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- ._'_Abstract In thls art1cle a. new class of est1mat0r called the Almost ’

'Unb1ased Liu Pr1n01pal Component Es’umator (AULPCR) for the mult1pleu |

_linear regression: model with autocorrelated errors in- the presence of B

multicollinearity problem will-be sugg_est‘ed. The propertles of the proposeel =

- estimator is discussed.
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1. Introductlen ' |

‘ Consider_ the following 1nu-1tlple lin'le-ar' 1'eg1;esslcn-1no_del - | |

| . rexpes : e

Where Y is an n x1 vector of observatlons Xisan nxp design matrix <

with rank P, ,B is a px1 vector of regression coefﬁ01ent and ¢ isan nx1. "~

Vector of errors with expecta‘ucn E (£)=0 and variance covariance matrix

Var-( ) 2Q Qisa lcnown nx n-positive definite 1nat1 ix .
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Slnce Qisa symmetrlcal posrtWe deﬁmte matrrx, there exlsts an orthogonal o

~matrix P such thatPP =(). On p1emult1ply1ng model (1) byP , We have

PY =P'Xf+Pe

a Let, v ='IP‘-]Y" X :P‘IX and sl*' :'P."ls then E (s) =0ar1cl.

Var(e') =1,

Therefore the"[_rahsforlned model c'an. be written as: - -
Yi=X'prs N (2)

The OLS ealinlator for the model (2) is . . -

| GLS =X X ) A r =(X 'Q’lX) .6 'Q-lr

“That is known by the generahzed least squares (GLS) estimator of B The'_- L
GLS estimator is the best lmear unbiased estlmator of #. This estlmator'. |

performs very well until the explanatory Varlables show mult1collmear1ty,””:'

‘because of the large total variance. (Alheety and K1br1a 2009)

Several authors have studied the problem of mult1coll1near1ty and
N autocorrelatlon s1:multaneously Alheety and Krbrra (2009) proposed the'

almost unbiased liu (AUL) estlmator of the linear regressron model as;
ﬁm [r +(X Qx +1) (1—_d)ilBLE
7 ' eyl Coy2 . 213
or gm :[I —(X oy +1)(1-d) ]ﬁGLS |

- Where, B ——(X o Y 11y (X ’Q“‘X +dI)ﬁGLS, ﬂGLS (x 'Q‘lX) XQ*‘Y
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‘Siray, et al, (2014) combined the appi*oaches of the r —k class esﬁmatér '
proposed.‘.by._Bay_e and Parker (1984) and.the GLS estimator .to get the

+estimator:

B =T(LXQ XL KLY TXQY k>0 (3)
“Where, 1= [tl,tz_,_zg,.. ..... 93‘;-] be pXr or‘th'ogohal matrix- after deleting last

p—r coluinns from T matrix whererépénd T= [tl,tz',r:;,..,-...i,té-] be -

_orthogonal matrix Wlth T X 'Q'IX T A whereA dzag(/'l,‘ ;{2 ..... ﬂp)is the o L

_ d1agona1 matrix of the elgenvalues ofX 'Q 1X

‘Huang and Yang (201 5) generahzed the pr1nc1pa1 component two parameter |
_ (PCTP) estlmator that proposed by Chang and Yang (2012) for dealmg w1th'. .
. .multlcolhnearlty and autocorrelation problems simultaneously ;Whlchglven B

-~ by;

Bbd)=TIXXXT + 1) (XN +d NTX XD +H,Y TXXY @)

| Where,k >0, 0<d <1 and 7, ;-is-deﬁned as.i-h-equatioh ®

The p11mary aim of this article is to introduce a new class of estlmator where-:_
GLSE PCRE and AULE will be derived as specml cases, The: artlcle is
' -orgamzed as follows In section 2 the new estimator is 1ntr0duced In
Sectlon 3, some properties of the new cstimator is dlscu_ssed. In section 4,

application study is performed.
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2. The Proposed Estimatdr .'

