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6R�FDOOHG� EDPERR� UDWV� DUH�PHPEHUV� RI� WKH� VXEIDPLO\�5KL]RPLLQDH�� IURP� WKH�
IDPLO\� 6SDODFLGDH�� D� VSHFLDO� DQG� QRW� YHU\� QXPHURXV� JURXS� RI� URGHQWV� OHDGLQJ� D�
VZDUPLQJ�� SDUWO\� VXEWHUUDQHDQ� OLIHVW\OH� DQG� ZLGHO\� GLVWULEXWHG� LQ� ,QGRQHVLD��
0DOD\VLD�� 7KDLODQG�� 0\DQPDU�� /DRV�� 9LHWQDP� DQG� &KLQD�� 7ZR� JHQHUD� DUH�
UHSUHVHQWHG� LQ� ,QGRFKLQD�� QDPHO\��5KL]RP\V� �ZLWK� WKUHH� VSHFLHV�5� VLQHQVLV� *UD\��
����� 5� SUXLQRVXV�%O\WK�� ����� DQG�5� VXPDWUHQVLV�5DIIOHV�� ������ DQG�PRQRW\SLF�
&DQQRP\V�ZLWK�D�VLQJOH�VSHFLHV�&� EDGLXV�+RGJVRQ�������>�����@��$V�IRU�SRVLWLRQ�RI�
DFWXDO�ODZV�RI�9LHWQDP��EDPERR�UDWV�DUH�OHJDO�IDUPLQJ�DQLPDOV�DQG�ZLGHO\�EUHDGV�E\�
ORFDO�SHRSOHV�LQ�WKH�FRXQWU\��'XH�WR�WKHLU�FRQVLGHUDEOH�ODUJH�VL]H��RQO\�5KL]RP\V�DUH�
RI�FRPPHUFLDO�DQG��LQ�UHFHQW�GHFDGHV��DJULFXOWXUDO�LPSRUWDQFH��7KH\�DUH�TXLWH�ODUJH�
DQLPDOV� �)LJXUH� ���� XVXDOO\�ZHLJKLQJ� XS� WR� ���� NJ� �5� VLQHQVLV� DQG�5� SUXLQRVXV������
5� VXPDWUHQVLV�UHDFK�HYHQ�RYHU�WKUHH�NJ��LQ�QDWXUH�XVXDOO\�DVVRFLDWHG�ZLWK�VWDQGV�RI�
WDOO�EDPERR�EXW�DOVR�ZLWK�WKLFNHWV�RI�ODUJH�JUDVVHV��VXFK�DV�3RO\SRJRQ VS�DQG�RWKHUV�
>����@��ZKRVH�\RXQJ�VKRRWV�DQG�URRWV�WKH\�XVXDOO\�IHHG�RQ�LQ�QDWXUH��7KH�DQLPDOV�OLYH�
LQ�PRUH�RU�OHVV�ODUJH�IDPLO\�JURXSV�RQ�WKHLU�RZQ�E\�VZDUPLQJ�D�V\VWHP�RI�GHHS��XS�
WR���P�GHHS���FRPSOH[�PXOWLFKDPEHUHG�XQGHUJURXQG�EXUURZV��XVXDOO\�ORFDWHG�XQGHU�
ODUJH�FOXPSV��7KHVH�EXUURZV�SURYLGH�DQLPDOV�E\�VKHOWHU�IRU�PRVW�RI�WKH�GD\�DQG�WKH\�
HPHUJH�RQO\�DW�GXVN��ZKLOH�WKH\�PD\�IHHG�ZLWKRXW�FRPLQJ�WR�WKH�VXUIDFH�DW�DOO�>�@��

$OWKRXJK� EDPERR� UDWV� DUH� RI� VRPH� HSLGHPLRORJLFDO� LPSRUWDQFH� DV� KRVWV� DQG�
YHFWRUV� RI� D� ZLGH� UDQJH� RI� YLUDO� LQIHFWLRQV� DQG� P\FRVHV� >�� �� ��@�� LQFOXGLQJ� WKRVH�
GDQJHURXV�WR�KXPDQV��KLVWRULFDOO\��WKHVH�DQLPDOV�DUH�ZLGHO\�XVHG�DV�SUH\�DQG�KDV�EHHQ�
FRQVXPHG�JDVWURQRPLFDOO\�DOPRVW�HYHU\ZKHUH�LQ�6RXWKHDVW�$VLD�>�@��&DSWLYH�EUHHGLQJ�
KDV�EHHQ�SUDFWLFHG�IDLUO\�UHFHQWO\��RQO\�VHYHUDO�GHFDGHV�DJR��DQG�KDV�UHFHQWO\�EHFRPH�
ZLGHVSUHDG� LQ�ERWK�9LHWQDP�>������@�DQG�&KLQD��ZKHUH� WKH�GRPHVWLF�SRSXODWLRQ�KDV�
DOUHDG\�H[FHHGHG����PLOOLRQ�DQLPDOV�>��@�DQG�FRQWLQXHV�WR�JURZ��7KH�DLP�RI�RXU�ZRUN�
ZDV� WR� LQYHVWLJDWH� WKH�EUHHGLQJ�SUDFWLFHV�RI�EDPERR� UDWV� DV� IDUP�DQLPDOV� LQ� VHYHUDO�
SURYLQFHV� RI� 6RXWKHUQ� DQG�1RUWKHUQ�9LHWQDP�� WR� DVVHVV� WKH� LQYROYHPHQW� RI� QDWXUDO�
SRSXODWLRQV� LQ� WKH� FDSWLYH� EUHHGLQJ� RI� WKHVH� DQLPDOV� DQG� WR� DVVHVV� WKH� DJULFXOWXUDO�
SRWHQWLDO�RI�WKHVH�VSHFLHV�DQG�SRWHQWLDO�ULVNV�WR�ELRGLYHUVLW\�FRQVHUYDWLRQ��

���0$7(5,$/6�$1'�0(7+2'6�

7ZR�ILHOG�H[SHGLWLRQV�LQ�ILYH�SURYLQFHV�RI�9LHWQDP��WZR�LQ�QRUWKHUQ�SDUW��/DL�
&KDX� DQG�'LHQ�%LHQ�� DQG� WKUHH� LQ�6RXWKHUQ� RQH� �%LQK�3KXRF��7D\�1LQK� DQG�'DN�
1RQJ���ZHUH�XQGHUWDNHQ�WR�FROOHFW�PDWHULDO�IURP�$SULO�0D\�������:H�VXUYH\HG�WKH�
IROORZLQJ�GLVWULFWV��'LHQ�%LHQ��7XDQ�*LDR��7XD�&KXD��0XRQJ�&KD��0XRQJ�7H��7DQ�
8\HQ��7KDQ�8\HQ��'DN�5¶ODS��'DN�*¶ORQJ��.URQJ�1R��%X�'DQJ��/RF�1LQK��&KDX�
7KDQK�DQG�7DQ�&KDX��7KH�SUDFWLFH�RI�EDPERR�UDW�EUHHGLQJ�LQ�KRXVHKROGV�ZDV�TXLWH�
FRPPRQ� LQ�DOO� WKH�VWXG\�DUHDV��4XLWH� ODUJH� IDUPV�PD\�VLPSO\�EH�IRXQG� LQ�HDFK�RI�
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WKHP�� 7KH� DXWKRUV� YLVLWHG� SULYDWH� IDUPV� DQG� LQWHUYLHZHG� RZQHUV� DERXW� WKH� RULJLQ��
EUHHGLQJ�DQG�KXVEDQGU\�SUDFWLFHV��PDUNHWLQJ�LVVXHV�DQG�RWKHU�LQIRUPDWLRQ�UHODWHG�WR�
FDSWLYH�EUHHGLQJ��$�WRWDO�RI���IDUPV�LQ�WKH�1RUWKHUQ�SURYLQFHV�DQG����IDUPV�LQ�WKH�
6RXWKHUQ� SURYLQFHV�ZHUH� YLVLWHG�� 7KH� WRWDO� QXPEHU� RI� DQLPDOV�ZDV� DSSUR[LPDWHO\�
����RQ�WKH�QRUWKHUQ�IDUPV�DQG������RQ�WKH�VRXWKHUQ�IDUPV��

)LJXUH��� 6WXG\�DUHD��ZLWK�VXUYH\�SRLQWV�PDUNHG�ZLWK�

)LJXUH����5��SUXLQRVXV��W\SLFDO�ZLOG���W\SH�FRORXUDWLRQ��'LHQ�%LHQ�SURYLQFH���
�DXWKRUV¶�SKRWR��
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7R� VXPPDUL]H� WKH� LQIRUPDWLRQ�� WKH� DXWKRUV� GHYHORSHG� D� TXHVWLRQQDLUH� WR� EH�
FRPSOHWHG�E\�WKH�IDUP�RZQHUV��LQFOXGLQJ�WKH�IROORZLQJ�TXHVWLRQV��

�� 1XPEHU�RI�DGXOW�PDOHV�
�� 1XPEHU�RI�DGXOW�IHPDOHV�
�� 1XPEHU�RI�\RXQJ�DQLPDOV��XS�WR���PRQWKV��
�� 7LPH�WR�VWDUW�EUHHGLQJ�WKH�EDPERR�UDW�
�� 2ULJLQV�RI�EUHHGLQJ�VWRFN��IRXQGHU�DQLPDOV��
�� 8VLQJ�ZLOG�FDXJKW�DQLPDOV�IRU�EUHHGLQJ�
�� 2ULJLQDO�VL]H�RI�WKH�EUHHGLQJ�SRSXODWLRQ�
�� 7KH�XVDJH�DGGLWLRQDO�QHZ�DQLPDOV�EURXJKW�LQWR�EUHHGLQJ�SURFHVV�ODWHU�
�� 7KH�SUHVHQFH�DQG�QXPEHU�RI�VLFN�DQLPDOV�RQ�WKH�IDUP�
��� $QLPDO�GHDWKV�DQG�QXPEHU�RI�IDOOHQ�DQLPDOV�
��� 7RWDO�QXPEHU�RI�OLWWHUV�REWDLQHG�LQ�WKH�ODVW�\HDU�
��� 1XPEHU�RI�FDOYHV�LQ�D�OLWWHU�
��� $YHUDJH�QXPEHU�RI�OLWWHUV�UHFHLYHG�SHU�\HDU�
��� %UHHGLQJ�DQG�KRXVLQJ�PHWKRG��SDLUHG�VLQJOH��
��� 7KH�EUHHGLQJ�ERRN�NHHS��\HV�QR��
��� 1RUPDO�DJH�RI�RQVHW�RI�EUHHGLQJ�LQ�SDLUV�
��� 'HDWKV�RI�QHZERUQV�DQG�\RXQJVWHUV��OHVV�WKDQ�����J��
��� 7\SH�RI�IHHGLQJ�DQG�IHHG�XVHG�
��� 8VH�RI�YHWHULQDU\�VXSSRUW�RQ�WKH�IDUP�
��� &RVW�RI�NHHSLQJ�DQLPDOV��DYHUDJH�SHU�\HDU��
��� )LQDO�XVH�RI�WKH�UHVXOWLQJ�OLYHVWRFN��IRU�PHDW�RU�DV�EUHHGLQJ�VWRFN��
��� $SSUR[LPDWH�OHYHO�RI�LQFRPH�UHFHLYHG�WR�WKH�IDUP�SHU�\HDU�

7KH� GDWD� REWDLQHG� IURP� GLIIHUHQW� KRXVHKROGV� DUH� VXPPDUL]HG� LQ� 7DEOH� ���
%HORZ��ZH�ZLOO�WU\�WR�VXPPDUL]H�WKH�LQIRUPDWLRQ�DQG�GUDZ�VRPH�FRQFOXVLRQV�DERXW�
WKH�PDLQWHQDQFH�SUDFWLFHV�RI�EDPERR�UDWV�LQ�9LHWQDP��

7KH� DXWKRUV� DOVR� FDUULHG� RXW� YLVXDO� LQVSHFWLRQ� DQG� SKRWRJUDSKLQJ� RI� WKH�
DQLPDOV� �VRPH�RI� WKH� LQGLYLGXDOV��� WDNLQJ�ZRRO� IURP� WKH� UXPS�RU� EDFN� IRU� IXUWKHU�
JHQRW\SLQJ� DQG� FRPSDUDWLYH� SK\ORJHQHWLF� DQDO\VLV� RI� QDWXUDO� DQG� DUWLILFLDOO\� EUHG�
SRSXODWLRQV��+RZHYHU��WKLV�PDWHULDO�LV�QRW�GLVFXVVHG�LQ�WKLV�DUWLFOH��KHUH��ZH�ZLOO�WU\�
WR�IRFXV�RXU�DWWHQWLRQ�RQ�LVVXHV�RI�EUHHGLQJ�DQG�NHHSLQJ�DQLPDOV�LQ�FDSWLYLW\��

���5(68/76�$1'�',6&866,21�

�����*HQHUDO REVHUYDWLRQV RQ DQLPDO KXVEDQGU\�

7KH�SUDFWLFH� RI�EUHHGLQJ� EDPERR� UDWV� DV� IDUP� DQLPDOV� LV�ZLGHVSUHDG� DOPRVW�
HYHU\ZKHUH� LQ� 9LHWQDP� DV� ZHOO� DV� LQ� &KLQD� DQG� VHYHUDO� RWKHU� 6RXWKHDVW� $VLDQ�
FRXQWULHV�ZKHUH�QDWXUDO�FRQGLWLRQV�DQG�WKH�DYDLODELOLW\�RI�LQH[SHQVLYH�IHHG�DOORZ�WKH�
NHHSLQJ� RI� WKHVH� DQLPDOV� >��� ���� ���� ��@�� %RWK� VPDOO� DQG� TXLWH� ODUJH� IDUPV� ZLWK�
OLYHVWRFN�UDQJLQJ�IURP�D�GR]HQ�WR�VHYHUDO�KXQGUHG�DQLPDOV�DUH�IRXQG�LQ�HDFK�RI�WKH�
VXUYH\HG�DUHDV��1RW�DOO�RI�WKH�RZQHUV�ZHUH�ZLOOLQJ�WR�DOORZ�XV�WR�HQWHU�WKH�IDUPV�DQG�
SURYLGH�LQIRUPDWLRQ�RQ�DQLPDO�ZHOIDUH��EXW�ZH�GLG�PDQDJH�WR�VXUYH\�DQG�LQWHUYLHZ�
���IDUP�RZQHUV�DQG�FROOHFW�D�IDLUO\�UHSUHVHQWDWLYH�VDPSOH��
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7DEOH����6XPPDU\�GDWD�RQ�NHHSLQJ�DQG�EUHHGLQJ�RI�EDPERR�UDWV�LQ�GLIIHUHQW�KRXVHKROGV
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�� %LQK�3KXRF �� ��� �� ����� 1JKH�$Q� 1� ��� 1� �� �� ��� �� �� ��

�� %LQK�3KXRF ��� ��� ��� ����� 'DN�1RQJ� 1� ��� <� �� �� ��� ���� �� ��������

�� %LQK�3KXRF ��� ��� ��� ����� 'DN�1RQJ� 1� ��� 1� �� �� ��� �� �� ����

�� 7D\�1LQK� �� ��� �� ����� /RQJ�$Q� 1� ��� 1� �� �� �� �� �� ��

�� 7D\�1LQK� �� �� �� ����� �� <� �� <� �� �� �� �� �� ����

�� 7D\�1LQK� ��� ��� ��� ����� 'DN�/DN� 1� �� �� �� �� �� �� �� ��

�� 'DN�1RQJ� ���� ���� ��� ����� �� <� ��� <� �� �� ��� �� �� ����

�� 'DN�1RQJ� ��� ��� ��� ����� 7KDQK�+RD� 1� ��� 1� �� �� ��� �� �� ��

�� 'DN�1RQJ� ��� ��� ��� ����� 'DN�/DN� <� ��� 1� �� �� ��� �� �� ����

��� 'DN�1RQJ� �� �� ��� ����� 'DN�1RQJ� <� ��� <� ��� ��� �� �� �� ����

��� 'LHQ�%LHQ� ��� ��� ��� ����� 6RQ�/D� <� ��� <� ��� ��� ��� �� �� ��

��� 'LHQ�%LHQ� �� ��� ��� ����� �� <� ��� <� ��� ��� �� �� �� ��

��� 'LHQ�%LHQ� ��� ��� ��� ����� <HQ�%DL� 1� ��� �� ��� ��� ��� �� �� ��

��� /DL�&KDX� ���� ���� ��� ����� +D�*LDQJ� 1� ��� <� �� �� ��� �� �� ����

��� /DL�&KDX� �� �� �� ����� 7X\HQ�4XDQJ 1� ��� 1� ��� ��� �� �� �� ��

��� /DL�&KDX� �� ��� ��� ����� +RD�%LQK� 1� ��� 1� ��� ��� �� �� �� ��
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$PRQJ�DERXW�RI������DQLPDOV��ZH�ZHUH�DEOH�WR�LQYHVWLJDWH�RQ�IDUPV��RQO\�WZR�
RXW�RI�IRXU�VSHFLHV�RI�EDPERR�UDWV�GLVWULEXWHG�LQ�WKH�UHJLRQ�ZHUH�IRXQG��QDPHO\��5�
SUXLQRVXV� DQG� 5� VXPDWUHQVLV�� 7KH� ODWWHU� KDV� EHHQ� IRXQG� RQO\� LQ� WKH� 1RUWKHUQ�
SURYLQFHV��:H�GLG�QRW�ILQG�DQ\�LQGLYLGXDOV�WKDW�FRXOG�EH�PRUSKRORJLFDOO\�GLDJQRVHG�
DV�5� VLQHQVLV��D�VSHFLHV�FRQVLGHUHG�ZLGHVSUHDG�LQ�1RUWKHUQ�,QGRFKLQD�LQ�KRXVHKROGV��
HLWKHU� LQ� WKH� VRXWK� RU� LQ� WKH� QRUWK� RI� WKH� FRXQWU\��5� VLQHQVLV� GLVWULEXWHG� WKURXJK�
DOPRVW�DOO�SURYLQFHV�RI�1RUWKHUQ�9LHWQDP�DV�ZHOO�DV�LQ�SDUWV�RI�1RUWKHUQ�0\DQPDU��
FORVH� WR� ERUGHU� RI�&KLQD� >�@�� ,W� LV�� WKXV�� DVVXPHG� WR� EH� EURDGO\� V\PSDWULF�ZLWK�5�
SUXLQRVXV�LQ�1RUWKHUQ�9LHWQDP��$FFRUGLQJ�WR�&KLQHVH�>��������@��WKH�V\PSDWU\�]RQH�
H[WHQGV� FRQVLGHUDEO\� ZLGHU� DQG� FRYHUV� DOPRVW� HQWLUHO\� WKH� &KLQHVH� SURYLQFHV� RI�
<XQQDQ��*XDQJ[L��*XL]KRX��*XDQJGRQJ��)XMLDQ�DQG�6RXWKHUQ�+XQDQ�DQG�-LDQJ[L��,W�
LV�QRWHG�WKDW�LQ�WKH�V\PSDWULF�]RQH��5� VLQHQVLV�LV�SUHGRPLQDQWO\�IRXQG�DERYH������P�
D�V�O���ZKLOH�5� SUXLQRVXV�LV�XVXDOO\�IRXQG�EHORZ������P�D�V�O��>����@��7KH�UHDVRQ�ZK\�
VXFK� VHOHFWLYLW\� LQ� WKH� VSDFH�XVH� H[LVW� EHWZHHQ� WZR� HFRORJLFDOO\� VLPLODU� V\PSDWULF�
VSHFLHV� LV� QRW� HQWLUHO\� FOHDU��:KLOH� WKH� WRWDO� SRSXODWLRQ� RI�5� SUXLQRVXV� UHSUHVHQWV�
RYHU�����RI�WKH�DQLPDOV�VXUYH\HG��FDVHV�RI�5� VXPDWUHQVLV�KDYH�EHHQ�UHFRUGHG�EXW�
DUH� YHU\� UDUH�� LW� KDV� RQO\� EHHQ� NHSW� RQ� WZR� IDUPV� LQ� YHU\� VPDOO� QXPEHUV� RU� RQO\�
VLQJOH� LQGLYLGXDOV� UHJLVWHUHG�� ZKLFK� KDV� SUHYHQWHG� IURP� DQ\� VLJQLILFDQW� VWDWLVWLFV�
EHLQJ�REWDLQHG�IRU�WKLV�VSHFLHV��7KHUHIRUH��WKH�GDWD�SUHVHQWHG�EHORZ�UHODWH�PDLQO\�WR�
5� SUXLQRVXV��

:H�IRXQG�YDULDWLRQ�LQ�WKH�FRORXUDWLRQ�RI�WKH�IXU�RI�WKH�DQLPDOV��,Q�DGGLWLRQ�WR�
WKH� 
ZLOG� W\SH
��ZKLFK�PD\�H[SODLQ�DV�GDUN�JUD\�JUL]]OHG�SDWWHUQ�FRPPRQ�IRU�PRVW�
DQLPDOV��ERWK� IRU� WKH�1RUWK�DQG�6RXWK�SRSXODWLRQV�� WKHUH�ZHUH�YDULDQWV�RI�PRUH�RU�
OHVV� OLJKW� FRORUV�� EURZQ� DQG� HYHQ� UHG�\HOORZ� SDWWHUQV�� EXW� WKH� SURSRUWLRQ� RI� VXFK�
LQGLYLGXDOV� QHYHU� H[FHHGHG� ����� 6RPH� LQGLYLGXDOV� ZLWK� YLVXDOO\� GLIIHULQJ�
FRORXUDWLRQ�ZHUH�UHFRUGHG�HYHQ�ZLWKLQ�RQH�EURRG��VXJJHVWLQJ�D�VSOLW�GXH�WR�JHQHV�RI�
FRORXUDWLRQ� LQWHUDFWLRQV�� ,Q� WZR� ORFDOLWLHV� ������
������1� �� ������
������(� DQG�
�����
������1� �������
�������(��SRLQWV�PDUNHG�ZLWK�� LQ�)LJXUH����� SDUWLDO� �ODUJH�
ZKLWH�VSRWV��RU�FRPSOHWH�DOELQR�DUHDV�ZHUH�REVHUYHG�RQ�DQLPDOV¶�SHOWV��

$OWKRXJK�WKH�FOLPDWH�GLIIHUV�JUHDWO\�EHWZHHQ�WKH�1RUWKHUQ��'LHQ�%LHQ�DQG�/DL�
&KDX�� DQG� 6RXWKHUQ� �%LQK� 3KXRF�� 7D\�1LQK� DQG�'DN�1RQJ�� SURYLQFHV�� WKH�PRGH�
DQLPDOV� DUH� NHSW� LV� TXLWH� XQLYHUVDO�� 7KH\� DUH� XVXDOO\� NHSW� LQ� RSHQ� FDJHV�PDGH� RI�
EULFNV�RU�WLOHV�DSSUR[LPDWHO\�KDOI�D�PHWUH�KLJK�DQG������������P���2QH�FDJH�XVXDOO\�
FRQWDLQV� HLWKHU�DQ� DGXOW�PDOH�RU�D�SDLU�RI� IHPDOHV� �XVXDOO\� IURP� WKH� VDPH� OLWWHU��� D�
IHPDOH�ZLWK� OLWWHU�� RU� D� JURXS�RI����� \RXQJ� DQLPDOV� VHSDUDWHG� IURP� WKHLU�PRWKHUV��
GHSHQGLQJ�RQ�WKHLU�DJH��7KH�DUHD�UHTXLUHG�SHU�DGXOW��RYHU���NJ�LQ�ZHLJKW��DQLPDO�LV�
XVXDOO\������������P���7KH�IORRU�RI�WKH�FDJHV�LV�XVXDOO\�HDUWKHQ�RU�FRQFUHWH��XVXDOO\�
ZLWKRXW�EHGGLQJ��,Q�WKH�1RUWKHUQ�SURYLQFHV��EHGGLQJ�LV�VRPHWLPHV�XVHG�RQO\�GXULQJ�
WKH� ZLQWHU� SHULRG� ZKHQ� WHPSHUDWXUHV� IDOO� EHORZ� ����&� DQG� WKH� DQLPDOV� DFWXDOO\�
VXIIHU�LQ�FROG�WHPSHUDWXUHV��5LFH�VWUDZ�DQG�RU�VXJDU�FDQH�OHDI�OLWWHU�LV�DOVR�IUHTXHQWO\�
XVHG�IRU�QHVWLQJ��DQG�D�VPDOO�RSHQ�ZRRGHQ�RU�SODVWLF�ER[�RI�DERXW����FP�[����FP�LV�
SODFHG�LQ�WKH�FDJH�IRU�QHVW��,Q�UDUH�FDVHV��ZKHQ�DQLPDOV�DUH�NHHSLQJ�LQ�ODUJH�JURXSV�
�XS�WR�WZR�GR]HQ�DGXOWV��LQ�YHU\�ODUJH�FDJHV��XS�WR����P����ROG�FDU�WLUHV�FDQ�EH�XVHG�
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DV�LQGLYLGXDO�VKHOWHUV�IRU�DQLPDOV��ZKLFK�DQLPDOV�UHDGLO\�XVH��7KH�FDJHV�DUH�SODFHG�
XQGHU� D� URRI� LQ� D� ZLQG�SURWHFWHG�� XQOLW� URRP�� ,I� WKHUH� DUH� ODUJH� ZLQGRZV�� FDJHV�
VKRXOG�DGGLWLRQDOO\�EH�FRYHUHG�ZLWK�D� WKLFN�FXUWDLQ��ZKLFK�FUHDWHV�VHPLGDUNQHVV�RU�
FRPSOHWH� GDUNQHVV� IDYRUHG� IRU� WKHVH� PDPPDOV�� 2ZQHUV� HVWLPDWH� WKDW� EULJKW� OLJKW�
IULJKWHQV� DQG�PDNHV� WKH� DQLPDOV�QHUYRXV�� EXW� WKH\� IHHO� FDOPHU�ZLWKRXW� LW�� OLPLWLQJ�
H[FHVVLYH�OLJKW��&DJHV�DUH�DOVR�FDUHIXOO\�JXDUGHG�DJDLQVW�GUDXJKWV�DQG�GDPSQHVV��DV�
DQLPDOV�HDVLO\�FDWFK�FROG�LQ�GDPS�FRQGLWLRQV��,Q�6RXWKHUQ�SURYLQFHV��GXULQJ�YHU\�KRW�
ZHDWKHU� �WHPSHUDWXUH� RYHU� ���ɋ��� DQLPDOV� DOVR� IHHO� EDGO\� IURP� RYHUKHDWLQJ� XS� WR�
KHDW�VWURNH��,Q�VXFK�FDVH��URRP�PXVW�EH�SURYLGHG�E\�DFWLYH�YHQWLODWLRQ�DQG�D�VSHFLDO�
FRYHU�VKRXOG�EH�FRQVWUXFWHG�RYHU�WKH�EXLOGLQJ�WR�SUHYHQW�WKH�URRI�IURP�EHLQJ�KHDWHG�
E\�GLUHFW� VXQ� OLJKWV��7KH� URRP�VKRXOG�EH�DV�TXLHW�DV�SRVVLEOH�DQG�QR�RWKHU�SHWV�RU�
SHRSOH� DOORZHG� LQVLGH�� DV� DQLPDOV�� HVSHFLDOO\� SUHJQDQW� DQG� ODFWDWLQJ� IHPDOHV�� DUH�
UDWKHU� WLPLG�� $QLPDOV� TXLFNO\� EHFRPH� DFFXVWRPHG� WR� WKHLU� RZQHUV� DQG� UHVSRQG�
FDOPO\�DQG�JRRG�QDWXUHGO\��

�����.HHSLQJ DQG IHHGLQJ SUDFWLFHV�

,W� VKRXOG� EH� VSHFLDOO\� QRWHG� WKDW� XQOLNH� EDPERR� UDWV� FDSWXUHG� LQ� WKH� ZLOG��
ZKLFK�DUH�DOZD\V�YHU\�DJJUHVVLYH�DQG�HYHQ�GDQJHURXV��WKH\�KDYH�YHU\�SRZHUIXO�MDZV�
DQG� VKDUS� WHHWK� DQG� FDQ� LQIOLFW� VHYHUH� ELWHV�� +RZHYHU�� LI� WUHDWHG� ZHOO� DQG� QRW�
IULJKWHQHG��WKH�DQLPDOV�DUH�HDVLO\�WDPH�LQ�FDSWLYLW\��HYHQ�WKRVH�ZKR�ERUQ�LQ�WKH�ZLOG��
$V� WKH� DXWKRU
V� RZQ� H[SHULHQFH� �%$(�� KDV� VKRZQ�� FDSWLYH� �� ERUQ� DQLPDOV� DUH� QRW�
DJJUHVVLYH� IURP� WKH� YHU\� EHJLQQLQJ� DQG� EHKDYH� OLNH� SHWV�� FDWV�� QXWULD� RU� UDEELWV��
7KH\� PD\� EH� SHWWHG�� KDQGOHG�� LQWHUDFW� ZHOO� ZLWK� KXPDQV� DQG� HYHQ� OHDUQ� VRPH�
WUDLQLQJ��7KXV��WKH�VLPSOLFLW\�DQG�SUDFWLFDELOLW\�RI�WKH�WUHDWPHQW�GHSHQGV�LQ�WKH�ILUVW�
SODFH�RQ�WKH�SUDFWLFH�RI�WKH�RZQHU��LI�QRW�WR�IULJKWHQ�RU�PDNH�WKH�DQLPDOV�DQJU\��WKHLU�
WUHDWPHQW� LV� QRW� D� SUREOHP� DQG� FRPSOHWHO\� QRQ� GDQJHU�� 7KH� DXWKRUV� DUH� DZDUH� RI�
FDVHV�RI�NHHSLQJ�EDPERR�UDWV�DV�SHWV�LQ�9LHWQDP�IRU�SXUHO\�DHVWKHWLF�SXUSRVHV��

,Q�WKH�1RUWKHUQ�SURYLQFHV��DOO�IDUPV�ZLWKRXW�DQ\�H[FHSWLRQ�XVH�EDPERR�VKRRWV�
DQG�PDL]H��XVXDOO\�LQ�WKH�IRUP�RI�XQWKUHVKHG�FREV���WKH�PRVW�FRPPRQ�IRGGHU�FURSV�
LQ� WKH� UHJLRQ�� IRU� DQLPDO� IHHG��'U\� DQG� ULJLG� FRE� VWDONV� DQG� VRPHWLPHV� VWXPSV� RI�
VLQJOH�WLPEHUHG�EDPERR�VWDONV�DUH�DOVR�XVHG�DV�PDWHULDO�IRU�DQLPDOV�WR�VKDUSHQ�WKHLU�
UDSLGO\� JURZLQJ� WHHWK�� 6XFK�PDWHULDOV� VKRXOG� DOZD\V� EH� SUHVHQW� LQ� WKH�GLHW�� ,Q� WKH�
6RXWKHUQ�SURYLQFHV��VHYHQ�RXW�RI�WHQ�IDUPV�LQ�DGGLWLRQ�WR�EDPERR�DQG�PDL]H�DOVR�XVH�
VXJDUFDQH� �VWDONV��� DQG� LQ� WZR� FDVHV�� DOVR� XVH� JUDVV� DQG� SHOOHWHG� EUDQ�� ,W�PXVW� EH�
VWDWHG� WKDW� DFFRUGLQJ� WR� WKH� REVHUYDWLRQV� RI� WKH� DXWKRU� �%$(���ZKR� NHSW� D� SDLU� RI�
DQLPDOV�IRU�DERXW�WZR�\HDUV�DQG�FDUULHG�RXW�D�VSHFLDO�VWXG\�RI�GLHWDU\�SUHIHUHQFHV�RI�
5KL]RP\V SUXLQRVXV�� WKH�PHQWLRQ�RI�XVLQJ�JUDVV�DV�IRRG�ORRNV�GRXEWIXO��$FFRUGLQJ�
WR� RXU� SUDFWLFH�� WKH� DQLPDOV� GHILDQWO\� LJQRUH� DQ\� JUHHQ� OHDI\� DQG� MXLF\� SODQW� SDUWV�
�OHWWXFH�� FDEEDJH�� WXUQLS�� UDGLVK� DQG� FDUURW� WRSV�� ZDWHUPHORQ� DQG� FLWUXV� SHHOV��
VR\EHDQ�VKRRWV���SUHIHUULQJ�URRW�FURSV��ULJLG�VWHPV��VRPHWLPHV�FRUQ�DQG�KDUG�IUXLWV�
OLNH�SXPSNLQ��XQULSH�SHDU�RU�JXDYD��$FFRUGLQJ�WR�RXU�SUDFWLFH��VXJDUFDQH�DQG�ERLOHG�
FRUQ�FREV�DUH�WKH�IDYRULWH�IRRGV�RI�WKHVH�URGHQWV��
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2Q� DOO� IDUPV�� WKH� DPRXQW� RI� IHHG� SURYLGHG� WR� DQLPDOV� LV� XVXDOO\� QRW� VWULFWO\�
UDWLRQHG��DQG�RQO\�WKH�DPRXQW�RI�XQHDWHQ�OHIWRYHUV�LV�XVXDOO\�PRQLWRUHG��'XH�WR�WKH�
QDWXUH� RI� WKH� IHHG�� LWV� JHQHUDO� GU\QHVV� DQG� ODFN� RI� VXVFHSWLELOLW\� WR� UDSLG� URWWLQJ��
UHJXODU�UHPRYDO�RI�IHHG�UHVLGXHV�IURP�FDJHV�LV�XVXDOO\�QRW�QHFHVVDU\��:DWHU�LQ�OLTXLG�
IRUP� LV� XVXDOO\� QRW� JLYHQ� WR� WKH� DQLPDOV�� DV� FRQILUPHG� E\�PDQ\� GD\V� RI� FDPHUD�
REVHUYDWLRQV� PDGH� E\� WKH� DXWKRUV�� EDPERR� UDWV� GULQN� UHOXFWDQWO\�� REWDLQLQJ� WKH�
QHFHVVDU\�ZDWHU�ELRFKHPLFDOO\�IURP�WKH�IHHG��'XULQJ�WZR�\HDUV�RI�REVHUYDWLRQV�DQG�
KXQGUHGV� RI� KRXUV� RI� FRQWLQXRXV� YLGHR� VWXGLHV� �ERWK� GD\� DQG� QLJKW��� WKH� DXWKRU�
�%$(�� GLG� QRW� REVHUYH� DQLPDOV� GULQNLQJ� ZDWHU� WKDW� ZDV� SURYLGHG� WR� WKHP� IUHHO\��
6XSSOHPHQWLQJ� DGGLWLRQDO� VXFFXOHQW� IUXLWV� DQG�RU� URRW� YHJHWDEOHV� �DSSOHV�� SOXPV��
FDUURWV�� UDGLVKHV�� HWF��� ZKLFK�ZHUH� IDLUO\� HDVLO\� HDWHQ�� WR� WKH� GLHW� UHVXOWHG� LQ� RQO\�
GLOXWLRQ�RI� VWRROV��7KXV�� EDPERR� UDWV� VHHP� WR�KDYH�QR�QHHG� IRU� OLTXLG�ZDWHU�DW� DOO�
ZKHQ� NHSW�� $FFRUGLQJ� WR� LQWHUYLHZV�� D� ERZO� RI� ZDWHU� LV� VRPHWLPHV� SXW� E\� VRPH�
RZQHUV� WR� SUHJQDQW� IHPDOHV� EHIRUH� WKH\� JLYH� ELUWK�� EXW� WKHUH� LV� QR� HYLGHQFH� WKDW�
ZDWHU�LV�DFWXDOO\�XVHG�E\�WKH�DQLPDOV��HYHQ�LQ�VXFK�D�NLQG�VSHFLDO�FRQGLWLRQ��

$W�DOO�IDUPV��DQLPDO�GURSSLQJV�DUH�UHPRYHG�IURP�WKH�FDJH�DV�WKH\�DFFXPXODWH��
7KH�QRUPDO�FRQVLVWHQF\�RI�EDPERR�UDW�IDHFHV�DUH�IDLUO\�VROLG�DQG�VHPLGU\�HORQJDWHG�
OXPSV�VLPLODU�LQ�VKDSH�DQG�VL]H�WR�SHDQXWV������������[�����������FP���WKH�FRORU�RI�WKH�
OXPSV�GHSHQGV�RQ�WKH�W\SH�RI�IHHG�HDWHQ��XVXDOO\�FUHDP\�RU�JUD\LVK���\HOORZLVK��ZLWK�
FDUURW�IHHGLQJ�LW�PD\�EH�RUDQJH���,W�XVXDOO\�GRHV�QRW�IODNH��GRHV�QRW�DGKHUH�WR�WKH�IORRU�
RI�WKH�FDJH�RU�WKH�FRDW�RI�WKH�DQLPDO��KDV�D�PRGHUDWH�DQG�QRW�WRR�XQSOHDVDQW�VPHOO��DQG�
FDQ� EH� HDVLO\� UHPRYHG� ZLWK� D� GXVWSDQ� DQG� EURRP�� )RU� DOO� WKH� REYLRXV� SRWHQWLDO�
XVHIXOQHVV� RI� EDPERR� UDW� GXQJ� DV� D� IHUWLOL]HU�� RQO\� WZR� IDUPV� LQ� WKH� VRXWK� RI� WKH�
FRXQWU\�KDYH�WUHDW�LW�WR�EH�RI�SDUWLFXODU�XVH��,Q�RQH�FDVH��LW�LV�XWLOL]HG�LQ�WKH�YHJHWDEOH�
JDUGHQ��LQ�WKH�RWKHU�FDVH��LW�LV�XVHG�DV�WKH�HTXLYDOHQW�RI�JUDQXODU�IHUWLOL]HU�IRU�JURZLQJ�
RUFKLGV�� ,Q� WKH� ODWWHU� FDVH�� WKH� JUHDW� SRWHQWLDO� RI� WKLV� QDWXUDO� SURGXFW� IRU� IORULFXOWXUH�
DSSOLFDWLRQV�VKRXOG�EH�VSHFLILFDOO\�QRWHG��7KH�QDWXUDO��RUJDQLF��FRPSOH[�QDWXUH�RI�WKH�
IHUWLOL]HU�DQG� LWV�QDWXUDO�JUDQXODULW\�DUH�HDV\� WR�GRVH�DQG� LGHDO� IRU�XVH�DV� DQ�RUJDQLF�
IHUWLOL]HU�LQ�IORULFXOWXUH��7KLV�SRWHQWLDO�LV�VWLOO�IDU�IURP�EHLQJ�HVWLPDWHG�DQG�H[SORLWHG��
\HW�PDQ\�IDUPV�SURGXFH�XS�WR�WHQV�RI�NLORJUDPV�RI�WKLV�YDOXDEOH�IHUWLOL]HU�HYHU\�GD\��
ZKLFK�FDQ�DQG�VKRXOG�ILQG�FRPPHUFLDO�DQG�HFRQRPLF�DSSOLFDWLRQ��

�����%UHHGLQJ SUDFWLFH�

$FFRUGLQJ�WR�RXU�GDWD��DOO�VL[�IDUPV�LQ�WKH�1RUWK�DQG�KDOI��ILYH�RXW�RI�WHQ��LQ�WKH�
6RXWK�VWDUWHG�EUHHGLQJ�EDPERR�UDWV�RQO\�����\HDUV�DJR��ZKLFK�PHDQV�WKDW�PRVW�RI�WKH�
FDSWLYH�SRSXODWLRQV�DUH�YHU\�\RXQJ��QRW�H[FHHGLQJ�����JHQHUDWLRQV�UHOLDEO\��2QO\�WZR�
IDUPV�LQ�%LQK�3KXRF�SURYLQFH�KDYH�EHHQ�EUHHGLQJ�EDPERR�UDWV�IRU���RU�HYHQ����\HDUV��
$FFRUGLQJ� WR� LQWHUYLHZV� DQG� REVHUYDWLRQV� ZH� PDGH�� EDPERR� UDWV� KDYH� EHFRPH�
IDVKLRQDEOH�LQ�9LHWQDP�LQ�UHFHQW�\HDUV��DQG�QHZ�IDUPV�DSSHDU�IUHTXHQWO\��EXW�IRU�WKH�
UHDVRQV�PHQWLRQHG� EHORZ�� WKH\� XVXDOO\� GR� QRW� ODVW�PRUH� WKDQ� �� \HDUV��%DPERR� UDW�
IDUPLQJ�LV�HDV\�WR�VWDUW�GXH�WR�LW�LV�HDV\�WR�REWDLQ�D�VWDUWLQJ�VWRFN�RI�IRXQGHUV��)DUP�
RUJDQL]DWLRQ�UHTXLUHV�D�OLFHQVH��ZKLFK�LV�DOVR�IDLUO\�HDV\�WR�REWDLQ�LQ�DOPRVW�DQ\�DUHD�
RI�WKH�FRXQWU\��)LIWHHQ�RI�WKH����IDUPV�ZH�YLVLWHG�KDYH�VXFK�D�OLFHQVH�DQG�DUH�UXQQLQJ�
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WKHLU� EXVLQHVV� TXLWH� RIILFLDOO\�� 7KH� SXUSRVH� RI� WKH� OLFHQVH� LV� WR� FRQILUP� WKDW� WKH�
DQLPDOV� NHSW� RQ� WKH� IDUP� DQG� VROG� RQ� WKH� PDUNHW� DUH� RI� FXOWXUDO� RULJLQ� DQG� QRW�
LOOHJDOO\� FDXJKW� LQ� WKH� ZLOG�� 7KH� LQWURGXFWLRQ� RI� WKH� OLFHQVLQJ� RI� WKLV� W\SH� RI�
DJULFXOWXUDO� DFWLYLW\� LV� OLQNHG� WR� QDWXUH� FRQVHUYDWLRQ� DQG� WKH� WLJKWHQLQJ� RI�
HQYLURQPHQWDO�OHJLVODWLRQ�WR�SURWHFW�UDUH�VSHFLHV��$OWKRXJK�EDPERR�UDWV��QRQH�RI�WKH�
VSHFLHV� IRXQG� KHUH�� DUH� FXUUHQWO\� UHFRJQL]HG� DV� D� UDUH� RU� HQGDQJHUHG� VSHFLHV� LQ�
9LHWQDP��VSHFLHV�RI�WKH�JHQXV�5KL]RP\V�KLVWRULFDOO\�DQG�FXUUHQWO\�XQGHUZHQW�KHDY\�
SUHVVXUH�DV�KXQWLQJ�SUH\�DOPRVW�HYHU\ZKHUH�LQ�,QGRFKLQD��2IILFLDOO\��KXQWLQJ�WKHP�LQ�
WKH�ZLOG�LQ�9LHWQDP�LV�QRZ�EDQQHG��1HYHUWKHOHVV��DFFRUGLQJ�WR�TXHVWLRQQDLUH�GDWD�IRU�
��RI���IDUPV�LQ�1RUWKHUQ�SURYLQFHV�DQG���RI����IDUPV�LQ�WKH�VRXWK�RI�WKH�FRXQWU\��DW�
OHDVW�SDUW�RI�WKH�SULPDU\�SRSXODWLRQ�RI�IRXQGHU�DQLPDOV�FRPHV�GLUHFWO\�IURP�QDWXUDO�
SRSXODWLRQV��7DEOH�����0RUHRYHU��WKLV�DSSOLHV�WR�VRPH�RI�WKH�QHZO\�HVWDEOLVKHG�IDUPV�
DV� ZHOO� DV� WR� IDUPV� ZLWK� D� ORQJ� WUDFN� UHFRUG�� $FFRUGLQJ� WR� RZQHUV
� DFFRXQWV�� WKH�
QXPEHU�RI�WKHVH�PDPPDOV�LV�QRW�KLJK�HYHU\ZKHUH��IHZ�RZQHUV�DUH�GHOLEHUDWHO\�WU\LQJ�
WR� LQFUHDVH� WKHLU�QXPEHU�� DV� WKH\� DUH�QRW� HDV\� WR�KDQGOH� �GXH� WR� WKHLU�ZLOGQHVV� DQG�
DJJUHVVLYHQHVV���WKH\�DUH�VPDOOHU�WKDQ�GRPHVWLF�RQHV��JURZ�QRW�VR�ZHOO�DQG��DV�D�UXOH��
DUH�OHVV�IHUWLOH�LQ�WKH�ILUVW�JHQHUDWLRQ��+RZHYHU��ZLOG�DQLPDOV�DUH�VRPHWLPHV�XVHG�DV�
VWRFN�DW�OHDVW�LQ�7D\�1LQK��'DN�1RQJ�DQG�'LHQ�%LHQ�SURYLQFHV��7KLV�SUDFWLFH�VKRXOG�
EH� UHFRJQL]HG� DV� SRWHQWLDOO\� GDQJHURXV� LQ� WHUPV� RI� SURWHFWLRQ� DQG� FRQVHUYDWLRQ� RI�
QDWXUDO� ELRGLYHUVLW\�� DV� LW� OHDGV� WR� DUWLILFLDO� K\EULGL]DWLRQ� RI� JHRJUDSKLFDOO\� GLVWDQW�
SRSXODWLRQV�� 7KH� LQWURGXFWLRQ� LQWR� IDUPV� RI� K\EULG� LQGLYLGXDOV� ZKR� RFFDVLRQDOO\�
HVFDSH� IURP� FDSWLYLW\� DQG� DUH� XVXDOO\� DEOH� WR� OLYH� DQG� EUHHG� QRUPDOO\� LQ� WKH�ZLOG��
FDUULHV� VLJQLILFDQW� ULVNV� RI� GLOXWLQJ� WKH� QDWXUDO� JHQHWLF� EDFNJURXQG� RI� QDWXUDO�
SRSXODWLRQV� WKURXJK�DFFLGHQWDO� LQWURGXFWLRQ��7KLV� ULVN� LV� IXUWKHU�FRPSOLFDWHG�E\� WKH�
IDFW� WKDW� FDSWLYH� EUHHGLQJ� VWRFN� LV� ZLGHO\� H[FKDQJHG� LQ� 9LHWQDP� DQG� VROG� IRU�
EUHHGLQJ�LQ�RWKHU��RIWHQ�UHPRWH��SURYLQFHV��7KHUHIRUH��DPRQJ�WKH�IDUPV�ZH�VXUYH\HG��
RQO\���RXW�RI����EUHHGLQJ�VWRFNV�ZHUH�RULJLQDOO\�REWDLQHG� LQ� WKH�VDPH�SURYLQFH�� LQ�
DQRWKHU� WZR� FDVHV�� WKH�RULJLQ�RI� WKH� IRXQGHUV�ZDV� QRW� TXLWH� FOHDU�� EXW� LQ���� RXW�RI�����
���IDUPV�������� WKH�RZQHUV�UHOLDEO\�REWDLQHG�DQLPDOV�IURP�RWKHU�SURYLQFHV��DPRQJ�
ZKLFK�LQ�DGGLWLRQ�WR�WKRVH�ZH�VXUYH\HG�DOVR�PHQWLRQHG�1JKH�$Q��7KDQK�+RD��'DN�
/DN��+RD�%LQK��6RQ�/D��<HQ�%DL� DQG�+D�*LDQJ��:LWK� VXFK� D�ZLGH� H[FKDQJH�� RQH�
ZRXOG�H[SHFW�WKDW�WKH�FXUUHQW�SRSXODWLRQ�RI�5� SUXLQRVXV�KHOG�LQ�FDSWLYLW\�LQ�9LHWQDP�
PD\� UHSUHVHQW� D� VLQJOH� JHQHWLF� SRRO� RI� K\EULG� RULJLQ� LQGLYLGXDOV� ZKR� FRXOG�
SRWHQWLDOO\�DQG�SUREDEO\�DFWXDOO\� UHLQWURGXFH� LQWR�QDWXUDO� SRSXODWLRQV��+RZ�IDU� WKLV�
SURFHVV�KDV�SURJUHVVHG�PD\�EH�VKRZQ�E\�JHQHWLF�DQDO\VLV��ZKLFK�WKH�DXWKRUV�LQWHQG�
WR�FDUU\�RXW�VRRQ�RQ�WKH�EDVLV�RI�WKH�PDWHULDO�WKH\�KDYH�FROOHFWHG��

,Q�EUHHGLQJ�SUDFWLFH��WKH�VWDUWLQJ�SRSXODWLRQ�RI�IRXQGHUV�IRU�GLIIHUHQW�IDUPV�UDQJHG�
IURP���WR����LQGLYLGXDOV���������SDLUV���8VXDOO\��WKH�QXPEHU�RI�PDOHV�WDNHQ�IRU�EUHHGLQJ�
LV�D�PXOWLSOH�RI�WKH�QXPEHU�RI�IHPDOHV��ZLWK���WR����IHPDOHV�SHU�PDOH�RQ�GLIIHUHQW�IDUPV��
+RZHYHU��DV�EUHHGLQJ�SURJUHVVHV��WKH�VH[HV�GLVWULEXWLRQ�RQ�IDUPV�HYHQV�RXW��DQG�DIWHU�D�
FRXSOH� RI� \HDUV�� WKHUH� DUH� QR� PRUH� WKDQ� WKUHH� IHPDOHV� SHU� PDOH� �7DEOH� ��� PD\� EH�
REVHUYHG��7KLV�LV�FDXVHG�E\�WKH�FRQYHQLHQFH�RI�SDLULQJ�EHFDXVH�IHPDOH�EDPERR�UDWV�DUH�
YHU\� FKRRV\� LQ�PDWH� VHOHFWLRQ�� DQG� IRU� VXFFHVVIXO� EUHHGLQJ�� LW� LV� FRQYHQLHQW� WR� NHHS�
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VHYHUDO��FDQGLGDWH�KXVEDQGV��RQ�WKH�IDUP�WR�FKRRVH�IURP��2QFH�D�IHPDOH�KDV�PDGH�KHU�
FKRLFH�DQG�PDWHG��WKH�DQLPDOV�DUH�DOPRVW�DOZD\V�NHSW�DV�D�SDLU�XQWLO�WKH�RIIVSULQJ�DUH�
ERUQ�� ,Q� ��� RXW� RI� WKH� ��� IDUPV� VXUYH\HG�� D� PRUH� RU� OHVV� V\VWHPDWLF� SHGLJUHH�
ERRNNHHSLQJ� LV� LQ� SODFH� VR� WKDW� WKH� RULJLQ� DQG� NLQVKLS� RI� WKH� DQLPDOV� FDQ� XVXDOO\� EH�
WUDFHG�EDFN�WR�DW�OHDVW�WKH�WKLUG�JHQHUDWLRQ��6XFK�DQ�DSSURDFK�FRXOG�EH�FRQVLGHUHG�TXLWH�
SURPLVLQJ�� EXW� WKH� RYHUDOO� IHFXQGLW\� RI� FDSWLYH� DQLPDOV� LV� ORZ� DQG� HYHU\ZKHUH� LV�
DSSUR[LPDWHO\���FDOYHV�SHU�OLWWHU��$OWKRXJK�ZH�KDYH�VHHQ�EURRGV�RI���RU�HYHQ���FDOYHV�LQ�
FDSWLYLW\��ODUJH�EURRGV�DUH�YHU\�UDUH��,QWHUHVWLQJO\��EURRGV�RI���SXSV�DUH�QRW�YHU\�UDUH�LQ�
WKH� ZLOG� LQ� 5KL]RP\V SUXLQRVXV� >��� �@�� :KDW� WKLV� UHGXFWLRQ� LQ� OLWWHU� VL]H� LQ� FDSWLYH�
PDQDJHPHQW�LV�QRW�HQWLUHO\�FOHDU��SRVVLEO\�EHFDXVH�WKH�WRWDO�QXPEHU�RI�OLWWHUV�SHU�\HDU�LQ�
��� RI� WKH� ��� IDUPV� ZKHUH� UHOHYDQW� GDWD� ZHUH� REWDLQHG� LV� �� SHU� \HDU�� ,Q� WKH� ZLOG��
LQGLYLGXDOV� XVXDOO\� GR� QRW� SURGXFH� PRUH� WKDQ� WZR� OLWWHUV� >�@�� RXU� RZQ� XQSXEOLVKHG�
REVHUYDWLRQV��� VR� LW� LV� SRVVLEOH� WKDW� WKH� LQFUHDVHG� QXPEHU� RI� ELUWKV� LQ� IHPDOHV� LV�
SK\VLRORJLFDOO\�FRPSHQVDWHG�E\�WKH�GHFUHDVHG�OLWWHU�VL]H��

7KH�VXUYLYDO�UDWH�RI�\RXQJ�VWRFN�LV�JHQHUDOO\�YHU\�KLJK�HYHU\ZKHUH��ZLWK�WKH�
SURSRUWLRQ� RI� VXFNHU� GHDWK� SHU� \HDU� SHU� IDUP� EHLQJ� YHU\� ORZ� DQG� XVXDOO\� QRW�
H[FHHGLQJ� ������ ,Q� JHQHUDO�� PRUWDOLW\� IURP� LQIHFWLRXV� GLVHDVHV� LQ� EDPERR� UDWV� LV�
TXLWH� ORZ�DQG��ZLWK�RQH�H[FHSWLRQ��QRZKHUH�H[FHHGV� D�GR]HQ� LQGLYLGXDOV�SHU� IDUP�
SHU�\HDU��RIWHQ�HYHQ�OHVV��DQG�LV�VXEVWDQWLDOO\�ORZHU�LQ�WKH�6RXWKHUQ�SURYLQFHV�WKDQ�LQ�
WKH�1RUWKHUQ�RQHV��7DEOH�����7KLV�VHHPV�WR�EH�PDLQO\�GXH�WR�WKH�FOLPDWH��DV�DQLPDOV�
LQ�WKH�QRUWK�DUH�QRWLFHDEO\�PRUH�OLNHO\�FDWFK�FROG�DQG�VRPHWLPHV�H[SUHVV�V\PSWRPV�
RI� UHVSLUDWRU\� LQIHFWLRQV� �VQHH]LQJ�� QDVDO� GLVFKDUJH�� PXFRXV� PHPEUDQH�
LQIODPPDWLRQ��� IURP�ZKLFK�� KRZHYHU�� WKH\� XVXDOO\� VXFFHVVIXOO\� UHFRYHU�� 7KH� RQO\�
FDVH� ZH� GRFXPHQWHG� LQ� 'DN� 1RQJ� SURYLQFH�� ZKHQ� DSSUR[LPDWHO\� ILIW\� DQLPDOV�
�PRUH�WKDQ�����RI�WKH�IORFN��GLHG�LQ�OHVV�WKDQ�RQH�\HDU��LW�ZDV�FOHDUO\�KDSSHQHG�GXH�
WR� DQ\� HSLGHP\� RI� DQ� XQVSHFLILHG� QDWXUH�� ,Q� JHQHUDO�� LW� VKRXOG� EH� QRWHG� WKDW� WKH�
YHWHULQDU\�PHGLFLQH�RI� WKLV� VSHFLHV� LV� VWLOO� XQGHYHORSHG�� DQG� IDUPV� LQ�9LHWQDP�DUH�
VWLOO� RXW� RI� YHWHULQDU\�PRQLWRULQJ�� QRW� D� VLQJOH� IDUP� KDV� VWDWHG� WKDW� WKH\� URXWLQHO\�
SHUIRUP� YHWHULQDU\� FKHFNXSV� RQ� WKH� DQLPDOV��*LYHQ� WKH� UDSLG� GHYHORSPHQW� RI� WKLV�
SDUWLFXODU�EUDQFK�RI�OLYHVWRFN�EUHHGLQJ�LQ�WKH�FRXQWU\��WKH�GHYHORSPHQW�RI�YHWHULQDU\�
FDUH�IRU�WKLV�VSHFLHV�RI�DQLPDOV�VKRXOG�EH�JLYHQ�WKH�FORVHVW�DWWHQWLRQ��

�����6RFLRHFRQRPLFV RI EDPERR UDW EUHHGLQJ�

$V�QRWHG�DERYH��WKH�EUHHGLQJ�RI�EDPERR�UDWV�LQ�KRXVHKROGV�KDV�EHFRPH�YHU\�
SRSXODU� LQ� UHFHQW� \HDUV� LQ� 9LHWQDP� DQG� QHLJKERULQJ� FRXQWULHV� >���� ��@�� 7KLV� LV�
PDLQO\� GXH� WR� WKH� SRWHQWLDO� KLJK� SURILWDELOLW\� RI� WKLV� OLYHVWRFN� LQGXVWU\�� ZKLFK�
DWWUDFWV� SHRSOH� �HVSHFLDOO\� LQ� WKH� FRXQWU\�� LQ� VHDUFK� RI� DGGLWLRQDO� DQG� VRPHWLPHV�
HYHQ�PDLQ�LQFRPH��2XU�VXUYH\V�VKRZ�WKDW�D�IDUP��HYHQ�D�UHODWLYHO\�VPDOO�RQH��KDV�D�
GLUHFW�DQQXDO�LQFRPH�RI���������PLOOLRQ�91'��XS�WR�����������PLOOLRQ�91'�IRU�ODUJH�
RQHV� �7DEOH�����7KHVH�DUH�YHU\� VXEVWDQWLDO� VXPV��H[FHHGLQJ� WKH�DYHUDJH� LQFRPH�RI�
SHDVDQW�IDUPV�LQ�PRVW�SURYLQFHV�RI�9LHWQDP��7KLV�SRLQW��WRJHWKHU�ZLWK�WKH�IDFW�WKDW�
WKH�DQLPDOV�DUH�QRW�GHPDQG�WRR�PDQ\�ODERU��FRQVXPDEOHV�DQG�VSHFLDO�FRQGLWLRQV�IRU�
FDUH�� KDV�PDGH� WKH� EUHHGLQJ� RI� WKLV� VSHFLHV� DQ� LPSRUWDQW� VRFLRHFRQRPLF� IDFWRU� LQ�
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LQFUHDVLQJ� WKH� SHRSOH� LQFRPH� LQ� WKH� FRXQWU\�� %DPERR� UDW� PHDW� LV� FRQVLGHUHG� D�
GHOLFDF\� DQG� KDV� WUDGLWLRQDOO\� EHHQ� LQ� KLJK� YDOXH� LQ� UHVWDXUDQWV� LQ� 9LHWQDP� DQG�
QHLJKERULQJ�FRXQWULHV�� ,WV�SULFH�LV�FXUUHQWO\���� ��������� ����91'�NJ��GHSHQGLQJ�
RQ�WKH�UHJLRQ��+RZHYHU��D�VXUYH\�VKRZHG�WKDW�PRVW�IDUPV�DUH�DIIHFWHG�E\�PDUNHWLQJ�
SUREOHPV�DQG�VRPH�FXOWXUDO�SHFXOLDULWLHV� UHODWHG� WR� WKH�FRQVXPSWLRQ�RI�EDPERR�UDW�
PHDW�LQ�9LHWQDP��)RU�H[DPSOH��LQ�PDQ\�DUHDV��WKH�LQGLFDWHG�SULFHV�DUH�WRR�KLJK�IRU�
WKH� ORFDO�SRSXODWLRQ��ZKLFK�FRQVLGHUDEO\� OLPLWV� ORFDO�GHPDQG�� ,Q�DGGLWLRQ�� LQ�VRPH�
UHJLRQV�DQG�DPRQJ�VRPH�HWKQLF�JURXSV�LQ�9LHWQDP��FRQVXPSWLRQ�EDPERR�UDW�PHDW�LV�
SURKLELWHG�GXULQJ�FHUWDLQ�VHDVRQV�GXH�WR�UHOLJLRXV�DQG�FXOWXUDO�WUDGLWLRQV��GHSHQGLQJ�
RQ�GD\V�RI�WKH�ZHHN�RU�SKDVHV�RI�WKH�OXQDU�F\FOH��2Q�WKH�RWKHU�KDQG��DPRQJ�WKH�.LQK�
SHRSOH��HWKQLF�PDMRULW\��FXOWXUDO�WUDGLWLRQ�VD\�WKDW�WKH�H[DFWO\�PHDW�RI�ZLOG�DQLPDOV�
LV�SDUWLFXODUO\�YDOXDEOH� �GHVSLWH� WKHLU�VPDOOHU�VL]H�DQG�RYHUDOO� IDWQHVV���$V�D� UHVXOW��
LOOHJDOO\�SURYLGHG�ZLOG�DQLPDOV�PHDW� LV�XS� WR� WZLFH�DV�H[SHQVLYH� �VRPHWLPHV�PRUH�
WKDQ� RQH�PLOOLRQ�91'� SHU� NLOR��� VSHFLHV� LQ� WKH�ZLOG� DUH� VXEMHFWHG� WR� RYHUKXQWLQJ�
SUHVVXUH��DQG�IDUP�SURGXFWV�PD\�QRW�EH�VROG��$OO�PHQWLRQHG�DERYH�FDQ��DQG�LQ�VRPH�
FDVHV�UHDOO\�GRHV��PDNH�IDUPLQJ�IRU�JDVWURQRPLFDO�PHDW�HFRQRPLFDOO\�QRW�HIIHFWLYH��
7KLV� LV� WKH� UHDVRQ� IRU� WKH� VKRUW� GXUDWLRQ� RI� EDPERR� UDW� IDUPLQJ� SUDFWLFHV� RQ�PRVW�
IDUPV� WKDW� ZH� KDYH� IRXQG��'XH� WR� IDVKLRQ��PDQ\� IDUPV� DUH� IRXQGHG�� EXW�PRVW� RI�
WKHP� FRPH� WR� EDQNUXSWF\� RU� FHDVH� RSHUDWLRQV� ZLWKLQ� WKUHH� WR� IRXU� \HDUV� GXH� WR�
HFRQRPLF� LQHIILFLHQF\�� 2QO\� WKH� EUHHGLQJ� IDUPV� DUH� LQ� D� VSHFLDO� SRVLWLRQ�� DPRQJ�
ZKLFK� WKH�PRVW� SURILWDEOH� RQHV� DUH� IRXQG�� 7KH� IDVKLRQ� IRU� EUHHGLQJ� EDPERR� UDWV�
JHQHUDWHV�D�JUHDW�GHPDQG�DQG�JRRG�SULFHV�IRU�EUHHGLQJ�VWRFN��7KH�SULFHV�RI�EUHHGLQJ�
DQLPDOV� UDQJH� IURP���� ����91'� WR� RYHU� ��PLOOLRQ�91'�� XVXDOO\� DSSUR[LPDWHO\��
����PLOOLRQ��GHSHQGLQJ�RQ�WKH�UHJLRQ��7DEOH�����7KH�DQLPDOV�DUH�XVXDOO\�VROG�LQ�SDLUV��
,Q�WKH�VLWXDWLRQ�RI�FXUUHQW�IDVKLRQ��WKLV�EUHHGLQJ�IRFXVHG�DSSURDFK�EULQJV�HYHQ�PRUH�
SURILW� WKDQ� GLUHFW� IDUPLQJ� IRU�PHDW�� 6RPH� IDUPV� HYHQ� GHOLEHUDWHO\� IRFXVHG� WR� WKLV�
HFRQRPLF� PRGHO�� QRW� VODXJKWHULQJ� DQLPDOV� DW� DOO� EXW� RQO\� PDWFKLQJ� DQG� VHOOLQJ�
EUHHGLQJ�SDLUV��

���&21&/86,21�

,Q�VXPPDU\��WKH�UHVHDUFK�ZH�KDYH�FDUULHG�RXW�KLJKOLJKWV�WKH�GRPHVWLFDWLRQ�DQG�
DJULFXOWXUDO� XVH� DV� ZHOO� DV� WKH� VXVWDLQDEOH� PDQDJHPHQW� DQG� SURWHFWLRQ� RI� VPDOO�
PDPPDO� ELRGLYHUVLW\� LQ� 9LHWQDP�� 7KH� GDWD� SUHVHQWHG� KHUH� DUH� FHUWDLQO\� RQO\�
SUHOLPLQDU\�DQG�DUH�VHUYHG�WR�DWWUDFW�DWWHQWLRQ�IRU�IXUWKHU�UHVHDUFK�LQWR�WKH�SUDFWLFH�RI�
EUHHGLQJ� EDPERR� UDWV� DV� IDUP� DQLPDOV� LQ� DQ� HFRQRPLF�� VRFLDO�� YHWHULQDU\� DQG�
FRQVHUYDWLRQ�FRQWH[W��

$FNQRZOHGJHPHQWV��7KH�ZRUN�ZDV�FDUULHG�RXW�DW� WKH�-RLQW�9LHWQDP���5XVVLD�
7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�&HQWUH��+DQRL��7KH�DXWKRUV�ZRXOG� OLNH�
WR� WKDQN� WKH� DGPLQLVWUDWLRQV� RI�'LHQ�%LHQ�� /DL�&KDX��%LQK�3KXRF��'DN�1RQJ�DQG�
7D\�1LQK�SURYLQFHV�DQG�GLVWULFW�DGPLQLVWUDWLRQV�IRU�VXSSRUW�WKH�H[SHGLWLRQV��:H�DUH�
DOVR� JUDWHIXO� WR� DOO� WKH� SHRSOH� LQYROYHG� LQ� RXU� UHVHDUFK�� ZKRVH� QDPHV� DUH� QRW�
PHQWLRQHG�KHUH�IURP�WKH�UHTXLUHPHQWV�RI�DQRQ\PLW\��ZKR�NLQGO\�JDYH�XV�LQIRUPDWLRQ�
DERXW�WKHLU�IDUPV�DQG�EUHHGLQJ�SUDFWLFHV�
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5()(5(1&(6�
�� &RUEHW� *�� %��� +LOO� -�� (��� 7KH� PDPPDOV� RI� WKH� ,QGRPDOD\DQ� 5HJLRQ�� D�

V\VWHPDWLF�UHYLHZ��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV������������SS��
�� .X]QHWVRY� *�� 9��� 0DPPDOV� RI� 9LHWQDP�� 0RVFRZ�� 7KH� $VVRFLDWLRQ� RI�

6FLHQWLILF�3XEOLVKLQJ�+RXVH�.0.������������SS���LQ�5XVVLDQ���
�� 6PLWK� $�� 7�� 	� ;LH� <��� $� JXLGH� WR� WKH� PDPPDOV� RI� &KLQD�� 3ULQFHWRQ� DQG�

2[IRUG��3ULQFHWRQ�8QLYHUVLW\�3UHVV������������SS��
�� )UDQFLV� &�� 0��� $� JXLGH� WR� WKH� PDPPDOV� RI� 6RXWKHDVW� $VLD�� 3ULQFHWRQ� DQG�

2[IRUG��3ULQFHWRQ�8QLYHUVLW\�3UHVV������������SS��
�� :LOVRQ�'��(���/DFKHU�7��(��-U���0LWWHUPHLHU�5��$���+DQGERRN�RI�WKH�PDPPDOV�

RI�WKH�ZRUOG��9RO�����5RGHQWV����/\Q[�(GLWLRQV��%DUFHORQD��6SDLQ�������������SS��
�� ;X�/��+���6WXGLHV�RQ�WKH�ELRORJ\�RI�WKH�KRDU\�EDPERR�UDW��5KL]RP\V�SUXLQRVXV�

%O\WK���$FWD��7KHULRORJLFD��6LQLFD����������������������LQ�&KLQHVH��
�� 0ROXU�6���6ULQLYDVXOX�&���6ULQLYDVXOX�%���:DONHU�6���1DPHHU�3��2���5DYLNXPDU�

/��� 6WDWXV� RI� QRQYROHQW� VPDOO� PDPPDOV�� &RQVHUYDWLRQ� $VVHVVPHQW� DQG�
0DQDJHPHQW� 3ODQ� �&�$�0�3��� ZRUNVKRS� UHSRUW�� =RR� 2XWUHDFK�
2UJDQL]DWLRQ�&%6*�6RXWK�$VLD��������

�� +H�;��5���$�SUHOLPLQDU\�REVHUYDWLRQ�RQ� WKH�VWUXFWXUH�RI� WKH� WXQQHO�V\VWHP�RI�
WKH� &KLQHVH� EDPERR� UDW� �5KL]RP\V� VLQHQVLV��� $FWD�� 7KHULRORJLFD�� 6LQLFD��� ���
������S�����������LQ�&KLQHVH���

�� &DR�&��:���/LDQJ�/��:DQJ�:��-��/XR�+��+XDQJ�6��%���/LX�'��+���;X�-��3���HW�
DO��� &RPPRQ� UHVHUYRLUV� IRU� 3HQLFLOOLXP� PDUQHIIHL� LQIHFWLRQ� LQ� KXPDQV� DQG�
URGHQWV��&KLQD��������(PHUJ��,QIHFW��'LV��������������

��� 7DQJ�+��%���&KHQ�)���5DR�*���%DL�$���-LDQJ�-���'X�<���5HQ�3���/LX�-���4LQ�6���
<DQJ� /���:X� -���&KDUDFWHUL]DWLRQ� RI� $NDEDQH� 9LUXV� IURP� GRPHVWLF� %DPERR�
UDW��6RXWKHUQ�&KLQD��9HWHULQDU\�0LFURELRORJ\���������������������

��� /X�/���9DQ�'XQJ�1���,YHQV�$���%RJDDUGW�&���2
7RROH�$���%U\DQW�-��(���*HQHWLF�
GLYHUVLW\� DQG� FURVV�VSHFLHV� WUDQVPLVVLRQ� RI� NREXYLUXVHV� LQ� 9LHWQDP�� 9LUXV�
(YROXWLRQ��������������

��� 9DQ� 1JX\HQ� 'XQJ�� &XRQJ� 9DQ� 1JX\HQ�� 'DYLG� %RQVDOO�� 7XH� 7�� 1JR�� -XDQ�
&DUULTXH��0DV��$QK�+��3KDP��-XOLHW�(��%U\DQW��*X\�7KZDLWHV��6WHSKHQ�%DNHU��
0DUN� :RROKRXVH�� DQG� 3HWHU� 6LPPRQGV�� 'HWHFWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI�
KRPRORJXHV�RI�KXPDQ�KHSDWLWLV�YLUXVHV�DQG�SHJLYLUXVHV�LQ�URGHQWV�DQG�EDWV�LQ�
9LHWQDP��9LUXVHV��������������������

��� :HL�=���/LX�4���=KDR�:���-LDQJ�;���=KDQJ�<���=KDR�$���4L�0���3UHYDOHQFH�DQG�
GLYHUVLW\�RI�&U\SWRVSRULGLXP�VSS��LQ�EDPERR�UDWV��5KL]RP\V�VLQHQVLV��LQ�6RXWK�
&HQWUDO�&KLQD�� ,QWHUQDWLRQDO�-RXUQDO� IRU�3DUDVLWRORJ\��3DUDVLWHV�DQG�:LOGOLIH��
�����������������

��� +DL� 7LHQ�� (IILFLHQF\� IURP� WKH� PRGHO� RI� UDLVLQJ� EDPERR� UDWV�� +XQJ� <HQ�
6FLHQFH�DQG�7HFKQRORJ\�,QIRUPDWLRQ��������S���������LQ�9LHWQDPHVH���

��� 1JX\HQ�7KDQK�%LQK��6RPH�FRPPRQ�GLVHDVHV�RI�5KL]RP\V�SUXLQRVXV�%O\WK�������
LQ� FDSWLYLW\� DQG� KDQGOLQJ� FRQGLWLRQ�� -RXUQDO� RI� 6FLHQFH�� &DQ� 7KR�8QLYHUVLW\��
3DUW� %�� $JULFXOWXUH�� )LVKHULHV� DQG� %LRWHFKQRORJ\�� ������ ����������� �LQ�
9LHWQDPHVH���
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��� /LX�-���7DQJ��=��+���=KRX�'��&���=KHQJ�4��%���$FWXDOLW\�DQG�FRXQWHUPHDVXUH�RI�
EUHHGLQJ� EDPERR�UDWV� LQ� &KLQD�� -RXUQDO� RI� +XQDQ� HQYLURQPHQW�ELRORJLFDO�
SRO\WHFKQLF����������������LQ�&KLQHVH���

��� :DQJ� <�� ;�� $� FRPSOHWH� &KHFNOLVW� RI� 0DPPDO� 6SHFLHV� DQG� 6XEVSHFLHV� RI�
&KLQD��$�7D[RQRPLF�DQG�JHRJUDSKLFDO� UHIHUHQFH��&KLQD�)RUHVWU\�3XEOLVKLQJ�
+RXVH��%HLMLQJ��������LQ�&KLQHVH���

��� &KHQ� *�� +��� 7KH� 5KL]RP\V� VLQHQVLV� GRPHVWLFDWHG� UHVHDUFK�� 0DVWHU�
'LVVHUWDWLRQ�LQ�&KLQHVH�$FDGHP\�RI�)RUHVWU\��������

6800$5<�
%DPERR� UDWV� DUH� PHPEHUV� RI� WKH� VXEIDPLO\� 5KL]RPLLQDH�� RI� WKH� IDPLO\�

6SDODFLGDH��7KHVH� DQLPDOV� DUH�ZLGHO\� GLVWULEXWHG� LQ� ,QGRQHVLD��0DOD\VLD��7KDLODQG��
0\DQPDU�� /DRV�� 9LHWQDP� DQG� &KLQD�� 'XH� WR� WKHLU� ODUJHU� VL]H� FRPSDUHG� WR� RWKHU�
URGHQWV��LQ�UHFHQW�\HDUV�WKH\�KDYH�EHHQ�EUHG�LQ�FDSWLYLW\�DQG�KDYH�EURXJKW�D�FHUWDLQ�
HFRQRPLF� YDOXH�� :LWK� WKH� VXUYH\� UHVXOWV� RI� ��� EDPERR� UDW� IDUPV� LQ� �� 1RUWKHUQ�
SURYLQFHV�DQG���6RXWKHUQ�RQHV��D�SUHOLPLQDU\�RYHUYLHZ�RI�WKH�FXUUHQW�VLWXDWLRQ�ZLWK�
EDPERR� UDWV� SURGXFWLRQ� LQ� 9LHWQDP� SUHVHQWHG�� 0RUH� WKDQ� ����� LQGLYLGXDOV� ZHUH�
VXUYH\HG�DQG�RQO\�WZR�VSHFLHV�RI�EDPERR�UDWV�KDYH�EHHQ�IRXQG�LQ�FDSWLYLW\��H[DFWO\�
5��SUXLQRVXV�DQG�5��VXPDWUHQVLV��5��VLQHQVLV�ZDV�QRW�UHFRUGHG��DOWKRXJK�WKLV�VSHFLHV�
TXLWH�FRPPRQ�LQ�WKH�QRUWK��%DPERR�UDWV�DUH�XVXDOO\�NHSW�LQ�FDJHV�PDGH�RI�FHUDPLF�
EULFNV�DERXW����FP�KLJK�DQG������������P�ZLGH��(DFK�FDJH�XVXDOO\�FRQWDLQV���DGXOW�
PDOH�RU���IHPDOH��VRPHWLPHV�ERWK�PDOH�DQG�IHPDOH�DUH�VHHQ�LQ�WKH�FDVH�ZLWK�MXYHQLOHV�
LQ�WKH�VDPH�IORFN��7KH�VXUYLYDO�UDWH�RI�\RXQJ�EDPERR�UDWV�LV�YHU\�KLJK��RQO\������RI�
WKH�WRWDO�KHUG�GLHV�EHIRUH�UHDFKLQJ�WKH�ZHLJKW�RI����J��7KH�VRXUFH�RI�IRRG�GHSHQGV�RQ�
WKH� ORFDOLW\�� EXW� WKH� PDLQ� IRRG� LV� EDPERR�� VXJDUFDQH�� FDQH� RU� EUDQ�� 7KH� DYHUDJH�
DQQXDO� LQFRPH�PD\�YDU\� IURP� ������ IRU� VPDOO� IDUPV� WR� ��������PLOOLRQ�91'� IRU�
ODUJH�IDUPV��

.H\ZRUGV��%DPERR�UDWV��5KL]RPLLQDH��5��SUXLQRVXV��5��VXPDWUHQVLV��%DPERR�
UDW�NHHSLQJ��G~L��FKăQ�QX{L�G~L��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����,QVWLWXWH�RI�7URSLFDO�(FRORJ\��-RLQW�9LHWQDP���5XVVLD�7URSLFDO�6FLHQFH�DQG�
7HFKQRORJ\�5HVHDUFK�&HQWUH�
����$�1��6HYHUWVRY¶V�,QVWLWXWH�RI�(FRORJ\�DQG�(YROXWLRQ�RI�WKH�5XVVLDQ�$FDGHP\�
RI�6FLHQFHV��0RVFRZ��5XVVLD�

� &RQWDFW��'LQK�7KH�'XQJ��ĈLQK�7K͇�'ǊQJ��
,QVWLWXWH�RI�7URSLFDO�(FRORJ\��-RLQW�9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�
DQG�7HFKQRORJ\�5HVHDUFK�&HQWUH�
1R����1JX\HQ�9DQ�+X\HQ��&DX�*LD\��+DQRL��9LHWQDP�
3KRQH����������������(PDLO��GXQJYUWF#JPDLO�FRP


