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� $PRUSKRSKDOOXV�WLWDQXP�LV�D�SODQW�VSHFLHV�HQGHPLF�WR�6XPDWHUD��/DQG�GHJUDGDWLRQ�DQG�LOOHJDO�FDSWXUH�RI �KRUQELOOV��D�
GLVWULEXWRU�RI �$��WLWDQXP�VHHGV��LV�OHDGLQJ�WR�SRWHQWLDO�H[WLQFWLRQ�RI �$��WLWDQXP�LQ�WKH�ZLOG��,Q�RUGHU�WR�FRQVHUYH�WKH�
VSHFLHV�DQG�VDYH�LW�IURP�H[WLQFWLRQ��WKHUH�LV�DQ�XUJHQW�QHHG�WR�GHYHORS�PHWKRGV�WR�SURSDJDWH�LW�ERWK�LQ�VLWX�DQG�H[�VLWX��
7KH�DLP�RI �WKLV�UHVHDUFK�ZDV�WR�GLVFRYHU�HQYLURQPHQWDO�IDFWRUV�WULJJHULQJ�FDOOXV�JURZWK�IURP�SHWLROH�FXWWLQJV�RI �$��
WLWDQXP�LQ�LWV�QDWXUDO�KDELWDW�LQ�6XPDWHUD�DQG�WR�GHWHUPLQH�WKH�YLDELOLW\�RI �FDOOXV�SLHFHV�DV�D�SURSDJDWLRQ�PDWHULDO��$�
FRPSOHWHO\� UDQGRPL]HG�GHVLJQ�ZLWK�D� VLQJOH� IDFWRU�� L�H��� FDOOXV� VL]H��ZDV�HPSOR\HG�RQ� ILYH�FDOOXV� UHSOLFDWHV��(DFK�

�
UHSOLFDWH�FRQVLVWHG�RI �IRXU�FDOOXV�VDPSOHV��7KH�WUHDWPHQWV�FRQVLVWHG�RI �WKUHH�FDOOXV�SLHFH�VL]HV�L�H������[�����FP ����[���

� �
FP ����[���FP ��)RU�HDFK�UHSOLFDWH��WKH�IROORZLQJ�SDUDPHWHUV�RI �JURZWK�ZHUH�DVVHVVHG��WKH�WLPH�RI �DSSHDUDQFH�RI �VKRRWV��
WKH�VKRRW�KHLJKW�ZKHQ�WKH�ILUVW�OHDI �IXOO\�RSHQHG��WKH�SHWLROH�GLDPHWHU��WKH�GLDPHWHU�RI �WKH�OHDI �ODPLQD��DQG�WKH�QXPEHU�
RI �\RXQJ�VKRRWV��7KH�UHVXOWV�RI �RXU� ILHOG�REVHUYDWLRQV�VKRZHG�WKDW�HQYLURQPHQWDO� IDFWRUV�VXFK�DV� WHPSHUDWXUH��
KXPLGLW\��DQG�VRLO�LQIOXHQFH�WKH�IRUPDWLRQ�RI �WKH�FDOOXV�LQ�WKH�ZLOG��7KH�VL]H�RI �WKH�FDOOXV�DIIHFWHG�WKH�VKRRW�DQG�URRW�
JURZWK��7KH�EHVW�UHVXOW�ZDV�REWDLQHG�IURP�FDOOXV���FPñ��ZKLFK�FRXOG�SURGXFH��²��VKRRWV�ZLWK�DQ�DYHUDJH�KHLJKW�RI �
�����FP�DW�WKH�WLPH�RI �ILUVW�IXOO\�RSHQHG�OHDI��7KH�FROOHFWLRQ�RI ��SHWLROH�FDOOXVHV�RI �$��WLWDQXP�WKDW�IRUPHG�LQ�LWV�QDWXUDO�
KDELWDW�DUH�UHFRPPHQGHG�LQVWHDG�RI �FDUU\LQJ�WKH�WXEHU�7KLV�H[�YLWUR�FDOOXVHV�FDQ�EH�XVHG�DV�SURSDJDWLRQ�PDWHULDOV�DQG�
WKHQ�LW�FRXOG�EH�SODQWHG�LQ�WKH�ERWDQLF�JDUGHQV�DV�RQH�RI �H[�VLWX�FRQVHUYDWLRQ�HIIRUW��

� .H\ZRUGV��$PRUSKRSKDOOXV�WLWDQXP��H[�YLWUR�SURSDJDWLRQ��H[�VLWX�FRQVHUYDWLRQ��SHWLROH�FDOOXV��6XPDWHUD
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7KH� JHQXV� $PRUSKRSKDOOXV� EHORQJV� WR� WKH�
$UDFHDH�IDPLO\�ZKLFK�FRPSULVHV�PRUH�WKDQ�����
VSHFLHV�� UDQJLQJ� IURP� WKH� VXEWURSLFDO� HDVWHUQ�
+LPDOD\DV�WKURXJK�VXEWURSLFDO�DQG�WURSLFDO�$VLD�
LQWR�WKH�WURSLFDO�ZHVWHUQ�3DFLILF�DQG�QRUWKHDVWHUQ�
$XVWUDOLD��%R\FH�HW�DO��������<X]DPPL�HW�DO���������
&XUUHQWO\�� ��� VSHFLHV� ������� �� RI � DOO�
$PRUSKRSKDOOXV�VSHFLHV��DUH�IRXQG�LQ�,QGRQHVLD��RI �
ZKLFK� ��� VSHFLHV� ������� �� RI � DOO� ,QGRQHVLDQ�
$PRU SKRSKD O O X V � VSHF L H V � � D U H � HQGHPLF �
�+HWWHUVFKHLG�	�,WWHQEDFK�������<X]DPPL� HW�DO��
������<X]DPPL�HW�DO��������

2QH� RI � WKH� ,QGRQHVLDQ� HQGHPLF� VSHFLHV� RI �
$PRUSKRSKDOOXV $�� WLWDQXP� LV� �� ,W� LV�RQO\� IRXQG� LQ�
6XPDWHUD� WKH KRPH�RI �WKH�ODUJHVW�LQIORUHVFHQFH�LQ�� �
WKH� ZRUOG� 7KLV HQGHPLF� VSHFLHV� LV� GLVWULEXWHG�� �

WKURXJKRXW� DO O � 6XPDWHUDQ� UDLQIRUHVWV � �
8QIRUWXQDWHO\�� WKH� FRQVHUYDWLRQ� VWDWXV� RI � $��
WLWDQXP�DV�D�YXOQHUDEOH�VSHFLHV� LV�H[FOXGHG�IURP�
ERWK�WKH�,QWHUQDWLRQDO�8QLRQ�IRU�&RQVHUYDWLRQ�RI �
1DWXUH� �,8&1�� DQG� :RUOG� &RQVHUYDWLRQ�
0RQLWRULQJ�&HQWUH� �:&0&��GXH� WR� LQDGHTXDWH�
FRPSUHKHQVLYH�SRSXODWLRQ�GDWD�RQ�LW�

7KH� SRSXODWLRQ� RI � $�� WLWDQXP� LQ� WKH� ZLOG�
GHFUHDVHG�VLJQLILFDQWO\�LQ�UHFHQW�WLPHV��7KHUHIRUH��
SRSXODWLRQ� VWXGLHV� RI � � LQ� LWV� QDWXUDO�$�� WLWDQXP
KDELWDW�DUH�XUJHQWO\�QHHGHG��6HYHUDO�IDFWRUV�VXFK�
DV�LOOHJDO�ORJJLQJ��ODQG�GHJUDGDWLRQ��LOOHJDO�FDSWXUH�
RI�KRUQELOOV��D�GLVWULEXWRU�RI � �VHHGV��DQG�$��WLWDQXP
GHVWUXFWLRQ� RI� WKH� SODQW� GXH� WR� EHOLHI� RI � ORFDO�
SHRSOH�EDVHG�RQ�D�P\WK�DUH�OHDGLQJ�WR�SRWHQWLDO�
H[WLQFWLRQ�RI �WKH�VSHFLHV�LQ�WKH�ZLOG��/RFDO�SHRSOH�
LQ� .DSDKLDQJ� 5HJHQF\� EHOLHYH� WKDW� ZLWKLQ� WKH�
SHWLROH�RI �$ ��WKHUH�LV�D�
VDFUHG�VWRQH
�WKDW���WLWDQXP
FDQ�FXUH�PDQ\�NLQGV�RI �GLVHDVHV�DQG�HYHQ�FRXQWHU�
DFW�HIIHFWV�RI �SRLVRQLQJ�ZKLFK�HQFRXUDJHV�WKHP��&RUUHVSRQGLQJ�DXWKRU��\X]DPPL#\DKRR�FR�LG
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WR�KDUYHVW�WKH�SODQW�LQ�WKH�ZLOG��0RUHRYHU��WKHUH�LV�
DQ�DGGLWLRQDO�EHOLHI�E\�ORFDO�SHRSOH�WKDW�WKH�VSHFLHV�
LV�D�SUHGDWRU�RI�KXPDQ�EHLQJV�GXH�WR�WKH�SHWLROH�
SDWWHUQ�RI �$��WLWDQXP�UHVHPEOHV�D�
VQDNH�SDWWHUQ
��
ZKLFK�OHDGV�WKHP�WR�GHVWUR\�WKH�VSHFLHV�ZKHQ�WKH\�
ILQG�LW�JURZLQJ�LQ�WKHLU�ILHOGV�

%DVHG�RQ�VHYHUDO�ILHOGV�REVHUYDWLRQ $��WLWDQXP���
LV�OLNHO\�WR�JR�H[WLQFW�LQ�WKH�ZLOG�XQOHVV�DFWLRQ LV��
WDNHQ�RQ�PDQ\�IURQWV��,QFUHDVLQJ�SXEOLF�DZDUHQHVV�
DQG� SURSHUO\� HGXFDWLQJ� ORFDO� SHRSOH� DERXW� $��
WLWDQXP�ZLOO�SOD\�DQ�LPSRUWDQW�UROH�LQ�FRQVHUYDWLRQ�
HIIRUWV�� $QRWKHU� DSSURDFK� WR� FRQVHUYLQJ� WKH�
VSHFLHV�DQG�VDYLQJ�LW�IURP�H[WLQFWLRQ�LV�WKURXJK�
LPSURYHPHQW� LQ� WHFKQLTXHV� IRU�SURSDJDWLQJ� WKH�
VSHFLHV�

6HYHUDO� SURSDJDWLRQ� WHFKQLTXHV�RI �$�� WLWDQXP�
KDYH�EHHQ�DSSOLHG�VXFK�DV�IURP�VHHGV��WXEHU�DQG�
FXWWLQJ�� 2WKHU� SURSDJDWLRQ� WHFKQLTXH� FRXOG�
LQYROYH�WKH�RI �SHWLROH�FDOOXVHV�ZKLFK�DUH�QDWXUDOO\�
IRUPHG�LQ�WKH�ZLOG 7KLV�SHFXOLDU�SHWLROH�JURZWK���
SKHQRPHQRQ�LV�RQH�RI �WKH�SODQW
V�QDWXUDO�DWWHPSWV�
WR�UHJHQHUDWH��7KH�PDLQ�REMHFWLYHV�RI � WKLV�VWXG\�
ZHUH� WR� LQYHVWLJDWH�ZKHWKHU�HQYLURQPHQW� IDFWRUV�
WKDW�WULJJHU�FDOOXV�JURZWK�LQ�LWV�QDWXUDO�KDELWDW�DQG�
WR� GHWHUPLQH� WKH� YLDELOLW\� RI � FDOOXV� SLHFHV� DIWHU�
JURZLQJ�WKHP�RXW�DV�LQ�H[�VLWX�RU�LQ�ERWDQLF�JDUGHQV�
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)LHOG�6WXG\

� 6HYHUDO�ILHOG�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW�RYHU�
WKH�SDVW�GHFDGH�L�H��� LQ�$SULO�������-DQXDU\������

DQG� 6HSWHPEHU� ������ 7KH� ILHOG� VWXGLHV� ZHUH�
ORFDWHG�LQ�%XNLW�'DXQ�3URWHFWLRQ�)RUHVW�DQG�LQ�
VHOHFWHG�IDUPHUV
�ILHOGV�LQ�7HEDW�0RQRN�9LOODJH��
.DSDKLDQJ� 5HJHQF\�� %HQJNXOX� 3URYLQFH��
,QGRQHVLD��ZKHUH�WKH�PDWHULDO�IRU� �UHVHDUFK�H[�VLWX
ZDV�WDNHQ��7KH�.HSDKLDQJ�5HJHQF\�LV�DERXW����
NP�WR�QRUWKHDVW�IURP�%HQJNXOX�FLW\��)LJ����

([�VLWX�3URSDJDWLRQ

� 7KH�UHVHDUFK�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�WKH�
QXUVHU\� RI � WKH� &HQWUH� IRU� 3ODQW� &RQVHUYDWLRQ��
%RJRU�%RWDQLF�*DUGHQV�²,QGRQHVLDQ�,QVWLWXWH�RI �
6FLHQFHV� �/,3,��� ,QGRQHVLD� IURP� -DQXDU\� WR�
$XJXVW� ������5HVHDUFK�PDWHULDOV�ZHUH�REWDLQHG�
IURP� FDOOXVHV� ZKLFK� HPHUJHG� RQ� WKH� FKRSSHG�
SHWLROH� RI � QDWXUDO� JURZLQJ� $�� WLWDQXP�� $�
FRPSOHWHO\� UDQGRPL]HG� GHVLJQ� ZLWK� D� VLQJOH�
IDFWRU��L�H��FDOOXV�VL]H��ZDV�HPSOR\HG�RQ�ILYH�FDOOXV�
UHSOLFDWHV�� (DFK� UHSOLFDWH� FRQVLVWHG� RI � IRXU�
VDPSOHV��7KH�WUHDWPHQWV�FRQVLVWHG�RI �WKUHH�FDOOXV�
SLHFH�VL]HV�L�H������[�����FP����[���FP����[���FP��
&DOOXVHV�UDLVHG�IURP�D�FKRSSHG�SHWLROH�ZHUH�FXW�
XS�DFFRUGLQJ� WR� WKH�DSSURSULDWH� WUHDWPHQW� VL]H��
+RZHYHU�� WKH� FDOOXVHV� WHQGHG� WR�EH� LUUHJXODU� LQ�
VKDSH� WKHUHIRUH� WKH�FDOOXV�SLHFHV�ZHUH�JHQHUDOO\�
QRW�SHUIHFW�FXEHV��7KH�FDOOXV�SLHFHV�ZHUH�SODQWHG�
RQ� D� PL[HG� JURZLQJ� PHGLXP� RI� ���� PL[� RI �
FKRSSHG�IHUQ�URRW�ZLWK�FKDUFRDOHG�ULFH�KXVNV�
� 7KH�IROORZLQJ�SDUDPHWHUV�ZHUH�DVVHVVHG���WLPH�
WR�DSSHDUDQFH�RI �VKRRWV��VKRRW�KHLJKW�ZKHQ�WKH�
ILUVW�OHDI �IXOO\�RSHQHG��GLDPHWHU�RI �WKH�HPHUJHQW�
SHWLROH��GLDPHWHU�RI �WKH�ODPLQD��DQG�QXPEHU�RI �
\RXQJ� VKRRWV��$OO� WKH� GDWD�ZHUH� DQDOL]HG� XVLQJ�

��

3HFXOLDU�SHWLROH�FDOOXVHV�JURZWK�RI �$PRUSKRSKDOOXV�WLWDQXP��%HFF���%HFF��H[�$UFDQJ

)LJXUH��� /HIW�²�,QGRQHVLDQ�PDS��DERYH��DQG�6XPDWHUD�,VODQG��%HQJNXOX�3URYLQFH��LQ�UHG�ER[��EHORZ���5LJKW�²�WKH�ORFDWLRQ�
RI �ILHOGZRUNV�LQ�.DSDKLDQJ�5HJHQF\��7HEDW�0RQRN�9LOODJH�DQG�VHOHFWHG�IDUPHUV
ILHOGV



