
(DUO\�(IIHFW�RI�WKH��6XSSUHVVLRQ�RI�WKH�6PRNLQJ�+DELW�RQ�WKH�+HDUW�5DWH

9DULDELOLW\

-�*XHUUHUR
�
��0�6HJDUUD

�
��-)�&KRUUR

�
��0�%DWDOOHU

�
��$�5RVDGR

�
��-�(VSt

�

�
(OHFWURQLF�(QJLQHHULQJ�'HSW���

�
&OLQLFDO�+RVSLWDO��9DOHQFLD�8QLYHUVLW\��6SDLQ

$EVWUDFW

6PRNLQJ� KDELW� LQGXFHV� DOWHUDWLRQV� RQ� FDUGLRYDVFXODU

SDUDPHWHUV�� EXW� LWV� VXSSUHVVLRQ� SURGXFHV� LPPHGLDWH

HIIHFWV� RQ� WKHVH� SDUDPHWHUV�� 7KLV� ZRUN� VWXGLHV� WKH

PRGLILFDWLRQ�RI�WKH�+59�SDUDPHWHUV�LQ�KDELWXDO�VPRNHUV

GXULQJ� WZR� ���KRXU� SHULRG�� � )RXUWHHQ� KDELWXDO� VPRNHUV

ZHUH�PRQLWRUHG�LQ�XVXDO�FRQGLWLRQV��*URXS����DQG�LQ�WKH

QH[W� ��� KRXUV� ZLWKRXW� VPRNLQJ� �*URXS� ���� 'LXUQDO� DQG

QRFWXUQDO� SHULRGV� ZHUH� VWXGLHG�� ,Q� JHQHUDO�� SDUDPHWHUV

GHFUHDVH�IRU�*URXS����H[FHSW�LQ�FDVH�RI SDUDV\PSDWKHWLF

LQIOXHQFH�RQ�KHDUW�UDWH�YDULDELOLW\��UHODWHG�ZLWK�+)�EDQG�

ZKLFK�LV�KLJKHU�WKDQ�*URXS���LQ�ERWK�SHULRGV��7KH�UHVXOWV

REWDLQHG�GXULQJ�WKH�DEVWHQWLRQ�VKRZ�DQ�LQFUHPHQW�RI� WKH

YDJDO�FRPSRQHQW�LQ�QRFWXUQDO�SHULRG�DQG�D�GHFUHPHQW�LQ

KHDUW�UDWH�IRU�ERWK�SHULRGV��2QO\�WLPH�UHODWHG�SDUDPHWHUV

VKRZ�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�*URXS���DQG�*URXS

�� LQ� ERWK� QRFWXUQDO� DQG� GLXUQDO� SHULRGV�� 7KHVH� UHVXOWV

GHPRQVWUDWH� WKH� LPPHGLDWH�UHFRYHULQJ�RI� FDUGLRYDVFXODU

SDUDPHWHUV�DIWHU�VPRNLQJ�FHVVDWLRQ�

�� ,QWURGXFWLRQ

6PRNLQJ� KDELW� LQGXFH� DOWHUDWLRQV� RQ� KHDUW� UDWH�� KHDUW

UDWH� YDULDELOLW\� �+59�� DQG� RWKHU� FDUGLRYDVFXODU

SDUDPHWHUV�� DV� EORRG� SUHVVXUH�� +RZHYHU�� LWV� VXSSUHVVLRQ