Method (1):

3 The transformed model in.(2)' can b.e'written as |
rexTrpexT g ©)

The idea of PCR corresponds to the transition from the model (5) to the

reduced model
Y C=XTTBie o (6

By applying the steps of AUL esﬁm’a’tor that proposed by Alheety and -
‘Kibria, (2009) to the reduced model (6) as follows: ' '
Step 1:

e'e' =y =X TIB) (Y -X T1,B)+ (1 p-d B} (T8~ B

‘Where " =(T/X"X"T)'T' X Y

For simplicity, let, X T, :X"and-T,’ﬁ = [?"theh, ¢”¢" can be written as

Oz ¢ S2BK X -2XCY T 42B - 2d
o
a;:; S2FXX-2X°Y 2 24 =0

FX X +D=X"Y +d}

* The Egyptian Statistical Journai Cairo University Vol. 64, No.1, 2020
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F=x"x +I)‘1(XY +dfy R

By substituting X‘=XT, B =T/Band §" —(T’X*'X T) XY,
the.n |

T,B (T’X'*XT +I) (T'X”Y »Ld(T’X’*XT)lT'X”Y )
T'B=CX*X'T +1,)" TX*XT, +dl )T,X X*T)IT’X 'y
Since, ¥ * :P“lY ,X"=P7'X and PP =Q, then

Broen =T (X QXT, + 1Y CX 'QXT, +dl JT,X 'QXT,)T,X'QY
=T (/X 'QC'XT, +1,)" X 'Q'XT, +dl )T, Bocz )

Whete, By =T, @ X 'Q'XT,Y'TX'QY:
St_ép'Z:"
B, };,.PCR in equatmn (7) can be written as:
: ﬂLEPCR =T, r,BPCR T, (1- d)(T’X'Q"lXT +17 ) 'T, ﬁPCR
-—{T (1~ d)(T’X'Q YT +1) lT ]ﬁm
(&)
Stép 3:
 Since,bias Brarer) =—[T, (=) OX ' QCXT, + 1Y T/ 4T, 7., ] g :
then follofving Kédiyala (1984), the bias of corrected LEPCR ¢stimat'0r of
B is giVén by | |

Brsrer = Breren + [T, (1=d) X 'QXT, +1,)'T/+T,, pg,] AC)

Step 4:

The. Egyptlan Stat:stlcaf Journal Calro Umversrcy Vol r4, No.1, 2020
(25)




 Almost Unbiased Liu Principal Component Estimator in the
Presence of Multicollinearify and Autoc ‘relation -
(Ahmed A.E - Hassan M.Ali — Amal H.A)

Following Ohtani (1986) by replacing the | Bin (9) by the biased estimator

ﬁLEPCR in (8) we have | .
Pruwrcn = Brsen + [T (=d)TX QXL + LY TI4T, T3 s
=[1+T,.(1- d)(T’X'Q‘lXT +1,)'T ] Bisecr
[1 +T, (1 d)([)(' "XT, LY, ][Tj T (1 d)TX Q“XT +1)°T) B
- [T,T,.’ -7, (1-d) X QKT + 1,,)-2T;} Bocn
Then the AULPCR estimatof i'sl giveh by | |
J— .(r,dl) [T T'-T, (1 d) ( ’X’Q‘IXT +1 ) } T\ Brex
Where By =T . (T X ’Q'JX T,_ )';IT,'.’X QY
Also, the proposed éstimator_can be obtained by the following methpd.
Method (2): | |

Following Siray, et al (20121), the » —k class e_Stirﬁator B.(ky in equation -

~(3) can'be written as —
B.(k)= T,.T,,'f)’m
Where f,, = (X'QX + kj )-i X 'Q-“.Y_ and.alsb can be written as:
B =T (TX'Q'XT +kIY'TX 'Qflf |
Since, T T 'Q"X )T’ ;T,. (TX'QXT,)'T, |

Then, B.(k)=T T Bep

The Egyptlan Statistical Journal- Cairo Umverﬂty Voi. €4, No 1,2020
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. A
LA

—TTT(TX'Q ‘XT +k[) ITX'Q’IY
- =T (T’X’Q IXT +k[ ) ’T'X’Q‘lY

| Following Huang and Yang (2015), the generahzed (PCTP) estimator in

equatlon (4) can be wntten as -
/3 (k d) TT,B(k d)