� +LGD\DW�DQG�<X]DPPL��������UHSRUWHG WKDW�WKH��
GLVWULEXWLRQ� SDWWHUQ� IRU $ � WLWDQXP� WHQGV� WR� EH�� �
FOXVWHUHG�� ZKLFK� PD\ LQFUHDVH� WKH� ULVN� IURP��
WKUHDWV LQ�WKH�ZLOG� 0RUHRYHU��XQUHJXODWHG WUDGLQJ�� � �
E\�XQGHUSDLG�ORFDOV�ZKR�FROOHFW ODUJH�DPRXQWV�RI ��
WKH�VSHFLHV�IURP�WKH�ZLOG�IRU�WUDQVSRUW WR�-DSDQ��
DQG� .RUHD� �+HWWHUVFKHLG� 	� ,WWHQEDFK� ������
PD\�OHDG�WR�H[WLQFWLRQ�LQ�WKH�IXWXUH��,Q�DGGLWLRQ��
ODQG� GHJUDGDWLRQ�� GLVDSSHDUDQFH� RI � WKH� JLDQW�
+RUQELOO� %LUGV DV� VHHG� GLVWULEXWRUV� DQG WKH�� �
SUHYDOHQFH� RI � GHVWUXFWLYH� P\WKV DUH� DOO��
FRQWULEXWLQJ WR�WKH�VSHFLHV�EHFRPLQJ�YXOQHUDEOH��
� 1HYHUWKHOHVV��$ �WLWDQXP�KDV�LWV�RZQ�DELOLW\�WR��
UHJHQHUDWH� IURP� LWV SHWLROHV� LQ� WKH� ZLOG�� 7KLV��
SHFXOLDU� JURZWK� IURP� WKH�SHWLROH� RI �$� WLWDQXP� �
RFFXUV ZKHQ�LW�LV�FKRSSHG�DQG�OHIW�QDWXUDOO\ �)LJ�� � �
� � � �F�� G�� H�� 8VXDOO\��WKH�FKRSSHG�SHWLROH�LV�EHVW�OHIW�
LQ� D� VWDQGLQJ�SRVLWLRQ� IRU FDOOXVHV WR� IRUP�� WKH�� �
SHWLROH EHLQJ�DWWDFKHG WR WKH�JURXQG�GLUHFWO\��,W�� � �
VKRXOG QRW�EH�IDU�IURP�D ULYHU�IRU�WKLV�WR�RFFXU��,I �� �
FKRSSHG� DQG� OHIW� LQ� D� SURVWUDWH� SRVLWLRQ� WKH��
SHWLROHV� GLG� QRW� IRUP� FDOOXVHV� GXULQJ� RXU�
REVHUYDWLRQV�LQ�WKH�ILHOG� ,W�LV�DVVXPHG�WKDW�DIWHU��
FXWWLQJ�RI � WKH�SHWLROH�� WKH� WHPSHUDWXUH� DQG� WKH�
HQYLURQPHQW� KXPLGLW\ PXVW� EH� ULJKW � WKH�� � IRU�
SHWLROH� �QRW�WR�GHFD\�� �:DWHU�DQG�QXWULHQWV�PXVW�
FRQWLQXH�WR�IORZ�WR�WKH� OHDYHV� LQ�RUGHU�WKDW�WKH�
OHDYHV� FDQ VWLOO� FDUU\� RXW� SKRWRV\QWKHVLV�� �
$FFRUGLQJ� WR� 0U�� +ROLGLQ� �SHUV�� FRP���� RQH�
FRQVHUYDWLRQ�PLQGHG�ORFDO�FRPPXQLW\�PHPEHU��
LW�WDNHV�PRUH�WKDQ�VL[ PRQWKV�WR�GHYHORS�D�QHZ��
LQGLYLGXDO�SODQW�IURP�D�SLHFH�RI �FKRSSHG�SHWLROH�
LQ�WKH�IRUHVW��)LJ��� I J��� ���
� KH�+HMQRZLF]�DQG�%DUWKORWW��������VWDWHG�WKDW�W
SHWLROH�RI �$ WLWDQXP LV�FRPSRVHG�RI ��� � D�VLQJOH�OD\HU�
RI � HSLGHUPLV�� D� WKLQ� SDUHQFK\PDWRXV� FRUWH[�� D�
WKLFN� OD\HU�RI �FROOHQFK\PD�VWUDQG�HPEHGGHG� LQ�
FRPSDFW�SKDUHQFK\PD�DQG�D�FRUH�RI �DHUHQFK\PD�
�)LJ������7KLV�SHWLROH� � ��SURGXFHV H[XGDWHV�ZKHQ�FXW
LQLWLDOO\�DSSHDUV�LQ�HSLGHUPLV�OD\HU � � �DQG���)LJ�� D�� E�
FRYHUHG�WKH�GDPDJH�]RQH��,W�LV�SUHVXPHG�WKDW�WKLV�
H[XG H�VWLPXODWHV�WKH�IRUPDWLRQ�RI �FDOOXV�LQ�WKH�DW
GDPDJH� ]RQH�� 0RUHRYHU�� ,NHXFKL� HW� DO�� �������
PHQWLRQHG�WKDW�WKH�FDOOXV�IRUP�LV�DVVRFLDWHG�ZLWK�
ZRXQGLQJ��7KLV� FDOOXV� FDQ�EH�SURGXFHG� IURP�D�
VLQJOH� GLIIHUHQWLDWHG� FHOO�� PDQ\� FHOOV� DUH�
WRWLSRWHQW��DQG�WKRVH�DUH�DEOH�WR�UHJHQHUDWH�
� 3ODQW�GHYHORSPHQW�LV�XVXDOO\�LQGXFHG�E\�PDQ\�
NLQGV�RI �KRUPRQH�JURZWK��QRWDEO\�F\WRNLQLQ�DQG�
DX[LQ��0RVWO\� F\WRNLQLQ� LV� SURGXFHG�ZLWKLQ� WKH�
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PDJQLILFDWLRQ�
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*URZWK�RI �"��UJUBOVN�LQ�1DWXUDO�+DELWDW��JO�
TJUV�

� %DVHG� RQ� RXU� ILHOG� VWXG\� LQ� 6XPDWHUD�� $��
WLWDQXP� LV� RIWHQ� IRXQG� LQ� FRIIHH� DQG� FRFRD�
SODQWDWLRQV�� VRPHWLPHV� JURZLQJ� LQ� H[WUHPH�
KDELWDWV� VXFK� DV� RQ� OLPHVWRQH� RXWFURSV� DQG� LQ�
SODFHV�RI �KHDY\�VRLO�HURVLRQ��0RVW�VSHFLPHQV�RI �
WKH�VSHFLHV�DUH�IRXQG�JURZLQJ�RQ�VWHHS�DUHDV�ZLWK�
VORSH� JUDGLHQW� UDQJLQJ� IURP� ���� WR� ���� DQG�
PRVWO\�FORVH�WR�IORZLQJ�ZDWHU�VXFK�DV�VWUHDPV�RU�
ULYHUV��7KH�VLWHV�ZKHUH�$��WLWDQXP�XVXDOO\�WKULYHV�
KDYH� D� WHPSHUDWXUH� RI � ��Ü²��Ü&�� DWPRVSKHULF�
KXPLGLW\�RI �����²�����DQG� � VRLO�PRLVWXUH�RI �
����²�����ZKLFK�LV�UHODWLYHO\�KLJK�DQG�DSSHDUV�
WR� EH� RSWLPDO� IRU� WKH� JURZWK� RI � WKH� VSHFLHV��
7KH� VRLO� W\SH� LV� D� GXOO� \HOORZLVK�EURZQ� WR� GDUN�
EURZQ� IRUHVW� VRLO�� EDVHG� RQ� FRORU� FKDUWV�
�2\DPD� 	� 7DNHKDUD� ������ DQG� WKH� VRLO� S+� LV�
���²����� ,Q� DGGLWLRQ�� +HWWHUVFKHLG� DQG�
,WWHQEDFK��������KDYH�PHQWLRQHG�WKDW�WKH�VSHFLHV�
LV� DOVR� IRXQG� LQ� VHPL�RSHQ� VSDFHV� LQ� \RXQJ�
VHFRQGDU\� IRUHVW� IURP� �²����� P� DOWLWXGH��
7KH� VSHFLHV� KDV� KLJK� WROHUDQFH� RI�� DQG� TXLFNO\�
DGDSWV� WR� � VXU URXQGLQJ� HQYLURQPHQWV� �
+RZHYHU�� WKH� VSHFLHV� SUHIHUV� WR� KDYH� JRRG� VRLO�
GUDLQDJH�DQG�EDODQFH�RI �VRLO�QXWULHQWV�IRU�EHWWHU�
JURZWK�
� $ � WLWDQXP7KH� SUHVHQFH� RI � � � LQ� LWV� QDWXUDO�

GHWHUPLQHGKDELWDW� LV� QRW� RQO\� � E\� FOLPDWH� DQG�
E\�VRLO�QXWULHQWV�EXW�DOVR� WKH�LQWHJULW\�RI �DOO�DVSHFWV�

RI �� WKH� ELRWLF� FRPSRQHQWV� RI � WKH� KDELWDW��
LQFOXGLQJ� KXPDQ�WKH� VXSSRUW� RI � WKH� ORFDO�
FRPPXQLW\� DQG� JRYHUQPHQW� UHJXODWLRQ�� ,Q�RI �
DGGLWLRQ��LQWHUQDWLRQDO� �DUH�FRQVHUYDWLRQ�DJHQFLHV
H[SHFWHG� WR� VXSSRUW� WKH� � RI � WKH�SUHVHUYDWLRQ
VSHFLHV�LQ�WKH�ZLOG�

%,27523,$�9RO�����1R���������
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URRWV�QDWXUDOO\��7DL]�	�=HLJHU��������6RPHWLPHV�
WKH� SODQW� FDQ� DOVR� SURGXFH� ERWK� DX[LQ� DQG�
F\WRNLQLQ� LQ� WKH� OHDYHV� DV� ZHOO� LQ� WKH� URRWV�
�6ULYDVWDYD��������7KHUHIRUH��ZKHQ�WKH�SHWLROH�LV�
FXW�� WKH� WUDQVSRUWDWLRQ� RI � F\WRNLQLQ� IURP� WKH�
URRWV�WR�WKH�VKRRWV�LV�VXGGHQWO\�VWRSSHG�EXW�WKH�

DX[LQ�DQG�F\WRNLQLQ�DUH� VWLOO�GHOLYHUHG� IURP� WKH�
OHDYHV�WR�WKH�GDPDJH�]RQH�RI �WKH�SHWLROH��SRODUO\��
6XEVHTXHQWO\�� WKH� UDWLR� RI � DX[LQ� DQG� F\WRNLQLQ�
PD\�FKDQJH� LQ�WKH�GDPDJHG�DUHD�RI �WKH�SHWLROH�
DQG�QHHGV�WR�EH�DSSURSULDWH�IRU�WKH�IRUPDWLRQ�RI �
FDOOXV��7KH�FDOOXV�WKHQ�LV�VWLPXODWHG�WR�JURZ�XQWLO�
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)LJXUH� � 3HWLROH�FURVV�VHFWLRQ��D���([XGDWH�IURP�WKH�SHWLROH��E���$�SDUW�RI �D�SHWLROH�IRUPLQJ�FDOOXV�QDWXUDOO\��F���&DOOXV��
DSSHDUV�ZLWK�URRWV��G���3DUW�RI �D�UDFKLV�IRUPLQJ�D�FDOOXV��H���6HHGOLQJ�JURZWK�IURP�D�SLHFH�RI �SODQWHG�SHWLROH�LQ�
WKH�IRUHVW��I���$�FKRSSHG�VHFWLRQ�RI �SHWLROH�SODQWHG�LQ�WKH�IRUHVW�E\�D�FRQVHUYDWLRQ�PLQGHG�ORFDO�FRPPXQLW\�
PHPEHU �J��



FRYHULQJ� WKH� HQWLUH� GDPDJH� SHWLROH� VXUIDFH�
LUUHJXODUO\�� 7KH� DSSHDUDQFH� RI � WKH� FDOOXV� LV�
SUREDEO\� LQLWLDWHG� IURP� WKH� HSLGHUPLV� RI � WKH�
GDPDJH�SHWLROH�]RQH��)LJ�����
� 7KH�UDWLR�RI �DX[LQ�WR�F\WRNLQLQ�ZLOO�LQIOXHQFH�
FDOOXV� DQG� URRW� IRUPDWLRQ�� 5RRW� WLS� HORQJDWLRQ�
UHTXLUHV�D�KLJK�UDWLR�RI �DX[LQ�WR�F\WRNLQLQ�ZKLOH�D�
VRPHZKDW� ORZHU�UDWLR�RI �DX[LQ�WR�F\WRNLQLQ�ZLOO�
LQGXFH�FDOOXV�IRUPDWLRQ��*DED������� 7KH�FDOOXV� �
GHYHORSV D� FOXPS� DQG� WKHQ� WXUQV� WR� SURGXFLQJ��
VPDOO� WXEHUV��$W WKLV� VWDJH�� WKH� VPDOO� WXEHUV� VWLOO��
DGKHUH�WR�HDFK�RWKHU ���DQG�VRPH�DUH�SURGXFHG�URRWV
$ WXEHU�VWDUWV�WR�HQODUJH�DQG�\RXQJ�VKRRWV�HPHUJH��
EHIRUH�VHSDUDWLQJ HYHQWXDOO\��,Q�WKH�MXYHQLOH�VWDJH���
RQH�WXEHU�FDQ JHQHUDWH�WZR�RU�WKUHH�\RXQJ�VKRRWV��

3URGXFWLRQ� RXWVLGH�WKH�1DWXUDO�RI �"��UJUBOVN�

+DELWDW��FY�TJUV�

� 7KH�VWXG\�H[SORUHG�LPSURYLQJ�D�SURSDJDWLRQ�
WHFKQLTXH� IRU� WR� KHOS� DGGUHVV� LWV�$�� WLWDQXP�
H[WLQFWLRQ�SUREOHP� � ��3 �LQ�LWV QDWXUDO�KDELWDW HWLROH
FDOOXVHV� $��WLWDQXP WR�WKH�%RJRU�RI � �ZHUH�EURXJKW�
%RWDQLF� *DUGHQV� � WR� H[DPLQH� WKHLU� H[� VLWX�
SURSDJDWLRQ�SRWHQWLDO ���)LJ���E�
� $�� WLWDQXP7KH� SHWLROH� RI � � UHVHPEOHV� D� WUHH�
WUXQN�DQG�LWV ��DQDWRP\�LV�W\SLFDO�RI �PRQRFRW�VWHPV
� ��)LJ�� �D � ,Q� DSSURSULDWH� FRQGLWLRQ�� FKRSSHG�
SHWLROH�RI � �GHYHORSHG�H[�YLWUR�FDOOXVHV�$��WLWDQXP
QDWXUDOO\�� ZKLFK� FDQ� EH� XVHG� DV� SURSDJDWLRQ�
PDWHULDO��7KLV�LV�VXSSRUWHG�E\�WRWLSRWHQF\�WKHRU\�
WKDW�RQH�FHOO�FDQ�JURZ�DQG�GHYHORS�WR�EH�D�QHZ

��
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)LJXUH��� &URVV�VHFWLRQ�RI �SHWLROH�IURP�WKH�VHHGOLQJ�RI �$PRUSKRSKDOOXV�WLWDQXP�����;��XVLQJ�OLJKW�PLFURVFRSH��WKH�HPHUJHQFH�
RI �WKH�FDOOXV�LV�SUREDEO\�LQLWLDWHG�IURP�WKH�HSLGHUPLV�RI �WKH�GDPDJH�SHWLROH�]RQH

