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Fig. 1 Geographical location of Ardabil Plain and the piezometer stations

@ b egin omailb glp o S SOM (sl
O X0) Jol a0 j0 00l yuund Sl WS olaws
Y gy olaw >l pl o al eolall
5 odd el sl WS slass (g5l Kohonen
Gonads> 3 Slee b)) slp wBboe Jsl al> e
el snSoul el anshs cups SOM L
aold 51w, s 8 colaiwl 050 (gundbes
O Olpieds 635 50 fagim QL] 6l (pwaldl
2005 ooliinl ddgs po (duein ) ol 695 osiyles

JIasS (0 (g, -Y-Y
ouds asbils gy i dsene (MKD) JlsS (e (g5
ilbee (Sielsrnee Sloy slas e By, (owyn ln
Ol o)l pogelio & (lgioe 29yl 58 b S
ot 2B bl mig 5l &S oy slag e sl
ool Cluwle lils uizpa 0ged o)lol (S o3
g 0395 (whw> 035800 5 Luwll slaosls (5lp ¢ diwn
ooy ol g s e lid GBllassl og5 ool Jlie ;o
aal, b oK olSiy) 5 010 ole ey S (o el claosls

:(Panda et al. 2007) o awl>e (V)

SOM guvdiws gy -Y-Y
oy Alie pl 5,5 0 o> FA slaosls I ggemme o
e Fhe Gl Olgieds oailojluogs atdi ad 485
2 Oyzge oduzmy g bt e (( SSll Lly, oS
oS Slul b g ool (cwaia buly, 4 gamaiz slassls

Sgds Lastive (380 ow b b leadgs slasd s oo o)l
51 eolazwl aSepl 4 4z L .(Kohonen 1998)
w0 Sgzge SO yiegim oKl VO ol
Wlgi oo (Gilu de Cwond o ol Clls dbg>
i 955 ol ke slolls 5 el
b el SOM sy b (Gl 310 0 Gy Hskaie
gy V0 polie cgun alyx ol al>pe o
Gy an 90 SOM ganadss 4l 4 o
@live ol b pladle> 4 loyleghy (gonail
OY (gam 90 SOM  Jleel jglateds 0l oslawul
) iz sl ojlul glp Jol al> 0 ,o Kohonen
5o as Giabeyl A JIdxo FxF rxym
90 SOM lgzcas %0 Kohonen 4Y Uas g g0
yebiiedy (gam Al ye yo ol Ol cuslie (gam

Ao )0 o bl cleadss slaw 5l el

VAV 5l oY o ke F 0,90 ‘;.)T ewge 9 Cown ) b alse

L 4


bshahmorady@gmail.com
Typewritten text
246


Y¥v

=i 2l 5l Olad &g, 5]

4

— -1
Sk = Yicq Z?=i+1 Sgn(ngk
A 4......4[.7:9 o> S 61).7 JL.\..SULAZ o)La] Uy

S g0 Jrogd -F-¥
S Sy s SRy pan (S gl egdle
o 45 Bl S92 iy ol 5 Sley sle
ol IS slr Sedee Sl slag e ol
3eal il gt laesls 5l solazul ( Sy sbd S
ot il apie i Srse s b oy b
gl oo i (1) iy Oy 500

1 -+ * t_b
T(a,b)=—=[ g’ (—)x().dt

Jas=" " a

)
35S A el ol jole Srge L Srse &b g(1)
aS Col g é“l’ MB}A J.)J.;.J R S¥-N) QLM b 9 ‘;Lo.j)))
28 o)l cds sadgm 0 (e ol Sl slaesls
S ATEVIYAN g LT 6y58 Jsb 4o ailale slaosls Lol
Sy90 g 0dd A3 e Sujels une oS! iy
Sl St Gols lis jolare 4 .28 S E (o)
Slabe slog pw Galize slowlis ;o SS5elg,000 Sl
Y ;0 (MATLAB) Cdlas l58l0 5 50 Soge o Lawgs
g JLSo S s Sl ® 5 S Sl
A) o, CHlpo wos Jol> atens S>ge oo
5 iblos Sdyd gedg b Szge s wolpe Solas
D1, 5 axmspe 0l 5m 0 1) Llsen 5 Slo slaniy,
s, 3 52 Sl a8 wiil oo S5 wulpo D2, Ds
Sge DLl aimo oo il (Sjglyaen Glojsm 50
g Loyl Soge bas o) cape S8 clin ol
calus o Daubechies-4 (db4) ol S>g0 [LSlo 4
Pl Sase gl g 050 o 1) JUWSw sla Sy
Nourani et ) ws 5 bl aogh ol 4o eaS 430
Ol 55 Slossmw w455 ax 0 bl yo @l 2015

