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ABSTRACT

Forecasting of sea level fluctuations is a suitable tool for comprehensive management
of the sea and the protection of coastal areas. On the other hand, application of time
series analysis for forecasting purposes has been evaluated to be very appropriate.
Therefore, two time series consisting monthly measured sea level data were used in
the present research. The data have been recorded at two stations of Anzali and
Noushahr in the southern part of the Caspian sea for time lengths of 40 and 14 years,
respectively. The nonparametric Mann-Kendall test was employed to determine if
measurements exhibit an increasing or decreasing trend. In the next step, different
methods of forecasting and modeling of time series including Auto Regressive
Integrated Moving Average and Multiplicative ARIMA method were fitted to the
data. Then, Akaike Information Criterion was applied to assess the ability and
accuracy of fitted methods in forecasting of sea level in future months and to
determine the best time series model. The results of forecasting in the final models
reveal that the performance of the Multiplicative ARIMA method based on time series
analysis, to estimate and simulate the stochastic behavior of the Caspian sea level is
acceptable. Meanwhile, the length of the forecast period in the models has increased
significantly in comparison with previous researches.

Yy


mailto:azarmsaa@modares.ac.ir
https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

Sloj (6 S gl o Jos 5l oslil b 555 sl ye O 513 Sblug i 3 Judos 1)) 50 5 (5los Sgnane

S5 Oleesd Glaws 5 ewyp Geed 45 0 D0 b Sl
3929 o) DYgou sui] 4y Cond cnlie (eSS g (i o
Ly 5l e cllags 15, (s3bo Joe aSST s il anils
3 SHaas slaojlw (2hb ol cwsiee slasnyzsb
L8] el 65,0 4zl Jolgu slazal

e s Su5, b 09SE 55 sbys 515 S e S
55 5 Sl it 5| (8l 5o ol 58 ol
(slasBog, CUls, ,oli) OF Dl oaims JSs (slizl 051
5 @l 5 ol dilize slaas g bagy )l Cov (e 5 U5k
LD Yoy - ] scsle) el asbpdy &0 Sl gl S
xS b ol s clblg gl az 31 Lo
Lol sl i LSl (slilgan 5 T 5 (Sl poe sl
G bl o8 Cadad pae g cwlio 8o b Jow cSle
Sl ol slosdg,g b (Jow sl o5l aninds slaesls ¥ Slej
a D] sl solasl ST R S PERA RV SUUNSS PN JURV
5 39 5o Slej sloa Jlod g a5 0 )5 JLso
TSz 5 SL gi Ve ams 55 Sloy 5 slaoe dnss
Voare Sloj slocs poo Julo ool 00l Bime ol ol (VAVF)
petlSo (50,5 Jao L Spo ol oS oo Jloo |y Gas g
polie Sumiion P90 5 96l o0 (S odwlive 4y i a5 Solas
Jae @ly )0 0,5 o0 Djg0 )] 4LBSS slie 2 45 (50 0aiy]
9 EF—an (& AB3S slsosls wlwly Glsj 6
QS o ddgi [ aes 7y ean ] jo Canl e a5 SiS gl
Ivel

Toad Gl Spe (Sl aneendss Ol cal 0
Sy s S wsexe b sloas 5| S5 (ARIMA)
w3l sl lo jo Vo] cal oagy 41238 ams wiz Job ,o Sl
s 4 Sidae glaanlp Gl glagm @sledse
Wl o 485 I ol mle Cupae s (b ) lesynS
35 b e oladllas o i, ol 5l eslial Jb ol b [V

doddio -

Lo slazlys s )0 a2l iy 035 )5 Olgie @ 555 by
=S 5l D el oy wllugs 5 ol (Sajslpann 515
0 Lol ail e Sl sb s v oluly fe =YV 9 Y8 o )]
et 078 Job o 1) 55 5 S8l e Vosgas 0 (Fu b Ll
S e Sle) 090 e 10 a0 (V JSK8) sl 00,5 4 28
Gl aly Glug Jlo o o e ¥ dgas 10 o ugildl Sl
i SLeSL jsb 4 VAYY BT la b e 5 5l LY
Foo b oss mha (nfomb &g w5 e o 105 e Y
S ol 8 o a5 (1] sy 0 ¥ g el
dagi 9 G961 i) 9 0dd 15 Ol o las I (0l
Cgz o o3, Slasial 5 el 5 goladl slacoles iy
o litie, b I3 o oe wald Gl 3blie s 4 5,
auld ol e VIO e 4 VRO BYAYY Jlu 51 L,0 5l
50 L] Sy g0 yo =V FIO Sgam ay )0 515 5 00 usSae
5 i 8t Sl 5 Sl lagseos o 5ol ool 4
> 3 S (i e g 5l (S als dlauly &S saio
51 a8 0008 Jeeod ()b axx b Ldlge civgy bl axwys >l
il dbposlr) (wiige sloojln o 55 4 (o0 alox
by 2l s s (g o gl bglas (5lol g0 o sSe
o il sla et 5l golaj sl waes 5 (29,50 Slagms)
S i (Faal 5 s A2l i S L ) oy
s 5 5 VA8 Sl ol o [08T 08 0 )lal (ras
el 08,5 €98 15 093 (59

bsS aidS 8 Jsb 50 555 sl ol 5l Slyes ggeme
LS ket oy oil o o 51wl Sllegs a8 el ]
5 [V] ol e 5t oo sl wsldl & s (S oo Lb V0 #)
(olatdl potae SIS Gl 8 (om e 9 Vb S et i
35 ol Bl glaj5iS p amotns 5 (ol i ssloz]
aagi 5 Lo 5, Sblag a5 BT S elate 4 1 [A]

