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Using the Box-Genghis and Adaptive Purification methods
to determine the best model for Redicting water pollution of
the Tigris River using class time series
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Abstract
The categorical time series is very important because there are many important
applications in the various fields of applications. In fact, there is a clear disregard for
them in the literature of the time series because of the lack of techniques to treat with
these categorical time series .
Predicting its future direction also allows us to know the behavior of the phenomenon
,the objective of this study is to predict by the categorical time series of the state of
pollution of the water of the Tigris River through rainwater drainage networks
because the urban population exceeded these networks for the drainage of rain water
only in Wasit Governorate, by using Box-Jenkins method and Adaptive Filtering
method ,the parameters were estimated using the maximum likelihood method
,Which were applied to weekly data and for a full year of 51 weeks taken from
environmental and private pollution laboratories in Wasit Governorate, The results of
the application showed that the appropriate and efficient model for representing The
categorical time series data is ARMA(4,2,1) ,The results of the prediction showed our
conclusion that Adaptive Filtering method showed more accurate results than Box—
Jenkins method because of predictions consistent with its Original Series
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1
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c=1 (3,1,2) 5 1.342 25.002
(4,2,1) 5 0.822 0.00324
]
_ (2,2,2) 4 0.578 -19.957
c3 'SZ‘I’ (3,1,1) 4 0.6008 -17.981
C=2 (3,1,2) 5 0.628 -13.726
(4,2,1) 5 0.5529 -20.2215
e —/—//———— ———— |
_ (2,2,2) 4 1.054 10.6822
s gji (3,1,1) 2 0.9804 6.9905
C=14 (3,1,2) 5 0.9521 7.4967
. (4,2,1) 5 0.822 0.00324
e
_ (2,2,2) 4 0.578 -19.957
C5 g:% (3,1,1) 4 0.6008 -17.981
C=22 (3,1,2) 5 0.628 -13.726
(4,2,1) 5 0.5529 -20.2215
| —
_ (2,2,2) 4 1.057 10.827
c6 gig (3,1,1) 4 0.9804 6.9905
c=1 (3,1,2) 5 0.9728 8.5936
(4,2,1) 5 0.9521 7.4967

zasall 8 5aial alladll e ii: Ml s
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ARIMA (4,2, 1) z3seill lgbons (1) o8 Jsnl) 3 Gl Almliall bl ded JB) o geiiioss a3k Las

: Estimation gigaill allaa juads

&t zoase LSy(Maximum Likelihood Method) Ao IS Ayl iy o zasalll allee )i
- YIS (Minitab 15) Salall maliyll sladiuls cajasinl allg (2) o8y Jgaal)

(2) s>
ARIMA z3sall Alas i slae gl Aslany) il

Cl A AL &l ks

C2 Al Al &l ke

Type Coef  StDev T
AR 1 -0.4040 0.1370 -2.95
AR 2 -0.1997 0.1475 -1.35
AR 3 -0.2055 0.1470 -1.40
AR 4 -04221 0.1353 -3.12
MA 1 09499 0.0700 13.56

Number of observations: Original series 51,
after differencing 49
SS=41.8938 (backforecasts
excluded)

MS = 0.9521 DF =44

Residuals:

Type Coef  StDev T
AR 1 -19250 0.5170 -3.72
AR 2 -1.3760 05867 -2.35
AR 3 -0.3452 0.3939 -0.88
AR 4 0.0806 0.1535 0.52
MA 1 -0.9344 0.5007 -1.87

Differencing: 2 regular differences
Number of observations: Original series
51, after differencing 49

SS =36.1676 (backforecasts
excluded)

MS = 0.8220 DF =44

Residuals:

C3aa Al ) Hasa

Clins ) Aa) o) vae

Type Coef  StDev T
AR 1 -05478 0.1437 -3.81
AR 2 -0.4700 0.1505 -3.12
AR 3 -0.4551 0.1498 -3.04
AR 4 -0.2637 0.1417 -1.86
MA 1 09585 0.0596 16.07

Differencing: 2 regular differences

Number of observations: Original series 51,
after differencing 49

SS =24.3275 (backforecasts
excluded)

MS = 0.5529 DF =44

Residuals:

Type Coef  StDev T
AR 1 -19250 0.5170 -3.72
AR 2 -1.3760 05867 -2.35
AR 3 -0.3452 0.3939 -0.88
AR 4 0.0806 0.1535 0.52
MA 1 -0.9344 05007 -1.87

