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Identifying the number of wells in groundwater level estimation is an
Accepted: important step in terms of reducing the maintenance cost and saving the cost of
22 March 2022 harvesting information. Principal Component Analysis (PCA) is one of the

techniques that reduce data and play a significant role in identifying low data.

Published: In this research, the average annual groundwater level of 51 wells in
20 January 2024 Neyshabour plain with a statistical period of 10 years (2010-2019) was studied
Keywords: using statistical analysis of the main components of the wells to determine the

level of groundwater level in this plain. Using PCA, the relative importance of
Effective well, each well was calculated between 0 (for completely ineffective wells) to 1 (for
Groundwater, very effective wells). The results showed that among the 51 wells in the
Neyshabour plain, studied area, 27 wells are considered as wells, and the remaining wells are
Principal Component considered as low-level wells. By eliminating 24 fewer wells, the estimated
Analysis groundwater level error in the studied area is 26% higher than that used for all

wells. Also, to take into account the factor of time, changes in this method
were done in two 5-year periods. The results showed that 42 wells were
selected as effective wells during the first 5-year period (2010-2014), which
was reduced to 35 wells during the next 5 years (2015-2019).

Cite this article: Rahnama, S., Khashei-Siuki, A. & Shahidi, A. (2023). Investigating the effect of temporal and spatial variations on
groundwater piezometric monitoring network design using principal components analysis (PCA). Journal of
Aquifer and Qanat Title, 4 (1), 16-29. DOI: http//doi.org/10.22077/jaaq.2023.5153.1046

Copyright: © 2022 by the authors. Licensee Journal of Aquifer and Qanat. This article is an open-access article
BY NC

distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/).



https://orcid.org/0000-0002-9256-8511
https://orcid.org/orcid-search/search?searchQuery=0000-0002-2863-8482
https://orcid.org/orcid-search/search?searchQuery=0000-0003-0716-2144
mailto:Samira.rahnama1369@gmail.com

To manage groundwater resources efficiently and effectively, and to reduce the cost of
drilling sampling wells, properly designed monitoring networks can be considered as an
option. In general, monitoring is the fundamental basis of agricultural planning and
exploitation of different development systems. One of the parameters that is of particular
importance in the monitoring of groundwater quantity is the water level. Therefore, this
parameter should be measured or estimated as accurately as possible. In this research, the
average annual groundwater level of 51 wells in Neyshabour plain with a statistical
period of 10 years (2010-2019) was studied using statistical analysis of the main
components of the wells to determine the level of groundwater level in this plain.

Materials and Methods: The area studied in this research is the alluvial aquifer of the
Neyshabour watershed. In this research, the average annual groundwater level statistics
of 51 wells monitored by the Ministry of Energy have been used. The annual data of the
underground water level of these wells, recorded from 2010 to 2019, was used in the data
analysis. Figure 1 shows the geographic location of the study area and the distribution of
water wells in the area. To calculate the importance of each well, the correlation
coefficient between the principal components and the observed data is used. In this
research, to calculate the relative importance of each well for each of the wells, the
number of 10 wells with the closest neighborhood to the desired well was identified.
According to a general rule, the number of wells (p) should be less than or at most equal
to the number of observations (n) (which here is the same number of statistical years). In
the selection of effective wells, the wells with a correlation coefficient less than 0.9 were
excluded. Thus, for each time of principal component analysis, several wells were
identified as effective wells, and finally, the number of times each well participated in the
analysis and also the number of times it was identified as effective wells were
determined. Finally, to check the effect of removing each well from the calculations, two
criteria of coefficient of variation and monitoring error were used. To consider time
changes in the selection of effective wells, an analysis of the main components was
performed in two 5-year periods (2010-2014) and (2015-2019).

sla (WelD)

[ oo s @ta ot

Fig 1. Location of the study area and wells

Results: The obtained results showed that for the aquifer of Neyshabour Plain, the
acceptable threshold is 1, that is, among the 51 wells in the study area, 27 wells are
known as effective wells, and the rest as less important wells. It will be at the same time,
by removing unimportant wells, the error of estimating the underground water level of
the studied area increases by 26% compared to the case where all wells are used. As
shown in Figure 2, at Threshold 1, by removing a large number of wells, the threshold
limit error has been greatly moderated and is very close to the situation where all wells
are included in the calculations (threshold zero). The error value of threshold limit 1 is
equal to 26%, that is, by removing 24 less important wells, the error of groundwater level



estimation increases by 26% compared to the case where all wells are used. Therefore,
from the tracking error, the optimal threshold limit is 1. Therefore, the 27 wells that
remain within this threshold can be considered effective wells in monitoring the water
level of the Neyshabour Plain. Also, to take into account the factor of time, changes in
this method were done in two 5-year periods. The results showed that 42 wells were
selected as effective wells during the first 5-year period (2010-2014), which was reduced
to 35 wells during the next 5 years (2015-2019).
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Fig 2. Monitoring error rate against the rating threshold

Conclusion: Principal component analysis is one of the methods that can be used to
summarize data and reduce sampling points. In this way, by identifying more important
wells and removing ineffective wells, it is possible to save a lot of money and time.



