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0DQJURYH�6LOYLFXOWXUH�'LYLVLRQ��%DQJODGHVK�)RUHVW�5HVHDUFK�,QVWLWXWH
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$EVWUDFW
� 6HOHFWLQJ� H[FHSWLRQDOO\� +HULWLHUD� IRPHV� VHHGOLQJV� IURP� QXUVHU\� LV� D�
SURPLVLQJ� DQG� ORZ�FRVW�PHDQV� RI� WUHH� LPSURYHPHQW�� DFFRUGLQJ� WR� WKH� VWXG\��
)URP������WR��������������RXWVWDQGLQJ�VHHGOLQJV�ZHUH�FKRVHQ�IURP�QXUVHU\�LQ�
WKH� 6XQGDUEDQ� DQG� RXW� SODQWHG�� 7KH� � � ILQDO� DVVHVVPHQW� DV� WR� HIILFLHQF\� RI�
VHHGOLQJV�VHOHFWLRQ�IURP�VHOHFWHG�WUHHV�RI�WRS�G\LQJ�DIIHFWHG�DQG�QRQ�DIIHFWHG�
�+HDOWK\��DUHDV�DZDLWV�FRPSDULVRQ�RI�SURJHQ\�IURP�FKRVHQ�VHOHFWV�ZLWK�WKRVH�
IURP�VLPLODUO\�FKRVHQ�FRQWUROV�WR�VHH�KRZ�PXFK�RI�WKH�SKHQRW\SLF�JDLQ�LV�WUXO\�
JHQHWLF��7KLV�LQYHVWLJDWLRQ�LQYROYHG�PRUH�VHOHFWLRQV�DQG�SODQWDWLRQV�WKDQ�KDG�
QRW� EHHQ� WULHG� IRU�+�� IRPHV� LQ� WKH� SDVW��7KH� QH[W� VWHS� LQ� HYDOXDWLQJ� QXUVHU\�
VHOHFWLRQ�LV�WR�FRPSDUH�SURJHQ\�IURP�VHOHFWV�ZLWK�WKRVH�RI�FRQWUROV�WR�VHH�KRZ�
PXFK�RI�WKH�SKHQRW\SLF�JDLQ�LV�WUXO\�JHQHWLF��7KH�JUHDW�SURPLVH�RI�/���/���/����
/���� /���� /��� 	� /�� OLQH� RI�+�� IRPHV� WUHHV� KDV� EHHQ� DFKLHYHG� ZLWK� H[SHFWHG�
VXSHULRU� JHQHWLF� PDWHULDO� RI� XQNQRZQ� RULJLQ�� 7KLV� LV� UHIOHFWHG� LQ� WKH� KLJK�
YDULDELOLW\� REVHUYHG� LQ� JURZWK� DPRQJVW� LQGLYLGXDOV�� 8VLQJ� DGYDQFHG�
SURSDJDWLRQ�WHFKQLTXHV��WKHVH�FDQ�EH�FORQHG�DQG�SRWHQWLDOO\�SURYLGH�WKH�JHQHWLF�
EDVH�IRU�D�KLJKO\�VXFFHVVIXO�FORQDO�IRUHVWU\�SURJUDP�IRU�FUHDWLRQ�RI�WRS�G\LQJ�
UHVLVWDQW�+��IRPHV�WUHHV�
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.H\ZRUGV�� *HQRW\SH�SKHQRW\SH� LQWHUDFWLRQV�� IORULVWLF� FRPSRVLWLRQ�� SKHQRW\SLF� JDLQ�� SURJHQ\��
SURSDJDWLRQ�WHFKQLTXHV�
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,QWURGXFWLRQ
7KH�6XQGDUEDQ�LV�WKH�ODUJHVW�VLQJOH�WUDFW�QDWXUDO�PDQJURYH�IRUHVW�LQ�WKH�ZRUOG��,W�LV�ORFDWHG�DW�WKH�
VRXWKHUQ� SDUW� RI� WKH� *HQJHWLF� GHOWD� VSDQQLQJ� RYHU� DQ� DUHD� RI� ������ NP�� ���������� KD�� LQ�
%DQJODGHVK��2XW�RI� WKLV� DSSUR[LPDWHO\�����DUH� ODQGV� DQG�����DUH�ZDWHU�ERGLHV��7KH� IORULVWLF�
FRPSRVLWLRQ�RI�WKLV�IRUHVW�LV�YHU\�ULFK�FRPSDUHG�WR�RWKHU�PDQJURYH�IRUHVWV�RI�WKH�ZRUOG��6XQGDUL�
�+HULWLHUD� IRPHV�� DQG� JHZD� �([FRHFDULD� DJDOORFKD�� DUH� WKH� PDMRU� PDQJURYH� VSHFLHV� LQ� WKH�
6XQGDUEDQ��+��IRPHV�LV�D�PRVW�FRPPHUFLDOO\�YDOXDEOH�DQG�GRPLQDQW�WUHH�VSHFLHV�RI�WKH�6XQGDUEDQ�
PDQJURYH�HFRV\VWHP�ZKLFK�EHORQJV�WR�WKH�IDPLO\��6WHUFXOLDFHDH��,W�LV�XVHG�IRU�EULGJH�DQG�KRXVH�
FRQVWUXFWLRQ��ERDW�EXLOGLQJ��UDIWHU��KDUGERDUG�PDNLQJ��ILUH�ZRRG��EULFN�EXUQLQJ��KHDY\�IXUQLWXUH��
SDQHOLQJ�� HOHFWULF� SROHV�� HWF�� 7KLV� VSHFLHV� FRPPDQGV� LWV� VLQJOH� GRPLQDQFH� LQ� ������ DQG�
FR�GRPLQDQFH�LQ��������RI�WKH�IRUHVW�DUHD�DQG�UHSUHVHQWLQJ�DERXW�����RI�WKH�WRWDO�VWDQGLQJ�YROXPH�
�&KDIIH\�HW�DO��������5DKPDQ�������

7KLV� LPSRUWDQW� VSHFLHV�KDV�EHHQ�VXEMHFWHG� WR�D� VHULRXV�GLVHDVH�V\QGURPH�FDOOHG� WRS�G\LQJ��7KLV�
GLVRUGHU�FDXVHV�GHDWK�IURP�WRS�WR�GRZQZDUGV��7RS�G\LQJ�DSSHDUV�DV�D�GHFOLQH�DQG�GLHEDFN�RI�WKH�
IROLDJH�DQG�WZLJV�RI�WKH�XSSHU�SDUW�RI�WKH�FURZQ��8OWLPDWHO\�XSSHU�SRUWLRQ�RI�WKH�PDLQ�VWHP�EHFRPHV�
GLH��GULHV�DQG�FDQ�EH�EURNHQ�RII�E\�VWURQJ�ZLQG��,Q�FDVH�RI�ROGHU�WUHHV��RQH�RU�PRUH�RI�WKH�PDMRU�
EUDQFKHV�PD\� EH� EURNHQ� RII�� WKHQ� JUDGXDOO\� RWKHU� EUDQFKHV� GLH� DQG� WKH� FURZQ� LV� VXEVHTXHQWO\�
UHGXFHG��7KH�V\PSWRPV�RI�WRS�G\LQJ�ZDV�REVHUYHG�DV�HDUO\�DV�LQ������DQG�UHFRUGHG�DV�VXFK�LQ������
E\� WKH�)RUHVWDO� GXULQJ� WKHLU� LQYHQWRU\� RI� WKH�6XQGDUEDQ� �&KRZGKXU\��������7KH�KLVWRU\� RI� WRS�
G\LQJ�RI�+��IRPHV�LQ�WKH�6XQGDUEDQ�LV�QRW�D�QHZ�WKLQJ��,W�KDV�UHSRUWHG�DV�DQ�HSLGHPLF�LQ�WKH�ODVW�IHZ�
GHFDGHV��1RZ��LW�KDV�EHFRPH�D�WKUHDW�IRU�WKH�VSHFLHV�DQG�WR�WKH�ZRUOG
V�ODUJHVW�PDQJURYH�IRUHVW��WKH�
6XQGDUEDQ�� 7KHUH� LV� VXEVWDQWLDO� GLHEDFN� RI� 6XQGDUL� WUHHV� LQ� WKH� IRUHVW�� 6XQGDUL� WUHHV� LQ� WKH�
6XQGDUEDQ� DUH� EHLQJ� GHVWUR\HG� IROORZLQJ� RXWEUHDN� RI� WKH� WRS�G\LQJ� GLVHDVH�� ORFDOO\� NQRZQ� DV�

DJDPRUD
��7RS�G\LQJ�RI�VXQGDUL�LQ�WKH�6XQGDUEDQ�ZDV�ILUVW�UHSRUWHG�E\�7URXS���������+H�PHQWLRQHG�
WKDW� VXQGDUL� WUHHV�JURZLQJ� LQ� WKH�GHSUHVVLRQV� WHQG� WR�GHWHULRUDWH� UDSLGO\�DQG�GLH�RII��$IWHUZDUGV�
&XUWLV� ��������$KPHG� �������� )RUHVWDO� ������� UHFRUGHG� WRS� G\LQJ� RI� +�� IRPHV� WUHHV� LQ� WKH�
6XQGDUEDQ��/DWHU�RQ��LW�ZDV�UHSRUWHG�E\�&KRZGKXU\���������6REKDQ���������*LEVRQ���������6DWWDU�
��������5DKPDQ�HW�DO����������5DKPDQ�HW�DO������D���5DKPDQ�HW�DO�������E���&KRZGKXU\���������
&KDIIH\�HW�DO����������.DULP��������DQG�5DKPDQ�������������������������������DQG�������

7KHUH�DUH���EORFNV�DQG����&RPSDUWPHQWV�LQ�WKH�6XQGDUEDQ��7RS�G\LQJ�RI�+��IRPHV�KDV�EHHQ�IRXQG�
WR�SUHYDLO�LQ�DOO���EORFNV�LQ�WKH�IRUHVW��7KH�LQFLGHQFH�DQG�GLVWULEXWLRQ�RI�WRS�G\LQJ�WUHHV�ZDV�ILUVW�
LQYHVWLJDWHG�E\�&KDIIH\�HW�DO����������+H�UHSRUWHG����&RPSDUWPHQWV�YL]�����������������������������
�����������������������DQG����WRS�G\LQJ�RI�+��IRPHV�ZHUH�IRXQG�WR�EH�VHYHUH��+H�DOVR�UHSRUWHG�WKDW�
���� RI� WKH� PDLQ� IRUHVW� W\SHV� RI� WKH� 6XQGDUEDQ� DUH� DIIHFWHG� E\� WRS� G\LQJ�� RI� ZKLFK� ���� DUH�
PRGHUDWHO\�DIIHFWHG��FURZQ�OHVV�WKDQ�����DIIHFWHG��DQG����DUH�VHYHUHO\�DIIHFWHG��FURZQ�����RU�
PRUH�DIIHFWHG���

5DKPDQ��������VWXGLHG�WKH�H[WHQW�DQG�LQWHQVLW\�RI�RFFXUUHQFH�RI�WRS�G\LQJ�RI�+��IRPHV��+H�IRXQG�
WKDW�RYHU������PLOOLRQ�+��IRPHV�WUHHV�ZHUH�DIIHFWHG�E\�WRS�G\LQJ�LQ����&RPSDUWPHQWV�YL]�������������
���������������������������������������������������������������DQG����RXW�RI����&RPSDUWPHQWV�LQ�WKH�
6XQGDUEDQ��2XW�RI�WKLV��������PLOOLRQ�WUHHV�FRYHULQJ��������KD�ZHUH�IRXQG�PRGHUDWH�WRS�G\LQJ�DQG�
������PLOOLRQ�WUHHV�FRYHULQJ��������KD�ZHUH�VHYHUHO\�DIIHFWHG���
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5DKPDQ�HW�DO�� �����D��DOVR�VWXGLHG� WKH�H[WHQW�RI� WRS�G\LQJ�E\� WKH�DQDO\VLV�RI�GDWD�RI� WRS�G\LQJ�
VXQGDUL�LQ������7HPSRUDU\�6DPSOH�3ORWV��763��IDOOLQJ�LQ����FRPSDUWPHQWV�LQ�WKH�6XQGDUEDQ��7KH�
GDWD� ZHUH� JHQHUDWHG� WKURXJK� )RUHVW� 5HVRXUFHV� 0DQDJHPHQW� 3URMHFW�� )RUHVW� ,QYHQWRU\� RI� WKH�
6XQGDUEDQ�GXULQJ������DQG�������7KH\�SUHSDUHG�D�5HODWLYH�5DQNLQJ�,QGH[�FRQVLGHULQJ�WKH�SHUFHQW�
RI�WRS�G\LQJ��%DVHG�RQ�WKH�YDOXH�RI�WKH�UHODWLYH�UDQNLQJ�LQGH[�WKH�FRPSDUWPHQW�ZHUH�DUUDQJHG�LQ�
GHFUHDVLQJ�RUGHU�RI�RFFXUUHQFH�RI�WRS�G\LQJ�RI�VXQGDUL�WUHHV�LQ�WKH�6XQGDUEDQ�DQG�DUH�DV�IROORZV��
����������������������������������������������������������������������������������������������������������
������������������������������������������������DQG�����5DKPDQ��������7RS�G\LQJ�RI�+��IRPHV�ZDV�
VHHPHG�WR�EH�GXH�WR�D�VLQJOH�RU�D�FRPELQDWLRQ�RI�VHYHUDO�IDFWRUV��+RVVDLQ�������

'LVHDVH�LV�DQ�DEQRUPDO�XQKHDOWK\�FRQGLWLRQ�SURGXFHG�LQ�DQ�LQGLYLGXDO�GXH�WR�GHIHFWLYH�QXWULWLRQ��
GHIHFWLYH� KHUHGLW\�� XQIDYRUDEOH� HQYLURQPHQW� RU� LQIHF¤WLRQ�� 'LVHDVH� FDXVLQJ� RUJDQLVP� LV� FDOOHG�
SDWKRJHQ�� 7KH� LQGLYLGXDO� LQ� ZKLFK� D� GLVHDVH� LV� FDXVHG� E\� D� SDWKR¤JHQ� LV� FDOOHG� KRVW�� 7KH�
GHYHORSPHQW� RI� GLVHDVH� LQ� D� SODQW� GHSHQGV� RQ� WKUHH� IDFWRUV�� �L�� KRVW� JHQRW\SH�� �LL�� SDWKR¤JHQ�
JHQRW\SH�DQG��LLL��WKH�HQYLURQ¤PHQW��6RPH�KRVW�JHQRW\SHV�SRVVHVV�WKH�DELOLW\�WR�SUHYHQW�D�SDWKRJHQ�
VWUDLQ� IURP� SURGXFLQJ� GLVHDVH�� 6XFK� KRVW� OLQHV� DUH� FDOOHG� UHVLVWDQW�� DQG� WKLV� DELOLW\� LV� FDOOHG�
UHVLVWDQFH�RU�GLVHDVH�UHVLVWDQFH��7KH�WHUP�VWUDLQ�KDV�D�VLPLODU�PHDQLQJ�IRU�WKH�SDWKRJHQ�DV�OLQH�KDV�
IRU�WKH�KRVW��7KRVH�OLQHV�RI�D�KRVW�WKDW�DUH�QRW�UHVLVWDQW�WR�WKH�SDWKRJHQ�DUH�FDOOHG�VXVFHSWLEOH��$�
VXFFHVVIXO�EUHHGLQJ�IRU�GLVHDVH�UHVLVWDQFH�GHSHQGV�PDLQO\�RQ�WKH�IROORZLQJ�WZR�IDFWRUV���L��D�JRRG�
VRXUFH�RI�UHVLVWDQFH��DQG��LL��D�GHSHQGDEOH�GLVHDVH�WHVW��,Q�GLVHDVH�WHVW��DOO�WKH�SODQWV�DUH�JURZQ�XQGHU�
FRQGLWLRQV�LQ�ZKLFK�D�VXVFHSWLEOH�SODQW�LV�H[SHFWHG�WR�GHYHORS�GLVHDVH��7KHUHIRUH��GLVHDVH�UHVLVWDQW�
SODQWV�VKRXOG�EH�SURGXFHG�WR�DYRLG�LQIHF¤WLRQ�

%UHHGLQJ�LV�FDUULHG�RXW�HLWKHU�E\�FRQYHQWLRQDO�EUHHGLQJ�WHFKQLTXHV�RU�E\�PXWDWLRQ�EUHHGLQJ��7KH�
FRQYHQWLRQDO�PHWKRG�RI�EUHHGLQJ�IRU�GLVHDVH�UHVLVWDQFH�LV�K\EULG¤L]DWLRQ�DQG�VHOHFWLRQ��7KH�YDULRXV�
VHTXHQWLDO�VWHSV�DUH��VFUHHQLQJ�JHUPSODVP�IRU�UHVLVWDQFH�VRXUFHV��K\EULGL]DWLRQ�RI�VHOHFWHG�SDUHQWV��
VHOHFWLRQ�DQG�HYDOXDWLRQ�RI�K\EULGV�DQG�WHVWLQJ�

,W�LV�IHDUHG�+��IRPHV�PD\�EH�VRRQ�GULYHQ�WR�H[WLQFWLRQ�GXH�WR�WKH�UDSLG�VSUHDG�RI�WKH�GLVHDVH�WKDW�OHDG�
WR� VORZ� IRUHVW�JURZWK�DQG� UHGXFHG�SURGXFWLYLW\�RI� IRUHVW� VLWHV��$OWKRXJK�D�QXPEHU�RI�ZRUNV�RQ�
SDWKRORJLFDO��HFRORJLFDO��VRLOV���HQWRPRORJLFDO�DQG�VLOYLFXOWXUDO�DVSHFWV�WR�DGGUHVV�WKH�SUREOHP�RI�
WRS�G\LQJ�RI�+��IRPHV�KDYH�EHHQ�FRQGXFWHG�EXW�QR�FRQFOXVLYH�UHVXOW�\HW�DFKLHYHG�WLOO�WR�GDWH��7KH�
SXUSRVH� RI� WKLV� UHVHDUFK� LV� WR� GLVFXVV� WUHH� LPSURYHPHQW� PHWKRGV� DV� DQ� HYROYLQJ� WHFKQRORJ\��
FRQVLGHULQJ�WKH�LQFUHDVLQJ�OHYHOV�RI�NQRZOHGJH�RI�WKH�XQGHUO\LQJ�PHFKDQLVPV�DQG�WKH�FRQWURO�RI�WKH�
SURFHVV�RI�JHQHUDWLQJ�DQG�VHOHFWLQJ�VXSHULRU�SODQW�W\SHV��7KHUHIRUH��WKLV�VWXG\�KDV�EHHQ�XQGHUWDNHQ�
WR�GHYHORS�D�WRS�G\LQJ�UHVLVWDQW�+��IRPHV�SRSXODWLRQ�LQ�WKH�6XQGDUEDQ�

0DWHULDOV�DQG�0HWKRGV�
7KH�UHVHDUFK�ZDV�FDUULHG�RXW�LQ�WKH�6XQGDUEDQ��,W�OLHV�EHWZHHQ�WKH�ODWLWXGHV������
1�DQG������
1��
DQG� ORQJLWXGHV������
(�DQG������
(��7KH�0DQJURYH�6LOYLFXOWXUH�'LYLVLRQ�RI�%DQJODGHVK�)RUHVW�
5HVHDUFK�,QVWLWXWH�KDV�EHHQ�VWXG\LQJ�VHOHFWLRQ�RI�WRS�G\LQJ�UHVLVWDQW�VXQGDUL�WUHHV�VLQFH������E\�
HVWDEOLVKLQJ�KHDOWK\�VXQGDUL�VWDQGV��)RXU�ORFDWLRQV�ZHUH�VHOHFWHG�IURP�VHYHUHO\�WRS�G\LQJ�DIIHFWHG�
�!���� WUHHV� DIIHFWHG��� PRGHUDWHO\� DIIHFWHG� �������� WUHHV� DIIHFWHG��� OHVV� DIIHFWHG� ������ WUHHV�
DIIHFWHG��DQG�QRQ�DIIHFWHG��KHDOWK\��VXQGDUL�DUHDV�RI�WKH�6XQGDUEDQ��7HQ�WRS�G\LQJ�IUHH�KHDOWK\�+��
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IRPHV�WUHHV�ZHUH�VHOHFWHG�UDQGRPO\�IURP�HDFK�ORFDWLRQ�DQG�WKXV�D�WRWDO�RI����KHDOWK\�WUHHV�ZHUH�
VHOHFWHG��6HHGV�RI�WKHVH�WUHHV�ZHUH�FROOHFWHG�VHSDUDWHO\�DQG�VHHGOLQJV�ZHUH�UDLVHG��)URP������WR�
������ ������� RXWVWDQGLQJ� VHHGOLQJV� ZHUH� VHOHFWHG� IURP� WKH� PDQJURYH� QXUVHU\�� ([SHULPHQWDO�
SODQWDWLRQV�ZHUH�UDLVHG�ZLWK�VXQGDUL�VHHGOLQJV�IURP�VHOHFWHG����WUHHV��HDFK�WUHH�FRQVLGHUHG�DV�RQH�
SXUH�OLQH��LQ�D�FRPSOHWHO\�UDQGRPL]HG�GHVLJQ�DW����P�[����P�VSDFLQJ�ZLWK�ILYH�UHSOLFDWLRQV�DW�IRXU�
ORFDWLRQV� �RQH� LQ� WRS�G\LQJ� IUHH� DUHD� DQG� WKUHH� LQ� WRS�G\LQJ� DIIHFWHG� DUHDV�� RI� WKH� 6XQGDUEDQV��
3ODQWDWLRQV�ZHUH�LQLWLDOO\�SURWHFWHG�E\�IHQFLQJ�DJDLQVW�EURZVLQJ�XS�WR�WKH�SHULRG�LW�UHDFKHG�EH\RQG�
WKH� EURZVLQJ� KHLJKW�� 7KH� DQDO\VLV� RI� YDULDQFH� �$129$�� ZDV� GRQH� WR� QRWH� ZKHWKHU� WKHUH� DQ\�
GLIIHUHQFH�H[LVWHG�LQ�WKH�WUHDWPHQWV��$OO�WHVWV�ZHUH�DW�WKH������SUREDELOLW\�OHYHO�

5HVXOWV�DQG�'LVFXVVLRQ�
7KH� WUDGLWLRQDO�PHWKRG�RI� WUHH� LPSURYHPHQW� EDVHG�RQ� DQ� HOHPHQWDU\� NQRZOHGJH�RI� WKH� ODZV�RI�
LQKHULWDQFH� KDV� EHHQ� WKH� VHOHFWLRQ� RI� SODQWV�ZLWKLQ� ODQGUDFHV�� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH�
SURJHQLHV�RI�WKH�EHVW�LQGLYLGXDOV�DUH�H[SHFWHG�WR�EH�VXSHULRU�WR�WKH�SURJHQ\�RI�D�UDQGRP�VDPSOH�RI�
WKH�SRSXODWLRQ��7KLV�PHWKRG�ZDV�IRUPDOO\�SURSRVHG�E\�/RXLV�GH�9LOPRULQ�LQ�������DOWKRXJK�WKHUH�
DUH�PHQWLRQV�RI�WKH�XVH�RI�LWV�SULQFLSOHV�E\�VRPH�IDUPHUV�HDUOLHU�LQ�WKH���WK�FHQWXU\��$OODUG���������
$OWKRXJK�D�PRUH�JHQHUDO�W\SH�RI�FURVV�UHVLVWDQFH�VKRXOG�QRW�EH�H[SHFWHG�WR�EH�D�W\SLFDO�IHDWXUH�RI�
PRVW�UHVLVWDQFH�PHFKDQLVPV��3DQGD�DQG�.KXVK��������5LLSL�HW�DO���������LW�PD\�QRZ�EH�LPSRUWDQW�
WR�VHHN�WR�XQGHUVWDQG�WKH�GHJUHH�RI�YDULDWLRQ�SUHVHQW�LQ�FXUUHQWO\�VHOHFWHG�HOLWH�SDUHQW�WUHHV�PDNLQJ�
XS� WKH� VHHG� SURGXFWLRQ� DQG� EUHHGLQJ� SRSXODWLRQV��$� UHGXFWLRQ� LQ� WKH� QXPEHU� RI� JHQRW\SHV� WKDW�
UHVHDUFKHUV� VKRXOG� DQG� FDQ� DIIRUG� WR� ZRUN� ZLWK� QHHGV� WR� EH� WHPSHUHG� ZLWK� WKH� GLIILFXOW\� RI�
DFFRPPRGDWLQJ�PRUH�WUDLWV��9HUU\Q���������SDUWLFXODUO\�LI�QHJDWLYH�JHQHWLF�FRUUHODWLRQV�DUH�SUHVHQW�
EHWZHHQ�WUDLWV�RI�LQWHUHVW��0RUHRYHU��UHVLVWDQFH�GRHV�QRW�DOZD\V�LQFXU�D�SK\VLRORJLFDO�FRVW��.LQJ�HW�
DO��������� VR�PHFKDQLVPV�RI� UHVLVWDQFH� WKDW�DUH�SRVLWLYHO\�FRUUHODWHG�ZLWK�JURZWK�ZRXOG�DOVR�EH�
GHVLUDEOH�RQHV�WR�SXUVXH�
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)LJXUH����*HUPLQDWLRQ�DQG�PHDQ�KHLJKW�RI�RIIVSULQJ�RI�+HULWLHUD�IRPHV�VHOHFWHG�IURP�WRS�G\LQJ
����������������DIIHFWHG�DQG�QRQ�DIIHFWHG�DUHDV�RI�WKH�6XQGDUEDQ



