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7KH�,QWHUQDWLRQDO�-RXUQDO�RI�)URQWLHU�6FLHQFHV

2EHVLW\��$�5LVN�)DFWRU�RI�3UHHFODPSVLD

:DMDKDW�+XVVDLQ���6DPLQD�%DGDU���+XGD�$EEDV���0XKDPPDG�,PUDQ���0XKDPPDG�$ULI�.KDQ�

DQG�0XKDPPDG�5DP]DQ�6RRPUD�

$EVWUDFW�
%DFNJURXQG� 2EHVLW\� LV� D�PDMRU� HSLGHPLF�RI�GHYHORSHG�ZRUOG� WKDW� LV� QRZ�H[WHQGLQJ� WR�GHYHORSLQJ�
FRXQWULHV�DQG�LV�WKH�ULVN�IDFWRU�RI�SUH�HFODPSVLD�ZKLFK�LV�WKH�PDMRU�FRQWULEXWRU�WR�PDWHUQDO�DQG�IRHWDO�
PRUELGLW\�	�PRUWDOLW\��
2EMHFWLYH� 7R� GHWHUPLQH� WKH� IUHTXHQF\� RI� SUHHFODPSVLD� LQ� REHVH� SULPLJUDYLGD� ZRPHQ� YLVLWLQJ� WKH�
2EVWHWULFV� DQG� *\QDHFRORJ\� 2XWSDWLHQW� 'HSDUWPHQW� RI� %DKDZDO� 9LFWRULD� +RVSLWDO�� %DKDZDOSXU��
3DNLVWDQ�
0HWKRGRORJ\� 7KLV� FURVV�VHFWLRQDO� GHVFULSWLYH� VWXG\�ZDV� FRQGXFWHG� LQ�2EVWHWULFV� DQG�*\QDHFRORJ\�
2XWSDWLHQW� 'HSDUWPHQW� RI� %DKDZDO� 9LFWRULD� +RVSLWDO� %DKDZDOSXU�� 3DNLVWDQ IURP� -DQXDU\� ����� WR�
'HFHPEHU�������$OO�WKH�3ULPLJUDYLGD�ZRPHQ�ZLWK�VLQJOHWRQ�SUHJQDQF\�RI�JHVWDWLRQDO�DJH������ZHHNV�
DVVHVVHG� E\� XOWUDVRXQG� EHWZHHQ� ������ \HDUV� RI� DJH� ZHUH� LQFOXGHG� LQ� WKH� VWXG\� E\� QRQ�SUREDELOLW\�
FRQVHFXWLYH�PHWKRG��$IWHU� REWDLQLQJ� HWKLFDO� DSSURYDO� IURP�KRVSLWDO� HWKLFDO� FRPPLWWHH� DQG� LQIRUPHG�
ZULWWHQ�FRQVHQW�IURP�DOO�WKH�VWXG\�VXEMHFWV� UHOHYDQW�GDWD�ZHUH�GRFXPHQWHG�LQ�D�SUHGHILQHG�GDWD�VKHHW�
DQG�ERG\�PDVV�LQGH[��%0,��ZDV�FDOFXODWHG�E\�XVLQJ�WKH�IRUPXOD� :HLJKW��NJ����+HLJKW� �P���:RPHQ�
KDYLQJ�EORRG�SUHVVXUH��%3��RI��������PP+J�RU�DERYH�LQ�WKLUG�WULPHVWHU�RI�JHVWDWLRQ�PHDVXUHG�RQ�DW�
OHDVW�WZR�RFFDVLRQV� ��KRXUV�RU�PRUH�DSDUW�DFFRPSDQLHG�E\�SURWHLQXULD�RI�����PJ�SHU����KRXUV�RU DERYH�
LQ�SUHYLRXVO\�QRUPRWHQVLYH�ZHUH ODEHOOHG�DV�SUHHFODPSVLD�DQG�ILUVW�WLPH�SUHJQDQW�ZRPHQ�KDYLQJ�%0,�
�� ��� ZHUH WDNHQ� DV� REHVH�� 6WDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� E\� XVLQJ� FRPSXWHU�EDVHG� VRIWZDUH��
6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFH��6366��IRU�ZLQGRZV�YHUVLRQ������ 0HDQ�DQG�VWDQGDUG�GHYLDWLRQ�
ZDV�FDOFXODWHG�IRU�QXPHULFDO�GDWD�OLNH�DJH��)UHTXHQFLHV�DQG�SHUFHQWDJHV�ZHUH�FDOFXODWHG�IRU�FDWHJRULFDO�
YDULDEOHV�� &KL�VTXDUH� WHVW� ZDV� SHUIRUPHG� WR� ILQG� WKH� VWDWLVWLFDO� GLIIHUHQFH� UHJDUGLQJ� SUHHFODPSVLD�
GLVWULEXWLRQ�EHWZHHQ�JURXSV�DQG�µS¶�YDOXH�������ZDV�FRQVLGHUHG�DV�D�ORZHVW�OHYHO�RI�VLJQLILFDQFH��
5HVXOWV� 0HDQ�DJH�RI�WKH�UHVSRQGHQWV�LQ�WKH�VWXG\�ZDV������������\HDUV��0DMRULW\�RI�WKH�ZRPHQ�ZHUH�
EHWZHHQ�WKH�DJHV�RI�������\HDUV�����������7KH�PHDQ�JHVWDWLRQDO�DJH�RI�WKH�UHVSRQGHQWV�ZDV������������
ZHHNV� DQG�PRVW� RI� WKH� ZRPHQ� KDG� JHVWDWLRQDO� DJH� �� ��� ZHHNV� ���������� )UHTXHQF\� RI� REHVLW\� LQ�
SUHJQDQF\�ZDV�������DQG�IUHTXHQF\�RI�SUHHFODPSVLD�LQ�REHVH�SULPLJUDYLGD�ZDV��������
&RQFOXVLRQ� ,W�LV�FRQFOXGHG�WKDW�IUHTXHQF\�RI�SUHHFODPSVLD�LV�KLJKHU�LQ�REHVH�SULPLJUDYLGD�FRPSDUHG�
WR�QRQ�REHVH�SULPLJUDYLGD�
.H\�ZRUGV��2EHVLW\��3UHHFODPSVLD��3ULPLJUDYLGD