Differencing: 2 regular differences
Number of observations: Original series
51, after differencing 49

SS =136.1676 (backforecasts
excluded)

MS = 0.8220 DF =44

Residuals:

L2l AR ) ,maCh

Lol AR Sl ,%4CH

Coef
-0.5478

StDev T
0.1437 -3.81

Type
AR 1

Coef
-0.4040

StDev T
0.1370 -2.95

Type
AR 1
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AR 2 -0.4700 0.1505 -3.12 AR 2 -0.1997 0.1475 -1.35
AR 3 -04551 0.1498 -3.04 AR 3 -0.2055 0.1470 -1.40
AR 4 -0.2637 0.1417 -1.86 AR 4 -04221 0.1353 -3.12
MA 1 09585 0.0596 16.07 MA 1 09499 0.0700 13.56
Differencing: 2 regular differences Differencing: 2 regular differences
Number of observations: Original series 51, Number of observations: Original series
after differencing 49 51, after differencing 49
Residuals: SS =24.3275 (backforecasts Residuals: SS =41.8938 (backforecasts
excluded) excluded)

MS = 0.5529 DF =44 MS = 0.9521 DF =44

Balall Jafiveal S g algiy (o Ally 8e58S9 B o aaig Alls JSI 2 35l Gllas 0
:Diagnostic Checking g igaill 481 jLai) -

Tasall 483 (530 Ol (sl o lanill (mas sha) 0o A dallas gz gl aaas 5 o e
C A )Y Gy Baa L) ALulul

P Bloal) LBl L)

Lesl Lgie gl ally (5) 5(4) S 3 cme LSy zasa¥] lis) dalee 2 2 35ad) L) 5 ) any
C Al g8 Aanada IS ) b g Aladiie e Ll (ol pliandl Al Llal am

- Blsl) asl andal) LIAN)-

Jsd DA G ellg il iy shea Jansgies oanall sl e DES Cuihy Bsal) iy of daadle e
- bl agll ae ol late Gan aul) G asll dala daa)d

:Forecasting juiilli—

Gilabaa alagly Dlall Z35ai) 3083 5 ) g L)l Judlal) dalat dalie (e dlaje AT gasll aay
0hare Alla JSI Lol dlulull (Prediction) Aa)all 5l osiiv addey shaye dlla JSI 80l z35aY)
& lelaniy iy ALl e ald Ao Al adad 23 3 gl A8y ladls A)kd) ADS e S (53
sl laal unlia o8 alad & Minitab galiy Jlasinlis Jalall gasl) 08 Ciang of aag Jalall gl
SYE(3) pd) Jgaall A cuigag

(3) Jdox>
IS S Al Buitl) U] Gunlie gilil piagy
Gyl MSE MAPE
C1 0.762484 11.1531
C2 0.384937 30.07053
C3 0.200222 9.163263
C4 0.348937 8.691941
C5 0.200222 9.88452
C6 0.762484 51.03153
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Sl dayy oUadY) AB G @lldg Bas i (3)ad) Joan B ol el Gulie Sl e cuis
Y N (4) a Jsaall (B cuigag el gl =3l el laaliall (Forecasting) i)
o Sy ALl Dz dgail Jzadl alasily dusg yaall Aluduadl Elisall adl) alagd 3y

