
�TT2M/Bt

.2`Bp�iBQM Q7 "GlS

h?2 K�i2`B�H BM i?Bb b2+iBQM Bb MQi `2[mB`2/ #mi Bi Bb �//BiBQM�H K�i2`B�H 7Q` i?Qb2
r?Q �`2 BMi2`2bi2/ BM FMQrBM; KQ`2 Q7 i?2 #�+F;`QmM/ �M/ Q7 i?2 bQm`+2b i?�i
?�p2 H2/ iQ i?2 K2i?Q/b T`2b2Mi2/ 2�`HB2` BM i?2b2 +Qm`b2 MQi2bX
AM +?�Ti2` j r2 ?�p2 �bbmK2/ i?2 bQHmiBQM 7Q` i?2 KBt2/ HBM2�` 2z2+ib KQ/2H
mbBM; "GlS �b � ;Bp2M 7�+i rBi?Qmi /2`BpBM; i?2KX aQ 7�` r2 r2`2 ;Bp2M i?2
`2+BT2 iQ mb2 KBt2/ KQ/2H 2[m�iBQMb iQ T`Q/m+2 2biBK�i2b Q7 }t2/ 2z2+ib �M/
T`2/B+iBQMb Q7 `�M/QK 2z2+ibX
h?2`2 �`2 K�Mv /2`Bp�iBQMb �M/ 2tTH�M�iBQMb �#Qmi "GlSX "mi KQbi Q7 i?2K
BM+Hm/BM; i?2 Q`B;BM�H rQ`F #v >2M/2`bQM �`2 MQi 2�bv iQ mM/2`bi�M/X A 7QmM/
i?2 /2`Bp�iBQM ;Bp2M #v (a+?�2z2`- kyRN) iQ #2 BM i?2 b�K2 bTB`Bi �b i?2 /2`Bp�iBQM
i?�i r2 ?�p2 mb2/ 7Q` i?2 }t2/ HBM2�` 2z2+ib KQ/2HX AM i?2 +?�Ti2` �#Qmi T`2/B+@
iBQM i?2Q`v U?iiT,ff�MBK�H#BQb+B2M+2bXmQ;m2HT?X+�f�H`bf�"JQ/2HbfLPh1afT`2/B+iXT/7V
BM i?2 LQi2b b2+iBQM Q7 (a+?�2z2`- kyRN) i?2 "GlS bQHmiBQMb �M/ i?2 KBt2/
KQ/2H 2[m�iBQMb �`2 /2`Bp2/ BM �M mM/2`bi�M/�#H2 r�vX
�i i?Bb TQBMi- r2 �`2 ;QBM; iQ `2THB+�i2 i?2 +QKTH2i2 /2`Bp�iBQMX q2 `�i?2` i`v
iQ T`QpB/2 bQK2 �//BiBQM�H 2tTH�M�iBQMb r?B+? KB;?i ?2HT BM mM/2`bi�M/BM; i?2
;Bp2M /2`Bp�iBQMX a2+iBQMb R �M/ k Q7 i?2 +?�Ti2` QM T`2/B+iBQM i?2Q`v ;Bp2M
�M BMi`Q/m+iBQM �M/ bT2+B7v i?2 KBt2/ HBM2�` 2z2+ib KQ/2HX h?2 BMi`Q/m+iBQM
bi�`ib rBi? � /2}MBiBQM Q7 i?2 i2`K T`2/B+iBQMX Ai ?�b iQ #2 MQi2/ ?2`2 i?�i i?2
/BbiBM+iBQM #2ir22M 2biBK�iBQM 7Q` }t2/ 2z2+ib �M/ T`2/B+iBQM 7Q` `�M/QK
2z2+ib Bb Km+? b?�`T2` �M/ Km+? bi`B+i2` BM i?2 1M;HBb? H�M;m�;2 i?�M Bi Bb 2X;X BM
:2`K�MX h?2 KBt2/ HBM2�` 2z2+ib KQ/2H Bb +�HH2/ :2M2`�H GBM2�` JBt2/ JQ/2H
BM i?2 +Bi2/ `272`2M+2X "mi i?Qb2 i2`Kb K2�M i?2 b�K2 KQ/2H r?B+? Bb ;Bp2M #v
i?2 KQ/2H 2[m�iBQM �M/ #v i?2 bT2+B}2/ 2tT2+i�iBQMb �M/ p�`B�M+2@+Qp�`B�M+2
K�i`B+2bX
AM b2+iBQM j bQK2 ;2M2`�H 7�+ib �#Qmi /Bz2`2Mi T`2/B+iQ`b �`2 ;Bp2MX h?2b2
7�+ib �`2 mb2/ �b �M 2tTH�M�iBQM Q7 r?v i?2 ;Bp2M T`2/B+i�M/ mb2/ BM b2+iBQM 9
r?2`2 "GlS Bb /2`Bp2/X h?2 i2`K T`2/B+i�M/ Bb /2}M2/ �b i?2 7mM+iBQM Q7 i?2
mMFMQrM T�`�K2i2`bX h?2 T`2/B+iQ` Bb i?2 HBM2�` 7mM+iBQM Q7 i?2 /�i� i?�i
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Bb mb2/ iQ T`2/B+i i?2 T`2/B+i�M/X h?2 `2�bQM r?v i?2 T`2/B+i�M/ Bb � HBM2�`
7mM+iBQM Q7 i?2 mMFMQrM T�`�K2i2`b Bb bBKBH�` iQ r?�i r�b /2b+`B#2/ �#Qmi
2biBK�#BHBiv BM +?�Ti2` 9 �#Qmi 2biBK�#BHBiv Q7 HBM2�` 7mM+iBQMb Q7 T�`�K2i2`bX
h?2 2biBK�iBQM �M/ T`2/B+iBQM T`Q#H2Kb Q7i2M H2�/ iQ Qp2`@/2i2`KBM2/ bvbi2Kb
Q7 HBM2�` 2[m�iBQMb r?2`2 i?2 mMFMQrMb +�M #2 2tT`2bb2/ �b HBM2�` +QK#BM�iBQMb
Q7 i?2 /�i�X h?2 HBM2�` 7�+iQ`b rBi? r?B+? i?2 /�i� p2+iQ` Bb KmHiBTHB2/ mbm�HHv
BMpQHp2b bQK2 ;2M2`�HBx2/ BMp2`b2b Q7 � K�i`BtX aBM+2 i?2b2 ;2M2`�HBx2/ BMp2`b2b
�`2 MQi mMB[m2 �M/ #2+�mb2 K�Mv bQHmiBQMb /Q 2tBbi 7Q` i?2 Qp2`@/2i2`KBM2/
bvbi2Kb- QMHv T`2/B+i�M/b �`2 mb27mH r?B+? �`2 BMp�`B�Mi i?�i K2�Mb r?B+? /Q
MQi /2T2M/ QM i?2 +?QB+2 Q7 � bT2+B}+ bQHmiBQM iQ i?2 bvbi2K Q7 2[m�iBQMb i?�i
�`Bb2 BM i?2 T`2/B+iBQM T`Q#H2KX S`2/B+iBQM �M/ 1biBK�iBQM h?2Q`v ?�b b?QrM
i?�i i?2`2 2tBbi HBM2�` 7mM+iBQMb r?B+? �`2 BMp�`B�Mi iQ i?2 +?QB+2 Q7 i?2 2[m�iBQM
bQHmiBQMbX am+? 7mM+iBQMb �`2 +�HH2/ 2biBK�#H2 7mM+iBQMb �M/ BM i?2 +QMi2ti Q7
KBt2/ HBM2�` 2z2+ib KQ/2Hb i?2v �`2 r`Bii2M �b

