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u}}aD |woV}B `@=D R= CUNv Q=Okt wO ?ULQ@ fat0; at1g?}=Q[ ?}DQDu}O@ xm
%CU= u}vJ swO |x@DQt |}xrtHOvJ |=} wB |]N pOt pwtat V}=tv "OvwW|t

Yt = �t + �t; �t � N (0 ; Vt)
�t = �t�1 + �t + !t1; !t1 � N (0 ;Wt(�))

�t = �t�1 + !t2; !t2 � N (0 ;Wt(�)) (6)

[16]"CiQo Q_v QO 4 |x]@=Q Ovv=ty u=wD|t =Q 2 w 1 CqO=at |=yxir-wt xH}DvQO
Ca}@] =@ |}=vW; hOy =@ =Q pw= |x@DQt |}xrtHOvJ pOt X=wN w Q=DN=U p=L
|v}@V}B s}y=it w =yVwQ Q}=U =@ pOt u}= uO=O\@ Q w xOvvmRwQx@ CqO=at|}xr=@vO
x@ s=o l} |v}@V}B w u}W}B 'u}UB |=y`} RwD t Qy |=Q@ "s}vm|t |UQQ@ 'pw=ODt

%R= Ov=CQ=@a wrH
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QO|
R}* @|

Q=t;
|=y

pOt
OQ@Q

=mu;C}i}m =@CUOq=@ QO ?;C}i}m Cw=iD |xU}=kt =DCU= xOW ?=NDv= u; |x]kv
"OW=@ QU}t 'xv=NOwQ u}= x@ |DavY w |QyW |=y?=UB OwQw R= TB 'CUOu}}=B QO
|=ypOt R= xO=iDU= =@ ?; C}i}m XN=W |=yQ}eDt |Ov@pOt |UQQ@ u}= hOy

"CU= |v=tR |QU |R}*@ |=} wB
'EC 'DO 'pH R= Ov=CQ=@a xOWO=} x=oDU}= wO QO xOW|Q}oxR=Ov= |=yQ}eDt
=yQ}eDt u}= "OvDUy ?;C}i}m QO |}=}t}Ww |m} R}i syt |=yQ}eDt R= xm T 'TDS
Qy QO �84 3 20 =D 83 9 13 M} Q=D R=� x@DQt 45 O=OaD x@ w x=tVW COtx@
|=yXN=Wu}}aD w x}rw=|UQQ@ Qw_vtx@ "Ov=xOW|Q}oxR=Ov=u}kkLt\UwD x=oDU}=
|=yQ}eDt |i}YwD |=yxQ=t; R= |}xYqN 'xOW|iQat |=yxO=O |oOvm =QB w |RmQt
Q=Ri=sQv R= xOWx�=Q= |=yp}rLD QO "CU= xOW x�=Q= hr=1 pwOH QO xOW |Q}oxR=Ov=

[18]"CU= xOW xO=iDU= 9|R}*@ |v=tR |QU p}rLD
uS}Um = u=R}t xm OwW|t x_Lqt 'hr=1 pwOH w s=N |=yxO=O x@ xHwD =@
Vy=m �|@ wvH x=oDU}=� 2 x=oDU}= CtU x@ �|r=tW x=oDU}=� 1 x=oDU}= R= pwrLt
pY=i OL QO� p}Ut u}= x@ xm CU= |irDNt |=y?=UB OwQw u; p}rO xm 'O@=}|t
w CU= Q=QkQ@ pwrLt O=wt pm OQwtQO C}a[w u}ty "OwW|t x}rND �x=oDU}= wO
R}v u; u=R}t 'OQ=O |oDU@ ?; QO pwrLt O=wt pm x@ COWx@ |m} QDmr= C}=Oy uwJ
"O@=}|t V}=Ri= pwrLt O=wt pm Ovv=ty |@ wvH x=oDU}= CtU x@ |r=tW x=oDU}= R=

"CU= C@=F ,=@} QkD w OQ=Ov |v=OvJ Cw=iD x=oDU}= wO QO ?; pH |iQ] R=
|=Q@ QDW}@ COtx@ =yQ}eDt V}=B 'C=v=mt= Ow@tm w |v=tR C}OwOLt Crax@
|HvUCLY w u}}aD?U=vt |=ypOt 'xO=O O=OaD u}ty =@|rw Ow@v QU}t u=oOvQ=ov
|@=} RQ= O=tDa= p@=k COtx=Dwm |=y|v}@V}B |=Q@ w CU= xOW |UQQ@ R}v =yu;