Sy ) Gy LTl @ pomie Loazjo j0 (e

—Xigk), V1<i<j<n )

0 Jl swul J sl s slosls slass N ol o a8
wbisgn(0) 5 wib o oKl ol K ols ol

558 o0 Cyeas (V) alail, &y g0y 45 039y cesdle

1 if6>0
sgn(0) =<5 0 ifo0=0 (x)
-1 ife<o0

S ol sl = 1. sBg a8 wols lis JIaiS 5 oy

g Ao Sibe sl g oad miy Jlop sebar Loy

-1)(2n+5)-Y d(d—1)(2d+5
(a_gg)k:[n(n )( n+)1§( )(2d+5)] o

S 6‘)-.’ ngl.m.n (_;Lmolo L eazws olass d C)T 5 as

Oexe olo (sly 05290 slaosls aile ool 3l pasin
S50 Sl prie glp @like ladls o oiw] S
(1) 108 Jloy (F) all, &jsoa Sgie wdlbse (o)
oy 3liliwl Z yg03T o )lel - Sgge = Sgic — 5N (Sgi)
oslly 5 e Sl boojlailinl Jlo g asss slls a5
ol Cawddy (B) alayly ubo g ol )
'

Zg = (Gs#km ©)

g8k
(0 Gl gre mhw 10 Ky, 3925 pae) ho (58
S by
10 5l i Glp iy 4 0 polie b e adpdy
Joisine Jsl adye (Siad 355 s 51 s il
St(Kumar et al. 2009) o Sauiw i by, b sl
Sl Gl b oo Bis osls gy I (Suson 59>
By, b ol @ g b sgaz sleosls gy o]
(Kumar et al. 2009) o arwle (#) alal, b
X=X, — (BxD) *)
WJb b e Jlo o jleis T iy, bz o B o] o a8

wib —Zy-qp < Zgk < Zita)2

el sty (V) abaly 7y g0 (5
yi =Xi—r*Xiy %)
23 3 08ls (s p @y (B X D) gy aloz dazme (25381 L

el Cewsas (A) alaly & jg0h 302 5 (V) alal,
yi =yi+ (B x0) M)

VWAV 5l ¥ oleds oF 00 cnl cosiiges 5 Sy Laimo alone

L 4


bshahmorady@gmail.com
Typewritten text
247


4

Slo g By (o)

YFA

*

by (Sassly 0 oly oo 1) ol Jdo &5 sl ¥
(L yegim plo & Cuns PO jtagiy (ogae) b yiegin
035 byegim mls Sleteal cel a5 o5 goin

e 0 1 2 3 4 5
ol slogysg salol o g SOM hits wess -l : w5
Fig. 2 2-Dimensional SOM clustering of GWL data:
(a) SOM hits, (b) SOM neighbor weight distance plan

JIS— (0 903 9 SS90 (oS 5 g, - Y-

Z 5 o0)bl (S8 gy —)-Y-Y

—oe 053] Jlesl 5l odal Cavods bl Cwod ol o
)‘ o 09»4‘50 00)5] alises 6[.&;,95)3 89 » JLL»S
c g Soge o ookl b ol Sy (6w 4y
WJolo s rmp; 3l 05U slacaS 5 9,50 Cows
S 5 A Wy alelid Cya el IS - e ]
ul.....\.a ) Jgoz 0 Jol> @L“..' aS ol LJl.;..cl iz gl
(_ng)_’L.ojﬁ 6‘)'.’ (Z t_g)l"’T) MK C"L"’ Cewl 0l ool

