
(DUO\�$GLSRVLW\�5HERXQG�DQG�6PDOO�'HQVH�/RZ�'HQVLW\�/LSRSURWHLQ�LQ
&KLOGKRRG�2EHVLW\
$ULVDND�2��,FKLNDZD�*��.R\DPD�6��6KLPXUD�1��,PDWDND�*��.XURVDZD�+�DQG�1LWWD�$

'HSDUWPHQW�RI�3HGLDWULFV��'RNN\R�0HGLFDO�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH�0LEX��6KLPRWVXJD�JXQ��7RFKLJL�NHQ�����������-DSDQ
&RUUHVSRQGLQJ�DXWKRU��$ULVDND�2��'HSDUWPHQW�RI�3HGLDWULFV��'RNN\R�0HGLFDO�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��0LEX��6KLPRWVXJD�JXQ��7RFKLJL�NHQ������������-DSDQ�
)D[�����������������������7HO����������������������(�PDLO��DULVDND#GRNN\RPHG�DF�MS

5HFHLYLQJ�GDWH�����)HE��������$FFHSWHG�GDWH�����)HE��������3XEOLVKLQJ�GDWH�����)HE������

&RS\ULJKW���������$ULVDND�2��HW�DO��7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�GLVWULEXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH��ZKLFK�SHUPLWV�XQUHVWULFWHG
XVH��GLVWULEXWLRQ��DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP��SURYLGHG�WKH�RULJLQDO�DXWKRU�DQG�VRXUFH�DUH�FUHGLWHG�

$EVWUDFW

$LP��7KH�DGLSRVLW\�UHERXQG��$5��FRUUHVSRQGV�WR�WKH�VHFRQG�ULVH�LQ�WKH�ERG\�PDVV�LQGH[��%0,��FXUYH�WKDW�RFFXUV
EHWZHHQ�DJHV���DQG���\HDUV��7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU�DJH�DW�$5�LV�UHODWHG�WR�WKH�SUHVHQFH
DW����\HDUV�ROG�RI�VPDOO�GHQVH�ORZ�GHQVLW\�OLSRSURWHLQ��6'/'/���DQ�DWKHURJHQLF�OLSRSURWHLQ�SURGXFHG�DV�D�PHWDEROLF
FRQVHTXHQFH�RI�$5�

0HWKRGV�� $� ORQJLWXGLQDO� SRSXODWLRQ�EDVHG� SURVSHFWLYH� VWXG\� ZDV� SHUIRUPHG� LQ� ���� FKLOGUHQ�� 6HULDO
PHDVXUHPHQWV�RI�%0,�ZHUH�FRQGXFWHG�DW�DJHV�����������DQG�\HDUO\�WKHUHDIWHU�XQWLO�����EDVHG�RQ�ZKLFK�DJH�DW�$5
ZDV�FDOFXODWHG��7KH�VXEMHFWV�ZHUH�GLYLGHG�LQWR���JURXSV�DFFRUGLQJ�WR�DJH�DW�$5�RI�������������DQG����\HDUV��3ODVPD
OLSLGV�DQG�6'/'/�ZHUH�PHDVXUHG�DW����\HDUV�RI�DJH��6'/'/��/'/�SDUWLFOH�VL]H�������QP��ZDV�GHWHUPLQHG�E\�QRQ�
GHQDWXULQJ�������JUDGLHQW�JHO�HOHFWURSKRUHVLV�

5HVXOWV��7KH�SUHYDOHQFHV�RI�6'/'/�ZHUH�������LQ�FKLOGUHQ�ZLWK�DJH�DW�$5����\�������LQ�WKRVH�ZLWK�DJH�DW�$5��
\��DQG����LQ�DOO�RWKHU�JURXSV��$5�DW����\HDUV���$Q�HDUOLHU�$5�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�KLJKHU�%0,��LQFUHDVHG
SODVPD�WULJO\FHULGH��S����������LQFUHDVHG�DWKHURJHQLF�LQGH[��S����������DQG�GHFUHDVHG�+'/�FKROHVWHURO��S���������DW
���\HDUV�RI�DJH�

&RQFOXVLRQ��&KLOGUHQ�ZLWK�$5�EHIRUH���\HDUV�ROG�VKRZHG�D�KLJK�SUHYDOHQFH�RI�DWKHURJHQLF�6'/'/��LQGLFDWLQJ�D
SUHGLVSRVLWLRQ�IRU�IXWXUH�FDUGLRYDVFXODU�GLVHDVH�

.H\ZRUGV�� &KLOGKRRG� REHVLW\�� $GLSRVLW\� UHERXQG�� ,QVXOLQ
UHVLVWDQFH��6PDOO�GHQVH�/'/��&DUGLRYDVFXODU�GLVHDVH

,QWURGXFWLRQ
/RZ�GHQVLW\� OLSRSURWHLQ� �/'/�� SDUWLFOHV� DUH� KHWHURJHQHRXV� LQ

GHQVLW\�� VL]H�� OLSLG� FRPSRVLWLRQ�� DQG� SDWKRJHQHWLF� SURSHUWLHV�� 6PDOOHU
DQG�GHQVHU�/'/�SDUWLFOHV�KDYH�D�VWURQJHU�DWKHURJHQLF�LPSDFW��SRVVLEO\
EHFDXVH�RI� ORZ�ELQGLQJ�DٹQLW\�RI� WKHVH�SDUWLFOHV� WR�WKH�/'/�UHFHSWRU�
ORZ�UHVLVWDQFH�WR�R[LGDWLYH�VWUHVV��D�SURORQJHG�KDOI�OLIH� LQ�SODVPD��DQG
HDVLHU�SHQHWUDWLRQ�RI� WKH�DUWHULDO� LQWLPD�GXH� WR� WKH� VPDOO�SDUWLFOH� VL]H
>���@�� /'/� SDUWLFOHV� DUH� UHGXFHG� LQ� GLDPHWHU� EHFDXVH� RI� DOWHUDWLRQ� LQ
OLSRSURWHLQ�PHWDEROLVP�FDXVHG�E\� LQVXOLQ� UHVLVWDQFH��SURGXFLQJ� VPDOO
GHQVH� /'/� �6'/'/�� SDUWLFOHV� RI� VL]H� Ω� ����� QP� >���@��0DQ\� VWXGLHV
KDYH� VKRZQ� WKDW� FLUFXODWLQJ� 6'/'/� LV� DVVRFLDWHG� ZLWK� LQFUHDVHG
RFFXUUHQFH� RI� DWKHURJHQLF� FRURQDU\� DUWHU\� HYHQWV� LQ� DGXOWV� >���@�
НHUHIRUH�� WKH� SUHVHQFH� RI� 6'/'/� LQ� DGROHVFHQFH� LV� D� ULVN� IDFWRU� IRU
IXWXUH�FRURQDU\�KHDUW�GLVHDVH�>���@�

([FHVVLYH�ZHLJKW�JDLQ�LQ�HDUO\�FKLOGKRRG�LV�WKRXJKW�WR�OHDG�WR�DGXOW
REHVLW\�UHODWHG�PRUELGLW\�DQG�PRUWDOLW\�>�@��$GLSRVLW\�UHERXQG��$5��LV
GHٽQHG� DV� WKH� VHFRQG� ULVH� LQ� WKH� ERG\�PDVV� LQGH[� �%0,�� FXUYH� WKDW
QRUPDOO\� RFFXUV� EHWZHHQ� DJHV� �� DQG� �� \HDUV�� RQ� DYHUDJH�� D� UDSLG
LQFUHDVH� LQ� %0,� RFFXUV� GXULQJ� WKH� �UVWٽ \HDU� RI� OLIH�� VXEVHTXHQWO\
GHFOLQHV� DQG� UHDFKHV� D� QDGLU� DW� DURXQG� �� \HDUV� RI� DJH�� DQG� WKHQ
LQFUHDVHV�DJDLQ�WKURXJKRXW�FKLOGKRRG�>��@��5HFHQW�VWXGLHV�KDYH�VKRZQ
WKDW� HDUO\� $5� ���� \HDUV�� LV� UHODWHG� WR� D� ULVN� IRU� ODWHU� REHVLW\� DQG

