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Extended Abstract

Background: Clustering time series of precipitation and other hydrological elements by direct
use of classic methods, such as K-means, can be misleading because there is a time-lagged
correlation in time series observations that is ignored in classic methods. A periodically correlated
time series is a type of non-stationary time series with a periodic covariance function. Since there
is periodic behavior in time series observed in hydrology, meteorology, climatology, etc., the use
of periodically correlated time series has attracted the attention of experts in recent years. Time
series data can be studied with two different approaches, time domain and frequency domain.
Frequency domain is usually used to identify the structure of a time series. In this approach, time
series are studied using Fourier transforms, which are functions of frequency. The clustering of
meteorological stations in terms of precipitation time series provides important information about
a geographical area and plays an important role in water resources management in that area. The
main purpose of this research is to calculate the distance between the monthly precipitation of
meteorological stations based on the observations of periodically correlated time series in the
frequency domain and then use a clustering method to group the meteorological stations. For
clustering, the fuzzy clustering method is compared with the usual k-means clustering method.
Methods: In this research, the monthly precipitation time series of 34 meteorological stations in
Golestan Province were collected over a common period of 15 years from the Regional Water
Company of Golestan. Considering that monthly precipitation values are time-dependent, these
data were first arranged as a time series. Because of the dispersion of precipitation values and the
presence of zero values in a number of meteorological stations, the one-to-one transformation was
used to stabilize the variance. Since monthly precipitation data has a period of 12, they can be
studied as periodically correlated time series. In this research, the periodically correlated time
series of monthly precipitation was clustered in the spectral domain. First, the distance between
the monthly precipitation times series of meteorological stations in the frequency domain was
measured based on the periodic multiple correlation coefficient index. Then, clustering was
performed by a fuzzy method based on the calculated distance matrix. After calculating the
distance matrix, clustering was also done using the k-means method. The mean square error index
of monthly precipitation was used and the results were compared to compare the accuracy of the
clustering methods. All calculations of this research were done in MINITAB 17 and R 4.3.1
software.

Results: Investigating the seasonal trend for the monthly precipitation time series revealed a
period of 12 in all the selected meteorological stations of Golestan Province; therefore, these data
were analyzed based on periodically correlated time series. The distance between meteorological
stations was determined based on the periodic multiple correlation index. Then, using two
methods of fuzzy and k-means clustering, eight groups were identified for 34 selected
meteorological stations in Golestan Province. The largest and smallest groups in fuzzy clustering
included eight and one stations, respectively, and seven and one meteorological stations in the k-
means method. Comparing the accuracy of the methods based on the mean square error index
showed that the value of this index for the fuzzy clustering method was 13.67, while this index
was calculated at 165.11 in the k-means method. In this research, it was also found that the
accuracy of the spectral domain method along with fuzzy clustering was almost 12 times higher
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than the spectral domain method based on the k-means method. Moreover, the investigation of
the groups in the fuzzy clustering method shows the similarity of precipitation changes in the
meteorological stations assigned to each group, which indicates the accuracy of the spectral
domain method along with the fuzzy clustering.

Conclusion: In this research, the distance between the monthly percipitation time series of 34
meteorological stations in Golestan Province was measured in the frequency domain based on the
alternating multiple correlation index. Then, the selected meteorological stations were clustered
in the spectral domain based on fuzzy and k-means clustering methods, and eight groups were
identified in each method. The mean square error index for fuzzy and k-means clustering methods
was calculated at 13.67 and 165.11, respectively. These values showed that the accuracy of the
fuzzy method for clustering the monthly percipitation time series of the selected meteorological
stations was almost 12 times higher than the usual k-means method. The similar trend of changes
in the monthly precipitation of meteorological stations assigned to each of the clusters shows the
considerable efficiency of using the frequency domain method with fuzzy clustering for grouping
periodically correlated time series such as monthly precipitation. In addition to the simplicity and
accuracy of the clustering method in the frequency domain, the other advantage is to consider the
periodic structure of time series in clustering. Furthermore, spectral clustering can be used for
time series with unequal lengths recorded in hydrological studies.
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Figure 1. The geographical location map of 34 selected meteorological stations in Golestan province
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Table 1. Characteristics of the selected meteorological stations in Golestan province