"OvOW

|rY= |=yxO=O |=Q@ pOt CN=U
pw= |x@DQt |}xrtHOvJ pOt l} VR=Q@ "1

=Q pw= |x@DQt |}xrtHOvJ pOt l} s} Q=O |aU s=o u}rw= u=wvax@ CtUk u}= QO
xm |Dr=L QO T=U= u}=Q@ "s}yO VR=Q@ TDS1 |v=tR *|QU x@ �t K]U QDt=Q=B =@
[19]%CU= u}vJ =} wB |]N pOt ?r=k QO pOt u}= V}=tv 'CU= swrat=v w C@=F Vt

TDS1 = �t + �t; �t � N (0 ; V ) (11)

�t = �t�1 + !t; !t � N (0 ; V W �t = Wt) (12)

CU=Q \N uw}UQoQ l} R= CU= CQ=@a |vw}UQoQ pOt R= |tyt Cr=L
sy=Qi �t = (�t; �t)0 w Ft = (1;Xt)0 |xr}Uwx@ xm 'X = Xt ?ULQ@

'u}=Q@=v@ "OwW|t
Yt = �t + �tXt + �t; �t � N (0; Vt) (9)

�t = �t�1 + !t1; �t = �t�1 + !t2 )
!t = (!t1; !t2)0 � N (0 ;Wt) (10)

p}rLD w Q=m s=Hv= VwQ
OQ}o|t xtWJQU u=QyD p=tW|v=DUywm \=kv R= u=QyD|L]U |=y?; s_a=CtUk
Qw@a w |L} QiD Rm =Qt OwHw Crax@ "Ovm|t =O}B u=} QH u=QyD jQW ?wvH CtU x@ w
|x}iYD w |Qw;`tH sDU}U OwHw sOa x@ xHwD =@ � |Q=HD w |vwmUt Ci=@ u=}t R=
OwW|t xm@W u}= OQ=w ,=t}kDUt |Q=HD�|ov=N |=y?q[=i R= |DtUk � ?q[=i
|RQw=Wm |=Q@ CUOu}}=B QO ?; u}= C}=yv QO "OR=U|t xOwr; =Q |L]U |=y?; w
uDiQq=@ Crax@ u}vJty "CU= |twta CtqU |xOvvmO}OyD xm OwW|t hQYt
u}= `k=w QO "OW=@ xH=wt pmWt =@ u; hQYt CU= umtt �TDS� pwrLt Kqt=
"OwW|t xOwr; '|Q=HD |y=o w '|ov=N |=y?=UB OwQw QF=Q@ |}xv=NOwQ |xm@W

u}= QO '|O=YDk= Q_v R= R}v w |DW=Oy@ Q_v R= =y?; u}= C}ty= x@ xHwD =@
R= xRwL u}= QO ?; C}i}m XN=W |=yQ}eDt |Ov@pOt x@ C@Uv xm s}v;Q@ j}kLD
=y|Q}oxvwtv 'OQ@ Q=m u}= QO xm CU= QmP u=}=W "s} R=OQB@ =} wB |v=tR |=y|QU x=oO}O
R= s}kDUt |xO=iDU= u=mt= u}=Q@=v@ "Ov=xDiQov CQwY Q@=Q@ |v=tR |=yxrY=i QO
u}vJ |R}*@ |=} wB |=ypOt uwJ =t= "CU}v QU}t =Hv}= QO |O=a *|v=tR |=y|QU

"s} R=OQB|t =ypOt u}= x=oO}O R= xr�Ut p}rLD x@ 'OvQ=Ov |D}OwOLt
jQW ?wvH w p=tW |L]U |=y?; C}i}m |UQQ@ Qw_vtx@ =DU=Q u}= QO
QwmPt |xm@W R= x=oDU}= wO QO ?; |i}m |=yQ}eDt |NQ@ R= |Q=OQ@xvwtv 'u=QyD
�|twQpB x=oDU}=� |va}� xm@W u}= CUOq=@ QO |m} x=oDU}= wO u}= "OW s=Hv=
OQwt R} Q@; |xRwL CUOu}}=B QO |Qo}O w �|Da} QW w x} Q]}k u=@=}N `]=kD QO `k=w
|xv=NQ=m Q=vm '|QDt 25 u=@=}N l}ORv '|Q QyW '�x}�=iY x=oDU}=� |xar=]t
\=kv R= ?; "Ov=xOW XNWt R} Q@; |xRwL |xWkv QO =yx=oDU}= u}= "CU= u=t}U
Q=QkDU= Crax@ w Ovm|t CmQL ?wvH CtU x@ ?wr]t ,=D@Uv C}i}m =@ |r=tW
"OwW|t xOwr; G} QODx@ 'u; h=Q]= QO =yx=oQ=m |[a@ w =yu=QwDUQ '|vwmUt j]=vt
u} QDu}}=B QO |Oa@ x=oDU}= w xRwL |x]kv u} QDq=@ QO ,=@} QkD |}q=@ x=oDU}= u}=Q@=v@

