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5- Correlation Coefficient
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4- Principal Component Analysis
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1- Effective Well
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Figure 1- Location map of Urmia plain in West Azerbaijan province and consider ed wells

(V8 9 YY) 33,5 (o iyl o (ad @b )90
Zl=Xa1=a1,1x1+a2,1xz+. . .+ap,1xp
Zsza2=a1,2x1+a2,2x2+. . .+ap,2xp ()
pg‘)_ao aj 9 039 (h]_] uLol A._QJ;Q )1 ,eli),a.:.cai,j U‘ o oS
dl_tbd&.]}o wl)a.o oS .))f wl) u‘yudo Lh:uw).:l.n uo‘9> )‘ odléztw!
i S uilylosS G yile 4 brye 039 sl o) Lol

235 oo dplone 5 Lallg) 5Is e e g 3 5 ylade
IS-A1[=0 v)
1ly e yile SO T olSST sl baols dlaws p 31 ¢ 398 abail, 5
(Yl) A_Ia.d) )‘ aS cewl P 4_»)0 uwl_s)lf u».u)JLe S 9009 P*1

20,5 o duwle

G (9

Sl S i 3 Fge looly Lol cur G ol
38,5 oy o sl 5V S5 J dong) €53 i
Slasy d dang bols ya Sl iy gl il ayeb 4
4, qj 099 o Gledd pioren g Laa},)b’] 5 Oi uf).w Olady
Olyad cupd Hlro 93 5l edlatnl b s dls o )3 05y ol o
Bl 5 alwlid J5ops clacl « pli] o lad lje 5
Dy se A3y ) () gy 4 el 3 0)8
o=l 9 48 cl Glaalie slaws 1 &S 28 0 (2B NFP Ly Sle
&S Cul ).JL:T dy50 b yuxie P Carwl Lg)LoT sl sl R
Lagl 55 (o o o 48 el olamols sluss o 8ly 5
an ailpe pn Lol claadlie LT gy )3 900 (5650511



YV dmogyl cadd (i o O o ot 30 S50 sbooly o lulid

Do asuie el dyge ol b ols b (Siused (s o plx]
AN )I )_uof M Cu o Pl L;:Lmob e dlbo‘b ol 59
s BT o el cus i ol @ (VF 9 V) )5 s cslacsls
4SS SLadd ol «olps 50 g b lwlid She oly leie 4 ols
4 aS |y Sleds S piomed g ol 03,5 e85 LT 3 oy ya
S ol Canod] W90 )S astiie Cuwl 0dd ad Ll She ol> ylgie
Cowl (Sladd dlawi &y ol 0g) 5o ladd dlisd Coud czBly 43 ol
odd ylds o L'):ﬁ.‘ sl 05 03l ug).w )JLT 5 ol O] oS
Col s S5 s ) Boly ol 4y S ol o gyl
il ) (it il il yrdn ols (O d Cuenl 03Il o g
ol bl sgas daoly (caas) (¢lp by anlgs i) pdaw
4)[»-»)1 Bol w0l 4».9)? )h) )2 \/’ 9 ’/A 6’/; 5’/\‘: 5’/Y o l)
oS oboly) dies ) ag) g & wile e Bl obols Byo o
Jolis o+ aill g (wlos a3l Phe ol> lgie 4 b BT als” j
(VF) ol 5038 5 S50 slaol &S

uT ala_«) uL_wl?u )l bl_>)_m ETEN )_:l ) )9_b.u:: LY)
oalswl L;stu] alo.w dUa> 9 ul).u.u g )L.aw 92 )l RPN
lools Gl (gl5l o il (sllas jlade ofF) ol 1 eolatwl b b
aliwl o] ool 1Ske aunglio ;I Lasuie ailin] G )0 i
el Cawd 4 baols als oSbe b

Error=(m,-m,)/m,x100 *)

dl_(bol_'> Bis )l o= k_JT é]a_w u,.isl_mmn ‘(.993 4]0.") PN
ol ol a8 1 Silemy g aseie alin] G ) j5e pé

i 2l ol 48d 5 She claely A s gl

S plog ol 5 S5y (sl Lol (slndilgo 3IUT cdnngyl s>
P 5 (obel sladlo slas) Jawn Jold (359 sloosls L yilo
Jlawo Ve ualy Jlad] o b gados opl jd Caol (Lol dluws) (gt
SV N B I VAN IR S RO PR VI
o ol Ol il > Jle lsie 4005 36 5y S5 (slaoly
adlye Vo aild ol )3l 48,5 51,8 1JUT 5590 Holome ol Ve
4S) ol ololy L ol il yo Connnl o8 0 el sl Lol
L i il (1l oo ¥ lsles ;3 ALy jbslito o9 e las
llae il oyt (bl (gl &S W o Gl olaadlie
soblen ited (uib)ly cnpier L1372 9 21 Ao 93 N Jo>
G A8 Ty Ws1 5 Wio slaols ol sl 003 o3l igles &
Lol g5e lacly plgis 4 s /A VL (Stsod o2
ol 4 B 3550 plsl laoly (oolod 51 oyl sl 56T al 08
e )5 polas 980 Bly 5o ola a4 (SlaB 2lasd alwg

