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'LSDUWLPHQWR GL %LRORJLD� 8QLYHUVLW� GL 3DGRYD� 3DGRYD� ,WDO\

�5HFHLYHG� ×

$FFHSWHG� ×�

:H DSSOLHG SRSXODWLRQ PHPHWLF PRGHOV WR WKH DQDO\VLV RI FXOWXUDO YDULDWLRQ DPRQJ �� (XURSHDQ UHHG EXQWLQJ

�(PEHUL]D VFKRHQLFOXV� SRSXODWLRQV EHORQJLQJ WR WZR VXEVSHFLHV JURXSV GLIIHULQJ LQ ELOO PRUSKRORJ\� :H WHVWHG

ZKHWKHU SDWWHUQV RI PHPH GLYHUVLW\ ZLWKLQ DQG DPRQJ SRSXODWLRQV DQG EHWZHHQ WKH WZR VXEVSHFLHV JURXSV FRUUH�

VSRQG WR SDWWHUQV RI YDULDWLRQ LQ ELOO PRUSKRORJ\� :LWKLQ�SRSXODWLRQ PHPH GLYHUVLW\ ZDV KLJK DQG WKH GHJUHH RI

PHPHWLF GLYHUJHQFH ZLWKLQ JURXSV ZDV VLJQLILFDQW DQG KLJKHU DPRQJ VRXWKHUQ WKLFN ELOOHG SRSXODWLRQV WKDQ

DPRQJ QRUWKHUQ WKLQ ELOOHG SRSXODWLRQV� 7KHUH ZDV� KRZHYHU� QR VLJQLILFDQW PHPHWLF GLIIHUHQFH EHWZHHQ WKH WZR

VXEVSHFLHV JURXSV� 7HVWV RI FRUUHODWLRQ EHWZHHQ DOO JURXSV LQGLFDWHG WKDW PHPHWLF YDULDWLRQ LV DVVRFLDWHG ZLWK

JHRJUDSKLFDO GLVWDQFH DQG QRW ZLWK PRUSKRORJLFDO YDULDWLRQ� 7KH UHVXOWV VXJJHVW D GHPRJUDSKLF VWUXFWXUH RI UHHG

EXQWLQJ SRSXODWLRQV VLPLODU WR WKDW RI LVODQG SRSXODWLRQV RI RWKHU ELUG VSHFLHV� 7KH ODFN RI PHPHWLF GLIIHUHQFHV

EHWZHHQ WKHP LQGLFDWHV WKDW SRSXODWLRQV DUH QRW FXOWXUDOO\ LVRODWHG� GHVSLWH WKH PRUSKRORJLFDO� HFRORJLFDO DQG JH�

QHWLF GLIIHUHQFHV� :H GLVFXVV SRVVLEOH HYROXWLRQDU\ H[SODQDWLRQV RI WKH SDWWHUQV RI YDULDWLRQ IRXQG�

.H\ZRUGV� (PEHUL]D VFKRHQLFOXV� FXOWXUDO HYROXWLRQ� V\OODEOH W\SHV� $029$� 0DQWHO WHVWV

�� ,QWURGXFWLRQ

6RQJ LQ PDQ\ VRQJELUG VSHFLHV LV VRFLDOO\ OHDUQHG

DQG� WKHUHIRUH� FDQ EH FRQVLGHUHG D ÓUHSOLFDWRUÔ LQ D

FXOWXUDO HYROXWLRQ FRQWH[W� HTXLYDOHQW WR JHQHV�

ZKLFK DUH UHSOLFDWRUV LQ WKH FRQWH[W RI ELRORJLFDO

HYROXWLRQ �'DZNLQV� ����� 0XQGLQJHU� ����� :LO�

OLDPV� ������ ,Q RWKHU ZRUGV� WKH GHILQLWLRQ RI

ÓPHPHÔ �'DZNLQV� ����� FDQ EH DSSOLHG WR VRQJV

RU VRQJ HOHPHQWV �/\QFK HW DO�� ������ 7KH HYROX�

WLRQ RI VXFK PHPHV� XQLWV RI FXOWXUDO WUDQVPLVVLRQ�

FDQ EH LQYHVWLJDWHG ZLWK WRROV ERUURZHG IURP WKH

VWXG\ RI SRSXODWLRQ JHQHWLFV DQG HYROXWLRQ

DVVXPLQJ WKDW WKHUH DUH SDUDOOHOV EHWZHHQ WKH SURF�

HVVHV RI FXOWXUDO DQG ELRORJLFDO HYROXWLRQ �0XQG�

LQJHU� ����� &DYDOOL�6IRU]D DQG )HOGPDQ� �����

/\QFK� ������ %RWK WKHVH SURFHVVHV FDQ EH GHILQHG

DV WKH FKDQJH LQ IUHTXHQF\ RI WUDLWV LQ D SRSXODWLRQ

WKURXJK GLIIHUHQWLDO WUDQVPLVVLRQ DFURVV JHQHUD�

WLRQV� GULYHQ E\ DQDORJRXV IRUFHV RI PXWDWLRQ� VH�

OHFWLRQ� GULIW DQG PLJUDWLRQ �H�J� 3D\QH HW DO�� �����

/\QFK HW DO�� ����� *LEEV� ����� /\QFK DQG %DNHU�

����� ����� 3D\QH DQG 3D\QH� ����� %HHFKHU�

����� /\QFK� ����� 3D\QH� ����� %XUQHOO� ������

/\QFK DQG %DNHU ������ ����� DQG /\QFK

������ GHULYH PHDVXUHV RI VRQJ PHPH GLIIHUHQWLD�

WLRQ DQG HVWLPDWHV RI PXWDWLRQ DQG PLJUDWLRQ UDWHV

LQ ELUG SRSXODWLRQV WR GHVFULEH WKHLU KLVWRULHV XVLQJ

SRSXODWLRQ JHQHWLFV PRGHOV� $QRWKHU PHWKRG XVH�

IXO WR HVWLPDWH FXOWXUDO GLIIHUHQFHV EHWZHHQ SRSX�

ODWLRQV LV WR FRPSDUH SRSXODWLRQ PHPH SRROV XVLQJ

LQGH[HV EDVHG RQ SUHVHQFH�DEVHQFH RI LQGLYLGXDO

PHPHV� IURP ZKLFK FXOWXUDO GLVWDQFH PDWUL[HV FDQ


 &RUUHVSRQGLQJ DXWKRU� *LXOLDQR 0DWHVVL� 'LSDUWLPHQWR GL

%LRORJLD� 8QLYHUVLW  GL 3DGRYD� Y� 8� %DVVL ���%� ,������

3DGRYD� ,WDO\� 7HO� ��� ��� �������� )D[ ��� ��� ��������

(�PDLO� PDWHVVL#FLY�ELR�XQLSG�LW
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EH FRPSXWHG �/\QFK DQG %DNHU� ����� %DNHU DQG

