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$EVWUDFW

,QGLD¶V� ULFK� DQG� GLYHUVH� SUHKLVWRULF� DUFKDHRORJLFDO� KHULWDJH�
LV� FXUUHQWO\� XQGHU� WKUHDW�� RZLQJ� WR� UDSLG� LQIUDVWUXFWXUH� GHYHORSPHQW�
FRXSOHG�ZLWK�D�ORZ�SXEOLF�DZDUHQHVV�RI�WKH�WRSLF��$W�SUHVHQW��D�JHQHUDO�
DSSURDFK�LQ�,QGLD�KDV�EHHQ�D�IRFXV�RQ�PRQXPHQWV�DQG�EXLOW�KHULWDJH��
UDWKHU�WKDQ�WKH�IUDJLOH�SUHKLVWRULF�SDVW�UHODWLQJ�WR�WKH�HDUOLHVW�RFFXSDWLRQ�
RI�6RXWK�$VLD��D�SKHQRPHQRQ�WKDW�ZH�KDYH�WHUPHG�WKH�µ7DM�6\QGURPH¶��
+HUH��ZH�GLVFXVV�FDVH�VWXGLHV�IURP�7DPLO�1DGX��6RXWK�,QGLD��ZKHUH�RXU�
SURMHFW�DWWHPSWV�WR�XQLWH�UHVHDUFK�JRDOV�ZLWK�WKRVH�RI�SROLFLHV�IRU�VLWH�
FRQVHUYDWLRQ�DQG�SXEOLF�DUFKDHRORJ\��:H�GLVFXVV�WKH�IROORZLQJ�DVSHFWV��
��� UHVHDUFK� SURJUDPV� LQFOXGLQJ� H[FDYDWLRQV� DW� $WWLUDPSDNNDP� DQG�
VWXGLHV�DW�RWKHU�SUHKLVWRULF�VLWHV�LQ�QRUWKHUQ�DQG�VRXWKHUQ�7DPLO�1DGX��

UHVHDUFK� TXHVWLRQV� DQG� IRU� GHYHORSLQJ� VWUDWHJLHV� WR� PDS� LPSDFWV� DW�
SUHKLVWRULF� VLWHV�� ��� GHYHORSPHQW� RI� SROLFLHV� IRU� VLWH�FRQVHUYDWLRQ�
DQG� SURWHFWLRQ�� ��� SUHGLFWLYH� ORFDWLRQ� PRGHOOLQJ� IRU� UDSLG� GLVFRYHU\�
RI�QHZ�VLWHV�� ��� SXEOLF� DUFKDHRORJ\�SURJUDPV� LQYROYLQJ�FKLOGUHQ�DQG�
WHDFKHUV�WR�GHYHORS�DQ�LQWHUHVW�LQ�DQG�DZDUHQHVV�RI�DUFKDHRORJ\��DQG����
GHYHORSPHQW�RI�PRGXOHV�WR�WUDLQ�XQLYHUVLW\�VWXGHQWV�DQG�\RXQJ�IDFXOW\�
LQ�QHZ�DSSURDFKHV� LQ� WKH�VWXG\�RI�SUHKLVWRU\�DUFKDHRORJ\��DQG���� WKH�
SRVLWLYH�DQG�QHJDWLYH�LPSDFWV�RI�WKH�LQYROYHPHQW�RI�DPDWHXU�HQWKXVLDVWV�
DQG�WKH�ZLGHU�FRPPXQLW\�LQ�DUFKDHRORJ\��:H�FRQFOXGH�E\�HPSKDVL]LQJ�
WKH� QHHG� IRU� KROLVWLF� SURJUDPV� LQ� 6RXWK� $VLD�� FRPELQLQJ� UHVHDUFK�
ZLWK� SXEOLF� DZDUHQHVV� SURJUDPV� WR� HQVXUH� GHYHORSPHQW� RI� DOWHUQDWH�
FRQVHUYDWLRQ� VWUDWHJLHV�� :H� VWUHVV� WKH� XUJHQW� QHHG� IRU� OHJLVODWLRQV�
FRQFHUQLQJ�LPSDFW�DVVHVVPHQW�SULRU� WR�DQ\�PLQRU�PDMRU�GHYHORSPHQW�
SURMHFW��DGDSWLQJ�IURP�SDWWHUQV�DGRSWHG�HOVHZKHUH�LQ�WKH�ZRUOG��

.H\ZRUGV�� +HULWDJH� 0DQDJHPHQW�� 3XEOLF� $UFKDHRORJ\�� 3UHKLVWRU\��
$WWLUDPSDNNDP��



,QWURGXFWLRQ
$V�ZH�ZULWH�WKLV�QRWH��PXFK�RI�,QGLD¶V�SUHKLVWRULF�KHULWDJH�LV�EHLQJ�

GHVWUR\HG�E\�D�FRPELQDWLRQ�RI�IDFWRUV�UDQJLQJ�IURP�UDSLG�LQIUDVWUXFWXUH�
GHYHORSPHQW�WR�D�UHODWLYHO\�ORZ�SXEOLF�DZDUHQHVV�RI�ZKDW�VXFK�VLWHV�DQG�
DUWHIDFWV�ORRN�OLNH��3DSSX���������+LVWRULFDOO\��LQ�,QGLD��D�JUHDWHU�IRFXV�
KDV�EHHQ�ODLG�RQ�FRQVHUYDWLRQ�RI�EXLOW�KHULWDJH��PRQXPHQWV��ZRUNV�RI�DUW�
DQG�DUFKLWHFWXUH��WKDW�KDYH�D�GLVWLQFW�YLVLELOLW\�LQ�WKH�ODQGVFDSH��DQG�DUH�
LQWHUZRYHQ�LQWR�WKH�VRFLR�HFRQRPLF��UHOLJLRXV�DQG�SROLWLFDO�FRQWH[WV�RI�
FRPPXQLWLHV��3DSSX��������,Q�FRQWUDVW��WKH�IUDJLOH�SUHKLVWRULF�KHULWDJH��
PDUNHG� E\� OLWKLFV�� IRVVLO� IDXQD�� RFFDVLRQDO� EXULDOV� RU� RWKHU� IHDWXUHV��
HURGLQJ� IURP�� DQG� EXULHG� ZLWKLQ� DQFLHQW� VHGLPHQWV�� DUH� OHVV� YLVLEOH�

ZLWK�ORFDO�FRPPXQLWLHV��:H�KDYH�SUHYLRXVO\�WHUPHG�WKLV�QHJOHFW�RI�VLWHV�
PDUNLQJ� WKH�HDUOLHVW�RFFXSDWLRQ�RI�6RXWK�$VLD�DV� WKH� µ7DM�6\QGURPH¶�
�3DSSX��������,Q�UHFHQW�\HDUV��UHVHDUFK�LQ�,QGLDQ�SUHKLVWRU\�KDV�UHVXOWHG�

FRQWH[W�RI�JOREDO�LVVXHV�LQ�SUHKLVWRU\��$NKLOHVK�HW�DO��������3DGGD\\D�
DQG�3HWUDJOLD�������3HWUDJOLD�HW�DO��������3DSSX�HW�DO������D��0LVKUD�HW�
DO���������'HVSLWH� WKLV��SUHKLVWRU\�FRQWLQXHV� WR�EH�QHJOHFWHG� LQ� WHUPV�
RI�EXLOGLQJ�SURJUDPV� WKDW� UDQJH� IURP� UHVHDUFK� WR� DZDUHQHVV� FUHDWLRQ�
DQG�KHULWDJH�PDQDJHPHQW�SODQQLQJ�� ,W� LV� WKLV� WKHPH�WKDW�ZH�IRFXV�RQ�
KHUH��� D� FDOO� IRU� GHYHORSLQJ� FRPSUHKHQVLYH� SURMHFWV� WKDW� EHJLQ� ZLWK�
UHVHDUFK�DQG�FXOPLQDWH�LQ�SXEOLF�DZDUHQHVV�DQG�RXWUHDFK��:H�GLVFXVV�
RQH�VXFK�H[DPSOH��GUDZLQJ� IURP�RXU�RZQ�UHVHDUFK�SURMHFWV� LQ�7DPLO�
1DGX��ZKHUH�ZH�DWWHPSWHG�WR�XQLWH�UHVHDUFK�JRDOV�ZLWK�WKRVH�RI�SROLFLHV�
IRU�VLWH�FRQVHUYDWLRQ�DQG�SXEOLF�DUFKDHRORJ\��:H�HPSKDVLVH� WKH�QHHG�
IRU� KROLVWLF� SURJUDPV� LQ�6RXWK�$VLD�� FRPELQLQJ� UHVHDUFK�ZLWK� SXEOLF�
DZDUHQHVV� LQ� RUGHU� WR� HQVXUH� GHYHORSPHQW� RI� DOWHUQDWH� FRQVHUYDWLRQ�
VWUDWHJLHV��:H�VWUHVV�WKH�XUJHQW�QHHG�IRU�OHJLVODWLRQV�FRQFHUQLQJ�LPSDFW�
DVVHVVPHQW� SULRU� WR� DQ\� PLQRU�PDMRU� GHYHORSPHQW� SURMHFW�� DGDSWLQJ�
IURP� SDWWHUQV� DGRSWHG� HOVHZKHUH� LQ� WKH�ZRUOG��:H� GLVFXVV� RXU�ZRUN�
XQGHU�WKUHH�PDMRU�LQWHJUDWHG�VWUXFWXUHV�DV�QRWHG�EHORZ��

7KH�5HVHDUFK�&RPSRQHQW
7KH�SURMHFW��3UHKLVWRU\�DQG�3DODHRHQYLURQPHQWV�LQ�6RXWKHDVW�

,QGLD���DLPV�DW�LQYHVWLJDWLQJ�NH\�TXHVWLRQV�RQ�WKH�QDWXUH�RI�SUHKLVWRULF�
RFFXSDWLRQ� ZLWK� UHVSHFW� WR� WKH� FKDQJLQJ� 3OHLVWRFHQH� HQYLURQPHQWV��

+HULWDJH�0DQDJHPHQW�DQG�&XOWXUDO�7RXULVP�LQ�,QGLD�DQG�-DSDQ



GHYHORSLQJ�D�FKURQRORJ\�IRU�VLWHV��LQYHVWLJDWLQJ�ORQJ�WHUP�EHKDYLRXUDO�
VWUDWHJLHV� GUDZLQJ� RQ� VWXGLHV� RI� OLWKLF� DVVHPEODJHV�� XQGHUVWDQGLQJ�
NH\�LVVXHV�LQ�OLWKLF�WHFKQRORJ\�DQG�UHGXFWLRQ�VHTXHQFHV�WKURXJK�WLPH��
DPRQJVW�RWKHU�TXHVWLRQV�RQ�WKH�WLPLQJ�DQG�QDWXUH�RI�KRPLQLQ�GLVSHUVDOV�
DFURVV� 6RXWK�$VLD�� 7KLV� PXOWLGLVFLSOLQDU\� DSSURDFK�� LQ� FROODERUDWLRQ�
ZLWK�YDULRXV�UHVHDUFK�LQVWLWXWHV�DQG�SXEOLFDWLRQV��$NKLOHVK�HW�DO��������
3DSSX�HW�DO������������D������E������D������E��3DSSX�DQG�$NKLOHVK�

IRU� ORQJ�WHUP�HYROXWLRQ�RI� LGHDV�DV� WKH�SURMHFW�SURJUHVVHG�RYHU� WLPH��

WKH�SURMHFW��7KXV��ORQJ�WHUP�H[FDYDWLRQV�DQG�UHVHDUFK�DW�$WWLUDPSDNNDP�
�KHQFHIRUWK�$70���OHG�WR�WKH�LQYHVWLJDWLRQ�RI�WKH�VRPH�RI�WKH�HDUOLHVW�
RFFXSDWLRQ� KRUL]RQV� LQ� 6RXWK�$VLD��$FKHXOLDQ� DVVHPEODJHV� DW� $70�
�$NKLOHVK�DQG�3DSSX�������3DSSX�����D��3DSSX�DQG�$NKLOHVK��������
ZHUH�H[SRVHG�LQ�WHVW�SLWV�DQG�WUHQFKHV�H[FDYDWHG� DFURVV� WKH� VLWH��7KH�
$FKHXOLDQ� KRUL]RQV�� LQ� H[FHOOHQW� VWDWH� RI� SUHVHUYDWLRQ�� RFFXU� LQ�

FRQVLVWLQJ� RI� VXVSHQGHG� ORDG� PDWHULDO� VRXUFHG� ORFDOO\� E\� WKH�
&UHWDFHRXV�VKDOH�RXWFURSV�LQ�WKH�FDWFKPHQW��3DSSX�HW�DO������D���7KH�
$FKHXOLDQ�UHGXFWLRQ�VHTXHQFH�DW�$70�LV�FKDUDFWHUL]HG�E\�D� SUHIHUHQFH�

RU� ODUJH� FRUH� WHFKQRORJLHV� �$NKLOHVK� DQG�3DSSX� ������� 7KH�YDULHG�
UHGXFWLRQ�VHTXHQFHV�DUH�SULPDULO\�UHODWHG�WR�ODWH�VWDJH�ELIDFH�WKLQQLQJ�
DW� WKH� VLWH� �$NKLOHVK� DQG� 3DSSX� ������� 7KH�$FKHXOLDQ� KRUL]RQV� DUH�
GLVFRQIRUPDEO\�RYHUODLQ�E\�SURJUHVVLYHO\�\RXQJHU� VWUDWD� �/D\HUV��� WR�
���� /XPLQHVFHQFH� GDWLQJ� RI� WKHVH� DUWHIDFW�EHDULQJ� OD\HUV� KDV� VKRZQ�
WKDW� SKDVLQJ�RXW�RI�WKH�$FKHXOLDQ�FXOWXUH�DQG�SKDVLQJ�LQ�RI�D�0LGGOH�
3DOHROLWKLF� FXOWXUH� RFFXUUHG� ���� �� ��� ND�� L � H � � PXFK� HDUOLHU� WKDQ�
FRQYHQWLRQDOO\�SUHVXPHG�IRU�6RXWK�$VLD��7KH�0LGGOH�3DOHROLWKLF�FXOWXUH�
DW�$70�HQGXUHG� XQWLO����������ND��$NKLOHVK�HW�DO��������DQG�DUH�PDUNHG�

WHFKQRORJ\�DQG�DVVHPEODJH�FRPSRVLWLRQ��2QJRLQJ�H[SHULPHQWDO�VWXGLHV�
�$NKLOHVK�DQG�3DSSX�������DQG�PLFURZHDU�DQDO\VLV�RI�OLWKLFV�DUH�DLGLQJ�
LQ�UHFRQVWUXFWLQJ�SDVW�EHKDYLRXUDO�FKDQJHV�DW�WKLV�VLWH���3DODHRYHJHWDWLRQ�

+HULWDJH�0DQDJHPHQW�DQG�3XEOLF�$UFKDHRORJ\�



FRQVLVWHQW�ZLWK�SDODHRFOLPDWLF�GDWD�GHULYHG�IURP�URFN�PDJQHWLF�VWXGLHV�
�3UHPDWKLODNH� HW� DO�� ������:DUULHU� HW� DO�� �������$W�$70�� KRZHYHU��
EHFDXVH�RI� ODFXQDH� LQ� WKH�GHSRVLWLRQDO�UHFRUG� WKH�VWUDWLJUDSK\�IDLOHG�
WR� GRFXPHQW� FUXFLDO� SKDVHV� RI� WKH�/DWH�$FKHXOLDQ� �EHWZHHQ�a��0D�
���� ND�� DQG� ODWHU� �SRVW���� ND�� 03� �$NKLOHVK� HW� DO�� ������� ,W� ZDV�
K\SRWKHVL]HG� WKDW� WKH� VWUDWLJUDSKLF� JDS� EHWZHHQ� WKH� HDUO\�$FKHXOLDQ�

WKH�YLFLQLW\�RI�$70��)ROORZLQJ�H[WHQVLYH�VXUYH\V��RQH�VLWH�VHOHFWHG�IRU�
WKLV�ZDV�6HQGUD\DQSDOD\DP�ZKHUH�FXUUHQWO\�H[FDYDWLRQV�DUH�RQJRLQJ��
UHVXOWLQJ�LQ�LPSRUWDQW�GDWD�RQ�WKH�WHUPLQDO�$FKHXOLDQ�

,Q� DGGLWLRQ� WR� WKLV�� ZH� LQLWLDWHG� SURMHFWV� RI� LQYHVWLJDWLQJ� WKH�
QDWXUH�RI�PLFUROLWKLF�VLWHV�LQ�DVVRFLDWLRQ�ZLWK�WKH�7HUL�UHG�VDQG�GXQHV�LQ�
VRXWKHUQ�7DPLO�1DGX��$�WHVW�SLW�DW�WKH�VLWH�RI�6DZ\HUSXUDP��DQG�UHJLRQDO�
VXUYH\V�RI�VLWHV�LQ�WKLV�UHJLRQ��$NKLOHVK�HW�DO���������OHG�WR�WKH�GLVFRYHU\�
RI�QXPHURXV�PLFUROLWKLF�DVVHPEODJHV�WKDW�DUH�FXUUHQWO\�XQGHU�VWXG\��7KH�

ZLWK�6UL�/DQNDQ�PLFUROLWKLF�VLWHV�DV�DOVR�LQ�WHUPV�RI�VLWXDWLQJ�WKHP�LQ�
WKH� FRQWH[W� RI� GLVFRYHULHV� LQ� QRUWKHUQ� 7DPLO� 1DGX� DQG� HOVHZKHUH� LQ�
6RXWK� ,QGLD� �$NKLOHVK�HW�DO�������DQG� UHIHUHQFHV�ZLWKLQ���$ORQJ�ZLWK�
H[FDYDWLRQV�� D�PDMRU� DVSHFW� RI� WKH� UHVHDUFK� SURMHFW� LQYROYHG� UHJLRQDO�
VXUYH\V��$Q�DUHD�RI�DURXQG������NP���FRPSULVLQJ�EDVLQV�RI�WKH�ULYHUV�
$UDQL��.RUWDOODL\DU��&RRXP��$G\DU��3DODU�DQG�&KH\\DU��&KDWWHUMHH�HW�DO��
������3DSSX�HW�DO������������D������E������E���DQG�IXUWKHU�VRXWK�LQ�WKH�
EDVLQV�RI�WKH�ULYHU�7DPEUDSDUDQL�ZHUH�LQLWLDWHG��$NKLOHVK�HW�DO���������

UHVROXWLRQV�ZHUH�XVHG�QRW�WR�UHVHDUFK�VLWH�ORFDWLRQV�DQG�GLVWULEXWLRQ�DQG�
RWKHU� UHODWHG� TXHVWLRQV�� IRU� � SUHGLFWLYH� ORFDWLRQDO�PRGHOLQJ� WR� ORFDWH�
QHZ�VLWHV��DQG�WR�GHYHORS�D�FRPSUHKHQVLYH�KHULWDJH�PDQDJHPHQW�SODQ�
IRU� WKLV� UHJLRQ� �3DSSX� HW� DO������� ����E��� 7KH� UHVHDUFK� FRPSRQHQW�
FXOPLQDWHG�QRW�RQO\�ZLWK�GDWD�FROOHFWLRQ�EXW�DOVR�ZLWK�GHYLVLQJ�VXLWDEOH�
VWRUDJH�PHWKRGV�IRU�SUHKLVWRULF�OLWKLFV��3DSSX�DQG�$NKLOHVK��������

,PSDFW�$VVHVVPHQW�&RPSRQHQW
,Q�DGGLWLRQ�WR�WKH�UHVHDUFK�FRPSRQHQW��ZH�LQLWLDWHG�D�SURJUDP�

+HULWDJH�0DQDJHPHQW�DQG�&XOWXUDO�7RXULVP�LQ�,QGLD�DQG�-DSDQ



E\�YDULRXV�VRXUFHV��LQIUDVWUXFWXUH��ZDWHU�ERGLHV��HWF���VHH�3DSSX�HW�DO�
����������D������E������E�IRU�GHWDLOV��WR�DFFXUDWHO\�PHDVXUH�WKH�VWDWH�
RI�SUHVHUYDWLRQ�RI�SUHKLVWRULF�DUFKDHRORJLFDO�VLWHV��7KLV�ZDV�SDUW�RI�D�
ODUJHU�KHULWDJH�PDQDJHPHQW�SODQ�IRU�SUHKLVWRULF�VLWHV��7KLV�UHVXOWHG�LQ�D�
FRPSUHKHQVLYH�GDWDEDVH�IRU�VLWHV��3DSSX�HW�DO������������E��WKDW�IRUPV�
WKH�EDVLV�IRU�SODQQLQJ�IXUWKHU�SROLFLHV�IRU�PDQDJLQJ�DW�VLWH�RU�ODQGVFDSH�
VFDOHV�� � .H\� DVSHFWV� RI� GHVWUXFWLRQ� LQYROYH� DJULFXOWXUH�� LQ� SDUWLFXODU�
PHFKDQLVHG� FXOWLYDWLRQ�� LQIUDVWUXFWXUH� GHYHORSPHQW�� ZDWHU� ERG\�
ZLGHQLQJ�DQG�FRQVWUXFWLRQ��DQG�DVVRFLDWHG�PRGHUQ�TXDUU\LQJ�DFWLYLWLHV��
,Q� DGGLWLRQ� WR� PDSSLQJ� LPSDFWV� DW� VLWHV� DW� YDU\LQJ� EXIIHU� UDGLL�� ZH�

VWUDWHJLHV�UDQJLQJ�IURP�VLWHV� WR�ODQGVFDSHV��2YHUO\LQJ�FDGDVWUDO�PDSV�

�3DSSX�HW�DO������D�E���)ROORZLQJ�FRQVLGHUDWLRQ�RI�LPSDFWV�VXIIHUHG�DQG�

HW�DO������������E���7KLV�SURFHHGHG�DORQJ�ZLWK�DGRSWLRQ�RI�SUHGLFWLYH�
ORFDWLRQDO�PRGHOOLQJ�VWUDWHJLHV�WR�UDSLGO\�SUHGLFW�DUHDV�ZKHUH�QHZ�VLWHV�
PD\�EH�IRXQG��)ROORZLQJ�WHVWLQJ�RI�WKLV�PRGHO�DQG�LWV�VXFFHVV��ZH�DUH�
QRZ�DEOH�WR�H[SDQG�WKLV�WR�RWKHU�UHJLRQV�WR�HQDEOH�VSHHG�LQ�LGHQWLI\LQJ�
SRWHQWLDO�QHZ�VLWHV��3DSSX�HW�DO������E���7RJHWKHU��WKHVH�IRUP�WKH�EDVLV�
IRU�SODQQLQJ�IRU�KHULWDJH�PDQDJHPHQW�RI�SUHKLVWRULF�VLWHV�LQ�WKLV�UHJLRQ��

3XEOLF�2XWUHDFK�DQG�&DSDFLW\�%XLOGLQJ�&RPSRQHQW
2QH�RI�WKH�NH\�DUHDV�RI�RXU�SURMHFW�LQYROYHV�SXEOLF�RXWUHDFK��

)RU� WKLV� SXUSRVH� ZH� HVWDEOLVKHG� D� VPDOO� FKLOGUHQ¶V� PXVHXP� LQ� D�
VFKRRO� �3DSSX� �������ZLWK� VXEVHTXHQW� H[SDQVLRQ� RI� WKH� VDPH� LQ� RXU�
&HQWUH� �KWWS���ZZZ�VKDUPDKHULWDJH�FRP���7KLV� LV�EDVHG�RQ� WKH� WKHPH�
RI�� µ&UHDWH��&RQQHFW� DQG�&RPPXQLFDWH¶��7KLV� LQYROYHV� FUHDWLRQ� RI� D�
XQLTXH�HQYLURQPHQW�WR�HQKDQFH�FKLOGUHQ¶V�OHDUQLQJ�H[SHULHQFHV�LQ�WKH�

DQG� HQKDQFH� LPDJLQDWLRQ� WKURXJK� ZHOO�FRQFHLYHG� GLVSOD\V�� H[KLELWV�
DQG� OHDUQLQJ� PRGXOHV�� WR� FRQQHFW� VFLHQWLVWV� DQG� FKLOGUHQ� WKURXJK�
LQWHUDFWLRQ�ZLWK� UHVHDUFK� VFKRODUV� DW�� DQG� YLVLWLQJ� WKH�&HQWUH�� DQG� WR�
FRPPXQLFDWH� FXWWLQJ� HGJH� UHVHDUFK� LQ� ,QGLDQ� SUHKLVWRU\� DQG� RWKHU�
DVSHFWV� RI� DUFKDHRORJ\� DQG� SDVW� HQYLURQPHQWV� WR� FKLOGUHQ�� WHDFKHUV��
DQG� RWKHU� LQWHUHVWHG� JURXSV�� 7R� DFKLHYH� WKLV� DLP�� ZH� EHJDQ� ZLWK�
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FRQGXFWLQJ�ZRUNVKRSV� IRU�FKLOGUHQ��DJHV� IURP���\HDUV�DQG�DERYH�� LQ�

HDUO\� FLYLOL]DWLRQV�� DQFLHQW� PHWDOOXUJ\�� SRWWHU\� WKURXJK� WLPH�� OLWKLFV�
DQG� RWKHU� DQFLHQW� FUDIW� WUDGLWLRQV�� DPRQJVW� RWKHU� WRSLFV�� 0RGXOHV�

FRQWH[W�DQG�EDFNJURXQG��DQG�ODQJXDJH�SUHIHUHQFH��7KH\�LQFOXGH�D�VKRUW�
LQWURGXFWRU\�WDON�ZLWK�D�UDQJH�RI�KDQGV�RQ�DFWLYLWLHV�GHVLJQHG�WR�EULQJ�
DOLYH� NH\� DVSHFWV� RI� WKH� WRSLF� FRQFHUQHG��$W� HYHU\� VWDJH�� LQWHUDFWLRQ�
ZLWK� H[SHUWV� LV� HQFRXUDJHG��7KXV�� IRU� H[DPSOH�� D� µPRFN�H[FDYDWLRQ¶�
ZLOO� EH� LQWHJUDWHG� ZLWK� TXHVWLRQV� GHVLJQHG� WR� UDLVH� DQ� DZDUHQHVV� RI�
KRZ�DUFKDHRORJLVWV� H[FDYDWH�� DV� DOVR�ZD\V� LQ�ZKLFK� DUWHIDFWV�IRVVLOV��
HWF��DUH� LQWHUSUHWHG��ERWK�RQ�VLWH�DQG� LQ� WKH� ODERUDWRU\��7RSLFV� UHODWHG�
WR� KXPDQ� HYROXWLRQ� LQYROYH� REVHUYDWLRQ� RI� UHSOLFD� IRVVLO� FDVWV� DQG�
GLVFXVVLRQ�RQ� WRSLFV� UHODWHG� WR� WKLV� WKHPH�� ,QWURGXFWLRQ� WR� VWRQH� WRRO�
WHFKQRORJ\� LQYROYHV� GHPRQVWUDWLRQV� RI� NQDSSLQJ� WRROV� DQG� KDQGV�RQ�
NQDSSLQJ��ZLWK�H[SHUWV��'U��.��$NKLOHVK��XQGHU�FDUHIXO�VDIHW\�SURWRFROV��
$FWLYLWLHV�LQYROYLQJ�WRRO�XVH�RQ�GLIIHUHQW�PDWHULDOV�LV�DOVR�LQFOXGHG�LQ�
WKH� SURJUDP��0RGXOHV� UHODWHG� WR� URFN� DUW��PD\� IRU� LQVWDQFH�� LQFOXGH�
WKHPHV� RI� VWRU\�EXLOGLQJ�� PDNLQJ� VXLWDEOH� SDLQWV� DQG� EUXVKHV� DQG�
GHSLFWLQJ� DQG� GLVFXVVLQJ� LGHDV�� $W� HYHU\� VWDJH�� FRQYH\LQJ� DFFXUDWH�

SURJUDP��6SHFLDO�FDUH�LV�WDNHQ�IRU�LQFOXVLYH�ZRUNVKRSV�ZLWK�FKDOOHQJHG�
FKLOGUHQ�SDUWLFLSDWLQJ�LQ�DOO�DFWLYLWLHV��,Q�DGGLWLRQ��PXOWLSOH�GLVFLSOLQHV��
VXFK�DV�PDWKHPDWLFV��JHRORJ\��DQG�QDWXUDO�VFLHQFHV�DUH�LQWHJUDWHG�LQWR�
WKH�PRGXOHV�WR�VWUHVV�WKH�LQWHUGLVFLSOLQDU\�QDWXUH�RI�WKH�VXEMHFW��3DODHR�
HQYLURQPHQWDO�ZRUNVKRSV�DUH�FRQGXFWHG�WKURXJK�WDONV�E\�H[SHUWV��DQG�
E\�KDQGV�RQ�DFWLYLWLHV� UHJDUGLQJ�� IRU�H[DPSOH��PRGHOOLQJ�KRZ�IRVVLOV�
DUH� IRUPHG��RU�H[DPLQLQJ�DQFLHQW�SROOHQ� WKURXJK�PLFURVFRSHV��(YHU\�
ZRUNVKRS�FRQFOXGHV�ZLWK�KLJKOLJKWLQJ�WKH�LPSRUWDQFH�RI�FRQVHUYDWLRQ��
SURSHU� EHKDYLRXU� DW� SUHKLVWRULF� DQG� RWKHU� DUFKDHRORJLFDO� VLWHV� DQG� D�
GLVFXVVLRQ�RQ�KRZ�FKLOGUHQ�FDQ�KHOS� LQ�EULQJLQJ�DERXW�DQ�DZDUHQHVV�
RI�,QGLD¶V�KHULWDJH��)LJ�����7KLV�DOVR�LQYROYHV�SXEOLFDWLRQ�RI�FKLOGUHQ¶V�
ERRNV��KWWS���ZZZ�VKDUPDKHULWDJH�FRP���

$W� WKH� RWKHU� HQG�RI� WKH� VSHFWUXP�� DUH�ZRUNVKRSV� IRU� FROOHJH�
DQG�XQLYHUVLW\�VWXGHQWV�DW� WKH�XQGHUJUDGXDWH� OHYHO�� IROORZHG�E\�PRUH�
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)LJ�����$FWLYLWLHV�FRQGXFWHG�GXULQJ�ZRUNVKRSV�RQ�
KXPDQ�HYROXWLRQ��SUHKLVWRU\�DQG�URFN�DUW�

�6RXUFH��6KDUPD�&HQWUH�IRU�+HULWDJH�(GXFDWLRQ���

)LJ�����&DSDFLW\�EXLOGLQJ�IRU�XQLYHUVLW\�VWXGHQWV�DQG�IDFXOW\�DQG�
LQYLWHG�ZRUNVKRSV�VKRZLQJ��$�'��:RUNVKRSV�RQ�SUHKLVWRU\�DQG�OLWKLF�

(GXFDWLRQ��(�+��,QYLWHG�ZRUNVKRSV�FRQGXFWHG�LQ�,QGLD�DQG�DEURDG��
�6RXUFH��6KDUPD�&HQWUH�IRU�+HULWDJH�(GXFDWLRQ���
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LQWHQVH�RQHV�IRU�SRVWJUDGXDWH��GRFWRUDO�DQG�SRVWGRFWRUDO�VWXGHQWV��HDUO\�
FDUHHU�IDFXOW\��)LJ������7KH�ODWWHU�VHULHV�DUH�SULPDULO\�EDVHG�RQ�SUHKLVWRU\�
DQG� OLWKLF� VWXGLHV�� DQG� KHOG� XQGHU� WKH� 5REHUW� %UXFH� )RRWH� VHULHV�� RU�

WKRVH�XQGHU�WKH�,148$�+DE&RP�SURJUDP�RI�ZRUNVKRSV�RQ�µ3UHKLVWRU\��
SODQWV�DQG�SHRSOH¶��$NKLOHVK�HW�DO���������)XUWKHU��WUDYHOLQJ�ZRUNVKRSV�
IRU� FKLOGUHQ� DQG� XQLYHUVLW\� VWXGHQWV�� EDVHG� RQ� LQYLWDWLRQV� IURP�RWKHU�
,QVWLWXWHV�� 8QLYHUVLWLHV�� JRYHUQPHQW� GHSDUWPHQWV� ZHUH� FRQGXFWHG� LQ�
$UFRW��8GDLSXU��1DJDODQG��'HOKL��%KRSDO��&RORPER��5XKXQD�DQG�6RXWK�
.RUHD�DPRQJVW�RWKHU�SODFHV��)LJ������

&RQFOXVLRQ
7KH�FRPELQDWLRQ�RI�UHVHDUFK��PDQDJHPHQW�DQG�SXEOLF�RXWUHDFK��

LV�RQH�ZD\�LQ�ZKLFK�ODUJH�SURMHFWV�PD\�EH�VWUXFWXUHG�WR�HQDEOH�QRW�RQO\�

WR�WKH�UHOHYDQW�DXWKRULWLHV�DQG�WR�LPSOHPHQW�SXEOLF�RXWUHDFK�SURJUDPV�IRU�
HQDEOLQJ�ORQJ�WHUP�FRQVHUYDWLRQ��&DSDFLW\�EXLOGLQJ�IRU�VWXGHQWV�PXVW�
EH�LQYROYHG�LQ�SURMHFWV� LQ�YDULRXV�ZD\V��2XU�SURMHFWV�SUHVHQWHG�KHUH��
VXJJHVW�RQH�RI�PDQ\�PRGHOV�E\�ZKLFK�UHVHDUFK�SURJUDPV�LQ�SUHKLVWRU\�
PD\�EH�SODQQHG�DQG�LPSOHPHQWHG�WR�YDULHG�H[WHQWV��:KLOH�QRW�LQIDOOLEOH��
DQG�ZKLOH�XQDEOH�WR�FRQWURO�RU�VWRS�WKH�GHVWUXFWLRQ�RI�VLWHV��VXFK�SURMHFWV�
VHUYH�WR�UDLVH�VRPH�DZDUHQHVV�RI�WKLV�QHJOHFWHG�VXEMHFW�WR�DV�ZLGH�D�UHDFK�
RI�VWDNHKROGHUV�DV�SRVVLEOH��,W� LV�KRSHG�WKDW�LQ�IXWXUH��PRUH�H[WHQVLYH�

HIIRUWV� RI� ,QVWLWXWHV�� JRYHUQPHQW� ERGLHV� DQG� ORFDO� FRPPXQLWLHV��
3UHKLVWRULF�DUFKDHRORJ\�LQ�,QGLD�LV�LQ�D�FUXFLDO�SKDVH�WRGD\��2Q�WKH�RQH�

RQ�D�JOREDO�VFDOH��$NKLOHVK�HW�DO��������3DSSX�HW�DO������D���2Q�WKH�RWKHU�
KDQG��WKH�VFDOH�RI�GHVWUXFWLRQ�RI�VLWHV�LV�LPPHQVH��/DVWO\��ZH�WRXFK�RQ�
WKH�WRSLF�RI�WRXULVP�DW�SUHKLVWRULF�VLWHV��,Q�RXU�YLHZ��WKH�IUDJLOH�QDWXUH�RI�
VLWHV�LV�QRW�FRQGXFLYH�IRU�WRXULVP��DV�WKLV�KDV�OHG�WR�UDQGRP�FROOHFWLRQ�RI�
DUWHIDFWV�E\�VWXGHQWV��DQG�E\�WKH�LQWHUHVWHG�SXEOLF��IRRWIDOO�DQG�SLFQLFV�
OHDGLQJ�WR�WUDPSOLQJ�RI�DUWHIDFWV�DQG�GDPDJH�RI�VHGLPHQWV��DQG�GDQJHUV�
RI�DQFLOODU\�LQIUDVWUXFWXUH�DFWLYLWLHV��,W�LV�VXJJHVWHG�WKDW�UHFRQVWUXFWLRQV�
RI� LPSRUWDQW� VLWHV�PD\� EH�PDGH� DW� ORFDO�PXVHXPV�� RU� GLVVHPLQDWLRQ�

+HULWDJH�0DQDJHPHQW�DQG�&XOWXUDO�7RXULVP�LQ�,QGLD�DQG�-DSDQ



PXVHXPV�DW�WKH�GLVWULFW�FROOHFWRU¶V�KHDGTXDUWHUV�RU�RWKHU�SXEOLF�VSDFHV��
7KURXJK�FRPSUHKHQVLYH�KROLVWLF�SURMHFWV�DQG�LPSOHPHQWDWLRQ�RI�LPSDFW�
DVVHVVPHQW� OHJLVODWLRQV��PXOWLSOH�RUJDQLVDWLRQV�PXVW�ZRUN�WRJHWKHU� WR�
FRQVHUYH�VLWHV�DQG�HQDEOH�IXWXUH�JHQHUDWLRQV�WR�DSSUHFLDWH�DQG�UHVHDUFK�
,QGLD¶V�SUHKLVWRULF�KHULWDJH��

$FNQRZOHGJHPHQWV�
:H�WKDQN�'U��9��6HOYDNXPDU�DQG�'U��0��.RLVR�IRU�LQYLWLQJ�XV�

WR�WKH�,&+5�-636�,QGLD�-DSDQ�,QWHUQDWLRQDO�6\PSRVLXP�RQ�³+LVWRULFDO�
DQG� $UFKDHRORJLFDO� +HULWDJH� 0DQDJHPHQW� DQG� &XOWXUDO� 7RXULVP� LQ�
,QGLD�DQG�-DSDQ��,VVXHV�DQG�3URVSHFWV�IRU�'HYHORSPHQW�������WK�-DQXDU\��
����´��7KLV� UHVHDUFK�ZDV� IXQGHG�E\� WKH�6KDUPD�&HQWUH� IRU�+HULWDJH�
(GXFDWLRQ��WKH�/��6��%��/HDNH\�)RXQGDWLRQ��WKH�(DUWKZDWFK�,QVWLWXWH��WKH�
+RPL�%KDEKD�)HOORZVKLSV�&RXQFLO��6�3DSSX������±������.�$NKLOHVK��
����±������DQG�WKH�,652�*%3�SURJUDP��:H�WKDQN�WKH�$UFKDHRORJLFDO�
6XUYH\� RI� ,QGLD� DQG� 'HSDUWPHQW� RI� $UFKDHRORJ\�� *RYHUQPHQW� RI�
7DPLO�1DGX�� IRU� LVVXLQJ� OLFHQVHV� IRU� H[SORUDWLRQ� DQG� H[FDYDWLRQ��:H�
WKDQN�WKH�ORFDO�FRPPXQLW\�DW�YLOODJHV�ZKHUH�ZH�ZRUN�DQG�YROXQWHHUV�
ZKR�SDUWLFLSDWHG�LQ�VXUYH\V�H[FDYDWLRQV�DW�YDULRXV�VLWHV��:H�DUH�YHU\�
JUDWHIXO� WR� WKH�6KDUPD�&HQWUH� IRU�+HULWDJH�(GXFDWLRQ� IRU� VXSSRUWLQJ�
UHVHDUFK�DQG�SXEOLF�HGXFDWLRQ�SURJUDPV�DV�DOVR�IRU�GHYHORSPHQW�RI�WKH�
FKLOGUHQ¶V�PXVHXPV�DQG�ZRUNVKRSV�

5HIHUHQFHV
$NKLOHVK��.���6��3DSSX��5��3UHPDWKLODNH��$��.ULVKQDPXUWK\��6��3UDVDG��

������ 3DODHRDQWKURSRORJLFDO� SHUVSHFWLYHV� RQ� SODQW�
FRPPXQLWLHV� LQ� 6RXWK� ,148$�+D%&RP� :RUNVKRS��
4XDWHUQDU\�3HUVSHFWLYHV������������

$NKLOHVK��.��DQG�6��3DSSX��������%LWV�DQG�SLHFHV��/LWKLF�ZDVWH�SURGXFWV�
DV� LQGLFDWRUV�RI�$FKHXOHDQ�EHKDYLRXU�DW�$WWLUDPSDNNDP��
,QGLD��-RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH��5HSRUWV�������±
����

$NKLOHVK��.��� 3DSSX�� 6��� 5DMDSDUD��+�0���*XQQHOO��<��� 6KXNOD��$�'���
6LQJKYL��$�.���������(DUO\�0LGGOH�3DODHROLWKLF�FXOWXUH�LQ�
,QGLD�DURXQG����±����ND�UHIUDPHV�2XW�RI�$IULFD�PRGHOV��
1DWXUH����������
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$NKLOHVK�� .��� 6�� 3DSSX�� 6�� 5DYLQGUDQDWK�� 8GD\� 5DM��� ������ 6KLIWLQJ�
6DQGV�$� 5HYLHZ� RI� 5HVHDUFK� RQ� 0LFUROLWKLF� 6LWHV�
DVVRFLDWHG�ZLWK�7HUL�'XQHV�RI�7DPLO�1DGX��LQ�3UHKLVWRULF�
5HVHDUFK� ,Q� WKH� ,QGLDQ�6XEFRQWLQHQW�$�5HDSSUDLVDO� DQG�
1HZ�'LUHFWLRQV�� �.�� 3DGGD\\D�� DQG�%��%DVDN�(GV���� SS��
���������'HOKL��3ULPXV�%RRNV���

&KDWWHUMHH��0���.��$NKLOHVK��6��3DSSX��6��5DYLQGUDQDWK�DQG�8GD\DUDM�
�����$�/DWH�3DODHROLWKLF�DVVHPEODJH�DW�.XQMDUDP��VRXWK�
HDVW�,QGLD��$QWLTXLW\�3URMHFW�*DOOHU\���������

0LVKUD��6���1��&KDXKDQ��$�.��6LQJKYL��������&RQWLQXLW\�RI�0LFUREODGH�
7HFKQRORJ\� LQ� WKH� ,QGLDQ� 6XEFRQWLQHQW� 6LQFH� ��� ND��
,PSOLFDWLRQV�IRU�WKH�'LVSHUVDO�RI�0RGHUQ�+XPDQV��3/R6�
2QH��������H�������GRL� ��������MRXUQDO�SRQH���������

3DGGD\\D��.��DQG�0��3HWUDJOLD�������,VDPSXU�$Q�$FKHXOLDQ�ZRUNVKRS�
VLWH� LQ� WKH� +XQVJL�9DOOH\�� *XOEDUJD� 'LVWULFW�� .DUQDWDND��
0DQ�DQG�(QYLURQPHQW������������

3DSSX��6��������$UFKDHRORJ\�LQ�6FKRROV��$Q�,QGLDQ�([DPSOH��$QWLTXLW\�
�����������������

3DSSX�� 6�� ������ 3UHKLVWRU\� LQ�7DPLO�1DGX��7KH�1HHG� IRU� /LQNV� DQG�
&RPPXQLFDWLRQ��LQ�1HJRWLDWLRQV�ZLWK�WKH�3DVW��&ODVVLFDO�
7DPLO� LQ� &RQWHPSRUDU\� 7DPLO� �0�� .DQQDQ� DQG� &DUORV�
0HQD� (GV���� SS�� ������ 3RQGLFKHU\�� ,QVWLWXW� IUDQFDLV� GH�
3RQGLFKHU\��DQG�%HUNOH\��8QLYHUVLW\�RI�&DOLIRUQLD��

3DSSX�� 6�� DQG� .��$NKLOHVK�� ������ 7RROV�� 7LPH� DQG� 7UDLOV�� 'HEDWLQJ�
$FKHXOLDQ�JURXS�VL]H�DW�$WWLUDPSDNNDP��,QGLD��-RXUQDO�RI�
+XPDQ�(YROXWLRQ��������������

3DSSX��6��DQG�.XPDU�$NKLOHVK��������$�FRVW�HIIHFWLYH�DQG�VDIH�PHWKRG�
IRU�VWRULQJ�VPDOO�OLWKLF�DUWHIDFWV��$QWLTXLW\��SURMHFW�JDOOHU\��
8UO��KWWS���DQWLTXLW\�DF�XN�SURMJDOO�SDSSX���

3DSSX�� 6KDQWL�� .XPDU�$NKLOHVK�� 6XGKD� 5DYLQGUDQDWK DQG� 8GD\� 5DM�
������$� )RUJRWWHQ�+HULWDJH�� ,PSDFW�$VVHVVPHQW� 6WXGLHV�
DW� 3UHKLVWRULF� 6LWHV� LQ� 7DPLO� 1DGX�� LQ� 6SDFH�� 7LPH� DQG
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3ODFH� ,,,� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�5HPRWH� 6HQVLQJ�
LQ� $UFKDHRORJ\�� ������ $XJXVW�� ������ 7LUXFKLUDSSDOOL��
�0DXUL]LR� )RUWH�� 6WHIDQR� &DPSDQD� DQG� &ODXGLD� /LX]]D�
(GV���� SS�� ��������� 2[IRUG�� %$5� ,QWHUQDWLRQDO� 6HULHV�
������

3DSSX�� 6KDQWL�� .XPDU� $NKLOHVK�� 6XGKD� 5DYLQGUDQDWK�� 8GD\� 5DM�
DQG� <DQQL� *XQQHOO� ����D�� 5HVHDUFK� DQG� 0DQDJHPHQW�
RI� 3DODHROLWKLF� UHVRXUFHV� LQ� 7DPLO� 1DGX�� 6RXWK� ,QGLD��
$QWLTXLW\� 3URMHFW� *DOOHU\�� 8UO�� KWWS���DQWLTXLW\�DF�XN�
SURMJDOO�SDSSX�����

3DSSX�� 6KDQWL�� .XPDU�$NKLOHVK�� 6XGKD� 5DYLQGUDQDWK DQG� 8GD\� 5DM�
����E�� $SSOLFDWLRQV� RI� 6DWHOOLWH� 5HPRWH� 6HQVLQJ� IRU�
5HVHDUFK�DQG�+HULWDJH�0DQDJHPHQW�LQ�,QGLDQ�SUHKLVWRU\��
-RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH���������±������

3DSSX��6���*XQQHOO��<���$NKLOHVK��.���%UDXFKHU��5���7DLHE��0���'HPRU\��
)��� 7KRXYHQ\�� 1��� ����D�� (DUO\� 3OHLVWRFHQH� SUHVHQFH� RI�
$FKHXOLDQ� KRPLQLQV� LQ� 6RXWK� ,QGLD��6FLHQFH� ����� �����
�����

3DSSX�� 6KDQWL�� .XPDU� $NKLOHVK�� 6XGKD� 5DYLQGUDQDWK�� 8GD\� 5DM�
����E�� )URP�6WRQH�7RROV� WR� 6DWHOOLWHV��5HFHQW�5HVHDUFK�
LQWR�WKH�3UHKLVWRU\�RI�7DPLO��$QFLHQW�,QGLD��%XOOHWLQ�RI�WKH�
$UFKDHRORJLFDO�6XUYH\�RI�,QGLD��1HZ�6HULHV������������

3HWUDJOLD��0� 5��.RULVHWWDU��1�� 1��%RLYLQ� &��&ODUNVRQ� 3�� � 6��
-RQHV� -��.RVK\��0�0� /DKU� &��2SSHQKHLPHU� '��3\OH� 5��
5REHUWV� -�/�� 6FKZHQQLQJHU�� /� $UQROG� .�� :KLWH��
������ 0LGGOH� 3DOHROLWKLF� DVVHPEODJHV� IURP� WKH� ,QGLDQ�
VXEFRQWLQHQW� EHIRUH� DQG� DIWHU� WKH� 7RED� VXSHU�HUXSWLRQ��
6FLHQFH �����-XO��������������������

3UHPDWKLODNH�5DWKQDVLUL��.XPDU�$NKLOHVK��.ULVKQDPXUWK\�$QXSDPD��
6KDQWL�3DSSX��6��3UDVDG��<DQQL�*XQQHOO��*��2UXNDLPDQL��
������3K\WROLWKV�DV�LQGLFDWRUV�RI�4XDWHUQDU\�YHJHWDWLRQ�DW�
WKH� 3DOHROLWKLF� VLWH� RI�$WWLUDPSDNNDP�� ,QGLD�� -RXUQDO� RI�
$UFKDHRORJLFDO�6FLHQFH��5HSRUWV��������±����

+HULWDJH�0DQDJHPHQW�DQG�3XEOLF�$UFKDHRORJ\�



:DUULHU��$�.���.��6DQGHHS��%�*��+DUVKDYDUGKDQD��5��6KDQNDU��6KDQWL�
3DSSX�� .XPDU� $NKLOHVK�� &�1�� 3UDEKX� DQG� <�� *XQQHOO��
������ $� 5RFN� 0DJQHWLF� UHFRUG� RI� 3OHLVWRFHQH� 5DLQIDOO�
9DULDWLRQV� DW� WKH� 6LWH� RI� $WWLUDPSDNNDP�� 6RXWKHDVWHUQ�
,QGLD�� -RXUQDO� RI� $UFKDHRORJLFDO� 6FLHQFH� ��� ����������
�����
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