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2%-(&7,9(�� 7R� GHWHUPLQH� DQG� FRPSDUH� WKH� DQWKURSRPHWULF� PHDVXUHV� EHWZHHQ� QRUPDO� 	� 7\SH-,,�
'LDEHWLF�PHQVWUXDWLQJ�DQG�PHQRSDXVDO�ZRPHQ� 
0(7+2'2/2*<��$�FURVV�VHFWLRQDO�VWXG\��FRQGXFWHG�DW�WKH�3K\VLRORJ\�'HSDUWPHQW�8QLYHUVLW\�RI�6LQGK�
�8R6�� IURP� -DQXDU\� WR� 'HFHPEHU� ������ 7KH� GLDEHWLF� IHPDOHV� ZHUH� UHFUXLWHG� IURP� /LDTXDW� PHGLFDO�
KRVSLWDO� �/8+�� -DPVKRUR�+\GHUDEDG� DQG� PHQRSDXVDO� ZRPHQ� IURP� VRFLHW\�� 7KH� VDPSOH� VL]H� ZDV�
FDOFXODWHG�E\�(3�LQIR�6RIWZDUH��7RWDO�����IHPDOHV�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��7KH�SXUSRVH�RI�VWXG\�ZDV�
H[SODLQHG�DQG�YHUEDO�DQG�ZULWWHQ�FRQVHQW�ZDV�WDNHQ�IURP�DOO�SDUWLFLSDQWV��$IWHU�WDNLQJ�DOO�DQWKURSRPHWULF�
SDUDPHWHUV���PO�RI�EORRG�ZDV�GUDZQ�IRU�ELRFKHPLFDO�DQDO\VLV��DQG�VWRUHG�LQ�/DERUDWRU\�DW�-���&��5HVXOWV�
ZHUH� HQWHUHG� DQG� DQDO\]HG� E\� 6366� ����� 9HUVLRQ� E\� DSSO\LQJ� $129$-� 3RVW� KRF� WHVW� IRU� FRQWLQXRXV�
YDULDEOHV� 
5(68/76�� 7KH� UHVXOWV� RI� DOO� $QWKURSRPHWULF� SDUDPHWHUV� RI� 0HQVWUXDWLQJ� QRUPDO�� PHQVWUXDWLQJ�
GLDEHWLFV��PHQRSDXVDO�QRUPDO��PHQRSDXVDO�GLDEHWLF�ZHUH� UHSRUWHG�VLJQLILFDQW�S��YDOXH� ���������H[FHSW�
UHVXOWV�RI�KHLJKW�DQG�QHFN�FLUFXPIHUHQFH�ZKLFK�ZHUH�LQVLJQLILFDQW� 
&21&/86,21�� )OXFWXDWLRQ� RI� VHUXP�HVWURJHQ� LQ� SUH� DQG� SRVW-PHQRSDXVDO� IHPDOHV�ZHUH� DUELWUDWHG� WR�
GHYHORSHG�REHVLW\�DQG�7�'0�DQG�DOVR�DOWHU�WKH�DQWKURSRPHWULF�LQGLFHV�� 