SURGXFHV� LPPHGLDWH� HIIHFWV� RQ� WKHVH� SDUDPHWHUV�� 7KHLU

DQDO\VLV� RQH� ZHHN� DIWHU� D� QRQ�VPRNLQJ� SHULRG� VKRZHG

WKDW� EORRG� SUHVVXUH� DQG� KHDUW� UDWH� ZHUH� VLJQLILFDQWO\

ORZHU��DQG�+)�FRPSRQHQW�ZHUH�KLJKHU� WKDQ� WKH�VPRNLQJ

SHULRG�>�@��,Q�D�ORQJHU�SHULRG��DIWHU�D�QRQ�VPRNLQJ��\HDU��

PHDQ� KHDUW� UDWH� ZDV� VWLOO� LQ� � ORZHU� YDOXHV� WKDQ� WKH

VPRNLQJ�SHULRG�>�@�

%XW� WKH� PDLQ� YDULDWLRQ� RI� WKLV� YDOXHV� VHHPV� WR� EH

FRQFHQWUDWHG� LQ� WKH� LQLWLDO� QRQ�VPRNLQJ� SHULRG�� ZKLFK

PD\�LQGLFDWH�DQ�DFXWH�QDWXUH�RI�WKH�DGDSWDWLRQ�SURFHVV��,Q

IDFW��WKH�UHVXOWV�REWDLQHG�LQ�>�@�VKRZHG�WKDW�WKH�PDLQ�GURS

RI� WKH� KHDUW� UDWH� ZDV� IRXQG� LQ� WKH� ILUVW� GD\�� DQG� QR

VLJQLILFDQW�YDULDWLRQ� ZDV� GHWHFWHG� ODWHU� LQ� WKH� UHVW� RI� WKH

DQDO\VHG� SHULRG�� $QRWKHU� VWXG\� >�@� RI� WKH� FKDQJHV� LQ

EORRG�SUHVVXUH�DQG�KHDUW�UDWH�DIWHU�DQ�RYHUQLJKW�FHVVDWLRQ

DQG�DIWHU�RQH�GD\� RI� UHSHDWHG� VPRNLQJ� VKRZV�D� LQFUHDVH

LQ� V\PSDWKHWLF� DFWLYLW\� WR� WKH� YDVFXODU� V\VWHP� LQ� WKH

PRUQLQJ��ZKLFK�LV�UHOHDVHG�E\�VPRNLQJ�WKH�ILUVW�FLJDUHWWH�

7KH� DLP� RI� WKLV� ZRUN� LV� WR� VWXG\� WKH� PRGLILFDWLRQ� RI

WKH�+59�SDUDPHWHUV� LQ�KDELWXDO� VPRNHUV�GXULQJ� WZR����

KRXU�SHULRG��WKH�ILUVW�RQH�VPRNLQJ�DQG�WKH�VHFRQG�RQH�RI

DEVWHQWLRQ�

�� 0DWHULDOV�DQG�PHWKRGV

)RXUWHHQ� KHDOWK\� KDELWXDO� VPRNHUV� ZHUH� PRQLWRUHG� LQ

XVXDO� FRQGLWLRQV� �*URXS� ��� DQG� LQ� WKH� QH[W� ��� KRXUV

ZLWKRXW� VPRNLQJ� �*URXS� ���� ���KRXUV� +ROWHU

HOHFWURFDUGLRJUDSKLF� PRQLWRULQJ� ZDV� XVHG� �6SDFH� /DE

PRGHO� �������� 7KH� VLJQDO� ZDV� GLJLWL]HG� DW� D� ���� +]