-HQNLQV� ������

7KHVH PHWKRGV KDYH EHHQ DSSOLHG WR WKH VWXG\

RI PHPH YDULDWLRQ LQ FKDIILQFK �)ULQJLOOD FRHOHEV�

SRSXODWLRQV RQ LVODQGV DQG PDLQODQG DQG LQ VLWXD�

WLRQV RI UHFHQW DQG GRFXPHQWHG FRORQLVDWLRQ�

7KURXJK PHPHWLF DQDO\VLV� GLIIHUHQW DXWKRUV KDYH

EHHQ DEOH WR HVWLPDWH PHPH IORZ DQG PXWDWLRQ DQG

WR GHVFULEH SDWWHUQV RI LVODQG FRORQLVDWLRQ �6ODWHU

DQG ,QFH� ����� /\QFK DQG %DNHU� ����� /\QFK HW

DO�� ����� /\QFK DQG %DNHU� ����� ������

$ VLPLODU SRSXODWLRQ PHPHWLFV DSSURDFK� EXW

ZLWK VOLJKWO\ GLIIHUHQW PHWKRGV� ZDV UHFHQWO\ DS�

SOLHG WR WKH VWXG\ RI FXOWXUDO YDULDWLRQ LQ WKH VRQJ

RI WKH VDYDQQDK VSDUURZ �3DVVHUFXOXV VDQGZLFKHQ�

VLV� LQ FRDVWDO &DOLIRUQLD �%XUQHOO� ������ +HUH�

SRSXODWLRQV DUH QRW RQ LVODQGV� EXW OLYH LQ IUDJ�

PHQWHG VDOW PDUVK HQYLURQPHQWV DQG DUH WKHUHIRUH

VRPHZKDW LVRODWHG� 7KH UHVXOWV DUH VLPLODU WR WKH

FKDIILQFK FDVH� D VHULHV RI IRXQGHU HYHQWV� IROORZHG

E\ PXWDWLRQ DQG RFFDVLRQDO FRQYHUJHQFH� DUH DU�

JXHG WR KDYH JLYHQ ULVH WR WKH REVHUYHG SDWWHUQ RI

PHPH GLYHUVLW\ �%XUQHOO� ������ )RXQGHU HIIHFWV

DUH WKRXJKW WR KDYH GHWHUPLQHG PHPH SRRO FRPSR�

VLWLRQ DOVR LQ LVODQG SRSXODWLRQV RI VLQJLQJ KRQ�

H\HDWHUV �0HOLSKDJD YLUHVFHQV� %DNHU� ������

/\QFK ������� DIWHU IRUPDOLVLQJ WKH PRGHO RI

SRSXODWLRQ PHPHWLFV� LOOXVWUDWHG WKH DSSOLFDWLRQ RI

WKH PHWKRG WR GLIIHUHQW VLWXDWLRQV XVLQJ GDWD IURP D

QXPEHU RI GLIIHUHQW VSHFLHV LQ RWKHU VWXGLHV� +H

REWDLQHG PHDVXUHV RI ZLWKLQ SRSXODWLRQ GLYHUVLW\�

ZKHUH WKH QHXWUDO PRGHO RI PHPH HYROXWLRQ KROGV

DQG ZKHUH PXWDWLRQ DQG PLJUDWLRQ UDWHV DUH DS�

SUR[LPDWHO\ EDODQFHG� DQG RI DPRQJ SRSXODWLRQ

PHPH GLYHUVLW\� ZKHUH KH ZDV DEOH WR HVWLPDWH

PLJUDWLRQ DQG PXWDWLRQ UDWHV DQG GHJUHH RI GLYHU�

JHQFH RI PHPHV LQ GLIIHUHQW VSHFLHV�

,Q DOO WKH DERYH FDVHV WKH PHPHWLF GLYHUJHQFH RI

SRSXODWLRQV LV WKRXJKW WR EH WKH UHVXOW RI FKDQFH

HYHQWV IROORZLQJ WKHLU JHRJUDSKLFDO LVRODWLRQ� ,I

VXFK LVRODWLRQ LV VXIILFLHQWO\ SURORQJHG� WKH SRSX�

ODWLRQV PD\ GLYHUJH LQ HFRORJ\ DQG� SRVVLEO\� PRU�

SKRORJ\� VLQFH JHRJUDSKLFDO VHSDUDWLRQ LV WKRXJKW

WR EH WKH SULPDU\ VWHS LQ VSHFLDWLRQ SURFHVVHV LQ

ELUGV �*UDQW DQG *UDQW� ������ 7KHUH ZLOO WKHQ EH D

WXUQLQJ SRLQW ZKHUH FXOWXUDO GLYHUJHQFH PD\ EH

DFFHOHUDWHG� XSRQ VHFRQGDU\ FRQWDFW EHWZHHQ WKH

SRSXODWLRQV� EHFDXVH RI WKH VSHFLHV UHFRJQLWLRQ

IXQFWLRQ RI VRQJ DQG LWV UROH DV D UHLQIRUFHPHQW WR

UHSURGXFWLYH LVRODWLRQ �%DSWLVWD DQG 7UDLO� �����

*UDQW DQG *UDQW� ������ 7KHRUHWLFDOO\� JLYHQ WKH

KLJK UDWHV RI PHPH PXWDWLRQ �/\QFK� ������ WKH

SRLQW RI DFFHOHUDWHG FXOWXUDO GLYHUJHQFH FRXOG EH

UHDFKHG LQ D UHODWLYHO\ VKRUW WLPH IROORZLQJ LVROD�

WLRQ� SRVVLEO\ IDVWHU WKDQ JHQHWLF GLYHUJHQFH

�&DYDOOL�6IRU]D DQG )HOGPDQ� ������

7KH SRSXODWLRQ PHPHWLFV DSSURDFK WR WKH DQDO\�

VLV RI FXOWXUDO YDULDWLRQ� LQ VSHFLHV ZKHUH JHR�

JUDSKLFDO GLVWDQFH LV FRXSOHG WR HFRORJLFDO GLIIHU�

HQFHV� FDQ JLYH LQVLJKW WR ERWK HYROXWLRQDU\

PHFKDQLVPV DQG WKH UROH RI VRQJ LQ VSHFLDWLRQ

SURFHVVHV� 7KH UHHG EXQWLQJ �(PEHUL]D VFKRHQL�

FOXV� LV D JRRG PRGHO IRU LQYHVWLJDWLQJ WKH UROH RI

FXOWXUDO YDULDWLRQ LQ SRSXODWLRQ G\QDPLFV� 7KLV

VSHFLHV LV KLJKO\ SRO\PRUSKLF LQ ELOO VL]H DQG VKDSH

�&UDPS DQG 3HUULQV� ����� %\HUV� ����� DQG VXFK

SRO\PRUSKLVP VHHPV WR EH UHODWHG WR ZLQWHU GLHW

GLIIHUHQFHV �,VHQPDQQ� ����� +LOOFRDW� ������ 7KH

WZR ZHVWHUQ (XURSHDQ JURXSV RI VXEVSHFLHV� D

ÓQRUWKHUQÔ PLJUDWRU\ WKLQ�ELOOHG JURXS DQG D

ÓVRXWKHUQÔ UHVLGHQW WKLFN�ELOOHG JURXS� KDYH VRQJV

GLIIHULQJ LQ TXDQWLWDWLYH IHDWXUHV DQG WKH GLIIHU�

HQFHV LQ VRQJ DPRQJ SRSXODWLRQV DUH UHODWHG WR ELOO

PRUSKRORJ\ PRUH WKDQ WR JHRJUDSKLFDO GLVWDQFH

�0DWHVVL HW DO�� ����D�� *HQHWLF DQDO\VHV VXJJHVW

WKDW WKH WZR JURXSV KDYH GLYHUJHG UHFHQWO\ DQG

QRZ FRXOG EH LQ VHFRQGDU\ FRQWDFW �*UDSSXWR HW

DO�� ������ 7KHUH LV HYLGHQFH IRU D SRVVLEOH QDUURZ

K\EULG ]RQH DORQJ WKH ERUGHU RI WKH EUHHGLQJ

UDQJHV� DW OHDVW DORQJ WKH $OSV� HYHQ WKRXJK SDUD�

SDWULF GLIIHUHQWLDWLRQ FDQQRW EH H[FOXGHG �%ULFKHWWL

DQG &RYD� ����� *UDSSXWR HW DO�� ����� 0DWHVVL HW

DO�� ����D�� 7KH VSHFLHV KDV D GLVFRQWLQXRXV GLVWUL�

EXWLRQ DQG SRSXODWLRQV LQ ERWK EUHHGLQJ UDQJHV DUH

UDWKHU LVRODWHG DQG VPDOO GXH WR WKH IUDJPHQWDWLRQ

RI WKH SUHIHUUHG KDELWDWV �1LFKROVRQ� ������ FRQGL�

WLRQV WKDW LQFUHDVH WKH GLIIHUHQWLDWLQJ HIIHFWV RI

GULIW �%XUQHOO� ������

,Q WKLV VWXG\ ZH LQYHVWLJDWH WKH LQIOXHQFH RI

FXOWXUDO HYROXWLRQ RQ SURFHVVHV RI SRSXODWLRQ G\�

QDPLFV DQG VSHFLDWLRQ� ,Q SDUWLFXODU� ZH DSSO\ WKH

SRSXODWLRQ PHPHWLFV DSSURDFK WR WKH DQDO\VLV RI

VRQJ YDULDWLRQ WR WHVW LI SDWWHUQV RI PHPH GLYHUVLW\

ZLWKLQ DQG DPRQJ SRSXODWLRQV DQG EHWZHHQ WKH

WZR VXEVSHFLHV JURXSV RI UHHG EXQWLQJV FRUUHVSRQG

WR SDWWHUQV RI ELOO PRUSKRORJ\ YDULDWLRQ� *LYHQ WKH

UHFHQW GLYHUJHQFH RI ELOO PRUSKV �*UDSSXWR HW DO��

����� DQG WKH PRGHUDWH GLIIHUHQFHV LQ VRQJ SURS�
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HUWLHV EHWZHHQ PRUSKV �0DWHVVL HW DO�� ����D�� D