226.0 ""‘"\/\
2 270
2%
3

2280
..?“
4 290

-30.0

1900 1920 1940 1960 1980 2000
(JWo) ko

[¥] (030 Y41 B 1800 (g kol 050 3o (Sidls 5L 30 515 commr 32) 535 (6l 30 WVl Lauwgin 51,5 (o (g pus Hlogas — ) S

vf


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

(FY-YY) A% Ll 5 5l (YO o2 jos Jlos b0 (qwidigee 4 205 ) Kad 5 o5Lod Sgrune

g 4l il ansls O 53 ST Ol liae g 09568 (St
o sl o 5 5,Lal slacypnsl 51 pshate ol s .56 il
9 et s sla g, <80 g S g o ol S
B GrS ezl g (o2 Oy50 Sy oy 5o il

955 (0

0?9y 99lge =Y

Syg—s sboosls 5 555 lays hagi (nl ) axlllas 590 059>
9 TPl o ,0 @y dibaie (sl ppee oKl g0 5 sl
Jollds i i any )55 slaosls .ol oo gzl ymeinl jedig Hu
5 6o Y-VE JINVAVA slo Lo 5l lale 515 b Fo )]
e 350 51 e YO Ve o) gl Jlo 5l alls VE )]
285 8 il 990 5 3315 e Slaio 5 Slalllas
amo o i |, laolSin) ol Slasie (1) Jgox

axllao 090 srosls g oliny | wlasin —Y Jgus

(o) pgnd  (Glojgmorgd Py Jeb ol
-Y$ IVAY Yeo) YO ¥ veteo oo g
-Y£/-VO VAVe -Y e f R AR AN LU £ Sy

S ool ol 2 28 slel sl sl st sl gy el o
Al o bl S o0 95 Joy @je 5l anlllas 8590 Sloj (5
el oY oplpln [Y0] conss olo (5,8 cpl (o8ly Jolue
P 0 9y ol sl et Jle s il 1 8 Sl slags
YL e @ g bgog Jloy So l 15 laosls cunss
Lo )0 Mg el B S 5alS (g Ll (y903] Lawgs adiged
G a8y aiad ools 13 Lo g cwy 0 9,50 SPSSl53ls
wles! JLa VY (Tl ool 59290 00l Jlw Fe ggazo
Jlos YA 5 acs 4 alis LS Jae b))l cuz (ool ol VFF)
D008 gilw e 9 hjgel al e 8)lg (eols ole YYF) saileudl
Jbo Fotg5 ol 03ls JLo VY ggome 5l ol 5 (e 4
(e3ls oo VY ) JLw Y+ 5 Jomo (Zuiw,liel (gly (o0ls ole TA)

s aid)S L s Jae (g0l
ke & Gloj slas yw wsiludoe al> o ay ad o)y 51 (LS
il opesl abewsy TWgy ogzs pas booezs (ol
(VAFD) Cyo Lawsgs Tzl a5 gmgl ol i sy 1" JINS= po
Sl 952 (2Bl dxwgs (VAVO) IS lawsd s 5 &1
39550 Jlediar Gloy slags y Ng) Julod S el LU sl b,
S8 BB () gdi oo dnogs o 90 4 (Bg) cnl 5 eslinul
s (V el b 5 el (Jloys e sloosls glsil sl
oeimen VF] ail e Wosls Julow o 515 Sblg i
Nsy oed slp Wgy logesl SR 4 Cud 5]

Yo

S oS Gloj 03l S o ol s Sllogs (o2 5,55
Jod 0 lge a5 s Aiged Gloie a4y el a8 )F 15 Az g5 5500
2,5 o,Lsl

cilise sl oo (652550 b a5 35 313 sl <52 [A] (505
o] S il slmesls l soliiwl b Byo Sy Ll
wlale 515 Sllogs (Sle (i 9 owpn @ (J5) oSl
B YAAS 505 5D adle caan oy90 SO 0,35 by ol s
aS ol Gl 6y owyr m o)lS cwa (VAT sles
sl b aslas jo Jaw opl lawgs oo plxl glo oon s
9 Sl )‘QJP)'} @9“4.9 9 Jg.a.v.n Lﬁ;Ua) )l Lmolf.........l L) 0 u.».v
S DaeelisS i ln el Il 55 e (e, nlnbe
Ala) 0 slaosls ully DF] ol Sen 3 Sleol caibige o
Sl o8l (it 5 Sl 5 4o 4 e b Lyl Jas
Joe a8 wols glas Ll amslby, 5 b slp
g oalhe g gihis Joo S SLLS ARIMA(L,1,0)(0,1,1)
2 2l glag,lual oS SaeolisS (e § rog
sloosls 31 sslizal L VY] ol 5e 5 fulie cul 35 Gbyo
FARMA §°AR sla Jow 50 L g of 515 alo) + iSTos
e 3le )8 o 0590 |y (2952 555 Jolge 5l Sllugs
Glojlgale ewelis )| slaosls 5 ol slej sbags o b [VA]
Iy 55 5l SaeelieSy aildle Sllwg (Y- ¥ B YRAY Jlo 5D
O 5 Leoly 2l slaojsm nlo ;3058 (haiinn 5 s
g o €W SUyhs jlw ‘5)1 oMy Sy (sl [Val
35 e el 5155 apad i 0 5l e 5 L)
Ll s o ,S oolanwl as e lo,l Jow 5l wgi e byo
)‘)Jl u_ib JJ‘}JC;A o oolawl ws) alo uLmJ GMA?UWL»O) )5LD
50 Loyl Jow 5 (ol sloosls 51 ol b [v.] o) Sen
3 b 5l iledae 5 (Gt 4 V) BT la Lo
3oy (6550 eyl o K,EulS Jxlgw) (wsS'sS nli>
b 3,90 9 5JUT sl Lol sloJow 51 IVV] 5565 5 S3bous
oYL cés L, Jow ols olas Ll el win S eolaiul by
Slalllas Ko 5l o5 0 Lo 5l Sllug 0,5 Jow sl
5 oosSole IYY (llSen 5 gU35 @ Glsige anee) ol 5o
3,8 oLl [VF] %5050 5 aysSsl VY] ]S

