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$OGHQW�8QLYHUVLW\

0XQLFLSDOLW\�RI�7LUDQD��(PEDVV\�RI� WKH�1HWKHUODQGV� LQ�$OEDQLD��(PEDVV\�RI�6SDLQ� LQ�$OEDQLD�� ΖVWLWXWR�GL�&XOWXUD�



IURP���WK�WR���UG��6HSWHPEHU��������32/Ζ6�8QLYHUVLW\

ΖPDJLQLQJ�IXWXUH�VSDFHV�LQ�DUFKLWHFWXUH��FLW\�DQG�ODQGVFDSH





ZH� DUH� PDNLQJ� DQ� KLVWRULF� VWHS� GLUHFWO\� RU� LQGLUHFWO\� UHODWHG� WR� 7LUDQDȇV�

LV� VWUXJJOLQJ� ZLWK� WKH� LQVWDELOLW\� RI� RQH� RI� WKH� ZRUVW� UHFHVVLRQV� RI� LWV�

QRW�EHFDXVH�RI�GHOD\HG�SURMHFWLRQV�EXW�EHFDXVH�SHRSOH�KHUH�DUH�YHU\�DFWLYH��
HQWUHSUHQHXULDO�VSLULW�VXUYLYDOV��DQG�WKH�FUHDWLYLW\�RI�VRFLHW\� LV� LQ�D�QHYHU�

HQHUJ\�LQ�D�SRVLWLYH�ZD\�DQG�OHWȇV�RSHQ�D�GHEDWH�WKDW�PLJKW�EH�XVHIXO�IRU�

VRPHWKLQJ� LQ� FRPPRQ� WKDW� FDQ� KHOS� WR� HGXFDWH� WKH� QHZ� JHQHUDWLRQ� RI�
DUFKLWHFWV�ZKR�FDQ�UH�DSSURSULDWH�WKH�FLW\�DQG�LWV�QHHGV��LQFOXGLQJ�WKRVH�RI�

5HFWRU�RI�32/Ζ6�8QLYHUVLW\

:HOFRPH�WR�32/Ζ6�8QLYHUVLW\



7KH�SDSHUV�VXEPLWWHG�WR�WKH�FRQIHUHQFH�DUH�FRPLQJ�IURP�WKH�IROORZLQJ�FRXQWULHV��$OEDQLD��ΖWDO\��6SDLQ��*UHHFH��7XUNH\��
86$��+XQJDU\��%HOJLXP��(J\SW��ΖUDQ��/HEDQRQ��ΖQGLD��&RORPELD��5RPDQLD��6ZLW]HUODQG��3RUWXJDO��$XVWULD��8QLWHG�

.LQJGRP��*HUPDQ\�DQG�-DSDQ��



7KH�WXUQ�RI�WKH���VW�FHQWXU\�KDV�EHHQ�PDUNHG�E\�GUDPDWLF�FKDQJHV�LQ�WKH�

WKH� ZD\� ZH� OLYH� WRGD\�� WHUURULVP�� PLJUDWLRQ� DQG� JOREDO� ZDUPLQJ� DUH�
FHUWDLQO\�WKH�PRVW�SUHVVLQJ�LVVXHV��DQG�WKH\�DUH�SXWWLQJ�DW�ULVN�RXU�YHU\�OLIH�

FRH[LVW�ZLWK�VXFK�SUREOHPV�DQG�OHDUQ�WR�OLYH�ZLWK�WKHLU�FRQVHTXHQFHV�LQ�RXU�

��DFWLRQ�RI�OLYLQJ�WRJHWKHU�ZLWKRXW�DQ\�SURGXFWLYH�LQWHUDFWLRQ��FR�KDELWDWLRQ�

7KLV� LV�ZK\�ZH�EHOLHYH�WKDW� LQ�WKH�IXWXUH�DUFKLWHFWXUH��FLW\��DQG�ODQGVFDSH�
VKRXOG� DSSURDFK� VXFK� HPHUJHQFLHV� IRVWHULQJ� LQWHUDFWLRQ� DQG� SURGXFWLYH�

RI� DUUDQJHPHQW� �� DUH� DFWLRQV� XQGHUWDNHQ� E\�� RU� DGGUHVVHG� WRZDUGV�� WKH�

DFWLYLWLHV�DQG�GHVLJQ�WDFWLFV�WKDW�GHDO�ZLWK�WKH�WRSLF�RI�FR�KDELWDWLRQ�IURP�

FKDQJH�� HFRV\VWHP�� HQHUJ\� WUDQVLWLRQV�� PHPRU\�� PLJUDWLRQ�� PRELOLW\��

RI�VRFLRORJ\��DUFKLWHFWXUH��XUEDQLVP��SODQQLQJ��OHLVXUH�DQG�FXOWXUDO�VWXGLHV��
JHRJUDSK\�� DQWKURSRORJ\� DUH� ZHOFRPH�� DV� PXFK� DV� RWKHU� VFLHQFHV� QRW�

ΖQWURGXFWLRQ



� LV� DQ� $UFKLWHFW� DQG� UHVHDUFKHU�� KHU� PDLQ� LQWHUHVW� OLHV� LQ�
REVHUYDWLRQ��DQDO\VLV�DQG�UHSUHVHQWDWLRQ�RI�XUEDQ�ODQGVFDSH�FRQGLWLRQV�DQG�

LQLWLDWLYHV� DUH� IRFXVHG� RQ� UHVLGXDO� ODQGVFDSHV� LQ� WUDQVLWLRQLQJ� FLWLHV� DQG�
RQ� WKH� UHDVVHVVPHQW� RI� WKHLU� UROH�ZLWKLQ� WKH� XUEDQ� FRQWH[W�� FRQVLGHULQJ�

/DXUD� LV� OHFWXUHU� LQ� /DQGVFDSH� $UFKLWHFWXUH� DQG� 6XVWDLQDEOH� 'HVLJQ� DW�
32/Ζ6�8QLYHUVLW\��ZKHUH�VKH�UHFHLYHG�KHU�'RFWRUDO�GHJUHH�LQ�$UFKLWHFWXUH��

/DXUD�KROGV�D�0DVWHU�LQ�$UFKLWHFWXUH�IURP�Ȋ/D�6DSLHQ]Dȋ�8QLYHUVLW\��5RPH�

)URP������WR������VKH�ZDV�DQ�$GMXQFW�3URIHVVRU�LQ�/DQGVFDSH�$UFKLWHFWXUH�
DQG�$UFKLWHFWXUH� DW�8QLYHUVLW\� RI� 5RPH� Ȋ/D� 6DSLHQ]Dȋ�� DQG� IURP������ WR�

UHVHDUFK�DFWLYLW\�VWDUWHG�LQ�������MRLQLQJ�&OXVWHU7KHRU\���D�PXOWLGLVFLSOLQDU\�
UHVHDUFK� JURXS� IRFXVHG� RQ� WKHRUHWLFDO� DSSURDFK� LQ� FRQWHPSRUDU\�

LQQRYDWLYH�WRXULVWLF�PRGHO��XVLQJ�LW�DV�WRRO�IRU�UHJHQHUDWLQJ�DQG�SURWHFWLQJ�

32/Ζ6�8QLYHUVLW\��GHYHORSLQJ�D�UHVHDUFK�RQ�WRXULVP�GHYHORSPHQW�LQ�%DONDQ�

KH� KDV� EHHQ� LQYLWHG� DV� H[WHUQDO� H[SHUW� LQ� WKH� /DQGVFDSH�0DVWHU� RI�83&�

D�3K'�VFKRODUVKLS�LQ�$UFKLWHFWXUDO�&RPSRVLWLRQ�DQG�7KHRU\�DW�Ȋ/D�6DSLHQ]Dȋ�
DQG�KH�GHYHORSHG�SDUW�RI�KLV�3K'�GLVVHUWDWLRQ�UHVHDUFK�DW�WKH�'HSDUWPHQW�

DGMXQFW�SURIHVVRU�DW�WKH�)LYH�<HDU�0DVWHU�FRXUVH�LQ�$UFKLWHFWXUH�(8�RI�Ȋ/D�

32/Ζ6�8QLYHUVLW\� LQ�7LUDQD�� IURP������ WLOO� �����KH�ZDV�'HDQ�RI� IDFXOW\� LQ�

WKH� FRQWH[W� RI� 8UEDQ� H[SUHVVLRQV�� ZKHUH� WKH� FKDUDFWHU� RI� VSRQWDQHRXV�



$VV�3URI�3K'���8QLYHUVLW¢�/D�6DSLHQ]D�_�5RPH��Ζ7$��

$QQD�%UXQD�0HQJKLQL�

-RDQ�0RUHQR�6DQ]