QV g Qu‘j 3 Q'ﬁT
1 = YA Solories Fo¥ bl 3 5k «Jol o ket ool 0590

d 10.22077/jaaq.2023.5153.1046

b iy s @ G rmaim Gl &5l (>lhb g S0 g Sloj Ol il o) 5
(PCA) ol (sboailze 5JLT 5 oolizul
" ot e |7 S 2 wlae |0 Loy pons

A

Ol iy iz s oK1 ((55,5LaS 0uSils w0 (cwiigs 5 psle 09,5 16 1 (gyzeils -)
Ol Rl a2 o iz olRls ((53,5laS 0aSLiils (ol (piign g pole 095 oliwl Y

Ol Rl iz i o olRsls ((55,5LaST 0aSls (Ol (pmigen g pole 09,5 Ll Y

Ol iz e iz o8NS (o8l s g JLSAS iy 09 5-F
Samira.rahnamal369@gmail.com : Jgius s g™

v

5740 50 5 §)I0aSS ay 30 LS Bladay ooy 3 T gk (redd )0 Lol olasd (glubid Vo N1W/e) il 3 B
s Sl S (PCA) Lol slraddge }..,JUT Al oo pieo (o OleMbl cllild g aig 3y VFeV/V/Y I IYRY &=,
cond9 R ol 50 0,18 w4 G (CaodlnS grosls o Lwlil jo a5 Wbl o ool als A RATARVARR R WWevei I PR v}
Al Ve ylel Job b Hpiliod colis gylo ozt ol B i) of gl a¥le (il
G cd,f 518 cwyyp dy90 ol bradao }._,Jlsi G)L‘)T SeSS 31 eolawl L (WWAR-IYAA)
sailgo LT plnil b 00,5 (asiiuo culsd () (S T o 315 s 50 3o slooly

O A o ()Jg.og(.olf oly Gl VG (Fgo e oly sl p) Jho woly & (o Sl (Lol :lhbj‘, =
adly g yigo ola ylgicds ola YV caxdlan 0 g0 ddlaio j0 39290 ol B (o 3l &S 8lo LS i i <!
b5 (CaodloS ola 4l Y Gis b iiny Nigdhso axUud ool cbols olgicas bools ol s
4o ol>
. T T ‘P00
Lols aod jl &5 b & Camd duoy0 TP addllo 0j90 adlin Suoy ) o 3,9l _
> Ja A 3 290 i) ol g 99l L ploaitie T

93 02 S yeaid 53 oo Jole 39,5 i 35 Cager iz Ml n il 391 1035 o0 o3liil
OYAR-IYAY) Jol dle & (Sloj 0590 y0 a5 old (Lid gl .ul plxil b & Sloj 0590 90 yo
2l OYAF-IYAA) o Jlo & (Gloj 0590 jo a5 wind bl cowall ola (ylgica ol FY

055 looy Joli5 ol YO a4y Slos



S5 ;1 (Sanchez-Martos et al., 2001) )l Sen
2 5 slepuite s (61 (Lol slaailie LT
&ly loolz I golams )0 (e ol kS 5L
s bl yais S solasul Libewl o beJT ) o
OJ_3)’ u‘ba_‘>3.o 9 Loo suLaJﬁ.w )...v...a dw ‘OM—‘CA.MJQCD.
PEEIVSIVS RO UMDY S gOE S L R o
Slos,sld Sle Caw aldog, Liab 4l of cuas
i sslizul (Ouyang, 2005) Kbsl Lawss (G
eSS o i S o lCawsd, b bl 5
alox sl o i g Jotoee Sl (S (59—
alag) ol ol cinS L)l yo S5e eyl
s Yo )L olasin —aagh ;o anil e
2l oy ol slaaile LT SaSay o
31ae,d A0 5l G Ol on adlie Jlezr L aS ol ol
Asakareh and ) sls zog |, a¥lo 5 b &l s
Hu et al., 2013) __:ag3 ,o (Bayat, 2013
S o ol 5o anlsls plie SRl ) jslateas
3 LISl ,il 5 (630l adlaie g0y adlg ol> V)Y
Lo yT s bl s 0iny 55 4y |, PCA g, e
3ot Gows LISile ddlaie jo Wyl eld ol iolsal
gk 53 el 95 e g (65,9l slaclad
Sloslawl Lty ol 5T ools il 8l jo S50 Jolge
Loty sl o adly ol> £o s Lol slaailge 5JUT
Venberg et ) cé,5 )18 w9550 ledl Gos oS
aS asols las iegi o=l o Lagl.@l., 2014
ol 59 523l T ean YT e i Bt (55,9M8S (5508
S ooliil Uy 5 5,8 ailing, o il oo sblis
Lo, dow o (Lol slaadlie LT sla s,
sle el J S ool Jbs,l (FA) Lol
Noori etal., ) ceul a5 5 & g0 ailsog, ol oS
Cid Glgul (oS ol jelaieds imgh o (2007
S ey S W leg i dinge LS (s g i o
slorin Lhgy 4o ol slain |, GNM Jlgie cow
fjj&MBG_mMJuﬁo)loM
5 iy 2l b loaned Jue plsiea 60815
Olias gl 60,5 solaiwl b fog i Cosdee b6