PHWDEROLF� FRQVHTXHQFHV� FDXVHG� E\� LQVXOLQ� UHVLVWDQFH� >�����@��НHVH
REVHUYDWLRQV� PRWLYDWHG� XV� WR� H[DPLQH� WKH� UHODWLRQVKLS� EHWZHHQ� WKH
WLPLQJ�RI�$5�DQG�SURGXFWLRQ�RI�6'/'/�DV�D�PHWDEROLF�FRQVHTXHQFH�RI
FKDQJHV�LQ�DGLSRVLW\�GXULQJ�LQIDQF\�

0HWKRGV

6XEMHFWV

$� ORQJLWXGLQDO� SRSXODWLRQ�EDVHG� VWXG\� ZDV� SHUIRUPHG� LQ� ���
FKLOGUHQ� ����� ER\V� DQG� ���� JLUOV�� LQ� D� ELUWK� FRKRUW� LQ� 7RFKLJL
3UHIHFWXUH��-DSDQ��$OO�RI�WKH�FKLOGUHQ�ZHUH�IROORZHG�XS�LQ�LQIDQW�KHDOWK
FKHFNV� DW� D�KHDOWK� FHQWHU�GXULQJ� WKH�SUHVFKRRO�SHULRG�� DQG�GDWD�ZHUH
VWRUHG� DW� D� UHJLRQDO� KHDOWK� FHQWHU�� 'XULQJ� WKH� VFKRRO�DJH� SHULRG�
FKLOGUHQ�XQGHUZHQW�DQ�DQQXDO�SK\VLFDO�H[DPLQDWLRQ�DW�VFKRRO��DQG�WKH
UHVXOWLQJ�GDWD�ZHUH�DOVR�NHSW�DW�WKH�UHJLRQDO�KHDOWK�FHQWHU��$W����\HDUV
RI�DJH��DOO�WKH�FKLOGUHQ�XQGHUZHQW�D�EORRG�H[DPLQDWLRQ�DW�KLJK�VFKRRO�
:ULWWHQ�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�SDUHQWV�RU�JXDUGLDQV�IRU
WKH� SK\VLFDO� H[DPLQDWLRQV�� НH� VWXG\� ZDV� DSSURYHG� E\� WKH� HWKLFV
FRPPLWWHH�RI�'RNN\R�0HGLFDO�8QLYHUVLW\�

,GHQWLٽFDWLRQ�RI�DJH�DW�DGLSRVLW\�UHERXQG�XVLQJ�%0,

6HULDO� PHDVXUHPHQWV� RI� ERG\� ZHLJKW� DQG� KHLJKW� ZHUH� REWDLQHG
\HDUO\�IURP�DJHV���WR����\HDUV��JLYLQJ�D�WRWDO�RI����PHDVXUHPHQWV�LQ�DOO
VXEMHFWV��$JH�DW�$5�ZDV�GHٽQHG�DV� WKH�DJH�EHWZHHQ���DQG����\HDUV�DW
ZKLFK� WKH� ORZHVW� %0,� RFFXUUHG� EHIRUH� WKH� VHFRQG� %0,� ULVH��НH

2EHVLW\�	�:HLKJW�/RVV�7KHUDS\ $ULVDND�HW�DO���-�2EHV�:HLJKW�/RVV�7KHU����������
KWWS���G[�GRL�RUJ��������������������������

5HVHDUFK�$UWLFOH 2SHQ�$FFHVV
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VXEMHFWV�ZHUH�WKHQ�GLYLGHG�LQWR���JURXSV�EDVHG�RQ�DQ�DJH�DW�$5�Ω���\���
\����\����\��DQG�Ϊ��\�

0HDVXUHPHQWV�RI�OLSLGV

)DVWLQJ�EORRG�VDPSOLQJ�LQ�WKH�PRUQLQJ�ZDV�SHUIRUPHG�DW�VFKRRO��7R
REWDLQ�EORRG�VDPSOHV�DіHU�DQ�RYHUQLJKW�IDVW��VWXGHQWV�ZHUH�DOORZHG�WR
EULQJ�D�SDFNHW�ER[�EUHDNIDVW��ZKLFK�WKH\�DWH�DіHU�XQGHUJRLQJ�D�KHDOWK
H[DPLQDWLRQ� LQ� WKH� VFKRROURRP�� %ORRG� VDPSOHV� FROOHFWHG� LQ� WXEHV
FRQWDLQLQJ� �� J�/� ('7$� ZHUH� VHQW� WR� WKH� ODERUDWRU\�� 3ODVPD� ZDV
VHSDUDWHG�DQG�VWRUHG�DW����r&�XQWLO�PHDVXUHPHQW�RI�/'/�SDUWLFOH�VL]H�
/HYHOV� RI� WRWDO� FKROHVWHURO� �7&�� �&KROHVWHVW� &+2�� 'DLLFKL� 3XUH
&KHPLFDOV�&R��/WG���7RN\R�� -DSDQ��DQG� WULJO\FHULGHV� �7*�� �$TXD�DXWR
7*�,,��.DLQRV�/DERUDWRULHV��,QF���7RN\R��-DSDQ��ZHUH�GHWHUPLQHG�XVLQJ
HQ]\PDWLF� PHWKRGV�� +LJK�GHQVLW\� OLSRSURWHLQ� FKROHVWHURO� �+'/�&�
ZDV� PHDVXUHG� E\� SUHFLSLWDWLRQ� RI� RWKHU� OLSRSURWHLQV� ZLWK� WKH� GLUHFW
PHWKRG� �&KROHVWHVW� 1� +'�� 'DLLFKL� 3XUH� &KHPLFDOV� &R�� /WG���� /RZ�
GHQVLW\� OLSRSURWHLQ� FKROHVWHURO� �/'/�&�� ZDV� GHWHUPLQHG� XVLQJ� WKH
)ULHGHZDOG� IRUPXOD��НH� DWKHURJHQLF� LQGH[� ZDV� FDOFXODWHG� IURP� WKH
IRUPXOD��>7&͡�+'/�&@�+'/�&�>��@�

'HWHUPLQDWLRQ�RI�/'/�SDUWLFOH�VL]H

НH� /'/� SDUWLFOH� GLDPHWHU� ZDV� GHWHUPLQHG� XVLQJ� WKH� PHWKRG
GHVFULEHG� E\� .UDXVV� HW� DO�� >����@� ZLWK� ���� WR� ���� SRO\DFU\ODPLGH
JUDGLHQW� JHO� HOHFWURSKRUHVLV�� *HOV� ZHUH� HTXLOLEUDWHG� DW� ���� 9� IRU� ��
PLQ�� DQG� HOHFWURSKRUHVLV� ZDV� WKHQ� SHUIRUPHG� XVLQJ� VHUXP� VDPSOHV
GLOXWHG� ���� ZLWK� VDPSOH� EXٶHU� ����� VXFURVH�� ������ ('7$��1D�� DQG
������ %33�� WR� D� YROXPH� RI� ��� P/�� (DFK� JHO� DOVR� FRQWDLQHG
WK\URJOREXOLQ�� DSRIHUULWLQ� DQG� ODWH[� EHDGV�� DV� UHIHUHQFH� VWDQGDUGV� RI
NQRZQ�GLDPHWHU��НH�JHOV�ZHUH�HOHFWURSKRUHVHG�DW�����9�IRU����K��DQG
WKHQ� VWDLQHG� IRU� OLSLGV�ZLWK�2LO�5HG�2�ZLWK�KHDWLQJ� WR���r&� IRU����K
DQG� IRU� SURWHLQ�ZLWK�&RRPDVVLH� %ULOOLDQW� %OXH� IRU� ���PLQ��*HOV�ZHUH
WKHQ�GHFRORULٽHG�ZLWK�HWKDQRO�DQG�LPPHUVLRQ� LQ�DFHWLF�DFLG��VFDQQHG
ZLWK�DQ� LPDJH�VFDQQHU� �(SVRQ�*7�������6HLNR�(SVRQ�&RUS���1DJDQR�
-DSDQ���DQG�DQDO\]HG�XVLQJ�DQ�LPDJH�SURFHVVLQJ�DQG�DQDO\VLV�SURJUDP
IRU�0DFLQWRVK��1,+�,PDJH�������1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��8QLWHG
6WDWHV��� 0LJUDWLRQ� GLVWDQFHV� ZHUH� GHWHUPLQHG�� НH� /'/� SDUWLFOH
GLDPHWHU�ZDV�FDOFXODWHG�E\�FRPSDULQJ�WKH�PRELOLW\�RI�WKH�VDPSOH�ZLWK
WKH�PRELOLW\�RI�WKH�WKUHH�FDOLEUDWHG�VWDQGDUGV�RQ�HDFK�JHO��6'/'/�ZDV
GHٽQHG�DV�/'/�ZLWK�D�SDUWLFOH�GLDPHWHU�������QP��EDVHG�RQ�WKH�FULWHULD
SURSRVHG�E\�$XVWLQ�HW�DO��>��@�

6WDWLVWLFV

$Q� XQSDLUHG� 6WXGHQW� W�WHVW� ZDV� XVHG� WR� FRPSDUH� SDUDPHWHUV
EHWZHHQ� WKH�JURXSV��7HVWV� IRU� WUHQGV�DQG� IRU� WKH�DVVRFLDWLRQ�RI�DJH�DW
$5� ZLWK� %0,�� /'/�&�� +'/�&�� 7*� DQG� DWKHURJHQLF� LQGH[� ZHUH
H[DPLQHG� E\� PXOWLYDULDWH� ORJLVWLF� UHJUHVVLRQ� DQDO\VLV�� 3� �� ����� ZDV
FRQVLGHUHG�WR�EH�VLJQLٽFDQW�

5HVXOWV
6HULDO�FKDQJHV�LQ�%0,�IURP���PRQWKV�WR����\HDUV�DFFRUGLQJ�WR�DJH�DW

$5�LQ�WKH�����FKLOGUHQ�DUH�VKRZQ�LQ�)LJXUH����&KLOGUHQ�ZLWK�$5�DW�DQ
HDUOLHU�DJH�KDG�D�KLJKHU�%0,�DW����\HDUV�RI�DJH��5HODWLRQVKLSV�EHWZHHQ
DJH�DW�$5�DQG�%0,�DQG�VHUXP� OLSLGV�DW����\HDUV�RI�DJH�DUH� VKRZQ� LQ
7DEOH� ��� (DUOLHU� $5� DSSHDUHG� WR� EH� DVVRFLDWHG� ZLWK� KLJKHU� 7*� DQG
DWKHURJHQLF� LQGH[��ZKHUHDV� WKHUH�ZDV�DQ� LQYHUVH�UHODWLRQVKLS�EHWZHHQ
DJH�DW�$5�DQG�+'/�&�OHYHOV��DQG�QR�UHODWLRQVKLS�EHWZHHQ�WKH�WLPLQJ
RI�$5�DQG�SODVPD�OHYHOV�RI�7&�DQG�/'/�&��3UHYDOHQFHV�RI�6'/'/�DW���
\HDUV� RI� DJH� LQ� UHODWLRQ� WR� DJH� DW�$5� DUH� VKRZQ� LQ�7DEOH� ���&KLOGUHQ

ZLWK�$5�DW�DQ�HDUOLHU�DJH�KDG�DQ�LQFUHDVHG�6'/'/��ZLWK�SUHYDOHQFHV�RI
������DQG������LQ�WKH�$5�Ω��\�DQG���\�JURXSV��UHVSHFWLYHO\��EXW�RI���
LQ�WKH�WKUHH�KLJKHU�DJH�JURXSV�
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9DOXHV�DUH�H[SUHVVHG�DV�PHDQ��6'��16��1RW�VLJQLILFDQW