SRWHQWLDOO\ PRUH SODVWLF PDUNHU� WKH VKDSH RI VRQJ

V\OODEOHV� FRXOG EH H[SHFWHG WR GLYHUJH PRUH

VWURQJO\ DQG EHWWHU UHIOHFW WKH GLYLVLRQ RI SRSXOD�

WLRQV DFFRUGLQJ WR ELOO PRUSKRORJ\�

�� 0HWKRGV

:H UHFRUGHG DV PDQ\ PDOHV DV SRVVLEOH IURP VHYHQ

SRSXODWLRQV RI WKH QRUWKHUQ JURXS RI VXEVSHFLHV

DQG IURP IRXU SRSXODWLRQV RI WKH VRXWKHUQ JURXS RI

VXEVSHFLHV RI UHHG EXQWLQJ �7DEOH �� )LJ� ��� EH�

WZHHQ ���� DQG ���� �IRU GHWDLOV VHH DOVR 0DWHVVL

HW DO�� ����D�� ,QGLYLGXDOV ZHUH QRW FRORXU�ULQJHG�

:H UHFRUGHG DW OHDVW �� UHSHWLWLRQV RI VRQJ IURP

HDFK PDOH ZLWK D �� FP GLDPHWHU SDUDEROLF UHIOHF�

WRU ILWWHG ZLWK D 6RQ\ (&0�7��� RPQL�GLUHFWLRQDO

PLFURSKRQH DQG D 3KLOLSV '&&��� WDSH UHFRUGHU�

7KH (QJOLVK UHFRUGLQJV ZHUH SURYLGHG E\ WKH %ULW�

LVK 1DWLRQDO 6RXQG $UFKLYH� WKH UHFRUGLQJV IURP

3XVLDQR ZHUH SURYLGHG E\ (QULFR 9LJDQ²� VRPH RI

WKH UHFRUGLQJV IURP %XVDWHOOR ZHUH SURYLGHG E\

WKH 1LVRULD 2UQLWKRORJLFDO *URXS DQG VRPH RI WKH

UHFRUGLQJV IURP &HUNQLFD ZHUH SURYLGHG E\ 7RPL

7ULODU RI WKH /MXEOMDQD 1DWXUDO +LVWRU\ 0XVHXP�

7KH UHFRUGLQJV ZHUH SURFHVVHG ZLWK $YLVRIW 6$6�

/DE VRIWZDUH� VLQFH ZLWKLQ LQGLYLGXDO YDULDELOLW\

ZDV ORZ� ZH FKRVH WKH VRQJ ZLWK WKH KLJKHVW VLJQDO

WR QRLVH UDWLR DQG WKH PRVW FRPSOHWH VHTXHQFH IURP

HDFK LQGLYLGXDO�

:H SULQWHG VRQRJUDPV ZLWK ��� +] EDQGZLGWK�

������ VHF WLPH UHVROXWLRQ �%HHFKHU� ����� IRU

HDFK GLIIHUHQW V\OODEOH LQ HDFK VRQJ DQG FUHDWHG D

V\OODEOH FDWDORJXH� 6\OODEOHV ZHUH WKHQ YLVXDOO\

FODVVLILHG LQWR W\SHV �)LJ� ��� 7KH FODVVLILFDWLRQ

FULWHULRQ ZDV RYHUDOO VLPLODULW\ RI VKDSH RI WKH

VRQRJUDP WUDFH DQG PHDQ IUHTXHQF\ VKLIWV RI

0 °

4 5 °N

),*� �� 0DS RI VDPSOHG UHHG EXQWLQJ SRSXODWLRQV� 3RSXODWLRQV

DUH� �� (QJODQG� �� 0XQFKKDXVHQ� �� 5DGROI]HOO� �� 0DJDGLQR�

�� 3XVLDQR� �� %UDEELD� �� &HUNQLFD� �� +LJK $GULDWLF� ��

%XVDWHOOR� ��� &DPSRWWR� ��� (EUR 'HOWD� 6ROLG FLUFOHV DUH

QRUWKHUQ VXEVSHFLHV JURXS SRSXODWLRQV� RSHQ FLUFOHV DUH VRXWK�

HUQ VXEVSHFLHV JURXS SRSXODWLRQV� 7KH OLQH UHSUHVHQW WKH DS�

SUR[LPDWH ERXQGDU\ RI WKH UHSURGXFWLYH GLVWULEXWLRQV RI WKH

WZR VXEVSHFLHV JURXSV LQ ZHVWHUQ (XURSH

7$%/( �

6XPPDU\ RI LQIRUPDWLRQ RQ WKH UHHG EXQWLQJ SRSXODWLRQV DQDO\VHG IRU PHPHWLF YDULDWLRQ

*URXS /RFDOLW\ 6XEVSHFLHV 1 %LOO 3RVLWLRQ 6RXUFH RI VRQJV

1RUWKHUQ 0DJDGLQR VFKRHQLFOXV � ���D ��z��
1 �z��
( WKLV VWXG\

5DGROI]HOO VFKRHQLFOXV �� ����D ��z��
1 �z��
( WKLV VWXG\

0XQFKKDXVHQ VFKRHQLFOXV �� ���E ��z��
1 �z��
( WKLV VWXG\

(QJODQG VFKRHQLFOXV �� ����E ��z��
1 �z��
: %ULWLVK 1DWLRQDO 6RXQG $UFKLYH

%UDEELD VFKRHQLFOXV �� ����D ��z��
1 �z��
( WKLV VWXG\

3XVLDQR VFKRHQLFOXV �� ����D ��z��
1 �z��
( (QULFR 9LJDQ²

&HUNQLFD VFKRHQLFOXV � ����D ��z��
1 ��z��
( WKLV VWXG\� /MXEOMDQD 1DWXU� +LVW� 0XVHXP

6RXWKHUQ +LJK $GULDWLF LQWHUPHGLD �� ����D ��z��
1 ��z��
( WKLV VWXG\

%XVDWHOOR LQWHUPHGLD �� ����D ��z�
1 ��z�
( WKLV VWXG\� 1LVRULD 2UQLWKRORJLFDO *URXS

&DPSRWWR LQWHUPHGLD �� ���D ��z��
1 ��z��
( WKLV VWXG\

(EUR 'HOWD ZLWKHUE\L �� ���D ��z��
1 �z��
( WKLV VWXG\

1RWH� 6XEVSHFLHV JURXS �DFFRUGLQJ WR %\HUV HW DO� �������� QXPEHU RI LQGLYLGXDOV UHFRUGHG� DYHUDJH ELOO KHLJKW RI PDOHV �PP��

JHRJUDSKLFDO SRVLWLRQ DQG VRXUFHV RI GDWD DUH JLYHQ� 6RXUFH RI ELOO VL]H PHDVXUHPHQW� D� ORFDO ULQJLQJ GDWD� E� OLWHUDWXUH�
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r ��� N+] ZHUH WROHUDWHG� 7KH FODVVLILFDWLRQ ZDV

WKHQ YDOLGDWHG E\ WZR LQGHSHQGHQW REVHUYHUV ZKR

ZHUH DVNHG WR IRUP VLPLODULW\ JURXSV LQ D VXEVDP�

SOH RI �� V\OODEOHV EHORQJLQJ WR � W\SHV� 7KHVH

ZHUH WKH W\SHV ZKLFK LQFOXGHG WKH ODUJHVW QXPEHU

RI V\OODEOHV� )LYH V\OODEOHV ZLWKLQ HDFK RI WKHVH

W\SHV ZHUH WKHQ UDQGRPO\ FKRVHQ IRU WKH YDOLGD�

WLRQ� 7KH REVHUYHUV FRUUHFWO\ FODVVLILHG ��� DQG

��� RI WKH V\OODEOHV UHVSHFWLYHO\� :LWKLQ HDFK

V\OODEOH W\SH GLIIHUHQW V\OODEOH YDULDQWV FRXOG EH

UHFRJQLVHG� (YHQ WKRXJK DQDO\VHV DW V\OODEOH YDUL�

DQW OHYHO VXIIHU OHVV IURP FODVVLILFDWLRQ ELDVHV LQ

JHQHUDO �/\QFK HW DO�� ������ UHHG EXQWLQJ V\OODEOHV

ZHUH VR GLIIHUHQW WKDW PRVW YDULDQWV ZHUH SUHVHQW

RQO\ RQFH� WKHUHIRUH DQDO\VHV ZHUH FDUULHG RXW RQO\

DW WKH V\OODEOH W\SH OHYHO �VHH DOVR /\QFK DQG

%DNHU� ������

:H DQDO\VHG ZLWKLQ�SRSXODWLRQ PHPH GL�

YHUVLW\ XVLQJ RQH�� WZR� DQG WKUHH�V\OODEOH

PHPHV �/\QFK HW DO�� ����� /\QFK DQG %DNHU�

������ 7ZR� DQG WKUHH�V\OODEOH PHPHV DUH

GHILQHG DV D VHTXHQFH RI WZR �WKUHH� GLIIHUHQW

V\OODEOH W\SHV �UHSHDWV RI D W\SH DUH LJQRUHG�

FRQVLGHUHG DV D VLQJOH EORFN� L�H� WUDQVPLWWHG

DV D XQLW� 7KH VDPH W\SHV� LQ D GLIIHUHQW RUGHU�

DUH FRQVLGHUHG D GLIIHUHQW PHPH� :H FDOFX�

ODWHG DQG FRPSDUHG SRSXODWLRQ LQGH[HV RI

PHPH GLYHUVLW\ IRU DOO WKUHH PHPH W\SHV� )LUVW

ZH FDOFXODWHG� IRU HDFK SRSXODWLRQ� WKH ZLWKLQ

Î SRSXODWLRQ SUREDELOLW\ RI LGHQWLW\ RI PHPHV

�,� �L�H� WKH SUREDELOLW\ WKDW WZR UDQGRPO\

FKRVHQ PHPHV DUH LGHQWLFDO��

1
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ZKHUH ν  VDPSOH VL]H RI WKH SRSXODWLRQ� W  

WRWDO QXPEHU RI PHPHV LQ WKH SRSXODWLRQ DQG

[  IUHTXHQF\ RI WKH NWK PHPH� )URP WKHVH ZH

FDOFXODWHG WKH HIIHFWLYH QXPEHU RI PHPHV VH  

��, �/\QFK� ������

7KH SRSXODWLRQ VWUXFWXUH LQ RXU VWXG\ ZDV

VLPLODU WR D QHVWHG GHVLJQ DQDO\VLV EHFDXVH ZH

QHHGHG WR FRPSDUH SRSXODWLRQV ERWK ZLWKLQ

VXEVSHFLHV JURXSV DQG EHWZHHQ VXEVSHFLHV

JURXSV� :H WKHUHIRUH DGDSWHG WKH IRUPXODV

JLYHQ E\ /\QFK ������ DFFRUGLQJO\� 7KH

SRSXODWLRQ VWUXFWXUH DQDO\VHV ZHUH FRQGXFWHG

XVLQJ VLQJOH�V\OODEOH PHPHV RQO\� :H HVWL�

PDWHG WKH DPRQJ�SRSXODWLRQ PHPHWLF GLIIHU�

HQWLDWLRQ E\ FDOFXODWLQJ PXWDWLRQDO GLYHUJHQFH

LQGH[HV�

W

BW

I

I
−= 10γ DQG

W
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I−= 11γ

ZKHUH γ� UHSUHVHQWV PHPH GLIIHUHQWLDWLRQ DPRQJ

SRSXODWLRQV ZLWKLQ PRUSKRORJLFDO JURXSV DQG γ�
UHSUHVHQWV WKH JOREDO PHPH GLIIHUHQWLDWLRQ DPRQJ

SRSXODWLRQV� UHJDUGOHVV RI PRUSKRORJLFDO JURXSV�

,Q WKH DERYH IRUPXODV� ,: LV WKH DYHUDJH ZLWKLQ�

SRSXODWLRQ PHPH LGHQWLW\ �,��
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),*� �� 6RQRJUDPV RI VRQJV RI VL[ LQGLYLGXDOV IURP GLIIHUHQW SRSXOD�

WLRQV RI UHHG EXQWLQJ LOOXVWUDWLQJ H[DPSOHV RI V\OODEOH W\SH FODVVLIL�

FDWLRQ
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ZLWK G  WRWDO QXPEHU RI SRSXODWLRQV DQG ,L  

PHPH LGHQWLW\ ZLWKLQ SRSXODWLRQ L�
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LV WKH DYHUDJH PHPH LGHQWLW\ DPRQJ SRSXODWLRQV