Comnd 5o byl el polie 4 axgi bols

dodio
Sl seiny ol @lie 3o 9 IS oo jslateas
Wild 4050 4S (6,0 pdises laol> e alS
s olyb e jsbas a S il claass
as,8 ol o ayF SO leied ales e il
Syl Jool gl (iuly (A Hobay g
MLGA c\.:...uy aliseo L_SLQAJLQLMJ szlo).go).ed 9 LSC‘))
i 2l oS Gk o &5 gl 5l (S
MbKSA @L_ma‘ C_Ia...u B )‘0)5.’;).3 6‘0)43 M..o.{b‘
YL coBe Ly LSl o L 1 el by ol b 1
99 4o ol slaghy) o5 ceesi b 35 (6 S0l
Helenaet) 5,5 o plos! cwliisine) g 5kel L,
S S (s sloig) g slal ey J2o bl
Slabs;y 9 omilaly Jlos 3wt sla s,
el slaghy, (g abboe (YL
Lucas and ) ol oo gl (—uejn; slao!
S (PCA) Lol sleaalse 5JUT .(Jauzein, 2008
ko g Laodls oo alS (sl (L8L ) 4t By,
Jolliffe, ) coul dgamme adlge iz 4 adgl lo yuiio
ooli sl ey ol 4l sl (sl 45 (2000
Ol a azgi b Lol slaadlie 5 LT .Cuslonss )5
(S oslasl bl b beol> o il )lgsS b (Snon
Ouyang, ) oS o |y Gl b Lol slaadlss
Sl 1y el ly ol s Oy it 45 oLnailge
loadlse 5JUT 5,8 zl 5l wiyls Lol slaadlze b
i 5 s Glao] o g 5 bay ¢ Lol
S5 4 alsl o a5 (Siyue, 2000) seis oo oolazn!

L 00 wlo).' La:u—l )‘ L.?)"
Ohs—bmgly s OL—Usss5 oz SX—agn
g, 31 (Gurunathan and Ravichandran, 1994)
LJtsl o1 slaglssel S oLl sl PCA
IS s g ool yo Ll s S soll
ol sl i e | Siw iz 5 )l
5 gle ol bwgs (cdagh ;0 Woged (Brme



)-'-'l—’ o cnbie b b als b 0 PCA
2 S50 Gl paiges slaely olulil pile; cbdS
a5 wbl iagh onl s sl Wlgs oo cods gl
ol o Wl sais ansls QT G iagh plo o
ol sloailye 5 IUT (oo, 5l (S0 b oo
elwlis an pladlools palS be, So lemeds

g Gl ol U i a5 s el

595 9 olge

axdlao 890 adilaio

=Enl Olysul i igiy ol 5o aslllas 550 dilaie
52 sl s pl adg ailse splis ppl as>
W S,s Jeb s OFF YA O F s o
2 e YV elas )l asla > L, 0% v Ls %A
9 )08 ) o 5 a5y pliasS
Cansy 5o asgm ol asl oo JKim Sl e
I oo yioshS FYFY o 0l co ay e esks 21OV
A3 oo JSid clo |y mpe el S FAVY 5 wlelss )|
<l glylo oy alelds )l oogame 4o Helins clbs
33 )13 iy o b 235 bicos 5 185
5 =l adlon, S8l s o) 5 stz des 50
Sl gy Sligm) plo g (Ghlo yails Slowssle
Cdpl 5l i ol ouails a5l oo cuw a5
,o (Velayati and Tavasoli, 1991) a_sls wgllas
092 g axlllas 3,90 dilaia (LSl A CuaBga ) SO
el o ool iales dilaie O slaols 25T,

o s ¥ Sl ST gy ol 5o
9= D)lyg Lawgs ol &)l oly adl> B giej
i 2l e Yl glacols .awl sals oolatl
30 0dsd, 8 cud WWAA BAYAY Lo 5l as ol 4
el 43 515 00lil 550 oMol 3 JUT