.(<�:25'6��'LDEHWHV�0HOOLWXV��0HQRSDXVH��(VWURJHQ� 

,1752'8&7,21 

'LDEHWHV�0HOOLWXV��'0��LV�WKH�PDMRU�FDXVH�RI�PRUWDOLW\�
DQG� PRUELGLW\� ZRUOGZLGH�� $FFRUGLQJ� WR� WKH� :RUOG�
+HDOWK� 2UJDQL]DWLRQ� �:+2��� '0� ZLOO� EH� WKH� VHYHQWK�
OHDGLQJ� FDXVH� RI� PRUWDOLW\� E\� WKH� \HDU� ������� '0� LV�
GHILQHG� E\� DEVROXWH� RU� YLUWXDO� GHILFLHQFLHV� LQ� LQVXOLQ�
VHFUHWLRQ� RU� LQVXOLQ� DFWLRQ�� OLQNHG� ZLWK� FKURQLF�
K\SHUJO\FDHPLD� DQG� GLVWXUEDQFHV� LQ� OLSLG��
FDUERK\GUDWH��DQG�SURWHLQ�PHWDEROLVP���7KH�IUHTXHQF\�
RI� 7\SH� �� GLDEHWHV� PHOOLWXV� �7�'0�� KDV� EHHQ� PRUH�
FRPPRQ� W\SH� RI� '0� ZRUOGZLGH�� 7KH� SUHYDOHQFH� RI�
7�'0� LQ� 6LQGK�� 3DNLVWDQ� ZDV� IRXQG� ���� LQ� PDOHV�
ZKHUHDV����� LQ�IHPDOHV���7�'0�FRPPRQO\�RFFXUUHG�
GXH� WR� GLHWDU\� IDFWRUV�� HQGRFULQH� GLVUXSWRUV� DQG�
JHQHWLF�IDFWRUV��� 
5HVHDUFKHUV� WKRXJKW� WKDW� ZRPHQ� DUH� QDWXUDOO\�
SURWHFWHG� DJDLQVW� LQVXOLQ� UHVLVWDQFH� GXULQJ� WKHLU�
RYXODWRU\� OLIH����� ,Q� PHQVWUXDWLQJ� ZRPHQ�� WKH� ULVN� RI�
GHYHORSLQJ� REHVLW\-UHODWHG� GLVHDVHV� LV� VLJQLILFDQWO\�
ORZHU� WKDQ�DIWHU�PHQRSDXVH�� LQGLFDWLQJ� WKH�VLJQLILFDQW�
UROH�RI�WKH�IHPDOH�RHVWURJHQ�KRUPRQH�LQ�DGLSRJHQHVLV�
DQG� DGLSRVH� PHWDEROLVP��� 0HQRSDXVH� LV� WKH�
FHVVDWLRQ�RI�PHQVWUXDO�F\FOH�LQ�ZRPHQ��,W�UHSUHVHQWV�D�
WUDQVLWLRQDO� SKDVH� LQ� WKH� QDWXUDO� ELRORJLFDO� ZRPDQ¶V�
DJH��D�QDWXUDO�HYHQW�WKDW�PDUNV�WKH�HQG�RI�WKH�IHUWLOLW\�
OLIH� RI� ZRPHQ��� (VWURJHQ� OHYHOV� GHFOLQH� GXULQJ� DQG�
DIWHU� PHQRSDXVH� SKDVH�� ZKLFK� LV� DVVRFLDWHG� ZLWK�
FKDQJHV�LQ�ERG\�FRPSRVLWLRQ��LQFUHDVHG�WRWDO�ERG\�IDW�
DQG� DEGRPLQDO� IDW�� 'XULQJ� WKLV� SKDVH�� ULVN� RI� REHVLW\�

UHODWHG� LPSDLUPHQWV� LQFUHDVHV� VXFK� DV�� JOXFRVH�
PHWDEROLVP�DQG�LQVXOLQ�VHQVLWLYLW\������ 
:KLOH� WKH� UHODWLRQVKLS� EHWZHHQ�PHQRSDXVDO� DJH� DQG�
FDUGLRYDVFXODU� GLVRUGHU� �&9'�� ULVN� LV� DOVR� ZHOO�
HVWDEOLVKHG�� LWV� DVVRFLDWLRQ� ZLWK� 7�'0�� RQH� RI� WKH�
PDMRU�ULVN�IDFWRUV��UHPDLQV�XQFOHDU������7KH�DLP�RI�WKH�
VWXG\� ZDV� WR� GHWHUPLQH� DQG� FRPSDUH� WKH�
DQWKURSRPHWULF� PHDVXUHV� EHWZHHQ� QRUPDO�� 7��
'LDEHWLF� PHQVWUXDWLQJ� DQG� PHQRSDXVDO� ZRPHQ��
WKHUHIRUH�IOXFWXDWLRQ�RI�VHUXP�(VWURJHQ�OHYHOV�DOWHU�WKH�
PRUSKRORJ\� RI� IHPDOHV�� DQG� WKHVH� PLJKW� EH� PRUH�
SURQH�WR�GHYHORS�WR�GLDEHWHV�PHOOLWXV�7\SH�–,,��7�'0�� 