ZLWKLQ VXEVSHFLHV JURXS� ZLWK Q  QXPEHU RI

QRUWKHUQ JURXS SRSXODWLRQV� V  QXPEHU RI VRXWK�

HUQ JURXS SRSXODWLRQV� [LN[MN  SURGXFW RI WKH IUH�

TXHQFLHV RI PHPH N LQ SRSXODWLRQV L DQG M� ZLWK L ≠
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2

LV WKH LQGH[ RI PHPH LGHQWLW\ DPRQJ DOO SRSXOD�

WLRQV� UHJDUGOHVV RI JURXS PHPEHUVKLS� ZLWK Q � V

 G� ,I WKH WZR VXEVSHFLHV JURXSV VKDUH OHVV PHPHV

WKDQ WKH SRSXODWLRQV ZLWKLQ WKH JURXSV WKH WKLUG

VXP RI SURGXFWV LQ ,% ZLOO EH FORVH WR ]HUR� WKXV ,%
� ,%:� WKH PHPHWLF GLYHUVLW\ EHWZHHQ WKH VXEVSH�

FLHV JURXSV ZLOO EH KLJKHU WKDQ WKH DYHUDJH PH�

PHWLF GLYHUVLW\ ZLWKLQ WKHP DQG WKH UDWLR RI WKH WZR

GLYHUJHQFH LQGH[HV �γ��γ�� ZLOO EH PXFK ODUJHU WKDQ
RQH LQ DEVROXWH YDOXH�

:H WKHQ SURFHHGHG WR FDOFXODWH HVWLPDWHV RI

PHPH IORZ SHU JHQHUDWLRQ XVLQJ WKH SULYDWH PHPHV

PHWKRG �6ODWNLQ� ����� /\QFK� ������ :H FDOFX�

ODWHG 1HP  QXPEHU RI PLJUDQWV SHU JHQHUDWLRQ

DPRQJ DOO SRSXODWLRQV� DPRQJ QRUWKHUQ JURXS

SRSXODWLRQV� DPRQJ VRXWKHUQ JURXS SRSXODWLRQV

DQG EHWZHHQ VXEVSHFLHV JURXSV� 7R FDOFXODWH WKH

ODWWHU FDVH� ZH XVHG DYHUDJH IUHTXHQF\ RI PHPHV

SUHVHQW LQ WKH SRSXODWLRQV RI RQO\ RQH RI WKH VXE�

VSHFLHV JURXSV� :H DSSOLHG 6ODWNLQÑV FRUUHFWLRQ WR

WKH FDOFXODWHG PLJUDQW YDOXHV� DV VXJJHVWHG E\

/\QFK ������� :H XVHG WKH UHODWLRQVKLS�

1)(2

1

1 ++
≈

−
−

=
µ

φ
mNI

II

eB

BW

WR FDOFXODWH WKH PXWDWLRQDO LQSXWV 1Hµ FRUUHVSRQG�

LQJ WR WKH PLJUDWLRQDO LQSXWV DW WKH GLIIHUHQW OHYHOV

RI DQDO\VLV �/\QFK� ������

,Q RUGHU WR WHVW WKH VLJQLILFDQFH RI PHPHWLF GL�

YHUVLW\ ZLWKLQ DQG EHWZHHQ VXEVSHFLHV JURXSV ZH

DSSOLHG VWDQGDUG SRSXODWLRQ JHQHWLFV )67 DQDO\VLV

E\ HVWLPDWLQJ YDULDWLRQ ZLWKLQ HDFK VXEVSHFLHV

JURXS VHSDUDWHO\ DQG� SRROLQJ SRSXODWLRQV ZLWKLQ

VXEVSHFLHV JURXS� E\ HVWLPDWLQJ YDULDWLRQ EHWZHHQ

WKH JURXSV� $ QHVWHG GHVLJQ DQDO\VLV RI PROHFXODU

�PHPHWLF� YDULDQFH �$029$� ([FRIILHU HW DO��

����� DOORZHG XV WR FRQWURO IRU PHPHWLF YDULDWLRQ

DPRQJ SRSXODWLRQV ZLWKLQ WKH JURXSV� :H XVHG

PHPH IUHTXHQFLHV DV LQSXW IRU WKH $UOHTXLQ ���

SRSXODWLRQ JHQHWLFV DQDO\VLV VRIWZDUH SDFNDJH

�6FKQHLGHU HW DO�� ������ ZKLFK ZDV DOVR XVHG WR

SHUIRUP QHXWUDOLW\ WHVWV DQG WR FDOFXODWH SDLUZLVH

SRSXODWLRQ PHPHWLF GLVWDQFHV XVLQJ WKH FRDQFHVWU\

FRHIILFLHQW PDWUL[ �5H\QROGV HW DO�� ����� 6FKQHL�

GHU HW DO�� ������

:H REWDLQHG D PDWUL[ RI GLVWDQFHV EHWZHHQ

SRSXODWLRQ PHPH SRROV E\ FDOFXODWLQJ WKH RQH�

FRPSOHPHQWV RI WKH -DFFDUG LQGH[ RI VLPLODULW\� D

QXPEHU EHWZHHQ � DQG � ZKLFK LV EDVHG RQ SUHV�

HQFH�DEVHQFH RI PHPHV DQG FRQVLGHUV RQO\ VLPXO�

WDQHRXV SUHVHQFH DQG QRW VLPXOWDQHRXV DEVHQFH DV

VLPLODULW\ EHWZHHQ PHPH SRROV �/\QFK DQG %DNHU�

������

)LQDOO\ ZH WHVWHG WKH DVVRFLDWLRQ RI PHPHWLF�

JHRJUDSKLFDO DQG PRUSKRORJLFDO GLVWDQFHV EHWZHHQ

SRSXODWLRQV XVLQJ 0DQWHO WHVWV RI PDWUL[ FRU�

UHVSRQGHQFH� 3DLUZLVH JHRJUDSKLFDO GLVWDQFHV

ZHUH FDOFXODWHG IURP H[DFW ORFDOLW\ FR�RUGLQDWHV

�7DEOH ��� H[FHSW IRU WKH (QJOLVK SRSXODWLRQ ZKLFK

ZDV DUELWUDULO\ SRVLWLRQHG LQ FHQWUDO VRXWKHUQ (QJ�

ODQG� 0RUSKRORJLFDO GLVWDQFHV ZHUH FDOFXODWHG

XVLQJ ELOO KHLJKW PHDVXUHV IURP ORFDO ULQJLQJ GDWD

RU IURP WKH OLWHUDWXUH�

�� 5HVXOWV

:H LGHQWLILHG �� V\OODEOH W\SHV WKDW DUH SUHVHQW DW

OHDVW RQFH LQ WKH ZKROH VDPSOH� ZKLFK UHSUHVHQW WKH

VHW RI RQH�V\OODEOH PHPHV� :H IRXQG UHODWLYHO\

KLJK QXPEHUV RI WZR� DQG WKUHH�V\OODEOH PHPHV

���� DQG ���� UHVSHFWLYHO\�� PRVW RI ZKLFK ZHUH

IRXQG RQO\ RQFH RU LQ RQO\ RQH SRSXODWLRQ� HVSH�

FLDOO\ WKUHH�V\OODEOH PHPHV�
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:LWKLQ�SRSXODWLRQ PHPH GLYHUVLW\� PHDVXUHG E\

WKH HIIHFWLYH QXPEHU DQG WKH PHPH LGHQWLW\ RI

VLQJOH�V\OODEOH PHPHV SHU SRSXODWLRQ �VH DQG ,�� GLG

QRW GLIIHU EHWZHHQ QRUWKHUQ DQG VRXWKHUQ VXEVSH�

FLHV JURXS �0DQQÎ:KLWQH\ 8 WHVW� 8  ��� 1�  ��

1�  �� 3  ������ 0XOWLSOH�V\OODEOH PHPHV IRU

PRVW SRSXODWLRQV KDG ]HUR PHPH LGHQWLW\ YDOXHV

�,�� DQG WKHUHIRUH SUDFWLFDOO\ LQILQLWH VH �7DEOH ���

7ZR�V\OODEOH PHPH LGHQWLW\ �,� ZDV PDUJLQDOO\

GLIIHUHQW EHWZHHQ VXEVSHFLHV JURXSV �0DQQÎ:KLW�

QH\ 8 WHVW FRUUHFWHG IRU WLHV� 8  ��� 1�  ��

1�  �� 3  ������ 2I DOO SRSXODWLRQV RQO\

(EUR 'HOWD KDG UHODWLYHO\ ORZ WKUHH�V\OODEOH

PHPHWLF GLYHUVLW\ �7DEOH ��� 7KH PHPH IUH�

TXHQFLHV LQ DOO SRSXODWLRQV ILW WR D QHXWUDO

LQILQLWH DOOHOHV PRGHO� DIWHU %RQIHUURQL FRU�

UHFWLRQ IRU WKH QXPEHU RI SRSXODWLRQV WHVWHG

�(ZHQVÎ:DWWHUVRQ WHVW RI QHXWUDOLW\� DOO FRU�

UHFWHG 3 ! ������

7KH PHPHWLF GLIIHUHQWLDWLRQ DPRQJ

QRUWKHUQ JURXS SRSXODWLRQV ZDV ORZHU WKDQ

WKDW DPRQJ VRXWKHUQ SRSXODWLRQV �γ  �����

DQG γ  ������ UHVSHFWLYHO\�� 7KH EHWZHHQ

VXEVSHFLHV JURXS PHPHWLF GLIIHUHQWLDWLRQ

ZDV QRW KLJKHU WKDQ WKH ZLWKLQ VXEVSHFLHV

JURXS GLIIHUHQWLDWLRQ� DV HVWLPDWHG E\ WKH

FRPSDULVRQ RI γ� DQG γ� �γ��γ�  ���������  

������� 7KH QXPEHU RI PLJUDQW PHPHV SHU JHQHUD�

WLRQ DW DOO SRSXODWLRQ OHYHOV ZDV FRQVLGHUDEO\ ORZHU

WKDQ WKH HVWLPDWHG PXWDWLRQ UDWHV SHU JHQHUDWLRQ

�7DEOH ��� 7KH VWDQGDUG )67 YDOXHV� FDOFXODWHG FRQ�

VLGHULQJ PHPH IUHTXHQFLHV HTXLYDOHQW WR KDSORLG

DOOHOH IUHTXHQFLHV LQSXW IRU SRSXODWLRQ JHQHWLFV

DQDO\VLV VRIWZDUH� ZHUH VLJQLILFDQW ZLWKLQ QRUWKHUQ

DQG ZLWKLQ VRXWKHUQ VXEVSHFLHV �)67  ������ 3 �

������ DQG )67  ������ 3 � ������� UHVSHFWLYHO\�

DQG EHWZHHQ VXEVSHFLHV �SRSXODWLRQV SRROHG ZLWKLQ

JURXS� )67  ������ 3  ������ 7KH QHVWHG $029$

7$%/( �

0HPHWLF GLYHUVLW\ LQGH[HV RI UHHG EXQWLQJ SRSXODWLRQV IRU PHPHV RI RQH� WZR DQG WKUHH V\OODEOHV OHQJWK

2QH�V\OODEOH PHPHV

�W  ���

7ZR�V\OODEOH PHPHV

�W  ����

7KUHH�V\OODEOH PHPHV

�W  ����

3RSXODWLRQ P , VH P , VH P , VH

1RUWKHUQ JURXS

0DJDGLQR �� ������ ���� �� � ∞ �� � ∞
5DGROI]HOO �� ������ �� �� � ∞ �� � ∞
0XQFKKDXVHQ �� ������ �� �� � ∞ �� � ∞
(QJODQG �� ������ ���� �� ����� ����� � � ∞
%UDEELD �� ������ ���� �� � ∞ �� � ∞
3XVLDQR �� ������ ���� �� � ∞ �� � ∞
&HUNQLFD �� ������ ���� �� � ∞ � � ∞
6RXWKHUQ JURXS