L aS GNM Joo ey ol mhw g5lwacs
sleadolping Jaw il plol cuac aSiils 5l oolazl
Sled 53 39 M09 p diey (al 5o (oslie 2L
ool b iz o olssul )0 S0z ylagi Ve Coadse
Jafarzadeh and )o & s GNM Jos 5|
Sleolawl Ly —zags (Khashei-siuki, 2018
e yskared PSO @l ploojl (gsluainge o8]
plosl bwgi (Slaslie slaoly gy Condye 5 ol
lasl > slass ol i soweliewsds zmlus .o
MLGA (LS‘OMLMM ol:> VY) asl> YA )J‘).' L5‘°‘A'°L‘*""
S L2 09y olasd OO 7 el S soiuS Lo oS
(Kavusi et al., 2019) el a_Jgl e l>a
s plggul 3o pg)S Syt Wiy, o0 (g5l
Farpoor ) oK 5,9, lawss cidgh 10 iy
as ol ol Lagl mles .as slsel et al., 2019
ol o w Sllwg an ooV ol clale ol s
Sl s Gl 8 L 5 0o (S (o2
gk s palS Glsl o 1) s S liee Ol
bl V) Ol ciS 55 e slaoly (s jglatens
sl PCA g, 5l oolizl b sLlS cosis (o] S
adl> VY sl as oo lad megh cpl gl ol
lool> laicds ol> dal> ¥ caxdllas 5,90 dilais ol>
Rahnama et al., ) wogs o553 5 dilaie ;o owlis

(2021
=25 ol ghw e j0 el slaws olulis
A3 40 99 dadio 5 (5 )laS aje tals blxda
S Lol 5ol e pge oolS oledll il
ém [Svew) l.baL> QS'QLQ" LS)L"] uLC)'Uo‘ )I oalao!
e slmolz lwlis Ly 13 i o (65l Joke
L it Joe s Gl b5 9590 €83 a2 Ol
L5 oles 5 4z 53 53,5 sgammae baoly ol a0

SUIS (s il Dged (97480 (0L 0>



VY lasli 5 sl ) ojled oF 090 il 5 lssl alee R

S 8 D SN
3‘5’1"‘\34’ Wl awx “fﬁ g we f‘ - o :';‘j
}, i .esﬁo =\ l?"\‘-} ‘o _.'._,"Q—:\' L
B \{Elr Wis — Ny 51
- sla (Well) ! %ﬁ SN

\\
[ ] oo son tatabsen 5

\}*‘\W -
P 4’9\‘_ o gus ;"”d{ﬁ \\
\_ t\\sﬂpg\\‘lﬂ"‘\‘” a3 ?‘ i \\

DR e Vo 8y g 215 -

P Wi e
wWi¥ wie s W a@aw2e o= a _I10, L% \
w3 }1: wgs Vgt é‘" \\",l‘.f‘-»- .-5%&\ k -

Vi
o L COP Sy
L A vj
o o .
Ve s el e 1;«.{

L — P

Sloalin ol g anfllio 590 ailio Cundgo ) S
Fig. 1. Location of the study area and wells

y 90 a9 (Wliaiua S 9o sl cadzl sl
S5 olaws (@ dous [0S 5l Jatus) Wdges o
ol il gl sl iie ol b Lol (sloailse
Ol bl sldilse 5550 50 mpo 435
bioly )3 Slaizne slajgme (i 2 L laadlse

O sl Sl ] e sy uil )y o ke
SS o05 ymesS Oyeo Sl ey Sleaie sls g
.(Bazrafshan and Hejabi, 2017)

O (S o 8 3l olz o Eeonl dnlxa 6
oolaiwl salonnlice sosls 5 Lol slaaalss

))lsLo‘d.dsn ol}Mw}w é}u:u;a
]
Cor(z xi):aiyhl A o)

(PCA) Lol gbaidzo Julos

o y—iie 3z 5 )Ll Loy, ale> IPCA
J=los (Somzmn alS S &5 d9d segane
ol pn> b oS (635190 50 altss 4yl (sla i
oolaiwl Loyl jigy i g oo 9,459, Sleds|
(Noori et al., 2009). s o

Laosls slal Lials Lol sloailge Jlos 5l Gun
slass (glwads 5,k 5l (b e slaws jzalS)
ol (Jool aalie (6 50S ol 4y adsl e ol
sz sleosls )3 35290 mibojly edare (nl s
aS olr g oo 4 plaa i a0 iie
sl Soe 45 Ll b (PCL) Lol adlge i
DS anzgi | Laosls )0 05250 uilly (0 5 e
OSen il ly o2 it (PC2) (Lol adlge (ringo
sloadlse ;Z1U g aS Az g |) conss adlie 5l o

70



Gl 3§ 8 Bl S ely o (oo
sls aales

99 5l Sl lole o Bdo Sl ow)n jolaien
Lo ooliiul (2ol glas 5 Ol o b lone
Bax il ol las Jlade () akal; 5l ool
el 5l et it wliw] S5 50 S5 pé laol>
Lol 415 (eSilea Ly il o (slooly (sSiles
Gurunathan  and ) a_sb e 4 wloxe bl
.(Ravichandran, 1994

m, —m
Error = M )
m,

L Leol> B> glila polie lawgio Mp oyl 4o oS
olie Jawgie Mo oadidmlne (cond Coonl &) a> g5
&l Gy ol 5o aBliss 39290 slacly 45
Ver 19.SPSS (sl ,l38le 5 51 (s, cnl s5lwesly
2 Slay Sl 5,5 5 55 S a0 S oslas
95 50 ol sloaalze 5 JUT 550 slaol> bl
OYAF -IYAA) 5 YA IYAY) Wl & glej 0,90
3 i) ol lesl sl sy ol 5 b s

