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,�IRUWL�GHOOD�VWUDGD�GHO�0HORJQR��0HPRULD�GLVWUDWWD�H�LPSHUIHWWD��H�LQFHUWL�GHVWLQL��SHU�OH�RSHUH��
GL�IRUWLILFD]LRQH�FRVWUXLWH�IUD�;9,,�H�;,;�VHFROR�SHU�LO�FRQWUROOR�GHOOH� YLH GL� FRPXQLFD]LRQH�
GHO�)LQDOH�YHUVR�LO�3LHPRQWH�H�OD�/RPEDUGLD««««««�«««««««««««««««««���
*��3HUWRW�

5HVXOWDGR�GH�ORV�HVWXGLRV�SUHYLRV�FRPR�EDVH�SDUD�HO�SUR\HFWR�GH�SXHVWD�HQ�YDORU�GHO�&DVWLOOR�
'H 6DQ�)HUQDQGR�GH�$OLFDQWH«««��«««««««««««««««««««««««««����
,��3L]DUUR�0XxR]��5��6ROHU�3RUUDV��*��/ySH]�0XxL]�0RUDJDV�

,O�SURJHWWR��%HUJRJOLR�����OXRJR�DQWLFR�YLWD�QXRYD��SHU�OD�FLWWDGHOOD�GL�$OHVVDQGULD«««««�««�����
(��3RJJLR�

�7RUUH�GH�OD�6DO���XQ�HVODEyQ�HQ�OD�ODUJD�FDGHQD�GHIHQVLYD�FRVWHUD««««««««««««««�����
-��3ULRU�\�/ORPEDUW�



;,,,

/D�FLWWj�IRUWH]]D�GL�3DOPDQRYD��,O�VLVWHPD�GHL�ULYHOOLQL��DVSHWWL�FRVWUXWWLYL��GL�PDQXWHQ]LRQH�H
GL�WUDVIRUPD]LRQH�GHOOD�FLQWD�GLIHQVLYD«««««««««««««««««««««««�«�����
$��4XHQGROR��1��%DGDQ

&LWWDGHOOD�H�FXOWXUD��XQD�IRQGDPHQWDOH�ULVRUVD�SHU�OD�FLWWj«««««««««««««««««�����
*��5DWWL

7KH�&LWWDGHOOD�RI�$OHVVDQGULD��SURMHFW�IRU�DQ�DGDSWLYH�UHXVH«««««««««««««««�«�����
0��5RELJOLR��1��5XVVL��(��9LJOLRFFR

(VWUDWHJLD�\�VLVWHPD�GHIHQVLYR�GHO�OLWRUDO�LOLFLWDQR�DQWH OD�LVOD�GH�1XHYD�7DEDUFD««««««««�����
3��5RGUtJXH]�1DYDUUR��$��3pUH]�9LOD

&LWDGHOV�RI�6\ULD��5HIXQFWLRQLQJ�LQ�;;,�&HQWXU\�:DU««««««««««���««««««««���
,��6DODK�+DM

,O�3DOD]]R�GHO�*UDQ�0DHVWUR�GL�5RGL��*UHFLD���IUD�UHVWDXUR��ULFRVWUX]LRQH�H�YDORUL]]D]LRQH««««������
5��6FDGXWR

7HUUH�GL�PH]]R��/¶DUFLSHODJR�GHOOH�&KHUDGL��7D��H�LO�SDOLQVHVWR�GHOOH�VXH�IRUWLILFD]LRQL«««��««�����
/��6HUDILQL

$Q�RYHUYLHZ�RI�2WWRPDQ�IRUWLILFDWLRQ�SURMHFWV�RI�3HORSRQQHVH��*UHHFH«««««��««««««�����
;��6LPRX

,O�)RUWH0RQWH�$QWHQQH�QHO�FDPSR�WULQFHUDWR�GL�5RPD��VWXGL�H�ULOLHYL�LQ�FRUVR«««««««««�����
*��6SDGDIRUD��6��)HUUHWWL��0��&DQFLDQL��(��3DOORWWLQR