VDPSOLQJ� IUHTXHQF\� DQG� ��� ELW� UHVROXWLRQ�� 7KH� VLJQDO

SURFHVVLQJ�ZDV� GRQH�ZLWK�0DWODE� Y����� 7KH�55� VHULHV

ZHUH� REWDLQHG� ZLWK� D� PRGLILFDWLRQ� RI� WKH� 3DQ� DQG

7RPSNLQV�DOJRULWKP�>�@�

7ZR� WLPH� SHULRGV� ZHUH� VWXGLHG�� ��� GLXUQDO� �'�� ��K�

��K��� DQG� � ��� QRFWXUQDO� �1�� ���K��� 7KH� SURFHVVLQJ� VWHSV

IRU�WKH�55�VHULHV�RI�HYHU\�SHULRG�ZHUH�WKH�IROORZLQJ�>�@�

x 3UH�SURFHVVLQJ�� 'HWHFWLRQ� DQG� HOLPLQDWLRQ� RI� QR

YDOLG� VHJPHQWV� DQG� HFWRSLF� SXOVHV� LQ� WKH� 55

VHULHV�� 7KH� HFWRSLF� DQG� WKH� IROORZLQJ� SXOVH� DUH

UHSODFHG�E\�OLQHDU�LQWHUSRODWLRQ�>�@�

x 6HJPHQWDWLRQ� LQ� �� PLQXWHV� 55� VHULHV�� DQG

VDPSOLQJ�RI�WKH�VKRUW�VHULHV�

x 'HWUHQG� RI� WKH� VHULHV� DQG� VSHFWUDO� DQG� FURVV�

VSHFWUDO�FRPSXWLQJ�E\�:HOFK¶V�PHWKRG�

x )UHTXHQF\�GRPDLQ�SDUDPHWHUV�IRU�WKH��¶�55�VHULHV

DUH�FDOFXODWHG�LQ�/)�DQG�+)�EDQGV��VHH�WDEOH����

x 7KH��¶� 55� VHULHV� DUH�XQGHUVDPSOHG� WR� REWDLQ� WKH

ORQJ� 55� VHULHV�� WKHQ� WKH� WRWDO� VSHFWUXP� DQG� WKH

9/)�EDQG�SDUDPHWHUV�DUH�FRPSXWHG��VHH�WDEOH����

x 7KH� WLPH� GRPDLQ� 55� SDUDPHWHUV� DUH� FDOFXODWHG

�VHH�WDEOH����

5HVXOWV�DUH�JLYHQ�DV�PHDQ�r 6'��6WDWLVWLFDO�DQDO\VLV�RI

UHVXOWV�KDV�EHHQ�GRQH�XVLQJ�6WXGHQW
V�W�WHVW�IRU�SDUDPHWHUV
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ZLWK� QRUPDO� GLVWULEXWLRQ� DQG� .ROPRJRURY�6PLUQRY� WHVW

IRU� WKH� RWKHUV�� 3UREDELOLW\� YDOXHV� S������ KDYH� EHHQ

FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�

9DULDEOH 'HVFULSWLRQ

3+) 3RZHU�LQ�+)�UDQJH

3/) 3RZHU�LQ�/)�UDQJH

39/) 3RZHU�LQ�9/)�UDQJH

+)1 +)�SRZHU�LQ�QRUPDOL]HG�XQLWV

/)1 /)�SRZHU�LQ�QRUPDOL]HG�XQLWV

/)�+) UDWLR�3/)�3+)

7DEOH�����)UHTXHQF\�GRPDLQ�SDUDPHWHUV�DQDO\]HG�

9DULDEOH 'HVFULSWLRQ

$11 $YHUDJH�QRUPDO��11��LQWHUYDOV�RYHU��

PLQXWHV�SHULRGV��PV�

6'11 6WDQGDUG�GHYLDWLRQ�RI�WKH�11�LQWHUYDOV

&9 9DULDQFH�FRHIILFLHQW��6'11�$11

6'$11 6WDQGDUG�GHYLDWLRQ�RI�WKH�DYHUDJH�11

LQWHUYDOV�RYHU���PLQXWHV�SHULRGV

5066' 6TXDUH�URRW�RI�WKH�PHDQ�VTXDUHG

GLIIHUHQFHV�RI�VXFFHVVLYH�11�LQWHUYDOV

75,$1B

,1';

,QWHJUDO�RI�WKH�GHQVLW\�GLVWULEXWLRQ

GLYLGHG�E\�LWV�PD[LPXP

7DEOH�����7LPH�GRPDLQ�SDUDPHWHUV�DQDO\]HG�

�� 5HVXOWV

)LJXUH����/)�DQG�+)�EDQGV�VSHFWUD�IRU�*URXS���DQG�*URXS����DQG�WKH�GLXUQDO�DQG�QRFWXUQDO�SHULRGV�IRU�WKH�VDPH�SDWLHQW�
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)LJXUH��� VKRZV�DQ�H[DPSOH�RI� WKH�VSHFWUD� LQ� /)� DQG