"x=oDU}= wO QO xOW|Q}oxR=Ov= |=yQ}eDt |i}YwD |=yxQ=t; |xYqN "hr=1 pwOH
swU lQ=J �xv=}t� swO lQ=J pw= lQ=J xv}W}@ xv}tm Q=}at h=QLv= u}ov=}t QDt=Q=B

Q}eDt
8 73 8 14 7 73 9 8 7 0 87 8 32 DO1�mg/l�
7 11 6 23 5 60 8 47 4 9 0 92 6 35 DO2�mg/l�
8 12 7 93 7 75 8 28 6 79 0 34 7 87 pH1
8 14 7 94 7 64 8 72 6 93 0 37 7 9 pH2
603 473 392 705 255 132 499 EC1�mg/l�
869 829 797 1019 668 71 94 830 EC2�mg/l�
325 236 195 8 352 127 73 57 258 TDS1�mg/l�
448 429 399 558 345 42 52 425 TDS2�mg/l�
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Qixr
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==[
Qtq

e =@ TDS1 x@ pw= xHQO |}xrtHOvJ pOt VR=Q@ R= |}xYqN "?1 pwOH
"hrDNt h}iND ?}=Q[

h}iND ?} Q[ MSE *MAD log liklihood

�T = 1 55622 4 63 73 �261 84
�T = 0 9 2801 1 40 82 �246 35
�T = 0 8 2111 4 32 95 �239 72
��T = 0 7 1967 4 30 78 �237 89
�T = 0 6 1973 9 31 24 �237 72

=yh=QLv= jr]t QOk u}ov=}t *

s=o l} |v}@V}B Q}O=kt |QU w �=yx]kv� C=Oy=Wt |QU " ?1 pmW
"�T = 1 =@ TDS1 Q}eDt R= pw= |x@DQt |}xrtHOvJ pOt �QB \N� wrH x@

wrH x@ s=o l} |v}@V}B Q}O=kt |QU w �=yx]kv� C=Oy=Wt |QU "2 pmW
"�T = 0 7 =@ TDS1 Q}eDt R= pw= |x@DQt |}xrtHOvJ pOt �QB \N�

|=yQ}eDt Qou=Wv '|Owta |=yQwLt "CU= �83 9 13 M} Q=D |va}� |Q}oxvwtv
x]w@ Qt |=ypmW QO xm CU= xOWOQ=Ov=DU= |=yxOv=t +=[a@ w |}=}t}W w |m} R}i

"Ov=xOW XNWt
CU= |D=Q}}eD '=yxO=O u}= x@ VR=Q@ |=Q@ =} wB |=ypOt uOw@?U=vt Qo}O p}rO
|=yQ}eDt `k=w QO "OyO|t MQ |UQQ@ CLD u=tR pw] QO |QU K]U QO xm
u=wD|t =Q C=Q}}eD xvwou}= "OvQ=O Q=Qk |O=} R |vwQ}@ pt=wa Q}F-=D CLD xv=NOwQ ?;

:OwW|t ZQi xm
(�0 jD0; V ) � N (m0 ; V C�0 = C0) ;

(� jD0 ) � G
�
n0
2 ; d0

2
�

(13)

`} RwD u=wvax@ (�jD0) R= w V |=Hx@ � = 1
V QDt=Q=B R= CU= swrat=v V uwJ

|xR=Ov= C0 w x}rw= K]U OQw;Q@ m0 "CU= xOW xO=iDU= x}rw= `q]= =} u}W}B
R= QDnQR@ �Vt� C=Oy=Wt Tv=} Q=w ,qwtat "CU= u}ov=}t OQw;Q@ QO C}a]k sOa
C=Oy=Wt Tv=} Q=w s}vm|t ZQi pOt VR=Q@ |=Q@ "CU= �Wt� pwLD Tv=} Q=w
�Wt� pwLD Tv=} Q=w X}NWD |=Q@ xm |Q}@OD w �Vt = V � CU= swrat=v =t= C@=F

"Ow@ Oy=wN h}iND ?} Q[ R= xO=iDU= =@ 'OwQ|t Q=m x@
|=Q@ u}W}B R= Ov=CQ=@a xm CU=yu}W}B u}}aD |Oa@ s=o 'G w F u}}aD R= TB
D0 |=v@tQ@ Ov=wD|t =yu}W}B |x�=Q= "|}xOy=Wt Tv=} Q=w |=Q@ u}W}B w pOt QDt=Q=B
�83 9 13 M} Q=D R= p@k� xDWPo |=yxO=O pt=WCU= umtt|D=aq]= u}vJ "OW=@
u}= QO OwHwt C=}@ QHD =} \@=wQ '=ypOt 'xv=NOwQ ?; |i}m |=yQ}eDt x@ \w@ Qt

