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&DUERQ�0RQR[LGH�(PLVVLRQV�DQG�+XPDQ�([SRVXUH�$VVHVVPHQW�RI�'LIIHUHQW�
&RRNVWRYHV�LQ�.DVNL��1HSDO

3UDGLS�3DXGHO����%KXSHQGUD�6KDUPD�

��,QVWLWXWH�IRU�6RFLDO�DQG�(QYLURQPHQWDO�5HVHDUFK�1HSDO
�'HSDUWPHQW�RI�(QYLURQPHQW��.XSRQGROH��/DOLWSXU

$XWKRU�FRUUHVSRQGHQFH��HQYBEKXSL����#JPDLO�FRP

$EVWUDFW

&RPPRQO\��ZRPHQ�DQG�FKLOGUHQ�DUH�H[SRVHG�WR�YHU\�KLJK�OHYHO�RI�FULWHULD�SROOXWDQWV�GDLO\�
RYHU�PDQ\�\HDUV��7KH�VWXG\�DLPHG�WR�FRPSDUH�WKH�&DUERQ�PRQR[LGH��&2��HPLVVLRQV�LQ�EHWZHHQ�
WUDGLWLRQDO�� LPSURYHG�DQG�/3*�6WRYHV��DQG�WR�GHWHUPLQH�WKH�KXPDQ�H[SRVXUH�OHYHO� WR�&2�GXULQJ�
FRRNLQJ�SHULRG��7KLV�UHVHDUFK�ZDV�FRQGXFWHGDPRQJ����KRXVHKROGV�LQ�.DVNL��1HSDO��VHOHFWHG�IURP�

0LFURVRIW�([FHO��5HVXOWV�VKRZHG�WKDW7&6�KDV���WLPHV�DQG���WLPHV�KLJKHU�&2�HPLVVLRQV����WLPHV�
DQG����WLPHV�KLJKHU�H[SRVXUH�OHYHO�WKDQ�,&6�DQG�/3*6�UHVSHFWLYHO\��,Q�DGGLWLRQ��,&6�KDV�OHVV�WKDQ�
����WLPHV�KLJKHU�HPLVVLRQV�DQG�DOPRVW���WLPHV�KLJKHU�H[SRVXUH�OHYHO�WKDQ�/3*6��&RQVHTXHQWO\��WKH�
NLWFKHQ�URRP�ZLWK�7&6�ZDV�WKH�GLUWLHVW�LQ�WHUPV�RI�&2�HPLVVLRQV��WLPH�FRQVXPSWLRQ��DQG�H[SRVXUH�
OHYHO��/3*�VWRYHV�FRXOG�EH�XVHG�WR�LPSURYH�LQGRRU�DLU�TXDOLW\��KHDOWK�FRQGLWLRQV�DQG�UHGXFH�WLPH�
VSHQGLQJ�LQ�NLWFKHQ��,&6�FRXOG�DOVR�EH�EHVW�RSWLRQ�LQ�WKH�VHQVH�RI�FRVW�HIIHFWLYHQHVV�IRU�LQVWDOODWLRQ�
DQG�RSHUDWLRQ�LQ�UXUDO�DUHDV�RI�GHYHORSLQJ�FRXQWULHV�

.H\ZRUGV��,QGRRU�DLU�SROOXWLRQ��&2�HPLVVLRQV��FRRNVWRYH��H[SRVXUH

���,QWURGXFWLRQ

7KH� WR[LF�FRQWDPLQDQWV� WKDW�ZH�HQFRXQWHU� LQ�RXU�KRPHV�� VFKRROV�DQG�ZRUNSODFHV� LQ�GDLO\�

SHWUROHXP�JDV��/3*��FRQWDLQ�D�ODUJH�QXPEHU�RI�SROOXWDQWV�QDPHG�SDUWLFXODWH�PDWWHU��30���FDUERQ�
PRQR[LGH��&2���QLWURJHQ�GLR[LGH��12