+)�EDQGV�IRU�JURXS����*���DQG�JURXS����*���IRU�GLXUQDO

�'�� DQG� QRFWXUQDO� �1�� SHULRGV�� *�� H[KLELWV� D� KLJKHU

HQHUJ\��LQ�+)�IRU�ERWK�SHULRGV�

)LJXUHV���DQG���VKRZ� WKH�DYHUDJH�YDOXHV�REWDLQHG� IRU

WKH� VWXGLHG� SDUDPHWHUV� RI� WKH� WZR� JURXSV� LQ� IXQFWLRQ� RI

WKH�GD\�QLJKW�SHULRG�� ,Q�JHQHUDO��SDUDPHWHUV�GHFUHDVH�IRU

*��� H[FHSW� LQ� WKH� FDVH� RI� SDUDV\PSDWKHWLF� LQIOXHQFH� RQ

KHDUW� UDWH� YDULDELOLW\�� UHODWHG� ZLWK� +)� EDQG�� ZKLFK� LV

KLJKHU�WKDQ�*��LQ�ERWK�SHULRGV�

)LJXUH����0HDQ�YDOXHV�IRU�WLPH�GRPDLQ�SDUDPHWHUV�

)LJXUH����0HDQ�YDOXHV�IRU�IUHTXHQF\�GRPDLQ�SDUDPHWHUV�

7DEOH� �� VKRZV� WKH� YDOXHV� �PHDQ� r 6'�� S�� IRU� WKH

SDUDPHWHUV� VKRZLQJ� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH

WZR� JURXSV� LQ� WKH� GLXUQDO� DQG� QRFWXUQDO� SHULRGV�� ,Q

JHQHUDO��*��VKRZV�D�KLJKHU�KHDUW�UDWH��ORZHU�11�SHULRG�

WKDQ� *�� �$11�� *�'�� ������r�������� *�'�

������r������� *�1�� ������r�������� *�1�� �������r

������� PVHF���� DOWKRXJK� RQO\� WLPH� SDUDPHWHUV� SUHVHQW

VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� *�� DQG� *�� LQ� ERWK

QRFWXUQDO�DQG�GLXUQDO�SHULRGV�

3DUDPHWHU *�' *�' S

6'11 ������r����� ������r����� 

&9 �����r����� �����r����� 

6'$11 ������r����� ������r����� 

3DUDPHWHU *�1 *�1 S

$11 ������r

������

�������r

������



3DUDPHWHU *�' *�1 S

6'11 ������r����� ������r����� 

&9 �����r����� �����r����� 

6'$11 ������r����� ������r����� 

75,$1B

,1';
�����r����� �����r����� 

3/) �������r

�������

������r������ 

3+)1 �����r���� �����r����� 

3DUDPHWHU *�' *�1 S

$11 ������r����� �������r������ 



6'11 ������r����� ������r����� 

&9 �����r����� �����r����� 



6'$11 ������r����� �����r����� 

75,$1B

,1';
�����r����� �����r����� 

3/)1 �����r���� �����r����� 

3+)1 �����r���� �����r����� 

39/) �������r

�������

�������r

�������



/)�+) ����r���� ����r���� 

7DEOH� ��� 5HVXOWV� �PHDQrVWG�� S�� IRU� WKH� SDUDPHWHUV� WKDW

VKRZLQJ� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� JURXSV� DQG

SHULRGV����S���������S�������S��������

&RPSDULVRQV�EHWZHHQ�SHULRGV� �'�1�� IRU� HYHU\� JURXS�

VKRZ�WKDW�*��SUHVHQWV�PRUH�SDUDPHWHUV�ZLWK�GLIIHUHQFHV�

DQG� WKH� FRUUHVSRQGLQJ� S� H[KLELWV� ORZHU� YDOXHV� WKDQ� *��

ZKLFK� LPSOLHV� DQ� LQFUHPHQW� RI� WKH� YDJDO� FRPSRQHQW� LQ

QRFWXUQDO�SHULRG�GXULQJ�WKH�DEVWHQWLRQ�

7LPH�'RPDLQ�SDUDPHWHUV

�

�

��

���

����

$11
6'

11 &9

50
66

'

6'
$11

75
,$
1B

,1'
;

*�' *�1 *�' *�1

)UHTXHQF\�GRPDLQ�SDUDPHWHUV

�

��

���

����

�����

3/) 3+) 3/)1 3+)1 /)B+) 39/)

*�' *�1 *�' *�1
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�� &RQFOXVLRQV