"OW=@ xv}tR
|R}*@ *|v=tR *|QU *p}rLD *Q=Ri=sQv *|O=yvW}B |=yu}W}B R= xO=iDU= =@ =Q =yu}W}B
|=yQDt=Q=B Q+@+= "TDS1 = Y s}yO|t Q=Qk uDWwv QO |DL=Q |=Q@ "s}vm|t ?=NDv=

%R= Ov=CQ=@a =yu}W}B u}=
m01 = m0 = Y1 + Y2

2 = 355 5;
p
S0 =

s
(Y1 � Y2)2

2 = 13 435; p
C0 = 30 04;

n0 = 1; � = 0 9
|=y`} RwD u=wD|t 'x}rw= |=yQDt=Q=B Q+@+= x@ xHwD =@ "CU= V x}rw= OQw;Q@ S0 =yu; QO xm

"CiQo xH}Dv =Q Q} R u}W}B
(�0 jD0 ) � T1 (m0 = 355=5 ; C0 = 902=52) ;

(� jD0 ) � G
�
n0
2 = 1

2 ; d0
2 = 902=52

2
�

|x]@=Q j@]� pOt u}= |=y|oS} w u} QDsyt R= 'OW xQ=W= QDV}B xm Qw]u=ty
QO |QU K]U u=ty wrH x@ s=o k |=Q@ Q=_Dv= OQwt Q=Okt xm CU= u}= �5
xO=iDU= COtx=Dwm |=y|v}@V}B QO ]ki =ypOt u}= R= xH}DvQO "CU= |Q=H u=tR

"OwW|t
=yxO=O x@ �Wt = 0� =DU}= w =} wB Cr=L wO QO u=wD|t =Q |}xrtHOvJ pOt
VR=Q@ =yxO=O x@ =DU}= =} =} wB CQwYx@ O}=@ pOt xm u}= X}NWD |=Q@ "O=O VR=Q@
|va}�CU=DU}= pOt =yv; R= |m} xm =QhrDNth}iND?}=Q[ =@ |}=ypOt =OD@= 'O@=}
?=NDv= =Q |rOt xDi=} VR=Q@ |=ypOt u}@ R= "s}yO|t VR=Q@ =yxO=O x@ ��T = 1
pmW |=yQ=Owtv w ?1 pwOH x@ xHwD =@ "OW=@ MSE u} QDsm |=Q=O xm s}vm|t
R=UpOt \UwD h}iND ?} Q[ "s}vm|t ?=NDv= =Q =} wB |]N pOt '2 pmW w ?1
xJQy Ck}kLQO "OwW pY=L pOt |=Q@ ?U=vt \}=QW xm OwW|t ?=NDv= |}xvwox@
'O@=}|t V}=Ri= pOt |Q}PB j=@]v= w |}=} wB OQ}o@ |QDsm Q=Okt h}iND ?} Q[

"O@=}|t V}=Ri= R}v pOt C}a]k sOa |rw
V}=B u=tR Qou=}@ 'CU= xOW xO=O V}=tv t =@ xm |ki= QwLt =ypmW s=tD QO
RwQ u}rw= Qou=Wv 1 OOa w CU= xOW |Q}oxR=Ov= |}=}t}W w |m} R}i |=yQ}eDt
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"""|
=yxO

=Op
}rLD

QO|
R}* @|

Q=t;
|=y

pOt
OQ@Q

=m

T1 |OwQw Q}eDt =@ TDS1 x@ |vw}UQoQ pOt VR=Q@ R= |}xYqN "hr=3 pwOH
"hrDNt h}iND ?}=Q[ w

1 0 99 0 97 0 95 0 9 �T

�R

1032 6 875 5 843 1 953 5 900 3 MSE

0 915 34 14 31 13 96 15 11 14 56 MAD

�156 86 �156 9 �155 6 �157 3 �156 8 log lik

1040 1 816 2 �716 52 951 1 866 7 MSE

0 9515 75 14 36 13 24 �12 21 14 44 MAD

�157 9 �155 3 �153 4 �157 4 �156 2 log lik

1035 8 851 7 798 9 952 5 886 3 MSE

0 9815 55 14 16 14 08 15 12 14 51 MAD

�157 4 ��151 7 �155 12 �157 25 �156 56 log lik

1036 2 946 1 941 3 974 7 952 1 MSE

114 76 14 29 14 29 14 3 14 26 MAD

�159 1 �157 1 �156 7 �156 3 �156 log lik

Qw]x@ Cr=L u}= QOMADwMSE xm OwW|t x_Lqt 2 pwOH =@ hr=3 pwOH
"Ov=xDi=} Vy=m |Q}osWJ