UTM Slaise
ol o)l (oslidlyn ol £ (0) o] s (pacdse) ailale Lo 51 UTM Coordinates
Station Number Sg{ﬁ;goﬁzil%gelcal Station Height (m) Preé;?trzilt%gnh/([r%%};ly J 5]9 e

Longitude Latitude
1 S ) 41 405 336111 4121413
2 PUPSEOSIN 255 73.3 345784 4104520
3 L;lsl)s 38 30.0 325009 4122323
4 o5 JL]L;QJ 148 49.6 289060 4083488
5 Ms@T -12 34.6 278102 4100003
6 )biJa 1000 21.7 363417 4086826
7 0553)‘ b 444 60.7 284355 4073407
8 ol 12 49.9 237187 4079985
9 @L’Jio}f-b 26 54.2 234440 4070700
10 .)UJ.DLB 202 59.0 299107 4085455
11 GBe>aald -20 32.1 250562 4114471
12 ol X5 438 67.6 390288 4139471
13 o s b, 1295 168 439940 4133425
14 Obdeda 1174 19.7 421774 4128174
15 dlf)f o3 183 50.2 367584 4150505
16 oS 213 72.7 361086 4125346
17 EWs 64 41.4 339743 4123727
18 bl asl, 16 333 304117 4103202
19 b 885 42.9 274976 4065750
20 o, abgoro 44 52.4 270830 4082460
21 bl 34 38.8 245052 4098462
22 90y 500 66.0 305257 4076759
23 Sl cuby 1596 32.0 390361 4125971
24 SVl 555, 76 58.3 243359 4072714
25 Uk, 90 60.3 235023 4067557
26 AW Cunds 276 68.6 264810 4074080
27 Cuddgine 210 70.7 358269 4120983
28 e Souig du 4 28.1 299510 4119958
29 obely 208 81.3 334246 4098755
30 dlesjle ool s 6 48.3 241821 4075295
31 “j)“ 1484 30.3 374176 4097435
32 olds o SHb 482 82.2 393568 4139903
33 Juué)w 882 48.1 323213 4073644
34 olyss b 330 63.9 273886 4071982

ol58 aely 3 loj (glag s dnglie ) Lab (slagSl
238 o 4,8 oolitul 350
)li.'vo)a.) @L Xi,...,Xn ‘_g:l..o) S gg: uu‘..wl »

g0 iy (V) dlasly @90

1 " ith|2
I(A) =— Z X,e™
@) nl X | ()
' = |dx(};)|2 )
Sro dg s dy(D) = ZXL X0 ol oS
oasede |y Sloj (spw g Lol 0)gd (g oo uilS 3
25
Pyl dluod (Jloj (5L 5w
2900 G (Sloj (6 o0 4 ogliste s (Sloj sy
sloodly aSle sl audldy g5 gl 090 o) lidle > &S
Sloj o g ol WY gls 090 s a8 alale o)L
503 Slgh 358 (Sajelg s Slillae ) glite diuan

Sy o oal ()5 pasdie | o nl
4588 MUy dlold iz Cglite dtuen iyl Slbej
o858 el p coiie glaoll )k Slej slacs
A5y ol 93 (3k Glise (Aol lsied g dwlone
Lo (Sloj (Sl 498 AT (o Aol ab 485
‘Ltbbli.uw‘ O omwbu alold uw)JLc L)"’L“" 2w 9
Olija 4 aobl 5 b plsl (1Sl k5 (56 gnades
D e 4l 0ad 5 slaydy) I yide
uab 0)9d U“»‘f‘" Lg‘)’ daoald d)Lub.)Lol 9 u.@f W
b 3 laybges opl b edli] YK Swendgs
b1 |y 395 Il (S & g osws s MINITAB 17 58l

1- Autocorrelation plot


http://dx.doi.org/10.61882/jwmr.2024.1282
http://jwmr.sanru.ac.ir/article-1-1282-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-23 ]