7KH�0HDQ�KHLJKW��FP��RI���PRQWKV�ROG�RIIVSULQJ�VHOHFWHG�IURP�IRXU�WRS�G\LQJ�VHYHULW\�FDWHJRULHV�
VXFK�DV�KHDOWK\�DUHD��OHVV�DIIHFWHG�DUHD��PRGHUDWHO\�DIIHFWHG�DUHD�DQG�VHYHUHO\�WRS�G\LQJ�DIIHFWHG�
DUHD�ZHUH���������������������������������DQG�����������DV�ZHOO�DV�PHDQ�JHUPLQDWLRQ�SHUFHQWDJH�
ZHUH������������DQG����UHVSHFWLYHO\�VKRZQ�LQ�)LJXUH���	�)LJXUH��������������
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)LJXUH �� )LHOG HYDOXDWLRQ RI VL[ \HDUV ROG RIIVSULQJ RI +HULWLHUD IRPHV WUHHV VHOHFWHG IURP
QDWXUDO FRQGLWLRQV RI WRS G\LQJ IUHH �KHDOWK\� DUHDV RI WKH VXQGDUED

)LJXUH �� )LHOG HYDOXDWLRQ RI VL[ \HDUV ROG RIIVSULQJ RI +HULWLHUD IRPHV WUHHV VHOHFWHG IURP
QDWXUDO FRQGLWLRQV RI OHVV WRS G\LQJ DIIHFWHG�DUHDV RI WKH VXQGDUEDQ
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)LJXUH �� )LHOG HYDOXDWLRQ RI VL[ \HDUV ROG RIIVSULQJ RI +HULWLHUD IRPHV WUHHV VHOHFWHG IURP
QDWXUDO FRQGLWLRQV RI PRGHUDWHO\ WRS G\LQJ DIIHFWHG DUHDV RI WKH VXQGDUEDQ

)LJXUH �� )LHOG HYDOXDWLRQ RI VL[ \HDUV ROG RIIVSULQJ RI +HULWLHUD IRPHV WUHHV VHOHFWHG IURP
QDWXUDO FRQGLWLRQV RI VHYHUHO\ WRS G\LQJ DIIHFWHG DUHDV RI WKH VXQGDUEDQ



7DEOH����*URZWK�SHUIRUPDQFH�RI�VL[�\HDUV�ROG�RIIVSULQJ�RI�+HULWLHUD�IRPHV�WUHHV�VHOHFWHG�IURP�WRS�
G\LQJ�DIIHFWHG�DQG�QRQ�DIIHFWHG�DUHDV�RI�WKH�6XQGDUEDQ

7KH�0HDQ�WRWDO�KHLJKW��P��RI�+HULWLHUD�IRPHV�DW�VL[�\HDUV�ROG�RIIVSULQJ�VHOHFWHG�IURP�IRXU�WRS�G\LQJ�
VHYHULW\�FDWHJRULHV�RI� WRS�G\LQJ�IUHH��KHDOWK\��DUHD�� OHVV� WRS�G\LQJ�DIIHFWHG�DUHD��PRGHUDWHO\�WRS�
G\LQJ�DIIHFWHG�DUHD�DQG�VHYHUHO\�WRS�G\LQJ�DIIHFWHG�DUHD�ZHUH���������������������������������DQG�
����������DV�ZHOO�DV�PHDQ�VXUYLYDO�SHUFHQWDJH�ZHUH������������DQG����UHVSHFWLYHO\�VKRZQ�LQ�7DEOH�
���7KH�KLJKHVW�PHDQ�WRWDO�KHLJKW��P��UHFRUGHG�DV�����������RI�WKH�H[SHULPHQWDO�SODQWDWLRQV��UDLVHG�
IURP�VHOHFWHG�PRWKHU�WUHHV�RI�WKH�VHYHUHO\�WRS�G\LQJ�DIIHFWHG�DUHD�RI�6XQGDUEDQ��+HUH��)�������� �
�����

�ZLWK���G�I���WKHUH�LV�KLJKO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�PHDQ�WRWDO�KHLJKW��P��RI�WKH�VXQGDUL�
WUHHV� DPRQJ� ILYH� \HDUV� ROG� RIIVSULQJ� RI� +�� IRPHV� WUHHV� VHOHFWHG� IURP� WRS� G\LQJ� DIIHFWHG� DQG�
QRQ�DIIHFWHG�DUHDV�RI�WKH�6XQGDUEDQ��([SHULPHQWDO�SODQWDWLRQV�ZHUH�UDLVHG�ZLWK�VXQGDUL�VHHGOLQJV�
IURP�VHOHFWHG����WUHHV��RIIVSULQJ�RI�HDFK�WUHH�FRQVLGHUHG�DV�D�OLQH���)LHOG�HYDOXDWLRQ�RI�VL[�\HDUV�ROG�
RIIVSULQJ� RI� +�� IRPHV� WUHHV� VHOHFWHG� IURP� QDWXUDO� VWUHVV� FRQGLWLRQV� RI� WRS� G\LQJ� DIIHFWHG� DQG�
QRQ�DIIHFWHG��KHDOWK\��DUHDV�RI�WKH�6XQGDUEDQ�DUH�VKRZQ�LQ�ILJXUH���������	����5DKPDQ�0�0��������
OHDUQHG�WKDW�FHUWDLQ�JHQRW\SHV�RI�+��IRPHV�DUH�PRUH�DGDSWHG�WR�WKHLU�HQYLURQPHQW�WKDQ�RWKHUV�DV�
HYLGHQFHG�E\� WKHLU�DELOLW\� WR�VXUYLYH�DQG� UHSURGXFH� LQ� WKDW�HQYLURQPHQW��+H�DOVR�VXJJHVWHG� WKDW�
VHOHFWLRQ�DQG� LPSURYHPHQW�RI� WRS�G\LQJ� UHVLVWDQW�+�� IRPHV�FDQ� WKHUHIRUH�EH� DWWHPSWHG� IURP� LWV�
QDWXUDO�SRSXODWLRQ�LQ�WKH�6XQGDUEDQ���

1DWXUDO�VHOHFWLRQ�LV�WKH�SURFHVV�RI�QDWXUDOO\�µVFUHHQLQJ¶�FKDUDFWHULVWLFV�ZLWKLQ�LQGLYLGXDOV�ZLWKLQ�D�
VSHFLHV�IRU�RU�DJDLQVW�D�FHUWDLQ�RXWFRPH��1DWXUDO�VHOHFWLRQ�FDQ�DIIHFW�PRUSKRORJLFDO��SK\VLRORJLFDO��
ELRFKHPLFDO�DQG�DQDWRPLFDO�FKDUDFWHUV��KRZHYHU�QDWXUDO�VHOHFWLRQ�FDQ�RQO\�DFW�RQ�WUDLWV�ZKLFK�FDQ�
EH� JHQHWLFDOO\� LQKHULWHG� DQG� ZKLFK� DUH� H[SUHVVHG�� ,Q� VXPPDU\�� QDWXUDO� VHOHFWLRQ� DFWV� RQ� WKH�
SKHQRW\SH�RI�DQ�RUJDQLVP��7KH�WKHRU\�VWDWHV�WKDW�LI�DQ�RUJDQLVP�KDV�D�WUDLW�WKDW�LV�RI�EHQHILW��WKHQ�LW�
ZLOO�KDYH�D�JUHDWHU�FKDQFH�RI�UHSURGXFLQJ�DQG�SDVVLQJ�RQ�WKDW�JHQH��+RZHYHU�LI�DQ�RUJDQLVP�KDV�D�
JHQH�ZKLFK�LV�FDXVLQJ�LW�GLVDGYDQWDJH��WKHQ�WKH�RUJDQLVP�ZLOO�GLH�DQG�QRW�SDVV�RQ�WKDW�JHQH�
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,QGLFDWRUV 7RS G\LQJ IUHH
�KHDOWK\� DUHD

/HVV WRS G\LQJ
DIIHFWHG DUHD

0RGHUDWHO\ WRS
G\LQJ DIIHFWHG

DUHD

6HYHUHO\ WRS
G\LQJ DIIHFWHG

DUHD

0HDQ WRWDO
KHLJKW
�P�6(�

���� � ���� ���� � ���� ���� � ���� ���� � ����

6XUYLYDO � �� �� �� ��

6' ���� ���� ���� ����

)��� ��� �����
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1DWXUDO�VHOHFWLRQ�GRHV�QRW�KDYH�WR�EH�JUDGXDO�±�LQ�IDFW�LI�WKHUH�DUH�VXGGHQ�DQG�PDMRU�HQYLURQPHQWDO�
FKDQJHV� WKHQ� HYROXWLRQ� �WKURXJK� QDWXUDO� VHOHFWLRQ�� FDQ� RFFXU� UHODWLYHO\� TXLFNO\�� 6R�� QDWXUDO�
VHOHFWLRQ� LV� D� FRPSOH[�SURFHVV� LQ�ZKLFK� WKH� WRWDO� HQYLURQPHQW� GHWHUPLQHV�ZKLFK�PHPEHUV�RI� D�
VSHFLHV�VXUYLYH�WR�UHSURGXFH�DQG�VR�FDUU\�RQ�WKHLU�JHQHV�WR�WKH�QH[W�JHQHUDWLRQ��1DWXUDO�VHOHFWLRQ�
RFFXUV� ZKHQ� LQGLYLGXDOV� ZLWK� FHUWDLQ� JHQRW\SHV� DUH� PRUH� OLNHO\� WKDQ� LQGLYLGXDOV� ZLWK� RWKHU�
JHQRW\SHV� WR�VXUYLYH�DQG� UHSURGXFH��DQG� WKXV� WR�SDVV�RQ� WKHLU�DOOHOHV� WR� WKH�QH[W�JHQHUDWLRQ��$V�
&KDUOHV�'DUZLQ��������DUJXHG�LQ�2Q�WKH�2ULJLQ�RI�6SHFLHV�� LI� WKH�IROORZLQJ�FRQGLWLRQV�DUH�PHW��
QDWXUDO�VHOHFWLRQ�PXVW�RFFXU��L��7KHUH�LV�YDULDWLRQ�DPRQJ�LQGLYLGXDOV�ZLWKLQ�D�SRSXODWLRQ�LQ�VRPH�
WUDLW��LL��7KLV�YDULDWLRQ�LV�KHULWDEOH��L�H���WKHUH�LV�D�JHQHWLF�EDVLV�WR�WKH�YDULDWLRQ��VXFK�WKDW�RIIVSULQJ�
WHQG�WR�UHVHPEOH�WKHLU�SDUHQWV�LQ�WKLV�WUDLW���LLL��9DULDWLRQ�LQ�WKLV�WUDLW�LV�DVVRFLDWHG�ZLWK�YDULDWLRQ�LQ�
ILWQHVV� �WKH� DYHUDJH� QHW� UHSURGXFWLRQ� RI� LQGLYLGXDOV� ZLWK� D� JLYHQ� JHQRW\SH� UHODWLYH� WR� WKDW� RI�
LQGLYLGXDOV�ZLWK�RWKHU�JHQRW\SHV���,Q�QDWXUDO�SRSXODWLRQV��WKH�PHFKDQLVPV�RI�HYROXWLRQ�GR�QRW�DFW�
LQ� LVRODWLRQ�� 7KLV� LV� FUXFLDOO\� LPSRUWDQW� WR� FRQVHUYDWLRQ� JHQHWLFLVWV�� ZKR� JUDSSOH� ZLWK� WKH�
LPSOLFDWLRQV� RI� WKHVH� HYROXWLRQDU\� SURFHVVHV� DV� WKH\� GHVLJQ� UHVHUYHV� DQG�PRGHO� WKH� SRSXODWLRQ�
G\QDPLFV� RI� WKUHDWHQHG� VSHFLHV� LQ� IUDJPHQWHG� KDELWDWV��1DWXUDO� SRSXODWLRQV� RI� WUHHV� KDYH� ODUJH�
YDULDWLRQV�DPRQJ�VSHFLHV��UDFHV�DQG�LQGLYLGXDOV�DV�UHJDUGV�VWUHVV�WROHUDQFHV�DQG�WKLV�SURYLGHV�YDVW�
SRVVLELOLWLHV�IRU�WKH�VHOHFWLRQ�DQG�EUHHGLQJ�RI�VXSHULRU�W\SHV��6FKUHLQHU��������

)LJXUH����*HUPLQDWHG�VHHGV�RI�+HULWLHUD�IRPHV�LQ�SRO\�EDJV�DW�PDQJURYH�QXUVHU\�LQ�WKH�6XQGDUEDQ�



)LJXUH����1LQH�PRQWKV�ROG�RIIVSULQJ�RI�+HULWLHUD�IRPHV�DW�PDQJURYH�QXUVHU\��UDLVHG�IURP�VHOHFWHG
����������������PRWKHU�WUHHV�RI�QRQ�DIIHFWHG��KHDOWK\��VXQGDUL�DUHDV�RI�WKH�6XQGDUEDQ

)LJXUH����1LQH�PRQWKV�ROG�RIIVSULQJ�RI�+HULWLHUD�IRPHV�DW�PDQJURYH�QXUVHU\��UDLVHG�IURP�VHOHFWHG
����������������PRWKHU�WUHHV�RI�QDWXUDO�VWUHVV�FRQGLWLRQV�RI�WRS�G\LQJ�OHVV�DIIHFWHG�������WUHHV�DIIHFWHG�
���������������DUHDV�RI�WKH�6XQGDUEDQ
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)LJXUH����1LQH�PRQWKV�ROG�RIIVSULQJ�RI�+HULWLHUD�IRPHV�DW�PDQJURYH�QXUVHU\��UDLVHG�IURP�VHOHFWHG
���������������PRWKHU�WUHHV�RI�QDWXUDO�VWUHVV�FRQGLWLRQV�RI�WRS�G\LQJ�PRGHUDWHO\�DIIHFWHG���������WUHHV
���������������DIIHFWHG��DUHDV�RI�WKH�6XQGDUEDQ

)LJXUH�����1LQH�PRQWKV�ROG�RIIVSULQJ�RI�+HULWLHUD�IRPHV�DW�PDQJURYH�QXUVHU\��UDLVHG�IURP�VHOHFWHG
�����������������PRWKHU�WUHHV�RI�QDWXUDO�VWUHVV�FRQGLWLRQV�RI�WRS�G\LQJ�VHYHUHO\�DIIHFWHG��!����WUHHV
����������������DIIHFWHG��DUHDV�RI�WKH�6XQGDUEDQ

�� %DQJODGHVK�-RXUQDO�RI�)RUHVW�6FLHQFH��9RO��������	���������



)LJXUH�����6L[�\HDUV�ROG�H[SHULPHQWDO�SODQWDWLRQV�RI�RIIVSULQJ�RI�+HULWLHUD�IRPHV�UDLVHG�IURP
�����������������VHOHFWHG�PRWKHU�WUHHV�RI�QRQ�DIIHFWHG��KHDOWK\��VXQGDUL�DUHDV�RI�WKH�6XQGDUEDQ

)LJXUH�����6L[�\HDUV�ROG�H[SHULPHQWDO�SODQWDWLRQV�RI�RIIVSULQJ�RI�+HULWLHUD�IRPHV�UDLVHG�IURP
�����������������VHOHFWHG�PRWKHU�WUHHV�RI�QDWXUDO�VWUHVV�FRQGLWLRQV�RI�WRS�G\LQJ�OHVV�DIIHFWHG
�����������������������WUHHV�DIIHFWHG��DUHDV�RI�WKH�6XQGDUEDQ
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)LJXUH�����6L[�\HDUV�ROG�H[SHULPHQWDO�SODQWDWLRQV�RI�RIIVSULQJ�RI�+HULWLHUD�IRPHV�UDLVHG�IURP
������������������VHOHFWHG�PRWKHU�WUHHV�RI�QDWXUDO�VWUHVV�FRQGLWLRQV�RI�WRS�G\LQJ�PRGHUDWHO\�DIIHFWHG
�������������������������WUHHV�DIIHFWHG��DUHDV�RI�WKH�6XQGDUEDQ�

)LJXUH�����6L[�\HDUV�ROG�H[SHULPHQWDO�SODQWDWLRQV�RI�RIIVSULQJ�RI�+HULWLHUD�IRPHV�UDLVHG�IURP
������������������VHOHFWHG�PRWKHU�WUHHV�RI�QDWXUDO�VWUHVV�FRQGLWLRQV�RI�WRS�G\LQJ�VHYHUHO\�DIIHFWHG
������������������!����WUHHV�DIIHFWHG��DUHDV�RI�WKH�6XQGDUEDQ
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)LJXUH������VKRZ�WKH�RIIVSULQJ�RI�+HULWLHUD�IRPHV�DW�PDQJURYH�QXUVHU\�DQG�H[SHULPHQWDO�SODQWDWLRQV��
UDLVHG�IURP�VHOHFWHG�PRWKHU�WUHHV�RI�QDWXUDO�VWUHVV�FRQGLWLRQV�RI�WRS�G\LQJ�DIIHFWHG�DQG�QRQ�DIIHFWHG�
DUHDV�RI�WKH�6XQGDUEDQ�

7KH�JUHDW�SURPLVH�RI�/���/���/���/���/���/���	�/���OLQH�RI�+HULWLHUD�IRPHV�WUHHV�KDV�EHHQ�DFKLHYHG�ZLWK�
H[SHFWHG� VXSHULRU� JHQHWLF� PDWHULDO� RI� XQNQRZQ� RULJLQ�� 7KLV� LV� UHIOHFWHG� LQ� WKH� KLJK� YDULDELOLW\�
REVHUYHG�LQ�JURZWK�DPRQJVW�LQGLYLGXDOV��,W�LV�DQWLFLSDWHG�WKDW�VRPH�RI�WKHVH�IDXOWV�FDQ�EH�LPSURYHG�
TXLWH�TXLFNO\�WKURXJK�WUDGLWLRQDO� WUHH�LPSURYHPHQW�WHFKQLTXHV��,W� LV�UHFRPPHQGHG�WKDW� WKH�JHQHWLF�
LPSURYHPHQW�RI�WKLV�VSHFLHV�LV�D�KLJK�SULRULW\�IRU�SODQWDWLRQ�GHYHORSPHQW��7KH�PRUH�SURPLVLQJ�OLQHV�
DUH� WKHQ� VHOHFWHG� IRU� IXUWKHU� SURSDJDWLRQ�� DQG� WKH\� DUH� IXUWKHU� LPSURYHG� E\� SURPRWLQJ� DV� PXFK�
YDULDWLRQ�DV�SRVVLEOH�WKURXJK�DGYDQFHG�WUHH�LPSURYHPHQW�WHFKQLTXHV��)LQDOO\��VHOHFWLRQ�RI�WKH�SODQWV�
VKRZLQJ�JUHDWHVW�SURPLVH�WDNHV�SODFH��$PRQJ�QHZ�JHQHUDWLRQ�SODQWDWLRQ�FDQGLGDWHV��WKH�LQGLYLGXDOV�
DSSHDU�WR�KDYH�WKH�PRVW�SRWHQWLDO�IRU�SODQWDWLRQ�GHYHORSPHQW�LQ�WKH�6XQGDUEDQ��:KLOH�WKHVH�UHVXOWV�DUH�
VWLOO� UHODWLYHO\� UHFHQW� ����\HDUV��� WKH\�GHPRQVWUDWH�JUHDW�SURPLVH� IRU� WKH�HVWDEOLVKPHQW�RI� VHOHFWHG�
VXQGDUL� WUHHV�� �7KURXJK�JUHDWHU�GHYHORSPHQW�RI� WKH�JHQHWLF�EDVH�RI� WKHVH� LQGLYLGXDOV� DQG� WKURXJK�
ORQJ�WHUP� DQG� ULJRURXV� VFUHHQLQJ� RI� WKH� VDSOLQJV� LQ� WKH� SODQWDWLRQ�� LW� LV� OLNHO\� WKDW� D� QXPEHU� RI�
H[FHSWLRQDO� LQGLYLGXDOV� ZLOO� EH� LGHQWLILHG�� 8VLQJ� DGYDQFHG� SURSDJDWLRQ� WHFKQLTXHV�� WKHVH� FDQ� EH�
FORQHG�DQG�SRWHQWLDOO\�SURYLGH�WKH�JHQHWLF�EDVH�IRU�D�KLJKO\�VXFFHVVIXO�FORQDO�IRUHVWU\�SURJUDP�IRU�
FUHDWLRQ�RI�WRS�G\LQJ�UHVLVWDQW�+��IRPHV�WUHHV��

&RQFOXVLRQ
7RS�G\LQJ�GLVHDVH�RI�+HULWLHUD�IRPHV�KDV�DOUHDG\�EHHQ�DQ�LPSRUWDQW�IDFWRU�UHVWULFWLQJ�WKH�VXVWDLQDEOH�
PDQJURYH� IRUHVW� GHYHORSPHQW� LQ�%DQJODGHVK��'LVHDVH� GHFUHDVHV� WKH� TXDOLW\� RI�ZRRG� DQG� UHGXFHV�
SURGXFWLYLW\� RI� HFRQRPLF� IRUHVW�� OHDGLQJ� WR� VHULRXV� GDPDJHV� DQG� HFRQRPLF� ORVV�� 7KH� FRPPRQ�
FRQFHSWLRQ�RI�HYROXWLRQ�IRFXVHV�RQ�FKDQJH�GXH�WR�QDWXUDO�VHOHFWLRQ��1DWXUDO�VHOHFWLRQ�LV�FHUWDLQO\�DQ�
LPSRUWDQW� PHFKDQLVP� RI� DOOHOH�IUHTXHQF\� FKDQJH�� DQG� LW� LV� WKH� RQO\� PHFKDQLVP� WKDW� JHQHUDWHV�
DGDSWDWLRQ�RI�RUJDQLVPV�WR�WKHLU�HQYLURQPHQWV��%HIRUH�D�VHOHFWLRQ�DQG�EUHHGLQJ�SURJUDP�IRU�+��IRPHV�
WUHHV� FDQ� JR� LQWR� HIIHFW�� D� PXOWLGLVFLSOLQDU\� DSSURDFK� LV� QHHGHG� WKDW� LQYROYHV� JHQHWLFLVWV�� SODQW�
SDWKRORJLVWV�DQG�VLOYLFXOWXULVWV�ZRUNLQJ�FORVHO\�WRJHWKHU�RQ�D�ORQJ�UDQJH�UHVHDUFK�SURMHFW��5HVHDUFK�
VKRXOG�EH�IRFXVHG�RQ�JHQRW\SHV�DQG�JHQRW\SH�SKHQRW\SH�LQWHUDFWLRQV�WKDW�FRXOG�IRUP�WKH�EDVLV�RI�D�
SURJUDP��%HWWHU�DOLJQPHQW�RI�IRUHVW�JHQHWLFV�DQG�IRUHVW�KHDOWK�UHVHDUFK�SURJUDP�ZLOO�KHOS�PLWLJDWH�WKH�
SUHGLFWDEOH�QHJDWLYH�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�IRUHVW�SURGXFWLYLW\�DQG�KHDOWK��)XWXUH�QHHGV�IRU�
PD[LPXP�SURJUHVV� LQ� JHQHWLF� LPSURYHPHQW� RI� GLVHDVH� UHVLVWDQFH� LQ�+�� IRPHV� WUHHV��7KH� UHVHDUFK�
SURMHFW�QHHGV�WR�EH�DGHTXDWHO\�IXQGHG�IRU����WR����\HDUV�RU�PRUH�WR�EULQJ�IRUWK�ODVWLQJ�DQG�XVHIXO�
UHVXOWV�

$FNQRZOHGJHPHQWV
7KLV� UHVHDUFK� ZRUN� LV� GHGLFDWHG� WR� DOO� WKH� PHPEHUV� RI� WKH� 0DQJURYH� 6LOYLFXOWXUH� 'LYLVLRQ��
%DQJODGHVK� )RUHVW� 5HVHDUFK� ,QVWLWXWH� ZKLFK� KDYH� FRPSOHWHG� WKLV� VWXG\� SRVVLEOH�� WKDQNV� WR� WKHLU�
VLQFHULW\�DQG�YDOXDEOH�HIIRUW�RYHU�WKH�VWXG\�SHULRG��3DUWLFXODU�WKDQNV�JR�WR�0U��'LSDN�&KDQGUD�6DUNHU�
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