=yxO=O x@ pOt VR=Q@ |@=} RQ=
VR=Q@ p@k CtUk QO xm s} R=OQB|t |}=ypOt |@=} RQ= w |UQQ@ x@ CtUk u}= QO
=} =y=]N p}rLD "s}vm ?=NDv= =Q umtt pOt u} QDy@ j} Q] u}= R= =D 'Ov=xOW xO=O
"CU= pOt uOw@?U=vt X}NWD w |@=} RQ= |=Q@ =yVwQ u} QDy@ R= |m} =yxOv=t
|=yxOv=t w s=N |=yxOv=t Q}O=kt u=wD|t 8 w 7 \@=wQ CqO=at R= |Q}oxQy@ =@

"OQm x@U=Lt =Q xOWOQ=Ov=DU=

=yxO=O x@ pw= |x@DQt |}xrtHOvJ pOt VR=Q@ |@=} RQ= "1
"CU= pOt |@=} RQ= |=Q@ s=N |}xO=t '�et� wrH x@ s=o l} |v}@V}B |=y=]N
R= ,=DOta pOt uOw@v =} uOw@?U=vt |@=} RQ= w pOt C=}[Qi |UQQ@ Qw_vtx@ u}=Q@=v@
Q=Owtv 3 pmW QO "OwW|t xO=iDU= �ut� u; |xOWOQ=Ov=DU= Q=Okt =} et |=yQ=Owtv
xm CU= xOW xO=O u=Wv pw= |x@DQt |}xrtHOvJ pOt |xOWOQ=Ov=DU= |=yxOv=t

"Ov=xOW x@U=Lt �T = � = 0 7 T=U=Q@
=t= 'O=} R |=]N jr]t QOk =@ \=kv R= |}xawtHt x@ 'Q=Owtv u}= x@ |y=ov =@
w MSE = 2111 4 Q}O=kt x@ xHwD =@ u}= Q@ xwqa "s} QwN|tQ@ 'wor= uwO@
|v}@V}B Q=Owtv QO u=v}t]= |xR=@ R= GQ=N QO |]=kv OwHw MAD = 32 95
"CU= OwHwt =yxO=O x@ pOt VR=Q@ sOa R= |}=yxv=Wv 4 pmW QO 'wrH x@ s=o l}

=yxO=O x@ swO |x@DQt |}xrtHOvJ pOt VR=Q@ |@=} RQ= "2
|=Q@ |@ wN pOt 'pw= |x@DQt |}xrtHOvJ pOt xm s}DiQo xH}Dv u}W}B ?r=]t QO
swO |x@DQt |}xrtHOvJ pOt |@=} RQ= x@ uwvm = "CU}v xOWO=} |=yxO=O VR=Q@
=@ �95 u=v}t]= |=yxR=@ w wrH x@ s=o l} |v}@V}B Q=Owtv 5 pmW QO "s} R=OQB|t

Q=}at w ?1 pwOH x@ xHwD =@ =Hv}= =D "O}O EL@ OQwt |=y|QU pw] QO Kw[wx@
"CU= xOW ?=NDv= ��T = 0=7� 0 7 h}iND ?} Q[ =@ =} wB pOt

swO |x@DQt |}xrtHOvJ pOt VR=Q@ "2
=@ =Q swO |x@DQt |}xrtHOvJ pOt p}rLD 'TDS1 |QU QDW}@ |UQQ@ Qw_vtx@
xO=O K}[wD QDV}B xm 6 CqO=at R= xQ=iDU= =@ ��t; �t� OWQ w K]U |=yQDt=Q=B
swrat=v w =} wB CQwYx@ �Vt� C=Oy=Wt Tv=} Q=w pOt u}= |=Q@ "s} Q}o|t Q_v QO OW
XNWt ��T � h}iND pt=a R= xO=iDU= =@ R}v Wt T} QD=t "OwW|t xDiQo Q_v QO
=yxO=O x@ =Q |irDNt |=ypOt R=@ ?U=vt h}iND ?} Q[ ?=NDv= |=Q@ "OwW|t
xm s}vm|t ?=NDv= =Q |rOt xOW xO=O VR=Q@ |=ypOt u}@ R= w s}yO|t VR=Q@
=Q �T = 0 9 =@ |}=} wB pOt 2 pwOH x@ xHwD =@ "OW=@ MSE u} QDsm |=Q=O