0(7+2'2/2*< 

$� FURVV-VHFWLRQ� FRPSDUDWLYH� VWXG\�� FRQGXFWHG� DW� WKH�
GHSDUWPHQW�RI�SK\VLRORJ\��6LQGK�8QLYHUVLW\�-DPVKRUR��
ZLWK� FROODERUDWLRQ� ZLWK� /LDTXDW� 8QLYHUVLW\� +RVSLWDO�
�/8+�� -DPVKRUR�� +\GHUDEDG� IURP� -DQXDU\� WR�
'HFHPEHU� ������ 7KH� VDPSOH� VL]H�ZDV� FDOFXODWHG� E\�
(3�LQIR�6RIWZDUH��7RWDO�����VXEMHFWV�ZHUH�LQFOXGHG�LQ�
WKLV� VWXG\� DQG� GLYLGHG� LQWR� IRXU� JURXSV�� HDFK� JURXS�
FRQWDLQLQJ� Q ���� *URXS-$� 0HQVWUXDWLQJ� QRUPDO� DV�
FRQWURO�� *URXS-%� 0HQVWUXDWLQJ� GLDEHWLFV�� *URXS-&�
0HQRSDXVDO� QRUPDO�� DQG� *URXS-'� 0HQRSDXVDO�
GLDEHWLF�DV�FDVH�JURXSV��1RUPDO�PHQVWUXDWLQJ�IHPDOHV�
ZLWK�UHJXODU�PHQVWUXDO�F\FOH��7��'LDEHWLF�IHPDOHV��7��
'LDEHWLF�PHQRSDXVDO�ZRPHQ�ZLWK�DJH�RI���-���\HDUV��
ZHUH� LQFOXGHG� LQ� WKLV� VWXG\� ZKHUHDV� IHPDOHV� ZLWK�
RWKHU� FRPRUELGLWLHV� ZLWK� GLDEHWHV�� K\VWHUHFWRP\� DQG�
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IHPDOHV� RQ� PHGLFDWLRQ� H[FHSW� IRU� GLDEHWHV� ZHUH�
H[FOXGHG�IURP�WKH�VWXG\��� 
(OLJLEOH� ZRPHQ� ZHUH� LQIRUPHG� DERXW� WKH� VWXG\�
YHUEDOO\� DQG� DOVR� ZULWWHQ� FRQVHQW� ZDV� WDNHQ� IURP� DOO�
SDUWLFLSDQWV��'DWD�ZDV� FROOHFWHG� IURP�NQRZQ�GLDEHWLF�
DQG� QRQ-GLDEHWLF� IHPDOHV� ZLWK� FRPSOHWH� JHQHUDO�
SK\VLFDO� H[DPLQDWLRQ�� VWUXFWXUHG� TXHVWLRQQDLUH� ILOOLQJ�
DQG�EORRG�VDPSOHV�ZHUH�GUDZQ�DFFRUGLQJ�WR�VWDQGDUG�
SURWRFROV���PO�RI� EORRG�ZDV�FROOHFWHG� LQWR�('7$� WHVW�
WXEHV�� +E$�&� ZDV� GHWHUPLQHG� E\� DQDO\]HU� &HOOWDF�
$OSKD�0(.-�����E\�1LKRQ�.RKGHQ�*HUPDQ\�ZKHUHDV�
VHUXP� (VWURJHQ� ZDV� DQDO\]HG� E\� &KHPLOXPLQHVFHQW�
LPPXQRDVVD\�� LQ� VWHULOL]HG� FRQGLWLRQ� LQ� /80+6�
5HVHDUFK� ODERUDWRU\�� 'DWD� ZDV� HQWHUHG� LQ� 0LFURVRIW�
H[FHO� VKHHW� DQG� FRSLHG� WR� GDWD� VKHHW� RQ�6366������
�,%0�� ,QFRUSRUDWLRQ�� 86$�� DQG� DQDO\]HG� E\� DSSO\LQJ�
$129$��3RVW-+RF�WHVW�IRU�FRQWLQXRXV�YDULDEOHV� 