0DULQD�7RUQDWRUD

�Ζ7$�

0HOLVD�3HVRD�0DUFLOOD

9LQFHQ]R�3��%DJQDWR



2SHQLQJ�OHFWXUH

LV�3URIHVVRU�IRU�$UFKLWHFWXUH�DQG�&XOWXUDO�7KHRU\�DW�8QLYHUVLW\�

JRLQJ�RQ�WR�WHDFK�DUFKLWHFWXUH�WKHRU\�IURP������WR������DW�WKH�8QLYHUVLW\�RI�
6WXWWJDUW��ZKHUH�KH�ZDV�D�UHVHDUFK�DVVLVWDQW�DW�Ζ*0$��DQG�IURP������WR������

�LV�RQH�RI�WKH�IRXQGHUV�RI�32/Ζ6�8QLYHUVLW\��DQG�FXUUHQWO\�LV�WKH�

LQ�VHYHUDO�UHVHDUFK�VWXGLHV�FRQGXFWHG�E\�WKH�ΖQVWLWXWH�RI�$UFKLWHFWXUH�DQG�

SXEOLF�DGPLQLVWUDWLRQ�IURP�WKH�6\UDFXVH�8QLYHUVLW\� LQ�86��DV�ZHOO�DV�RWKHU�

8QLYHUVLW\�LQ�7LUDQD�DV�D�JXHVW�SURIHVVRU��DQG�FXUUHQWO\�KH�LV�WHDFKLQJ�XUEDQ�

� LV� 3URIHVVRU� RI� 8UEDQ� 'HVLJQ� DQG� &ULWLFDO� 7KHRU\� DW� 7KH�

8&/� 8UEDQ� /DERUDWRU\� FR�'LUHFWRU� RI� WKH� %XLOGLQJ� DQG� 8UEDQ� 'HVLJQ� LQ�

FRPSOH[�HQFRXQWHUV�EHWZHHQ�FULWLFDO�WKHRU\��UDGLFDO�SKLORVRSK\�DQG�XUEDQ�

D� VHULHV�RI� LQWHUFRQQHFWHG� UHVHDUFK�SURMHFWV� LQ� /DWLQ�$PHULFD�� 6RXWK�(DVW�
$VLD� DQG� WKH� 0LGGOH� (DVW� RQ� XUEDQ� LQIUDVWUXFWXUHV�� KDELWDELOLW\� DQG� FLW\�

DUFKLWHFWXUDO�SUDFWLFH�IRU�D�QXPEHU�RI�\HDUV��EHFDPH�D�UHVHDUFK�IHOORZ�DW�WKH�

6ZLW]HUODQG��DQG�WKH�1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\�ZKHUH�
KH�ZRUNHG�RQ�D�QXPEHU�RI� UHVHDUFK�DQG�FRQVXOWDQF\�SURMHFWV�FRQFHUQHG�
ZLWK�HQYLURQPHQWDO� IRUFHG�PLJUDWLRQ�� KXPDQLWDULDQ�XUEDQLVP�� WHPSRUDU\�

RI�D�3RWHQWLDO�8UEDQLVP��&ULWLFDO�(QFRXQWHUV�%HWZHHQ�*LRUJLR�$JDPEHQ�DQG�



� LV� DQ� $VVRFLDWH� 3URIHVVRU� DW� &RUQHOO� 8QLYHUVLW\� LQ� WKH�

FRDVWDO�WRXULVP��HVSHFLDOO\�LQ�UHJDUG�WR�WKH�LQWHUSUHWDWLRQ�DQG�UHLQYHQWLRQ�RI�

LV�PDLQO\�LQWHUHVWHG�LQ�WUDQVODWLQJ�LQWHUGLVFLSOLQDU\�NQRZOHGJH�RQ�WKH�FRDVW�

5HFHQWO\� KH� ZDV� LQYROYHG� LQ� GHVLJQLQJ� WKH� 5HJLRQDO� )UDPHZRUN� 3ODQ� IRU�

�LV�RQH�RI�WKH�IRXQGHUV�RI�WKH�)ORRG�5HVLOLHQFH�*URXS�DW�

LQ� 'XWFK� SDUDGLJP� VKLIWLQJ� SURMHFWV� OLNH� 8)0�'RUGUHFKW� DQG� 5RWWHUGDP�

H[WHQVLYHO\� LQ�PHJDFLWLHV� OLNH�%HLMLQJ��'KDND�DQG�0XPEDL�ZKHUH�KLV�ZRUN�
IRFXVVHG�RQ�WKH�GHYHORSPHQW�RI� ORQJ�WHUP�XUEDQ�JURZWK�SURMHFWLRQV�DQG�

� LV� IXOO� 3URIHVVRU�RI�8UEDQ�3ODQQLQJ�DQG� LV� WKH�KHDG�
RI� WKH� /DERUDWRU\� RI� 8UEDQLVP� DQG� 8UEDQ� 'HVLJQ� DW� WKH� 'HSDUWPHQW� RI�
$UFKLWHFWXUH��8QLYHUVLW\�RI�1DSOHV� )HGHULFR� ΖΖ��ZKHUH�KH� LV� VLQFH������ WKH�

WKHPHV��NQRZOHGJH�DQG�WKH�SKHQRPHQD�RI�FRQWHPSRUDU\�XUEDQ�GHVLJQ�LQ�
UHODWLRQ�WR�WKH�FRQWHPSRUDU\�FLWLHV�FKDQJHV��XUEDQL]HG�DUHDV�� ODQGVFDSHV��

� LV� DQ�XUEDQLVW_DUFKLWHFW�ZKR�VWXGLHG�DW� WKH�8QLYHUVLW\�RI�

$FDGHPLF� 'LUHFWRU� WKH� $IRUPDO� $FDGHP\� IRU� XUEDQLVP_ODQGVFDSH_SXEOLF�



$OO�SDSHUV�SUHVHQWHG�DW�WKLV�FRQIHUHQFH�KDYH�XQGHUJRQH�D�SURFHVV�RI� E\�WKH�PHPEHUV�RI�WKH�

$V�VWDWHG�LQ�WKH�FDOO�IRU�SDSHUV��



ERXQGDULHV��5HVHDUFKHUV�DUH�LQYLWHG�WR�SUHVHQW�FRQWULEXWLRQV�WR�WKH�WRSLF�RI�PLJUDWLRQ�DQG�LWV�LPSDFW�LQ�
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DEVWUDFW

���

Ȋ$UFKLWHFWXUH�LV�WKH�DUW�RI�UHFRQFLOLDWLRQ�EHWZHHQ�RXUVHOYHV�DQG�WKH�ZRUOG��DQG�WKLV�PHGLDWLRQ�WDNHV�SODFH�

QRW�H[SHULHQFHG�DV�D�VHULHV�RI�LVRODWHG�UHWLQDO�SLFWXUHV�EXW�LQ�VHYHUDO�FRPSRQHQWV��VXFK�DV�PDWHULDO�DQG�VSLULWXDO�

WKH�YLVXDO�DVSHFW�RI�D�VSDFH�UDWKHU�WKDQ�WKH�DFRXVWLF�RQHV��FRQVLGHULQJ�WKLV�DV�OHVV�LPSRUWDQW�IRU�D�KXPDQ�EHLQJ�

WKH�WKHRULHV�DERXW�WKH�VXSHULRULW\�RI�YLVLRQ�DQG�FRQVLGHUHG�WKH�LPSRUWDQW�LPSDFW�RI�DOO�WKH�VHQVHV�LQ�H[SHULHQFLQJ�

PHQWDO�DQG�SK\VLFDO�H[SHULHQFH��7KLV�DFWLYLW\�LV�QHFHVVDU\�LQ�RUGHU�WR�SURYLGH�WKH�DGRSWLRQ�RI�WKH�LQGLYLGXDO�WR�WKH�OLYLQJ�
HQYLURQPHQW��ΖW�LV�PDGH�SRVVLEOH�WKURXJK�DQ�LPSRUWDQW�PHFKDQLVP��WKH�VHQVRULDO�V\VWHP��7KH�VHOHFWLRQ�RI�WKH�LQSXW�LV�

FRPSOH[�SURFHVV�ZH�LQWHUDFW�DQG�XVH�VSDFH�

6SDFH�SHUFHSWLRQ�LV�SURYLGHG�E\�WKH�FROODERUDWLRQ�RI�DOO�WKH�VHQVHV��DOWKRXJK�WKURXJKRXW�WKH�KLVWRU\�RI�SKLORVRSK\�DQG�
DUFKLWHFWXUH� WKH�VHQVRULDO�V\VWHPV�ZHUH�RUJDQL]HG� LQ�D�KLHUDUFK\�DFFRUGLQJ� WR� WKHLU� LPSRUWDQFH��7KH�YLVXDO�V\VWHP�LV�

WKH�LPSRUWDQFH�RI�WKH�DXGLWRU\�V\VWHP�LQ�H[SHULHQFLQJ�DUFKLWHFWXUH�DQG�KRZ�SK\VLFDO�IHDWXUHV�LQGLFDWH�LQ�WKH�ZD\�ZH�
SHUFHLYH�DUFKLWHFWXUDO�VSDFH��

$UFKLWHFWXUH



���

7LUDQD�$UFKLWHFWXUH�:HHN�����

7KH�UHVHDUFK�DLPV�WR�SUHVHQW�WKH�FRQQHFWLRQ�RI�DUFKLWHFWXUH�DQG�VRXQG��HPSKDVL]LQJ�WKH�LPSRUWDQFH�RI�KHDULQJ�

DOVR��DLPV�WR�EULQJ�RXW�FRQFOXVLRQV�IURP�DQDO\]LQJ�H[LVWLQJ�WKHRUHWLFDO�IUDPHZRUNV�WKDW�ZHUH�FRQFHLYHG�E\�JLYLQJ�

7KURXJKRXW�KLVWRU\�� WKH�VHQVRULDO� V\VWHP�KDV�EHHQ�RUJDQL]HG� LQ�D�KLHUDUFK\��DFFRUGLQJ� WR� WKHLU� LPSRUWDQFH� LQ�

ΖQ� WKH� DQFLHQW� DQG� ZHVWHUQ� SKLORVRSK\� VLJKW� KDV� EHHQ� FRQVLGHUHG� DV� RQH� RI� WKH�PRVW� LPSRUWDQW� VHQVHV� IRU�

7KH�VFLHQFH�RI�PDJLF�DQG�LOOXVLRQ�KROG�WKH�NH\�WR�XQGHUVWDQGLQJ�RI�KRZ�RXU�VHQVHV�ZRUN��HVSHFLDOO\�WKH�VHQVH�RI�

WKHUH�LV�DERXW�D�WHQWK�RI�D�VHFRQG�GHOD\�EHWZHHQ�LQIRUPDWLRQ�EHLQJ�UHFHLYHG�E\�RXU�H\HV�DQG�SURFHVVHG�E\�WKH�

)LJXUH����&KHFNHU�6KDGRZ�ΖOOXVLRQ�Ȃ�(GZDUG�+�$GHOVRQ



����

'XULQJ�5HLQLVVDQFH��WKH�VHQVHV�ZHUH�VWLOO�RUJDQLVHG�LQ�D�KLUHDUFK\�GHSHQGLQJ�RQ�WKHLU�LPSRUWDQFH�IRU�SHUFHYLQJ�

PRYHPHQWV�DQG�IDFLDO�H[SUHVVLRQV��LQ�RUGHU�WR�JLYH�DV�PXFK�LQIRUPDWLRQ�WR�WKH�SHUFHLYHU��DOWKRXJK�WKLV�PDQHXYHU�

DW�0Ζ7�DQG�WKH�LQYHQWRU�RI�WKH�GLJLWDO�UHYHUEHUDWLRQ�V\VWHP��DUJXHV�WKDW�DXGLWRU\�VSDWLDO�DZDUHQHVV�IDFLOLWDWHV�WKH�
PLQG�WR�SHUFHLYH�VSDFH�WKURXJK�FRPSOH[�FRJQLWLYH�SURFHVVHV�WKDW�HQDEOHV�XV�WR�YLVXDOL]H�VSDFH�ZKLOH�DOORZLQJ�WKH�

UHFHSWRUV�WUDQVIRUPV�LQ�D�SHUFHSWXDO�H[SHULHQFH��E\�ZKLFK�WKH�SHUVRQ�EHFRPHV�DZDUH�QRW�RQO\�RI�WKH�SUHVHQFH�
DQG�GLVWDQFH�RI�WKH�REMHFW�SURGXFLQJ�VRXQG��EXW�DOVR�RI�WKH�H[LVWHQFH�RI�WKH�VSDWLDO�HOHPHQWV�WKDW�VXUURXQG�KLV�

VWDWH�LV�D�FLW\�ZLWK�HPSW\�VWUHHWV��ZKLFK�JLYHV�D�VHQVH�RI�LQVHFXULW\��RU�D�VRXQG�SROOXWHG�FLW\�ZKLFK�JLYH�D�VHQVH�RI�

7KH�VRXQG�LV�FRQVLGHUHG�DV�VRIW�DUFKLWHFWXUH��EHFDXVH�RI�LWV�SRVVLELOLW\�RI�FKDQJLQJ�RXU�SHUFHSWLRQ�RI�WKH�VXUURXQGLQJ�

WKHVH�DWWULEXWLRQV�RI�WKH�VHQVH�RI�KHDULQJ��LW�LQGLFDWHV�QHZ�ZD\V�RI�GHLJQLQJ�D�QHZ�DUFKLWHFWXUH�WKDW�HPEUDFHV�DOO�

JLYHV�D�V\PEROLF�PHDQLQJ�WR�WKH�PHQWDO�LPDJH�RI�WKH�XVHU��EXW�PHDQZKLOH�WKHVH�DUFKLWHFWXUDO�VROXWLRQV�FRQWULEXWH�



���

7LUDQD�$UFKLWHFWXUH�:HHN�����

)LJXUH����/H�0RQW�6DLQW�0LVFKHO�LQ�)UDQFH

SURFHVV�FUHDWHV�DQ�HFKR�VRXQG�IROORZHG�ZLWK�WKH�PRYHPHQW�RI�WKH�SHUVRQ��LQ�FRQWUDVW�WR�WKH�GHDI�VLOHQFH�RI�WKH�

)LJXUH����'DQLHO�/LEHVNLQG�Ȃ�-HZLVK�0XGHXP



����

ZKHUH�SOD\LQJ�RI�VRXQG�LV�WKH�SULPDU\�IXQFWLRQ��GHVLJQ�LV�D�UHVXOW�RI�WKH�FDOFXODWHG�DFRXVWLF�VSDFHV��VXFK�DV�WKH�

PDWHULDOLW\�ZDV�XVHG�WR�DFRXVWLFDOO\�GLVWLQJXLVK�EHWZHHQ�LQWLPDWH�TXLHW�VSDFHV�DQG�ORXG�VSDFHV�ZLWK�WKH�XVH�RI�

)LJXUH����$QHFKRLF�&KDPEHU

%HUQKDUG�/HLWQHU��ZKR� LV�FRQVLGHUHG�WR�EH�WKH�SLRQHHU�RI�VRXQG�DQG�VSDFH�DUW��VSHDNV�RI� ȊFRUSRUHDOȋ�KHDULQJ��
ZKHUHE\�DFRXVWLF�SHUFHSWLRQ�QRW�RQO\�WDNHV�SODFH�E\�ZD\�RI�WKH�HDUV��EXW�WKURXJK�WKH�HQWLUH�ERG\��DQG�HDFK�SDUW�

7KLV� LV� WKH�SHUIHFW�H[DPSOH�ZKHQ�VRXQG� LV� WKH�DUFKLWHFW�RI�D�VSDFH�WKDW�PDNHV�XV�FRQVFLRXV�RI�RXU�EHLQJ�DQG�

)LJXUH����&\OLQGUH�6RQRUH



���

7LUDQD�$UFKLWHFWXUH�:HHN�����





VSDFHV�LQ�DUFKLWHFWXUH��FLW\�DQG�ODQGVFDSH���

6HSWHPEHU��������FRQIHUHQFH�SURFHHGLQJV���







Ζ6%1������������������

RUJDQL]HG�E\�_�VXSSRUWHG�E\


