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$QDWROLDQ�FXOWXUHV��2]JRNFH�DQG�2]FHOLN�������

-XQLSHUXV�/���&XSUHVVDFHDH��JURZV�QDWXUDOO\�WKURXJKRXW�0HGLWHUUDQHDQ�UHJLRQV�DV�ZHOO�DV�QRUWKHUQ�,UDQ�RQ�URFN\�
DQG�VXQQ\�DUHDV��RQ�KLOO\�DQG�PRXQWDLQHG��XS�WR������P�OHYHO��)DUMRQ��������7KH�VWXG\�VKRZHG�WKDW�-XQLSHUXV�
/�� LV� FKDUDFWHUL]HG�ZLWK� WHQ� WD[D� DQG KDV� WZR� VXEVSHFLHV� LQ�7XUNH\��7KHVH� DUH� VXEVS�� R[\FHGUXV� DQG� VXEVS��
PDFURFDUSD �&RRGH�DQG�&XOOHQ��������

$URPDWLF�RLOV�RI�IUXLWV�DQG�OHDYHV�IURP�-XQLSHUXV VSHFLHV�KDYH�EHHQ�XVHG�VLQFH�DQFLHQW�WLPHV�IRU�PDQ\�SXUSRVHV�
LQFOXGLQJ�IUDJUDQFH��IODYRXULQJ��PHGLFLQDO��DQWLPLFURELDO��LQVHFWLFLGDO�DV�ZHOO�DV�FRVPHWLF��&KDOFKDW�HW�DO��������
6WDVVL�HW�DO������� $WHV�DQG�(UGRUXO��������7KH�FKHPLFDO FRQVWLWXHQWV�RI�WKH�HVVHQWLDO�RLO�RI�ZLOG�-XQLSHUXV KHUE�
YHU\�PXFK�GHSHQGV�RQ�WKH�HQYLURQPHQWDO�FRQGLWLRQV��SODQW�SDUWV�DQG�UHJLRQDO�FOLPDWH�ZKHUH�WKH�VSHFLHV�JURZ�

-�R[\FHGUXV /��VXEVS��R[\FHGUXV SODQW�VDPSOHV�ZHUH�FROOHFWHG�LQ�GLIIHUHQW�SODFHV��6DUGLQLD��,WDO\��DQG�OHDYHV�ZHUH�
K\GUR�GLVWLOOHG�E\�$QJLRQ � �

� �SKHOODQGUHQH��OLPRQHQH�DQG�'�JHUPDFUHQH��$QRWKHU�VWXG\�RQ�HVHQVWLDO�
RLO�FRQVWLWXHQW�DQG�WKH�DQWLPLFURELDO�SURSHUWLHV�RI�OHDI�KDYH EHHQ�HYDOXDWHG�DQG�UHYLHZHG�E\�0HGLQL�HW�DO����������
7KH\� VKRZHG� WKH� DQWLEDFWHULDO� DFWLYLWLHV� RI� 7XQLVLDQ� -�� R[\FHGUXV�/�� VXEVS�� R[\FHGUXV� YHUVXV IRXU� EDFWHULD�
�(VFKHULFKLD��FROL��6WDSK\ORFRFFXV�DXUHXV��6DOPRQHOOD�HQWHULGLV� DQG 6DOPRQHOOD� W\SKLPXULXP�� (VVHQWLDO�RLOV�
DWWDLQHG�E\�K\GURGLVWLOODWLRQ�ZHUH�VWXGLHG�E\�*&�DQG�*&�06��,Q�WRWDO��ILIW\�ILYH�FRQVWLWXHQWV�ZHUH�LGHQWLILHG��
7KLUW\� IRXU� PDLQ� FRPSRXQGV� KDYH� EHHQ� UHWDLQHG� IRU� WKH� VWXG\� RI� WKH� FKHPLFDO� YDULDELOLW\�� 7KH� �SLQHQH��
V\OYHVWUHQH��S�F\PHQH��DQG ��� HSL�PDQR\O�R[LGH�ZHUH�IRXQG�WR�EH�PDMRU�DPRQJ�WKHP��7KH�VWXG\�FDUULHG�RXW�RQ�
DQWLEDFWHULDO�DFWLYLW\�UHYHDOHG�WKDW�(VFKHULFKLD�FROL�ZDV�IRXQG�WR�EH�WKH�PRVW�UHVLVWDQW��]RQH�GLDPHWHU���PP��WR�
DOO�WKH�RLOV�WHVWHG��ZKLOH�6WDSK\ORFRFFXV�DXUHXV�ZDV�WKH�FRQVLGHUDEOH�VHQVLWLYH�VWUDLQ��]RQH�GLDPHWHU�����PP���

� � �
�� �SKHOODQGUHQH��OLPRQHQH��DQG�'�JHUPDFUHQH�DV�WKH�PRVW�DEXQGDQW FRQVWLWXHQWV�RI�
WKH�OHDI�DQG�IUXLW�HVVHQWLDO�RLOV�

7R�RXU�EHVW�NQRZOHGJH��WKHUH�LV�QR�SUHYLRXV�ZRUN�DQG�QR�GDWD�ZHUH�DYDLODEOH�RQ�WKH�FKHPLFDO�YDULDELOLW\�IURP�
WKH�FXUUHQW�VWXGLHG�DUHD�IRU�WKH�YRODWLOH�RLO�RI�-��R[F\FHGUXV /��VXEVS��R[F\FHGUXV�OHDI��+HQFH��WKLV�UHVHDUFK�KDV�
VSHFLDO�LPSRUWDQFH�WR�LGHQWLI\�WKH�HVVHQWLDO�RLO�FRPSRVLWLRQV�DQG�WKHLU�DQWLEDFWHULDO�DFWLYLW\�LQ�-��R[F\FHGUXV�/��
VXEVS��R[F\FHGUXV�OHDI�

7KH�DLPV�RI�RXU�VWXG\�ZHUH������WR�H[SORUH�HVVHQWLDO�RLO�FRQVWLWXHQW�RI�K\GURGLVWLOOHG�RI�-��R[\FHGUXV�/��VXEVS�
R[\FHGUXV�SODQWV¶ OHDYHV�IURP�LQ�(DVWHUQ�SDUW�RI�7XUNH\��9DQ�UHJLRQ��E\�D�*&�06�DQG� ����WR�LQYHVWLJDWH�WKH�
DQWLEDFWHULDO�DFWLYLW\�RI�WKH�REWDLQHG�YRODWLOH�RLOV�FRPSRQHQWV�DJDLQVW�6WDSK\ODFRFFXV�DXUHXV� %DFLOOXV VXEWLOLV�
3VHXGRPDQDV�DHUXJLQRVD��(QWHUHFRFFXV�IDHFDOLV��6DOPRQHOOD�W\SKLPXULXP��DQG�(VFKHULFKLD�FROL�

0DWHULDO�DQG�0HWKRGV

3ODQW�0DWHULDO

-22��&XSUHVVDFHDH�� VDPSOHV�ZHUH�FROOHFWHG� IURP�ZLOG�SRSXODWLRQV�JURZLQJ� LQ�*HYDV�9DQ� �0RXQWDLQ�$UWRV��
ORFDWHG� LQ� WKH�UHJLRQ�RI�(DVWHUQ�7XUNH\��6DPSOHV�FROOHFWLQJ�VHDVRQ ZDV�-XQH�������7KH�DOWLWXGH�RI� VDPSOLQJ�
ORFDWLRQ�LV�����������P� 7KH�SODQWV�ZHUH�LGHQWLILHG�E\�'U��)HY]L�2]JRNFH�DW�<X]XQFX�<LO�8QLYHUVLW\��<<8���
'HSDUWPHQW� RI�%LRORJ\� �9DQ��7XUNH\���$HULDO� SDUWV� RI� SODQWV�ZHUH� GULHG� LQ� VKDGH��7KHQ�� SODQWV� OHDYHV�ZHUH�
GHWDFKHG�IURP�WKH�VWHP�

(VVHQWLDO�2LOV�,VRODWLRQ

7KH�HVVHQWLDO�RLOV�ZHUH�LVRODWHG�E\ K\GURGLVWLOODWLRQ����K� XVLQJ�D�&OHYHQJHU�W\SH�LQVWUXPHQW�DQG�WKHQ�WKH\�ZHUH�
GULHG�RYHU�DQK\GURXV�VRGLXP�VXOSKDWH��7KHQ�RLO�VDPSOHV�VWRUHG LQWR�WKH�DPEHU�YLDOV�DW����&�LQ�WKH�GDUN�SULRU�XQWLO
WKH DQDO\VLV�
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*DV�&KURPDWRJUDSK\�0DVV�6SHFWURPHWU\��*&�06� $QDO\VLV

(VVHQWLDO� RLO� FRPSRQHQWV� RI� -22� ZHUH� LGHQWLILHG� E\� XVLQJ� *&�06�� 7KH� *&�06� FRQVLVWHG� RI� D� *&�06�
LQVWUXPHQW��*&�06�43������3OXV�6KLPDG]X��-DSDQ��ILWWHG�ZLWK�D�75%�:D[�FDSLOODU\�FROXPQ����P�[������PP�
L�G��������P�ILOP�WKLFNQHVV���(VVHQWLDO�RLOV�ZHUH�GLOXWHG�E\������LQ�Q�KH[DQH��Y�Y��EHIRUH�WKH�DQDO\VLV�GRQH��7KH�
RLO� LQMHFWLRQ� ZDV� SHUIRUPHG� E\� DQ� DXWR�VDPSOHU� &ROXPQ� WHPSHUDWXUH� ZDV� DXWRPDWHG� IURP� ��R WR� ���R&�
WHPSHUDWXUHV�KHOG�IRU���R& IRU���PLQ��7KHQ�WHPSHUDWXUHV�JUDGXDOO\�LQFUHDVHG WR����R&�DW��R&��PLQ�NHSW�WKHUH�
GXULQJ����PLQXWHV��+HOLXP�DW���P/�PLQ��ZDV�XVHG�DV�FDUULHU�JDV�DQG�WKHQ�PDVV�VSHFWUD�ZHUH�UHFRUGHG�LQ�WKH�VFDQ�
PRGH� 7KH� LRQL]DWLRQ� YROWDJH� ZDV� HVWDEOLVKHG� WR� ��� H9�� 7KH� UDWLR� IRU� VSOLWWLQJ� ZDV� VHW� WR������ ,RQ� VRXUFH�
WHPSHUDWXUH�ZDV�VHW�WR����R&�DQG�LQWHUIDFH�WHPSHUDWXUH�ZDV�VHW�WR����R&�DQG�PDVV�UDQJH�ZDV�VHW�WR�IURP����WR�
����DPX��UHVROXWLRQ���7KUHH�PLQXWHV�ZHUH�VHW� WR�IRU�FXWWLQJ�WLPH��)RU�WKH�DQDO\VLV�SDUW��
FRQVLGHUHG�

7KH�RLO�FRQVWLWXHQWV�ZHUH�LGHQWLILHG�IURP�WKHLU�UHWHQWLRQ�WLPHV��5W��ZKLFK�LV�REWDLQHG�XVLQJ�WKH�FRPSRVLWLRQ�RI�
WKHLU�PDVV�VSHFWUD�DQG�IUDJPHQWDWLRQ�SDWWHUQV�UHSRUWHG�DW�$GDP������DQG�FRPSXWHU�LGHQWLFDO�ZLWK�06�GDWD�EDQN�
�:LOH\�DQG�1LVW�/LEUDU\��

'HWHUPLQDWLRQ�RI�$QWL�%DFWHULDO�$FWLYLW\

0LFURRUJDQLVPV

7RWDO�VL[�EDFWHULDO�VSHFLHV�ZHUH�XVHG�IRU�WHVWLQJ�WKH�DQWLPLFURELDO�DFWLYLW\�RI�-22 HVVHQWLDO�RLOV��7DEOH���DQG�
7DEOH� ��� 6WUDLQV� RI� PLFURRUJDQLVPV� ZHUH� DWWDLQHG� IURP� 'HSDUWPHQW� RI� %LRORJ\� �<<8�� 9DQ�7XUNH\��� 7KH�
PLFURRUJDQLVPV� ZHUH� 6WDSK\ORFRFFXV� DXUHXV� $7&&� ������� %DFLOOXV� VXEWLOLV $7&&� ������ 3VHXGRPDQDV�
DHUXJLQRVD $7&&� �������(QWHUHFRFFXV� IDHFDOLV $7&&� �������6DOPRQHOOD� W\SKLPXULXP $7&&� ������� DQG�
(VFKHULFKLD�FROL�$7&&�������

$QWLPLFURELDO�$VVD\��'LVF�'LIIXVLRQ�0HWKRG�

7KH�WHFKQLTXH�RI�GLVF�GLIIXVLRQ�KDV�EHHQ�XVHG�WR�LGHQWLI\�WKH�DQWLPLFURELDO�DFWLYLW\�RI�WKH�HVVHQWLDO�RLO��$JDU�GLVF�
GLIIXVLRQ�PHWKRG�IRU�DQWLEDFWHULDO�DFWLYLW\�WHVWLQJ�ZDV�SHUIRUPHG�XVLQJ�WKH�VWDQGDUG�WHFKQLTXH�SURSRVHG�E\�%DXHU�
HW�DO����������$V�D�UHVXOW RI�DGGLQJ�����P/�RI�������0�%D&����������ZW�YRO�%D&����+�2��WR������P/�RI������0�
+�62������ZW�YRO���WKH�0F)DUODQG�6WDQGDUG�ZDV�SUHSDUHG��$QGUHZV��������7KH�FXOWXUHV��ZKLFK�ZHUH�IUR]HQ�LQ�
*O\FHURO�1XWULHQW�%URWWD��2[RLG���GLVVROYHG�LQ�WKH�UHIULJHUDWRU��7KHQ�WKH\�DFWLYDWHG�LQ�7U\SWLF�6R\�EURWK��2[RLG��
IRU����K��%UDLQ�+DUG�,QIXVLRQ�%URWWD��2[RLG��ZDV�DFWLYDWHG�IURP�7U\SWLF�6R\�$JDU��2[RLG��SDVVDJHV�IRU�����K��
0F)DUODQG�����WXEHV�EOXU�ZDV�XVHG�WR�DGMXVW�WKH�GHQVLW\�RI�FXOWXUHV�

$FWLYDWHG�PLFURRUJDQLVPV�ZHUH� VSUHDG� RQ� WKH� VXUIDFH�ZLWK� D� NQRZQ� FRQFHQWUDWLRQ� RI 0XHOOHU�+LQWRQ�$JDU�
�0HUFN��SODWHV��)RU�WKLV�SURFHGXUH�D�VWHULOH�VZDS�ZDV�XVHG�DQG�WKHQ�LQFXEDWHG�IRU����PLQXWHV��)LOWHU�SDSHU�GLVFV�
��PP����ZDWWPDQ�����������ZHUH�VRDNHG�ZLWK�HVVHQWLDO�RLOV� WKHQ�SODFHG RQ�WKH�VXUIDFH�RI�WKHVH�DJDU�SODWHV��
ZKHUH�WKH�VXUIDFH�ZHUH�VSUHDG�ZLWK�����P/�RI�EDFWHULDO�VXVSHQFLRQ�

%RWK�DPSLFLOOLQ�DQG�RIOR[DFLQ�KDYH�EHHQ�XVHG�DV�FRQWURO�DJHQWV� �2]FHOLN�HW� DO���������0LFURRUJDQLVPV�ZHUH�
SODFHG� WR� LQFXEDWH� LQ� WKH�RYHQ�DORQJ�ZLWK� WKH� VSHFLHV�DQG�VXLWDEOH� WHPSHUDWXUH� WLPH�����&� IRU����KRXUV���$V�
FRORQLHV�IRUPHG�DURXQG�WKH�]RQHV��WKHVH�]RQHV�ZHUH�PHDVXUHG�XVLQJ�LQKLELWLRQ�]RQH�VFDOH�LQ�PP��$FWLYLWLHV�RI�
DQWLEDFWHULDO�ZHUH�HYDOXDWHG�E\�PHDVXULQJ�WKH�LQKLELWLRQ�]RQH�DJDLQVW�WR�WKH�WHVW�RUJDQLVPV��3RQFH�HW�DO���������
$OO�LQGLYLGXDO�DVVD\V�ZHUH�UHSHDWHG�WZLFH��

7KH�VL]HV�RI�LQKLELWRU\�]RQHV�ZHUH�XVHG�WR�FRPSDUH�WKH�VHQVLWLYLW\�RI�WKH�EDFWHULDO�VSHFLHV�WR�WKH�HVVHQWLDO�RLOV�
�3RQFH�HW�DO���������,QKLELWLRQ�]RQHV�UDQJHG�EHWZHHQ���PP�DQG����PP DQG�WKHQ�WKH�UHVXOWV�ZHUH�DVVHVVHG�DV�
IROORZV��,I�PHDVXUHG�]RQHV�VPDOOHU�WKDQ���PP�ZHUH�FODVVLILHG�DV�LQVHQVLWLYH��WKH�]RQHV�EHWZHHQ������PP�ZHUH�
VHQVLWLYH��]RQHV�EHWZHHQ�������PP�ZHUH�YHU\�VHQVLWLYH��DQG�WKRVH�ODUJHU�WKDQ����PP�ZHUH�H[WUHPHO\�VHQVLWLYH�
�3RQFH�HW�DO��������

6WDWLVWLFDO�$QDOD\VLV

352&�*/0� LQ� 6$6����� �������ZDV� XVHG� WR� FRPSDUH� WKH� GLIIHQFHV� EHWZHHQ�PHDQV� RI� JURXSV��7KH� SDLUZLVH�
FRPSDULVRQV�RI�JURXSV�ZHUH�GRQH�E\�7XNH\�DQG�3������ZDV�FRQVLGHUHG�DV�7\SH�,�HUURU�IRU�VWDWLVWLFDO�VLJQLILFDQFH�
OHYHO��6$6�SDFNDJH�SURJUDP�YHUVLRQ����������� ZDV�XVHG�IRU�DOO�VWDWLVWLFDO�DQDO\VHV��



���

5HVXOWV�DQG�'LVFXVVLRQ

(VVHQWLDO�2LO�&RPSRXQGV�&RQWHQWV

&KHPLFDO�FRQVWLWXHQW�RI�HVVHQWLDO�RLO�DQG� WKHLU� UHWHQWLRQ� WLPHV�DQG�SHUFHQWDJH�RI�FRPSRXQGV�RI� WKH�FROOHFWHG�
PDWHULDO�IURP�VWXG\�DUHD��0RXQWDLQ�$UWRV��9DQ�7XUNH\� DUH�LOOXVWUDWHG�LQ�7DEOH��� 7KH�FRQVWLWXHQWV�DUH�LOOXVWUDWHG�
DV�RUGHU�RI�WKHLU�HOXWLRQ�IURP�WKH 75%�:D[�FDSLOODU\�FROXPQ����P�[������PP�L�G��������P�ILOP�WKLFNQHVV���,Q�
WRWDO�����FRQVWLWXHQWV�ZHUH�LGHQWLILHG� UHSUHVHQWLQJ������� RI�WKH�WRWDO�RLO�IUDFWLRQ� 0DMRU FRQVWLWXHQWV�RI�-22�

� � �3LQHQH����������R�&\PHQH�
���������UHVSHFWLYHO\��7DEOH����

7DEOH����(VVHQWLDO�RLO FRPSRVLWLRQ�RI�-��R[\FHGUXV /��VXEVS�R[\FHGUXV OHDYHV

3HDN &RQVWLWXHQWV� 5W��PLQ�D 5DWH����
� ��3LQHQH ����� �����
� &DPSKHQH ����� ����
� &DSURQDOGHK\GH ����� ����
� �3LQHQH� ����� ����
� ��&DUHQH ����� ����
� /LPRQHQH ����� �����
� �SKHOODQGUHQH ����� �����
� �7HUSLQHQH ����� ����
� R�&\PHQH ����� ����
�� �7HUSLQROHQH ����� ����
�� &DPSKRU ����� ����
�� 7HUSLQHQH���RO ������ ����
�� WUDQV�S�0HQWKD�����GLHQRO ������ ����
�� �7HUSLQHRO ������ ����
�� *HUPDFUHQH�' ������ ����
�� &DUYRQH ������ ����
�� 7UDQV�FDUYHRO ������ ����
�� 0DQR\O�R[LGH ������ ����

7RWDO���� �����
D� 5HWHQWLRQ�WLPH��DV�PLQXWHV�

7DEOH����7KH�*URXSHG�FRPSRQHQWV�RI�HVVHQWLDO�RLOV�RI�-22
0DLQ�*URXSV 5DWH����
0RQRWHUSHQHV �����
$OGHK\GHV ����
.HWRQHV ����
6HVTXLWHUSHQHV ����
0HQWKDQH�PRQRWHUSHQRLGV ����
0RQRWHUSHQRLG DOFRKRO ����
2WKHUV ����
7RWDO���� �����

6WXGLHV�VKRZHG�WKDW�WKH�PDLQ�FRQVWLWXHQW�RI�-22 �3LQHQH��$GDPV�HW�DO���������+D\WD�DQG�%DJFL�
�������ZHUH�FROOHFWHG�VDPSOHV�RI�WKH�OHDYHV��EDUN�DQG�FRQHV�RI�-22 IURP�WKH�ZLOG�IRUP�DW�%XUVD�7XUNH\��7KH�
SUHGRPLQDQW�FRPSRXQGV�KDYH�EHHQ�LGHQWLILHG�LQ�WKHLU�VWXG\�ZHUH� � � �P\UFHQH�DQG�OLPRQHQH��
$� FRPSDUDWLYH� VWXG\� FDUULHG� RXW� E\�$GDPV� HW� DO�� �������� RQ� -22 FKHPLFDO� SURILOHV� RI� VRPH�0HGLWHUUDQHDQ�
FRXQWULHV� UHYDOHG� WKDW� WKH�RLOV�RI�ZHVWHUQ�0HGLWHUUDQHDQ�SRSXODWLRQV� �0RURFFR��6SDLQ��)UDQFH��DQG�3RUWXJDO��
ZHUH�FKDUDFWHUL]HG�E\�U �SLQHQH�������WR���������:KLOH�WKH�RLOV�RI�-� R[\FHGUXV /��VXEVS��
R[\FHGUXV�OHDYHV�FROOHFWHG�DW�HDVWHUQ�0HGLWHUUDQHDQ�FRXQWULHV��,WDO\��*UHHFH�DQG�7XUNH\��ZHUH�FKDUDFWHUL]HG�E\�

�SLQHQH�������WR��������DQG�UH � �WHUSLQHRO��S�F\PHQH��
� �WHUSLQHRO���(��QHUROLGRO��DQG�PDQR\O�R[LGH��7KH�PDMRU�FRPSRXQGV�KDYH�
EHHQ�LGHQWLILHG�DW�WZR�0HGLWHUUDQHDQ�FRXQWULHV�DUH� � �

�FDU\RSK\OOHQH��9LGULFK�HW�DO�� � �SKHOODQGUHQH�DQG�WHUSLQROHQH�
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�9RXUOLRWL�$UDSL�� HW� DO�� ������� 2XU� UHVXOWV� LQ� WHUPV� RI� PDLQ� FRPSRQHQWV� IRU� HVVHQWLDO� RLO� VKRZHG� VWURQJO\�
DJUHHPHQW�ZLWK�$GDPV�HW�DO��������DQG�9LGULFK�HW�DO���������+RZHYHU��RXU�ILQGLQJV�ZHUH�QRW�WRWDO\�FRQILUPHG�E\�
+D\WD�DQG�%DJFL��������UHVXOWV� 'LIIHUHQFHV�EHWZHHQ�UHVXOWV�FDQ�EH�EHFDXVH�RI�HQYLURQPHQWDO�FRQGLWLRQV��SODQW�
H[WUDFWLRQV�PHWKRGV�DV�ZHOO�DV�GLIIHUHQW�FKHPRWD[RQRP\�RI�WKH�SODQWV�RI�MXQLSHU�

$QWLEDFWHULDO�DFWLYLW\

7KH�DQWLEDFWHULDO�DFWLYLW\�RI�HVVHQWLDO�RLO�IURP�-22 OHDYHV�IURP�ZLOG�ZDV�REVHUYHG�LQ�WKLV�VWXG\�DV�ZHOO��7KH�
HVVHQWLDO� RLOV� IRUPHG� DQWLEDFWHULDO� DFWLYLW\� LQKLELWLRQ� ]RQHV� DJDLQVW�6WDSK\ODFRFFXV� DXUHXV� %DFLOOXV VXEWLOLV�
3VHXGRPDQDV� DHUXJLQRVD�� (QWHUHFRFFXV� IDHFDOLV� 6DOPRQHOOD� W\SKLPXULXP DQG� (VFKHULFKLD� FROL �LQKLELWLRQ�
]RQHV�ZHUH�IURP����WR����PP���)LJXUH�����

)LJXUH����6FUHHQLQJ�RI�WKH�DQWLEDFWHULDO�DFWLYLW\�RI�HVVHQWLDO�RLOV�RI�-��R[\FHGUXV�/� VXEVS� R[\FHGUXV OHDYHV�
DJDLQVW�VL[�EDFWHULDO�VWUDLQV��6D��6��DXUHXV��%V��%��VXEWLOLV��3D��3��DHUXJLQRVD��(I��(��IDHFDOLV��6W��6��
W\SKLPXULXP��(F��(��FROL

7DEOH����$QWLEDFWHULDO�DFWLYLW\�RI�-��R[\FHGUXV�/� VXEVS� R[\FHGUXV OHDYHV�HVVHQWLDO�RLOV��LQ��/��DQG�WZR�DQWLELRWLFV�
�DPSLFLOOLQ�DQG�RIOR[DFLQ��DJDLQVW�EDFWHULDV��LQKLELWLRQ�]RQHV�LQ�PP�


0LFURRUJDQLVPV $PSLFLOOLQ� 2IOR[DFLQ -22 HVVHQWLDO�RLO
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GLIIXVLRQ�PHWKRG��(VVHQWLDO�RLO FKDUDFWHUL]HG�E\�WKH�KLJKHVW�OHYHO�RI�WKH�PDMRU�FRPSRQHQWV��/LPRQHQH�����������
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