)LJXUH��� 7KH� �SHWLROH�RI �$��WLWDQXP�UHVHPEOLQJ�D�WUHH�WUXQN�LQ�LWV�QDWXUDO�KDELWDW��D���FURVV�VHFWLRQ�RI �D�SDUW�RI �D�SHWLROH�
IRUPLQJ�FDOOXVHV�LQLWLDWHG�IURP�WKH�HSLGHUPLV��E�
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SODQW� �*DKDQ� ������� 7KHVH� FDOOXVHV� WKHQ� ZLOO�
HPHUJH� D� QHZ� SODQW�LQWR� LQ� DSSURSULDWH�
HQYLURQPHQW��7KH�DSSHDUDQFH�RI �\RXQJ�VKRRW�DQG�
URRWV GHSHQG�RQ�WKH�UDWLR�RI �DX[LQ�DQG�F\WRNLQLQ��
KRUPRQHV��7KH�LQGXFHPHQW�RI �VKRRW�JURZWK�DV�D�
UHVXOW�RI �F\WRNLQLQ�FRQWHQW� KLJKHU�WKDQ�DX[LQ�LV� �
0HDQZKLOH� WKH�HPHUJH �RI �URRWV�LV�FDXVHG�WKH�� QFH
DX[LQ� FRQWHQW� LV� KLJKHU� WKDQ� F\WRNLQLQZKLFK� �
�*DED�������
� 'XULQJ�WKH��SURSDJDWLRQ�H[SHULPHQW��DOO�SHWLROH�
FDOOXVHV� ZHUH� DEOH� WR� SURGXFH� \RXQJ� VKRRWV��
KRZHYHU� WKH� FDOOXV� VL]H� VLJQLILFDQWO\� DIIHFWHG� DOO�
PHDVXUHG� SDUDPHWHUV� �7DEOH� ���� &\WRNLQLQ� LV�
NQRZQ�WR�EH�LQYROYHG�LQ�VKRRW�LQLWLDWLRQ��'DYLHV�
������6ULYDVWDYD�������DQG�RXU�GDWD�VKRZHG�WKDW�
WKH� LQGXFWLRQ� RI � VKRRW� JURZWK� PD\� EH�
SURSRUWLRQDO�WR�WKH�F\WRNLQLQ�FRQWHQW�RI �D�FDOOXV�
SLHFH��,Q�FDOOXVHV�RI �����FPñ�VL]H��WKH�ILUVW�\RXQJ�
VKRRW� HPHUJHG� ����� �� ���� GD\V� DIWHU� SODQWLQJ��
ZKLOH� IRU� FDOOXVHV� RI � VL]H� �� FPñ� DQG� �� FPñ��
HPHUJHQFH�DSSHDUHG����������DQG����������GD\V�
DIWHU� SODQWLQJ�� UHVSHFWLYHO\�� )XUWKHUPRUH�� WKH�
QXPEHU� RI � VKRRWV� WKDW� HPHUJHG� ZDV� DOVR�
LQIOXHQFHG�E\�FDOOXV�VL]H��7KH�FDOOXV�����[�����FPñ�

VL]H�RQO\�SURGXFHG�RQH�VKRRW�ZLWK�D�SODQW�KHLJKW�
RI� ���� �� ���� FP� �DW� WKH� WLPH� RI � WKH� ILUVW� IXOO\�
RSHQHG�OHDI���2Q�WKH�RWKHU�KDQG��WKH�FDOOXVHV���[���
FPñ�DQG���[���FPñ�LQ�VL]H�JHQHUDWHG�RQH��WZR�RU�
WKUHH�VKRRWV��DQG�SODQW�KHLJKW�DW�WKH�WLPH�RI �WKH�
ILUVW�IXOO\�RSHQHG�OHDI �ZDV������������FP�DQG������
������FP��UHVSHFWLYHO\��7DEOH����
� 7KLV� ILQGLQJ� VXJJHVWV� WKDW� ELJJHU� FDOOXVHV�
UHWDLQ� JUHDWHU� DPRXQW� RI � VWRUHG� HQHUJ\� WKDW� LV�
UHTXLUHG� IRU� VKRRW� DQG� URRW� IRUPDWLRQ�� /RZHU�
HQHUJ\�DYDLODEOH�IRU�VKRRW�IRUPDWLRQ�ZLOO�SURGXFH�
D� VPDOOHU� SODQW�� 6PDOOHU� FDOOXVHV� DUH� WKHUHIRUH�
H[SHFWHG�WR�WDNH�D�ORQJHU�WLPH�WR�UHDFK�WKH�VDPH�
VL]H�LQ�WKH�\RXQJ�VKRRW�FRPSDUHG�WR�FDOOXVHV���[���
FPñ�LQ�VL]H��6LQFH�WKH�\RXQJ�VKRRW�ZKLFK�HPHUJHG�
IURP�WKH�FDOOXV�KDG�VHYHUDO�URRWV��WKH�QHZ�SODQW�
ZDV� � VHSDUDWHG� TXLFNO\� IURP� WKH� FDOOXV�� 7KH�
SXUSRVH� RI� VHSDUDWLQJ� WKH� QHZ� VKRRW� IURP� WKH�
FDOOXV�ZDV� WR� VWLPXODWH� WKH� IRUPDWLRQ� RI �PRUH�
QHZ� VKRRWV� LQ� WKH� FDOOXV� �)LJ�� ����$FFRUGLQJ� WR�
*DKDQ�DQG�*HRUJH���������ZKHQ�D�VKRRW�HPHUJHV�
WKHQ�LW�LV�OLNHO\�WKDW�DX[LQ�SURGXFWLRQ�ZLOO�LQKLELW�
IXUWKHU�VKRRW�IRUPDWLRQ��7KLV�PHDQV�WKDW�DOO�WKH�
VWRUHG�HQHUJ\�RI �WKH�FDOOXV�ZLOO�EH�XVHG�MXVW�IRU�

7DEOH��� 7KH�HIIHFW�RI �$��WLWDQXP�FDOOXV�VL]H�RQ�VKRRW�HPHUJHQFH��VKRRW�KHLJKW��OHDI �GLDPHWHU��SHWLROH�GLDPHWHU�DQG�QXPEHU�RI �
VKRRWV