KT b + MT u

h?2 �#Qp2 b?QrM HBM2�` 7mM+iBQM Q7 i?2 mMFMQrM T�`�K2i2` r?B+? Bb iQ #2
T`2/B+i2/ #v � HBM2�` 7mM+iBQM LT y Q7 i?2 /�i� y iQ;2i?2` rBi? i?2 T`QT2`iB2b Q7

Ç mM#B�b2/M2bb �M/
Ç KBMBKmK 2``Q` p�`B�M+2

H2�/ iQ i?2 "GlS bQHmiBQMb 7Q` i?2 2biBK�i2b b̂ 7Q` i?2 }t2/ 2z2+ib �M/ i?2
T`2/B+iBQMb û 7Q` i?2 `�M/QK 2z2+ibX h?2b2 +Q``2bTQM/ iQ

b̂ = (XT V −1X)−XT V −1y

�M/

û = GZT V −1(y − Xb̂)

AM b2+iBQMb 8 �M/ e i?2 p�`B�M+2 Q7 i?2 T`2/B+iQ`b �M/ i?2 p�`B�M+2 Q7 i?2 T`2@
/B+iBQM 2``Q` �`2 b?QrMX a2+iBQM d i?2M b?Qrb ?Qr i?2 KBt2/ KQ/2H 2[m�iBQMb
T`Q/m+2 i?2 b�K2 `2bmHib �b 7QmM/ BM b2+iBQM 9X
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J �/B#mxx�K�M- S .2G�m`2MiBb- C >BHH- �M/ " . "2MM2vrQ`i?X "B; /�i� BM
?2�Hi?+�`2 @ i?2 T`QKBb2b- +?�HH2M;2b �M/ QTTQ`imMBiB2b 7`QK � `2b2�`+? T2`@
bT2+iBp2, � +�b2 bim/v rBi? � KQ/2H /�i�#�b2X �JA� �MMm avKT S`Q+-
kyRd,j39ĜjNk- kyRdX AaaL RN9k@8NdsX l_G ?iiTb,ffrrrXM+#BXMHKXMB?X;Qpf
Tm#K2/fkN389RykX