"s}vm|t ?=NDv=

|vw}UQoQ pOt VR=Q@ "3
=Q �T � |v=tR |QU u=wD|t �?; |=tO� T w TDS O=} R |oDU@sy x@ xHwD =@
"CiQo Q_v QO pOt u}= QO |OwQw |mtm Q}eDt l} w pkDUt |v=tR |QU u=wvax@
"s}yO VR=Q@ =yxO=O x@ =Q uw}UQoQ C=QF= =@ |]N |=} wB pOt s} Q=O |aU u}=Q@=v@
xO=iDU= =@ =Pr "s}vm|t ZQi T1 = X w TDS1 = Y uDWwv QO |DL=Q |=Q@

%CW=O s}y=wN |vw}UQoQ pOt QO 10 w 9 CqO=at R=
(TDS1)t = �t + �t(T1)t + �t; �t � N (0; Vt)
Tv=} Q=w "OW Oy=wN OQw;Q@ pOt Qo}O |=yQDt=Q=B =@ x=Qty �Vt� |D=Oy=Wt Tv=} Q=w
"OwW|tXNWt |mwr@h}iND |=yl}vmD R= xO=iDU= =@ �Wt� pwLD |Qw;wv pt=a
T} QD=t 'OQ=O OwHw pOt QO �� |vw}UQoQ Q}eDt w OvwQ �� |mwr@ |xir-wt wO uwJ
[19w16]"lwr@ wO =@ |mwr@ |Q]k T} QD=t l} R= Ow@ Oy=wN CQ=@a pwLD Tv=} Q=w
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p}tmD pt=W K}LY C} Q}Ot l} =@ OUQ|t Q_v x@ "CU= xm@W x@ =yxOv}q;
uS}Um = =@ ?; R= u=wD@ xm@W x@ =yxOv}q; OwQw R= |Q}owrH w |QyW ?q[=i |xm@W
=@ "OQm xO=iDU= |QyW hQ=Yt QO 'CU= ?; C}i}m |=yxv=Wv R= |m} xm QDq=@
QO pwrLt uS}Um = u=R}t 'xOWO=} pOt R= xO=iDU= =@ u=wD|t QwmPt C=O}ytD O=H}=
Oy=wN x_Lqt u; QO C=O}ytD u; |WN@ QF= xm OQm |v}@V}B COtx=Dwm QO =Q ?;

"OW
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e C=Q}}eD u}= xm xDi=} V}=Ri= |mOv= pH1 C=Q}}eD |xvt=O x@ C@Uv pH2 C=Q}}eD
"OW=@ xm@W x@ |ov=N |=y?q[=i OwQw R= |W=v CU= umtt

xar=]t u}= R= pY=L |=y|v}@V}B w =ypOt |r=tDL= OQ@ Q=m OQwtQO =t=
=@ R}v w OwW|t xO=iDU= |RQw=Wm |=Q@ +,=DOta ?; u}= R= uwJ xm Cio u=wD|t
xar=]t OQwt |xm@W OQ=w xm �|DavY w |v=Uv=� hrDNt |=y|oOwr; x@ xHwD
'"""w |DavY '|RQw=Wm hQ=Yt |=Q@ ?; |x}iYD |=Q@ CU= |QwQ[ 'OwW|t
u; T=U=Q@ =D OwW |v}@V}B COtx=Dwm |xOv}; |=Q@ smCUO ?; |i}m |=yQDt=Q=B
Ovv=wD|t xar=]t u}= QO xOWxDN=U |=ypOt =Pr "OwW ?=NDv=|@U=vt |x}iYD KQ]
Ovvm |v}@V}B pw@k p@=k u=v}t]= =@ COtx=Dwm QO =Q ?; |i}m |=yQDt=Q=B |xOv};
"OW=@ ?U=vt |x}iYD QO |Q=OQ@xQy@ w |L=Q] x@ |@ wN ltm CU= umtt xm
|xv=Nx}iYD p=Ft Qw]x@� xOWpQDvm |}x]kv |xOvvmxOwr; |O=OaD OW=@ Q=Qk Qo =
?; C}i}m QO |v=OvJ C=Q}}eD xm |Qw]x@ 'OwW xm@W OQ=w �x}v=Qk@L=Y w VwW
xar=]t OQwt |=ypOt QO ?; |i}m |=yQDt=Q=B |xOv}; |v}@V}B 'Ovmv O=H}= xm@W
xm@W x@ xOW pQDvm |}x]kv |=yxOv}q; OwQw u=R}t u}}aD |=Q@ |}=tvy=Q CU= umtt

