> ol jlages =¥ JSi

(<=

2) bes

Figure 4. Diagram of the results obtained from the best values of standard FA algorithm (right), and the proposed FA
algorithm with all the movements (left)

1- World Meteorological Organization



Sbas p)S wiyol g el gg,5T 51 odlianl b (i)l 4 (g 5lodinto

A (g jlwainy (oolaidin Hlsbo 1 osel Candy (S )b Ls (glaoliun] Slasuie =Y Jois
Table 3. Specifications of the new rain gauge stations obtained from the proposed structure of the network
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Abstract

The first step of the implementation of water projects is recognizing the characteristics of
rainfall and awareness of the weather and climate of the region. Because of the spatial and time
variations of rainfall, it requires much denser network to supervise compared to the other
meteorological factors. Therefore, optimal localization of the stations is very necessary.
Accordingly, monthly rainfall data of rain gauge stations were collected at the basin and
adjacent areas first. The primary rain gauge network was created by considering the period with
the largest number of the stations, the most statistical years, and the lowest rebuilding ratio.
Then all of time series data were analyzed by statistical analysis including normal and
homogeneous tests and stations with errors and non-homogeneous statistics were removed or
modified from the total stations. According to the results of normal tests, annual rainfall in 5
stations, due to their smaller amount of tests’ values toward their critical value, does not follow
normal distribution. Also, the results of homogeneous tests indicated that 91.7% of selected
stations in the basin were confirmed in term of the accuracy of the recorded rainfall data and
could be used in hydrological analysis or water resources after this. With the spatial analysis of
the precipitation entropy, the amount of information transmission entropy was calculated in the
basin area and was considered as a criterion in determining the points with the potential of
establishing a new station. The results indicate that the six stations of Shabestar, Sharafkhaneh,
Zarnagh-Heris, Harzandat, Kalibar and Ghoshchi-sarab, while having low ranks in the network,
are in critical condition and are the weakest stations in the basin. On the other hand, the stations
of Saeedabad, Bashsizovjan, Maragheh, Khormazard and Shirin Kandy have the highest rank
among other stations, and are five important studied stations in the basin that produce the most
useful information in the network. In order to perform the optimization process, an objective
function for the whole basin was determined and then the Firefly algorithm was used to obtain
the best localization for rain gauge stations. The best localization is obtained by adding 9
stations after checking the results.

Keywords: Firefly Algorithm, Information Transmission Entropy, Optimization, Rain Gauge,
Location
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