5(68/76 

7RWDO� ���� KXQGUHG� IHPDOHV� ZHUH� LQFOXGHG� LQ� WKH�
SUHVHQW�VWXG\��7KH�UHVXOWV�ZHUH�UHSUHVHQWHG�DV��PHDQ�
DQG�6WDQGDUG�GHYLDWLRQ��7DEOH�,�DQG�,,��7KH�DJH�RI�QRQ
-GLDEHWLF� PHQVWUXDWLQJ� ZDV� ����������� \HDUV� YHUVXV�
GLDEHWLF� PHQVWUXDWLQJ� ���������� \HDUV�� ZKHUHDV� LQ�
PHQRSDXVDO� QRQ-� GLDEHWLF� IHPDOHV������������ \HDUV¶�
YHUVXV� LQ� PHQRSDXVDO� GLDEHWLF� IHPDOHV� ����������
\HDUV� ZLWK� VLJQLILFDQW� GLIIHUHQFH� RI� S�������� 7KH�
ZHLJKW� �NJ�� RI� VWXG\� JURXSV� ZDV� VKRZQ� VLJQLILFDQW�
�S���������ZKHUHDV�KHLJKW� �FP��ZDV� LQVLJQLILFDQW�ZLWK�
GLIIHUHQFH� RI� S ������ DV� VKRZQ� LQ� 7DEOH-�� LQ�
UHVSHFWLYHO\� 
7KH� PHDQ� %0,� LQ� GLDEHWLF� PHQVWUXDWLQJ� ZDV� KLJK�
���������� .J�P�� YHUVXV� QRQ-GLDEHWLF� PHQVWUXDWLQJ�
��������� .J�P�� ZKHUHDV� GHFUHDVHG� LQ� PHQRSDXVDO�
GLDEHWLF� ���������� .J�P�� YHUVXV� GLDEHWLF�

PHQVWUXDWLQJ� ���������� NJ�P�� ZLWK� VLJQLILFDQW�
GLIIHUHQFH�RI�S�������� 
7KH� ZDLVW� FLUFXPIHUHQFH� RI� GLDEHWLF� PHQVWUXDWLQJ�
IHPDOHV� ZDV� KLJK� ��������� YHUVXV� QRQ-GLDEHWLF�
PHQVWUXDWLQJ� ���������� FP�� ZKHUHDV� PHQRSDXVDO�
GLDEHWLF� ZDLVW� FLUFXPIHUHQFH�ZDV� GHFOLQHG� ����������
FP� DV� FRPSDUHG� WR� PHQRSDXVDO� QRQ-GLDEHWLF�
����������FP�S��������� 7KH�+LS� FLUFXPIHUHQFH� �FP��
DQG� WKH� ZDLVW�KLS� UDWLR�� RI� PHQRSDXVDO� GLDEHWLF�
ZRPHQ� ZDV� GHFUHDVHG� VLJQLILFDQWO\� DV� FRPSDUHG� WR�
RWKHU�JURXSV�S���������DV�VKRZQ�LQ�7DEOH�,��7KH�0LG-
8SSHU� $UP� &LUFXPIHUHQFH� �08$&�� RI� GLDEHWLF�
PHQVWUXDWLQJ� IHPDOHV� ZDV� LQFUHDVHG� �������� FP�
YHUVXV� QRQ-GLDEHWLF�PHQVWUXDWLQJ�ZDV����������� FP��
ZKHUHDV� 08$&� ZDV� GHFUHDVHG� LQ� PHQRSDXVDO�
GLDEHWLF� IHPDOHV� ����������FP� DV� FRPSDUHG� WR�
PHQRSDXVDO� QRQ-� GLDEHWLF� ���������� FP� �� ZLWK�
VLJQLILFDQW� GLIIHUHQFH� RI� �S��������� 7KH� :DLVW�KHLJKW�
UDWLR� RI� QRQ-GLDEHWLF� PHQVWUXDWLQJ� ����������� LQ�
GLDEHWLF�PHQVWUXDWLQJ�������������LQ�PHQRSDXVDO�QRQ
-� GLDEHWLF� ������������ ZKHUHDV� LQ� PHQRSDXVDO�
GLDEHWLF������������� 
7KH� QHFN� FLUFXPIHUHQFH� ZDV� LQVLJQLILFDQW� LQ� QRQ-
GLDEHWLF� PHQVWUXDWLQJ� ���������FP� YHUVXV�� GLDEHWLF�
PHQVWUXDWLQJ����������FP�ZKHUHDV�PHQRSDXVDO�QRQ-�
GLDEHWLF� ���������FP� YHUVXV� PHQRSDXVDO� GLDEHWLF�
���������� ZLWK� LQVLJQLILFDQW� GLIIHUHQFH� RI� �S ��������
7KH�7KLJK�FLUFXPIHUHQFH�RI�GLDEHWLF�PHQVWUXDWLQJ�ZDV�
LQFUHDVHG� ���������� FP� YHUVXV� QRQ-GLDEHWLF�
PHQVWUXDWLQJ� ����������� FP�� ZKHUHDV� PHQRSDXVDO�
GLDEHWLF� ZDV� GHFUHDVHG� ���������FP� YHUVXV�
PHQRSDXVDO� QRQ-� GLDEHWLF� ���������FP�� 7KH� IDVWLQJ�
EORRG� VXJDU� RI� GLDEHWLF� PHQVWUXDWLQJ� ZDV� KLJK�
����������� PJ�GO� YHUVXV� QRUPDO� PHQVWUXDWLQJ�
��������PJ�GO�� ZKHUHDV� PHQRSDXVDO� GLDEHWLF� IDVWLQJ�
EORRG�VXJDU�ZDV�DOVR�KLJKHU�WKDQ�PHQRSDXVDO�QRUPDO�

,PSDFW�RI�(VWURJHQ�RQ�$QWKURSRPHWULF�,QGLFHV 
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*URXS�-$ *URXS-% *URXS-& *URXS-' 