(4) Jsaa
JSia— (S 424,0iC6 ,C5,C4 ,C3,C2,C1 Saall c¥lall Adial) 5uiil) ad Jiay
G | sl o pdcu)@ | (MaE ¥ Jisad [ @ | il o - TR
C1 C1 s Clise C2 C2 sl C2)5
1 | 0.87920 1 45l 1 | 2.00148 2 sk
2 | 0.80721 1 45k 2 | 2.00016 2 sk
3 | 0.739625 1 4k 3 | 2.00204 2 sk
4 | 0.685335 1 F 4 | 2.00118 2 sk
5 | 0.665747 1 45l 5 | 2.00225 2 sk
6 | 0.607985 1 4k 6 | 2.00207 2 sk
7 | 0.554120 1 4k 7 | 2.00280 2 sk
8 | 0.493561 1 sk 8 | 2.00267 2 asle
9 | 0.428126 1 Aske 9 | 22.00347 2 ke
10 | 0.381309 1 P 10 | 2.00330 2 sk
S| sllad | B | AV disai | & | CAsillad | B cus® | oV 8,00 disad
C3 C3 sl C3J5 C4 sl Cd s
1 | 3.08587 3 Gde [ 1| 1.99852 2 sk
2 | 3.12314 3 & | 2 | 1.99984 2 45k
3 | 3.14867 3 44| 3 | 1.99796 2 sk
4 | 3.16351 3 & | 4 | 1.99882 2 45k
5 | 3.19129 3 a5k | 5| 1.99775 2 sk
6 | 3.23384 3 4| 6 | 1.99793 2 sk
7 | 3.26990 3 G| 7 | 1.99720 2 sk
8 | 3.29951 3 a5l | 8 | 1.99733 2 25k
9 | 3.32580 3 4| 9 | 1.99653 2 ke
10 | 3.35631 3 L] 10| 1.99670 2 P
S| 5l fECE | sl ol i | HEY i | T il e | sl ol i | REY) sl
C5 O30 SIC5 C6 C6 J5C6
1 | 0.914132 1 45k 1 | 2.96982 3 ke
2 | 0.876861 1 4 5L 2 | 2.99136 3 45k
3 | 0.851328 1 sk 3 | 2.95411 3 4 ke
4 | 0.836492 1 45k 4 | 2.97528 3 45k
5 | 0.808713 1 a5k 5 | 2.94054 3 sl
6 | 0.766159 1 45k 6 | 2.95899 3 sl
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7 | 0.730104 1 ke 7 | 2.92681 3 43 5la
8 | 0.700487 1 Ll 8 | 2.94285 3 43 5la
9 | 0.674204 1 G5l 9 | 2.91297 3 55 ke
10 | 0.6436688 1 G5l 10 | 2.92680 3 "5 ke

: Adaptive Filtering Method da:<al) 4,85 4i ks aladiuly Guiili-
) ol Clin 2 Al Alulidl 2 30ai) Ciladas g Aia)l) Alddl 2D 350l e Jgaaal) 2a
Ay Jeaall 4 cugny sl elladl Lulie ad alad) W Alalull Aae sl e @l s

S (5)
(5) ds
Aaual) 45l Ayl 3] pUndl (pulia il gy

BN MSE MAPE

C1 0.640625 9.6047

C2 0.19063 29.1094

C3 0.0222 8.495

C4 0.19063 3.3854

C5 0.0222 3.495

C6 0.640625 28.3854

Lldid) 2l slad S 3.(6) ) Jeaall & cuigny da€all dgnl) diylal i) 3l a8 Causg
o YISy AL 2D dgail Juall aladinly Ay jaal) ALl

(6) Jdsad
4aiSal) 43850 diijhy €6 ,C5,C4 ,C3,C2,C1 Sayall ¥ lall Adical) 5uill) ad Jiay

S sallad | VI G | @ | sl ad | MY disd | @ | sl a8C3 isas

C1 Js0SICL C2 O3 SIC2 ) pE Y

JsC3
1 3 Aisle 1 2 sl 1 1 Jsiie Si4l5
2 2 Jsecugli | 2 3 dsflaloli | 2 3 4sle
3 2 dsfeugli | 3 3 dsfie &gl | 3 3 45l
4 5 dselgli | 4 3 dsegli | 4 3 45k
5 3 dsle e 5 2 4isle 5 1 Jsie &gli
6 3 aisle e 6 2 45k 6 1 Jisite sl
7 3 aisle e 7 2 45k 7 1 Jsite sl
8 3 asle e 8 2 45k 8 1 Jisite sl
9 1 45l 9 1 Bsle e 9 2 ke e
10 3 sl ¢ 110 2 4sle 10 1 Jsite a5l
G | sl [ M AE Y digad | & | il o dismi | o | sl ad [ K8 s
C4 Js<C4 C5 ARERYY C6 J54C6
Js<C5

1 2 43 ske 1 1 43 ske 1 3 43 5ke
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2 1 O &5l 2 2 gl e |2 1 aisle e