Sy aS Ol s aslale slaosls 5l oolatw! b ¢ gubizs ool yo
g Vo F eodw Jlo ay i alu VY 5 Fo usjlyo 0,90
‘53;” wloads V\_u ).Q_....vy 9 kfl)J‘ BE] oli;.w.l‘ 9o o u.».s).:
5488 58l 5 (o) 0590 555 by ST Sl Slilog
5 GFo=d B cBs g SUlg a5 cwlio Jow b 0gd oo (5


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

Sloj (6 S gl o Jos 5l oslil b 555 sl ye O 513 Sblug i 3 Judos 1)) 50 5 (5los Sgnane

ool (Sacad 895 o V] wilb oo oy g el 50 Jow
e (1) ably & 50 4 (XePXHK) 95 (o iyl 581 26
232 Co g K 236 po il lgsS 5l o Cic ol o a5 955 o0

¥l aslise yao 503l )3 (il oS s

1 n _
Ck=— Z(Xt—XXXt+k_Xt)
Nt_1
- )
1 - C
=1 Co
T Siaan loges K 3B blie )0 Tk polie ey

il yo dsgazme sondl g e Sl loged (nl 45 055 o0 Jol>
255 o0 1,8 oolatul 590 osls  Kiwansg>

&b 5 (ACF) (Stepogs milgs L8, 85 ki o
o by bl Gy o PACFE) S5 (Siwansgs
5 AensgS Joo P asiye s slp g Wl sl loges
oolizesl ACF 5| S yoxte 5uSlie Jos 50 Q cyees gl 5 PACF
5 adde>  sajlagel Q) U (V) sl S o8
o a3 (3l g sels ol jo 1) (S5 (Kironsg>

5 ol 93 o 515 slaosls (g9 0l ;S Jol e plol 5l G
5 SL Joe it ol pd (sl 0ol el SlaS o 4 az g5 L
el b L)l Jaime 5 ilie slae Cole 3 5K
il WelSil 55 le; gy (sloesls , STATISTICA
Joe bl 5,500 sloJoe awslie lp Ll o 0o
@LC)‘U@‘ )Lx.a )l tS’lA) 6).4.4.: GMT )JQLAA (5“"'"0"“" 6‘)’ wl...n
walizee sloJoe Hle awslio ;o a5 20,5 colaiwl WaslST
S el bogoead 53 Lae jo lade Jlas gl Juw
ol (V) alaly 5o T sla ol )ly 5 abgspo dlolas ail oo iz
el o.\.io)f

AIC =2k +n[Ln(M.S)] ™)

slasi ggame K o Sloj (s Sledbl slas N ol o a5
& buge MS (Jao Jad,e 5 Jlad jidu byl

bl o " Tlaosilardly (gllas
Sl Sy e plyi wal ails 5768 AIC a8 Jue
Wb o5t S Jhe S aSSl Gl eimren 5l o
5 el slaoaileadl Sloj (s pw (owyp b ol ColdS casl oo
Jlatl ol cuslie Joo S (B9 @8ly j0 gl S (Joe
W) sl oSy 5l Jitee Jol> slooiladl a5 o)l
sl I acsl anals Jloy qses 5 5 (aail (Staen
Sy se Al P pais S8 ol 4y el oS 5eb lis
D] el LT loJas cole 10 65550 5 poe dlo o S

\td

so oo VY] sl jolin Sujgly e Sloy slags
Laools (5w o Wy 097y pas 5 o Solal p ejl
N9y 952y p I (e (589)) S 558 Shpdy g 9l <dYs
s 3l sleesls anl sy pay il bosls gy o
Sy Ry Sy Wiz 4 e ) Gl Glale o ol
SIS sy dzy JiS-e gasl 5l eslial b g 5 w3,S
b 4 bolKiw] 5 K e 51y gleosls jo ailale ¢ aYls
235 513 b)) 990 allax

So Sley i &5 cnl (Vi (B9, Sboj slas e )
e Gloj Gy ol oanl polie Saiey sehiie 4 ]y e
ol 2 ey G st slagllys 4 4z b VAL was
Sl G rosls leslatul L b ceal o] p s Sy
Sondy G g Sbosldee 5 (il slaoliin]
s 0,5 5 (rmiiar )i Gbyd o ol e 15 Sllegs
2565 18 (s 0590 515 Sllug Slallas )3 Slej (6 m

90 4 S350 9 Sislo e Sl leadlse IS sk
@ barpe Sl G Oliss 5l (G850 Wigdos e ASu
Slpeds @ a5 K00 (i 5 (had (i) oog (had DS
Sloy Sl Jelod 50 ((ad e (f50) 995 (sop Jgad
Sby S slaadlge s Bolai g (Jad pe (Jad Dbl 4
ey 3z b Gy lags yw Jelod sl eslinnl b (g5le o anss
Glooyl Jao Gz (ol o aalllae 550 (g, o5 250 ploxil
&b ARIMA(Pd.g)(PD.QW IS e 4 (Ly)le) " 25
9P ulpd coy @ Jae cnl 0 bl o 5Saz g GSL )
5 derotdss slaanld lab aiye Q 5P labyl 4
Dol g Wy S99 4 az gl b (rmizmen il oo I 2te (eSlee
Ll sl ke 99 cnl Ba g3l 5 byo 515 Slej slags o 5o
G5l azys iy ) D s d calpl (Gloy s (0
e 5l el po cnl Gl aS wjls 15 Joe o ((lad g Lad e
S 03 ol Sy

oSL i Sloy Sy S s 5 clio 68U S 8L 6l
ol aS ims oo )l ], glads o ans 65wl S S
St 9 reione Y Jae 5l ST Jae paseas )
(led Joo o5 CiS Gl oo S pe cnl (bl o e g w8l o
Sl eanl gl 1) glejis m (S oo

ool 3l 6w S slradlge olulid (Joo (ais al>pe o
3 oslitl b al enss o8 5 ooty el I )5 1 slois
b aisd plolid Sloj g soatlge ((Sansgs b s,
23,5 s oolaiwl BB Jow il 0929 pac b 0gzg el
Sl PACE 53> (Kawposs> 9 ACF  Sianoss milgs
iy et g G sleadlse (Siwdly patis sl gonie