[ DOI: 10.61882/jwmr.2024.1282 |

WYY

S jle g (Sumo pulas e glagess 0,8 (oime o Suir b

VEF /Y oyleds /el Jlo 550l 0595 o pte dsli g}

(C-means) ;8 gasanigs
4 Cogae b el oanlie (gly 298 o0 Ol Cogas &b
.qu.o UL" (ﬂ) 4]4}]) U)yocb Uqjy o Ugj ).J.)LRA LJ <\.~o9> C
Z?:lu]’i =1 (5‘)

)]).9’9“‘.{)‘.,}.5] )JXl""'XTL O)éuo.\b OMLMJAI] ;I
polie Wb s 03 awass ddes © & oyl wsl
a8 g bl glaigSay upj=1.,ci=1..,n
obj @b b ol by 268 Hlade Jols 4 ly oL &b
29550 dpslona (V+) abail

Lu,v) = T, 3o, ul||%; — || (1)

L1353 de gosmo U Ay (glp polio dsgosmot ol 43 S
[1,00] o5k > & (556 oy yel)y M ads 8150 sl
s |y Slialie anass (39 (656 423 9 Bled oo s
WS o dpwloee 1y Hlg 90 o dlolB || L] g S 0

iS5l Ay S ©jeon (5B ganads i )eSl
e & ey Sl |y Cugas plie g adgs STpe o
(Miyamoto ef al., 2008) &S o  Slw,jg)d gusly

I ganades saen)sll 4l & cul S5 4 p3Y
alold (yuals )Ll P Lt Glyicee |y 656 (sanadss dlon
Slialie 395 pusld 4 (550 95,5 meil Glaalie
Sy on Jolss dnale I (3a ol )3 Con
JoSS lp eanad B hgy cpl 5 coglite daen Sl
W ooltwl Cglise diuwer Jloj (la gy (saiddg>

g Aol puple awbee I gw Glagh ol »
3 Sk hoyd (auaded (55l gy ginadss
Oy CAY duslie b dwslis UG L g cd S plodl
ol bt Cluye (10ke adld (ol p (anades
B8 dwlie mli g pbol ads (MSE) wlale
(Moriasi et al., 2007)

A s ailale ()b (Sloj slacs pw (had X9) (o)
VY ual» 0)9 coie ‘_SJ»LMI}Q dl.moli.«.w;‘ Ao 5 LY
4 baye K Steddgs jlogas V) JSb .cubly 2959
Sk bl (wlidlsn oKl Sl 3 1) alale 51
Oliwl Calisee glaciand (0 &S A5 5 bely (lidS Lo
(V) U @ dag baams oo ol S5 a4y alodds 28l
Sy dgei odaline |y Sloj slags e (g wslite (g0
b juSia 5 oSl e 3 oS & (ad ool
ool dyg0 55 wilS )8 dld > Sloj sla s dumlio yd
L3518
ey 555 bl | litlon o] T ciados
ool g eS8 iy 3 wilale cla syl polie il
[0, 7] alobs ;5 louils 3 ol a8 s oy

2mk . n e s . 1< s
A Z%) Db 45 )15 )3 498 (Sl puilS B Ojg0hs

a3l e .W|m=1"—2t.)1)34§(k=0,...,m—1

Tugl.u 090 l; u9Lwc W)(;, t EZU.»Lo) &y l_gv
9o (Byna (V) abaly L oS 295 o0 0sal
Cov (X, X,) = Cov(Xpyr, Xsi1) (v)

leI""an u91.~uo Alssod uJLo) S ;ga d‘);
Jas by (uilSyd atb b ol als 3 T gl 690
Soltani & ) cuwl sdds &l (V) dayly jamds 4y
:(Azimmohseni, 2007
dx(2) = (dx(2), dx (4 +

2?”) dy(2+ EID)y e (¥)
[0, %)

&b ol dpglp sy Koy uple cmizen
o)y ooty oglia St il sl ik S
sl 013 &1, (F)

Ix(A) = dx(Wdx(2), A € [0,5) ()
ol ggd30 2l Sl * oy a8
Wald 53 iglite dmod (Jiloj (Sl b Jlino
(o 3) i

