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6RLO�DQG�(QYLURQPHQWDO�%LRWHFKQRORJ\��)DFXOW\�RI�$JULFXOWXUH��,QVWLWXW�3HUWDQLDQ�%RJRU�

%RJRU��������,QGRQHVLD�
�
�'HSDUWPHQW�RI �6RLO�6FLHQFH�DQG�/DQG�5HVRXUFHV��)DFXOW\�RI�$JULFXOWXUH��,QVWLWXW�3HUWDQLDQ�%RJRU�

%RJRU��������,QGRQHVLD�
�
'HSDUWPHQW�RI �)RUHVW�&RQVHUYDWLRQ�DQG�(FRWRXULVP��)DFXOW\�RI �)RUHVWU\��,QVWLWXW�3HUWDQLDQ�%RJRU�

%RJRU��������,QGRQHVLD

5HFHLYHG���������������������������������$FFHSWHG�����������������������������������

$%675$&7

� 2SHQ�PLQLQJ�DFWLYLWLHV�UHVXOW�LQ�D�GHFUHDVH�LQ�PLFURELDO�ELRPDVV�DQG�D�QHJDWLYH�LPSDFW�RQ�VRLO�IHUWLOLW\��6RLO�PLFUREHV�
SOD\�D�UROH�LQ�WKH�GHFRPSRVLWLRQ�RI �VRLO�RUJDQLF�PDWWHU�DQG�QXWULHQW�F\FOHV�WKURXJK�WKH�SURFHVV�RI �PLQHUDOL]DWLRQ�E\�
HQ]\PH�WKH\�SURGXFH��7KH�SXUSRVH�RI �WKLV�UHVHDUFK�LV�WR�DQDO\]H�OHYHOV�RI �VRLO�IHUWLOLW\�LQ�YDULRXV�ODQG�UHFODPDWLRQV�RI �
37�%XNLW�$VDP�6RXWK�6XPDWUD�GHWHUPLQHG�E\�PLFURELDO�SRSXODWLRQ�DQG�VRLO�HQ]\PH�DFWLYLW\��7KH�UHVXOWV�VKRZ�WKDW�VRLO�
FRQGLWLRQV�DQG�VRLO�HQ]\PH�DFWLYLW\�YDU\�E\�UHFODPDWLRQ�DJH��8UHDVH�HQ]\PH�DFWLYLW\�DW�.78�ZLWK�WKH�UHFODPDWLRQ�DJH�

� �� �� �� ��
RI ����\HDUV�LV�������PJ�1+ �J GP�K �DQG�WKH�PLFURELDO�SRSXODWLRQ�LV�������[��� &)8�J ��7KH�KLJKHVW�SKRVSKDWDVH��

�� ��
HQ]\PH�DFWLYLW\�RQ�WKH���\HDU�63����ODQG�UHFODPDWLRQ�LV�������PJ�S13�J �GP�K �DQG�VRLO�S+�������7KH�DFWLYLW\�RI �WKH�

�� ��
FHOOXODVH� HQ]\PH�RQ� WKH� ��� \HDUV� ROG� UHFODPDWLRQ� ILHOG� LV� ������PJ�*(�J GP�K �ZLWK� WKH� FHOOXORO\WLF�PLFURELDO�

� ��
SRSXODWLRQ�����[��� �&)8�J �ZKLFK�LV�KLJKHU�WKDQ�RWKHU�UHFODPDWLRQ�VLWHV��$FWLYLW\�RI �LQYHUWDVH�HQ]\PH�RQ�7XSDN�ODQG�

�� ��
UHFODPDWLRQ�ZLWK�WKH�UHFODPDWLRQ�DJH�RI ����\HDUV�LV�������PJ�*(�J GP�K ��6RLO�HQ]\PH�DFWLYLW\�FDQ�EH�DQ�LQGLFDWRU�RI �
VRLO�TXDOLW\�DQG�VRLO�PLFURELDO�DFWLYLW\�DV�LW�UHODWHV�WR�DOO�IRUPV�RI �ELRFKHPLFDO�WUDQVIRUPDWLRQ�RFFXUULQJ�LQ�WKH�VRLO�DQG�
KDV�KLJK�VHQVLWLYLW\�WR�HQYLURQPHQWDO�FKDQJHV��

� .H\ZRUGV��VRLO�HQ]\PH�DFWLYLW\��VRLO�PLFUREHV��UHFODPDWLRQ

,1752'8&7,21

2SHQ� SLW� PLQLQJ� UHVXOWV� LQ� GHJUDGDWLRQ� LQ�
SK\VLFDO��FKHPLFDO �DQG�ELRORJLFDO�HQYLURQPHQWV���
VXFK�DV�D�GHFUHDVH�LQ�VRLO�IHUWLOLW\�LQ�PLFUREH�ULFK�
WRS� VRLOV� �0HQWD� � ������ 3XVSDQLQJVLK� �HW� DO� HW� DO�
�������(IIRUWV�WR�LPSURYH�WKH�FRQGLWLRQ�DUH�GRQH�
E\� ODQG� LPSURYHPHQW� WKURXJK� SRVW�PLQLQJ�
UHFODPDWLRQ��$V�WLPH�JRHV�E\�WKH�UHFODLPHG�ODQG�
FDQ� IXQFWLRQ� DJDLQ� WKURXJK� IRUHVW� VXFFHVVLRQ�
ZKLFK�LV�D�QDWXUDO�SURFHVV��([WUHPH�VRLO�FRQGLWLRQV�
RQ�UHFODLPHG�ODQG�DV�D�UHVXOW�RI �PLQLQJ�DFWLYLWLHV�
KDYH�DQ�LPSDFW�RQ�VRLO�ELRORJLFDO�DFWLYLW\��$VHQVLR�
HW�DO� HW�DO��������=RUQR]D� ��������0LFUREHV�LQ�WKH�
VRLO�DUH�LPSRUWDQW�FRPSRQHQWV�LQ�ELRJHRFKHPLFDO�

F\FOHV� �)DONRZVNL� � ������ VXFK� DV�HW� DO�
GHFRPSRVLWLRQ� RI � RUJDQLF� PDWWHU� DQG� QXWULHQW�
F\FOHV�LQ�WKH�VRLO�

0LFURELDO�DFWLYLW\�LQ�WKH�QXWULHQW�F\FOH�LV�UHODWHG�
WR�WKH�PLQHUDOL]DWLRQ�SURFHVV�E\�HQ]\PHV�WKDW�DUH�
PRVWO\�SURGXFHG�E\� VRLO�PLFUREHV��6RLO� HQ]\PH�
DFWLYLW\� LV� FORVHO\� UHODWHG� WR� HQYLURQPHQWDO�
FRQGLWLRQV�DQG�FDQ�VHUYH�DV�DQ�LQGLFDWRU�IRU�VRLO�
TXDOLW\��5LHW]�	�+D\QHV�������<XDQ�HW�DO���������
JURZWK� LQGH[�� DQG� VRLO� PLFURELDO� DFWLYLW\�
�)RUQDVLHU�HW�DO���������6RLO�HQ]\PH�DFWLYLW\�DV�DQ�
LQGLFDWRU� RI � VRLO� TXDOLW\� ZKLFK� LV� UHODWHG� WR� D�
QXWULHQW� F\FOH� DV� ZHOO� DV� WUDQVIRUPDWLRQ� DQG�
DFWLYLW\� RI � VRLO� HQ]\PH� KDV� KLJK� VHQVLWLYLW\� WR�
HQYLURQPHQWDO�FKDQJHV�ERWK�QDWXUDOO\�RFFXUULQJ�
DQG� E\� DQWKURSRJHQLF� IDFWRUV� �*LDQIUHGD� HW� DO��
��������7KH�SXUSRVH�RI �WKLV�VWXG\�LV�WR�DQDO\]H�VRLO�
�&RUUHVSRQGLQJ�DXWKRU��GVDQWRVD#LQGR�QHW�LG
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IHUWLOLW\� OHYHOV� LQ� YDULRXV� UHFODLPHG� ODQGV� DW� WKH�
DUHD� RI � 37� %XNLW� $VDP� 6RXWK� 6XPDWUD�
GHWHUPLQHG�E\�VRLO�PLFURELDO�SRSXODWLRQ�DQG�VRLO�
HQ]\PH�DFWLYLW\�

0$7(5,$/6�$1'�0(7+2'6

6RLO�6DPSOLQJ

� 6RLO� VDPSOHV� ZHUH� WDNHQ� IURP� WKH� UHFODLPHG�
ODQG�RI �37�%XNLW�$VDP�6RXWK�6XPDWUD��EDVHG�RQ�
WKH� UHFODPDWLRQ� DJH� DW� ����� FP� GHSWK�� 7KH�
UHFODPDWLRQ� DUHDV� DUH� (DVW� %DQJNR� %DUDW�
�UHFODPDWLRQ� DJH� RI � �� \HDUV��� 0DKD\XQJ� ��
�UHFODPDWLRQ�DJH�RI ���\HDUV���63�����UHFODPDWLRQ�
DJH� RI � �� \HDUV��� .78� �UHFODPDWLRQ� DJH� RI � ���
\HDUV��� 7XSDN� �UHFODPDWLRQ� DJH� RI � ��� \HDUV���
0DKD\XQJ� �UHFODPDWLRQ� DJH� RI � ��� \HDUV��� DQG�
8GRQJDQ��UHFODPDWLRQ�DJH�RI ����\HDUV���)LJXUH����
� WKH�'HWHUPLQDWLRQ� RI � QXPEHU� RI � VDPSOHV�
IROORZV�WKH�VWDQGDUG�RI �,62�QRUP����������7KH�
VRLO�VDPSOH�LV�D�FRPSRVLWH�VDPSOH�FRQVLVWLQJ�RI �
VHYHUDO� VXE�VDPSOHV� WDNHQ� DW� UDQGRP � DQG� WKH��
VDPSOHV� ZHUH� FROOHFWHG� EDVHG� RQ� DJH� RI �
UHFODPDWLRQ�� $QDO\VLV� RI � VRLO� VDPSOHV� ZDV�
FRQGXFWHG� DW� WKH�(QYLURQPHQWDO�%LRWHFKQRORJ\�
/DERUDWRU\��(%/��RI � ,QGRQHVLDQ�&HQWHU�IRU�WKH�
%LRGLYHUVLW\�DQG�%LRWHFKQRORJ\��,&%%���%RJRU�

8UHDVH�(Q]\PH�$FWLYLW\

� 8UHDVH�DFWLYLW\�ZDV�PHDVXUHG�E\�XVLQJ�XUHD�����
P0� DV� VXEVWUDWH�� DQG� GHWHUPLQDWLRQ� RI � WKH�
DPRXQW� RI � DPPRQLXP� UHOHDVHG� ZDV� GRQH� E\�
1HVVOHU
V� UHDJHQW� �9RJHO� ������� DQG� LW� ZDV�

R
LQFXEDWHG�DW��� &�IRU���KRXUV��0HDVXUHPHQW�RI �
WKH� DPPRQLXP� UHOHDVHG� ZDV� GRQH� E\� XVLQJ�
6FKLQQHU�HW�DO�
V��������PHWKRG�

3KRVSKDWDVH�(Q]\PH�$FWLYLW\

� 3KRVSKDWDVH�DFWLYLW\�ZDV�PHDVXUHG�E\�XVLQJ�S�
1LWURSKHQ\O�3KRVSKDWH�����P0�DV�VXEVWUDWH�DQG�
LW�ZDV�LQFXEDWHG�DW����&�IRU���KRXU�E\�XVLQJ�WULV�
EXIIHU� �K\GUR[\PHWK\O�� DPLQRPHWKDQH� RI � S+�
����� 7KH� UHOHDVH� RI � S�QLWURSKHQRO� �S13�� ZDV�
PHDVXUHG�E\�XVLQJ�(LYD]L�DQG�7DEDWDEDL
V��������
PHWKRG�

$FWLYLW\�RI �&HOOXODVH�DQG�,QYHUWDVH�(Q]\PHV�

� 7KH�FHOOXODVH�DFWLYLW\�ZDV�PHDVXUHG�E\�XVLQJ�
&0&������DV�VXEVWUDWH�DQG�LW�ZDV�LQFXEDWHG�IRU�
���KRXUV�DW����&��DQG�WKH�LQYHUWDVH�DFWLYLW\�ZDV�
PHDVXUHG�E\�XVLQJ�VXFURVH����DV�VXEVWUDWH�DQG�LW�
ZDV�LQFXEDWHG�IRU���KRXUV�DW����&��DQG�UHGXFLQJ�
VXJDU� ZDV� GHWHUPLQHG� E\� XVLQJ� 6FKLQQHU� DQG�
0HUVL
V��������PHWKRG�

���
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/HJHQG� �

�

�

�����UHFODPDWLRQ��8GRQJDQ� �

�����UHFODPDWLRQ��0DKD\XQJ��� �

�����UHFODPDWLRQ���7XSDN� �

�����UHFODPDWLRQ��.78� �

�����UHFODPDWLRQ��63����� �

�����UHFODPDWLRQ��0DKD\XQJ ��� �

�����UHFODPDWLRQ�� �(DVW�%DQJNR�%DUDW�

%XLOW�XS�$UHD

2SHQ�$UHD

9HJHWDWLRQ

)LJXUH����/RFDWLRQ�RI �VRLO�VDPSOH�ZLWKLQ�UHFODPDWLRQ�DUHD



� 7KH�KLJKHVW�PLFURELDO�SRSXODWLRQ�LV�IRXQG�RQ�
�� �

.78�UHFODPDWLRQ�ILHOG�ZKLFK�LV�������[��� &)8�J
�
�� ZKLOH� WKH� ORZHVW� VRLO�PLFURELDO� SRSXODWLRQ� LV�
IRXQG�RQ�0DKD\XQJ���UHFODPDWLRQ�ILHOG�ZKLFK�LV�

�� ��
����� [� �� &)8�J �� 7KH� KLJKHVW� FHOOXOROLWLF�
PLFURELDO�SRSXODWLRQ�LV�IRXQG�RQ�8GRQJDQ�ODQG�

�� ��
UHFODPDWLRQ��H�J��������[��� &)8�J �ZLWK�PRLVWXUH�
FRQWHQW�RI ���������ZKLOH� WKH� ORZHVW�FHOOXOROLWLF�
PLFURELDO� SRSXODWLRQ� LV� IRXQG� RQ�0DKD\XQJ� ��

� ��
ODQG� UHFODPDWLRQ�� H�J�� ����� [� �� � &)8�J �� 6RLO�
PLFURELDO�SRSXODWLRQ�DQG�GLYHUVLW\�DUH�LQIOXHQFHG�
E\� HQYLURQPHQWDO� IDFWRUV�� VXFK� DV� KXPLGLW\��
WHPSHUDWXUH��RUJDQLF�PDWWHU��DFLGLW\��DQG�QXWULHQW�
FRQWHQW��$OH[DQGHU�������DQG�FDQ�EH�XVHG�DV�DQ�
LQGLFDWRU�WR�GHWHUPLQH�VRLO�SURGXFWLYLW\��=RUQR]D�
HW�DO��������

8UHDVH�(Q]\PH�$FWLYLW\

� 8UHDVH�LV�DQ�HQ]\PH�SURGXFHG�E\�ERWK�SODQWV�
DQG� PLFUREHV� EXW� PRVWO\� SURGXFHG� E\� VRLO�
PLFUREHV��VXFK�DV�/DFWREDFLOOXV�UXPLQLV��/DFWREDFLOOXV�
IHUPHQWXP��/DFWREDFLOOXV�UHXWHUL��DQG�.OHEVLHOOD�DHURJHQHV�
�.DNLPRWR�HW�DO��������0XOURRQH\�HW�DO���������7KH�
HQ]\PH� SOD\V� D� UROH� LQ� K\GURO\]LQJ� XUHD� LQWR�
DPPRQLD� DQG� FDUERQ� GLR[LGH� �.UDMHZVND� HW� DO��
������ %DQHUMHH� 	� $JJDUZDO� ������� 5HVXOWV� RI �
UHVHDUFK�RQ�XUHDVH�HQ]\PH�DFWLYLW\�RQ�YDULRXV�ODQG�
UHFODPDWLRQV�LQ�37�%XNLW�$VDP�6RXWK�6XPDWHUD�
VKRZ�WKDW�WKH�KLJKHVW�HQ]\PH�DFWLYLW\��H�J���������J�

� ��� ��
1+ �J GP�K ��LV�RQ�WKH�ODQG�UHFODPDWLRQ�RI �.78��

ZKLFK� LV� D� ���\HDU�ROG� ODQG� UHFODPDWLRQ�� ZKLOH�
XUHDVH�HQ]\PH�DFWLYLW\�RQ�8GRQJDQ�ZKLFK�LV�D����

� �
\HDU�ROG� ODQG� UHFODPDWLRQ� LV� ������ �J� 1+ �J�
� ��
GP�K ��7KH�ORZHVW�XUHDVH�HQ]\PH�DFWLYLW\��H�J�������

� ��� ��
�J�1+ �J GP�K ��LV�IRXQG�RQ�0DKD\XQJ����7DEOH��

����7KH�FRQGLWLRQ�RI �.78�ZKLFK�LV�D����\HDU�ROG�
ODQG� UHFODPDWLRQ� LV� FKDUDFWHUL]HG�E\�ZHOO� JURZQ�
YHJHWDWLRQ��)LJXUH����

2UJDQLF�0DWWHU�&RQWHQW

� 'HWHUPLQDWLRQ�RI �RUJDQLF�PDWWHU�FRQWHQW�FDQ�
EH�GRQH�E\�GHWHUPLQLQJ�WKH�VRLO�RUJDQLF�FDUERQ�
FRQWHQW�PXOWLSOLHG�E\�YDQ�%HPPHOHQ�FRUUHFWLRQ�
IDFWRU�� DVVXPLQJ� WKDW� WKH� VRLO� RUJDQLF� PDWWHU�
FRQWDLQV� ����RI � VRLO� RUJDQLF�&��'HWHUPLQDWLRQ�
RI �WKH�RUJDQLF�&�FRQWHQW�ZDV�GRQH�E\�FRORULPHWU\�
E\�XVLQJ�:DONOH\�DQG�%ODFN ��������PHWKRG
V �
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6RLO�&RQGLWLRQV�DQG�9HJHWDWLRQ�FRYHU