+LJK $GULDWLF �� ������ ���� �� ����� �� �� � ∞
%XVDWHOOR �� ������ ���� �� ������ ��� �� � ∞
&DPSRWWR �� ������ ���� �� � ∞ �� � ∞
(EUR 'HOWD �� ������ ���� �� ���� ��� �� ���� ���

1RWH� P  WRWDO QXPEHU RI PHPHV LQ WKH SRSXODWLRQ� W  QXPEHU RI GLIIHUHQW PHPHV� ,  PHPH LGHQWLW\� V
H
 ��,  HIIHFWLYH QXP�

EHU RI PHPHV�

7$%/( �

3RSXODWLRQ PHPHWLF SDUDPHWHUV RI UHHG EXQWLQJ SRSXODWLRQV

0HPHWLF

GLIIHUHQWLDWLRQ �γ)
0LJUDQWV SHU

JHQHUDWLRQ �1HP�

0XWDQWV SHU

JHQHUDWLRQ �1Hµ�

6RXWKHUQ

JURXS

����� ��� ����

1RUWKHUQ

JURXS

����� ��� ����

$OO SRSXOD�

WLRQV �γ��
��� ��� ����

%HWZHHQ

JURXSV �γ��
����� ��� ����

1RWH� 3DUDPHWHUV IRU WKH DOO�SRSXODWLRQV OHYHO DUH FDOFXODWHG LJQRULQJ

VXEVSHFLHV JURXSLQJ�
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DSSOLHG WR PHPH IUHTXHQF\ GDWD VKRZV WKDW WKHUH LV

QR VLJQLILFDQW PHPHWLF GLIIHUHQWLDWLRQ EHWZHHQ

QRUWKHUQ DQG VRXWKHUQ JURXS� ZKLOH WKHUH LV VLJQLIL�

FDQW YDULDELOLW\ DPRQJ SRSXODWLRQV ZLWKLQ JURXSV

DQG PRVW RI WKH YDULDWLRQ ����� LV ZLWKLQ SRSXOD�

WLRQV �7DEOH ��� 7KH VLJQLILFDQFH RI WKH YDULDQFH

FRPSRQHQWV LV WHVWHG E\ D QRQ�SDUDPHWULF WHVW RI

����� SHUPXWDWLRQV �([FRIILHU HW DO�� ����� 6FKQHL�

GHU HW DO�� ������ 7KH QHVWHG GHVLJQ DQDO\VLV� FRQ�

WUDU\ WR WKH SUHYLRXV RQH� WDNHV LQWR DFFRXQW WKH

ÐDPRQJ SRSXODWLRQV�ZLWKLQ VXEVSHFLHVÑ OHYHO RI

YDULDWLRQ DQG LV WKHUHIRUH D PRUH UHOLDEOH HVWLPDWH

RI VXEVSHFLHV JURXS PHPHWLF GLIIHUHQWLDWLRQ�

&OXVWHU DQDO\VLV RI PHPH SRRO GLIIHUHQFHV XVLQJ

WKH -DFFDUG LQGH[ GLG QRW UHYHDO D FOHDU FOXVWHULQJ

RI SRSXODWLRQV DFFRUGLQJ WR PRUSKRORJLFDO JURXS

PHPEHUVKLS �)LJ� �$�� &RPSDULVRQ RI PHPHWLF

GLVWDQFHV XVLQJ PHPH IUHTXHQFLHV WR FDOFXODWH

SDLUZLVH FRDQFHVWU\ FRHIILFLHQWV �5H\QROGV HW DO��

����� 6FKQHLGHU HW DO�� ����� JDYH VLPLODU UHVXOWV

�)LJ� �%�� :H WHVWHG WKH FRUUHODWLRQ EHWZHHQ ERWK

PHPHWLF GLVWDQFH PHDVXUHV DQG PRUSKRORJLFDO

�L�H� ELOO KHLJKW� DQG JHRJUDSKLFDO GLVWDQFHV DPRQJ

SRSXODWLRQV ZLWK 0DQWHO WHVWV RI PDWUL[ FRUUHVSRQ�

GHQFH� ,Q ERWK FDVHV� PHPHWLF GLVWDQFH ZDV VLJ�

QLILFDQWO\ FRUUHODWHG WR JHRJUDSKLFDO GLVWDQFH DQG

QRW WR PRUSKRORJLFDO GLVWDQFH �-DFFDUG LQGH[

YV� JHRJUDSK\� U  ������ 3  ������ FRDQFHVWU\

FRHIILFLHQWV YV� JHRJUDSK\� U  ������ S  ������

�)LJ� ���

7$%/( �

$QDO\VLV RI PHPHWLF YDULDQFH UHVXOWV XVLQJ DQDO\VLV RI PROHFXODU YDULDQFH �$029$� PHWKRGV ZLWK PHPH IUHTXHQFLHV �([FRIILHU

HW DO� ����� 6FKQHLGHU HW DO� �����

6RXUFH RI YDULDWLRQ G�I� YDULDQFH FRPSRQHQW � RI YDULDQFH S

%HWZHHQ JURXSV � � � ����

$PRQJ SRSXODWLRQV ZLWKLQ JURXSV � ����� ��� �������

:LWKLQ SRSXODWLRQV ��� ����� ���� �������

Linkage Distance

Adriat ic

Ebro Del ta

England

Munchhausen

Busatel lo

Campot to

Radolfzel l

Cerknica

Brabb ia

Pusiano

Magad ino

0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80

A

Linkage D is tance

M u n c h h a u s e n

Adr ia t ic

Eng land

Ebro  De l ta

C a m p o t t o

Radol fze l l

Pus iano

B r a b b i a

Busate l lo

Cerkn ica

M a g a d i n o

0 . 0 0 0 0 . 0 0 5 0 . 0 1 0 0 . 0 1 5 0 . 0 2 0 0 . 0 2 5 0 . 0 3 0

B

),*� �� 'HQGURJUDPV IURP 83*0$ FOXVWHU DQDO\VLV RI VRQJV RI

UHHG EXQWLQJ SRSXODWLRQV� $� 6\OODEOH SRRO GLVWDQFH �-DFFDUG

LQGH[� DQG %� 0HPH IUHTXHQF\ GLVWDQFH �FRDQFHVWU\ FRHIIL�

FLHQWV�� 6ROLG FLUFOHV  1RUWKHUQ SRSXODWLRQV� RSHQ FLUFOHV  

6RXWKHUQ SRSXODWLRQV

geographica l  d is tance (km)

m
em

et
ic

 d
is

ta
nc

e

0 . 55

0 .65

0 .75

0 .85

<  1 0 0 1 0 1 - 2 0 0 2 0 1 - 3 0 0 3 0 1 - 4 0 0 4 0 1 - 5 0 0 >  5 0 1

),*� �� 5HODWLRQVKLS EHWZHHQ PHPHWLF GLVWDQFH �FRDQFHVWU\

FRHIILFLHQWV� DQG JHRJUDSKLFDO GLVWDQFH �LQ ����NP FODVVHV�

DPRQJ UHHG EXQWLQJ SRSXODWLRQV� 0HDQV r 6�(� DUH JLYHQ IRU

LOOXVWUDWLRQ SXUSRVHV
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&RQWUDU\ WR ZKDW H[SHFWHG� ZH IRXQG QR PHPHWLF