"OW=@

|Q}oxH}Dv
R= |DtUk OwQw Crax@ 'CUOu}}=B x=oDU}= CtU x@ CUOq=@ x=oDU}= R= CmQL =@
?U=vt pOt "OwW|t xOwRi= pwrLt O=wt u=R}t Q@ 'xm@W x@ |ov=N |=y?q[=i
p@=k u=v}t]= =@ xm CU= =} wB uw}UQoQ pOt 'x=oDU}= wO Qy |=Q@ sy pwrLt O=wt |=Q@
CUOq=@ pwrLt O=wt |=Q@ |@=NDv= h}iND ?}=Q[ "CU= xOW xO=O VR=Q@ |rw@k
Q@=Q@ MAD w 716 5 Q@=Q@ MSE T=U= u}=Q@ w '0 97 w 0 95 %R= Ov=CQ=@a
|=ypOt x@C@Uv|vw}UQoQ pOt QO =yQ=}at u}= xm OW xOy=Wt "Ow@ Oy=wN 12 21
=Q pOt VR=Q@ |} wm}v R}v =yQ=Owtv |xty "OQ=O Q}osWJ Vy=m |UQQ@ OQwt *Qo}O

"OvQ=Ov |Q=O=vat Cw=iD xOW |v}@V}B Q}O=kt =@ |ak=w Q}O=kt w Ovvm|t O}}-=D
*|vw}UQoQ Q}eDt =@ =} wB *|vw}UQoQ pOt 'R}v x=oDU}= wO Qy QOpwrLtuS}Um = OQwtQO
w �R = 0 99 h}iND ?}=Q[ 'CU= |@U=vt pOt CUOu}}=B x=oDU}= |=Q@ '=tO
pY=L =yv; R= MAD w MSE u} QDsm xm OvDUy |@U=vt ?}=Q[ �T = 0 99
Q}=U w =yxOv=t Q=Owtv ltmx@ "MAD = 0 607 'MSE = 0 618 %OwW|t

"OwW|t O}}-=D pOt VR=Q@ |} wm}v '=yQ=Owtv
|xHQO |}xrtHOvJ pOt |@=} RQ= R= TB 'pH2 w pH1 |=yQ}eDt |=Q@ =t=
|xD}O}U= |=Q@ swO |xHQO |}xrtHOvJ pOt 'swO |xHQO |}xrtHOvJ pOt w pw=
|v}@V}B Q}O=kt |=Q@ "OW xO=O X}NWD ?U=vt CUOu}}=B w CUOq=@ x=oDU}=
Q=Qk u=v}t]= |xR=@ pN=O QO \=kv |t=tD ,=@} QkD '�95 u=v}t]= |xR=@ =@ x=Qty xOW
w Ovvm|t O}}-=D =Q pOt VR=Q@ |} wm}v R}v =yQ=Owtv w =yQ=}at s=tD u}vJty "Ov=xDiQo

"OvQ=Ov |Q=O=vat Cw=iD =yv; |xOW |v}@V}B Q}O=kt =@ |ak=w Q}O=kt
?QW '|RQw=Wm � uwo =vwo hQ=Yt |=Q@ ?; C}i}m COtx=Dwm |v}@V}B uwJ
?; pwrLt O=wt uDUv=O |Q=}@; pYi QO ,qFt 'OQ=O |QDW}@ CQwQ[ �|DavY w
|@ wN x@ =Q COtx=Dwm |xOv}; 'xOt; CUOx@ |=ypOt uwJ w 'CU= CQwQ[ l}
xO=iDU= |RQw=Wm |Q=}@; C} Q}Ot QO CU= umtt u; G}=Dv R= 'Ovvm|t |v}@V}B
|D}OwOLt xm CU= u}= xOWxDN=U |R}*@ |=} wB |=ypOt syt w Qo}O |QDQ@ "OwW
xDiQo CQwY Q@=Q@=v |v=tR |=yxrY=i QO =yv; |Q}oxvwtv xm |}=yxO=O R= xO=iDU= QO

"OvQ=Ov

"0 95 u=v}t]= |xR=@ =@ x=Qty pH1 |xOW |v}@V}B Q}O=kt "8 pwOH
�95 u=v}t]= xrY=i xOW |v}@V}B Q}O=kt h}OQ
7 320 0 328 7 964 46
7 163 0 380 7 909 47
6 977 0 447 7 854 48
6 765 0 527 7 798 49
6 532 0 617 7 743 50