� 6RLO� FRQGLWLRQV� DQG� ODQG� FRYHU� RQ� WKH�
UHFODLPHG�ODQG�RI �37�%XNLW�$VDP�6RXWK�6XPDWUD��
EDVHG� RQ� UHFODPDWLRQ� DJH�� VKRZ� GLIIHUHQW�
FRQGLWLRQV� �7DEOH� ���� 7KH� UHFODLPHG� ODQG� RI �
8GRQJDQ�KDV�EHHQ�UHFODLPHG�IRU����\HDUV�DQG�(DVW�
%DQJNR�%DUDW�IRU���\HDUV�ZKLFK�LV�WKH�\RXQJHVW�LQ�
UHFODPDWLRQ� DJH�� DQG� ERWK� DUH� REMHFWV� RI � WKLV�
UHVHDUFK��7DEOH�����7KH�VRLO�S+�FRQGLWLRQV�UDQJH�
IURP������WR�������7KH�KLJKHVW�VRLO�S+�LV�IRXQG�RQ�
UHFODPDWLRQ� VLWH� RI � 63���� RQ� WKH� ��\HDU�
UHFODPDWLRQ�DJH��DQG�WKH�KLJKHVW�OHYHO�RI �DFLGLW\��
H�J�������� �LV�IRXQG�RQ�0DKD\XQJ���RQ�WKH���\HDU�
UHFODPDWLRQ�DJH�
� :DWHU�FRQWHQW�UDQJHV�IURP�������WR���������
DQG� WKH� KLJKHVW� KXPLGLW\� FRQGLWLRQ� LV� LQ� WKH�
UHFODPDWLRQ� ILHOG� RI � 8GRQJDQ� ZLWK� PRLVWXUH�
FRQWHQW�RI ���������7KH�ORZHVW�ZDWHU�FRQWHQW��H�J��
������ LV� IRXQG� LQ�0DKD\XQJ��� UHFODPDWLRQ�ILHOG��
7KH� FRQGLWLRQ� RI � WKH� UHFODPDWLRQ� ODQG� RI �
0DKD\XQJ� ��� ZKLFK� LV� D� ��\HDU�ROG� UHFODPDWLRQ�
ODQG��LV�HURGHG��7KLV�KDSSHQV�EHFDXVH�WKH�VRLO�XVHG�
LQ� WKH� UHFODPDWLRQ�ZDV� DQ� RYHUEXQGHQ� VRLO��$Q�
RYHUEXQGHQ�VRLO�KDV� ORZ�ZDWHU�KROGLQJ�FDSDFLW\�
DQG�KDV�QR�QXWULHQWV��&KDXEH\�HW�DO��������

���

6RLO�0LFURELDO�DQG�6RLO�(Q]\PH�$FWLYLW\�RQ�9DULRXV�/DQG�5HFODPDWLRQV

7DEOH���6RLO�&RQGLWLRQV

/RFDWLRQ�
5HFODPDWLRQ�
$JH��\HDU��

S+ �

:DWHU �
&RQWHQW �
��� �

6RLO�0LFURELDO�
3RSXODWLRQ �
�&)8�J ��� �

2UJDQLF �
0DWWHU�
&RQWHQW �
��� �

&HOOXOROLWLF�
0LFUREH �
�&)8�J ��� �

(DVW� %DQJNR�%DUDW� �� ���� � ����� � ����[���� � ���� � �����[���� �
0DKD\XQJ��� �� ���� � ���� � �����[���� � ���� � ���� �[���� �
63���� �� ���� � ����� � ������[���� � ����� � ��� �[���� �
.78� ��� ���� � ����� � ������[���� � ���� � �����[���� �
7XSDN� ��� ���� � ����� � ������[���� � ���� � �����[���� �
0DKD\XQJ

�
�
�

��
�

����
�

�����
�

������[����
�

�����
�

������[����
�

8GRQJDQ
�
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�
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���

)LJXUH���� /DQG�FRYHU�RI �UHFODLPHG�ODQG��D��(DVW�%DQJNR�%DUDW���E��0DKD\XQJ�����F��63������G��.78���H��7XSDN���I��0DKD\XQJ�
����J��8GRQJDQ
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� $JH� RI � UHFODPDWLRQ� LQIOXHQFH� WKH� YHJHWDWLRQ�
FRYHU�RI �WKH�UHFODPDWLRQ�DUHD��$W�WKH�EHJLQQLQJ�RI �
UHFODPDWLRQ��WKH�ZKROH�DUHD�ZHUH�SODQWHG�E\�IDVW�
JURZLQJ�VSHFLHV��$IWHU�\HDUV�RI �UHFODPDWLRQ�DQG�
VXFFHVVLRQ�KDYH�EHHQ�RFFXULQJ��WKH�KLJKHVW�VSHFLHV�
GLYHUVLW\�DUHD�LV�8GRQJDQ��IROORZHG�E\�0DKD\XQJ�
��� 7XSDN�� .78� DQG� (DVW� %DQJNR� %DUDW��
UHVSHFWLYHO\�� �0HDQZKLOH�63����DQG�0DKD\XQJ���
KDYH� WKH� ORZHVW�SODQW�ELRGLYHUVLW\� �$O�UH]D� HW� DO��
�������7DEOH����

3KRVSKDWDVH�(Q]\PH�$FWLYLW\

� 6RLO� SKRVSKDWDVH� HQ]\PH� LV� DQ� H[WUDFHOOXODU�
HQ]\PH� WKDW� SOD\V� D� UROH� LQ� 3�RUJDQLF�
PLQHUDOL]DWLRQ�LQWR�3�LQRUJDQLF�ZKLFK�FDQ�WKHQ�EH�
DEVRUEHG�DQG�PHWDEROL]HG�E\�SODQW�URRW�FHOOV�DQG�
PLFUREHV� �%XUQV� ������ ,VJLWDQL� ������� 7KH�
UHVHDUFK� UHVXOWV� VKRZ� WKDW� WKH� HQ]\PH�
SKRVSKDWDVH� DFWLYLW\� RQ� 63����� H�J�� ������ PJ�

�� ��
S13�J GP�K ��LV�KLJKHU�WKDQ�WKDW�RI �8GRQJDQ��H�J��

�� ��
������PJ�S13�J GP�K ��7KH�ORZHVW�SKRVSKDWDVH�
DFWLYLW\� LV� RQ� WKH� ��\HDU� 0DKD\XQJ� �� ODQG�

�� ��
UHFODPDWLRQ�� H�J�� ������ PJ� S13�J GP�K �� 7KH�
UHFODLPHG�ODQG�RI �63����KDV�WKH�UHFODPDWLRQ�DJH�

RI � �� \HDUV� ZLWK� FRQGLWLRQ� WKDW� LW� LV� FRPSOHWHO\�
FRYHUHG�E\�JUDVV�YHJHWDWLRQ��7UDVH�&HSHGD�HW�DO��
������� VWDWH� WKDW� WKH� SKRVSKDWDVH� DFWLYLW\� LQ� 3�
F\FOH�RQ�ODQG�ZLWK�JUDVV�YHJHWDWLRQ�FRYHU�LV�KLJKHU�
WKDQ�WKDW�RI �WUHH�YHJHWDWLRQ��3KRVSKDWDVH�LQ�VRLO�LV�
SURGXFHG�E\�SODQWV� DQG�PLFUREHV�RQ�VRLOV�ZLWK�
ORZ�SKRVSKDWH�DYDLODELOLW\��-RQHU�HW�DO��������

&HOOXODVH�(Q]\PH�$FWLYLW\

� &HOOXODVH� LV� D� JURXS� RI � FRPSOH[� HQ]\PHV�
FRPSRVHG� RI � HQGRJOXFDQDVH�� H[RJOXFDQDVH�� DQG�
JOXFRVLGDVH��7KH�FHOOXODVH�HQ]\PH�SOD\V�D�UROH� LQ�
K\GURO\VLV� RI � FHOOXORVH� LQ� WKH� SURFHVV� RI �
GHJUDGDWLRQ�RI �RUJDQLF�PDWWHU��7KH�UHVHDUFK�UHVXOWV�
VKRZ�WKDW�WKH�KLJKHVW�FHOOXODVH�HQ]\PH�DFWLYLW\�LV�RQ�

�
8GRQJDQ� ODQG� UHFODPDWLRQ�� H�J�� ����� PJ� *(�J
� ��
GP�K ��DQG�WKH�ORZHVW�LV�LQ�WKH�UHFODPDWLRQ�DUHD�RI �

�� ��
(DVW�%DQJNR�%DUDW��H�J�������PJ�*(�J GP�K ��+LJK�
FHOOXODVH�DFWLYLW\�RQ�UHFODLPHG�ODQG�RI �8GRQJDQ�LV�
LQIOXHQFHG� E\� KLJK� SRSXODWLRQ� RI � FHOOXORO\WLF�
PLFUREHV�LQ�WKH�ODQG�UHFODPDWLRQ��7KH�SRSXODWLRQ�

��
RI �FHOOXORO\WLF�PLFUREHV�RQ�8GRQJDQ�LV�����[���

��
&)8�J � ZKLFK� LV� KLJKHU� WKDQ� WKDW� RI � RWKHU�
UHFODPDWLRQ�VLWHV��7DEOH����

���

6RLO�0LFURELDO�DQG�6RLO�(Q]\PH�$FWLYLW\�RQ�9DULRXV�/DQG�5HFODPDWLRQV

7DEHO����9HJHWDWLRQ�FRQGLWLRQ�RI �UHFODPDWLRQ�DUHD�LQ�37��%XNLW�$VDP��6XPDWHUD�6HODWDQ

/RFDWLRQ� 6SHFLHV�

(DVW�%DQJNR�%DUDW� &DVVLD�VLDPHD�/DPN��0HODOHXFD�OHXFDGHQGUD��)DOFDWDULD�P ROXFFDQD �
0DKD\XQJ��� &DVVLD�VLDPHD�/DPN�
63���� $FDFLD�DXULFXOLIRUPLV�
.78� $FDFLD�DXULFXOLIRUPLV��$FDFLD�PDQJLXP��0HODOHXFD�FDMXSXWL �
7XSDN� 3WHURFDUSXV�LQGLFXV��$FDFLD�DXULFXOLIRUPLV��$FDFLD�PDQJLXP �
0DKD\XQJ��� $FDFLD�DXULFXOLIRUPLV��3DUDVHULDQWKHV�IDOFDWDU LD��9LWH[�SLQQDWD �

8GRQJDQ�
6FOHULD�VXPDWUDQD��7HWUDFHUD�LQGLFD ��6DFFKDUXP�VSRQWDQHXP��'LSOD]LXP�SUROLIHUXP��
'LFUDQRSWHULV�OLQHDULV��8UHQD�OREDWD

�

7DEOH���5HVXOWV�RI �$QDO\VLV�RI �6RLO�(Q]\PH�$FWLYLW\

/RFDWLRQV�

6RLO�HQ]\PH�DFWLYLW\ �

8UHDVH���J�
1+�

��J��GP�K��� �

3KRVSKDWDVH��PJ�
S13�J ��GP�K��� �

&HOOXODVH��PJ�
*(�J��GP�K��� �

,QYHUWDVH��PJ�
*(�J��GP�K��� �

(DVW� %DQJNR� %DUDW� ������ ����� � ���� � ���� �
0DKD\XQJ��� ����� ����� � ���� � ���� �
63���� ������ ����� � ���� � ����� �
.78

�
�����

�
�����

�
����

�
�����

�
7XSDN

�
�����

�
�����

�
����

�
�����

�
0DKD\XQJ

�
�����

�
�����

�
����

�
�����

�
8GRQJDQ

�
�����

�
�����

�
����

�
�����

�



���

� 7KLV�VKRZV�WKDW�WKHUH�LV�D�UHODWLRQVKLS�EHWZHHQ�
FHOOXORO\WLF� PLFURELDO� SRSXODWLRQ� DQG� FHOOXODVH�
HQ]\PH�DFWLYLW\�RQ�WKH�UHFODLPHG�ODQG��,Q�DGGLWLRQ��
FHOOXODVH�DFWLYLW\� LQ� WKH� VRLO� LV� DIIHFWHG�E\� VHYHUDO�
IDFWRUV�� VXFK� DV� WHPSHUDWXUH�� S+�� PRLVWXUH�� VRLO�
DHUDWLRQ��DQG�FKHPLFDO�VWUXFWXUH�RI �RUJDQLF�PDWWHU�
�'HQJ�	�7DEDWDEDL�������$OI �	�1DQQLSLHUL�������
6WHLQEHUJHU� 	� :KLWIRUG� ������� 7KH� FHOOXODVH�
DFWLYLW\�RQ�D�ODQG�LQGLFDWHV�WKH�QDWXUDO�PHWDEROLVP�
WKDW� H[LVWV� LQ� WKDW� ODQG� �.DQD]DZD� 	� 0L\DVKLWD�
�������7KH�FHOOXODVH�HQ]\PH�KDV�ORZ�DFWLYLW\�DW�WKH�
YDOXH�RI �S+�RI �OHVV�WKDQ���DQG�LV�RSWLPXP�DW�S+���

R
��DW�WHPSHUDWXUH�RI ������ &��'R\OH�HW�DO��������

,QYHUWDVH�(Q]\PH�$FWLYLW\

� 7KH�LQYHUWDVH�HQ]\PH�ZDV�RQFH�XVHG�DV�RQH�RI �
WKH� FULWHULD� IRU� FODVVLI\LQJ� VRLO� IHUWLOLW\� �6NXMLQV�
������� ,QYHUWDVH� DFWLYLW\� LQ� WKH� VRLO� LV� YHU\�
LPSRUWDQW� EHFDXVH� LW� LV� DVVRFLDWHG� ZLWK� WKH�
GHJUDGDWLRQ� RI � VXFURVH� WKDW� LV� ZLGHO\� IRXQG� LQ�
SODQWV��)UDQNHQEHUJHU�	�-RKDQVRQ��������5HVXOWV�
RI � UHVHDUFK� RI � LQYHUWDVH� HQ]\PH� DFWLYLW\� RQ�
YDULRXV�UHFODPDWLRQ�ILHOGV�WKDW�H[LVW� LQ�37�%XNLW�
$VDP� 6RXWK� 6XPDWUD� VKRZ� WKDW� WKH� KLJKHVW�
LQYHUWDVH�HQ]\PH�DFWLYLW\�LV�RQ�7XSDN��H�J��������

�� ��
PJ�*(�J GP�K ��ZKHUHDV�WKH�YDOXH�RQ�8GRQJDQ�LV�

�� ��
������ PJ� *(�J GP�K �� DQG� WKH� ORZHVW� LV� RQ�

�� ��
0DKD\XQJ����H�J�������PJ�*(�J GP�K ��7DEOH����
� 7XSDN�LV�D�ODQG�UHFODPDWLRQ�ZLWK�UHFODPDWLRQ�
DJH�RI ����\HDUV��7KH�UHFODLPHG�ODQG�KDV�EHHQ�XVHG�
E\� VXUURXQGLQJ� FRPPXQLW\� IRU� DJULFXOWXUH��
SODQWDWLRQ�� DQG� SDVWXUH�� .DQGHOHU� HW� DO�� �������
VWDWHV�WKDW�ODQG�PDQDJHPHQW�PD\�DIIHFW�DFWLYLW\�RI �
LQYHUWDVH� HQ]\PHV� LQ� WKH� VRLO�� ,QYHUWDVH� DFWLYLW\�
JHQHUDOO\� WDNHV� SODFH� LQ� WKH� KXPXV� OD\HU�
�.VKDWWUL\D�HW�DO��������DQG�DERXW�����WDNHV�SODFH�
RQ�WKH�IUDFWLRQ�RI �WKH�VRLO�SDUWLFOH�ZLWK�WKH�VL]H�RI �
����PP� �6WHPPHU� HW� DO�� ������� ,QYHUWDVH� LV� DQ�
HQ]\PH�SURGXFHG� E\� SODQWV� DQG�PLFUREHV� ERWK�
LQWUDFHOOXODUO\� DQG� H[WUDFHOOXODUO\� �5DVKDG� HW� DO��

������+XVVDLQ�HW�DO��������DQG�LV�VWDEOH�LQ�DFLGLF�S+�
�2\HGHML�HW�DO��������

&RUUHODWLRQ� EHWZHHQ� RLO� Q]\PH� FWLYLW\�6 ( $
DQG� RLO� RQGLWLRQ6 &

� 7KH�PLQLQJ�V\VWHP�DSSOLHG�DW�37�%XNLW�$VDP�
6RXWK�6XPDWUD�LV�DQ�RSHQ�SLW�PLQLQJ�V\VWHP��7KH�
PDLQ�LVVXH�RI �UHFODLPHG�ODQG�LQ�RSHQ�SLW�PLQLQJ�LV�
WKH� IRUPDWLRQ� RI � DFLG� PLQH� GUDLQDJH� �$0'��
ZKLFK� UHVXOWV� LQ� D� GHFUHDVH� LQ� S+�� /RZ� S+�
FRQGLWLRQV�� KLJK�PHWDO� FRQFHQWUDWLRQV�� DQG� ORZ�
RUJDQLF� PDWWHU� DUH� D� PDMRU� SUREOHP� LQ� SRVW�
PLQLQJ� UHFODLPHG� ODQGV� �=DQX]]L� HW� DO�� ������
0DUWLQH]�3DJDQ�HW�DO��������
� 6RLO�HQ]\PH�DFWLYLW\�RQ�UHFODLPHG�ODQG�RI �37�
%XNLW� $VDP� 6RXWK� 6XPDWUD� GRHV� QRW� VKRZ� D�
VLJQLILFDQW�FRUUHODWLRQ��S�������DQG�S��������ZLWK�
UHFODPDWLRQ�DJH��7KH�VRLO�WKDW�KDV�EHHQ�SROOXWHG�
E\� KHDY\� PHWDOV� DIIHFWV� PLFURELDO� ELRPDVV�
WKURXJK� LQKLELWLRQ� RI � PLFURELDO� DFWLYLW\�
�8WRER� 	� 7HZDUL� ������� 5HQHOOD� HW� DO�� �������
DQG�<DQ�HW�DO���������VWDWH�WKDW�FRQFHQWUDWLRQ�RI �
PHWDO�FRQWDPLQDQWV�LQ�WKH�VRLO�FDQ�GHFUHDVH�VRLO�
HQ]\PH� DFWLYLW\�� ,Q� DGGLWLRQ�� VRLO� FRQGLWLRQV��
YHJHWDWLRQ� FRYHU�� PLFURELDO� � GLYHUVLW\� ELRPDVV��
DQG� QDWXUDO� VXFFHVVLRQ� RI � YHJHWDWLRQ� FRYHU�
KDYH�HIIHFWV�RQ�VRLO�HQ]\PH�DFWLYLW\��7D\ORU�HW�DO��
������
� 8UHDVH� HQ]\PH� DFWLYLW\� RQ� YDULRXV� UHF �ODPHG
ODQG �LQ�37�%XNLW�$VDP�YDULHV��7DEOH����EDVHG�RQV �
WKH�DJH�RI �UHFODPDWLRQ��8UHDVH�HQ]\PH�DFWLYLW\�RQ�
WKH�ODQG�VKRZV� VLJQLILFDQW�FRUUHODWLRQ��S������D�
DQG� S������� ZLWK� VRLO� S+� DQG� VRLO� PLFURELDO�
SRSXODWLRQ��7DEOH�����7KH�XUHDVH�K\GURO\]HV�XUHD�
LQWR�DPPRQLD�VR�WKDW�WKH�VRLO�S+�LQFUHDVHV�DQG�
SURPRWHV� WKH� JURZWK� RI � XUHDVH�SURGXFLQJ�
PLFUREHV��)LVKHU� ��������8UHDVH�DFWLYLW\�LQ�WKH�HW�DO�
VRLO�KDSSHQV�LQ�KRUL]RQ�$�OD\HU��)LVKHU� ��������HW�DO�
7KH�XUHDVH�DFWLYLW\�LV�QRW�GLUHFWO\�UHODWHG�ZLWK�VRLO�
RUJDQLF�PDWWHU��6DKD� �������HW�DO�

7DEOH���&RHIILFLHQW�RI �&RUUHODWLRQ�RI �6RLO�(Q]\PH�$FWLYLW\

3DUDPHWHU�
6RLO�(Q]\PH �

8UHDVH � 3KRVSKDWDVH � &HOOXODVH � ,QYHUWDVH �

5HFODPDWLRQ�DJH� ���� � ���� � ���� � ���� �

6RLO�S+�� ����DE � ����DE � ���� � ���� �
:DWHU�FRQWHQW� ���� � ����DE � ���� � ���� �
6RLO�PLFURELDO� SRSXODWLRQ� ����D � ���� � ���� � ���� �
2UJDQLF� PDWWHU� ���� � ���� � ���� � ���� �

%,27523,$�9RO�����1R���������



���

� HG3KRVSKDWDVH�HQ]\PH�DFWLYLW\�RQ�UHFODP �ODQG�
RI � 37� %XNLW� $VDP� 6RXWK� 6XPDWUD� VKRZV �� D
VLJQLILFDQW� FRUUHODWLRQ� �S� ������ DQG� S� �������
ZLWK� S+� DQG� PRLVWXUH� FRQWHQW ��� �7DEOH� ��
3KRVSKDWDVH� DFWLYLW\� EHFRPHV� KLJK� LQ� VRLOV� WKDW�
KDYH�RQH�W\SH�RI �YHJHWDWLRQ�ZLWK�ORZ�DFLGLW\��ULFK�
LQ�RUJDQLF�PDWWHU�DQG�VRLO�PRLVWXUH��5DKPDQV\D�
������ =KDQJ� � ������� 7KH� DFWLYLW\� RI �HW� DO�
SKRVSKDWDVH� HQ]\PHV� LQ� VRLO� LV� UHODWHG� WR �� WKH
SDWWHUQ�RI � VRLO�ELRORJLFDO� DFWLYLW\� LQ� WKH�SURFHVV�
RI � GHJUDGDWLRQ� RI � RUJDQLF� PDWWHU� �+X� 	� &DR�
������
� 6RLO�HQ]\PHV�DUH�D�JURXS�RI �HQ]\PHV�SURGXFHG�
E\�VRLO�RUJDQLVPV�EXW�DUH�PRVWO\�SURGXFHG�E\�VRLO�
PLFUREHV� DQG� SOD\� D� UROH� LQ� PDLQWDLQLQJ� VRLO�
HFRORJ\��VRLO�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV��VRLO�
IHUWLOLW\ �DQG�VRLO�KHDOWK��=RUQR]D� �������DQG�� HW�DO�

KDYH�D�XQLTXH�FKDUDFWHULVWLF�EHFDXVH� �FDQ�RQO\�WKH\
ZRUN�RQ�D�SDUWLFXODU�VXEVWUDWH�� ���6RLO�%XUQV�����
HQ]\PH�DFWLYLW\�LQ�WKH�VRLO�EHFRPHV�DQ�LQGLFDWRU�
IRU� DVVHVVLQJ� WKH� TXDOLW\� RI � WKH� VRLO� DQG� LWV�
PLFURELDO�DFWLYLW\��)RUQDVLHU� �������EHFDXVH�DOO�HW�DO�

IRUPV�RI �ELRFKHPLFDO� WUDQVIRUPDWLRQ�RFFXUULQJ�
LQ�WKH�VRLO�DUH�UHODWHG�WR�VRLO�HQ]\PHV��7DEDWDEDL�
������

&21&/86,216

� $FWLYLW\� RI � VRLO� HQ]\PH� DQG� PLFURELDO�
SRSXODWLRQ�DW�YDULRXV�UHFODLPHG�ODQGV�LQ�37�%XNLW�
$VDP�6RXWK�6XPDWUD�VKRZ�GLIIHUHQW�UHVXOWV�EDVHG�
RQ�UHFODPDWLRQ�DJH��'LIIHUHQW�VRLO�FRQGLWLRQV�RQ�
HYHU\� UHFODPHG� ODQG� RI � 37� %XNLW� $VDP� 6RXWK�
6XPDWUD�KDYH�HIIHFWV�RQ�VRLO�HQ]\PH�DFWLYLW\�DQG�
VRLO�PLFURELDO�SRSXODWLRQ��6RLO�HQ]\PH�DFWLYLW\�FDQ�
EH�DQ�LQGLFDWRU�IRU�VRLO�TXDOLW\�DQG�VRLO�PLFURELDO�
DFWLYLW\�

$&.12:/('*(0(176

� 7KLV� UHVHDUFK� LV� IXQGHG� E\� 6($0(2�
%,27523�� ZLWK� WKH� UHVHDUFK� JUDQW� RI� ',3� $�
1R� � ���� ����3653�6&�63.�31/7�,,
������

5()(5(1&(6

$OH[DQGHU� 0�� ������ 6RLO� 0LFURELRORJ\�� 1HZ� <RUN�� -RKQ�
:LOH\�	�6RQV��,QF�

$OI �.��1DQQLSLHUL�3�� ������&HOOXODVH� DFWLYLW\��PHWKRGV� LQ�
DSSOLHG� VRLO� PLFURELRORJ\� DQG� ELRFKHPLVWU\��
/RQGRQ��$FDGHPLF�

$O�5H]D�'�'�� /�%�� 3UDVHW\R�� 5�� +HUPDZDQ�� ������
%LRGLYHUVLW\� RI � 3ODQWV� DQG� %LUGV� LQ� 5HFODPDWLRQ�
$UHD� RI � 37� %XNLW� $VDP�� 0XDUD� (QLP�� 6RXWK�
6XPDWHUD�� -XUQDO�0DQDMHPHQ�+XWDQ�7URSLND��9RO��
�����������������

$VHQVLR� 9 �� &RYHOR� ( ) �� .DQGHOHU� (�� ������ 6RLO�� � �
PDQDJHPHQW� RI � FRSSHU� PLQH� WDLOLQJ� VRLOV²VOXGJH�
DPHQGPHQW� DQG� WUHH� YHJHWDWLRQ� FRXOG� LPSURYH�
ELRORJLFDO� VRLO� TXDOLW\�� 6FL� 7RWDO� (QYLURQ��
������� ���²����

%DQHUMHH� 6 � $JJDUZDO� $�� ������ ,VRODWLRQ�� SDUWLDO�� �
SXULILFDWLRQ�� FKDUDFWHUL]DWLRQ � DQG� LQKLELWLRQ� RI ��
XUHDVH��(�&�����������HQ]\PH�IURP�WKH�&DMDQXV�FDMDQ�
VHHGV �$VLDQ�-RXUQDO�RI �%LR�6FLHQFH��������²�����

%XUQV�5*�� ������(Q]\PH� DFWLYLW\� LQ� VRLO�� ORFDWLRQ� DQG� D�
SRVVLEOH�UROH�LQ�PLFURELDO�HFRORJ\��6RLO�%LRO�%LRFKHP�
�����������

&KDXEH\�2 3 ��%RKUH�3 ��6LQJKDO�3 .��������,PSDFW�RI �%LR�� � � �
UHFODPDWLRQ�RI �FRDO�PLQH�VSRLO�RQ�QXWULWLRQDO�DQG�
PLFURELDO�FKDUDFWHULVWLFV�D�FDVH�VWXG\��,QW�-�%LR�6FL�
%LR�7HFKQRO �����������

'HQJ�6 3 ��7DEDWDEDL �0 $��������&HOOXODVH�$FWLYLW\�RI �6RLO��� � � �
6RLO�%LRO�%LRFKHP� ��������������

'R\OH ��3DYHO ��%DUQHVV ��6WHLQEHUJHU ��������&HOOXODVH��-� �5� �*� �<
G\QDPLFV�LQ�D�GHVHUW�VRLO� 6RLO�%LRO�%LRFKHP����������
����

(LYD]L�)���7DEDWDEDL�0�$��������3KRVSKDWDVHV�LQ�VRLOV��6RLO�
%LRO�%LRFKHP������������

)DONRZVNL� 3�*��� )HQFKHO� 7��� 'HORQJ� (�)�� �����7KH�
PLFURELDO�HQJLQHV�WKDW�GULYH�(DUWK
V�ELRJHRFKHPLFDO�
F\FOHV��6FLHQFH���������������

)LVKHU <DUZRRG �� -DPHV ��������6RLO�XUHDVH��.�$��� � 6�$� �%�5
DFWLYLW\� DQG� EDFWHULDO� XUH&� JHQH� FRS\� QXPEHUV��
(IIHFW�RI �S+��*HRGHUPD ������²�� �

)RUQDVLHU� ) �� $VFKHU� - �� &HFFKHULQL� 0 7 �� 7RPDW�� (���� � � �
3LHWUDPHOODUD��*��������$�VLPSOLILHG�UDSLG��ORZ�FRVW�
DQG� YHUVDWLOH� '1$�EDVHG� DVVHVVPHQW� RI � VRLO�
PLFURELDO�ELRPDVV��(FRO�,QGLF�������²���

)UDQNHQEHUJHU�: 7 ��-RKDQVRQ�- %��������)DFWRUV�DIIHFWLQJ�� � �
LQYHUWDVH�DFWLYLW\�LQ�VRLOV� 3ODQW�DQG�6RLO������������� �

*LDQIUHGD� / �� 5DR� 0 $ �� 3LRWURZVND� $ �� 3DOXPER� * ��� � � � �
&RORPER�&��������6RLO�HQ]\PH�DFWLYLWLHV�DV�DIIHFWHG�
E\�DQWKURSRJHQLF�DOWHUDWLRQV��LQWHQVLYH�DJULFXOWXUDO�
SUDFWLFHV�DQG�RUJDQLF�SROOXWLRQ��6FL�7RWDO�(QYLURQ��
�������²����

+X �� &DR �� ������ 6L]H� DQG� DFWLYLW\� RI � WKH� PLFURELDO�� &� � =
ELRPDVV�DQG�VRLO�HQ]\PH�DFWLYLW\�LQ�ORQJ WHUP�ILHOG��
H[SHULPHQW��:RUOG�-RXUQDO�RI �$JULFXOWXUH�6FLHQFHV�
������������

+XVVDLQ� $ �� 5DVKLG�0 + �� 3HUYHHQ� 5 �� $VKUDI �0�� ������� � � �
3XULILFDWLRQ�� NLQHWLF� DQG� WKHUPRG\QDPLF�
FKDUDFWHUL]DWLRQ� RI � VROXEOH� DFLG� LQYHUWDVH� IURP�

6RLO�0LFURELDO�DQG�6RLO�(Q]\PH�$FWLYLW\�RQ�9DULRXV�/DQG�5HFODPDWLRQV



���

VXJDUFDQH� �6DFFKDUXP�RIILFLQDUXP�/����3ODQW�3K\V�
%LRFKHP����������������

,VJLWDQL�0���.DELUXQ�6���6LUDG]�6�$��������(IIHFW�RI �%DFWHULDO�
,QRFXODWLRQ�RI �3KRVSKDWH�6ROYHQW�RQ�WKH�JURZWK�RI �
VRUJKXP�RQ�YDULRXV�3�VRLO�FRQWHQWV��-,7/����������
���

-RQHU�(�-���$DUOH�,�0���9RVDWND��������3KRVSKDWDVH�DFWLYLW\�RI �
H[WUDUDGLFDO�DUEXVFXODU�P\FRUUKL]D�K\SKDH��D�UHYLHZ��
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