(Najafiamiri et al., 2024) ,Ken o a0
o Floj slagp iuadss Gl ) bty
AlBas  Sien (asli Wlools &l ab aiely > glie
Wl g0 om cald Dbl lp asls g cusl oad
92 29 25 ol Cul (Al ala )3 Cglite diuen
SMAs L g T gl 0,93 b Yy 9 Xy oglite dtamson 215
(V) b (0) aaly &pgody il dy(d) g dy(d) 4,68
i(Szekely & Rizzo. 2014) 5445 0 oy ya

PRV
F i1 Ix (Ao DIy (A4, 4) (@)

- a
R e
I (25, 4)
T-1

=>4, (Ai + 2%) dy (/1, + ZTE) #)

j=0
Iy(2i, %)
- 2mj 2mj (V)
=Zodv(lf+T>dY(%+T)
]:
ol s lalSe Ayi=1, .k o 5

2

0S PRV S1 & 555 dog (pized i [0,7)
oo Sloj oy 99 8k J S35 ) 4 PRV a2 j0 g ol
S 99 O Abold Jlae coms ) )b (gl calld

D945 oo dule (A) dlayly 5l Cglite diuen (Jloj

D=1-PRV (A)


http://dx.doi.org/10.61882/jwmr.2024.1282
http://jwmr.sanru.ac.ir/article-1-1282-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-23 ]

[ DOI: 10.61882/jwmr.2024.1282 |

VYA

Gl Uae g (e orlie diomo cglgazmo )5 aime ¢ Sair b
OdS gl )3 () Sloj (slacs o siele (saizadsS

095 (V) Jgdor 8 Jols S (il 53 (g0 12390
b 1) pldS bl 53 (g 350 (uolidlgn (laolSin]
a3 e ol (C-means) (3l ganadss 5, 5l edlil

(a) Autocorrelation Function for Naharkhoran
mits for the autocorrelations)

1.0

0.8

0.6

0.4

0.2
H- - I T
i 1 1 . I ) Ll O

Autocorrelation

0.6
0.8
1.0
1 s 10 1s 20 2s 30 3s 40 as
Lag (Month)

«©) Autocorrelation Function for Ramian
Owith 5% 1mits for the

1.0
0.8
0.6

>k H I
1 e 1 Sl atlls i
‘0 < [ —LUTY il A LA

0.4

Autocorrelation

0.8
1.0
1 s 10 15 20 25 30 as 40 45
Lag (Month)

(b)

Autocorrelation

@

Autocorrelation

Sl Sy z95 s 1y PRV Gglite o piiodis  Siuon
Ol bl 2 g e 458 sla il > alale (351
U9y oobel b e olSiu] 48 o Alols g 5o
owliblen oSl Y¥ (ol adsd cuin (i (gabadss

Autocorrelation Function for Park Melli
Vit 5% Limits for the

1.0
0.8
0.6
0.4

0.2
5 .I|I [11. NI i
'|||" if ) 1 A ol i

0.4

°

0.6
0.8
-1.0

' s 10 1s 20 25 30 3s 40 as
Lag (Month)

Autocorrelation Flllll tion for Goubad

(With 59 significance limits for (he autocorrelations)

0.6
0.4

Yl "Ill"ll|l"']|""l||‘ “lll'l'll"

0.4

°

0.8
-1.0

1 s 10 1s 20 25 30 as 40 45
Lag (Month)

(d) 25 5 (c) lely () HlewdS (Lo )b fa) lyed ks soolKiw] > )b, (Siuwendgd (slaldges =V IS5
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I (5 ot

Sybges eepn b bml o plagh ol »
i) ¥F lp & s jasin K Suweddss
d9>9 anlo VY 99[)3 0590 b ‘_JAGB Lg) e ‘_;wl.w:]yb
Sl s a8 OMas ey e b
Sloj slag e om alols g dsbre ()l gl dinen
aold ) PRV [adls (wlol 5 kol slale i)l
0l ol dlold Ly yilo ol p.005)8 dwlxe (WilS)0
5 UMb (gduddgs (5B hayd )L bbd jl oK oy
oS 5ol §) lizl b Sk Jpane b,
L8,8 4148 dulde 350 (MSE) las ey yo

odlésiwl ui gaél.u.n 9 oMMl?m ol u,w).’l.o ‘_)»L.u‘ »
(solidlon ol YF (gl adgs cudin (556 ganades ||
35 sl ol a3 Jols ldS Glisl )3 () 3)90
2 adly wlslen solKiw! ol (o)l s K,
gy 5l ol e LB LS Sl aos S 31 Sy