�
��DQG�IRUPDOGHK\GH��(]]DWL�	�.DPPHQ���������,QGRRU�DLU�

SXEOLF�KHDOWK�KD]DUG�7KH�WUDGLWLRQDO�GRPHVWLF�SUDFWLFH�RI�FRRNLQJ�LQ�SULPLWLYH�VWRYHV�ZLWK�ORZ�JUDGH�
IXHOV�DQG�LQ�EDGO\�YHQWLODWHG�NLWFKHQV�FDQ�KDYH�VHULRXV�LPSOLFDWLRQV�IRU�WKH�KHDOWK��SDUWLFXODUO\�WR�WKH�
ZRPHQ�DQG�FKLOGUHQ�-RVKL�������	�6DNVHQD��HW�DO���������

&2�LV�RQH�RI�WKH�FRPSRQHQW�RI�µFULWHULD�SROOXWDQWV¶�UHFRPPHQGHG�E\�:+2��,W�LV�D�FRORUOHVV��
WDVWHOHVV�� RGRUOHVV�� QRQLUULWDWLQJ�� DQG� SRLVRQRXV� JDV� HPLWWHG� IURP� LQFRPSOHWH� FRPEXVWLRQ� RI�
FDUERQDFHRXV�PDWHULDO�XVHG�DV�IXHOV�IRU�WUDQVSRUWDWLRQ��FRRNLQJ��DQG�KHDWLQJ�)LHUUR��2
5RXUNH��	�
%XUJHVV���������$�KHDOWK�HIIHFW�LV�GHWHUPLQHG�QRW�MXVW�E\�WKH�SROOXWLRQ�OHYHO��EXW�DOVR�E\�WKH�WLPH�
SHRSOH�VSHQG�EUHDWKLQJ�SROOXWHG�DLU��L�H��WKH�H[SRVXUH�OHYHO�&RPSDUHG�ZLWK�FRQFHQWUDWLRQ��H[SRVXUH�
LV�D�PRUH�DFFXUDWH�PHDVXUH�RI�KXPDQ�FRQWDFW�ZLWK�SROOXWLRQ��=RX�HW�DO���������

1HSDO�LV�D�FRXQWU\�RI�YLOODJH�ZKHUH�PRUH�WKDQ�����OLYH�LQ�YLOODJHV�DQG�DPRQJ�WKHP������
SRSXODWLRQ�DUH�XVLQJ� WKH�XQSURFHVVHG�ELRPDVV��7KH�KRXVLQJ� VWUXFWXUH� LV�YHU\�YXOQHUDEOH� IRU� ,$3�
EHFDXVH�����KRXVHKROGV�KDYH�ZRRGHQ�DQG�PXG�ERQGHG�KRXVH�ZLWK�SRRU�YHQWLODWLRQ�.LP��HW�DO���
�������,Q�1HSDO��ELRPDVV�LV�D�GRPLQDQW�VRXUFH�RI�HQHUJ\�DERXW�������ZKHUHDV�������RI�WRWDO�HQHUJ\�
LV�FRQVXPHG�LQ�WKH�UHVLGHQWLDO�VHFWRU�IRU�FRRNLQJ�DQG�KHDWLQJ�SXUSRVH��/RKDQL��������

,Q�GHYHORSLQJ�FRXQWULHV��SRRU�ZRPHQ�DQG�\RXQJ�FKLOGUHQ�DUH�FRPPRQO\�H[SRVHG� WR�YHU\�
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KLJK�OHYHOV�RI�SROOXWLRQ�GDLO\�RYHU�PDQ\�\HDUV��7KRXJK�WKHUH�KDYH�EHHQ�QR�ODUJH�VFDOH�VWDWLVWLFDOO\�
UHSUHVHQWDWLYH�VXUYH\V�DERXW�WKH�KRXVHKROG�&2�HPLVVLRQV�IURP�GLIIHUHQW�FRRNLQJ�IXHOV��HVSHFLDOO\�

HPLVVLRQV�DQG�H[SRVXUH�OHYHO�GXULQJ�FRRNLQJ�SHULRG��7KH�WHVWLQJ�SURWRFROV�DQG�H[SHULPHQWDO�VHWXS�
WKDW�VLPXODWH�FRRNLQJ�SUDFWLFHV�XQGHU�WKH�FRQWUROOHG�DQG�UHSOLFDEOH�FRQGLWLRQV�RI�ODERUDWRU\�PD\�QRW�
EH�UHDOLVWLF�RI�WKH�UHDO�ZRUOG�DSSOLFDWLRQ�RI�D�VWRYH�+HQFH��WKLV�VWXG\�ZDV�FRQGXFWHG�WR�FRPSDUH�WKH�
&2�HPLVVLRQV�LQ�EHWZHHQ�WUDGLWLRQDO�FRRN�VWRYH��7&6���LPSURYHG�FRRN�VWRYH��,&6��DQG�/3*�VWRYH�
DQG�WR�GHWHUPLQH�WKH�OHYHO�RI�KXPDQ�H[SRVXUH�WR�&2�GXULQJ�FRRNLQJ�SHULRG�LQVLGH�WKH�NLWFKHQ�RI�
SHRSOH�LQ�WKH�VWXG\�DUHD�

���0HWKRGRORJ\

����6WXG\�$UHD�/RFDWLRQ�DQG�6DPSOLQJ�WHFKQLTXHV

7KH�VWXG\�ZDV�FRQGXFWHG�LQ�.DVNL�'LVWULFW�DW�6DUDQJNRW�9'&�RI�1HSDO��7KLV�DUHD�ZDV�FKRVHQ�
SXUSRVLYHO\�EHFDXVH�WKHUH�LV�YDULDWLRQ�LQ�FRRNLQJ�IXHOV�DQG�VWRYHV��KHWHURJHQHLW\�LQ�VRFLR�HFRQRPLF��

LQ�WKLV�UHVHDUFK��7KUHH�GLIIHUHQW�VWUDWD�ZHUH�PDGH�DFFRUGLQJ�WR�WKH�W\SH�RI�FRRNLQJ�VWRYHV�DQG�GLG�
QRW� LQFOXGH� WKRVH�KRXVHKROGV�ZKR�KDYH�EHHQ�XVHG�PRUH� WKDQ�RQH�VWRYHV�IRU�D�SDUWLFXODU�PHDO��$�
UHSUHVHQWDWLYH�VDPSOLQJ�RI����KRXVHKROGV����KRXVHKROGV�RI�HDFK�7&6��,&6��DQG�/3*�6WRYH��ZHUH�
VXUYH\HG�LQ�WKH�VWXG\�DUHDGXULQJ�$SULO�WR�0D\������WR�REWDLQ�WKH�UHTXLUHG�GDWD�

����'DWD�&ROOHFWLRQ�DQG�$QDO\VLV

7KH� VWXG\� ZDV� EDVHG� PDLQO\� XSRQ� SULPDU\� GDWD� VR� GDWD� ZHUH� REWDLQHG� E\� GHYLFH� VHWXS�
DQG� KRXVHKROG� TXHVWLRQQDLUH� VXUYH\��7KH�&2� GHWHFWRU� QDPHG� ³7R[L5$(� 3UR´�ZDV� XVHG� IRU� WKH�
TXDQWLWDWLYH�PHDVXUHPHQW�RI�&2�HPLVVLRQV�IURP�NLWFKHQ�GXULQJ�FRRNLQJ�SHULRG��$PELHQW�&2�OHYHO�
RQ�VDPH�WLPH�ZDV�DOVR�PHDVXUHG�WR�REWDLQ�H[DFW�&2�HPLVVLRQ�IURP�FRRNLQJ�IXHOV�'DWD�KDG�EHHQ�
GRZQORDGHG�IURP�WKH�GHYLFHV�ZLWK�WKH�KHOS�RI�³3UR5$(�6WXGLR�,,´�VRIWZDUH�9DULRXV�OLWHUDWXUHV�DQG�
GLVVHUWDWLRQV�UHJDUGLQJ�WKH�&2�HPLVVLRQV�DQG�H[SRVXUH�UHODWHG�WR�,$3�ZHUH�FROOHFWHG�DQG�UHYLHZHG�
IURP�LQWHUQHW��ERRNV��MRXUQDOV�HWF��DV�D�VHFRQGDU\�VRXUFH�WR�IDFLOLWDWH�WKH�UHVHDUFK�

7KH�FROOHFWHG�GDWD�ZHUH�HQWHUHG�LQWR0LFURVRIW�([FHO�������$OO�WKH�QHFHVVDU\�VWDWLVWLFDO�WRROV�
OLNH�WDEOHV��JUDSKV��FKDUWV��PHDQ�YDOXHV�ZHUH�IRUPXODWHG�E\�WKDW�SURJUDP��7KH�RQH�PLQXWH�DYHUDJH�
YDOXH�RI�&2�HPLVVLRQ�ZDV�UHFRUGHG�E\�WKH�GHYLFH�DQG�DQDO\VLV�KDG�EHHQ�GRQH�RQ�WKH�EDVLV�RI�WKDW�
DYHUDJH�YDOXH��$FWXDO�&2HPLVVLRQV�IURP�VWRYHV�KDG�EHHQ�FDOFXODWHG�E\�VXEWUDFWLRQ�RI�DPELHQW�&2�
OHYHO�IURP�&2�OHYHO�LQVLGH�WKH�NLWFKHQ�
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���5HVXOWV

7KH�DYHUDJH�WLPH�WDNHQ�IRU�FRRNLQJ�LQ���GLIIHUHQW�FRRNVWRYHV�KDV�EHHQ�SUHVHQWHG�EHORZ�

)LJXUH����$YHUDJH�WLPH�FRQVXPSWLRQ�IRU�FRRNLQJ

WKH�YDOXH�RI������PLQXWHV�ZKLOH�WKH\�VSHQW�PLQLPXP�WLPH��L�H��������PLQXWHV�LQ�/3*�VWRYH�,Q�,&6��
WKH\�VSHQW������PLQXWHV�LQ�DYHUDJH�IRU�PDNLQJ�WKHLU�PHDO�

)LJXUH����$YHUDJH�&2�HPLVVLRQV

)LJXUH����$YHUDJH�&2�FRQFHQWUDWLRQ�RI�NLWFKHQ
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$PRQJ�WKUHH�GLIIHUHQW�W\SHV�RI�FRRNVWRYH��7&6�UHOHDVHG�PRUH�&2�WKDQ�RWKHUV��)URP�)LJXUH�
���DYHUDJH�&2�HPLVVLRQV�IURP�7&6������PJ��ZDV�DOPRVW���WLPHV�KLJKHU�LQ�FRPSDUHG�WR�,&6������
PJ��DQG�DOPRVW���WLPHV�KLJKHU�WKDQ�/3*6�����PJ���(PLVVLRQV�IURP�,&6�ZDV�OHVV�WKDQ�����WLPHV�
KLJKHU�LQ�FRPSDUHG�WR�/3*6�

)LJXUH��� VKRZV� WKH�JUDSKLFDO�SUHVHQWDWLRQ�RI�DYHUDJH�&2�FRQFHQWUDWLRQ�DPRQJ�FRPSDUHG�
FRRNVWRYHV�$V�SHU�HPLVVLRQV�SDWWHUQ��LW�LV�REYLRXV�WKDW�NLWFKHQ�URRP�RI�KDYLQJ�7&6�KDV�PD[LPXP�
&2�FRQFHQWUDWLRQ�WKDQ�WKDW�WKH�NLWFKHQ�RI�KDYLQJ�RWKHU�VWRYHV��0RUHRYHU��NLWFKHQV�ZLWK�7&6�KDYH�
DURXQG���WLPHV�KLJKHU�&2�FRQFHQWUDWLRQ�WKDQ�WKDW�RI�NLWFKHQV�ZLWK�,&6�DQG�DURXQG����WLPHV�KLJKHU�
FRQFHQWUDWLRQ�WKDQ�WKDW�RI�NLWFKHQV�ZLWK�/3*6��7KH�GLIIHUHQFH�DPRQJ�NLWFKHQV�ZLWK�,&6�DQG�/3*6�
ZDV�QRW�UHDOO\�JUHDW��NLWFKHQV�ZLWK�,&6�KDYH�DOPRVW���WLPHV�JUHDWHU�&2�FRQFHQWUDWLRQ�LQ�FRPSDUHG�
WR�NLWFKHQV�ZLWK�/3*6�

)LJXUH����$YHUDJH�H[SRVXUH�OHYHO�ZLWK�&2

,Q�)LJXUH���� OHYHO�RI�KXPDQ�H[SRVXUH�KDV�EHHQ�FDOFXODWHG�ZLWK� WKH�KHOS�RI�&2�HPLVVLRQV�
IURP�FRRNVWRYH��VL]H�RI�URRP�DQG�WRWDO�WLPH�WKH\�VSHQW�LQVLGH�WKH�NLWFKHQ�URRP��)URP�WKH�SUHYLRXV�
UHVXOWV��LW�LV�REYLRXV�WKDW�WKH�KXPDQ�H[SRVXUH�OHYHO�ZLWK�&2�LV�PXFK�KLJKHU�LQ�NLWFKHQ�ZLWK�7&6�LQ�
FRPSDULVRQ�ZLWK�,&6�DQG�/3*6��$YHUDJH�H[SRVXUH�OHYHO�RI�SHRSOHV�LQ�WKH�NLWFKHQ�RI�KDYLQJ�7&6�
ZDV�����SSP�K�ZKLFK�LV�DOPRVW���WLPHV�JUHDWHU�WKDQ�NLWFKHQ�RI�KDYLQJ�,&6������SSP�K��DQG�DOPRVW�
��� WLPHV�JUHDWHU� WKDQ� WKH�NLWFKHQ�RI� KDYLQJ�/3*6� �����SSP�K���0RUHRYHU�� DYHUDJH� H[SRVXUH�RI�
SHRSOH�LQ�WKH�NLWFKHQ�RI�KDYLQJ�,&6�ZDV�DSSUR[LPDWHO\���WLPHV�JUHDWHU�WKDQ�NLWFKHQ�RI�KDYLQJ�/3*6�

���'LVFXVVLRQ

&DUERQ�PRQR[LGH�PRQLWRULQJ�ZLOO�UHPDLQ�D�XVHIXO�WRRO�LQ�TXDOLWDWLYH�UDQNLQJ�RI�KRXVHKROGV�LQ�
WHUPV�RI�HPLVVLRQ�OHYHOV��(]]DWL�HW�DO��������0RVW�RI�WKH�UHVHDUFKHV�DUH�EDVHG�XSRQ�WKH�FRPSDULVRQV�

HPLW����WLPHV�OHVV�SROOXWDQWV�WKDQ�ELRPDVV�EXUQLQJ�VWRYHV��*,=��������

SROOXWDQWV� LQ� WKH�NLWFKHQ�DQG�FRQVHTXHQWO\� UHGXFHV� WKH�H[SRVXUHV�DQG�KHDOWK� ULVNV� �.XPDUL�HW�DO��
�������3ULPDU\�FRRNV�LQ�KRXVHKROGV�ZLWKRXW�FKLPQH\V�ZHUH�H[SRVHG�WR�VXEVWDQWLDOO\�KLJKHU�OHYHOV�
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RI�+$3�WKDQ�WKRVH�LQ�KRXVHKROGV�ZLWK�FKLPQH\V��HPLVVLRQV�IURP�VROLG�IXHO�LV�KLJKHU�WKDQ�IURP�JDV�
IXHO�ZDV�IRXQG�E\�&KDUWLHU�HW�DO���������&RPEXVWLRQ�RI�ELRPDVV�IXHO�VRDUHG�WKH�OHYHO�RI�GRPHVWLF�
LQGRRU�DLU�TXDOLW\�ZKLFK�H[FHHG�:+2�VWDQGDUGV�DQG�DUH�LQ�WKH�GHWULPHQWDO�UDQJH�IRU�KXPDQ�KHDOWK��
�%DUWLQJWRQ��HW�DO��������

���&RQFOXVLRQ

7KH�XVH�RI�ELRPDVV� IXHOV� IRU�FRRNLQJ�ZDV� WKH� ODUJHVW� VRXUFH�RI� LQGRRU�DLU�SROOXWLRQ��7&6�
HPLWV��� WLPHV�KLJKHU�&2�WKDQ�,&6�DQG���WLPHV�KLJKHU�&2�WKDQ�/3*�VWRYH��ZKLOH�,&6�HPLWV� OHVV�
WKDQ�����WLPHV�KLJKHU�&2�LQ�FRPSDULVRQ�WR�/3*6��7KH�VWXG\�VKRZHG�WKDW��SHRSOHV�ZHUH�VSHQGLQJ�
DERXW���KRXU�PRUH�WLPH�LQ�NLWFKHQ�SHU�GD\�RI�KDYLQJ�7&6�WR�PDNH�WKHLU�PHDO�LQ�FRPSDULVRQ�RI�/3*�
VWRYH��,&6�FDQ�UHGXFHV�KDOI�DQ�KRXU�WLPH�SHU�GD\�LQ�NLWFKHQ�GXULQJ�FRRNLQJ�WKDQ�WKDW�RI�7&6�/HYHO�
RI�KXPDQ�H[SRVXUH�LQ�NLWFKHQ�RI�KDYLQJ�7&6�ZDV�IDU�JUHDWHU�WKDQ�/3*6�DQG�,&6��/HYHO�RI�H[SRVXUH�
LQ�7&6�ZDV����WLPHV�KLJKHU�WKDQ�LQ�/3*6�DQG���WLPHV�KLJKHU�WKDQ�LQ�,&6��ZKHUHDV�NLWFKHQ�RI�KDYLQJ�
,&6�KDV�DSSUR[LPDWHO\���WLPHV�KLJKHU�H[SRVXUH�OHYHO�WKDQ�KDYLQJ�/3*6�

7DNLQJ� HYHU\WKLQJ� LQWR� FRQVLGHUDWLRQ�� WKH� NLWFKHQ� URRP�ZLWK� WUDGLWLRQDO� FRRNVWRYH� LV� WKH�
GLUWLHVW�LQ�WHUPV�RI�&2�HPLVVLRQV��WLPH�FRQVXPSWLRQ��DQG�H[SRVXUH�OHYHO�ZKLOH�/3*�FRRNVWRYH�LV�

/3*�VWRYHV�FRXOG�EH�XVHG�WR�LPSURYH�LQGRRU�DLU�TXDOLW\��KHDOWK�FRQGLWLRQV�DQG�UHGXFH�WLPH�
VSHQGLQJ� LQ�NLWFKHQ��7R�UHGXFH� ,$3�DQG�HQKDQFH�KHDOWK�TXDOLW\�� LPSURYHG�FRRNVWRYHV�FRXOG�DOVR�
EH� EHVW� RSWLRQ� LQ� WKH� VHQVH� RI� FRVW� HIIHFWLYHQHVV� IRU� LQVWDOODWLRQ� DQG� RSHUDWLRQ� LQ� UXUDO� DUHDV� RI�
GHYHORSLQJ�FRXQWULHV�

$FNQRZOHGJHPHQW

7KH�DXWKRUV�ZLVKHV�WR�H[SUHVV�LPPHQVH�JUDWLWXGH�IRU�,QVWLWXWH�IRU�6RFLDO�DQG�(QYLURQPHQWDO�
5HVHDUFK�1HSDO��ZKLFK�VXSSRUWHG�E\�SURYLGLQJ�DQ� LQVWUXPHQWV� WKDW�ZHUH� UHTXLUHG� WR�FROOHFW�GDWD�
IURP�KRXVHKROGV��$OO�UHVHDUFK�SDUWLFLSDQWV�GHVHUYH�WKH�JUHDW�WKDQNV�DV�WKH\�ZHUH�DLGHG�E\�SURYLGLQJ�
VSDFH�WR�PHDVXUH�LQGRRU�DLU�SROOXWLRQ�WKDW�LV�LQGHHG�WKH�EDVLF�SLOODU�ZKLFK�WKLV�VWXG\�VWDQGV�RQ�

5HIHUHQFH

%DUWLQJWRQ��6���%DNROLV��,���'HYDNXPDU��'���.XUPL��2���*XOOLYHU��-���&KDXEH��*���������$\UHV��-�����������
3DWWHUQV�RI�GRPHVWLF�H[SRVXUH�WR�FDUERQ�PRQR[LGH�DQG�SDUWLFXODWH�PDWWHU�LQ�KRXVHKROGV�XVLQJ�ELR�
PDVV�IXHO�LQ�-DQDNSXU��1HSDO��(OVHYLHU��(QYLURQPHQWDO�3ROOXWLRQ���������

&KDUWLHU��5��� 3KLOOLSV��0��� 3�0RVTXLQ�� HOOHGJH��0���%URQVWHLQ��.���1DQGDVHQD�� 6��� �� �� �� 5RGHV��&��
��������$�FRPSDUDWLYH�VWXG\�RI�KXPDQ�H[SRVXUHV�WR�KRXVHKROG�DLU�SROOXWLRQ�IURP�FRPPRQO\�XVHG�
FRRNVWRYHV�LQ�6UL�/DQND��,QWHUQDWLRQDO�-RXUQDO�RI�,QGRRU�(QYLURQPHQW�DQG�+HDOWK�

(]]DWL��0���	�.DPPHQ��0����������7KH�+HDOWK�,PSDFWV�RI�([SRVXUH�WR�,QGRRU�$LU�3ROOXWLRQ�IURP�
6ROLG�)XHOV�LQ�'HYHORSLQJ�&RXQWULHV��.QRZOHGJH��*DSV��DQG�'DWD�1HHGV��5HVRXUFHV�IRU�WKH�)XWXUH��
������

(]]DWL��0���0ELQGD��%��0���	�.DPPHQ��'��0����������&RPSDULVRQ�RI�(PLVVLRQV�DQG�5HVLGHQWLDO�
([SRVXUH�IURP�7UDGLWLRQDO�DQG�,PSURYHG�&RRNVWRYHV�LQ�.DQ\D��(QYLURQPHQWDO�6FLHQFH�DQG�7HFK�
QRORJ\�

)LHUUR��0��$���2
5RXUNH��0��.���	�%XUJHVV��-��/�� ��������$GYHUVH�+HDOWK�(IIHFWF�RI�([SRVXUH� WR�
$PELHQW�&DUERQ�0RQR[LGH��7KH�8QLYHUVLW\�RI�$UL]RQD��&ROOHJH�RI�3XEOLF�+HDOWK�

*,=����������
*HUPDQ\��)HGHUDO�0LQLVWU\�IRU�(FRQRPLF�&RRSHUDWLRQ�DQG�'HYHORSPHQW�
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-HWWHU��-��-���	�.DULKHU��3����������6ROLG�IXHO�KRXVHKROG�FRRN�VWRYHV��&KDUDFWHUL]DWLRQ�RI�SHUIRUPDQFH�
DQG�HPLVVLRQV��(OVHYLHU��%LRPDVV�DQG�%LRHQHUJ\���������������

-RVKL��6����������6ROLG�ELRPDVV�IXHO��,QGRRU�DLU�SROOXWLRQ�DQG�KHDOWK�HIIHFWV��.DWKPDQGX�8QLYHUVLW\�
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