S=X".X/n-1 (v)
N alayly 0T dblee > slacodgizne .l ooyl g coodle
3l A5l (398
T T s
(a jai—a iajZO,lij) opg syl 39 dgas
T, _ ) .
slacosgisne (@ ja7=1) opg ooy g a5 b Jlboy
leadio 5 il SIS ¥ dblee slacles dad o el o (S5
659 dl_m)b)g P anan, a,..., )fl g Jﬁw “_J..ol
L} ) adoles oLi?T d.._.wl) 7\,1, 7\42 geee s 7\/9 bj_w )J.)l_o.a 4 ]oy)p
Dgas o0 030 Linled 535 g
Z=XA (¥)
! A:(al, a,... ,ap) 9Z:(Zl, Zy,... ,Zp) Ui 2 s
ol Lol Jlize 0505 polie olon 2j (Lol (slaadlze i)l
adlie gl cplplo sl A ply (ol adlse gl (uil)ly
Odgl a8 crwl opl oz )l g LS o dloul 1y il ylg oy ki
JoB (SasSTy i b daie of dlaciel 48 canl a3
ooloyly hyls (Lol adlgs pogd .l Lol slaoals )3 sanli
il 9 '3)_-“5@ )I)B P9 Ay D u»)b)ls )‘.\.O.n bl )‘ 9 009 )\42
P93 4y, Laodls saaliie JB  SuiSly, oS cunl ol 5o o
W35 o oyl il e & 35 uol (slaadlge dudy )l )8
ot 99 4 53 50558 s ol sloesh 350 51 ol sloailse
Al dgos
O (s oy | ols b s Cued] Ao (gl
- .ss)fu_p odlawl oads sdalive (glaodly 9 L;Lol slaadse
2] o Cawd 4 (0) dlasly 3 Lol adlhe b ols  Stisen
12
Cor(zj,x))=A; "ai; ®)
A e ol pl j Lol addie 5l el paic a5 (398 dlaly jo
Cu] bl_'> . M] ALY Yl; o.\a.ba)ul.w c.\.wl.: \fl.» oo L)"l
(YY)
o sl aols o o Cuenl duwlre (gl Guios cpl jo
oo (iS5 bols Ve oluw cadlaie (3 ably slaols 51 S
WS 0aelB § sl (p) ol dluws .0 Ll ool 5y50 ol> b
i led byl jo oS (n) wlaalie slasi ply xSl b e LU
Wy ol il sl Jke gly .(V\) A5l ol d)bi s Jls
W2, W3, Wag, Wag, W30, W33, W37, W39, Was, (= yolee ol> V-
Sooly ya il an cplpls ool asd )5 16 LT 5,60 W
Ol Gl 2S5 a0 p5Y e saled dgmg VemY e L sle
odlawl oLg- d9> YN )‘ (R Ao oLg- - )9L2u Lgl.:bcl%
9503
ol slmadie 3L )L <S5 baols 51 plas” o (¢l caslsl )



AP g 0y — (2039,8 ) oyl FY ol (S g ol 4 i FY

ady ghb aS als o ccwl oad Sl ols b s Cuod
Ll J15)65 1 6 5V Coenl sl (g i

Ay cpmo ol SO 09 50 ledd G Jlols 12 (s Cuod]
F Jodn )3 g e duwlie 3JUT j3 ol ] e85 @lads slaws

Wa oly (il (12 (Shwod o pb (2 ilo ) Jgi
Table 1- Matrix of correlation coefficient to monitor the well 21.
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Principal Components

i3y ol Zy Z,

SN Well
1 W20 0.16 0.81
2 W39 0.91 -0.33
3 W30 087 0.15
4 W26 074 0.42
5 W2 082 -0.38
6 W33  0.89 0.10
7 w3 0.69 0.45
8 W37 0.70 -0.61
9 W51 094 -0.19
10 W45 075 0.32
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*The wells with correlation coefficient greater than 0.9 are considered as effective well in water table monitoring.
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Table 2- Ranking the wells based on principal component analysis

P S Oladadlans e Oladd dlaas Oledd dlawy ) .
n " , o o Y A
o U LY ~) ;U1 s Number of )
Well Number of Number of Rank  Well Number of effectiveness Rank
participation effectiveness participation