2 Al Sgy Sl 3 (Sialeals f) JS5 3ol
FB loadgd (S 5 Bl oolidlyr slrolSinl S (S
)90 U89y 93 F3ES Awlio g (wyp sly ol osalie
2 b 4 bgye (MSE) (gllad Sl po uSlo cosliu!
toslne (liilon (claolSiun] wlale Uik ke Lol
2 iuades gly s Sluje (1 Sle (olul ol
P A5 Al VWW/EY (C-means) il by !
VAN Sl k Jgame (B9) )3 S (il &5 ()90
o] jutn cald Sl @l (ol a5 awlbxe
Gl oSle lul g 5 o9y claads > (wlidlga
(@i cpl e Slek By 4 G dilale
olyomdy b dlaly hg) CB &5 AD asule (pied
ool b diely by Sl i 2l VW a8 (658 b,
D92 (pSbek by,


http://dx.doi.org/10.61882/jwmr.2024.1282
http://jwmr.sanru.ac.ir/article-1-1282-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-23 ]

[ DOI: 10.61882/jwmr.2024.1282 |

WY

Sl g (e palie Ao (gfagea 05 (iome o Suix b

VECF /Y oyleds /el Jlo 55ul 0595 o pte dsli g}

|y e300 onl Como dag] ailale (5l 5651 5 29, IR
Sl cllas b G () @l el Wb
wlale gla s polie awslis 4 &5 (Ghezelsefla, 2022)
Ohlan 5 (gdgeme g Adby  WlS,E ab
clwalis ywlel » 4« (Mahmoudi et al, 2020)
Sty (olidlgn o8zl V& )3 RDI )4 Jlusizs
Wby y uolS 58 ol > ol duslie 4y oyl yauiS” 5
b bl ye

Al jd gbadss gy | eolatel Ky b
Iy Sloj s wolise jidlw Llgh o a8 Canl op) (Wil )8
Q—.’.] P9y O:{‘ 51 ealazuwl JoeR Caod] LS blsd GXoddes 4>
sl Jsb & Ggin Cllae (B > o ol
sadgd ISl (il 5 aiels 3 Bl ply e b Slej
2505 393 g ]

2 0ld (S pwlbre )5 5 il ( Solw 4 drgr L 14
)99 o )y bl g (iS5 aisls (g 5l eslil
Lo Sloj Sgpw gaadsd ly d9d e Soidn
oyt 5 dlale lawgio slod lale bawgio (o5 Wile wglize
dogi b et g 03liiwl wiiud  Juad (665 (s oS
ol 1) K00,90 v (dine (a3l PRV 23l oS ol o
odlil )] G398 3l ean] Cldllas 4> a5 3945 co Sl
Dod sduddes gl o yude OlS el &S 25

References

09,5 Sly dygd s oy bl g )3 akels
Sl glas)l wles oolie diuver Sloj slags
L}\’j)‘b CoTin ua»t.wlyh Lglmli..wl L;.\;;o»f e Lol
ol gl 2 5 Lol 09,8 i g plul 5 Silok
B9y ool gauadgs sl (MSE) las Ol po (:Slie
CaaS ol &S Sygi0 )0 b duwlee VWSV (C-means) ;6
Geid cpl )0 b Al VPO Sk hg, 0
olyodrdy ado aloly gy Cdd &S AS astie picres
ool 2 (b el (g Sl pidar pl WY Ly 3 b
Febg cold Sl @l ol e 0:Skek )
(C-means) 556 Ligy slaabes » wliblsdr slaolKiw)
oSbek ey 4 s dilale (5)b :Ske el
1 edlatnl &5 Wl s (idod (ol ol 4 asg b
8y 5o sl edmd plSal iS5 aials (b,
M b o] 90 oS pxe cpl 4 g Sloj slag
bl bosia (g (U5l cslmodls dlie) Sy Ly 453
oK) 93 4y e o (Jle lgieds ditun LSS Ly ,a
Ol @ gy SllungS CusBgo b )b (ulidlyn
Cubd Cundgo b A8 wlidlen ol 5 yio AAD glas,l b
90 oyl cudly o)lil e £Y glas)l b oliwl 3y Jlod )
5 glite oy slacumipe il by le ol
g W0 @Bly 09,5 S5 5> (lS)8 dkely (o) b (san0g S 5