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

(FY-YY) A% Ll 5 5l (YO o2 jos Jlos b0 (qwidigee 4 205 ) Kad 5 o5Lod Sgrune

kSIJ"‘ Oli».ﬂu.ﬁ‘ 6‘)) é}.‘i uL..Lo.C cch..M.A u’“"5) Lel A u)f)lm)o
e dn Jan 55 s ogis i 5 a5 5 (sl k5 5
W) 4..3;).’4;)0 'Y l.a).:‘).v om‘sdﬂ).)).uw).m‘)la

-25.5
-26
2 -26.5
=
2
e
9 27
4
,j‘ -27.5 —Trend in 1975-2014
—Trend in 1975-1995
-28 4 —Trend in 1995-2014
—Trend in 2001-2014
-28.5

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
(o) Jlus
Sl ) 535 U yd AYlw g 315 (Floj (g juw Hloged - S
eixi0) 530 YoIF G 1AV (g5Lo 0,95 55 5 ol olian] 5 (56
cosidn sig) of o 4 (obw abalii g s

1/0 T
—— Conf. Limit

0/5-

By

10/0 .-—"

-0/5

-1
0123 456 78 910111213141516

b

g 315 Spongs ylogai ¥ S

1/0 —
—— Conf. Limit

0/54

BY

2

3 0/0 -

3

)

-0/51

1 e L
0123456 7 8 910111213141516

06

Ry 3l ($32 (Smnad 395 515905 —F S

Yy

ACF (sla o503 (g 2 aboz 51 (S35 slo s, 5l jskaie (o
Wosilosdl, Jlazol Jleyi Joges g Joko Fosilosdly s, PACF §
O eolawl Om‘ 20

o g s =Y

O90)) oylel oy B sllas mhaw g ade oKl 515 e sl
e d e 5 1A cnl Sig =+/Y L pln esls o (Siglade)
azms el Wosls fjog Jlo g 5l lid cpl aS wll o 25,5
shols olas Sig =+ Jlaie Jpl olfiws] sloosls 5 599 yg0;]
i) o b olRsl gl jo Wosls (40,5 Jloy gz 9, (5]
Coled 50 9 ol beols o S Sl jo (orw WSL - SIS Laud
oled b oKl cpl o Wosls 398 Oas 51 28,55 ass b
208 Sl sn aloya sl 555 ey S

sebie 4 Sloy slags i wsilu e Al pe 4y (0l o)y 51 LS
OF i e wizmen 5 s, 9975 pae b dszs b5l
Cowd &y @l Wad w2 JIS- 00 6526 (9031 alassy
ol o jio—o/o ¥ i s AVl IS W59, 399 g5l 5 el
Sl 6])"‘ oBiws) sl ole jo o /oo F g yodg oKl gl
S (V) IS5 ol olis o] ;o 4y by Sboy sloe,g
B VAVD skl oys0 j0 1) 55 sbys o 515 olleg Sby
olas 1y o] 0 ead asie g, bgls ol en 4 I, YeOF
5 a2 s loges (F) U (V) b Sh aes e
s oo Glis (I3l g s ol o 1) iz (Saanogs
g o] S5 Sion logad 31 a5 jglailen ciges (lgie 4
03h (owgiw g0 4 g Go‘)T a4 ACF jlade cwl amxion
s & g 035 0l o 05 o Sy 5 03,5 b Iy lasals
28lie 59l 50 (Som 5l adlior (S 50 ol g g, 3929
0098 (Bolai g Plasl pae lowebl o5l bz 51 (1)
Sy G 50wy pds e o plis 1) gley (5 slrosls
Syt gl g gy Jolds pliwall adlge 5o i oSl 515
‘dﬁs @LA) Sy (_;‘l.éo.)‘b uo; L..m.i‘ 9 L)—‘ B> 6‘).‘ (KNP
sl 1y (kb 5 sl (505 Lol 45,0 D 5l el oo
So Sl 4 S a0 Sy sl (B2 e lare 4 g g9y0
9 P9 ‘J5‘ )A}l) ) )‘Q*"}" olf;.».a‘ MOP )|09.o5 ‘)i.:.o
G axgl b e 28,8 18 My 0 YUY o b Jow o
093 9 Jol slo,sl 0 S (SNewendss logel (g lolixe
Wil Vol (Ansensss slalezdiz dd e o 3YL) P jlaas

Yb)ﬁ&om‘w‘)ou])‘m‘ww)f)}]aﬁahuﬂ


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

Sloj (6 S gl o Jos 5l oslil b 555 sl ye O 513 Sblug i 3 Judos 1)) 50 5 (5los Sgnane

oli’%‘ ‘_g‘).s J..Lo Vo f 9 )-9(**’9-' °li;-““€.‘ (_g‘).» u_().?u.a wiLuO
Uas 9 & U‘“"j) aQ Lboli..ma‘ )‘).s ‘suLo) Sy ‘_gl.bo.)‘.) » L.JJ"‘
slojloges osalive b an o5 0 20,5 (55l 9 (23l )9
Gi laools polie inginy )0 Ll Ul 5 due (29>
sl oo (V) 5 (V) Jgoz 0 diads laz canle lo o ooe.c)'.i
sl 00 o0ls lid ol o o ool Ll 6L°'.’.)T

o2l 3PS 5o oSalST Jloms Jlacl 5 (38,5 S5 50 b Sl 5o
Sl Cgllae Jaw flaie a4 Jow SO olKis! o 40 de Jow
3 Smote o sl o Shos dunlio g o Jos o3lp s e S
sl jo as sl plas daJuw 29,5 9 (s ,loges
Py oo b SARIMAY A V)V e Yy Joo e o
Jade a4 aSolST e pyeS g ye /e VAR gl
A5 35 S st Joged Caol Jaa on i PTIFARA
00 I8 o i S1n Jlaged oles 4 (A JS5)
Sllog cuol aiiily o> a4 HoSde Jow a5 was o lis
oo s o 28ly sboosls 4y SGo3 Lo 15 (g )0 39250
el P Gred 408 s ien Al Yooje Job gl g as 0 £F
s Joe glaie 4 SARIMAQO N N )(Yee M)y J3l oSus! (o
yo ol o¥VE las mse bawgio bl gloy (5w silw e o
Sl S i 0590 . 390,5 SLl YATO/ - VY asuST e g
\s J&w) ML‘So il M w]«o 9 JL«» V'Y ‘5‘).:‘ oliu.».a‘
(A,