S-YDOXH� 0HQVWUXDWLQJ�QRQ
-GLDEHWLF 
�Q ��� 

0HQVWUXDWLQJ�
GLDEHWLF 
�Q ��� 

0HQRSDXVDO� 
QRQ-GLDEHWLF�

�Q ��� 

0HQRSDXVDO 
'LDEHWLF 
�Q ��� 

$JH���<HDUV� ��������� ��������� ���������� ��������� ������ 

:HLJKW���.J� ��������� ���������� ���������� ��������� ������ 

+HLJKW��&P� ���������� ���������� ����������� ����������  ����� 

%0,��.J�P�� �������� ��������� ��������� ��������� ������ 

9DULDEOH�� 

:DLVW�FLUFXPIHUHQFH��&P� ��������� �������� ���������� ��������� ������ 

+LS�&LUFXPIHUHQFH��&P� ��������� ���������� ����������� ���������� ������ 

:DLVW�+LS�5DWLR���� �������� ��������� ��������� ���������  ����� 

:DLVW�+HLJKW�UDWLR���� �������� ��������� ��������� ��������� ����� 

1HFN�FLUFXPIHUHQFH��&P� ��������� �������� ��������� ���������  ����� 

08$&��&P� ��������� ������� ��������� ���������� ������ 

7KLJK�&LUFXPIHUHQFH��&P� ���������� ��������� ��������� ��������� ������ 
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����������� PJ�GO� YV� ��������� PJ�GO� ZLWK� VLJQLILFDQW�
GLIIHUHQFH�RI��S���������7KH�UDQGRP�EORRG�VXJDU�DQG�
+E$�F� ZDV� DOVR� KLJK� LQ� PHQVWUXDWLQJ� GLDEHWLF� DQG�
PHQRSDXVDO�GLDEHWLF� IHPDOHV�DV�FRPSDUHG� WR�QRUPDO�
IHPDOHV� ZLWK� VLJQLILFDQW� GLIIHUHQFH� RI� �S��������
UHVSHFWLYHO\��:KHUHDV�WKH�VHUXP�HVWURJHQ�ZDV�KLJKO\�
GHFOLQHG� LQ� PHQRSDXVDO� GLDEHWLF� WKDQ� QRUPDO� DQG�
PHQVWUXDWLQJ� GLDEHWLF� IHPDOHV� ZLWK� VLJQLILFDQW�
GLIIHUHQFH�RI��S��������DV�VKRZQ�LQ�7DEOH�,,� 

',6&866,21 

'LDEHWHV� 0HOOLWXV� LV� D� XQLYHUVDO� PHWDEROLF� GLVRUGHU�
LQFUHDVLQJ� PRUELGLW\� DQG� PRUWDOLW\� IRU� FHQWXULHV���� ,W�
PDQLIHVWV� DV� GLVWXUEHG�PHWDEROLVP�ZLWK� UDLVHG� EORRG�
VXJDU� GXH� WR� DEVROXWH� RU� UHODWLYH� GHILFLHQF\� RU�
UHVLVWDQFH� WR� LQVXOLQ������� 7KH� SUHVHQW� VWXG\� UHYHDOV�
WKDW� WKH� DQWKURSRPHWULF� PHDVXUHPHQWV� ZHUH� DOWHUHG�
GXH� WR� WUDQVLWLRQ� RI� QRUPDO� KHDOWK\� IHPDOHV� WRZDUGV�
PHQRSDXVDO�VWDWH� LQ� WKHLU�QDWXUDO� OLIHVSDQ��+HLDQ]D�<�
HW� DO���� UHSRUWHG� WKDW� PHQRSDXVH� LV� DVVRFLDWHG� ZLWK�
LQFUHDVHG� WRWDO� ERG\� IDW� RU� DEGRPLQDO� IDW� DQG� D�
GHFUHDVH�LQ�OHDQ�ERG\�PDVV�GXH�WR�HVWURJHQ�GHFOLQHG�
VLJQLILFDQWO\��ZKLFK�LQ�WXUQ�DOVR�OLQNHG�ZLWK�LPSDLUPHQWV�
LQ� JOXFRVH� PHWDEROLVP� DQG� LQVXOLQ� VHQVLWLYLW\�� ,Q�
SUHVHQW� VWXG\�� WKH� UHVXOWV� VKRZ� WKDW� DV� WKH� DJH�
LQFUHDVHG� WKH�%0,�ZDV� LQFUHDVHG�DQG�RHVWURJHQ�ZDV�
GHFUHDVHG�VLJQLILFDQWO\�LQ�PHQRSDXVDO�7��GLDEHWLFV�DV�
FRPSDUHG� ZLWK� QRUPDO� PHQVWUXDWLQJ� DQG� QRUPDO�
PHQRSDXVDO�IHPDOHV� 
/X�-�HW�DO����DQG�.OLVLF�$�������� UHYHDOHG� WKDW�%0,� LV�
DVVRFLDWHG� ZLWK� HDUO\� PHQRSDXVDO� V\PSWRPV� ZKLFK�
PD\� EH� VXVFHSWLEOH� ZLWK� RWKHU� PHWDEROLF� GLVRUGHUV��
7KHVH�IDFWRUV�VXSSRUW�RXU�SUHVHQW�VWXG\�ZHLJKW��KHLJKW�
DQG�%0,� VKRZLQJ� LQFUHDVHG� OHYHOV� LQ� WKH� FDVH�JURXS�
DV�FRPSDUHG�ZLWK�FRQWURO�JURXS��:DLVW�FLUFXPIHUHQFH�
DOVR� GHFUHDVHV� LQ� GLDEHWLF� PHQRSDXVDO� WKDQ� WKH�
GLDEHWLF� PHQVWUXDWLQJ�� 6R� WKH� GHFUHDVHG�
FRQFHQWUDWLRQ� RI� HVWURJHQ� HIIHFWV� RQ� ZDLVW�
FLUFXPIHUHQFH��5HWWEHUJ��-5��������UHSRUWHG�WKDW�%0,�
LV�LQFUHDVHG�LQ�PHQRSDXVH�GXH�WR�ELRHQHUJHWLFV�HIIHFW�
EHFDXVH� RI� GHFOLQHG� FRQFHQWUDWLRQ� RI� HVWURJHQ� DQG�
PD\� EH� VXVFHSWLEOH� ZLWK� RWKHU� PHWDEROLF� GLVRUGHUV��
7KHVH�IDFWRUV�VXSSRUW�RXU�SUHVHQW�VWXG\�WKDW�HVWURJHQ�
GHFOLQHV� DV� UHVXOW� RI� DOWHUDWLRQ� LQ� ZHLJKW�� KHLJKW� DQG�
%0,� OHYHOV� LQ� PHQRSDXVDO� GLDEHWLF� IHPDOHV� DV�
FRPSDUHG� ZLWK� PHQVWUXDWLQJ� IHPDOHV�� $VZDWKDSSD� -�
�������UHYHDOHG�WKDW�1&��%0,��DQG�FHQWUDO�REHVLW\�DUH�

$QWKURSRPHWULF� ELRPDUNHU� RI� REHVLW\� DQG� KDYLQJ�
VWURQJ� DVVRFLDWLRQ� ZLWK� 'LDEHWLFV�� EXW� SUHVHQW� VWXG\�
KDV� VKRZQ� QR� DQ\� VLJQLILFDQW� LQFUHDVH� LQ� 1&� LQ�
GLDEHWLF� PHQRSDXVH� DV� FRPSDUHG� WR� QRUPDO�
PHQVWUXDWLQJ�IHPDOHV� 
/L]FDQR� )� ������� V\VWHPLF� UHYLHZ� DQDO\VHG� WKDW�
(VWURJHQ�KHOSV� WR� LQWHJUDWH�PHWDEROLF� LQWHUDFWLRQ� DQG�
UHJXODWHV� DGLSRF\WHV� PHWDEROLVP�� EXW� DIWHU�
PHQRSDXVH�� ULVN� RI� REHVLW\� DQG� REHVLW\� UHODWHG�
PHWDEROLF� GLVRUGHUV� LQFUHDVHV�� (VKWLDJKL� 5� �������
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LPSRUWDQW� UROH� LQ�REHVLW\�GHYHORSPHQW� LQ�PHQRSDXVDO�
ZRPHQ�� 0HQRSDXVDO� ZRPHQ� DUH� WKUHH� WLPHV� PRUH�
OLNHO\� WR� GHYHORS� REHVLW\� DQG� PHWDEROLF� V\QGURPH�
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GRL����������MOXPKV����������� 

�� 6KDLNK� )�� 5DILT� 0�� %KXWWR� 0$�� 1DTYL� 6+$��
([SRVXUH� RI� )DW� 0DVV� 2EHVLW\� *HQH�
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PHWDEROLVP�� LQVLJKWV� LQWR� JOXFRVH� KRPHRVWDVLV�
UHJXODWLRQ� 'HSDUWPHQW� RI� )RRG� DQG�
%LRWHFKQRORJ\��.RUHD�8QLYHUVLW\��6HMRQJ����-�����
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