23,5 0olatw! SPSS (5Ll 3300 5

ol il ln (Smn alpe G ile (V) Joo
e Jgaz ol el paws colid 1 Y8 o Lo
&y il slg slls PC3 4 PC2 PC1 a_alse
W5 W4 slaol> g oV Jgaz Sillae il
shla_ 51, W10 s W7 W11 W9 W3 W6
slool> Hlaeas s </ (YU (Siar o o
&l 5T ol oged QI WBE ol (1l 50 e
Slads olasi U5 15 o ploxil baol>  slod ST b))
Lo (s 00,5 (e 0900 Bl S ol o oS
o ols S5 as Sbdo slass (og attie 4 a>gl
o] ol 00 0ols < 12 Lol slaailye 5T
s Sl ¥ Jgur 098 o0 drslono ol 18 (oo
2 a2 syl axlllas 550 adlais gl 1) o> o
Syt Seal sl VL a5, lils o5 ol

S| )‘.))95).3

il ol ] ol ailge 5 pl i yaie @i j o] ,o oS
oo Vb eamaoplid il Yy ol ax e
Sanchez- Martos et ) sl oo ol> cons Cooal
.@l., 2001

L 505 0l (5 00 oSy oo () ool ol
ol Lol jo 45) (N) Slaslie slaxi ply iSlas
((Petersen, 2001 ol (col s bl slo Jlo oloss
ol 2 (o Cmal a6l rgh 00l 50
Sy Lol Ve olass dacly 516 5o shila
Slacss wass olwlid s 550 ol> b Solues
Al b 2eS wl (IS 0aell G 5k (D) ool
slacss les Lol jo 45) (N) Slasliv slass il
(Petersen, 2001) o—sb (ceul s Ll sla Jls
sobome sz 1+ W36 ol (s (sl Jito sboas
W46 W48 W41 W44 W37 W32
a3 )8 1,8 JUTs,6 0 W50 W33 W38 W42
929 VoV e ey yile Sy ol o (sl gl by e
leools 51 il jo conl S8 a4 3 ey walg>
pobzme ol Ve 31l 4l w5 o ool oly 355
SSs bl 51 alaS 1 (6l e s 095 oo o0lial
(S g 5 L5 0 plnil Lol (slaailge U]
Sl )0 308 (et (ol adlie Lhols o
oS (Sirat 5 85 glaolr e slasl
NouriGheidari, )a—s,5 Bi > wslasls +/4
(2013; Gurunathan and Ravichandran, 1994
ol ool adlie LT L o sl i oy
Wole )3 g wand plwlid Jie ola Glaieds ol
500,55 &S i 5 dUT s ols e S Slads slass
o olz plpiean 4 S Slads slass (o izen
OO0 atine S b aduie ol sadaislils
20,5 oalawl (V) alayl, 5l ol> jo (cond Coond]

N
Ralative importance = — M
n

2l @ Cod ol o Cosal sataslid s )l
oslz ;o a5 Jlads slaas N oyl jo a5 0l oo aol>
2 a5 Sleds olaai N g codaSslis S5e ol lgicay
Cotl ojlos] ;o 0l o0 08,5 &S 18 U jo ol



Wis ol Gl (615 (Soiumnod o o (s 5o ) Jgi
Table 1. Correlation Coefficient Matrix of W3ss Well Monitoring

PCy) Lol slaailse

laol>
Principal Component (PCj)
PCs PC, PC Wells (W)

0.316 0.827 0.416 Ws,
0.214 -0.159 0.915 Wss
0.861 -0.229 -0.416 Wa7
0.512 0.449 0.586 Was
-0.237 0.884 -0.382 Wa
-0.028 -0.074 0.917 Waz
-0.084 0.264 0.929 W4
-0.136 0.065 0.962 Was
-0.442 -0.161 0.822 Was
0.259 -0.362 0.889 Wso

o ol led 4y 5 W)l0 595 5 Coeal 0 YL 5l ol
aslis S ol laeds wilos,s a8 i UL o
o pay aliw] o glp e laols slass Klons
Y USS o aalys TV 5 YO XY YA Fe ) Ll
b sl 950 adhaie )3 1) She slacly olel>

A0 ooyLzd YWAR-VYAA Al Ve Jlej 0,90

byl ailisl sga> doely a4, lp axpliz
30 gk 8,8 s 0 ) g /A /P e/ Y e
5 Wgd oo 00l &S i LT o baol> adS oo ailin]
S50 Wik ) A, gyl aS slael> ) aliw] o
Nouri Gheidari, 2013;) wgi o adly Jgud
Slaws ¥ Jga> 4 a5 L (Rahnama et al., 2021

