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2%-(&7,9(6�� 7R� DVVHVV� WKH� IUHTXHQF\� RI� WUDQVIXVLRQ� WUDQVPLWWHG� LQIHFWLRQV� LQ� IUHTXHQWO\� WUDQVIXVHG�
EHWD�WKDODVVHPLD�SDWLHQWV�	�WR�GHWHUPLQH�WKH�DVVRFLDWLRQ�RI�WUDQVIXVLRQ�WUDQVPLWWHG�LQIHFWLRQV�ZLWK�DJH��
JHQGHU�DQG�QXPEHU�RI�EORRG�WUDQVIXVLRQV� 
0(7+2'2/2*<�� 7KLV� FURVV-VHFWLRQDO� VWXG\� ZDV� SHUIRUPHG� IURP� -XQH� WR� 'HFHPEHU� ����� RQ� ����
VDPSOHV� RI� GLDJQRVHG� SDWLHQWV� RI� %DWD� 7KDODVVHPLD� 0DMRU� DQG� %HWD� 7KDODVVHPLD� ,QWHUPHGLD� E\�
&RQYHQLHQW� 6DPSOLQJ� WHFKQLTXH� UHJLVWHUHG� DW� &HQWUH� IRU� 7KDODVVHPLD� &DUH�� 6KHLNK� =D\HG� +RVSLWDO��
5DKLP�<DU�.KDQ�UHFHLYLQJ�UHSHDWHG�EORRG�WUDQVIXVLRQV��7KH�FDVHV�ZHUH�GLVWULEXWHG�LQWR�WKUHH�VHSDUDWH�
DJH�JURXSV�� L�H��� ����\HDUV����-���\HDUV�DQG�PRUH� WKDQ����\HDUV��6FUHHQLQJ�RI�+%V$J��$QWL-+&9��$QWL-
+,9�� 0DODULDO� $QWLJHQ� DQG� $QWL� WUHSRQHPD� SDOOLGXP� ZDV� GRQH� WKURXJK� ,PPXQRFKURPDWRJUDSKLF�
WHFKQLTXH��,&7�� 
5(68/76��7KHUH�ZHUH������������PDOHV�DQG������������IHPDOHV�������������ZHUH�LQ�����\HDUV����������
LQ��-���\HDUV�DQG���������LQ���-���\HDUV¶�DJH�JURXSV�UHVSHFWLYHO\��+&9��+%9��+,9�DQG�03�ZHUH�VHHQ�LQ�
������� ������ ����� DQG� ��� UHVSHFWLYHO\�� 1R� FDVH� RI� V\SKLOLV� ZDV� GHWHFWHG�� 7KH� SDWLHQWV� ZLWK� !����
WUDQVIXVLRQV�GHYHORSHG����PRUH�LQIHFWLRQV�WKDQ�WKH�SDWLHQWV�JHWWLQJ�WUDQVIXVLRQV��������$OO�WKH�REWDLQHG�
GDWD�ZDV�LQVHUWHG�DQG�VWXGLHG�LQ�6366�YHUVLRQ���� 
&21&/86,21��7KLV�VWXG\�IORXULVKHG�WKDW�WKH�PRVW�IUHTXHQW�LQIHFWLRQ�DPRQJ�EHWD�WKDODVVHPLD�SDWLHQWV�
ZDV� +&9� IROORZHG� E\� 0DODULD�� +%9� DQG� +,9�� 7KH� ULVN� RI� WUDQVPLVVLRQ� RI� 7UDQVIXVLRQ� 7UDQVPLWWHG�
,QIHFWLRQV� LV� GLUHFWO\� SURSRUWLRQDO� WR� WKH� QXPEHU� RI� WUDQVIXVLRQV�� $OO� EORRG� EDQNV� DQG� WUDQVIXVLRQ�
FHQWHUV�KDYH�WR�LPSOHPHQW�PDQGDWRU\�VFUHHQLQJ�RI�EORRG�DJDLQVW�WKH�77,V� 

.(<:25'6��7KDODVVHPLD��7UDQVIXVLRQ�7UDQVPLWWHG�,QIHFWLRQV��77,V���)UHTXHQF\�� 

,1752'8&7,21� 

7KH�WKDODVVHPLF�V\QGURPH�LV�D�KHWHURJHQHRXV�JURXS�
RI�GLVRUJDQL]HG�KHPRJORELQ� UHVXOWLQJ� IURP�GHFUHDVHG�
RU�DEVHQW� SURGXFWLRQ�RI�JORELQ� �DOSKD�RU�EHWD��FKDLQV�
RI� KHPRJORELQ�� 7KDODVVHPLD� LV� SUHGRPLQDQWO\� GXH� WR�
WKH�H[FHVVLYH�UXSWXUH�RI�WKH�UHG�EORRG�FHOOV�OHDGLQJ�WR�
FKURQLF�DQHPLD�ZKLFK� LV�PDLQO\�GXH� WR� LQWUDPHGXOODU\�
DQG� H[WUDPHGXOODU\� KHPRO\VLV��� 'HSHQGLQJ� XSRQ� WKH�
VHYHULW\� 7KDODVVHPLD� GLVRUGHU� LV� FDWHJRUL]HG� LQ�
7KDODVVHPLD�0DMRU�QHHGV�IUHTXHQW�EORRG�WUDQVIXVLRQV�
DQG� 7KDODVVHPLD� ,QWHUPHGLD� QHHGLQJ� VHOGRP�
WUDQVIXVLRQV��7KDODVVHPLD�FDUULHUV�DUH� WKH� LQGLYLGXDOV�
ZKR� KDYH� 7KDODVVHPLD� JHQH� EXW� DUH� RWKHUZLVH�
KHDOWK\�� ȕ-7KDODVVHPLD� LV� D� PDMRU� SUREOHP� LQ�
3DNLVWDQ��ZLWK�D�FDUULHU�UDWH�RI���WR����WKDW�LV�GXH�ODFN�
RI� DZDUHQHVV� DERXW� 7KDODVVHPLD� ZKLFK� UHVXOWV� DQ�
HVWLPDWHG� �� PLOOLRQ� EHWD-WKDODVVHPLD� FDUULHUV� �ZLWK�
FDUULHU�UDWH��-����SURGXFLQJ�PRUH�WKDQ�������FKLOGUHQ�
ZLWK� WUDQVIXVLRQ-GHSHQGHQW� WKDODVVHPLD� �7%'�� HYHU\�
\HDU� LQ� 3DNLVWDQ�� ZKLFK� LV� HVWLPDWHG� DERXW� ��������
7KDODVVHPLD� FDVHV� LQ� 3DNLVWDQ�� UHSUHVHQWLQJ� ��� RI�
WKH� ZRUOG¶V� WRWDO� FDVHV��� ,Q� QRUWKHUQ� 3DNLVWDQ�� WKH�
SUHYDOHQFH� RI� EHWD� WKDODVVHPLD� LQ� WKH� 3DNKWRRQ�
SRSXODWLRQ� LV� ������ DQG� WKDW� RI� 3XQMDELV� LV� �������
7KLV� LV� PDLQO\� GXH� WR� WKH� FRPPXQLW\� DQG� WUDGLWLRQDO�

V\VWHP�DQG�WKH�JUHDWHU�IUHTXHQF\�RI�ZHGGLQJV�DPRQJ�
FRXVLQV�� 
7R�FRSH�ZLWK�VHYHUH�DQHPLD�ZKLFK�RFFXUV�ZLWKLQ�D�IHZ�
PRQWKV� RU� GXULQJ� WKH� ILUVW� WZR� \HDUV� RI� OLIH� LQ�
WKDODVVHPLD�PDMRU� SDWLHQW�� UHJXODU� EORRG� WUDQVIXVLRQV�
LV�QHHGHG��7UDQVIXVLRQ�RI�EORRG�DQG�LWV�FRPSRQHQWV�LV�
D� UDQVRP� DQG� LV� DOVR� PRUWDOO\� GDQJHURXV� ZKHQ� WKH�
SUDFWLFH� RI� �VDIH� EORRG� WUDQVIXVLRQ�� LV� QRW� REVHUYHG��
6XFK� SDWLHQWV� KDYH� WR� IDFH� QHZ� FOLQLFDO� FKDOOHQJHV��
PDLQO\� WUDQVIXVLRQ-WUDQVPLWWHG� LQIHFWLRQV� �77,V���
SDUWLFXODUO\�+&9��KHSDWLWLV�&���+%9��YLUDO�KHSDWLWLV�%���
+,9�LQIHFWLRQ�DQG�V\SKLOLV��7KH�SUREDELOLW\�RI�SUREOHPV�
UHODWHG�WR�WUDQVIXVLRQ�SHU�XQLW�RI�EORRG�LV�����LQFOXGLQJ�
WUDQVIXVLRQ-WUDQVPLVVLEOH�GLVHDVHV��$OWKRXJK�WKHUH�DUH�
PDQ\� SRVVLELOLWLHV� RI� WUDQVPLVVLRQ� IRU� LQIHFWLRXV�
GLVHDVHV�� WKH� EORRG� WUDQVIXVLRQ� LV� D� VLPSOH� DQG�
LPSRUWDQW� ZD\�� ,Q� 3DNLVWDQ�� D� QDWLRQ� RI� DERXW� ����
ELOOLRQ� SHRSOH�� WKH� EORRG� YROXPH� UHTXLUHG� IRU�
WUDQVIXVLRQ�LV�DERXW�����PLOOLRQ�SLQWV�SHU�\HDU������RI�
ZKDW� LV� GHPDQGHG�E\� WKH� SULYDWH� VHFWRU� DQG�����E\�
WKH�JRYHUQPHQW�VHFWRU�� 
7KH�SUHYDOHQFH�RI�77,V�LQ�,QGLD�LV����-�������-�������
���-���DQG�����-�����IRU�+%9��+&9��+,9�DQG�V\SKLOLV�
UHVSHFWLYHO\���:RUOGZLGH�������WR�������SDWLHQWV�ZLWK�
WKDODVVHPLD�DUH�SRVLWLYH� IRU�DQWLERGLHV� WR�KHSDWLWLV�&��
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7KH� UDWH� RI� +&9� LQIHFWLRQ� LQ� KHPRGLDO\VLV� DQG�
WKDODVVHPLF�SDWLHQWV�LV�KLJK�DV������7KH�IUHTXHQF\�RI�
KHSDWLWLV� &� LQ� WKDODVVHPLD� SDWLHQWV� RI� ,UDQLDQ�
SRSXODWLRQ�ZDV�QRWHG���������$OWKRXJK�LPSURYHPHQWV�
LQ� WKH� EORRG� VFUHHQLQJ� V\VWHP� IURP� ����� WR� �����
UHVXOWHG�LQ�UHGXFH�ULVN�RI�WUDQVPLVVLRQ�RI�EORRG�ERUQH�
GLVHDVHV�EXW�KHSDWLWLV�&�UHPDLQV�D�VLJQLILFDQW�SUREOHP�
IRU� WKDODVVHPLD� SDWLHQWV�� 7KH� SDWLHQWV� LQIHFWHG� ZLWK�
+&9�LQIHFWLRQ�DUH�XVXDOO\�DV\PSWRPDWLF������WR�����
RI� FDVHV��� KRZHYHU�� PRVW� SHRSOH� GHYHORS� D� FKURQLF�
LQIHFWLRQ� ZLWK� D� YLUXV� ���-������ $IWHU� D� WLPH� LQWHUYDO�
EHWZHHQ� ��� DQG� ��� \HDUV�� DQ� DYHUDJH� RI� ��� WR� ����
GHYHORSV�OLYHU�FLUUKRVLV�RU�&DUFLQRPD�OLYHU���:KLOH�WKH�
LQFLGHQFH� RI� KHSDWLWLV� %� LQIHFWLRQ� LV� VLJQLILFDQWO\�
UHGXFHG� EHFDXVH� RI� YDFFLQDWLRQ� DJDLQVW� KHSDWLWLV� %��
KRZHYHU� LWV� WUDQVPLVVLRQ� WKURXJK� EORRG� WUDQVIXVLRQV�
RU�EORRG�SURGXFWV�LV�FRQVLGHUHG�DV�DQ�HSLGHPLRORJLFDO�
LQIOXHQFH�LQ�SDUWV�RI�VXE-6DKDUDQ�$IULFD�� 

0(7+2'2/2*< 

7KLV� FURVV-VHFWLRQDO� VWXG\� ZDV� SHUIRUPHG� RQ� 7KUHH�
KXQGUHG� DQG� ILIW\� VDPSOHV� RI� GLDJQRVHG� WKDODVVHPLF�
SDWLHQWV� LQFOXGHG� E\� &RQYHQLHQW� 6DPSOLQJ� WHFKQLTXH�
DW� 3DWKRORJ\� ODERUDWRU\� 	� &HQWHU� IRU� 7KDODVVHPLD�
&DUH� DW� 6KHLNK� =D\HG� +RVSLWDO�� 5DKLP� <DU� .KDQ���
GXULQJ� WKH� SHULRG� FRPPHQFLQJ� IURP� -XQH� WR�
'HFHPEHU�������� 
7KH� GLDJQRVHG� %HWD� WKDODVVHPLD� SDWLHQWV� UHJLVWHUHG�
DW� WKDODVVHPLD� FHQWHU�� 6KHLNK� =D\HG� +RVSLWDO�� 5<.�
UHFHLYLQJ�UHSHDWHG�EORRG� WUDQVIXVLRQV�EHDULQJ�DOO�DJH�
JURXSV� ZLWKRXW� JHQGHU� GLVFULPLQDWLRQ� ZHUH� LQFOXGHG��
7KDODVVHPLD� 3DWLHQWV� XVLQJ� +\GUR[\XUHD� ZKR� QHHG�
VHOGRP� EORRG� WUDQVIXVLRQV� ZHUH� H[FOXGHG� 	� UHMHFWHG�
IURP�WKH�VWXG\� 
7KH� GDWD� ZDV� JDWKHUHG� E\� XVLQJ� D� SUHWHVWHG�
4XHVWLRQQDLUH�� 7KH� YDULDEOHV� LQFOXGHG� LQ�
TXHVWLRQQDLUH� ZHUH� GHPRJUDSKLF� YDULDEOHV� �1DPH��
$JH��6H[�DQG�$GGUHVV���GLDJQRVLV��+%V$J��+&9��+,9��
6\SKLOLV��0DODULD��DQG�WKH�KLVWRU\�RI�EORRG�WUDQVIXVLRQV�
�DJH�RI�ILUVW�WUDQVIXVLRQ�DQG�IUHTXHQF\�RI�WUDQVIXVLRQ���
8QGHU�VWULFW�DVHSWLF�PHDVXUHV���PO�EORRG�VDPSOH�ZDV�
FROOHFWHG� LQ� WZR�YDFXWDLQHUV� WKH�('7$� YDFXWDLQHU� IRU�
PDODULDO�SDUDVLWH�DQG�*HO�YDFXWDLQHU� IRU�+%V$J��$QWL-
+&9��$QWL-+,9�DQG�$QWL�WUHSRQHPD�SDOOLGXP�WHVWV� 
+%9�� +&9� DQG� +,9� ZHUH� VFUHHQHG� XVLQJ� 5DSLG�
,PPXQRFKURPDWRJUDSKLF� �,&7�� WHFKQLTXH� >,&7V�
WHFKQLTXH� ZDV� XVHG� GXH� WR� WKHVH� DUH� UDSLG�� HDV\� WR�
SHUIRUP� DQG� LQWHUSUHW�� VDYH� WLPH� DQG� HIIRUW�� DQG�
FRPSDUH� IDYRUDEO\� WR� RWKHU� WHVWV@�� )RU� WKH� TXDOLWDWLYH�
UHFRJQLWLRQ� RI� DQWLERGLHV� VSHFLILF� WR� +&9�� +&9� 6'�
%,2/,1(� NLWV� ZHUH� XVHG� �LPPXQRFKURPDWRJUDSKLF�
WHFKQLTXH��� 7UL� OLQH� KXPDQ� LPPXQRGHILFLHQF\� YLUXV�
5DSLG�7HVW�'HYLFH� LV�TXDOLWDWLYH� WHVW�ZKLFK�ZDV�XVHG�
IRU� GHWHFWLRQ� RI� DQWLERGLHV� DJDLQVW�+,9-���+,9-���7KH�
UDSLG�73��WUHSRQHPD�SDOOLGXP�V\SKLOLV�� WHVW�ZDV�XVHG�
IRU�WKH�GHWHFWLRQ�RI�WUHSRQHPD�SDOOLGXP�DQWLERG\��,J0�
DQG�,J*��DQG�PDODULD�ZDV�VFUHHQHG�E\�,&7�WHFKQLTXH�
XVLQJ� 6'� UDSLG� WHVW� GHYLFH�� $OO� LQYHVWLJDWLRQV� ZHUH�

GRQH�LQ�WKH�VDPH�ODERUDWRU\� 
$OO� WKH�REWDLQHG� LQIRUPDWLRQ�ZDV�FRGHG�DQG�GDWD�ZDV�
LQVHUWHG� DQG� VWXGLHG� LQ� 6366� YHUVLRQ� ���� $OO� WKH�
HQWULHV� ZHUH� GRXEOH� FKHFNHG� IRU� DQ\� SRVVLEOH�
NH\ERDUG� HUURU�� )UHTXHQF\� DQG� SHUFHQWDJH� ZHUH�
FDOFXODWHG�IRU�+%9��+&9��+,9��6\SKLOLV�DQG�0DODULD� 

5(68/76 

7KUHH� KXQGUHG� DQG� ILIW\� VXEMHFWV� ZHUH� VWXGLHG�
DPRQJVW� WKHP�PDMRULW\�RI� WKH�VXEMHFWV� LQFOXGHG�ZHUH�
PDOHV� ����������� DQG� ���� �������� SDWLHQWV� ZHUH�
IHPDOHV�� )URP� WKDW� ��������� VXEMHFWV� ZHUH� LQIHFWHG�
DQG����������ZHUH�VDIH�IURP�WUDQVIXVLRQ�WUDQVPLWWHG�
LQIHFWLRQV� 
7DEOH� ,� VKRZV� WKDW� PDMRULW\� RI� SDWLHQWV� �����������
ZHUH�LQIHFWHG�ZLWK�+&9� 

7$%/(�,��)5(48(1&<�2)�75$16)86,21�
75$160,77('�,1)(&7,216��Q ���� 

 
7DEOH� ,,� VKRZV� WKDW� ����������� ZHUH� LQIHFWHG� ZLWK�
77,V�� ZLWK� KLJK� SURSRUWLRQ� ���������� RI�PDOH� FDVHV��
$JH� JURXS� OHVV� WKDQ� ��� \HDUV� KDG� WKH� KLJKHVW�
SURSRUWLRQ�RI�77,V������������ 
>)UHTXHQW� EORRG� WUDQVIXVLRQV� LQ� WKHVH� SDWLHQWV�
LQFUHDVH� WKHLU� ULVN�RI� DFTXLULQJ�77,V� FRPSDUHG� WR� WKH�
RWKHU�DJH�JURXSV@� 

7$%/(�,,��5(/$7,21�2)�3$7,(176�$*(�$1'�
*(1'(5�:,7+�75$16)86,21�75$160,77('�
,1)(&7,216��Q ����� 

7DEOH� ,,,� VKRZV� WKDW� PDMRULW\� RI� 7KDODVVHPLD� PDMRU�
SDWLHQWV� ����������� ZHUH� VXIIHULQJ� IURP� +&9�
ZKHUHDV�� RQO\� ��������� FDVHV� RI� 7KDODVVHPLD�
LQWHUPHGLD� KDG� +&9�� WKLV� GLIIHUHQWLDWLRQ� ZDV�
VWDWLVWLFDOO\� VLJQLILFDQW� �3 ������� 7KH� OHDVW� QXPEHU� RI�

7UDQVIXVLRQ�7UDQVPLWWHG�,QIHFWLRQV�LQ�0XOWLSOH�7UDQVIXVHG�7KDODVVHPLD�3DWLHQWV 

�� 

77,V )UHTXHQF\ 3HUFHQWDJH 

+&9 ��� ����� 

+%9 �� ���� 

+,9 � ���� 

0DODULD �� �� 

6\SKLOLV � � 

$JH�JURXS�
�\HDUV� 

77,V� 
�Q� ����� 

:LWKRXW�77,V�
�Q ���� 3�YDOXH 

���� ���������� ���������� 

��-�� ��������� ��������� 

��-�� �������� ������� 

*HQGHU      

0DOH ��������� ���������� 
����� 

)HPDOH ��������� ��������� 

����� 
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7KDODVVHPLD�PDMRU� SDWLHQWV� �������� KDG� FR-LQIHFWLRQ�
RI�+%9�0DODULD� 

7$%/(�,,,��)5(48(1&<�2)�7+$/$66(0,$�
0$-25�$1'�,17(50(',$�3$7,(176�
$&&25',1*�72�75$16)86,21�75$160,77('�
,1)(&7,216��Q ����� 

7DEOH�,9�VKRZV�WKDW������������SDWLHQWV�KDG�QXPEHU�
RI� WUDQVIXVLRQV� OHVV� WKDQ� ���� DQG� VKRZ� WKDW� KLJK�
IUHTXHQF\� RI� LQIHFWLRQV� ������ ZHUH� VHHQ� LQ� SDWLHQWV�
ZLWK�QXPEHU�RI�WUDQVIXVLRQV�!����� 

7$%/(�,9��)5(48(1&<�2)�678'<�68%-(&76�,1�
5(/$7,21�72�180%(5�2)�75$16)86,216�$1'�
29(5$//�,1)(&7,216 

',6&866,21 

%ORRG�WUDQVIXVLRQ�LV�D�OLIHVDYLQJ�SURFHVV�KRZHYHU�LW�LV�
DQ� DGGLWLRQDOO\� QRWHZRUWK\� PRGH� RI� WUDQVPLVVLRQ� RI�
LQIHFWLRQV�LQ�GHYHORSLQJ�FRXQWULHV��7UDQVIXVLRQ�UHODWHG�
LQIHFWLRQV� DUH� RQH� RI� WKH� VHULRXV� FRPSOLFDWLRQV� LQ�
SDWLHQWV�ZKR�UHFHLYH�PXOWLSOH�EORRG� WUDQVIXVLRQV��7KH�
JRDO� RI� WKLV� VWXG\� ZDV� WR� HYDOXDWH� WKH� IUHTXHQF\� RI�
LQIHFWLRQV� DV� KXPDQ� LPPXQH� GHILFLHQF\� YLUXV� �+,9���
KHSDWLWLV� F� YLUXV� �+&9��� KHSDWLWLV� E� YLUXV� �+%9���
PDODULD�DQG�V\SKLOLV�DSSHDULQJ�LQ�WKDODVVHPLD�SDWLHQWV�

DQG� LWV� FRUUHODWLRQ� ZLWK� DJH�� JHQGHU� DQG� QXPEHU� RI�
EORRG� WUDQVIXVLRQV�� $� WRWDO� RI� ���� PXOWL-WUDQVIXVHG�
WKDODVVHPLD� SDWLHQWV� LQFOXGLQJ� ���� ������PDOHV� DQG�
���� ������ IHPDOHV� ZHUH� UHFUXLWHG� GXULQJ� WKH� VWXG\�
SHULRG� 
7KLV� VWXG\� LQGLFDWHG� PDMRU� SUHYDOHQFH� RI� PDOHV� ����
�������� WKDQ� IHPDOHV� ���� ������� 0DQ\� RWKHU�
UHVHDUFKHUV� KDYH� DOVR� VKRZQ�PDOH� SUHGRPLQDQFH� LQ�
WKHLU� VWXGLHV� LQ� WKDODVVHPLD� FKLOGUHQ�� +RZHYHU�� LQ�
FRQWUDVW� WR� WKHVH� VWXGLHV� DQG� RXU� UHVXOWV�� DQRWKHU�
VWXG\�FRQGXFWHG� LQ� ,UDQ� UHSRUWHG�PRUH� IHPDOH� FDVHV��
���������WKDQ�PDOHV�ZKLFK�ZHUH�����������,Q�SUHVHQW�
VWXG\�� PRVW� RI� WKH� SDWLHQWV� �������� ZHUH� LQ� WKH� DJH�
JURXS� RI� OHVV� WKDQ� ��� \HDUV�� 7KH� VDPH� UHVXOWV� ZHUH�
IRXQG� LQ� D� VWXG\� FRQGXFWHG� LQ� ,QGLD� VKRZHG� WKDW�
SURSRUWLRQ� RI� FKLOGUHQ� ZDV� KLJK� LQ� DJH� JURXS� �-���
\HDUV���� ,Q� FRQMXQFWLRQ� WR� WKH� DJH� DQG� H[LVWHQFH� RI�
77,V�� LW� LV� IRXQG� WKDW� WKHUH� ZDV� QR� VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� DJH� DQG� SUHYDOHQFH� RI� 77,V� �3!�
������� 0DMRULW\� RI� SDWLHQWV� �������� LQFOXGHG� LQ� RXU�
VWXG\� KDG� WKDODVVHPLD� PDMRU� DQG� RQO\� ����� ZHUH�
FDVHV�RI�7KDODVVHPLD� LQWHUPHGLD��$� VWXG\� FRQGXFWHG�
LQ� *XMDUDW� DOVR� VKRZHG� VLPLODU� GLIIHUHQFHV� LQ� WKH�
SDWLHQWV���� 
7KH� IUHTXHQF\� RI� 77,V� OLNH� +&9�� 0DODULD�� +%9� DQG�
+,9�LQ�SUHVHQW�VWXG\�ZDV�����������������DQG������
UHVSHFWLYHO\�� 7KH� QRWHZRUWK\� RXWFRPH� RI� RXU� VWXG\�
ZDV� KLJK� IUHTXHQF\� RI� +&9� �������� LQ� WKDODVVHPLD�
SDWLHQWV�� 7KH� RXWFRPHV� RI� SUHVHQW� DQDO\VLV� DUH� YHU\�
FORVH� WR� RWKHU� VWXGLHV�� D� VWXG\� FRQGXFWHG� LQ� ,UDQ�
UHSRUWHG� ������� IRU� DQWL-+&9� DQWLERGLHV�� ���� �������
DQG� ���� FDVHV� UHSRUWHG� LQ� ,QGLD�� 5HVXOW� RI� SUHVHQW�
VWXG\� VKRZHG� KLJKHU� IUHTXHQF\� RI� +&9� �������� DV�
FRPSDUHG� WR� D� VWXG\� FRQGXFWHG� LQ� 0RVXO� ZKLFK�
VKRZHG� IUHTXHQF\� RI� +&9� ������ ��� DQG� ������ LQ�
,UDQ����7KH�IUHTXHQF\�ZDV�ORZHU�WKDQ�WKRVH�UHSRUWHG�LQ�
3DNLVWDQ� ��������� ��� DQG� ������ LQ� ,EQ-$O� %DODG\�
7KDODVVHPLD�&HQWHU��%DJKGDG��� 
$� ORFDO� VWXG\� LQ�.DUDFKL�VKRZHG� WKDW� ���FDVHV�ZHUH�
SRVLWLYH� IRU� +HSDWLWLV� %� VXUIDFH� DQWLJHQ� ZKLFK� ZDV�
VDPH� WR� RXU� VWXG\� LQ� ZKLFK� ����� ZHUH� SRVLWLYH� IRU�
+%V$J��7KHUH�ZHUH�RWKHU�VWXGLHV�ZKLFK�VXSSRUWHG�RXU�
UHVXOWV�����UHSRUWHG�LQ�*XMUDW�DQG����ZDV�UHSRUWHG�LQ�
(J\SW��� 
+RZHYHU��WKHUH�ZHUH�VWXGLHV�LQ�ZKLFK�+%9�SUHYDOHQFH�
ZDV� OHVV� WKDQ� SUHVHQW� VWXG\�� 7KHVH� VWXGLHV� ZHUH�
FRQGXFWHG� LQ�3DNLVWDQ�����������DQG�.RONDWD� �������
����ZKLOH�WKHUH�ZHUH�RWKHU�VWXGLHV�LQ�ZKLFK�SUHYDOHQFH�
RI� +%9� ZDV� JUHDWHU� WKDQ� RXU� VWXG\�� $� 6WXG\�
FRQGXFWHG� LQ� ,QGLD� LQGLFDWHG� KLJK� SUHYDOHQFH� RI� +%9�
���������� 
7KH� 3UHVHQW� VWXG\� VKRZV� D� YHU\� KLJK� IUHTXHQF\� RI�
+&9���������DV�FRPSDUHG�WR�+%9��������LQIHFWLRQ�LQ�
WKDODVVHPLD�0DMRU� FKLOGUHQ��� DQG� WKLV� GLIIHUHQFH� ZDV�
6WDWLVWLFDOO\� 6LJQLILFDQW� �3�  � ������� $OLNH� UHVXOWV� ZHUH�
IRXQG� LQ� VWXG\� FRQGXFWHG� LQ� ,QGLD� LQ� ZKLFK� +%9�
��������IUHTXHQF\�ZDV�ORZHU�WKDQ�+&9������������ 
7KH� SUHYDOHQFH� RI� +,9� LQ� SUHVHQW� VWXG\� IRXQG� WR� EH�

0XKDPPDG�%LODO�*KDIRRU��)DKHHP�$KPHG�0HPRQ��0XKDPPDG�6DOHHP��5DNKVKDQGD�6KDEELU 

�� 

)UHTXHQF\� 

3�YDOXH� 7KDODVVHPLD�
0DMRU
�Q ���� 

7KDODVVHPLD 
,QWHUPHGLD�
�Q ��� 

+&9 ����������� ��������� ���� 

+%9 ��������� ������� ��� 

+,9 �������� � ��� 

0DODULD ��������� ������� ��� 

&R-,QIHFWLRQ�
�+%9�+&9� 
�����RI�RYHUDOO� 
LQIHFWLRQV 

�������� � ��� 

&R-,QIHFWLRQ��+%9��
0DODULD� 
�����RI�RYHUDOO� 
LQIHFWLRQV 

�������� � ��� 

77,V�� 

&R-,QIHFWLRQ��+&9��
0DODULD� 
����RI�RYHUDOO� 
LQIHFWLRQV 

�������� � ��� 

6\SKLOLV � � � 

1XPEHU�RI�
WUDQVIXVLRQV 

)UHTXHQF\�
RI�VWXG\�
VXEMHFWV 

3HUFHQWDJH 2YHUDOO� 
LQIHFWLRQV 

���� ��� ����� ��� 
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������ 7KHUH� ZHUH� VRPH� VWXGLHV� ZKLFK� ZHUH�
FRPSDUDEOH� RXU� UHVXOWV�� $� 6WXG\� FRQGXFWHG� LQ� ,QGLD�
UHSRUWHG� �������� DQG� 6WXG\� LQ� 3DNLVWDQ� UHSRUWHG�
������ FDVHV� RI� +,9���� 6WXGLHV� IURP� ,QGLD� KDYH�
UHSRUWHG�WKDW�+,9�VHUR-SRVLWLYLW\�YDULHV�IURP���WR������
LQ�PXOWL� WUDQVIXVHG� WKDODVVHPLD�FKLOGUHQ�� ,Q� WKLV�VWXG\�
WKH�SUHYDOHQFH�RI�PDODULD�ZDV�����6WXG\�FRQGXFWHG�LQ�
3DNLVWDQ� UHSRUWHG� ������ DQG� ����� FDVHV� RI�PDODULD�
DQG� V\SKLOLV� UHVSHFWLYHO\���� LQ� SUHVHQW� VWXG\� ZH�
UHSRUWHG� ]HUR� SRVLWLYH� FDVHV� IRU� V\SKLOLV�� $� VWXG\�
FRQGXFWHG� LQ� 3HVKDZDU� DOVR� UHSRUWHG� ]HUR� SRVLWLYH�
FDVHV� RI� V\SKLOLV���� +RZHYHU�� VWXG\� FRQGXFWHG� LQ�
/DKRUH� UHSRUWHG�������PDODULD�ZKLFK� LV�PXFK� OHVVHU�
WKDQ�SUHVHQW� VWXG\��6RPH�RWKHU� VWXGLHV� FRQGXFWHG� LQ�
3DNLVWDQ� VWDWHG� ������ DQG� ������ FDVHV� ZKLFK� DUH�
GLIIHUHQW�WKDQ�RXU�UHVXOWV��� 
,Q� WKLV� VWXG\� ZH� DOVR� IRXQG� WKDW� ILYH� ������� RI�
WKDODVVHPLD� SDWLHQWV� KDG� FR-LQIHFWLRQ� RI� +&9� DQG�
+%9�� 7KH� FR-LQIHFWLRQ� IUHTXHQF\� RI� +&9�03�� +&9�
+%9�� +%9� �03� ZDV� ������ ������ DQG� �����
UHVSHFWLYHO\��$� VWXG\� FRQGXFWHG� LQ�/DKRUH�DOVR� IRXQG�
FR-LQIHFWLRQV�ZLWK� IUHTXHQF\� RI� ����� DQG� ������� IRU�
+&9�+%9�DQG�+&9�03�UHVSHFWLYHO\����2XU�VWXG\�DOVR�
UHYHDOHG� WKDW� IUHTXHQF\� RI� WUDQVIXVLRQ� WUDQVPLWWHG�
LQIHFWLRQV� LQFUHDVHV� ZLWK� WKH� LQFUHDVLQJ� QXPEHU� RI�
WUDQVIXVLRQV�� 7KH� JURXS� RI� WUDQVIXVLRQ� ZLWK� ���� DQG�
DERYH�WUDQVIXVLRQV�KDG�KLJKHVW�QXPEHU�RI�WUDQVIXVLRQ�
WUDQVPLWWHG� LQIHFWLRQ� �77,���+RZHYHU�� WKLV� GLVVLPLODULW\�
ZDV� QRW� VWDWLVWLFDOO\� VLJQLILFDQW� �3� !� ������� $� VWXG\�
FDUULHG�RXW�LQ�,QGLD�DOVR�VXSSRUWHG�RXU�UHVXOWV��� 
,QVWHDG� RI� SURIRXQG� VFUHHQLQJ� RI� EORRG� EHIRUH�
WUDQVIXVLRQ��EORRG�WUDQVIXVLRQ�FRQVHTXHQFHV�DQG�77,V�
DUH� PRUH� SUHGRPLQDQW� LQ� 7KDODVVHPLF� SDWLHQWV� WKDQ�
FRPPRQ� SRSXODWLRQ�� ,Q� WKH� LPSURYHPHQW� RI� TXDOLW\�
DVVXUHG�EORRG�VFUHHQLQJ� WHFKQLTXHV� WR�JXDUDQWHH� WKH�
VFUHHQLQJ� IRU� 77,V� LV� D� QHFHVVDU\� HOHPHQW� RI� EORRG�
VDIHW\�� 7KRXJK�� WKLV� KDV� EHHQ� FRPSURPLVHG� LQ�
XQGHQLDEOH� FRQGLWLRQV� ZKHUH� SRRU� TXDOLW\� VFUHHQLQJ�
SURFHGXUHV� KDYH� ULVHQ� LQ� WUDQVPLVVLRQ� RI� 77,V� WR� WKH�
SDW LHQWV� � SUHGRPLQDQWO\� LQ� PXOW L� WUDQVIXVHG�
WKDODVVHPLD� SDWLHQWV� ZKLFK� DUH� QRW� DGPLWWHG� LQ� WKH�
KRVSLWDO� DQG� YLVLW� YDULRXV� FHQWHUV� IRU� WUDQVIXVLRQ�
GHSHQGLQJ� RQ� DYDLODELOLW\� RI� EORRG�� ,W� LV� VLJQLILFDQW� WR�
PHQWLRQ� KHUH� WKDW� EORRG� VDIHW\� DOVR� GHSHQGV� RQ� LWV�
VXSSOLHU�� DQG� DV� DGYRFDWHG� E\� WKH� :+2� WKH� VDIHVW�
VRXUFH� LV� WKH� FRQVLVWHQW� YROXQWDU\� QRQ-� UHLPEXUVHG�
GRQRUV� IURP� ORZ� WKUHDW� SRSXODWLRQV�� QRZDGD\V�
DGYDQFHG� VFUHHQLQJ� SURFHGXUHV� DUH� H[SORLWHG� WR�
HQVXUH�KDUPOHVV�EORRG�WUDQVIXVLRQ����� 
7KH� VWUHQJWK� RI� WKH� VWXG\� ZDV� WKDW� IURP� FDVHV� RI�
7KDODVVHPLD�UHJLVWHUHG�LQ�7KDODVVHPLD�&HQWHU��5DKLP�
<DU� NKDQ� PDQ\� RI� WKHP� FRPH� IRU� WUDQVIXVLRQ� RQ�
UHJXODU� EDVLV�� 7KHUH� DUH� IHZHU� UHVHDUFKHV� RQ� WKLV�
WRSLF�� 7KHUH� ZHUH� QR� HWKLFDO� LVVXHV� UHODWHG� WR� WKLV�
VWXG\� 
7KH�ZHDNQHVV� RI� WKH� VWXG\�ZDV� WKDW� DV� LW�ZDV� FURVV�
VHFWLRQDO� VWXG\� VR� WKHUH�ZDV� QR� IROORZ�XS�RI� SDWLHQWV�
DQG�FRQYHQLHQW�VDPSOLQJ�ZDV�XVHG�GXH�WR�ODFN�RI�WLPH�

DQG� ILQDQFLDO� SUREOHPV�� ,W� LV� WKH� ZHDNHVW� VDPSOLQJ�
WHFKQLTXH� 

&21&/86,21 

7KLV� VWXG\� VKRZHG� WKDW� WKH� PRVW� IUHTXHQW� LQIHFWLRQ�
WUDQVPLWWHG� WKURXJK� EORRG� ZDV� +&9� �������� >,&7�
UHVXOWV� IRU� EORRG�GRQRU� VFUHHQLQJ�DUH� DFFHSWDEOH� MXVW�
OLNH� HOLVD� GXH� WR� LWV� FRPSDUDEOH� VHQVLWLYLW\� DQG�
VSHFLILFLW\� ZLWK� HOLVD�� ,W� FDQ� EH� XVHG� LQ� EORRG� EDQNV�
ZLWK� OLPLWHG� IDFLOLWLHV� EHFDXVH� LW� LV� UDSLG� DQG� FRVW�
HIIHFWLYH��5HIHUHQFH��=DPHHU�0��6KD]DG�)��6DHHG�0��
$]L]�6��1D]LVK� DQG�+XVVDLQ�6��&RPSDULVRQ�EHWZHHQ�
HOLVD� DQG� LFW� WHFKQLTXHV� IRU� WKH� GHWHFWLRQ� RI� DQWL� KFY�
DQWLERG\� DPRQJ� EORRG� GRQRUV�� %LRPHGLFD�� ������ ��
����� ���-��� )ROORZHG� E\� PDODULD� ������ +RZHYHU�� WKH�
IUHTXHQF\� RI� +%9� DQG� +,9� ZDV� TXLWH� ORZ�� (YHQ�
VXEVHTXHQW� LQWURGXFWLRQ� RI� VHQVLWLYH� VFUHHQLQJ� WHVWV��
77,V�DUH�PRUH�LQ�SDWLHQWV�WKDQ�RYHUDOO�SRSXODWLRQ�� 

(WKLFDO�3HUPLVVLRQ��6KDLNK�=D\HG�0HGLFDO�&ROOHJH�
+RVSLWDO��5DKLP�<DU�.KDQ��/HWWHU�1R�������,5%�6=0&�
6=+��'DWHG����-��-����� 
&RQIOLFW�RI�LQWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW� 
)XQGLQJ�� 7KHUH� ZDV� QR� *UDQW� RU� RWKHU� ILQDQFLDO�
VXSSRUW�IRU�WKLV�SURMHFW� 

$87+25�&2175,%87,216 

*KDIRRU�%�� 0DLQ�LGHD�	�UHVHDUFK�GHVLJQ 
0HPRQ�)$�� 'DWD�DQDO\VLV�	�UHYLHZ�RI�OLWHUDWXUH 
6DOHHP�0�� &ULWLFDO�UHYLHZ 
6KDEELU�5�� 'DWD�	�VDPSOH�FROOHFWLRQ 

5()(5(1&(6� 

�� 3UDNDVK� $�� $JUDZDO� 5�� 7KDODVVHPLD� 0DMRU� LQ�
DGXOWV�� 6RUW� VWDWXUH�� K\SHUSLJPHQWDWLRQ��
LQDGHTXDWH� FKHODWLRQ� DQG� WUDQVIXVLRQ� WUDQVPLWWHG�
LQIHFWLRQV� DUH� NH\� IHDWXUHV�� 1� $P� -� 0HG� 6FL��
���������������-��� 

�� *KDIRRU�0%��,TEDO�-��0XKDPPDG�*��+XVVDLQ�06��
0XVWDID� *�� 6DOHHP� 0�� $ZDUHQHVV� 5HJDUGLQJ�
7KDODVVHPLD� LQ�*HQHUDO�3RSXODWLRQ�RI�5DKLP�<DU�
.KDQ��3DN� ,QW�-�0HG�5HV�+HDOWK�6FL��������������
��-��� 

�� *KDIRRU� 0%�� /HJKDUL� 6�� +XVVDLQ� 0�� 1DYHHG� 6��
/HYHO� RI� $ZDUHQHVV� DERXW� 7KDODVVHPLD� DPRQJ�
3DUHQWV� RI� 7KDODVVHPLF� &KLOGUHQ�� -� 5DZDOSLQGL�
0HG�&ROO������������������-���� 

�� $KPHG� 00�� 6DODULD� 60�� 4DPDU� 6�� 6RD]� 0$��
%XNKDUL� 0+�� 4XUHVKL� $+�� ,QFLGHQFH� RI� ȕ-
WKDODVVHPLD� FDUULHUV� LQ� 0X]DIIDUDEDG�� $]DG�
.DVKPLU��$30&�����������������-�� 

�� =DKHHU�+$��:DKHHG�8��/HJLVODWLYH�UHIRUPV�RI�WKH�
EORRG� WUDQVIXVLRQ� V\VWHP� LQ� 3DNLVWDQ�� 7UDQVIXV�
0HG���������������-���� 

�� *KDIRRU�0%��,TEDO�-��0XKDPPDG�*��+XVVDLQ�06��
0XVWDID� *�� 6DOHHP� 0�� $ZDUHQHVV� 5HJDUGLQJ�
7KDODVVHPLD� LQ�*HQHUDO�3RSXODWLRQ�RI�5DKLP�<DU�
.KDQ��3DNLVWDQ�,QW�-�0HG�5HV�+HDOWK�6FL���������
�������-��� 

7UDQVIXVLRQ�7UDQVPLWWHG�,QIHFWLRQV�LQ�0XOWLSOH�7UDQVIXVHG�7KDODVVHPLD�3DWLHQWV 

�� 
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�� -DIURRGL�0��$OL�'DYRXGL-.LDNDOD\HK�$��0RKWDVKDP
-$PLUL� =��$OL� $NEDU�3RXUIDWKROODK�$$��+DJKELQ�$��
7UHQG�LQ�3UHYDOHQFH�RI�+HSDWLWLV�&�9LUXV�,QIHFWLRQ�
DPRQJ�ȕ-7KDODVVHPLD�0DMRU�3DWLHQWV�����<HDUV�RI�
([SHULHQFH� LQ� ,UDQ�� ,QW� -� 3UHY�0HG�� ������ ��� ����
GRL�������������-������������ 

�� =DPSLQR� 5�� 0DUURQH� $�� 5HVWLYR� /�� *XHUUHUD� %��
6HOOLWWR�$��5LQDOGL� /�� HW� DO��&KURQLF�+&9� LQIHFWLRQ�
DQG� LQIODPPDWLRQ��&OLQLFDO� LPSDFW� RQ� KHSDWLF� DQG�
H[WUD-KHSDWLF� PDQLIHVWDWLRQV�� :RUOG� -� +HSDWRO��
����������������–��� 

�� <DQ�<��%R�/��*LOEHUW�6��%DLKRQJ�4��:HL�*��$��$�
6XUYH\� RI� WKH� 3UHYDOHQFH� RI� +,9� DQG� 6\SKLOLV�
,QIHFWLRQV� DQG�6H[XDO� %HKDYLRUV� $PRQJ�060� LQ�
-LOLQ� 3URYLQFH�� &KLQD�� -$,'6� -� $FTXLUHG� ,PPXQH�
'HILFLHQF\�6\QGURPHV�����������������-��� 

��� +RHQLJO� 0�� *UDII-=LYLQ� -�� /LWWOH� 6-�� &RVWV� SHU�
GLDJQRVLV� RI� DFXWH� +,9� LQIHFWLRQ� LQ� FRPPXQLW\-
EDVHG� VFUHHQLQJ� VWUDWHJLHV�� D� FRPSDUDWLYH�
DQDO\VLV� RI� IRXU� VFUHHQLQJ� DOJRULWKPV�� &OLQ� ,QIHFW�
'LV� �����������������-���� 

��� 5RVDQDV-8UJHOO� $�� 6HQQ�1��5DUDX� 3�� $SRQWH� --��
5HHGHU�-&��6LED�30��HW�DO��/DFN�RI�DVVRFLDWLRQV�RI�
DOSKD����-WKDODVVHPLD�ZLWK�WKH�ULVN�RI�3ODVPRGLXP�
IDOFLSDUXP� DQG� 3ODVPRGLXP� YLYD[� LQIHFWLRQ� DQG�
GLVHDVH�LQ�D�FRKRUW�RI�FKLOGUHQ�DJHG��-���PRQWKV�
IURP�3DSXD�1HZ�*XLQHD��,QW�-�3DUDVLWRO� ��������
����������-��� 

��� .KDQ� 6�� 0DGDQ� 0�� 9LUPDQL� 6.�� 3UHYDOHQFH� RI�
+HSDWLWLV� %� 9LUXV�� *HQRW\SHV�� DQG� 0XWDQWV� LQ�
+%V$J-3RVLWLYH� 3DWLHQWV� LQ� 0HHUXW�� ,QGLD�� ,UDQ�
%LRPHG� -�� ������ ������� ���-����
GRL��������������������� 

��� -DVDQL� -�� 3DWHO� 9��%KXYD�.�� YDYDFKKDQL�$�� 3DWHO�
+��)DOOHLU� -�� HW� DO��6HUR-SUHYDOHQFH�RI� WUDQVIXVLRQ�
WUDQVPLVVLEOH� LQIHFWLRQV�DPRQJ�EORRG�GRQRUV� LQ�D�
WHUWLDU\�FDUH�KRVSLWDO��,QW�-�%LRO�0HG�5HV���������
���������-��� 

��� 9DVXGHY�5�� 6DZKQH\�9�� 7KDODVVHPLD�0DMRU� DQG�
,QWHUPHGLD� LQ� -DPPX� DQG� .DVKPLU�� ,QGLD�� $�
UHJLRQDO� WUDQVIXVLRQ� &HQWUH� H[SHULHQFH�� ,QGLDQ� -�
+HPDWRO�%ORRG�7UDQVIXV������������������-���� 

��� $QWZL-%DIIRXU� 6�� .\HUHPHK� 5�� $PRDNR� $3��
$QQLVRQ�/��7HWWHK�-2��6HLGX�0$��7KH�,QFLGHQFH�RI�
0DODULD� 3DUDVLWHV� LQ� 6FUHHQHG� 'RQRU� %ORRG� IRU�
7UDQVIXVLRQ� 0DODU� 5HV� 7UHDW�� ������ ������
���������GRL��������������������� 

��� -DIURRGL�0��$OL�'DYRXGL-.LDNDOD\HK�$��0RKWDVKDP
-$PLUL� =��$OL� $NEDU�3RXUIDWKROODK�$$��+DJKELQ�$��
7UHQG�LQ�3UHYDOHQFH�RI�+HSDWLWLV�&�9LUXV�,QIHFWLRQ�
DPRQJ�ȕ-7KDODVVHPLD�0DMRU�3DWLHQWV�����<HDUV�RI�
([SHULHQFH�LQ�,UDQ��,QW�-�3UHY�0HG������������������
GRL�������������-������������ 

��� .KDOLG�0'��$EGXOODK�%$��3UHYDOHQFH�RI�DQWL-+&9�
DQWLERGLHV� DPRQJ� WKDODVVHPLD� SDWLHQWV� LQ� 0RXVO�
FLW\-,UDT��-�/LIH�6FL��������������-�� 

��� 6LQJK�0��'D\DO�5��.XPDU�1��6LQJK�63��*XSWD�/.��
1D\DN�0�� HW� DO�� &OLQLFR-HSLGHPLRORJLFDO� SURILOH� RI�

WKDODVVHPLD� SDWLHQWV� LQ� D� WHUWLDU\� FDUH� FHQWHU�
3HGLDWULF�5HYLHZ�� ,QW� -�3HGLDWULF�5HV� ������ ������
���-�� 

��� 6DHHG� 8�� :DKHHG� <�� $VKUDI� 0�� :DKHHG� 8��
$QMXP�6��$I]DO�06��HW�DO��(VWLPDWLRQ�RI�KHSDWLWLV�%�
YLUXV�� KHSDWLWLV� &� YLUXV�� DQG� GLIIHUHQW� FOLQLFDO�
SDUDPHWHUV� LQ� WKH� WKDODVVHPLF� SRSXODWLRQ� RI�
FDSLWDO� WZLQ� FLWLHV� RI� 3DNLVWDQ�� 9LURORJ\� �$XFNO���
�����������-������ 

��� $ODZDGL�1%��3UHYDOHQFH�RI�KHSDWLWLV�%�DQG�&�YLUXV�
LQIHFWLRQV� DPRQJ� ,UDTL� SDWLHQWV� UHJLVWHUHG� WR�
%DE\ORQ�FHQWHU�IRU�LQKHULWHG�EORRG�GLVRUGHUV��,QW�-�
$GY�5HV�������������� 

��� $WZD�=7� $EGHO�:DKHG�:<��:DID�<��7UDQVIXVLRQ�
WUDQVPLWWHG� LQIHFWLRQV� LQ� IUHTXHQWO\� WUDQVIXVHG�
WKDODVVHPLF� FKLOGUHQ� OLYLQJ� LQ� )D\RXP�
*RYHUQRUDWH�� (J\SW�� &XUUHQW� SUHYDOHQFH� DQG� ULVN�
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$VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�3DWKRORJ\ 
6KHLNK�=D\HG�0HGLFDO�&ROOHJH�+RVSLWDO 
5DKLP�<DU�.KDQ��3XQMDE-3DNLVWDQ� 
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/LDTXDW�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV� 
-DPVKRUR��6LQGK-3DNLVWDQ� 
(PDLO��GUIDPHPRQ#KRWPDLO�FRP 
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5DKLP�<DU�.KDQ��3XQMDE-3DNLVWDQ� 