7KLV� ZRUN� KDV� VWXGLHG� WKH� PRGLILFDWLRQ� RI� WKH� +59

SDUDPHWHUV� LQ� KDELWXDO� VPRNHUV� GXULQJ� WZR� ���KRXU

SHULRGV�� WKH� ILUVW� RQH� VPRNLQJ� DQG� WKH� VHFRQG� RQH� RI

DEVWHQWLRQ�

7KH� UHVXOWV� REWDLQHG� GXULQJ� WKH� DEVWHQWLRQ� VKRZ� DQ

LQFUHPHQW�RI�WKH�YDJDO�FRPSRQHQW�LQ�QRFWXUQDO�SHULRG�DQG

D�GHFUHPHQW�LQ�KHDUW�UDWH�IRU�ERWK�SHULRGV��DOWKRXJK�RQO\

WLPH�SDUDPHWHUV�VKRZ�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�*�

DQG�*�� LQ�ERWK�QRFWXUQDO� DQG� GLXUQDO� SHULRGV��$� JUHDWHU

YDULDELOLW\� GLXUQDO�QRFWXUQDO� IRU� DEVWHQWLRQ� JURXS� ZDV

REVHUYHG�

7KHVH�UHVXOWV�GHPRQVWUDWH�WKH�LPPHGLDWH�UHFRYHULQJ�RI

FDUGLRYDVFXODU�SDUDPHWHUV�DIWHU�VPRNLQJ�FHVVDWLRQ�

$FNQRZOHGJHPHQWV

7KLV�ZRUN� ZDV� SDUWLDOO\� VXSSRUWHG� E\� SURMHFW� *5���

���RI�WKH��*HQHUDOLWDW�9DOHQFLDQD��

5HIHUHQFHV

>�@ 0LQDPL� -�� ,VKLPLWVX� 7�� 0DWVXRND� +�� (IIHFWV� RI� VPRNLQJ

FHVVDWLRQ� RQ� EORRG� SUHVVXUH� DQG� KHDUW� UDWH� YDULDELOLW\� LQ

KDELWXDO�VPRNHUV��+\SHUWHQVLRQ������-DQ��������

>�@ 3HUVLFR�$0��3HUVLVWHQW�GHFUHDVH�LQ�KHDUW�UDWH�DIWHU�VPRNLQJ

FHVVDWLRQ�� D� ��\HDU� IROORZ�XS� VWXG\�� 3V\FKRSKDUPDFRORJ\

�%HUO��������������������

>�@�5DJXHQHDX�,��0LFKDXG�3��'pPROLV�-/��0RU\XVHI�$�� -DLOORQ

3�� )XQFN�%UHQWDQR� &�� (IIHFWV� RI� FLJDUHWWH� VPRNLQJ� RQ

VKRUW�WHUP�YDULDELOLW\�RI�EORRG�SUHVVXUH�LQ�VPRNLQJ�DQG�QRQ

VPRNLQJ�KHDOWK\�YROXQWHHUV��)XQGDP�&OLQ�3KDUPDFRO�����

��������

>�@�3DQ�-��7RPSNLQV�:-��$�UHDO�WLPH�456�GHWHFWLRQ�DOJRULWKP�

,(((�7UDQV��%0(�����������������

>�@ +HDUW� 5DWH� 9DULDELOLW\�� 6WDQGDUGV� RI� PHDVXUHPHQW�

SK\VLRORJLFDO�LQWHUSUHWDWLRQ�DQG�FOLQLFDO�XVH��7DVN�)RUFH�RI

WKH� (XURSHDQ� 6RFLHW\� RI� &DUGLRORJ\� DQG� WKH� 1RUWK

$PHULFDQ� VRFLHW\� RI� 3DFLQJ� DQG� (OHFWURSKLVLRORJ\�

&LUFXODWLRQ�����������������

>�@ /LSSPDQ�� 1��� 6WHLQ�� .��� /HUPDQ�� %�� &RPSDULVRQ� RI

PHWKRGV� IRU� UHPRYDO� RI� HFWRS\� LQ� PHDVXUHPHQW� RI� KHDUW

UDWH� YDULDELOLW\�� $PHULFDQ� 3K\VLRORJLFDO� 6RFLHW\

�����+��������

$GGUHVV�IRU�FRUUHVSRQGHQFH�

-XDQ�)��*XHUUHUR�

'SW��,QJHQLHUtD�(OHFWUyQLFD��)DF��)tVLFD��8QLY��9DOHQFLD�

'U��0ROLQHU������������%XUMDVRW��9DOHQFLD���6SDLQ

-XDQ�*XHUUHUR#XY�HV
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