YV ol &S g cpl 40 0 0925 1 4, Lol> YV

Was ol gl (5l Stummnd 3 i yilo slol goaddGo 50UT olsl s Lol uiass; ¥ Joo
Table 2. Correlation Coefficient Matrix of W3ss Well Monitoring

5o a8 Jlado olass oS Slado olass 30 a8 Slads slows oS Slado olass
4, - ol 4, T ol

<5y 5l 4 p5e el lyie <5y Il 4 p5e el lyie

.Aj‘eo; R IPRVAP TS F ...\.Iloo; R PR VP TS F

Number of times BRI S Number of times i EBADES
Rank they part|0|pat_ed identified as an Well  Rank they partmpa’ged identified as an Well
in the analysis aentitl in the analysis .

effective well effective well
1.00 11 11 W3 1.00 4 4 Woas
0.93 13 13 Ws  1.00 7 7 Wo7
0.93 14 13 Wi, 1.00 12 12 W
0.92 14 12 Wy 1.00 14 14 W7
0.92 13 12 Ws 1.00 11 11 Wiz
0.91 13 10 W3 1.00 5 5 W34
0.91 11 10 Wy  1.00 5 5 W35
0.87 11 13 Ws 1.00 8 8 Wago
0.86 15 6 W; 1.00 11 11 Was
0.75 7 9 Wi 1.00 15 15 W5,
0.63 12 5 Wy 1.00 10 10 Was
0.50 8 4 Wi 1.00 11 11 Wag
0.27 8 3 W4 1.00 8 8 W5
0.21 11 3 W2 1.00 7 7 W3,
0.08 14 1 Wi 1.00 8 8 Wag
0.08 12 1 W2 1.00 6 6 W
0.00 12 0 Ws3 1.00 10 10 Wip




OolSen g loin, /Lol (slaailgo 3IUT ) oslisial L onjj ol s ytagim vl 4568 Db 2 (e g Sloj it b

0.00 4 0 Wi, 1.00 18 18 Wi
0.00 6 0 W, 1.00 11 11 Ws
0.00 10 0 Wi 1.00 14 14 W
0.00 11 0 Wy 1.00 7 7 W,
0.00 5 0 Wi 1.00 8 8 W7
0.00 11 0 W3  1.00 3 3 Was
0.00 18 0 Wiz 1.00 6 6 W,
0.00 8 0 W, 1.00 7 7 W3
1.00 8 8 Ws
e =S .
.
-y do =L & {;3\
@_\'\_}"" \‘~‘,¥‘~‘
»4 ~ oo Swen . ‘. .\\\’v‘
Q% waz V3 w1s e w\\\
\‘\ =N wis = s e
% © W51 i i wo \H\l\
il A/ ‘::40 AW3‘| - AW16 A..;’W7 .w"‘wa s :):? =
LQF\Q;;’Q‘E ﬂ"i 5 WS = N 5, K';\
7 \\e:s*%z:imm \??s;\&
4%:: = S ‘“¥“wr‘-jl—3\““*—"i/v* G T e i 3
e
B LS o
i A¥AQ ITAA  (2010-2019) ”
" ol (Well) (o] 15 30 60 S0 120
N T T 0 22—
:] S5 (Platn:horder) Kilometers
o'l 5 e (Aquifer border)

YWAR-IYAA 090 (b arfllan 590 adbain jo 550 broly ool Y o
Fig 2. Location of effective wells in the study area during the period 2010-2019



Glaliode B Gials SLSL jsbay Sl oy
o aslsl gl b cownlsS sbrol> Bi> b o
Gy ails ol Olhess (oo bugle a5 WS
2 slp e b ke wdelcawssd @i 5l ol
olis FOUSs 0 a5 jsbles 00,5 awlxe ailiwl
5ol olawy Bis L) aliw] o el ool ools
ol haw ool ax b ailiw] s> slhs e ol
58 olz 4l a5 Cunl (Smdg 4 S0 sl 5 o
o> slbs ok (Gho aliw]) Wgh oo 3l Slawlxe
o> YF i b s il so doyo Y8 ol ) il
2oy Y gneins ol gl 3yl lbas coenleS
Ol 38l gl oo oolaiul ol plos 5l as Sl 4y s
sllas Sl > by sllas (55, 5ol o
s> (pl po a5 1) (Al VY (g e ey gl 5 adlioe )
mhw Gl o S Gleol> lsieds wilowsle 8L aslil
057 SNBegn (L85 Gl e jelas s gl
NouriGheidari, 2013; Babaeihessar et al., )
asl e diwy cpl yo plie mbs 4 (2016
Khasheisuiki et ) o,Ken 5 Sgew o2ils ingh
30 gge ol> YO o 5l aS ol lis 5 @l 2021

ol glgicas o> VO Glgi oo iz yn Sl lesul
dgad yme b ol Gl (e o p9)S (a3LE
Sid 18,65 dilaie 0 oe SaSTy slas