Where, Bl d)= (ol +1) (X ¢ +d1)(X 'Q'LX CRIY X v

which can be rewrltten as:

Bk ,d)= T(TX'Q‘lXT + I (T X'Q 1XT +dI YT X 'Q'XT SR lT?('Q‘IY |
Since, T, TT(X 'Q*X) e =T (T, X'.Q“‘XT ) T, |

Then, A.(%, d) TT ﬂ(k d)
e (TX’QXT +] ) 1(TX’QIXT +cﬂ' )(fX'QXT L, )"ITX’Q'Y

- Hence, following the above' procedure and the deﬁhitio’n of almost unbiased
liu (AUL) estimator proposed by Alheety and Kibria, (2009),' the proposed -
estimator will be obtained as; o

BA U’LP&R (’ .>d ) = T:-T;-'/é qUL |

_' =_T,T,,’[I (1 —é)?,(X 'O T )2} Bas | (10)
=T,;r,f[1 T (1=d) (T 'Q7XT +I )"ZT"}T (rx o 'xr)'Tx QY

= \:Ti'Tr’ "’T;‘ (1 —d )2 (TJ"XY 'Q—IXT]‘ + IJ‘.)wz Tr'] BPCR

The Egyptlan Statistical Journal- Cairo Umversny Vol 64, No.1, 2020
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| So, the Almost Unbiased Liu Principal Component Estimator B  ULECR (_r,d)

~ can be written as: - |
- .- . ’ 2'."._1 | 72.”
B () =TI 1= (=) (0 1) B

Ot By (rrd )= [TT T, (1-d) (T, ' XT, +1,) T} Bocr

The AULPCR estimator /3, ULP@' (r;d ) is a general estimator which includes:
the GLS estimator, the PCR estimator and the AUL estimator as special

cases:
| B,(p.D) :EGLS': (X .'Qf.l-X )"X Y, (r I_:_p and d =1)..
B, (r,l)rz B};CR =T .(TX 'QIXT,_-)‘_’T,,'X QIY ,(d =1).
B ()= B [ ~(r'0x +1) (1) i =)
| 3. Properties of the pfoi)dsed estimator |
1- ihe Bias ._:}f AULPCR .cis_t-im.;ator. |
Since, £,y pex (r,d)_:T,T,,’[J ~(1-d) (x'Q'x +_1)"2} BG;S
Let =X ’Q“IX]..and H,=1-(1-d) (T +_1)‘.2 |
Then, £, yupex =T,T/H BGL; |
| Now since, Bias(B yuper (1d)) ‘::_E(ﬁwmck (r_,d)) —_ﬁ

Then, E (B, ypen )= E (TTH  Brs ) =T.T/H, g

The Egyptian Statistical Journal- Cairo Uﬁi'\.rersity Vol. 64 No.i, 2020
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Bzas(ﬂAULPCR (r, d)):(TT’H‘ —I),B | | o | | an
2- The Variance- Covarlance Matrix of AULPCR estimator.
Sh}c,e’_ﬁAULPCR =TTH dﬁ_G,;s' B
So, Va;j(ﬁA vure (7@ ) =Var (T /H By ) = Tf,;T;_H;V ar (B )H;T,T_,.'
Since Var(f,)= &'21“7%
;Tl-ten,.-Var([fAUL-@ (r.d)) =;_.;;2(;4r—1A N SR (12)
Where,m A =T T'H, |
3_ 'M_ean Square Error of AULPCR estiﬁlator.
Sin.ce

MSE (/BA uror (75d ) =Var (/BA ULPCR (r d)) + [Bza:s (ﬁAULPCR (7" d)][BmS (/8,4 ULPCR (r d )]
Then from equatlons (1 1&12) it can be concluded that

MSE (B ypen (r1d ) = AT A" +V BRY ': o
 Where, ¥ =(11H, 1)
o 4- Apphcatlon Study

In the presence of multlcolhnearlty among explanatory Varlables OLSE'
becomes unstable and shows undesirable properties. It is quite common in
applied work to have autocorrelaion in error terms which reduce the efficiency | |
of the OLSE. It has been obs‘erved that the problem of autocorrelation and | .

multicollinearity arise simultaneously in several cases.