"0 95 u=v}t]= |xR=@ =@ x=Qty pH2 |xOW |v}@V}B Q}O=kt "9 pwOH
�95 u=v}t]= xrY=i xOW |v}@V}B Q}O=kt h}OQ
7 469 0 298 8 0554 46
7 441 0 311 8 0519 47
7 411 0 325 8 0484 48
7 377 0 340 8 0449 49
7 341 0 357 8 0414 50

w pH1 |=yQ}eDt |ak=w Q}O=kt =@ xOW |v}@V}B Q}O=kt |xU}=kt "10 pwOH
"pH2

|v}@V}B Q}O=kt Q}O=kt |v}@V}B Q}O=kt Q}O=kt h}OQ
pH2|xOW pH2|ak=w pH1|xOW pH1|ak=w =yxO=O

8 08 8 06 8 05 8 17 38
8 14 8 31 8 13 8 27 39
8 16 8 11 8 23 8 24 40
8 26 8 47 8 27 8 24 41
8 24 8 25 8 29 8 28 42
8 12 8 08 8 22 8 14 43
8 05 7 93 8 18 8 12 44
8 01 7 81 7 96 7 82 45

37 ,qFt '=D 45 |=Hx@ =yxO=O O=OaD xm xOW ZQi "Ov=xOW |UQQ@ =ypOt CLY
37 =D 1 |=yxO=O |wQ Q@ |@=NDv= pOt '=yQ}eDt R= l} Qy |=Q@ TBU "CU= =D
|v}@V}B Q}O=kt TBU "CU= xOW |v}@V}B 45 =D 38 Q}O=kt w xOW xO=O VR=Q@
10 pwOH QO |UQQ@ u}= "OvwW|t xU}=kt OwHwt |ak=w Q}O=kt =@ 45 =D 38 |xOW
Q}O=kt u}@ |Q=O=vat Cw=iD xm OwW|t x_Lqt "CU= xOt; pH2 w pH1 |=Q@

"OQ=Ov OwHw |ak=w Q}O=kt w xOW |v}@V}B
QDW}@ w OQ=Ov |v=OvJ C=Q}}eD xm@W u}= pH2 'pH1 |=yxO=O |xOy=Wt =@
u}= |xOvyOu=Wv CU= umtt Qt= u}= "CU= 8 =D 7 u}@ u; |xOW xOy=Wt Q}O=kt
C}Y=N |mOv= ?; R}v w OwW|tv OQ=w xm@W x@ |}xOta |O}U= |oOwr; xm OW=@
|xvt=O "OW=@ xm@W x@ |v}tRQ} R |=y?; OwQw R= |W=v Ov=wD|t xm OQ=O |}=}rk
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=m|Q=YDN= s�qa
The Random Variable under Consideration |UQQ@ CLD Q}eDt Y

The Observation Series at t Time u=tR QO |D=Oy=Wt |QU t

The State of Knowledge at t Time u=tR QO C=aq]= xawtHt t

The Probability Density Function |r=oJ `@=D P (0)

The Probability Density Function for the Conditional upon x@ Y|iO=YD Q}eDt |r=oJ `@=D
P (YjD)

Y Variable D Information D |D=aq]= xawtHt \QW
to be Normally Distributed Y p=tQv `} RwD |=Q=O Y Q}eDt

Y � N(�;V)
V and Variance � with Mean Tv=} Q=w w � u}ov=}t =@
Degree n t Distribution with of Freedom |O=R; xHQO n =@ t `} RwD Tn(m;C)

Gamma Distribution with a,b Parameters b w a |=yQDt=Q=B =@ =t=o `} RwD G(a; b)

Expectation |[=} Q O}t= E[0]

Variance Tv=} Q=w V [0]

Covariance Tv=} Q=wwm COV [0; 0]

Standard Residual OQ=Ov=DU= |xOv=t ut
Autoregressive Integrated Moving Average w}UQoQwD= |xDU@`tH lQLDt u}ov=}t pOt ARIMA

Bayesian Analysis of Time Series Software |v=tR |=y|QU |R}@ *p}rLD Q=Ri=sQv BATS

Total Dissolved Solids pwrLt O=wt pm TDS

Electrical Conductivity |m} QDmr= C}=Oy EC

Dissolved Oxygen pwrLt uS}Um = DO

Temperature CQ=QL xHQO T

Acidity xD}O}U= pH

Mean Square Error =y=]N swO u=wD u}ov=}t MSE

Mean Absolute Deviation C=i=QLv= jr]tQOk u}ov=}t MAD

CWwv=B
1. exponential smoothing
2. dynamic linear model (DLM)
3. evolution
4. �rst order polynomial
5. predictor function
6. linear growth model
7. adaptive coe�cient
8. discount factor
9. bayesian analysis of time series Soft Ware (BATS)
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