s Gbesl e s ke ey g ks
Glooly gl Sledd oo dle e laolx
Sy o b o] dnlio 5 ailinl o 50 suile 3L
alosls  sleriy 1) bel>  alS a4 bae
BB Sige 0 by, op! (NouriGheidari, 2013)
Bl b Sl cops 09d (5,8 a5 wBbioe Jod
oS laibiwl 55 cnl &l Gl S3e pud slaol>
Wad Fy Slps oo jo BB oy S ol e
oS Cl 6yap0 5 ol S5 andl sed e bl
Gl S yeds s 5e b slasly i b Ao
Cople @ axgi b g (ol ey ail) wb e
oeals b il Wlg se coaiiBis slaol> Sledsl
alin] e Ky QL gl ol g 4o 1wl
3 Ok (Dl G pd Al podle Joub
35,5 oo oolatwl Olpns oy sloa e aulxe
(Babaeihessar, 2016)

bl o blie ,0 Ol s co o dawge ¥ SS o
2 8lp Dl oo a5 oS 5 ol A el oals p,
30l bwgie jlade 95l 5l g sl )bl JLo
aliwl o ¥ o 4z g5 b .0ud 5 oy ailiw] o> Jilio
LY abn] s alies 2ol Slss cuys oY
W48 W41l W37.W32 W24 W38 sleol> 83>
olie Lassze o5 W21 3 W17 W13 W14 W25
5 atlige basly a5 polie Silo jl s o] 5o

L
0.05 '\__/0—0——0“/.

0.06
o
=
=
2
=
j‘ Z 0.04 1
Y
q [=]
q =
2 B 0.03 4
:}‘ -a
=
5 2 0.02
3 8
g
S 0.01 -
=
0 . .
0 0.2 0.4

0.6 0.8 1 1.2

FERETERC Y T

Threshold ofrating

G y bl > Jilio )0 Ol pd < b Lamsgite ¥ S
Fig 3. Average coefficient of variations against the threshold of rating



0.6

o

£ 0.5 1

&
a2
4 5 04 A
95
2
4 F o3
4 8
3 § oz -

=

S 01 A

o T T T T T
0 0.2 0.4 0.6 0.8 1 12

FEREI T L)

Threslold of rating

izady Sl 4> o 8 il sl oliwe F S
Fig. 4. Monitoring error rate against the rating threshold

sl b o gl FY dihis jo adlas 590 ol>
0,8 Ol She ol> lgieds ol> YO AYAA-IYAY
W44 W41 W36 W29 W28 ol> ¥V caw ol o

Ligd o B3> WA 4 WAB

N

—

60 90

Kilometers

IFAF-1YAA 60,90 ()
(B) The period 2015-2019

wilizee Jloj sooygo (b Dl ss (85 Sl 0 S
59 5% e sleely bl o Lol slaadlse U]
OYAF -IY9A) 5 OFAL -IYAY) als & Sloj 090
O oyg0 yoas ol lis mli & Sy az gy b .ol ploxl
OV ggoze I AYANYAY o Jlo b cx Jol alle

N

IFAR Yrar 20102014

sle (Well) o 15 30

ilometers

Sl 35a (Aquifer border

[ ] <o 30n taimborsen)

IYAR-IYAY o 90 -l
(A) The period 2010-2014

il Sloj 5o y90 (b Hgrlis Cabd (Sono ) T b 3157 (et 50 Y30 Slooly lailr .0 Y
Fig 5. Location Of Wells Effective In Determining The Groundwater Level Of Neyshabour Plain During Different

e Sl ol (sloailge S IUT 1 ookl b iagsy
sl Cbo (o5 O s Sl el j0 el o
Cpot] ol slaailse BT plonil b s 5 arslons
SV L Gis s olr 1) jho (g olr o (s
Slo s edelcussas bt o dcwle (e ks ol

Periods

S S A
Gl g3 e a5 el oo i, 5l Lol (slaailge 3 JUT
3y90 6,10 pasiges bl |5 ¢ Lacsly g5lwacds
L slacls ololis b cwi i ool 400,25 )18 eolasul
s> U plsSioe Ao pé slacly Bdo g i Sooal
o=l 00 i gsrad o (L) s A )3 gk



Gurunathan, K. & Ravichandran, S. (1994).
Analysis of water quality data using a multivariate
statistical technique- a case study. IAHS Pub, 219.
Khashei Siuki, A., Shahidi, A. & Rahnama, S.
(2021). Comparison of Birjand aquifer chromium
monitoring network using principal component
analysis (PCA) and entropy theory. Environment
and Water Engineering, 7(2), 209-220 [In Persian].
Kavusi, M., Khasheisiuki, A., Porrezabilondi, M. &
Najafi, M. H. (2019). Application of New LSSVM-
PSO Optimization-Simulation Model in Designing
Optimal Groundwater Level Network Monitoring.
Iranian Journal of Eco Hydrology, 5, 1306-1319.
Lucas, L. & Jauzein, M. (2008). Use of principal
component analysis to profile temporal and spatial
variations of chlorinated solvent concentration in
groundwater. Environmental Pollution, 151: 205-
212.