&DOOXV�VL]H�
�FPñ��

6KRRW�
HPHUJHQFH�
�GD\V��

6KRRW�KHLJKW�
�FP��

/HDI �'LDPHWHU�
�FP��

3HWLROH�
GLDPHWHU��PP��

1XPEHU�RI �
VKRRWV�

����[����� �����������E� ����������F� ����������F� ������������F� ����������E�

��[��� �����������D� �����������E� �����������E� ������������E� ����������E�

��[��� �����������D� �����������D� �����������D� ������������D� ����������D�

1RWH�� 7KH�VKRRW�KHLJKW��OHDI �DQG�SHWLROH�GLDPHWHUV�DUH�PHDVXUHG�ZKHQ�ILUVW�OHDI �LV�IXOO\�RSHQHG��YDOXHV�IRU�D�SDUWLFXODU�SDUDPHWHU�IROORZHG�E\�WKH�
VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�3�������

)LJXUH���7KH�$��WLWDQXP�VKRRW�HPHUJLQJ�IURP�WKH�FDOOXV��D��DQG�WKH�VKRRW�VHSDUDWHG�IURP�WKH�FDOOXV��E�
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JURZLQJ�WKLV�RQH�VKRRW��7KLV�H[SHULPHQW�VKRZHG�
WKDW�D�FDOOXV�ZLWK����[����FPñ�VL]H�DSSHDUHG�WR�EH�
WRWDOO\�GHSOHWHG�RI �LWV�VWRUHG�HQHUJ\�LQ�IRUPLQJ�D�
VLQJOH�VKRRW�ZLWK�LWV�URRWV��7KHUHIRUH��QRW�PRUH�
WKDQ�RQH�VKRRW�ZDV�SURGXFHG��)RU�FDOOXVHV�RI ��[��
FPñ�VL]H��VHSDUDWLRQ�RI �DQ�HPHUJHQW�VKRRW�ZLWK�LWV�
URRWV� IURP� WKH� FDOOXV� VWLPXODWHG� QHZ� VKRRW�
IRUPDWLRQ�� EHFDXVH� WKH� LQKLELWLQJ� IDFWRU� �DX[LQ�
SUHVXPDEO\��KDG�EHHQ�UHPRYHG��7KLV�FDOOXV�FDQ�
WKHQ�SURGXFH�DQRWKHU�RQH�RU�HYHQ�WZR�VKRRWV�
� 7KLV�UHVHDUFK�VKRZV�WKDW�QDWXUDO�FDOOXVHV�RI �$��
WLWDQXP� FDQ� EH� XVHG� DV� SURSDJDWLRQ� PDWHULDO�
ZLWKRXW� SODQW� JURZWK� UHJXODWRU� DQG� SURYLGHV� D�
JUHDW�SRWHQWLDO�WR�HQVXUH�LWV�FRQVHUYDWLRQ�LQ�QDWXUH�
E\� ORFDO� SHRSOH�� %HVLGHV�� WKH� UHVXOW� FDQ� DOVR� EH�
DSSOLHG� E\� ERWDQLF� JDUGHQV�� DV� DQ� H[� VLWX�
FRQVHUYDWLRQ��WR�LPSO\�FROOHFWLQJ�WKH�PDWHULDO�RI �
$��WLWDQXP�IURP�WKH�ILHOGV��8VLQJ�QDWXUDO�FDOOXVHV�DV�
SURSDJDWLRQ� PDWHULDO� KDV� VHYHUDO� DGYDQWDJHV�
QDPHO\�PDLQWDLQV�WKH�SRSXODWLRQ�RI � �LV�$��WLWDQXP
LQ�LWV�KDELWDW��SURYLGHV�PRUH�SODQW�PDWHULDOV��HDV\�
WR�FDUU\��OHVV�GDPDJH�FRPSDUHG�WR�FDUU\�WKH�WXEHU��
HDV\�WR�JURZ��UHTXLUHV�OHVV�VSDFH�DQG�ZLOO�SURGXFH�
SOHQW\�RI �VHHGOLQJV�LQ�VKRUW�WLPH�

&21&/86,216

� &DOOXVHV�WKDW�DULVH�QDWXUDOO\�RQ�HUHFW��FKRSSHG�
SHWLROHV� RI �$�� WLWDQXP� DWWDFKHG� GLUHFWO\� WR� WKH�
JURXQG� DUH� DEOH� WR� IRUP� QHZ� VKRRWV�� 7KH�
DSSHDUDQFH�RI �WKHVH�FDOOXVHV�LQ�LWV�QDWXUDO�KDELWDW�
LV� VXSSRUWHG� E\� HQYLURQPHQWDO� IDFWRUV� VXFK� DV�
ZDWHU�VXSSO\��JRRG�VRLO�GUDLQDJH�DQG�EDODQFH�RI �
VRLO�QXWULHQWV� �IRU�EHWWHU�JURZWK��([�YLWUR�FDOOXV�
GHYHORSPHQW� DOVR� QHHGV� D� GD\� WHPSHUDWXUH� RI � �
��Ü²��Ü&��DWPRVSKHULF�KXPLGLW\��RI �����²������
VRLO�PRLVWXUH�FRQWHQW�RI �����²������DQG�VRLO�S+��
RI �����²�������:KHQ�D�FDOOXV�LV�JURZQ�H[�VLWX�RQ�DQ�
DSSURSULDWH�PHGLXP��WKH�QXPEHU�DQG�VL]H�RI �WKH�
VKRRWV�IRUPHG�DUH�LQIOXHQFHG�E\�WKH�VL]H�RI �WKH�
FDOOXV��7KH�RSWLPXP�FDOOXV�VL]H�IRU�SURSDJDWLRQ�LV�
�[��FPñ��ZKLFK�FDQ�SURGXFH�����VKRRWV�DQG������
FP�KLJK�DW�WKH�WLPH�RI �ILUVW�IXOO\�RSHQHG�OHDI��7KH�
GLIILFXOW\�WR�ILQG�$��WLWDQXP�LQ�LWV�QDWXUDO�KDELWDW�
ZDV�GXH�WR�WKH�RYHU�H[SORLWDWLRQ�DQG�GHVWUXFWLRQ�
RI �WKLV�VSHFLHV��1HYHUWKHOHVV��WKH�RFFXUUHQFH�RI �
QDWXUDO�FDOOXVHV�RQ�LWV�SHWLROH�FXWWLQJ�HQVXUHV�LWV�LQ�
VLWX�DQG�H[�VLWX�FRQVHUYDWLRQ��([�YLWUR�FDOOXVHV�RI �
$�� WLWDQXP� LV� UHFRPPHQGHG� DV� RQH� RI � �
SURSDJDWLRQ�PDWHULDOV�LQ�WKH�IXWXUH��QRWDEO\�IRU�H[�
VLWX�FRQVHUYDWLRQ�H�J��LQ�ERWDQLF�JDUGHQV�

$&.12:/('*(0(176

� :H�ZRXOG� OLNH� WR� H[SUHVV� RXU� WKDQNV� WR� WKH�
'LUHFWRU� RI � WKH�&HQWHU� RI � 3ODQW�&RQVHUYDWLRQ��
%RJRU�%RWDQLF�*DUGHQV�²�,QGRQHVLDQ�,QVWLWXWH�RI �
6FLHQFHV� IRU� VXSSRUWLQJ� DQG� IXQGLQJ� RXU�
H[SHGLWLRQV� WR� %HQJNXOX� 3URYLQFH�� :H� H[SUHVV�
RXU�VLQFHUH�JUDWLWXGH�WR�'U�*UDKDP�(DJOHWRQ�DQG�
3URI�'U�,�0DGH�6XGLDQD�IRU�SURRI �UHDGLQJ�DQG�
FRUUHFWLQJ�WKH�(QJOLVK�LQ�WKH�PDQXVFULSW�:H�DOVR�
WKDQN� �0V��5DQL�<XGDUZDWL��0�6L��IRU�SURYLGLQJ�
WKH� PDSV� DQG� � DOO� PHPEHUV� RI � WKH� %HQJNXOX�
H[SHGLWLRQ�WHDPV�IRU�DFFRPSDQ\LQJ�XV�GXULQJ�WKH�
ILHOG�VWXG\���6SHFLDO�WKDQNV�DUH�GXH�WR�0U��+ROLGLQ�
DQG� KLV� EURWKHUV� IRU� WKHLU� JHQHURXV� FRPSDQ\�
ZKLOH�ZH�ZHUH�LQ�WKH�ILHOG�

5()(5(1&(6

%R\FH�3&$��6RRNFKDORHP ��+HWWHUVFKHLG :/$��*XVPDQ�' � �
*��-DFREVHQ�1*��,GHL�7��'X 9 ����� �$UDFHDH )O���1 � � ��
7KDLODQG��������²����

'DYLHV� 3- � ���� � 7KH� SODQW� KRUPRQHV�� 7KHLU� DWXUH��� � Q
R I �� , � �FFXUUHQFH� DQG� XQFWLRQV Q � 'DYLHV� 3-�� HGLWRU�
3ODQW� RUPRQHV LRV\QWKHVLV�� LJQDO� UDQVGXFWLRQ��+ �% 6 7
$ � ���FWLRQ �/RQGRQ��8.���.OXZHU�$FDGHPLF�3XEOLVKHU
S�������

*DED� 93 � ���� � 3ODQW� JURZWK� UHJXODWRUV� LQ� SODQW� WLVVXH�� �
FXOWXUH�DQG�GHYHORSPHQW Q �7ULJLDQR 51� *UD\ ����, � � � �'-
HGLWRUV�� 3ODQW� HYHORSPHQW� DQG� LRWHFKQRORJ\��' %
1HZ�<RUN��86���&5&�3UHVV��S��������

*DKDQ�3% ��� �7RWLSRWHQF\�DQG�WKH�FHOO�F\FOH�� Q �-DLQ�60���� �� , �
+ l J JPDQ � � H G L W R U V � � 3 U R W R F R O V � I R U �� +
0 : � 7W � )LFURSURSDJDWLRQ� RI � RRG\ UHHV� DQG UXLWV��
'RUGUHFKW��1/���6SULQJHU�� �S������

*DKDQ 3%��*HRUJH ���� $GYHQWLWLRXV� HJHQHUDWLRQ Q �� �()�� �� U ��, �
*HRUJH�()��+DOO � GH�.OHUN �� HGLWRUV��3ODQW��0$ � �*-
3 7 & � �URSDJDWLRQ� E\� LVVXH� XOWXUH 9RO�� �� 7KH�
%DFNJURXQG��'RUGUHFKW��1/���6SULQJHU � �� S���������

+HMQRZLF]�= %DUWKORWW�:��������6WUXFWXUDO�DQG�PHFKDQLFDO���
SHFXDOLDULWLHV� RI � WKH� SHWLROHV� RI � JLDQW� OHDYHV� RI �
$PRUSKRSKDOOXV��$UDFHDH��� ������������-�%RW

+HWWHUVFKHLG� :/$�� ,WWHQEDFK � ���� � (YHU\WKLQJ� \RX�� 6� �
DOZD\V�ZDQWHG� WR�NQRZ�DERXW� ��EXW�$PRUSKRSKDOOXV
ZHUH� DIUDLG� WR� VWLFN� \RXU� QRVH� LQWR������ $URLGHDQD�
���������

+LGD\DW� 6�� <X]DPPL � ���� � ,QYHVWLJDWLRQ� RQ� WKH� QDWXUDO�� �
SRSXODWLRQ�RI � ��%HFF��� �%HFF��$PRUSKRSKDOOXV�WLWDQXP
$�FDVH�VWXG\�LQ�WKH�IRUHVW�DUHDV�RI �%HQJNXOX��%XOHWLQ�
.HEXQ�5D\D��������²���

,NHXFKL� 0�� 6XJLPRQWR� .�� ,ZDVH� $�� ������ 5HYLHZ�� ODQW�S
F L UDOOXV�� 0HFKDQLVPV� RI � QGXFWLRQ� DQG� HSUHVVLRQ��
3ODQW�&HOO�������� ����
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2\DPD�0�� 7DNHKDUD�+�� ������ 5HYLVH� VWDQGDUG� VRLO� FRORU�
FKDUWV��7RN\R��-3���5HVHDUFK�&RXQFLO�IRU�$JULFXOWXUH��
)RUHVWU\�DQG�)LVKHULHV��0LQLVWU\�RI �$JULFXOWXUH�DQG�
)RUHVWU\�

6ULYDVWDYD� /0 � ���� 3ODQW� JURZWK� DQG� GHYHORSPHQW��� ��
KRUPRQHV� DQG HQYLURQPHQW�� /RQGRQ� �8.����
$FDGHPLF�3UHVV �� ����S�

7DL]�/��=HLJH ���� 3ODQW�SK\VLRORJ\��1HZ�<RUN��8.���U�( ����
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