$WKHURJHQLF�LQGH[� �>7&�+'/�&@�+'/�&

7DEOH� ��� 5HODWLRQVKLSV� EHWZHHQ� WKH� DJH� DW� DGLSRVLW\� UHERXQG� DQG
YDULDEOHV�LQ�����FKLOGUHQ�DW����\HDUV�RI�DJH�

$JH�DW�DGLSRVLW\�UHERXQG 3UHYDOHQFH�RI�6'/'/

$5�����\��Q� ���� �������

$5���\��Q� ���� ��������

$5���\��Q� ���� �

$5���\��Q� ���� �

$5�����\��Q� ���� �

7RWDO �������������

7DEOH� ��� 5HODWLRQVKLS� EHWZHHQ� WKH� DJH� DW� DGLSRVLW\� UHERXQG� DQG� WKH
SUHYDOHQFH�RI�VPDOO��GHQVH�/'/�DW����\HDUV�RI�DJH�

)LJXUH����6HULDO�FKDQJHV�LQ�%0,�EHWZHHQ���PRQWKV�DQG����\HDUV�LQ
����FKLOGUHQ�GLYLGHG�LQWRٽ�YH�JURXSV�DFFRUGLQJ�WR�DJH�DW�$5�

&LWDWLRQ� $ULVDND� 2�� ,FKLNDZD� *�� .R\DPD� 6�� 6KLPXUD� 1�� ,PDWDND� *� HW� DO�� ������� (DUO\� $GLSRVLW\� 5HERXQG� DQG� 6PDOO� 'HQVH� /RZ�'HQVLW\
/LSRSURWHLQ�LQ�&KLOGKRRG�2EHVLW\��-�2EHV�:HLJKW�/RVV�7KHU���������GRL��������������������������

3DJH���RI��
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'LVFXVVLRQ
,Q�WKLV�VWXG\��FKLOGUHQ�ZLWK�HDUO\�$5�KDG�KLJKHU�%0,�DW����\HDUV�RI

DJH��DQG�FLUFXODWLQJ�6'/'/�ZDV�GHWHFWHG�RQO\� LQ�FKLOGUHQ�ZLWK�$5�DW
���\HDUV��НHVH� FKLOGUHQ�DOVR�H[KLELWHG�DWKHURJHQLF� OLSLG�SURٽOHV�ZLWK
HOHYDWHG� SODVPD� OHYHOV� RI� 7*� DQG� DWKHURJHQLF� LQGH[� DQG� GHFUHDVHG
SODVPD�+'/�&��ZKHUHDV�7&�DQG�/'/�&�� WKH�PHWDEROLVP�RI�ZKLFK� LV
LQGHSHQGHQW� RI� LQVXOLQ� UHVLVWDQFH� >��@�� GLG� QRW� VKRZ� VLJQLٽFDQW
FKDQJHV�UHODWHG�WR�WKH�WLPLQJ�RI�$5�

$�UHGXFWLRQ�LQ�/'/�SDUWLFOH�VL]H�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�7*
DQG� D� GHFUHDVH� LQ� +'/�&� PD\� UHVXOW� IURP� DOWHUDWLRQ� RI� OLSRSURWHLQ
PHWDEROLVP� FDXVHG� E\� LQVXOLQ� UHVLVWDQFH� >�@�� 0HWDEROLFDOO\�
K\SHUWULJO\FHULGHPLD� SURPRWHV� 7*� WUDQVIHU� IURP� YHU\� ORZ�GHQVLW\
OLSRSURWHLQ��9/'/��WR�+'/��НH�7*�HQULFKHG�+'/�WKHQ�WUDQVIHUV�7*
WR� /'/� DQG� UHPRYHV� FKROHVWHURO� IURP� /'/�� WKXV�� WKH� FKROHVWHURO�
GHSOHWHG� /'/� WKHQ� EHFRPHV� VPDOOHU� DQG� GHQVHU�� ,Q� WKH� SUHVHQFH� RI
K\SHUWULJO\FHULGHPLD�� WKH� FKROHVWHU\O� HVWHU� WUDQVIHU� SURWHLQ� �&(73�
DOORZV�FKROHVWHU\O�HVWHUV�WR�EH�WUDQVIHUUHG�IURP�/'/�LQ�H[FKDQJH�IRU�D
7*� PROHFXOH� IURP� 9/'/�� 7*� LV� WKHQ� K\GURO\]HG� E\� KHSDWLF
WULJO\FHULGH� OLSDVH� �+7*/�� RU� OLSRSURWHLQ� OLSDVH� WR� SURGXFH� VPDOOHU�
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