Noori, R., Kerachian, R., KhodadadiDarban, A. &
Shakibaienia, A. (2007). Assessment of Importance
of Water Quality Monitoring Stations Using
Principal Components Analysis and Factor
Analysis: A Case Study of the Karoon River.
Journal of Water and Wastewater, 18(63): 60-69
[In Persian].

Noori, R., Abdoli, M. A., Ameri Ghasrodashti, A.
& Jalili Ghazizade, M. (2009). Prediction of
municipal solid waste generation with a
combination of support vector machine and
principal component analysis: A case study of
Mashhad. Environmental Progress & Sustainable
Energy, 28(2): 249-58.

NouriGheidari, M. H. (2013). Determination of
Effective Wells to Monitor the Ground Water Level
Using the Principal Components Analysis. Journal
of Sciences and Technology of Agriculture and
Natural Resources, Water and Soil Sciences,
17(64): 149-158 [In Persian].

Ouyang, Y. (2005). Evaluation of river water
quality monitoring stations by principal component
analysis. Water Research, 39: 2621-2635

Petersen, W. (2001). Process identification by
principal component analysis of river water-quality
data. Ecological Modelling. Model, 138: 193-213.
Rahnama, S., Khashei Siuki, A. & Shahidi, A.
(2021). Designing a quality monitoring network of
Gonabad Aquifer using the principal component
analysis (PCA) method. Water Harvesting
Research, 4(1): 69-76.

Sanchez-Martos, F., Jimenez-Espinosa, R. &
Pulido-Bosch, A. (2001). Mapping groundwater
quality variables using PCA and geostatistics: a
case study of Bajo Andarax, southeastern Spain.
Hydrological Sciences Journal, 46(2): 227-242.
Siyue, L. (2009). Water quality in the upper Han
River, China: The impacts of land use/land cover in
the riparian buffer zone. Hazardous Materials,
165(1): 317-324.

VY Jed B bt o jglias cubs olgsul gl aS
S5 adilaia ;3 9290 ol BY o 5l (gl il oo
Olyean laoly a5 50 ol plgreds olx TV caslllas
aS el J> o ) 0gd g aislil CoenleS glaol>
Ol mhaws )50, slas el S slaol> i L
S @ Cand 00,0 V7 aalllas )90 adlaie e
gz b oo ial38l 00,5 o colaiul ol aes | aS
LT (g, Sl 50 ploy Jsle (23, 5 5 15 o
83 ol Al & glsj o0 90,0 Lol sleadlse
OYAIYAY) alw & Sy oy90 o aS ols las guls
oy 0,90 4o aS wial bl Sie ol lgicas ol> FY
Jds ol YO as slaws ol AVAF-IYAA) 0 Jlo 0

o,5 Lo

&Lw

Asakareh, H. & Bayat, A. (2013). Principal
component analysis of annual rainfall properties of
Zanjan city. Journal of Geography and Planning,
45(17), 121-142 [In Persian].

Babaeihessar, S., Hamdami, Q. & Ghasemieh, H.
(2016). Identify the Effective Wells in
Determination of Groundwater Depth in Urmia
Plain Using Principle Component Analysis. Journal
of Water and Soil, 31, 10-50 [In Persian].
Bazrafshan, J. & Hejabi, S. (2017). Drought
Monitoring Methods. University of Tehran Press
[In Persian].

Farpoor, F., Ramezani, Y. & Akbarpour, A. (2019).
Numerical Simulation of Chromium Changes Trend
in Aquifer of Birjand Plain. Iranian Journal of
Irrigation and Drainage, 12(5): 1203-1216 [In
Persian].

Jafarzadeh, A. & Khasheisiuki, A. (2018).
Performance examination of optimization model of
groundwater monitoring network based on Gray
wolf and Neural network (GNM) (Case study:
Birjand plain). Journal of Irrigation and Water
Engineering, 8, 121-139.

Jolliffe, 1. T. (2002). Principal Component
Analysis. Springer series in statics, ISBN 978-0-
387-95442-4.

Helena, B., Pardo, R., Vega, M., Barrado, E.,
Manuel, J. & Fernandez, L. (2000). Temporal
evolution of groundwater composition in an alluvial
aquifer by principal component analysis. Water
Research, 34(3): 807-816.

Hu S, Luo T. & lJing, C. (2013). Principal
component analysis of fluoride geochemistry of
groundwater in Shanxi and Inner Mongolia, China.
Journal of Geochemical Exploration, 135: 124-
129.



and Publishing Company, Mashhad [In Persian]. Velayati, S. & Tavasoli, S. (1991). Khorasan Water
Resources and Issues. Astan Quds Razavi Printing



	43a86341ce5d4817a0db8ee5ef6e2ff195eed4d13b49cd4b18e00dfe94b1cdec.pdf
	43a86341ce5d4817a0db8ee5ef6e2ff195eed4d13b49cd4b18e00dfe94b1cdec.pdf