C "2b�;X aT�iB�H AMi2`�+iBQM �M/ i?2 ai�iBbiB+�H �M�HvbBb Q7 G�iiB+2 avbi2KbX
CQm`M�H Q7 i?2 _Qv�H ai�iBbiB+�H aQ+B2ivX a2`B2b " UJ2i?Q/QHQ;B+�HV- UjeV,RNkĜ
kje- RNd9X l_G ?iiT,ffrrrXDbiQ`XQ`;fbi�#H2fkN393RkX

S2i2` "m2?HK�MM �M/ J�`iBM J�2+?H2`X *QKTmi�iBQM�H ai�iBbiB+b *Qm`b2- kyR9X

"�`iQbx *x2+?- J�;/�H2M� 6`�bx+x�F- J�;/� JB2H+x�`2F- �M/ CQ�MM� axv/�X
A/2MiB}+�iBQM �M/ �MMQi�iBQM Q7 #`22/@bT2+B}+ bBM;H2 Mm+H2QiB/2 TQHvKQ`@
T?BbKb BM "Qb i�m`mb ;2MQK2bX SGQa PL1- RjUeV,RĜN- kyR3X AaaL R89N3jk3X
/QB, RyXRRyNfh*aAXkyR9Xkj9RRReX l_G ?iiTb,ff/QBXQ`;fRyXRjdRfDQm`M�HXTQM2X
yRN39RNX

�HQBb 1bbHX ai�iBbiBb+?2 J2?Q/2M BM /2` hB2`T`Q/mFiBQMX ƹbi2``2B+?Bb+?2`
�;`�`p2`H�;- qB2M- RN3dX Aa"L j@dy9y@y38N@RX

.X aX 6�H+QM2` �M/ h`m/v 6X *X J�+F�vX AMi`Q/m+iBQM iQ Zm�MiBi�iBp2 :2M2iB+bX
�//BbQM q2bH2v GQM;K�M GBKBi2/- 1bb2t- 9 2/BiBQM- RNNeX Aa"L y83k@k9jyk@
8X

_Q?�M G 62`M�M/Q- >�Q *?2M;- �M/ .Q`B�M C :�``B+FX �M 2{+B2Mi 2t�+i K2i?Q/
iQ Q#i�BM :"GlS �M/ bBM;H2@bi2T :"GlS r?2M i?2 ;2MQKB+ `2H�iBQMb?BT K�@
i`Bt Bb bBM;mH�`X :2M2iB+b a2H2+iBQM 1pQHmiBQM- 93URV,3y- /2+ kyReX AaaL RkNd@
Ne3eX /QB, RyXRR3efbRkdRR@yRe@ykey@dX l_G ?iiT,ff;b2DQm`M�HX#BQK2/+2Mi`�HX
+QKf�`iB+H2bfRyXRR3efbRkdRR@yRe@ykey@dX

aim�`i :2K�M �M/ .QM�H/ :2K�MX aiQ+?�biB+ _2H�t�iBQM- :B##b .Bbi`B#miBQMb-
�M/ i?2 "�v2bB�M _2biQ`�iBQM Q7 AK�;2bX A111 h`�MbX S�ii2`M �M�HX J�+?X
AMi2HHX- eUeV,dkRĜd9R- MQp RN39X AaaL yRek@33k3X /QB, RyXRRyNfhS�JAXRN39X
9ded8NeX l_G ?iiTb,ff/QBXQ`;fRyXRRyNfhS�JAXRN39X9ded8NeX
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.�MB2H :B�MQH�- :mbi�pQ .2 GQb *�KTQb- qBHHB�K :X >BHH- 1/m�`/Q J�M7`2/B-
�M/ _Q?�M 62`M�M/QX �//BiBp2 ;2M2iB+ p�`B�#BHBiv �M/ i?2 "�v2bB�M �HT?�#2iX
:2M2iB+b- R3jURV,j9dĜjej- kyyNX AaaL yyReedjRX /QB, RyXR8j9f;2M2iB+bXRyNX
RyjN8kX

a�b?� Abb2M#2`;X >Qr P#�K�Ƕb h2�K lb2/ "B; .�i� iQ _�HHv oQi2`bX JAh
h2+?MQHQ;v _2pB2r- RReURV,j3Ĝ9N- kyRjX

.�pB/ CX GBHD�X GBM2�` `2;`2bbBQM mbBM; _ , �M BMi`Q/m+iBQM iQ /�i�
KQ/2HBM;X lMBp2`bBiv Q7 JBMM2bQi� GB#`�`B2b Sm#HBb?BM;- JBMM2�TQHBb-
kyReX Aa"L Nd3RN9eRj8yyRX l_G ?iiTb,ffQT2MXmKMX2/mfQT2Mi2ti#QQFbf
i2ti#QQFbfHBM2�`@`2;`2bbBQM@mbBM;@`@�M@BMi`Q/m+iBQM@iQ@/�i�@KQ/2HBM;X

CQ?M _ J�b?2vX "B; .�i� XXX �M/ i?2 L2ti q�p2 Q7 AM7`�ai`2bb- RNN3X l_G
?iiT,ffbi�iB+Xmb2MBtXQ`;f2p2Mifmb2MBtNNfBMpBi2/&n'i�HFbfK�b?2vXT/7X

h > 1 J2mrBbb2M- " C >�v2b- �M/ J 1 :Q//�`/X S`2/B+iBQM Q7 hQi�H :2M2iB+
o�Hm2 lbBM; :2MQK2@qB/2 .2Mb2 J�`F2` J�TbX :2M2iB+b- R8d,R3RNĜR3kN-
kyyRX

a�K22` .X S�Mi- 6H�pBQ aX a+?2MF2H- *?`Bb SX o2`b+?QQ`- �M/ LB2H �X E�``QrX
lb2 Q7 #`22/@bT2+B}+ bBM;H2 Mm+H2QiB/2 TQHvKQ`T?BbKb iQ /Bb+`BKBM�i2 #2ir22M
>QHbi2BM �M/ C2`b2v /�B`v +�iiH2 #`22/bX �MBK�H "BQi2+?MQHQ;v- kjURV,RĜRy-
kyRkX AaaL Ry9N8jN3X /QB, RyXRy3yfRy9N8jN3XkyRkXejekk9X l_G ?iiTb,ff/QBX
Q`;fRyXRy3yfRy9N8jN3XkyRkXejekk9X

_ *Q`2 h2�KX _, � G�M;m�;2 �M/ 1MpB`QMK2Mi 7Q` ai�iBbiB+�H *QKTmiBM;- kyR3X
l_G ?iiTb,ffrrrX`@T`QD2+iXQ`;fX

GX _X a+?�2z2`X ai`�i2;v 7Q` �TTHvBM; ;2MQK2@rB/2 b2H2+iBQM BM /�B`v +�i@
iH2X CQm`M�H Q7 �MBK�H "`22/BM; �M/ :2M2iB+b- RkjU9V,kR3Ĝkkj- kyyeX AaaL
yNjRkee3X /QB, RyXRRRRfDXR9jN@yj33XkyyeXyy8N8XtX

G _ a+?�2z2`X �MBK�H JQ/2Hb- kyRNX l_G ?iiT,ff�MBK�H#BQb+B2M+2bXmQ;m2HT?X
+�f&�'H`bf�"JQ/2HbfX

a _ a2�`H2X GBM2�` JQ/2HbX CQ?M qBH2v � aQMb- L2r uQ`F- rBH2v +H�b 2/BiBQM-
RNdRX Aa"L y@9dR@R39NN@jX

:X 1X a2B/2H- C`X "`B27 BMi`Q/m+iBQM iQ r?QH2@;2MQK2 b2H2+iBQM BM +�iiH2 mbBM;
bBM;H2 Mm+H2QiB/2 TQHvKQ`T?BbKbX _2T`Q/m+iBQM 62`iBHBiv �M/ .2p2HQTK2Mi-
kkURV,Rj3ĜR99- kyRyX AaaL RyjR@jeRjX /QB, RyXRydRf_.yNkkyX l_G ?iiTb,
ff/QBXQ`;fRyXRydRf_.yNkkyX

SXJX o�M_�/2MX 1{+B2Mi J2i?Q/b iQ *QKTmi2 :2MQKB+ S`2/B+iBQMbX CQm`M�H
Q7 .�B`v a+B2M+2- NRURRV,99R9Ĝ99kj- kyy3X AaaL yykkyjykX /QB, RyXjRe3fD/bX
kyyd@yN3yX l_G ?iiT,ff/tX/QBXQ`;fRyXjRe3fD/bXkyyd@yN3yX

*QMi`B#miQ`b qBFBT2/B�X "B; /�i� @ qBFBT2/B�- kyRNX l_G ?iiTb,ff2MXrBFBT2/B�X
Q`;frfBM/2tXT?T\iBiH24"B;&n'/�i�&�'QH/B/433RNj3djyX
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https://doi.org/10.1080/10495398.2012.636224
https://doi.org/10.1080/10495398.2012.636224
https://www.r-project.org/
https://doi.org/10.1071/RD09220
https://doi.org/10.1071/RD09220
http://dx.doi.org/10.3168/jds.2007-0980
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