1/0

—— Conf. Limit

0/54

-0/0

(Kinpang>

-0/54
-1/0 — T T T T T T T T T T T T T T
01 2 3 45 6 7 8 910111213141516
S5 Fed g5 Jloged -0 S
1/0
—— Conf. Limit
0/5
B
b2 ]
X
Y
-0/51
-1+
01 2 3 45 6 7 8 910111213 141516

»>0

FFF P (Fmnondgs Hlagei -7 JSb

§ Auaddg> e ulpo b Jeizne Jow FY (Gl (5

-25.8

-26.0 1

-26.2 1

-26.4 -

) byo 5l

-26.6 1

-26.8 1

-27.0

— Observed — Forecast

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

(Jw) ol

SARIMA(L,1,1)(2,0,1)12  Jow 3 eoliswl b, I3l 0w !  gloodls rya03T , idt 30 335 6L 30 3y, Slo (g ww (g3l Joo -V IS

YA


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

(FY-YY) A% Ll 5 5l (YO o2 jos Jlos b0 (qwidigee 4 205 ) Kad 5 o5Lod Sgrune

g o] (Sloj (6w i S S — T Jgu

P oo (Slo (g w e S - Jgur

S 5T jlero :it';:j:: Jo o lous a7 b :ij:: Je o Lo
YO/ EYA -]+ - YA¥ OeVeV)(Vee )y \ YAAY/TaVQ of-+V¥ OeVe)(Veee )y \
5Y/a-YE o] oYY VeV (Ve eY)y, Y YAANO/FAVD of++Y¥ YeYe)(VereY)yy A
SVAVAR A ¥ [+ +YA¥ O eVeV)(Vee o)y Y YABAIYAYY ofe YO edee)(Yee )y Y
Y- /YV VY oJe e YAQ VN (Yo e )y £ YAMIO-N\F o[+ YN (VeVeo)(Yee )y ¥
sY/sY F RN L V) (YY) N YAAD/FAVD ofe+Y¥ OeVe)(Vee ey Iy
avy/- 100 e YYD V) (Yo ¥y, I3 YAAY/EAV0 ofe+YY¥ OeVe)(Vee eV 4
Y. /Yafy o[+ YAA O eVer)(Vee el )y s YAYO/- VY. oleYE OeVe))(Yee el )y \J
sY/. Y oo YaA ANV 6o Yy A YAVY/ONEY o+ - Y¥Y NV )(Yer eV )y A
950/ OY) NS LN O eVer)(Vee ¥y, q YAAO/FAYH ofe ¥ (YeVee)(Vee e )y a
YIS F N £ OV Y)(Yee )y \. YAAY/FAVH of++Y¥ (YeVe)(Vee )y ).
50/ OF) oo Y0 VN Y)(Yee Yy 1 YAQFIYAYY o[+ YOF (YeVeo)(Yee eV )y AR
AFEIVINY o[+ +YAR (VeVeY)(Yer oY)y VY YAVR/O-\F MARAAR (YeVer)(Yer eV Y
AYY/FYED oo YYY eV eY)(Vee )y, \YV YAM/B-\F o/ YN YeVe)(Vee ey \'Y
AYY/FYED oo YYY VY)Y e eY)y, \f YAYAIZSYY o[ YOV (YY) er Yy V¥
YV /¥YED oo YYY VY)Y e ¥y, 10 YAYQ/D-\F o+« Y¥Y (YNN)(Yer e )y VO
YY/QFF) e YVE VY)Y e )y \§ YAVO/OVEY o[- YEY (Y eV )(Yee )y \#
AsA/AYYA o[ YAN N ) (Yer )y VY YAVYY/QAAFZA IERATA ANVeVDO NN )y VY
9EETY - oo s YAY V) (Yo ¥y, VA YAQN/OY-Y o[e e YPY NNV N Yy YA
YY/YYSY oo YAY (YN (Vo)) 19 YAZ < IYAY? «[++YOA N eV )YV el )y 14
q5Y/F959 NS LE (YN (Ve eY )y Y. YAZFIOVA - o[e e YOF Y eV )(Ye VeV )y Y-
5£/YAF e YAA (YN (Ve ¥y, Y YAVY/AAFA o[- YON (Y eV eV el )y AR
5Y/+ OF) NS LR (YN )(Yee )y YY YAVY/-YAY o[+ YOY YV (YN e )y Yy
50/+ OF) NS LR (VNN )(YeeeY)yy Yy YA IVYAY# o[+« YOA YV Y )y Yy
-26.0
— Observed — Forecast
-26.2 4
-26.4 4
2
X 2661
1
~ -26.8 4
-27.04
-27.2 . T T :
2010 2011 2012 2013 2014
(oley) Jw

SARIMA(2,1,1)(1,02)12 Jo 31 oolicis] s i olSiams] 5001 (39031 it 58 535 5l 33 517 o (5 (53 Joro —A S5

Y4


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

Sloj (6 S gl o Jos 5l oslil b 555 sl ye O 513 Sblug i 3 Judos 1)) 50 5 (5los Sgnane

bl se 510975 1o Sl (Smter S oY SldS Sl g o0
5 Imani (Y24Y) l,Ken 3 Meshkani zmls L 358 sbaaidl
5 s OYAY) a5 5508 (V-VY) o Sen
Sl Gldes OFAY) L5es 3 co o 9 (VYA ]S