] o0 o\))ji (Y) Ja..\? B ‘5;).40

(Pd;(Q)A=) ¥ . L) G52 pmn; L g OPy on)is
abl) Gillae dinge 42525 423 (lyieds Vg jod 4 y0 0
:(Nourani et al. 2015) o 48,5 ,La )0

L=log N CED)
Sl G sk s ez e aN gL ol o s
ooty LY/ N=YAA zals b asdllas ol 55 0l o
RGP SN gPUTH P LR N

Sy g by aidly Y

03t S 5l saisaings gl -)-¥

(V) JSo a4 axg5 L Kohonen Y las g 9051 51 o
33 SOM (ol ol 00y zedly aiws O 4 b g i SS&S
20,5 Dbl caslis (G019 SOM lgieas Bx O g0
0X0 SOM asis 5,5 4 Hits acis (@kY) Jso
SOM >5,5 Y 5l sleis Hits acs ams o olis |
Iy gz ol Sl lacsogyg olass ol (g5 2 45
s sk algS o[BI slacgg)g slaai aed oo (LiS
SY) USKS ogd e ooly s 5 (K, aslad ol Lawgs
Cawd 4 SOM Lawg a5 1) Sluwr slacyjg alold (o
sasas olis plaie slo als id amo o Hlis el
odd 0apiS laals 28 5 SOM (295 slagys s
bl Joyd SbSS, ey G55 G alol Sk
el foS alold Sbles 5irds; Sl 5 yiin alold
Sl 5l polie oads (gaaiid 098 0 V) S8 mbs
Gondde> bl wadee Glis | o)l Sds (o0
iloads ool lis (V) Jouz )0 adgs O 4 b ,egim
gl oy SOM L ganaigs o Slee b)) sl p
A eslial syse ganaldss luel g pSell gl
(V) Jeaz jo cadll)l amglin polie plae 0y0 )8
coyo ol i VL gl 35 la ey
e b flegin legim 99 b (aladdes 0 aiiliee
b OBl (655 0 gt Olgreds Vb dmglow o yo

a5 wad e i dmglis oo el Cass a4 @l
O 5 9 Oele e S O T (sl gy
o Al (oled )0 Amglin oo @S (oo
N ey 4 bare s Sk (n ol 5L

\yay )""il" <Y o)Lo..(:; f 0,93 u,j w%gw) Ja.:.?t.c d.l?t.c


bshahmorady@gmail.com
Typewritten text
248


Y¥a

=i 2l 5l Olad &g, 5]

L 4

4

Jeeo)l oo (s ol 5l ganades mli -) Jaor
Table 1 The results of Ardabil plain's groundwater level clustering

3 BB T A glaw u yo L 509 3ot oo oyl
P12 0.72 0.48 P2, P12 \ S
P8 0.11 0.6 _0.47 P1, P8, P11 Y oS
P5 0.79 0.76 _0.88 0.86 P3, P5, P13, P15 ¥ o
P4 0.44 0.63 -0.04 0.66 P4, P6, P9, P10 f s
P7 0.96 0.94 P7,P14 O S
Joo)l css ey STWT-MK (55 (5g) s =Y Jgua
Table 2 WT-MK test results of Ardabil plain's groundwater level
o e P4 P5 P7 P8 P12
) SR Z MK Z MK Z MK Z MK Z MK
1 kel Sboy it -16.95 -24.37 -22.66 -6.7 -23.73
2 A -24.46 -25.6 -25.35 -10.27 -25.59
3 D1 -0.19 -0.17 -0.19 -0.71 0.1
4 D2 -0.019 0.75 0.12 -1.36 -0.25
5 D3 0.31 1.34 1.79 -0.42 1.72
6 A+D1 -19.96 -24.79 -23.7 -5.75 -24.03
7 A+D2 -21.39 -25.06 -24.18 -7.62 -24.66
8 A+D3 -18.97 -24.87 -23.68 -7.64 -24.71
9 A+D1+D2 -18.93 -24.63 -23.26 -5.74 -23.81
10 A+D2+D3 -17.97 -24.64 -23.21 -7 -24.24
11 A+D1+D3 -17.53 -24.36 -22.77 -5.9 -23.78