Azimmohseni, M., Khalafi, M., & Kordkatuli, M. (2019). Time series analysis of covariance based on linear
transfer function models. Statistical Inference for Stochastic Processes, 22(1), 1-16. DOI:

10.1007/s11203-018-9182-z

Caiado, J., Crato, N., & Pefia, D. (2009). Comparison of times series with unequal length in the frequency
domain. Communications in Statistics—Simulation and Computation, 38(3), 527-540. DOI:

10.1080/03610910802562716

Chen, X., Wang, X., & Lian, J. (2021). Applicability Study of Hydrological Period Identification Methods:
Application to Huayuankou and Lijin in the Yellow River Basin, China. Water, 13(9), 1265.
https://doi.org/10.3390/w13091265

Dadashi Roudbar, A., Fallah Ghalhari, Gh., Karami, M., & Baaghide, M. (2016). Analysis of Precipitation
Variations of Haraz Watershed Using by Statistical Methods and Spectrum Analysis Technique.
Hydrogeomorphology, 3(7), 59-86. DOLI: 20.1001.1.23833254.1395.3.7.4.0 [In Persian].

Daneshvar Vousoughi, F. (2021). Determination of Dominant Periods in Rainfall and Runoff Time Series
(Case Study: Ardabil Plain). Water Resources Engineering, 13(4), 27-42. [In Persian]. DOI:
20.1001.1.20086377.1399.13.47.3.0

Daneshvar Vousoughi, F., & Shaker, R. (2018). Assessment of Trend in Groundwater Level using Hybrid
Mann-Kendall and Wavelet Transform Method (Case Study: Ardabil Plain). Environment and Water
Engineering, 4(3), 243-253. https://doi.org/10.22034/jewe.2018.112575.1221 [In Persian]

Ghezelsefla, H. (2022). Comparison of monthly discharges in time and frequency domains (Case study:
Gharsu basin). Master's thesis in watershed management, Gonbad Kavous University, 54 p. [In Persian]

Gorgin, V. (2010). Least Squares Estimation and Analysis of Variance for Intermittently Correlated Time
Series. Master's thesis of Statistics, Payam Noor University, Fars province.

Holan, S. H., & Ravishanker, N. (2018). Time series clustering and classification via frequency domain
methods. Wiley Interdisciplinary Reviews: Computational Statistics, 10(6), e1444.

Hurd, H. L., & Miamee, A. (2007). Periodically correlated random sequences: spectral theory and practice
(Vol. 355). John Wiley and Sons.

Jandaghi, N., Azimmohseni, M., & Ghareh Mahmoodlu, M. (2021). Rainfall-runoff process modeling using
time series transfer function. FEnvironmental Erosion Research, 11(2), 111-128. DOI:
20.1001.1.22517812.1400.11.2.5.5. [In Persian].

Jandaghi, N., Seyyedian, M., Mohamadi Ostadkelayeh, A., Fathabadi, A. Gharech Mahmoodlu, M., &
Mohammad esmaeili, M. (2019). Analysis and documentation of March 1997 flood in Gonbad Kavos
city, Gonbad Kavous University, 126 p. [In Persian]


https://dorl.net/dor/20.1001.1.23833254.1395.3.7.4.0
https://dorl.net/dor/20.1001.1.20086377.1399.13.47.3.0
https://doi.org/10.22034/jewe.2018.112575.1221
http://dorl.net/dor/20.1001.1.22517812.1400.11.2.5.5
http://dx.doi.org/10.61882/jwmr.2024.1282
http://jwmr.sanru.ac.ir/article-1-1282-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-23 ]