7KLV�DUWLFOH�LV�RSHQ�DFFHVV�XQGHU�WHUPV�RI�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH������ZKLFK�SHUPLWV�XQUHVWULFWHG�XVH��
GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP�SURYLGHG�WKH�RULJLQDO�ZRUN�LV�FLWHG�SURSHUO\�

�� 4XDLG�H�$]DP�0HGLFDO�&ROOHJH��%DKDZDOSXU��3DNLVWDQ
�� 0XOWDQ�0HGLFDO�	�'HQWDO�&ROOHJH��0XOWDQ��3DNLVWDQ
�� '+4�+RVSLWDO��/D\\DK��3DNLVWDQ
�� $UPHG�)RUFHV�3RVWJUDGXDWH�0HGLFDO�,QVWLWXWH��5DZDOSLQGL��

3DNLVWDQ

&RUUHVSRQGHQFH��ZDMDKDWEXNKDUL���#JPDLO�FRP

6XEPLWWHG��$SULO���������
$FFHSWHG��-XQH��������
3XEOLVKHG�2QOLQH��-XO\ ��������

GRL����������]HQRGR��������

+RZ�WR�FLWH�WKLV��+XVVDLQ��:���%DGDU��6���$EEDV��+���
,PUDQ�� 0��� .KDQ�� 0�$�� DQG� 6RRPUD�� 0�5�� �����
2EHVLW\��$�5LVN�)DFWRU� RI�3UHHFODPSVLD�� ,QW� -�)URQW�
6FL����������������$EEUHYLDWLRQV�
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,QWURGXFWLRQ�
3UHHFODPSVLD� D� K\SHUWHQVLYH� GLVRUGHU�
DIIHFWLQJ� ����� SUHJQDQFLHV�ZRUOGZLGH� FDQ�
EH� DVVRFLDWHG�ZLWK� KLJK�PDWHUQDO�PRUELGLW\�
DQG� PRUWDOLW\� DQG� LV� FKDUDFWHUL]HG� E\� KLJK�
EORRG� SUHVVXUH� DQG� VLJQLILFDQW� DPRXQW� RI�
XULQH� LQ� WKH� SURWHLQ�� ,W� LQYROYHV�PDQ\�ERG\�
V\VWHPV�LQFOXGLQJ�WKH�SUHVHQFH�RI�ORZ�EORRG�
SODWHOHW�FRXQW��7KURPERF\WRSHQLD���LPSDLUHG�
OLYHU� IXQFWLRQV�� UHQDO� G\VIXQFWLRQV�� IOXLG�
DFFXPXODWLRQV� LQ� WKH� OXQJV� �3XOPRQDU\�
RHGHPD��� YLVXDO� GLVWXUEDQFHV� DQG� LI� OHIW�
XQWUHDWHG� FDQ� GHYHORS� HFODPSVLD�� D� OLIH�
WKUHDWHQLQJ� FRQGLWLRQ� GXULQJ� SUHJQDQF\ ����
���
2EHVLW\� WKH� PRVW� FRPPRQ� QXWULWLRQDO�
GLVRUGHU� DQG� D�PDMRU�SXEOLF�KHDOWK�SUREOHP�
DIIHFWLQJ�DOPRVW�����RI�WKH�DGXOW�SRSXODWLRQ�
LQFUHDVHV� WKH� OLNHOLKRRG� RI� PDQ\� GLVHDVHV�
SDUWLFXODUO\� FDUGLRYDVFXODU� GLVHDVHV�� W\SH�,,�
GLDEHWHV� PHOOLWXV�� REVWUXFWLYH� VOHHS� DSQRHD��
FHUWDLQ� W\SHV� RI� FDQFHU� RVWHRDUWKULWLV� DQG�
SUHJQDQF\�FRPSOLFDWLRQV��7KH�REHVLW\�UHODWHG�
SUHJQDQF\� FRPSOLFDWLRQV� FDQ� EH� EURDGO\�
FODVVLILHG�LQWR�WKRVH�DIIHFWLQJ�WKH�PRWKHU�DQG�
WKRVH� DIIHFWLQJ� WKH� IRHWXV� DQG� QHRQDWH��
0DWHUQDO� FRPSOLFDWLRQV� LQFOXGH� LQFUHDVHG�
ULVN� RI� DGYHUVH� SUHJQDQF\� RXWFRPHV� OLNH�
JHVWDWLRQDO� GLDEHWHV� PHOOLWXV� SUHJQDQF\�
LQGXFHG� K\SHUWHQVLYH� GLVRUGHUV�
�3UHHFODPSVLD�DQG�HFODPSVLD���LQIHFWLRQV�DQG�
SRVWSDUWXP�KDHPRUUKDJH�ZKLOH�IRHWXV�PD\�EH�
ODUJH� IRU� GDWHV� DQG� LQFUHDVHG� ULVN� RI� VWLOO�
ELUWKV �����������
,W�LV�QRW�NQRZQ�FOHDUO\�ZK\�REHVLW\�LV�D�ULVN�
IDFWRU� RI� SUHHFODPSVLD� EXW� LQFUHDVHG� RI�
SUHHFODPSVLD� LQ� REHVH� ZRPHQ� KDV� EHHQ�
UHSRUWHG�LQ�PDQ\�SUHYLRXV�VWXGLHV��/DNKDQSDO�
HW� DO�� UHYHDOHG� WKH� KLJKHU� LQFLGHQFH� RI�
SUHHFODPSVLD� LQ� REHVH� SUHJQDQW� ZRPHQ�
FRPSDUHG� WR� QRQ�REHVH ����� 6LPLODUO\��
&KDXGKDU\�HW�DO��DOVR�IRXQG�WKDW�LQFLGHQFH�RI�

SUHHFODPSVLD�LQ�����RI�ZRPHQ�FRPSDUHG�WR�
����LQ�QRQ�REHVH�ZRPHQ �����
7KLV� VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
IUHTXHQF\� RI� SUHHFODPSVLD� LQ� REHVH�
SULPLJUDYLGD�ZRPHQ� YLVLWLQJ� WKH�2EVWHWULFV�
DQG�*\QDHFRORJ\�2XWSDWLHQW�'HSDUWPHQW�RI�
%DKDZDO� 9LFWRULD� +RVSLWDO� %DKDZDOSXU��
3DNLVWDQ�

0DWHULDOV�DQG�0HWKRGV�
6WXG\� 'HVLJQ� ,W� ZDV� D� GHVFULSWLYH� FURVV�
VHFWLRQDO�VWXG\�
6WXG\�'XUDWLRQ�DQG�6HWWLQJ��)URP�-DQXDU\�
����� WR� 'HFHPEHU� ����� LQ� 2XWSDWLHQW�
'HSDUWPHQW� RI�2EVWHWULFV� DQG�*\QDHFRORJ\�
RI� %DKDZDO� 9LFWRULD� +RVSLWDO�� %DKDZDOSXU��
3DNLVWDQ�
6DPSOH� 6L]H�� ([SHFWLQJ� WKH� SUHYDOHQFH� RI�
SUHHFODPSVLD� ��� LQ� D� SRSXODWLRQ ����� ���
SUHFLVLRQ� DQG� ���� OHYHO� RI� FRQILGHQFH�
FDOFXODWHG�VDPSOH�VL]H�ZDV�����
6DPSOLQJ� 7HFKQLTXH�� 1RQ�SUREDELOLW\�
FRQVHFXWLYH�PHWKRG�
,QFOXVLRQ� &ULWHULD�� 3ULPLJUDYLGD� ZRPHQ�
ZLWK�VLQJOHWRQ�SUHJQDQF\�RI�JHVWDWLRQDO�DJH���
���ZHHNV�DVVHVVHG�E\�XOWUDVRXQG�EHWZHHQ����
��\HDUV�DJH�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�
([FOXVLRQ�&ULWHULD��7KH�ZRPHQ�ZLWK�KLVWRU\�
RI� FKURQLF� K\SHUWHQVLRQ�� GLDEHWHV� PHOOLWXV��
GUXJV� LQWDNH�� VPRNLQJ�� DOFRKROLVP�� OLYHU��
FDUGLDF�RU�UHQDO�GLVHDVHV�RU�DQ\�RWKHU�PDMRU�
LOOQHVV�ZHUH�H[FOXGHG�IURP�WKH�VWXG\�
7RROV� RI� 'DWD� &ROOHFWLRQ��$IWHU� REWDLQLQJ�
HWKLFDO� DSSURYDO� IURP� KRVSLWDO� HWKLFDO�
FRPPLWWHH� DQG� LQIRUPHG� ZULWWHQ� FRQVHQW�
IURP�DOO�WKH�VWXG\�VXEMHFWV�UHOHYDQW�GDWD�ZHUH�
GRFXPHQWHG� LQ� D� SUHGHILQHG� GDWD� VKHHW� DQG�
ERG\� PDVV� LQGH[� �%0,�� ZDV� FDOFXODWHG� E\�
XVLQJ�WKH�IRUPXOD��
:HLJKW��NJ����+HLJKW� �P�
2SHUDWLRQDO�'HILQLWLRQV��
3UHHFODPSVLD��3UHHFODPSVLD�ZDV�GHILQHG�DV�
EORRG SUHVVXUH� �%3�� RI� � � �������PP+J� RU�
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DERYH� LQ� WKLUG� WULPHVWHU� RI� JHVWDWLRQ�
PHDVXUHG�RQ�DW�OHDVW�WZR�RFFDVLRQV���KRXUV�RU�
PRUH� DSDUW� DFFRPSDQLHG� E\� SURWHLQXULD� RI�
����PJ�SHU����KRXUV�RU�DERYH�LQ�SUHYLRXVO\�
QRUPRWHQVLYH�ZRPHQ��
2EHVH� 3ULPLJUDYLGD�� )LUVW� WLPH� SUHJQDQW�
ZRPHQ�KDYLQJ�%0,������ZDV�WDNHQ�DV�REHVH��
'DWD� $QDO\VLV�� 6WDWLVWLFDO� DQDO\VLV� ZDV�
SHUIRUPHG� E\� XVLQJ� FRPSXWHU�EDVHG�
VRIWZDUH�� 6WDWLVWLFDO� 3DFNDJH� IRU� 6RFLDO�
6FLHQFH� �6366�� IRU� ZLQGRZV� YHUVLRQ� ����
0HDQ�DQG�VWDQGDUG�GHYLDWLRQ�ZDV�FDOFXODWHG�
IRU�QXPHULFDO�GDWD�OLNH�DJH��)UHTXHQFLHV�DQG�
SHUFHQWDJHV� ZHUH� FDOFXODWHG� IRU� FDWHJRULFDO�
YDULDEOHV��&KL�VTXDUH� WHVW�ZDV�SHUIRUPHG� WR�
ILQG� WKH� VWDWLVWLFDO� GLIIHUHQFH� UHJDUGLQJ�
SUHHFODPSVLD� GLVWULEXWLRQ� EHWZHHQ� JURXSV�
DQG� µS¶� YDOXH� ������ ZDV� FRQVLGHUHG� DV� D�
ORZHVW�OHYHO�RI�VLJQLILFDQFH�

5HVXOWV�
0HDQ�DJH�RI�WKH�UHVSRQGHQWV�LQ�WKH�VWXG\�ZDV�
����������� \HDUV�� $JH� GLVWULEXWLRQ� RI�
UHVSRQGHQWV� �Q ����� VKRZHG� WKDW� PRVW� RI�
WKHP�ZHUH�EHWZHHQ� WKH�DJHV�RI�������\HDUV�
���������IROORZHG�E\�������\HDUV����������

DQG�������\HDUV����������DV�VKRZQ�LQ�WDEOH�
,�� 7KH� PHDQ� JHVWDWLRQDO� DJH� RI� WKH�
UHVSRQGHQWV�ZDV������������ZHHNV��0DMRULW\�
RI�WKH�ZRPHQ�KDG�JHVWDWLRQDO�DJH������ZHHNV�

��������� DQG� ������� ZHUH� EHWZHHQ� ������
ZHHNV�RI�JHVWDWLRQ��7DEOH�,,��
,Q� WKLV VWXG\� IUHTXHQF\� RI� REHVLW\� LQ�
SUHJQDQF\� ZDV� ������ DQG� ������ ZRPHQ�
ZHUH�QRQ�REHVH��7DEOH�,,,���
)UHTXHQF\� RI� SUHHFODPSVLD� LQ� REHVH�
SULPLJUDYLGD�ZDV�������ZKLOH�LQ�QRQ�REHVH�
SULPLJUDYLGD�JURXS� LW�ZDV��������7DEOH�,9��

7DEOH�,��$JH�GLVWULEXWLRQ�RI�WKH�
UHVSRQGHQWV��Q ����

$JH��\HDUV� )UHTXHQF\� 3HUFHQWDJH
������ ��� ������
����� ��� ������
����� ��� ������
7RWDO ��� ����

7DEOH�,,��'LVWULEXWLRQ�RI�WKH�UHVSRQGHQWV�
DFFRUGLQJ�WR�JHVWDWLRQDO�DJH��Q ����

*HVWDWLRQDO�$JH�
�ZHHNV�

)UHTXHQF\ 3HUFHQWDJH

����� ��� ������
����� ��� ������
��� ��� ������
7RWDO ��� ����

7DEOH�,,,��)UHTXHQF\�RI�REHVLW\�DPRQJ�
UHVSRQGHQWV��Q ����

2EHVLW\ )UHTXHQF\ 3HUFHQWDJH
<HV ��� �����
1R ��� �����
7RWDO ��� ����

'LVFXVVLRQ�
2EHVLW\�LV�D�PDMRU�HSLGHPLF�RI�GHYHORSHG�
ZRUOG�WKDW�LV�QRZ�H[WHQGLQJ�WR�GHYHORSLQJ�
FRXQWULHV��0HDQ�DJH�RI�WKH�UHVSRQGHQWV�LQ�
RXU� VWXG\� ZDV� ����������� \HDUV� ZLWK�
PDMRULW\�RI�ZRPHQ�LQ�WKH�DJH�JURXS�RI��� �

��� \HDUV�� $OPRVW� VLPLODU� ILQGLQJV� ZHUH�
REVHUYHG�LQ�WKH�VWXGLHV�RI�)DWLPD�HW�DO �����DQG�
/DNKDQSDO�HW�DO �����2XU�VWXG\�UHYHDOHG�WKDW�

7DEOH�,9��)UHTXHQF\�RI�SUHHFODPSVLD�LQ�REHVH�
DQG�QRQ�REHVH�ZRPHQ��Q ����

3UHHFODPSVLD 2EHVH 1RQ�REHVH 7RWDO

<HV�� �� ����� �� ����� ���

1R� �� ����� ��� ����� ���

7RWDO ��� ���� ��� ���� ���

Ȥ�� �������� GI� ���S ������
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WKH�PHDQ�JHVWDWLRQDO�DJH�RI�WKH�UHVSRQGHQWV�
ZDV� ����������� ZHHNV�� 7KHVH� UHVXOWV� DUH�
FRPSDUDEOH�ZLWK�PDQ\�RWKHU�VWXGLHV ��������
7KH�VWXG\�VKRZHG�WKDW�IUHTXHQF\�RI�REHVLW\�
LQ� SULPLJUDYLGD� ZRPHQ� ZDV� �������
)UHTXHQF\� RI� SUHHFODPSVLD� LQ� REHVH�
SULPLJUDYLGD�ZRPHQ�ZDV�IRXQG�������ZKLOH�
LQ� QRQ�REHVH� SULPLJUDYLGD� ZRPHQ� LW� ZDV�
������� 7KH� GLIIHUHQFH� EHWZHHQ� WZR� JURXSV�
ZDV�IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW�DW�S�YDOXH�
��������6WXG\�FRQGXFWHG�E\�/DNKDQSDO�HW�DO��
UHYHDOHG�WKDW�SUHHFODPSVLD�FRPSOLFDWHG� ����
SUHJQDQFLHV� LQ� ZRPHQ� ZLWK� %0,� ���� DV�
FRPSDUHG�WR����LQ�ZRPHQ�ZLWK�%0,���� �����
&KDXGKDU\�HW�DO��DOVR�IRXQG�WKDW�����RI�REHVH�
ZRPHQ�KDG�SUHHFODPSVLD�FRPSDUHG� WR�����
LQ� QRQ�REHVH ����� ,QFUHDVHG� LQFLGHQFH� RI�
SUHHFODPSVLD�KDG�EHHQ�UHSRUWHG�E\�5RPDQ�HW�
DO �����2EHVLW\�KDV�EHHQ�LPSOLFDWHG�DV�D�ULVN�
IDFWRU� IRU� ERWK� PDWHUQDO� DQG� IRHWDO�
FRPSOLFDWLRQV�� ,WV� DVVRFLDWLRQ� ZLWK�
JHVWDWLRQDO� GLDEHWHV� DQG� SUHHFODPSVLD� LV�
HVWDEOLVKHG� LQ� PDQ\� RWKHU� VWXGLHV ����� �����
7KH� IUHTXHQF\� RI� SUH�HFODPSVLD� LQ� REHVH�
ZRPHQ� LV� IRXQG� KLJKHU� LQ� RXU� VWXG\� DV�
FRPSDUHG�WR�VWXGLHV�FRQGXFWHG�E\�/DNKDQSDO�
HW�DO��DQG�5RPDQ�HW�DO��ZKLFK�PD\�EH�GXH�WKH�
UHDVRQ�WKDW�RXU�VWXG\�ZDV�KRVSLWDO�EDVHG�

&RQFOXVLRQ�
$V� D� ZKROH� LW� FDQ� EH� FRQFOXGHG� WKDW�
IUHTXHQF\� RI� SUHHFODPSVLD� LQ� REHVH�
SULPLJUDYLGD� LV� KLJKHU� FRPSDUHG� WR� QRQ�
REHVH� SULPLJUDYLGD� ZKLFK� PD\� VKRZ� WKDW�
REHVLW\�LV�D�ULVN�IDFWRU�IRU�SUHHFODPSVLD���$V�
LW�ZDV� D� FURVV� VHFWLRQDO� GHVFULSWLYH� VWXG\� LW�
LPSRVHV�FHUWDLQ�OLPLWDWLRQV�DQG�LV�SRWHQWLDOO\�
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