The Egyptian Statistical Journal- Cairo University Vol. 64, No.1, 2020
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In this section, the performance of AULPCR estimator is compared with the

GLS estimator, the PCR estimateij and the AUL estimator in MSE as criteria

for comparison.

1- Real Data Application.

The data have been taken from the United Nations Conference on Trade and -

Development (UNCT AD") which restrlcted to Egypt from 1980-2018.

e Response is: Foreign Direct Investment FDI (Y)

e Predictors: are :

1 Balance of Payment (X 1)

2- Gross Domestic Product GDP(X 2)

3- Govemment Final Consumpuon Expenditure (X 3)

2- Data AnalySIS

The data has been analyzed. usmg SPSS (Ver 22) and R prograrns The

following results are obtamed

Table (1): Correlation'Matrix.

Correlations

1 https:/'/unetadstat.unetad.org/wdszepQl'tFplders/reportFolders.aspx

39

FDI balance of GDP | government
o * payment expenditure .
| Pearson Correfation 1 -425" 640" 618"
FDI ' - Sig. (2-tailed) 007 - .000 000
N 39 39 39

The Egyptlan StatlstlcaIJournaI Cairo dmverSIt{ Vol. 64 No 1, 2020
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Pearson Correlation 1 721 ) 738
balance of payment Sig. (2tailedy . |- ©.000 000
N e —— - 39 -
Pearson Correlation . BT T
I Sig. (2-tailed) B : 1000
N | .39
. lPeaté_dn Correlation oy |
. government expenditure'  Sig.(2-tailed) _ _ | |
' | N ' | _ . | 3

** Carrelation is significant at the 0.0 level (2-tailed).

Table (2): ANOVA'

Model _| Sum of Squares df | Mean Square F ' Sig.
Regression | 176572287.150 3| seas7aze0s0| - ese| | .000°|
t Residusl | 230605483157| - 36 B845671.233|
 Total 416177780 308_ 38 |
Table (3): Coefficients
| Model .~ P L . Unstandardized Coefficients Sig. . . Collinearity Statistics
_ B : Stdl. Efrcr : Tolerance |° VIF
(Constant) _ 423431 72717 | 564 ' _
balance of payment’ 1 o7 Ca2r 834 | 454 2.200 -
1 . GDP - o 082 033 126 019 51.871
- government expenditure - = 254- .305 411 018" .54.385

From table (1), it can be seen that there is a cor1elat10n between FDI and the
predictors (Balance of Payment, GDP and Government Expend1ture) Also the

problem of multicollinearity can be. observed between (X_l,X ;) , between
(X X5) and between (X 2,X ). |
Based on tables (2, 3), the effect of the problem of multlcolhnearlty can be

seen where the coefficients of the predictors are not significant.

The Egyptfan Statlstscal Jeurnal- Cairo University Vol. 64, No.1, 2020
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The value of Durbin Watson -,(DWj statistic is found to be 0.642 which
indicates that there is a positive autocorrelation at significance level 0.05 with .
two limits of the critical value being d; =1.328and d, =1.658. Using the
results of DW test for AR (1) serial correlation then, the error structure follows '
AR (1)Mpr’oces_s with estimated p o be 0.68. Thus the Q) matrix can be

constructed using the formula. Q= pli;“’ N

. Applymg the methods of estimation on the data.
The eigenvalues of X 'Q 'X are 2.998, 1. 006¢ 03 , 6.036¢ 7 We choose 1 —1

and a Value of k and d to be 2 and 4 1espectlvely

The result of MSE of the GLS estimator, the PCR est1mato1 and the AUL

estimator and AULPCR Estunatm are obtamed as follows

Table (4): MSE of different methods of e_stlmatlon.

Method RS
The GLS est_imaior- | | ~ 427158
[The PCR estimator - 177379
‘The AUL Estimator - o 13.421994
The AULPCR Estimator | 177322

From Table (4) we find that the estimated MSE of the proposed method

AULPCR is smaller than the other estlmators So, based on the real data |

application the AULPCR and the PCR estimator are performmg equally weH

" rather than the other estimators.
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