1o sl ol ey sy Z-MK 4 Z-MK laie
(A+D1+D3) .5 5 ailale wlie ;o luS 5 adS oo
kol sbey g Z-MK @ 1) Z-MK j0lie (o 5SG0 5

5,15 abgs yo
el Gl s (b (Suea Gl () Jgu
y e yegse o By wuSy b 655 0 sloyiagim
Sloyogin den ;0 (1) Jouor Glhe weoe olis
Srarod Gl 030 lls (ATD3) oS5 (555
oS wadlioe 555 0 Sl yegin (ol (Sloj 5 b o>
S ojle 4 D3 S ey o5 cl ol Slo
31 gy addgs 50 38 536 gy ) Glareas anle A gl
Ly e 808 e yme Juo)l Cbs teejn; ol
Ol ol 58 w09 oo camline (oo s 2l 515 (lags
L 1>l sasmolas a5 aib oo YL slil 4 b e D3

sl yegin aed 0 Z o)kl (V) Jgo = @l
Sl ygrn dad )0 LLalS Wg) g 0o (Al )
abgS sl ylagin whgd Db ge samlie ibd (535
Jdoas wgd o Jold 1) cs (635 10 (o g 45 pom
W0, w1y i ctalS Wy, a0 cudly
73 0 Bly Gloyegry a5 pgd als> (slojiegi
Ceomd jo ko wdw Judoa ‘dﬁfsn o b
ek A oo (LS 1) (6568 LaalS Wiy, >g >
Z- polas a5 SLuS 5 aS 0gd oo odlice Jgoz cpl yo
3 dilale uliae yo aileads ools ioled K5y g0
loyogin @l AtDl oS5 ADj slocS 5
Oygods widlb o Lol Sloy 5w Z-MK o Z-MK
9 P7 9 P4 ‘_ng).uos).».: 6‘)" WJ‘OM oalo U’“JL“ &))J
o pSeo3 shlo A+D3 S 5 (0 5 F oY slaodIs) P8

VWAV 5l ¥ oleds oF 00 cnl cosiiges 5 Sy Laimo alone


bshahmorady@gmail.com
Typewritten text
249


Slo g By (o)

YO

L 4

4

1307
1306.5
1306 -
1305.5 | {I[}!
1305 -
1304.5 - .
1304 -
1303.5
1303

orginal data

4 — - AP+D2

GWL (m)

AT NO MO N N0 -

277

Time (Month)

1308
1307.5
1307 — — - AP+D3
1306.5
1306
1305.5
1305
1304.5
1304
1303.5
1303

orginal data

GWL (m)

Time (month)

o ailale Leliie sl (sl Alss IS ce ge)] Slages =¥ S
P4 iegrm

Fig. 3 Sequential MK graphs for the monthly scale at
piezometer P4
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Abstract

Study of changes in groundwater resources has great importance on planning and management of
sustainable water resources in any region. The goal of this study was trends and dominant period
investigation in groundwater level data at monthly timescales in fifteen piezometers of Ardabil
plain using non-parametric Mann—Kendall (MK), temporal pre-processing (discrete wavelet
transform) and spatial pre-processing (self-organizing map) methods. In first step, a Self-
Organizing-Map (SOM)-based clustering technique was used to identify spatially homogeneous
clusters of groundwater level (GWL) data. At second step, the wavelet transform (WT) was also
used to extract dynamic and multi-scale features of the non-stationary GWL for central
piezometers at 3 level. At last step, The MK test were applied to different combinations of DWT
after removing the effect of significant lag-1 serial correlation to calculate COMPONENTS
responsible for trend of the time series. The results showed that negative trend is prevalent in the
case study; generally, wavelet-based detail at level 3 plus the approximations time series was
conceded as the dominant periodic component.

Keywords: Ardabil Plain; Dominant Period; Non-Parametric; Self-Organizing Map; Sub-Series.
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