[ DOI: 10.61882/jwmr.2024.1282 |

il e g (e paloe dome cglygeno 08 iome ¢ Baix 0l
WY QbdS bl 53 (35b Glej slaspw b (ganades

Mahmoudi, M. R., Maleki, M., Borodin, K., Pho, K. H. & Baleanu, D. (2020). On comparing and clustering
the spectral densities of several almost cyclostationary processes, Alexandria Engineering Journal,
59(4), 2555-2565. https://doi.org/10.1016/j.aej.2020.03.043

Mirzaee, S. Y., Chitsazan, M., & Chinipardaz, R. (2005). Application of Time Series Analysis in
Determination of Lag Time in Jahanbin Basin. Jounal of Water and Wastewater, 15(3), 53-59, [In
Persian].

Miyamoto, S., Ichihashi, H., Honda, K., & Ichihashi, H. (2008). Algorithms for fuzzy clustering.
Heidelberg: Springer, 10.

Moriasi, D. N., Arnold, J. G., Van Liew, M. W., Bingner, R. L., Harmel, R. D., & Veith, T. L. (2007).
Model Evaluation Guidelines for Systematic Quantification of Accuracy in Watershed Simulations,
Transactions of the American Society of Agricultural and Biological Engineers, 50(3), 885-900. DOI:
10.13031/2013.23153

Najafiamiri, F., Khalafi, M., Golalipour, M., & Azimmohseni, M. (2024). On clustering of periodically
correlated processes based on Hilbert-Schmidt inner product of Fourier transforms. Communications in
Statistics-Simulation and Computation, 53(10), 5028-5046.

Nourani, V., Azad, N., Ghasemzade, M., & Sharghi, E. (2016). Assessment of Ajichay Hydro-Climatologic
Parameters Impacts on Urmia Lake Level Using Hybrid Wavelet-Mann Kendall. Hydrogeomorphology,
3(7), 141-159. DOI: 20.1001.1.23833254.1395.3.7.8.4. [In Persian]

Percival, D. B., & Walden, A. T. (2020). Spectral analysis for univariate time series. Cambridge University
Press, 51.

Sang, Y. F., Wang, D., Wu, J. C., Zhu, Q. P., & Wang, L. (2009). The relation between periods’
identification and noises in hydrologic series data. Journal of Hydrology, 368(1-4), 165-177.
https://doi.org/10.1016/j.jhydrol.2009.01.042

Shumway, R. H., Stoffer, D. S., & Stoffer, D. S. (2000). Time series analysis and its applications. New
York: springer, 3, p 4.

Soltani, A. R. & Azimmohseni, M., (2007). Periodograms asymptotic distributions in periodically
correlated processes and multivariate stationary processes: An alternative approach. Journal of
Statistical Planning and Inference, 137(4), 1236-1242. https://doi.org/10.1016/j.jsp1.2006.01.015

Szekely, G. J., & Rizzo, M. L. (2014). Partial distance correlation with methods for dissimilarities. The
Annals of Statistics, 42(6), 2382-2412. doi :10.1214/14-A0S1255.

Ullah, H., Akbar, M., & Khan, F. (2020). Construction of homogeneous climatic regions by combining
cluster analysis and L-moment approach on the basis of Reconnaissance Drought Index for Pakistan.
International Journal of Climatology, 40(1), 324-341. https://doi.org/10.1002/joc.6214

Yousefi, A., & Mahdian, Sh. (2015). The Economic and Social Necessity of Water Reuse in Iran. Journal
of Water Reuse, 1(1), 1-7. [In Persian]


https://doi.org/10.1016/j.aej.2020.03.043
https://dorl.net/dor/20.1001.1.23833254.1395.3.7.8.4
https://doi.org/10.1016/j.jhydrol.2009.01.042
https://doi.org/10.1214/14-AOS1255
https://doi.org/10.1214/14-AOS1255
https://doi.org/10.1002/joc.6214
http://dx.doi.org/10.61882/jwmr.2024.1282
http://jwmr.sanru.ac.ir/article-1-1282-fa.html
http://www.tcpdf.org