YDULDELOLW\ DVVRFLDWHG ZLWK VXEVSHFLHV PRU�

SKRORJLFDO JURXSV� 7KLV UHVXOW LV FRQILUPHG E\ WKH

PHPHWLF GLYHUJHQFH LQGH[HV� WKH $029$ UHVXOWV

DQG WKH UHVXOWV RI 0DQWHO WHVWV DQG LV LOOXVWUDWHG E\

WKH GHQGURJUDPV� 7KHUH LV LQVWHDG KLJK PHPHWLF

GLYHUVLW\ ZLWKLQ SRSXODWLRQV� HVSHFLDOO\ IRU PXOWL�

V\OODEOH PHPHV� DQG KLJK YDULDELOLW\ DPRQJ SRSX�

ODWLRQV LQ JHQHUDO� 7KLV LV HYLGHQW IURP WKH HIIHF�

WLYH QXPEHU RI PHPHV �VH� YDOXHV DQG IURP WKH

KLJKO\ VLJQLILFDQW DPRQJ Î SRSXODWLRQV WHUP LQ WKH

DQDO\VHV RI PROHFXODU �PHPHWLF� YDULDQFH� 7KH

SDUDPHWHUV HVWLPDWLQJ PLJUDWLRQDO DQG PXWDWLRQDO

LQSXWV VXSSRUW WKHVH ILQGLQJV E\ VKRZLQJ WKDW WKH

SRSXODWLRQV DUH UDWKHU LVRODWHG� ZLWK PXWDWLRQ UDWHV

KLJKHU WKDQ PHPH IORZ� 1RQHWKHOHVV WKHUH LV DQ

DVVRFLDWLRQ EHWZHHQ PHPHWLF DQG JHRJUDSKLFDO

GLVWDQFHV� ZKLFK LQGLFDWH WKDW QHLJKERXULQJ SRSX�

ODWLRQV VKDUH PRUH PHPHV WKDQ GLVWDQW SRSXODWLRQV�

:H NQRZ WKDW SRSXODWLRQV RI GLIIHUHQW PRUSKRORJ\

PL[ GXULQJ ZLQWHU �3UÅV�-RQHV� ����� $PDWR HW DO��

������ ,I \RXQJ UHHG EXQWLQJ PDOHV NHHS DFTXLULQJ

VRQJV DQG VRQJ HOHPHQWV WKURXJK WKHLU ILUVW ZLQWHU

DQG XS WR WKH EHJLQQLQJ RI WKH ILUVW UHSURGXFWLYH

VHDVRQ� DV LQ LQGLJR EXQWLQJV �3DVVHULQD F\DQHD�

3D\QH� ������ ZKLWH�FURZQHG VSDUURZV �=RQR�

WULFKLD OHXFRSKU\V� %DSWLVWD DQG 0RUWRQ� ����� DQG

VRQJ VSDUURZV �0HORVSL]D PHORGLD� %HHFKHU�

������ WKH\ FDQ DFTXLUH VRQJ HOHPHQWV RI HDUO\

VLQJLQJ DGXOWV RI WKH RSSRVLWH VXEVSHFLHV JURXS�

WKXV HIIHFWLYHO\ PL[LQJ PHPH SRROV RI QHLJKERXU�

LQJ SRSXODWLRQV� HYHQ LI WKH\ EHORQJ WR D GLIIHUHQW

VXEVSHFLHV� *HRJUDSKLFDO GLVWDQFHV DPRQJ EUHHG�

LQJ VLWHV� DOVR E\ DIIHFWLQJ PLJUDWLRQ SDWWHUQV DQG

ZLQWHU GLVWULEXWLRQ RI SRSXODWLRQV� ZRXOG EH PRUH

VLJQLILFDQW LQ WKHLU FXOWXUDO GLIIHUHQWLDWLRQ WKDQ

PRUSKRORJ\�

7KH ODFN RI EHWZHHQ VXEVSHFLHV JURXS PHPHWLF

GLIIHUHQFHV LQGLFDWHV WKDW WKH JURXSV DUH QRW \HW

FXOWXUDOO\ GLIIHUHQWLDWHG HYHQ WKRXJK WKH\ DUH PRU�

SKRORJLFDOO\� HFRORJLFDOO\ DQG� SDUWLDOO\� JHQHWL�

FDOO\ GLYHUJHQW �,VHQPDQQ� ����� $PDWR HW DO��

����� %\HUV� ����� *UDSSXWR HW DO�� ������ LQ SDU�

WLDO DJUHHPHQW ZLWK SOD\EDFN H[SHULPHQWV �0DWHVVL

HW DO� ����E�� 7KH SUHVHQW UHVXOWV� WRJHWKHU ZLWK WKH

DQDO\VLV RI YDULDWLRQ RI TXDQWLWDWLYH SURSHUWLHV RI

UHHG EXQWLQJ VRQJ EHWZHHQ VXEVSHFLHV JURXSV

�0DWHVVL HW DO� ����D�� VHHP WR LQGLFDWH WKDW WKH

V\OODEOHV DV VXFK KDYH OLWWOH PHDQLQJ IRU UHFRJQL�

WLRQ EHWZHHQ PRUSKV� ZKLOH ZKDW LV UHOHYDQW LV WKH

UXOH IRU WKHLU FRPELQDWLRQ�

4XDQWLWDWLYH DQDO\VHV VKRZ WKDW VRXWKHUQ SRSX�

ODWLRQV KDYH D PRUH FRPSOH[ VRQJ VWUXFWXUH� HDFK

LQGLYLGXDO XVLQJ PRUH V\OODEOH W\SHV LQ LWV VRQJ

VHTXHQFH� DQG WKH SDWWHUQ RI YDULDWLRQ FRUUHODWHV

EHWWHU ZLWK PRUSKRORJLFDO GLIIHUHQFHV WKDQ ZLWK

JHRJUDSKLFDO GLVWDQFHV �0DWHVVL HW DO�� ����D�� $

UHIOHFWLRQ RI WKLV WKDW ZH IRXQG LQ WKH SUHVHQW PH�

PHWLF DQDO\VHV LV WKH KLJKHU )67 YDOXH DPRQJ

VRXWKHUQ SRSXODWLRQV WDNHQ VHSDUDWHO\� ZKLFK LQGL�

FDWHV WKDW WKHVH DUH PRUH FXOWXUDOO\ GLYHUVH WKDQ

QRUWKHUQ SRSXODWLRQV� DQG WKH UHVXOWV RQ PXOWL�

V\OODEOH PHPHV �VHH EHORZ�� ,Q DQ H[WUHPH EXW

XVHIXO OLQJXLVWLF DQDORJ\� LW LV DV LI WKH YRFDEXODU\

LV WKH VDPH RU VLPLODU IRU ERWK PRUSKV DQG ZKDW

FKDQJHV LV WKH V\QWD[� %DODEDQ ������ REWDLQHG

VLPLODU UHVXOWV ZLWK SOD\EDFN H[SHULPHQWV RQ

VZDPS VSDUURZ �0HORVSL]D JHRUJLDQD� VRQJ V\Q�

WD[� %RWK PDOHV DQG IHPDOHV RI RQH SRSXODWLRQ

UHVSRQGHG GLIIHUHQWO\ WR SOD\EDFN RI WZR VHWV RI

VRQJV GLIIHULQJ RQO\ LQ QRWH RUGHU� DQG W\SLFDO RI

WKHLU RZQ DQG RI D IRUHLJQ SRSXODWLRQ UHVSHFWLYHO\

�%DODEDQ� ������

7KH H[SODQDWLRQ LQ RXU FDVH LV WKDW \RXQJ UHHG

EXQWLQJV FDQ OHDUQ VLQJOH V\OODEOHV RI HLWKHU VXE�

VSHFLHV� EXW WKHQ SODFH WKHP LQ WKH WHPSRUDO DQG

VHTXHQFH SDWWHUQV W\SLFDO RI WKHLU RZQ� DV KDV EHHQ

GHPRQVWUDWHG IRU RWKHU VSHFLHV �UHYLHZ LQ %DSWLVWD�

����� EXW VHH 3RGRV HW DO�� ������ 7KH RYHUODS RI

EUHHGLQJ UDQJHV� UHVXOWLQJ LQ D SRVVLEOH ÓFXOWXUDO

K\EULGÔ ]RQH �0DWHVVL HW DO� ����D� ZRXOG IXUWKHU

LQFUHDVH WKLV HIIHFW� HVSHFLDOO\ LI SKLORSDWU\ RI

SRSXODWLRQV LV OLPLWHG� 6LPLODU UHVXOWV� EXW ZLWK D

GLIIHUHQW DSSURDFK� ZHUH UHFHQWO\ REWDLQHG IRU VRQJ

VSDUURZV� ZKHUH WKH VRQJ W\SH� DQG QRW WKH FRQ�

VWLWXHQW XQLWV RI VRQJ� LV WKH IXQGDPHQWDO XQLW LQ WKH

PDOHÑV UHSHUWRLUH �6HDUF\ HW DO�� ������ ,Q WKH FKDI�

ILQFK SRSXODWLRQV RI 1HZ =HDODQG DQG &KDWKDP

,VODQGV� WKH WZR W\SHV RI YDULDWLRQ LQ VRQJ� TXDQWL�

WDWLYH DQG PHPHWLF� JDYH FRQJUXHQW UHVXOWV� SRVVL�

EO\ EHFDXVH RI WKH ORZ GHJUHH RI GLYHUJHQFH RI

WKHVH SRSXODWLRQV LQ HFRORJ\ DQG PRUSKRORJ\

�%DNHU DQG -HQNLQV� ������ 7KH DQDO\VLV RI PH�

PHWLF GLIIHUHQWLDWLRQ DPRQJ FKDIILQFK SRSXODWLRQV

RQ LVODQGV DQG PDLQODQG VKRZHG D FOXVWHULQJ FRUUH�

VSRQGLQJ WR LVODQG DUFKLSHODJRV� ZLWK WKH PDLQODQG

SRSXODWLRQV FORVHU WRJHWKHU WKDQ LVODQG SRSXODWLRQV

�/\QFK DQG %DNHU� ������
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7KH JHQHUDOO\ KLJK ZLWKLQ�SRSXODWLRQ OHYHO RI