3 1 Jse ki 3 2 dgde ¢ | 3 1 Asle ye

4 1 Jssa sl 4 2 “sle ¢ | 4 1 Gole

5 2 435k 5 1 4 sle 5 3 4l

6 2 A5l 6 1 sl 6 3 sl

7 2 A5l 7 1 ke 7 3 sl

8 2 Ak 8 1 Asle 8 3 45 sk

9 3 Lisle e 9 3 Jsa &l | 9 2 Jsie sl
10 2 A5l 10 1 4l 10 3 sl

¢ o el | i L & |

el el | e St 0k by i

Seal Ak Cu Ay cplally Javssll (8 jfin dugidll driajl) Abudud) of ddlas) clasY) .1
LoVl I Tl V) Al (A (e ¢ Lo 138 Byse e isS e Slaab Gl U3 e sl )
Sl

zasalll cplal dad B ) Alalad) juleae aladiul L) Z3lall Gy e zises duadl las) 5.2
eislly sl I Lls ) Ay s e Wilaa] 25kl z3sal) Aaedle pand ais ((AIC leas
o sl xaal

e cieliad) cansall Z3sall a0 Ll Ayiadl Aludud) iy Jiial eilly 2D 2 3gail o 4.3
ARIMA(4,2,1) 4,0

Box — Jenkins  3ia — (uSsmilaiie 30 miln el Aeall dgnl) dapkt of Galll xine.d
2s) Aliine 5 W ey Aoloall AL 3 Lgiliie ae dhuliie G5 )sels s @llyy method
- Dise Alad el olse 3 Alalal) Gyl Alls

S A cnlS ST alae ) bl anss o)) LS5

CBaie e Al oo e Jal) o il ddl o) a6

bl il i W] | o ) bl S o : i el
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eledl Gl slaeY AL @il cleal) JE e Sl sadied) Liaally Gl 13 gl 3aY1
- sl D)
-l Al ehals Bllie clalys ) Giall 138 aresn2
Ll s yall paalaal) 2ae panssiy ojasall YN ST by 346 Gald) a3
Sl aladiuly Ly A5l 5 cladedl il 3k 52 clals oasd
2 elal) g deli dlge Jang @A) gl Cans Lgidlyey UaaYl ASul sl Wl (as0=5
EAR)

¢ g0 el
Guli ae GsSle dWle dny ' L(2002) s plabe plad eVl
-Ghall cJaasall aala izl cladall agle 20 ¢ piivale Ay ¢DNA I Judls e
Sally deldall iy S " Aglptal)l cllenl 8 dekd' (2002) Jlee, Glaje & i, £ 2
— 0Se gl pand ganlly sl Gkl 4)ke 4u)3'(1996), e (5)58 dess, Guadll L 3
c @A, dan daals, LBy YN AN, clas) jivale Al dsewsall S
Al Bl e Aygiiall GsSle Judlad ) c¥laaY) (2002), slawd, uedi.4
bl alazg dxals, alai@y ) plaY) AdS,  joiala
4515 1996 ale e aall ahall Jlall Cipen e SLIE(2007), coall Sl dis, (sl
BIY) &S, pieale Ay " GasSile dudls alasinly diied) (8 speas gatlly 2005 ple Coaiia
caball, dlas daals, DLy,
Ol Gl 28515 Al ALl (2013), Gus cadalll ae, Glasdis hhaas Ll , Ciluall.6
cabal), S, ) g5l Lol g Ay aglell gi€A)
e GsSle dudls iy i 8 Agnanl) IS 2a3aul:(2005). eall 2 zlgnl 5817
Gilaallly Gllal) asle S ohe€s dagyll gy Al b deky dis Al o Gulail
- 3hall cdiasall daalae
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abiual cprahall eyl dlacl gl Ay Judls ziga ol (2010), &8 ale , gS.8
G, Jaud daals, ALy 5] Al dlsa 8 e cins Jandy Alailae b oLl

9-Akaike, "A new look at the statical model Identification™, IEEE, transaction on
automatic control, vol. (AC-19), No. (6), p. (716), 1974.

10-Anderson ,0.D.(1976)"Time series analysis and Forecasting "Butter Werlhs
London and Boston.

11- Box, G.P. and Jenkins, G.M. (1976). “Time Series Analysis Forecasting and
Control”, Revised Edition Holden-Day Inc. San Francisco .

12- Lee.T .C & Judge .G.G & Zellner .A.(1970) "Estimating the Parmeters of Markov
Propability Model From augregate tiam series data " (2and edition ) North Holland
Porbishim compauy.Nothevland Amsterdam.

13-Schnatter .S, Pamminger. C,(2009)"Bayesian Clustering of Categorical Time
Series Using Finite Mixtures of Markov Chain Models " Department of Applied
Statisyics Johannes Kepler University Linz Altenbergerstrabe 69,A-4040 Austria.

14-Wei, W. W. S. (1990): “Time Series Analysis — Univariate and Multivariate
Methods”, Addison — Wesley Publishing Company, Inc., The Advanced Book
Program, California, U.S.A .
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