Jyryl

1/0

—— Conf. Limit

0/57

.~0/0' -_-—-[;J

Simonsss

-0/51

-1/0 — T T T T T T T T—T—T—T
1 23 45 6 7 8 910111213141516
>0

Rebg ol Joo osilondly gl p (Sumnonsgs —11 S5

1/0
—— Conf. Limit

0/5

e

:3 0/04 -—-_-EA

&P

-0/54

-1/0 — T "7 T T T T ——T——T——T—T—T—
01 2 3 4 5 6 7 8 910111213 141516
Pl

b a5 Jro oosilonil (sl i (Sronogs 1Y S

1/0

—— Conf. Limit

0/57

'-0/0_ -_-_-IL

S 3 95

-0/54

-1/0

01234567 8910111213141516
U

P 2k Jao sowiledl gy (Sooumondgs Y S

(%) 53,591 2 315

() $991 2 315

-26.0

Y=-15.9724+0.3961*x
26.1 R*=0.61 o

-26.2

-26.3

-26.4

-26.5

-26.6

-26.7
-27.0 -26.8 -26.6 -26.4 -26.2 -26.0 -25.8

(o) (gl oupline 3l 4

09031 Gk 39 SARIMA Jue (St iy, (ST 54 ol 905 —4 JSCi
Il o] grools

Y =2.057+1.0823%*x
R%=0.66 o @

227.0 <270 -269 -268 -26.7 -26.6 -26.5 264 -263 -262 -26.1 -26.0

(o) 5l oualine 3l 5

903! Gt 33 SARIMA Joko (giow ey, (ST 510905 —Y0 JSCls
BUR-IR I Loy YO

sla ) ol o 0 ole sl plaebl 5 colis
oals U"")‘)J LngJ..\.A O\.\JLQ.:ﬁlJ S Qo‘? u,uLw‘).a (u;a..m.u
by jloged e ¢ (VF U VY o JS2) by Joe ousileldl
@S ol las s (V8 910 o JSa) oyl sailendl Jlasl
90 ;& ;0 Jow oniledl g, PACF ¢ ACF (slo,loga o
Aoy D o3game) jlxe odgaze (0 (Ked polie ol
L gylobne Soles bzl 51 SO med j0 g 485 1,3 (Lol
ol SNl 5 Wy, s ja w3l balage g Wl i
Slals g ! lowledl 1 (losls Plazul 5,8) aiiws
Glaloged jo Cdo b poren s b coie slo o
b 55lp Gl o (358 i sl Juw cdiladl Loy
L » ool ).S‘ OO d...la...a 9 JLA)J ua.>L..u s » osls
&g oo Jbey ol plas ul &S ol s )y Jos et la
coolie coie laJoe cplplo 0l Jae caileddl slaosls


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

(FY-YY) A% Ll 5 5l (YO o2 jos Jlos b0 (qwidigee 4 205 ) Kad 5 o5Lod Sgrune

Dglme 0 dg)dehe w0je> (pl AW glaalssg, he o
2 4 dl o) ppe YL &S (31 il ol
CaS e YO/AA iVl ol (e 40) o 15 sage s ddlaie ol
o] & jslme ;o glle aileog) 5 Y (g et ) (a0 )0
51055 (ANl G pded (eSSl b (il
adlate )0 5k w3, &5 g5o9e nl LS )0 398 Jelss gy
5 [YA] cool c2al8 (580l lils 3,0 a0 02 5l s 555
ezt oaboly laailiog, el wf) b 35 AL ol
g Lulpd ieS gl cel [YV] ojls ool sl og)anin
G (I3l ol Ol 515 Gl (6 m0 50 (ot L, oot
ol 05l ot 395 (pl 5 gdiae by ol @
5 o Jailial gllas og YL J3) S e 5l |, oSy
QO Cod J3 ol jo ouds sy S SB (0gr Syl
A 5V sl USE) G L 51 5 g ol

Oezpes 5 Lol )0 (i Gblosed 4 azxgi b az 5]
65l p 9 Gledaline slecsls le cwle Svon 5429
Slailys Log )T Giloj (6 pw iiie slagSl (V- 5 4 (sla JSC2)
Ll sl gt b5 g @ | ys of 5l Sy
AYLL ol g0 2 5o o laibiul glas olie gogne Sl
e sl Jae wes o ol ot sl e olaw o
FB JLSs Sl a5 Do G5k Gt ¢l Sl s
(V242Y) Vaziri mls b gpfams cpl aiil o doy
(YY) o Len o Imani (Y-\Y) ,Ken 4 Domenico
Db s gued (YY) )60 5 o o0

S o5 azxs - F
S Slleg 8l Migmitey 5 Jlo e Ghagh ol 0
Oho) b Sl s sladoe 31555 by o9 4o O maw
soosls IS0 by 5uSox 5 Sk bawg ool aogs
sldls P 5o by o g Jl jan (i)l gloolKi]
slo plis Bados (pl bl b eolaul (oM VAVD - YN Y
5 ebie il Gl e SeSyil gl ae oS
arsboe by 3l lleg SaeelisS o 9 Sl
Pl el o) slobee Bl by gd S5 el
s SARIMAQRLLL01n Joo g0 «SulT lLas
3 g sbelliw! lp i 4 SARIMA(L,1,1)(2,0,1)12
5 k> (e e Gl a5 ol gldoe plse 4 5
0us S 9 Slodaline polie 4 M Oy
el o oo oyl 51 eolitiasl by diads i, S bl i lo o5
Y ).5‘» <5L"°°)5° A o) )."5;3/9]0 ‘_gl.bo”o (_gl).g g
ol 0ad ol 3 (wlise Sliass 28T 0 Slo i BB als

Y

1/0

—— Conf. Limit

0/54

e

&

-0/57

-1/0t————T1—1—
0

1 2345678 910111213141516

Pl

Pl 2ld Joo grosiledl gl p (52 (Swnadsgs —1F UL

Jboy ylade
o

-3
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 020 025
b suilasly

Rebg b Joo srodilendly Iy Jboy Jlaia! Hlogai —18 S

Jboy lude

-4
-0.20 -0.15 -0.10 -0.05 0.00 0.05
b suiledly

S5 ol Jorn slrosilondly (sl Jlop Jlaiol lages -7 JSCi

0.10 0.15 020 025

Jelse plo JLS 5o 55 Sl Slhss wims oo plias Sliiss
5 ol & e slaalsog, 69555 St @b bowe (il
Y (San osnlive a5 [FRNONFN] ool i oo
slalssg, oo Gl b33 by of 5l aVle Jols
500 g 5l [YV] ol g550 cpl dge i ase> pl Sl


https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

Sloj (6 S gl o Jos 5l oslil b 555 sl ye O 513 Sblug i 3 Judos 1)) 50 5 (5los Sgnane

level change: A south Caspian Sea case study,
Quaternary International, Vol.408, p.93-112.

3- Kosarev A., (2005), Physico-Geographical
Conditions of the Caspian sea, Springer-Verlag Berlin
Heidelberg, Vol.5, p.5-31.

4- Panin G.N.,, (2007), Caspian Sea Level
Fluctuations as a consequence of regional Climatic
Change, Humburg, p.216-219.

5- Roshan, G.R., Moghabel, M. and Grab, S., (2012),
Modeling Caspian Sea water level oscillations under
different scenarios of increasing atmospheric carbon
dioxide concentrations, Journal of Environmental
Health Science and Engineering, VVol.9, p.24.

6- Ghanghermeh, A. and Ramesht, M.H., (1995),
Fluctuations in the Caspian Sea can be controlled?,
Journal of Geographical Research, Vol.35, p.121-130.
(In Persian)

7- Arpe, K., Leroy, S.A.G., Wetterhall, F., Khan, V.,
Hagemann, S. and Lahijani, H., (2014), Prediction of
the Caspian Sea level using ECMWF seasonal
forecasts and reanalysis, Theoretical and Applied
Climatology, Vol.117, p.41-60.

8- Vaziri, M., (1997), Predicting Caspian Sea surface
water level by ANN and ARIMA models, Journal of
Waterway, Port, Coastal and Ocean Engineering,
Vol.123, p.158-162.

9- Talebizadeh, M. and Moridnejad, A., (2011),
Uncertainty analysis for the forecast of lake level
fluctuations using ensembles of ANN and ANFIS
models, Expert Systems with applications, Vol.38,
p.4126-4135.

10- Elguindi, N. and Girogi, F., (2007), Simulating
future Caspian sea level changes using regional
climate model outputs, Climate Dynamics, Vol.28,
p.365-379.

11- Elguindi, N. and Girogi, F., (2006), Simulating
multi-decadal variability of Caspian Sea level
changes using regional climate model outputs,
Climate Dynamics, Vol.26, p.167-181.

12- Arpe, K. and Leroy, S.A.G., (2007), The Caspian
Sea Level forced by the atmospheric circulation, as
observed and modelled, Quaternary International,
Vol.173-174, p.144-152.

13- Sen, Z., Kadioglu, M. and Batur, E., (2000),
Stochastic modeling of the Van Lake monthly
fluctuation in Turkey, Theor and Apple Climatol,
Vol.65, p.99-110.

14- Sveinsson, O.G.B., (2014), Handbook of
Engineering Hydrology(chapter 27), CRC Press,
p.553-574.

15- Zhang, G.P., (2003), Time series forecasting using
a hybrid ARIMA and neural network model,
Neurocomputing, Vol.50, p.159-175.

16- Imani, M., You, R. and Kuo, Ch., (2014), Analysis
and prediction of Caspian Sea level pattern
anomalies observed by satellite altimetry using

Yy

Ll a5 009 Jlginl losle Jool aly 2 (Sloj sy slo e
sools Stwon 31 L by Jow cpl jo aiwn 1 528l (5.8
st g Mloe w2l8 ool o eols g gl oS aldS
gy, I 0,5 cei L8 eolaiul 0y90 ol opl 0 650
aSST cpend ol L5 (55108 il slaools 4 o Jaw ool el
S5y iz gloools (il wald 4l 5 Ll 505 59 O
2o ol y A8l drwgl o Jae ax ST bl ul s gls
ools A3l woad S5 slale yo 555 sbys sl Sley s
5 )l Sz Wl oo a8, 10 Sigdsie 5 g, OSed Wad
ol Gly o & ol 4 o 0 5l Sl S il
O3 eolainl 8,50 (Joud BB S, L sl SaaS gl LS,

S8

‘5“.))..\5 9 ,im.v 5 -0
sloosls el slp 535 by Slidies g Sldllas (e 5550

Deds oo G008 by Ol 5l

OB 5ls wls
1- Time Series
2- Box and Jenkins
3- Auto Regressive Integrated Moving Average
4- TOPEX/Poseidon and Jason-1
5- Auto Regressive
6- Auto Regressive Moving Average
7- Caspian Sea National Research Center
8- Kolmogorov-Smirnov Test
9- Trend
10- Mann-Kendall Test
11- Multiplicative ARIMA (SARIMA: Seasonal Auto
Regressive Integrated Moving Average)
12- Correlogram
13- Akaike Information Criterion
14- Residual Mean-Squre Error
15- Diagnostic Check
16- ACF plot of residual and PACF plot of residual
17- Normal Probability plot of residual
18- Standard Error (SE)
19- Analyzing and Forecasting

&=y =¥

1- Kazenci, N., Gulbabazadeh, T., Leroy, S.A.G. and
lleri, O., (2004), Sedimentary and environmental
characteristics of the Gilan—Mazenderan plain,
northern Iran: influence of long- and short-term
Caspian water level fluctuations on geomorphology,
journal of Marine System, VVol.46, p.145-168.

2- Haghani, S., Leroy, S.A.G., Wesselingh, F. and
Rose, N., (2016), Rapid evolution of coastal lagoons
in response to human interference under rapid sea


https://link.springer.com/journal/704
https://link.springer.com/journal/704
http://link.springer.com/search?facet-creator=%22Moslem+Imani%22
https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html

[ Downloaded from marine-eng.ir on 2025-07-05 ]

[ DOR: 20.1001.1.17357608.1396.13.25.6.2 ]

(FY-YY) A% Ll 5 5l (YO o2 jos Jlos b0 (qwidigee 4 205 ) Kad 5 o5Lod Sgrune

Hydrology and Earth System Sciences, Vol.3, p.3183-
3209.

28- Ghanbarpour, M.R., Amiri, M. and Gholami, Sh.,
(2008), Evaluating prediction models monthly
discharge based on time series analysis (Case study
Kharkheh watershed), Iranian Journal of Natural
Resources, Vol.2, p.43-56. (In Persian)

29- D. Cryer, J . and Chan, K.S., (2008), Time Series
Analysis, Springer-Verlag New York Press, 491 p.

30- Yevjevich, V., (1972), Stochastic processes in
hydrology, Water Resource Publications, 276p.

31- Meshkani M.R. and Meshkani A., (1997),
Stochastic Modelling of the Caspian Sea Level
Fluctuations, Theoretical and Applied Climatology,
\ol.58, p.189-195.

32- Vaysipour, H., Samakosh, J. Sahneh, B. and
Yousefi, Y., (2010), Analysis of temperature and
precipitation  forecasting using time  series
models(ARIMA), Geography, Vol.12, p.63-77. (In
Persian)

33-  Banihabib, M.E., Bandari, R. and
Mosavinadoshani, S.S., (2012), Analysis Ability of the
Autoregressive Integrated Moving Average Model for
Forecasting of Reservoir Daily Inflow of Dez
Reservoir with Two-year lead Time, Irrigation and
Water engineering, VVol.7, p.46-57. (In Persian)

34- Shiklomanove I.A., Georgievski V. and Kopalian
Z.D., (1995), Water balance of the Caspian sea and
reasons of water-level rise in the Caspian sea, Paris,
UNESCO, Intergovernmental Oceanographic
Commission, Workshop Report 28, p.1-27.

35- Ozyavas A., Khan S.D. and Casey J.F., (2010), A
possible connection of Caspian Sea level fluctuation
with meteorological factors and seismicity, Earth and
Planetary Science Letters, VVol.299, p.150-158.

36- Ghanghermeh, A. and Malek, J., (2007), Peaceful
coexistence with Fluctuations of the Caspian Sea
water for sustainable development Iranian coast(Case
Study: Southeast coast), Geographical Research,
Vol.3, p.1-11. (In Persian)

37- Ghanghermeh, A. and Beyroudian, N., (2012),
Climate change and fluctuations in the discharge of
large rivers the southern coast of the Caspian Sea,
Journal of Golestan University, Vol.4, p.43-55. (In
Persian)

38- Eghtesadi, sh. and Zahedi, R., (2010), Study of
Factors affecting the Southern Caspian Sea level
fluctuations, Marine Sciences and Technology, Vol.3,
p.4-13. (In Persian)

Y'Y

autoregressive integrated moving average models,
Arabian Journal of Geosciences, Vol.7, p.3339-3348.
17- Mashayekh, E., Torabiazad, M., Lari, K. and
Frahadiamiri, A., (2009), South Caspian frequency
analysis and prediction of changes in water level
using altimetry data field, Marine Sciences and
Technology, Vol.51, p.59-66. (In Persian)

18- A.Mehmandari, J., B.Mahani, M.R. and M.Drodi,
M., (2008),Time series analysis of the Caspian Sea
level using satellite altimetry data, Marine Sciences
and Technology, Vol.1-2, p.87-98. (In Persian)

19- Petaccia, S., Serravall, R. and Pellicano, F.,
(2006), Improved method of sea level forecasting at
Venice (Northern Adriatic Sea), Communications in
Nonlinear Science and Numerical Simulation, Vol 11,
p.281-296.

20- D.Domenico, M., Ghorbani, M. A., Makarynskyy,
0., Makarynska, D. and Asadi, H., (2012), Chaos
and reproduction in sea level, Applied Mathematical
Modelling, Vol.37, p. 3687-3697.

21- Niedzielski, T. and Kosek, W., (2010), An
application of low-order ARMA and GARCH models
for sea level fluctuations, Artificial Satellites, VVol.45,
p.27-39.

22- Cazenave, A., Dominh, K., Ponchaut, F.,
Soudarin, L., Cretaux, J. F. and Le Provost, C.,
(1999), Sea level changes from Topex-Poseidon
altimetry and tide gauges, and vertical crustal
motions from DORIS, Geophysical Research Letters,
Vol.26, p.2077-2080.

23- Marcos, M., Woppelmann, G., Bosch, W. and
Savcenko, R., (2007), Decadal sea level trends in the
Bay of Biscay from tide gauges,GPS and TOPEX,
Journal of Marine Systems, Vol.68, p.529-536.

24- Okoye, C. and Igboanugo, AC., (2013), Predicting
Water Levels at Kainji Dam Using Artificial Neural
Networks, Nigerian Journal of Technology, Vol.32,
p.129-136.

25- Chatfield, C., (1993), The Analysis of Time Series:
An Introduction, Sixth Edition, CRC Press, 352 p.

26- Xu, Z., Liu, Zh., Fu, G. and Yaning, Ch., (2010),
Trends of major hydroclimatic variables in the Tarim
River basin during the past 50 years, Journal of Arid
Environments, VVol.74, p. 256-267.

27- McBean, E. and Motiee, H., (2006), Assessment of
impacts of climate change on water resources:a long
term analysis of the Great Lakes of North America,


http://link.springer.com/journal/12517
https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22Jonathan+D.+Cryer%22
https://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22Kung-Sik+Chan%22
https://dor.isc.ac/dor/20.1001.1.17357608.1396.13.25.6.2
https://marine-eng.ir/article-1-519-fa.html
http://www.tcpdf.org