YDULDELOLW\ UHYHDOHG E\ PXOWLSOH�V\OODEOH PHPHV LV

GXH� SDUWO\� WR WKH KLJK YDULDELOLW\ LQ QXPEHU RI

V\OODEOH W\SHV SHU VRQJ DPRQJ LQGLYLGXDOV DQG

SRSXODWLRQV �0DWHVVL HW DO�� ����D�� EXW� PRUH

SUREDEO\� WR YHU\ KLJK UHFRPELQDWLRQ UDWHV RI V\O�

ODEOHV� 6\OODEOHV LQ WKH UHHG EXQWLQJ DUH SUREDEO\

XVHG LQGHSHQGHQWO\ RI HDFK RWKHU� DV LV HYLGHQW

ZKHQ PDOHV VLQJ WKH ÓPDWHGÔ� RU VORZ� VLQJLQJ

VW\OH �(ZLQ� ����� 1HPHWK� ������ DVVRFLDWLQJ

V\OODEOHV LQ D PRUH RU OHVV UDQGRP VHTXHQFH� 7KH

RQO\ H[FHSWLRQV VHHP WR EH WZR�V\OODEOH PHPHV RI

VRXWKHUQ SRSXODWLRQV DQG WKUHH�V\OODEOH PHPHV LQ

WKH 6SDQLVK SRSXODWLRQ� ZKLFK DOVR KDV WKH ORZHVW

RQH�V\OODEOH PHPH GLYHUVLW\� 7KH VRXWKHUQ JURXS

RI SRSXODWLRQV DOVR KDV D KLJKHU LQGH[ RI PXWD�

WLRQDO GLYHUJHQFH �γ� DQG D KLJKHU )67 YDOXH WKDQ

WKH QRUWKHUQ JURXS� 7KHVH UHVXOWV FRXOG EH DWWULE�

XWHG WR ERWWOHQHFN HIIHFWV DIWHU WKH UHFHQW VHSDUD�

WLRQ RI WKH SRSXODWLRQV �/\QFK HW DO�� ����� %X�

UQHOO� ����� *UDSSXWR HW DO�� ������ EXW WKH GDWD GR

QRW RIIHU D VWURQJ VXSSRUW WR WKLV K\SRWKHVLV DQG

LQWHUSUHWDWLRQV VKRXOG EH FDXWLRXV�

$ QRWLFHDEOH UHVXOW LV WKH LQFLGHQFH RI ÓSRLQWÔ

�L�H� VLQJOH�V\OODEOH VKDSH� PXWDWLRQV RI PHPHV

FRPSDUHG WR PHPH IORZ� HVSHFLDOO\ UHODWHG WR UH�

VXOWV RI VWXGLHV RI RWKHU VSHFLHV� 7KH OHYHOV RI

PHPH IORZ DUH ORZ UHODWLYH WR WKRVH FDOFXODWHG IRU

ZRRG WKUXVK �&DWKDUXV PXVWHOLQXV�� OD]XOL EXQWLQJ

�3DVVHULQD DPRHQD� DQG WUHH VSDUURZ �3DV�

VHU PRQWDQXV�� DQG DUH FRPSDUDEOH RQO\ WR

WKRVH DPRQJ FKDIILQFK SRSXODWLRQV �/\QFK� �����

S� ����� 0HPH PXWDWLRQ UDWHV LQ UHHG EXQWLQJ DUH�

RQ WKH FRQWUDU\� VLPLODU WR WKRVH RI WKH PHQWLRQHG

VSHFLHV� DQG XS WR IRXU WLPHV DV KLJK DV PLJUDWLRQ

UDWHV� 7KH UHODWLRQVKLS EHWZHHQ PRYHPHQW RI PH�

PHV DQG PRYHPHQW RI LQGLYLGXDOV LV FRPSOH[ DQG

GHSHQGV RQ WKH QXPEHU RI PHPHV FDUULHG E\ D

PLJUDWLQJ LQGLYLGXDO DQG WKH WLPLQJ RI WKH PLJUD�

WLRQ LQ UHODWLRQ ZLWK WKH VRQJ OHDUQLQJ VWDJH RI WKH

LPPLJUDQW DQG WKH ORFDO UHVLGHQWV �/\QFK� ������

7KHUH DUH OLPLWV WR WKH H[WUDSRODWLRQ RI VXFK FXO�

WXUDO SDUDPHWHUV WR SRSXODWLRQ GHPRJUDSK\� EXW

VRPH SDUDOOHOV DUH SRVVLEOH� 5HHG EXQWLQJV DUH

UDWKHU VHOHFWLYH ZLWK UHJDUG WR EUHHGLQJ KDELWDWV�

DQG LQ ZHVWHUQ (XURSH WKH VXLWDEOH KDELWDWV DUH

IUDJPHQWHG� 7KHUHIRUH� UHHG EXQWLQJ SRSXODWLRQV

FRXOG KDYH SRSXODWLRQ PHPHWLF G\QDPLFV VLPLODU

WR LVODQG SRSXODWLRQV� OLNH WKH FKDIILQFK SRSXOD�

WLRQV DQDO\VHG E\ /\QFK ������� 7KH EUHHGLQJ

KDELWDWV� IXUWKHUPRUH� KDYH D OLPLWHG FDSDFLW\�

SRSXODWLRQV DUH FRPSDUDWLYHO\ VPDOO DQG WKXV GULIW

DQG PXWDWLRQ RI PHPHV ZRXOG H[SODLQ WKH KLJK

FXOWXUDO GLYHUJHQFH RI WKH SRSXODWLRQV�

:H SRLQW RXW WKH JRRG FRUUHVSRQGHQFH RI WKH UH�

VXOWV REWDLQHG IROORZLQJ WKH SRSXODWLRQ PHPHWLFV

PHWKRGV VXJJHVWHG E\ /\QFK ������� DQG WKRVH

REWDLQHG E\ GLUHFWO\ DSSO\LQJ VWDQGDUG SRSXODWLRQ

JHQHWLFV DOJRULWKPV WR PHPH IUHTXHQFLHV� DV LP�

SOHPHQWHG LQ PROHFXODU DQDO\VLV VRIWZDUH�

:H EHOLHYH WKDW RXU UHVXOWV FRQWULEXWH VLJQLIL�

FDQWO\ WR WKH NQRZOHGJH RI WKH OLWWOH H[SORUHG DV�

SHFW RI FXOWXUDO HYROXWLRQ LQ SRO\PRUSKLF VSHFLHV

XQGHUJRLQJ FRPSOH[ ELRORJLFDO HYROXWLRQDU\ SURF�

HVVHV� :H DOVR DGG WR WKH NQRZOHGJH RI WKH UROH RI

VRQJ GLYHUVLW\ LQ SRSXODWLRQ LVRODWLRQ DQG� SRVVL�

EO\� VSHFLDWLRQ SURFHVVHV� :H ILQDOO\ VXJJHVW KRZ

SRSXODWLRQ JHQHWLFV PRGHOV FDQ EH IXUWKHU DGDSWHG

WR FRPSDUH FXOWXUDO GLYHUVLW\ DPRQJ JURXSV RI

SRSXODWLRQV�

$FNQRZOHGJHPHQWV

:H WKDQN WKH PDQ\ ZKR KDYH KHOSHG LQ WKH ORFDOLWLHV ZKHUH

VDPSOHV ZHUH FROOHFWHG� ERWK ZLWK ORJLVWLF VXSSRUW DQG DGYLFH

RQ EHVW UHFRUGLQJ VLWHV� 5LFKDUG 5DQIW� IURP WKH 1DWLRQDO

6RXQG $UFKLYH RI WKH %ULWLVK /LEUDU\� SURYLGHG WDSHV ZLWK

DUFKLYH UHFRUGLQJV RI (QJOLVK ELUGV� 7KH 1LVRULD 2UQLWKRORJL�

FDO *URXS LQ 9LFHQ]D KDV NLQGO\ DOORZHG WKH XVH RI LWV HTXLS�

PHQW DQG UHFRUGLQJV� &DUOR 0DWHVVL JDYH D KLJKO\ YDOXDEOH

FRQWULEXWLRQ WKURXJK WKH PRGLILFDWLRQ RI WKH IRUPXODV IRU RXU

SXUSRVHV DQG PDQXVFULSW UHYLVLRQ�� :H DOVR WKDQN 7RUEHQ

'DEHOVWHHQ ZKR KDV OHQW KLV NQRZOHGJH� H[SHULHQFH DQG ODER�

UDWRU\ HTXLSPHQW IRU ELUG VRQJ DQDO\VLV� $QGUHZ 7HUU\ DQG

0DWWHR *ULJJLR SDWLHQWO\ KHOSHG ZLWK WKH V\OODEOH FODVVLILFD�

WLRQ YDOLGDWLRQ� :H WKDQN &DUPHOD *XJOLHOPLQR DQG IRXU

DQRQ\PRXV UHIHUHHV� ZKR UHYLVHG HDUO\ YHUVLRQV RI WKH PDQX�

VFULSW� IRU WKHLU YDOXDEOH DQG HQFRXUDJLQJ FRPPHQWV�

5HIHUHQFHV

$0$72� 6�� 7,/2&$� *� DQG 0$5,1� *� ������� :LQWHU V\PSD�

WU\ RI WZR 5HHG EXQWLQJ �(PEHUL]D VFKRHQLFOXV� VXEVSHFLHV

LQ WKH 9HQHWLDQ ODJRRQ� $YRFHWWD ������Î����

%$.(5� $� -� DQG -(1.,16� 3� )� ������� )RXQGHU HIIHFW DQG

FXOWXUDO HYROXWLRQ RI VRQJV LQ DQ LVRODWHG SRSXODWLRQ RI

FKDIILQFKHV� )ULQJLOOD FRHOHEV� LQ WKH &KDWKDP ,VODQGV�

$QLP� %HKDY� �������Î�����

%$.(5� 0� &� ������� 'HSDXSHUDWH PHPH SRRO RI YRFDO VLJ�

QDOV LQ DQ LVODQG SRSXODWLRQ RI VLQJLQJ KRQH\HDWHUV� $QLP�

%HKDY� ������Î����



*� 0$7(66, HW DO����

%$/$%$1� (� ������� %LUG VRQJ V\QWD[� /HDUQHG LQWUDVSHFLILF

YDULDWLRQ LV PHDQLQJIXO� 3URF� 1DWO� $FDG� 6FL� 86$

�������Î�����

%$37,67$� /� )� DQG 025721� 0� /� ������� 6RQJ OHDUQLQJ LQ

PRQWDQH :KLWH�FURZQHG 6SDUURZV� )URP ZKRP DQG ZKHQ�

$QLP� %HKDY� �������Î�����

%$37,67$� /� )� DQG 75$,/� 3� :� ������� 7KH UROH RI VRQJ LQ

WKH HYROXWLRQ RI SDVVHULQH GLYHUVLW\� 6\VW� %LRO� ������Î

����

%$37,67$� /� )� ������� 1DWXUH DQG LWV QXUWXULQJ LQ DYLDQ YRFDO

GHYHORSPHQW� ,Q .522'60$� '� (� DQG 0,//(5� (� +�

�HGV�� (FRORJ\ DQG (YROXWLRQ RI $FRXVWLF &RPPXQLFDWLRQ

LQ %LUGV� &RUQHOO 8QLYHUVLW\ 3UHVV� ,WKDFD� SS� ��Î���

%((&+(5� 0� '� ������� 6SHFWURJUDSKLF DQDO\VLV RI DQLPDO

YRFDOL]DWLRQV� ,PSOLFDWLRQV RI WKH ÓXQFHUWDLQW\ SULQFLSOHÔ�

%LRDFRXVWLFV �����Î����

%((&+(5� 0� '� ������� %LUGVRQJ OHDUQLQJ LQ WKH ODERUDWRU\

DQG ILHOG� � ,Q .522'60$� '� (� DQG 0,//(5� (� +� �HGV��

(FRORJ\ DQG (YROXWLRQ RI $FRXVWLF &RPPXQLFDWLRQ LQ

%LUGV� &RUQHOO 8QLYHUVLW\ 3UHVV� ,WKDFD� SS� ��Î���

%5,&+(77,� 3� DQG &29$� &� ������� /D VLWXD]LRQH QLGLILFDWRULD

GHO 0LJOLDULQR GL SDOXGH LQ 9DOSDGDQD� 8FFHOOL G
,WDOLD

����Î���

%851(//� .� ������� &XOWXUDO YDULDWLRQ LQ VDYDQQDK VSDUURZ�

3DVVHUFXOXV VDQGZLFKHQVLV� VRQJV� $Q DQDO\VLV XVLQJ WKH

PHPH FRQFHSW� $QLP� %HKDY� ������Î�����

%<(56� &�� 2/6621� 8� DQG &85621� -� ������� %XQWLQJV DQG

6SDUURZV� $ JXLGH WR WKH %XQWLQJV DQG 1RUWK $PHULFDQ

6SDUURZV� 3LFD 3UHVV� 6XVVH[�

&$9$//,�6)25=$� /� /� DQG )(/'0$1� 0� :� ������� &XOWXUDO

WUDQVPLVVLRQ DQG HYROXWLRQ� $ TXDQWLWDWLYH DSSURDFK�

0RQRJUDSKV LQ 3RSXODWLRQ %LRORJ\ ���

&$9$//,�6)25=$� /� /� DQG )(/'0$1� 0� :� ������� &XOWXUDO

YHUVXV JHQHWLF DGDSWDWLRQ� 3URF� 1DWO� $FDG� 6FL� 86$

�������Î�����

&5$03� 6� DQG 3(55,16� &� 0� �HGV� ������� %LUGV RI WKH

:HVWHUQ 3DOHDUFWLF� 9RO� ,;� 2[IRUG 8QLYHUVLW\ 3UHVV� 2[�

IRUG�

'$:.,16� 5� ������� 7KH 6HOILVK *HQH� 2[IRUG 8QLYHUVLW\

3UHVV� 2[IRUG�

(:,1� -� 3� ������� 6RQJ RI WKH UHHG EXQWLQJ (PEHUL]D VFKRH�

QLFOXV� ,ELV �������Î����

(;&2)),(5� /�� 60286(� 3� DQG 48$7752� -� ������� $QDO\VLV

RI PROHFXODU YDULDQFH LQIHUUHG IURP PHWULF GLVWDQFHV

DPRQJ '1$ KDSORW\SHV� $SSOLFDWLRQ WR KXPDQ PLWRFKRQ�

GULDO '1$ UHVWULFWLRQ GDWD� *HQHWLFV �������Î����

*,%%6� +� /� ������� &XOWXUDO HYROXWLRQ RI PDOH VRQJ W\SHV LQ

'DUZLQÑV PHGLXP JURXQG ILQFKHV� *HRVSL]D IRUWLV� $QLP�

%HKDY� ������Î����

*5$17� 3� 5� DQG *5$17� %� 5� ������� *HQHWLFV DQG WKH

RULJLQ RI ELUG VSHFLHV� 3URF� 1DWO� $FDG� 6FL� 86$ �������Î

�����

*5$33872� $�� 3,/$6752� $� DQG 0$5,1� *� ������� *HQHWLF

YDULDWLRQ DQG ELOO VL]H GLPRUSKLVP LQ D SDVVHULQH ELUG� WKH

UHHG EXQWLQJ (PEHUL]D VFKRHQLFOXV� 0RO� (FRO� ������Î

�����

+,//&2$7� %� ������� 5HHG EXQWLQJ (PEHUL]D VFKRHQL�

FOXV�)RRG� ,Q &5$03� 6� DQG 3(55,16� &� 0� �HGV�� %LUGV RI

WKH :HVWHUQ 3DOHDUFWLF� 9RO� ,;� 2[IRUG 8QLYHUVLW\ 3UHVV�

2[IRUG� SS� ���Î����

,6(10$11� 3� ������� &RPSRUWHPHQW DOLPHQWDLUH RULJLQDO FKH]

OH EUXDQW GH URVHDX[� (� V� ZLWKHUE\L� VXU O
LOH GH 0DMRUTXH�

1RV 2LVHDX[ ��������

/<1&+� $� DQG %$.(5� $� -� ������� &RQJUXHQFH RI PRUSKR�

PHWULF DQG FXOWXUDO HYROXWLRQ LQ $WODQWLF LVODQG FKDIILQFK

SRSXODWLRQV� &DQ� -� =RRO� �������Î�����

/<1&+� $� DQG %$.(5� $� -� ������� $ SRSXODWLRQ PHPHWLFV

DSSURDFK WR FXOWXUDO HYROXWLRQ LQ FKDIILQFK VRQJ� 0HPH

GLYHUVLW\ ZLWKLQ SRSXODWLRQV� $PHU� 1DW� �������Î����

/<1&+� $� DQG %$.(5� $� -� ������� $ SRSXODWLRQ PHPHWLFV

DSSURDFK WR FXOWXUDO HYROXWLRQ LQ FKDIILQFK VRQJ� 'LIIHUHQ�

WLDWLRQ DPRQJ SRSXODWLRQV� (YROXWLRQ ������Î����

/<1&+� $� ������� 7KH SRSXODWLRQ PHPHWLFV RI ELUGVRQJ� LQ

.522'60$� '� (� DQG 0,//(5� (�+� �HGV�� (FRORJ\ DQG

(YROXWLRQ RI $FRXVWLF &RPPXQLFDWLRQ LQ %LUGV� &RUQHOO

8QLYHUVLW\ 3UHVV� ,WKDFD� SS� ���Î����

/<1&+� $�� 3/81.(77� *� 0�� %$.(5� $� -� DQG -(1.,16� 3� )�

������� $ PRGHO RI FXOWXUDO HYROXWLRQ RI FKDIILQFK VRQJ

GHULYHG ZLWK WKH PHPH FRQFHSW� $PHU� 1DW� �������Î����

0$7(66,� *�� 3,/$6752� $� DQG 0$5,1� *� �����D�� 9DULDWLRQ

LQ TXDQWLWDWLYH SURSHUWLHV RI VRQJ DPRQJ (XURSHDQ SRSX�

ODWLRQV RI UHHG EXQWLQJ �(PEHUL]D VFKRHQLFOXV� ZLWK UH�

VSHFW WR ELOO PRUSKRORJ\� &DQ� -� =RRO� ������Î����

0$7(66,� *�� '$%(/67((1� 7� DQG 3,/$6752� $� �����E��

5HVSRQVHV WR SOD\EDFN RI GLIIHUHQW VXEVSHFLHV VRQJV LQ WKH

5HHG %XQWLQJ (PEHUL]D V� VFKRHQLFOXV� -� $YLDQ %LRO�

�����Î���

081',1*(5� 3� &� ������� $QLPDO FXOWXUHV DQG D JHQHUDO

WKHRU\ RI FXOWXUDO HYROXWLRQ� (WKRORJ\ DQG 6RFLRELRORJ\

�����Î����

1(0(7+� (� ������� 'LIIHUHQW VLQJLQJ VW\OHV LQ PDWHG DQG

XQPDWHG 5HHG %XQWLQJV (PEHUL]D VFKRHQLFOXV� ,ELV

�������Î����

1,&+2/621� (� 0� ������� 5HHG EXQWLQJ (PEHUL]D VFKRHQL�

FOXV� +DELWDW� ,Q &UDPS� 6� DQG 3HUULQV� &�0� �HGV�� %LUGV

RI WKH :HVWHUQ 3DOHDUFWLF� 9RO� ,;� 2[IRUG 8QLYHUVLW\

3UHVV� 2[IRUG� SS� ���Î����

3$<1(� 5� %� DQG 3$<1(� /� /� ������� 6RQJ FRS\LQJ DQG

FXOWXUDO WUDQVPLVVLRQ LQ LQGLJR EXQWLQJV� $QLP� %HKDY�

�������Î�����

3$<1(� 5� %� ������� (FRORJLFDO FRQVHTXHQFHV RI VRQJ

PDWFKLQJ� %UHHGLQJ VXFFHVV DQG LQWUDVSHFLILF VRQJ PLP�

LFU\ LQ ,QGLJR %XQWLQJV� (FRORJ\ ������Î����

3$<1(� 5� %� ������� 6RQJ WUDGLWLRQV LQ ,QGLJR EXQWLQJV�

2ULJLQ� LPSURYLVDWLRQ� GLVSHUVDO DQG H[WLQFWLRQ LQ FXOWXUDO

HYROXWLRQ� ,Q .522'60$� '� (� DQG 0,//(5� (�+� �HGV��

(FRORJ\ DQG (YROXWLRQ RI $FRXVWLF &RPPXQLFDWLRQ LQ

%LUGV� &RUQHOO 8QLYHUVLW\ 3UHVV� ,WKDFD� SS� ���Î����

3$<1(� 5� %�� 3$<1(� /� /� DQG '2(+/(57� 6� 0� �������

%LRORJLFDO DQG FXOWXUDO VXFFHVV RI VRQJ PHPHV LQ LQGLJR

EXQWLQJV� (FRORJ\ ������Î����

32'26� -�� 12:,&.,� 6� DQG 3(7(56� 6� ������� 3HUPLVVLYHQHVV

LQ WKH OHDUQLQJ DQG GHYHORSPHQW RI VRQJ V\QWD[ LQ VZDPS

VSDUURZV� $QLP� %HKDY� �����Î����

35¦6�-21(6� 5� 3� ������ 0LJUDWLRQ SDWWHUQV RI WKH UHHG EXQ�

WLQJ� (PEHUL]D VFKRHQLFOXV VFKRHQLFOXV� DQG WKH GHSHQG�
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HQFH RI ZLQWHULQJ GLVWULEXWLRQ RQ HQYLURQPHQWDO FRQGL�

WLRQV� *HUIDXW �����Î���

5(<12/'6� -�� :(,5� %� 6� DQG &2&.(5+$0� &� &� �������

(VWLPDWLRQ IRU WKH FRDQFHVWU\ FRHIILFLHQW� %DVLV IRU D VKRUW

WHUP JHQHWLF GLVWDQFH� *HQHWLFV �������Î����

6&+1(,'(5� 6�� .8())(5� -�� 52(66/,� '� DQG (;&2)),(5� /�

������� $UOHTXLQ YHU� ���� $ VRIWZDUH IRU SRSXODWLRQ JH�

QHWLF GDWD DQDO\VLV� *HQHWLFV DQG %LRPHWU\ /DERUDWRU\�

8QLYHUVLW\ RI *HQHYD� 6ZLW]HUODQG�

6($5&<� :� $�� 12:,&.,� 6� DQG 3(7(56� 6� ������� 6RQJ

W\SHV DV IXQGDPHQWDO XQLWV LQ YRFDO UHSHUWRLUHV� $QLP� %H�

KDY� �����Î���

6/$7(5� 3� -� %� DQG ,1&(� 6� $� ������� &XOWXUDO HYROXWLRQ LQ

FKDIILQFK VRQJ� %HKDYLRXU ������Î����

6/$7.,1� 0� ������� 5DUH DOOHOHV DV LQGLFDWRUV RI JHQH IORZ�

(YROXWLRQ ���������

:,//,$06� *� &� ������� 1DWXUDO 6HOHFWLRQ� 'RPDLQV� OHYHOV�

DQG FKDOOHQJHV� 2[IRUG 8QLYHUVLW\ 3UHVV� 1HZ <RUN�


