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,QWURGXFWLRQ
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SURYLQFH� >�@�� 6HYHUDO� YLUXVHV� DUH� NQRZQ� WR� LQIHFW�FRZSHD� ZRUOG�ZLGH�� VRPH� RI� ZKLFK� FDQ� FDXVH�VHULRXV�HFRQRPLF�ORVVHV�>�@��6L[�YLUXVHV�UHSRUWHG�WR�EH� VHHG�ERUQH� LQ� FRZSHD�� QDPHO\� &RZSHD�$SKLG�%RUQH�0RVDLF�9LUXV� �&$%09� JHQXV�3RW\YLUXV���&RZSHD�0RWWOH�9LUXV�&S0R9�JHQXV�&DUPRYLUXV���&RZSHD� 6HYHUH� 0RVDLF� 9LUXV� �&S609�� JHQXV�&RPRYLUXV���6RXWKHUQ�%HDQ�0RVDLF�9LUXV��6%09��JHQXV�6REHPRYLUXV�>��@�%ODFNH\H�&RZSHD�0RVDLF�9LUXV� �%O&09�� JHQXV� 3RW\YLUXV�� DQG� &XFXPEHU�0RVDLF� 9LUXV� �&09�� JHQXV &XFXPRYLUXV�� >�@��7KHUH� LV� QR� TXDQWLWDWLYH� LQIRUPDWLRQ� DYDLODEOH� RQ�HFRQRPLFDO� LPSRUWDQFH� RI� WKH� YLUDO� GLVHDVHV�DIIHFWLQJ� FRZSHD� FURSV�� EXW� LQIHFWLRQ� OHYHO� FDQ�UHDFK� XS� WR� ������ 7KH� DLP� RI� WKLV� VWXG\�ZDV� WR�GHWHUPLQH� ZKLFK� YLUXVHV� DIIHFW� FRZSHD� FURS� LQ�*XLODQ� SURYLQFH� DQG� WR� HYDOXDWH� WKHLU� LQFLGHQFH�DQG� UHODWLYH� LPSRUWDQFH� ZLWK� UHVSHFW� WR� WKH�HFRQRPLFDO� GDPDJH� WKH\� FDXVH�� $� WRWDO� RI ���FRZSHD�ILHOGV�ZHUH�VXUYH\HG����ORFDWLRQ���WDEOH�����,QWRWDO�����VDPSOHV�ZLWK�YLUXV�OLNH�V\PSWRPV�ZHUH�FROOHFWHG�GXULQJ�WKH VXPPHU������IURP�*XLODQ�
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SURYLQFH��6DPSOHV�LQFOXGHG�OHDYHV�ZLWK�V\PSWRPV�IURP� �� ORFDWLRQV� RI� $VWDUD�� �� ORFDWLRQV� RI�6XPHVDUD�� �� ORFDWLRQV� RI� 6KDIW�� �� ORFDWLRQV� RI�5DVKW�� �� ORFDWLRQ� RI� /DKLMDQ�� �� ORFDWLRQV� RI�$VWDQHK����ORFDWLRQ�RI�ODQJHURXG�DQG���ORFDWLRQV�RI�5RXGHVDU� DW� *XLODQ� SURYLQFH�� 7KH� VDPSOHV� ZHUH�SODFHG� LQ� ODEHOHG� SODVWLF� EDJV� DQG� EURXJKW� WR� WKH�ODERUDWRU\�E\�SODFLQJ�RQ�LFH�EXFNHW�DQG�WHVWHG�IRU�YLUXV�LQIHFWLRQ�7KH�GRXEOH�± DQWLERG\�VDQGZLFK�HQ]\PH�± OLQNHG�LPPXQRVRUEHQW� DVVD\� �'$6� ± (/,6$�� >�@ ZDV�SHUIRUPHG�ZLWK� SRO\FORQDO� DQWLERG\� DJDLQVW�%HDQ�OHDI�5ROO�9LUXV� �%/59�/XWHRYLUXV���&RZSHD�0LOG�0RWWOH� 9LUXV �&S009� &DUODYLUXV��� &RZSHD�0RWWOH� 9LUXV �&S0R9�&DUPRYLUXV��� &RZSHD�0RVDLF�9LUXV �&S09�&RPRYLUXV���6RXWKHUQ�%HDQ�0RVDLF� 9LUXV� �6%09�6REHPRYLUXV��� &XFXPEHU�0RVDLF� 9LUXV� �&09�&XFXPRYLUXV��� &RZSHD�$SKLG� %RUQH� 0RVDLF� 9LUXV �&$%09�3RW\YLUXV���%HDQ� <HOORZ� 0RVDLF� 9LUXV �%<09�3RW\YLUXV���&RZSHD�&KORURWLF�0RWWOH�9LUXV �&&09�

%URPRYLUXV�� DQG� %HDQ� *ROGHQ� 0RVDLF� 9LUXV�%*09�%HJRPRYLUXV���7LVVXH�EORW�LPPXQR�DVVD\�SURFHGXUH� �7%,$�� >���@� ZDV� DSSOLHG� XVLQJ�SRO\FORQDO� DQWLERGLHV� DJDLQVW� &RZSHD� 6HYHUH�0RVDLF� 9LUXV �&S609�&RPRYLUXV��� %HDQ�&RPPRQ�0RVDLF�9LUXV �%&09�3RW\YLUXV���$OIDOID�0RVDLF� 9LUXV �$09�$OIDPRYLUXV��� %HDQ� 3RG�0RWWOH� 9LUXV �%309�&RPRYLUXV���&ORYHU� <HOORZ�9HLQ� 9LUXV �&O<99�3RW\YLUXV�� DQG� 3HDQXW� 6WXQW�9LUXV �369�&XFXPRYLUXV�� DQG� PRQRFORQDO�DQWLERG\� DJDLQVW� %ODFNH\H� &RZSHD� 0RVDLF� 9LUXV�%O&09�3RW\YLUXV��� 7KH� DQWLERGLHV� �3DE�� $QG� D�0DE���XVHG�LQ�WKLV�VWXG\�ZKHUH�VXSSOLHG�E\�'60=�&HQWHU�*HUPDQ\�DQG�$GJHQ�&R�8.���)RU�GHWHFWLRQ�RI� 3RW\YLUXVHV�� (/,6$� WHVW� ZDV� DSSOLHG� XVLQJ�DQWLJHQ� FRDWHG� SODWH� �$&3� (/,6$�� >��@��%ULHIO\��VDPSOHV�ZHUH�PL[HG� LQ� FRDWLQJ�EXIIHU� DQG�����0�',(&$��LQFXEDWHG�RYHUQLJKW�DW��ÛF��JURXS�VSHFLILF�PRQRFORQDO�DQWLERGLHV�ZHUH�DGGHG�DW�D�GLOXWLRQ�RI��������� LQFXEDWHG� IRU� ����KRXUV� DW���ÛF� DQG�ZHUH�IROORZHG� E\� WKH� DGGLWLRQ� RI� 5$0� DONDOLQH�SKRVSKDWDVH�FRQMXJDWH�DW�D�GLOXWLRQ�RI��������
7DEOH��� ,QFLGHQFH�DQG�GLVWULEXWLRQ�RI�YLUXVHV�LQIHFWLQJ�FRZSHD�LQ�*XLODQ�SURYLQFH�5HJLRQV
9LUXVHV $VWDUD 6XPHVDUD 6KDIW 5DVKW /DKLJDQ $VWDQHK /DQJHURXG 5RXGVDU 7RWDO ,QFLGHQFH��%/59 � 
� � � � � � � �� ��&3009 � � � � � � � � � �&309 � � � � � � � � �� ��&3609 � � � � � � � � �� ��6%09 � � � � � � � � � �&3029 � � � � � � � � � �
&09 � � � �� � � � � �� ��$09 � � � � � � � � �� ��369 � � � � � � � � � �%309 � � � � � � � � � �&&09 � � � � � � � � � �%&09 � � � � � � � � �� ��&$%09 � � � � � � � � � ���%O&09 � � � � � � � � �� ��%<09 � � � � � � � � � �&O<99 � � � � � � � � � �3RW\YLUXV�0DE� � � � � � � � � �� ��7RWDO�VDPSOHG � �� �� �� � �� � � ���
���� 1XPEHU�RI�LQIHFWHG�SODQWV�LQ�HDFK�UHJLRQx %/59�� %HDQ� /HDI� 5ROO� 9LUXV�� &S009��&RZSHD� 0LOG� 0RWWOH� 9LUXV�� &S09��&RZSHD� 0RVDLF� 9LUXV��&S609�� &RZSHD� 6HYHUH� 0RVDLF� 9LUXV�� 6%09�� 6RXWKHUQ� %HDQ� 0RVDLF� 9LUXV�� &S0R9�� &RZSHD�0RWWOH� 9LUXV��&09��&XFXPEHU�0RVDLF�9LUXV��$09��$OIDOID�0RVDLF�9LUXV��369��3HDQXW�6WXQW�9LUXV��%309�� %HDQ� 3RG� 0RWWOH� 9LUXV�� &&09�� &RZSHD� &KORURWLF� 0RWWOH� 9LUXV� %&09�� %HDQ� &RPPRQ�0RVDLF� 9LUXV�� &$%09�� &RZSHD� $SKLG� ± %RUQH� 0RVDLF� 9LUXV�� %O&09�� %ODFNH\H� &RZSHD� 0RVDLF�9LUXV��%<09��%HDQ�<HOORZ�0RVDLF�9LUXV��&<99��&ORYHU�<HOORZ�9HLQ�9LUXV ���  �1R�LQIHFWLRQ�GHWHFWHG�x 1XPEHUV�RI�VDPSOHV�ZLWK�PL[�LQIHFWLRQ�ZHUH�QRW�LQGLFDWHG�LQ�WKH�WDEOH�x %*09���%HDQ�*ROGHQ�0RVDLF�YLUXV ZDV�QRW�GHWHFWHG��WKHUHIRUH�QRW�OLVWHG�LQ�7DEOH�
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9LUXV�IUHH�FRZSHDV�JURZQ�LQ�DQ�LQVHFW�SURRI�FDJH�ZHUH� XVHG� DV� QHJDWLYH� FRQWUROV�� $� UHDFWLRQ� ZDV�FRQVLGHUHG� SRVLWLYH� RQO\� LI� WKH� DEVRUEDQFH� ZDV�PRUH� WKDQ� WKUHH� WLPHV� WKH� PHDQ� RI� WKH� QHJDWLYH�FRQWURO��$EVRUEDQFH�DW�����QP�ZDV�PHDVXUHG�ZLWK�0&&�����PXOWLVNDQ� ODEV\VWHP�(/,6$�PLFURSODWH�UHDGHU��7KH�UHDJHQWV�IRU�'$6�± (/,6$��DQG�$&3�±(/,6$� ZHUH� SURYLGHG� E\� '60=� FHQWHU��%UDXQFKHZHLJ�*HUPDQ\��� ZKLOH� 7%,$� UHDJHQWV�ZHUH� D� JLIW� IURP� $GJHQ� &R�� 8.�� ���� RI�V\PSWRPDWLF� SODQWV� VDPSOHV� WDNHQ� IURP� FRZSHD�ILHOGV� ZHUH� DQDO\]HG�� XVLQJ� '$6�(/,6$�� $&3�(/,6$� DQG� 7%,$�� WR� GHWHUPLQH� WKH� SUHVHQFH� DQG�SUHYDOHQFH� RI� WKH� YLUXVHV� OLVWHG� LQ� WDEOH� ���� LQ�*XLODQ� SURYLQFH� RI� ,UDQ�� 3RW\YLUXVHV� ZHUH�LGHQWLILHG� E\� WKH� XVH� RI� WKH� JURXS� VSHFLILF�PRQRFORQDO� DQWLERG\�� 7KH� SRVLWLYH� VDPSOHV� IURP�WKH�LQIHFWHG�SODQWV�ZLWK�YDULRXV�YLUXVHV�DUH�VKRZQ�LQ� 7DEOH��� $V� LW� LV� VKRZQ� WKH� SURPLQHQW� YLUXV�LQIHFWLQJ�WKH�SODQWV�ZDV�%&09�ZLWK�WKH�LQFLGHQFH�RI� ����DQG�YHU\� VPDOO�QXPEHU�RI�SODQWV� LQIHFWHG�ZLWK� &$%09� ������� DQG� 6%09� ����� ZHUH�GHWHFWHG�� +RZHYHU�� %*09� ZDV� QRW� GHWHFWHG� LQ�DQ\� RI� WKH� WHVWHG� VDPSOHV�� /HVV� YLUDO� LQFLGHQFHV��&09� LQ� $VWDUD� DQG� %&09� LQ� /DKLJDQ� UHJLRQV�ZHUH� UHFRUGHG��7KH�QXPEHU�RI�PXOWLSOH� LQIHFWLRQV��GRXEOH�� WULSOH�� DQG� PRUH� WKDQ� WULSOH�� ZDV�DSSUR[LPDWHO\� ����� �� ��������� RI� WKH� VDPSOHV�IRXQG�YLUXV�LQIHFWHG�����������������RI�WKH�LQIHFWHG�VDPSOHV� EHLQJ� LQIHFWHG� ZLWK� WZR� YLUXVHV�� ������������ZLWK�WKUHH�����������������ZLWK�PRUH�WKDQ�WKUHH�YLUXVHV��,Q�FRZSHD��WKH�PRVW�FRPPRQ�GRXEOH�LQIHFWLRQ� ZDV� %&09�&S609� DQG� &S09��&S609�� 7KH� PRVW� FRPPRQ� WULSOH� LQIHFWLRQ� ZDV�%&09�&S0R9�&09��&RZSHD� YLUXVHV� DUH� LQFUHDVLQJO\� LPSRUWDQW� LQ� DOO�FRZSHD�JURZLQJ�DUHDV�RI�,UDQ��7KH�SUHVHQW�VWXG\�RI����� VHOHFWHG� FRZSHD� VDPSOHV� ZLWK� YLUDO� GLVHDVH�OLNH� V\PSWRPV� LQGLFDWHG� WKH� LQFLGHQFH� RI� ���YLUXVHV� LQ� *XLODQ� SURYLQFH�� 2FFXUUHQFH� RI�&$%09�� LQIHFWLRQ� RI� FRZSHD� IURP� *XLODQ�SURYLQFH� KDV� EHHQ� UHSRUWHG� SUHYLRXVO\� >�@��,QIHFWLRQ� E\� %&09� DQG� &09� LQ� =DQMDQ� DQG�6%09�DQG�%309�LQ�EHDQ IURP�(DVW�$]DUEDHMDQ�SURYLQFH� KDV� EHHQ� VWXGLHG� E\� VRPH� LQYHVWLJDWRUV�>������@��EXW�WKH�LQFLGHQFH�RI�RWKHU�YLUDO�LQIHFWLRQ�OLVWHG�LQ�WDEOH��KDV�QRW�EHHQ�LQYHVWLJDWHG��0XOWLSOH�± YLUXV� LQIHFWLRQV� DUH� FRPPRQ� DPRQJ� VDPSOHV�IURP� ILHOG� ± JURZQ� FRZSHDV�ZRUOG�ZLGH�� DQG� DUH�NQRZQ�WR�PRGLI\�DQG�FRPSOLFDWH�V\PSWRPDWRORJ\��7KLV�PXOWLSOH�LQIHFWLRQ�ZLOO�FDXVH�PL[HG�V\PSWRPV�LQ�WKH�SODQWV�ZKLFK�PDNHV�GLDJQRVLV�RI�WKH�GLVHDVHV�GLIILFXOW� >���@�� 7KH� RFFXUUHQFH� RI� PL[WXUHV� RI�

YLUXVHV�FRQILUPV�WKH�FRPSOH[LW\�RI�WKH�SUREOHP�RI�D�GLVHDVH� UHVLVWDQFH�EUHHGLQJ�SURJUDP�IRU�FRZSHD�SURGXFWLRQ�� ,GHQWLILFDWLRQ� RI� KRVW� SODQW� DQG�ZHHG�VSHFLHV�VKRXOG�KHOS�LQ�FRQWUROOLQJ�DQG�PDQDJHPHQW�RI� WKHVH� YLUXVHV�� 5HVXOWV� IURP� WKLV� VWXG\� IXUWKHU�GHPRQVWUDWH� WKDW� ILHOG� GLDJQRVLV� RI� WKHVH�GLVHDVHV�ZKLFK� DUH� EDVHG� RQO\� RQ� V\PSWRPV� REVHUYDWLRQ�PD\�QRW�EH�UHOLDEOH�VLQFH�LQIHFWLRQ�PD\�EH�FDXVHG�E\� PXOWLSOH� YLUDO� LQIHFWLRQ� LQYROYLQJ� XS� WR� ��YLUXVHV� >���@�� &RQWLQXRXV� SHULRGLF� VXUYH\V� DUH�UHTXLUHG�WR�HYDOXDWH�WKH�G\QDPLFV�RI�RFFXUUHQFH�RI�FRZSHD� YLUXVHV� DQG� DOVR� WR� DVVHVV� RWKHU�HSLGHPLRORJLFDO� IDFWRUV� UHVSRQVLEOH� IRU� WKHLU�VSUHDG��,W�VKRXOG�EH�QRWHG�WKDW�WKLV�LV�WKH�ILUVW�VWXG\�UHSRUWLQJ� PXOWLSOH� YLUDO� LQIHFWLRQ� RI� FRZSHD� LQ�,UDQ� 5HIHUHQFHV
� $QRQ\PRXV�� ������ 0LQLVWU\� RI� -�(�$JULFXOWXUH�SURGXFWLRQ� \HDU� ERRN�� 'LUHFWRUDWH� RI� VWDWLVWLFV� DQG�LQIRUPDWLRQ��,�5�RI�,UDQ�SS�������� %DQWWDUL�� (�� (�� DQG� 3��+��*RRGZLQ�� ������'HWHFWLRQ� RI�SRWDWR� YLUXVHV�� ;�� 6� DQG� <� E\� HQ]\PH� OLQNHG�LPPXQRVRUEHQW�DVVD\�RQ�QLWURFHOOXORVH�PHPEUDQHV��'RW�(/,6$���3ODQW�'LV��������������� %DVKLU�� 0�� DQG� 5�� 2�� +DPSWRQ�� ������ 'HWHFWLRQ� DQG�LGHQWLILFDWLRQ RI�VHHG�ERUQH�YLUXVHV�IURP�FRZSHD��9LJQD�XQJXLFXODWD �/���:DOS���JHUPSODVP��3ODQW�3DWKRORJ\������������ %RV�� /��� 5�� 2�� +DPSWRQ� DQG� .�� 0�� 0DNNRXN�� ������9LUXVHV�DQG�YLUDO�GLVHDVHV�RI�SHD��/HQWLO��)DED�EHDQ�DQG�&KLFNSHD�� ± ,Q�� 6XPPHUILHOG� 5�� -�� �HG����:RUOG�FURSV��FRRO� VHDVRQ� IRRG� OHJXPHV� SS�� ��������� .OXZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW��7KH�1HWKHUODQGV������� &ODUN��0��)��DQG�$��1��$GDPV��������&KDUDFWHULVWLFV�RI�WKH�PLFURSODWH�PHWKRG�RI�HQ]\PH�OLQNHG�LPPXQRVRUEHQW�DVVD\�IRU�WKH�GHWHFWLRQ�RI�SODQW�YLUXVHV��-��*HQ��9LURO��������������� +DUULVRQ�� $��1�� DQG�5��7��*XGDXVNDV�� ������(IIHFWV� RI�VRPH� YLUXVHV� RQ� JURZWK� DQG� VHHG� SURGXFWLRQ� RI� WZR�FRZSHD�FXOWLYDUV��3ODQW�'LV��5HSW��������������� .DLVHU�� :�� -��� '�� 'DQHVK�� 0�� 2NKRYDW� DQG� *��0RVVDKHEL��������9LUXV�GLVHDVHV�RI�SXOVHV�FURS� LQ�,UDQ��7HKUDQ�XQLYHUVLW\�SXEOLFDWLRQ��.DUDM��,UDQ�SS��������� .XKQ��&��:���%UDQWOH\��%��%���DQG�*���-U��6RZHOO��������6RXWKHUQ� SHD� YLUXVHV�� LGHQWLILFDWLRQ�� V\PSWRPDWRORJ\�DQG� VRXUFHV� RI� UHVLVWDQFH�� *D�� $JULF�� ([SW�� 6WD�� %XOO������� /LQ��1��6���+VX��<��+���+VX��+��7��������,PPXQRORJLFDO�GHWHFWLRQ� RI� SODQW� YLUXVHV� DQG� D� P\FRSODVPD�OLNH�RUJDQLVP� E\� GLUHFW� WLVVXH� EORWWLQJ� RQ� QLWURFHOOXORVH�PHPEUDQHV��3K\WRSDWKRORJ\ ���������� 1DGLD\H�� 0��� 0�� %DVKLU�� .�� (�� .HOOHU� DQG� 5�� 2��+DPSWRQ�� ������ &RZSHD� YLUXVHV� LQ� 6HQHJDO�� :HVW�$IULFD�� ,GHQWLILFDWLRQ�� GLVWULEXWLRQ�� VHHG� WUDQVPLVVLRQ��DQG� VRXUFH� RI� JHQHWLF� UHVLVWDQFH�� 3ODQW� 'LV�� ���� ���������
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�� 5DKHMD�� $�� .�� DQG� 2�� ,�� /HOHML�� ������ $Q� DSKLG�ERUQH�PRVDLF�GLVHDVH�RI�LUULJDWHG�FRZSHDV�LQ�1RUWKHUQ�1LJHULD��3ODQW�'LVHDVH�5HSRUWHU����������������� 6KDKUDHHQ��1��������+LJK�LQFLGHQFH�RI�YLUXV�GLVHDVHV�LQ�3KDVHROXV EHDQ� LQ� =DQMDQ� SURYLQFH�� 3URFHHGLQJ� RI� WKH���WK SODQW�SURWHFWLRQ�FRQJUHVV�RI�,UDQ��$XJXVW���� 6HSW����5DVKW��,UDQ�������� 6KDKUDHHQ��1���DQG�7��*KRWEL��������$�VXUYH\�RI�YLUXVHV�DIIHFWLQJ� )UHQFK� EHDQ� �3KDVHROXV� YXOJDULV�� LQ� ,UDQ�LQFOXGHV�D�ILUVW�UHSRUW�RI�6RXWKHUQ�EHDQ�PRVDLF�YLUXV�DQG�%HDQ�SRG�PRWWOH�YLUXV��3ODQW�'LV������������� KR\LQND��6��$��������6WDWXV�RI�YLUXV�GLVHDVHV�RI�FRZSHD�LQ� 1LJHULD�� ,Q� 3URFHHGLQJ� RI� WKH )LUVW� ,,7$� *UDLQ�/HJXPH� ,PSURYHPHQW� :RUNVKRS�� �� ,EDGDQ�� 1LJHULD��,QWHUQDWLRQDO�,QVWLWXWH�RI�7URSLFDO�$JULFXOWXUH���SS������������ 6WHHOH�� :�� 0�� DQG� .�� /�� 0HKUD�� ������ 6WUXFWXUH��HYROXWLRQ�� DQG� DGDSWDWLRQ� WR� IDUPLQJ� V\VWHP� DQG�HQYLURQPHQWV�LQ�9LJQD��$GYDQFHV LQ�/HJXPH�6FLHQFH��5��-�� 6XPPHUILHOG� DQG� $�� +�� %XQWLQJ� �(GQ���� +062��/RQGRQ�SS������������ 7RUUDQFH�� /�� DQG� 5�� $�� &�� -RQHV�� ������ 5HFHQW�GHYHORSPHQWV� LQ� VHURORJLFDO� PHWKRGV� VXLWHG� IRU� XVH� LQ�URXWLQH� WHVWLQJ� IRU� SODQW� YLUXVHV�� 3ODQW�3DWKRORJ\����������
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