W8 7 7 1.00 W29 12 3 0.25
W10 11 11 1.00 W20 10 2 0.20
W14 9 9 1.00 W19 11 2 0.18
W16 9 9 1.00 W36 12 2 0.17
W18 7 7 1.00 w47 12 2 0.17
W23 4 4 1.00 W26 8 1 0.13
W32 14 14 1.00 W9 9 1 0.11
W39 12 12 1.00 W1l 9 1 0.11
W44 10 10 1.00 Wi 12 0 0.00
W46 12 12 1.00 W3 8 0 0.00
W48 9 9 1.00 w4 14 0 0.00
W49 9 9 1.00 W7 5 0 0.00
W12 12 11 0.92 w13 8 0 0.00
W28 12 11 0.92 W17 8 0 0.00
W15 11 10 0.91 W22 7 0 0.00
W43 11 10 0.91 W24 9 0 0.00
W25 9 8 0.89 W30 10 0 0.00
Wsl1 12 10 0.83 W33 10 0 0.00
W6 9 7 0.78 W34 0 0.00
W38 14 11 0.79 W35 8 0 0.00
W27 15 11 0.73 W37 19 0 0.00
W31 13 8 0.62 W40 8 0 0.00
W5 15 9 0.60 W41 8 0 0.00
w42 6 2 0.33 w45 8 0 0.00
w2 14 4 0.29 W50 4 0 0.00
W21 12 3 0.25
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Figure 2- Monitoring error in the each threshold
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Figure 3- Average variation coefficient against threshold
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Introduction: Groundwater is the most important resource of providing sanitary water for potable and
household consumption. So continuous monitoring of groundwater level will play an important role in water
resource management. But because of the large amount of information, evaluation of water table is a costly and
time consuming process. Therefore, in many studies, the data and information aren t suitable and useful and so,
must be neglected. The PCA technique is an optimized mathematical method that reserve data with the highest
share in affirming variance with recognizing less important data and limits the original variables into to a few
components. In this technique, variation factors called principle components are identified with considering data
structures. Thus, variables those have the highest correlation coefficient with principal components are extracted
as a result of identifying the components that create the greatest variance.

Materials and Methods: The study region has an area of approximately 962 Km? and area located between
37°21" Nto 37° 49" N and 44° 57" E to 45° 16" E in West Azerbaijan province of Iran. This area placed along
the mountainous north-west of the country, which ends with the plane Urmia Lake and has vast groundwater
resources. However, recently the water table has been reduced considerably because of the exceeded exploitation
as a result of urbanization and increased agricultural and horticultural land uses. In the present study, the annual
water table datasets in 51wells monitored by Ministry of Energy during statistical periods of 2002-2011 were
used to data analysis. In order to identify the effective wells in determination of groundwater level, the PCA
technique was used. In this research to compute the relative importance of each well, 10 wells were identified
with the nearest neighbor for each one. The number of wells (p) as a general rule must be less or equal to the
maximum number of observations (n), here it is the number of years. So, for each well there are a 10 * 10
matrix. It should be noted in monitoring adjacent wells to a specific well, its dataset is not used. To quantify the
effect of each well according to the number of its participation in the analysis and frequency of its effectiveness,
each well is ranked. In the next step, the ineffective wells were recognized and eliminated using both the
variation coefficient and Error criteria. Following, the procedure will be discussed.

Results and Discussion: In this study, at first step using PCA technique wells were identified with a more
than 0.9 correlation coefficient. Then each well ranked based on the relative importance and according to the
specified thresholds, the variation coefficient and error of monitoring was estimated. The wells remain in
threshold 1 led to the lowest variation coefficient, considered as effective wells in the evaluation of aquifer
parameters. By eliminating ineffective wells at each threshold, the variation coefficient is reduced because of the
elimination of wells with a greater difference in water depth compared to the average of whole wells. To check
the certainty of obtained results, the error criteria were calculated for each threshold. According to the results,
both variation coefficient and standard error of monitoring in threshold 1 come to be at least. Thus, 12 wells
remain in the threshold 1 are considered as the important wells in monitoring the water table of plain Urmia.

Monitoring error for these 12 wells is equal to 5.1 % which is negligible and can be introduced as index wells in
sampling and estimation of groundwater table in plain Urmia. Using this method, instead measurements of water
table in 51 wells it can be performed exclusively in the 12 wells.

Conclusion: Due to reduction of precipitation and unauthorized uses of groundwater resources, water table
monitoring is very important in the accurate management of these resources. Because of extensive aquifers and
large number of wells, water sampling and data collection is very time consuming and costly process, that leads
to no economic justification in the lot of proceedings. Principal component analysis technique is suitable method
to reduce sampling points and summarize information. In this study, at first step using PCA technique wells were
identified with a more than 0.9 correlation coefficient. Then each well ranked based on the relative importance
and according to the specified thresholds, the variation coefficient and error of monitoring was estimated. The
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results showed that the 12 wells remain in threshold 1. In this way, the cost, time and manpower required to
measurements and analysis process cut into quarters.
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