5HFXSHUR�H�UHVWDXUR GHJOL�HOHPHQWL�D VSRUJHUH�LQ�PDWWRQH�IDFFLD�YLVWD��VHF��;,,,�± ;,9��GHOOD
5RFFD�GL�&DVWURFDUR��5RPDJQD�)LRUHQWLQD�«««««««««««««�««��«««««««����
'��7DGGHL��&��&DOYDQL��5��3LVWROHVL��$��7DGGHL��$��0DUWLQL

(O�&DVWLOOR�GH�ORV�$JXLOy�HQ�3HWUpV��(VWXGLR�DUTXLWHFWyQLFR�\�FRQVWUXFWLYR«««««««««««���
)��9HJDV�/ySH]�0DQ]DQDUHV��&��0LOHWR��)��-��*yPH]�3DWURFLQLR��0��6��*DUFtD�6iH]

%DE�2TOD�GH�7HWXiQ��0DUUXHFRV��D�SDUWLU�GH�XQRV�SODQRV�GH�����«««««««««���««««�����
-��9HUJDUD�0XxR]��0��0DUWtQH]�0RQHGHUR





���

'HIHQVLYH�$UFKLWHFWXUH�RI�WKH�0HGLWHUUDQHDQ����9RO�9,,,���0DURWWD��6SDOORQH��HGV��
�������3ROLWHFQLFR�GL�7RULQR

7KH� UHFWDQJXODU� WRZHU� ZLWK� PDFKLFRODWLRQV� RI� .\UHQLD� FLW\� ZDOOV�
�������������&\SUXV�
$OHVVDQGUR�&DPL]D��0DULND�*ULIIRE��(PLOLD�9DOOHWWDF��3HPEH�g]HQG

D,QWHUQDWLRQDO� &HQWUH� IRU� +HULWDJH� 6WXGLHV�� *LUQH� $PHULFDQ� 8QLYHUVLW\�� .\UHQLD�� &\SUXV��
DOHVVDQGURFDPL]#JDX�HGX�WU�� � E'LSDUWLPHQWR�GL�6WRULD��'LVHJQR�H�5HVWDXUR�GHOO
$UFKLWHWWXUD� �'6'5$���³6DSLHQ]D´�
8QLYHUVLWj�GL�5RPD��5RPD��,WDO\��PDULND�JULIIR#JPDLO�FRP��F6FXROD�GL�6SHFLDOL]]D]LRQH�LQ�%HQL�$UFKLWHWWRQLFL�H�GHO�
3DHVDJJLR���6DSLHQ]D���8QLYHUVLWj�GL�5RPD��HPLOLDYDOOHWWD#KRWPDLO�LW� G'HSDUWPHQW��RI��$QWLTXLWLHV��DQG��0XVHXPV���
$UWLIDFW��&RQVHUYDWLRQ��/DERUDWRU\���1LFRVLD��&\SUXV��SHPEH�R]HQ#JPDLO�FRP

$EVWUDFW
7KH�UXLQV�RI�D�UHFWDQJXODU�VWRQH�FRQVWUXFWLRQ�DUH�YLVLEOH�LQ�WKH�ROG�FLW\�RI�.\UHQLD��WKH�WRZHU�ZDV�SDUW�
RI� WKH� ZDOOHG� XUEDQ� GHIHQVLYH� V\VWHP�� 7KH� FLW\� KDG� EHHQ� DOUHDG\� IRUWLILHG� LQ� %\]DQWLQH� WLPHV� EXW�
GXULQJ�WKH�/RQJREDUG�ZDU��EHIRUH�WKH�FLW\�VHL]H��)UHGHULFN�,,¶V�SDUW\��XQGHU�WKH�GLUHFWLRQ�RI�&DSWDLQ�
3KLOLSSR�*HQDUGR�LPSURYHG�WKH�GHIHQFHV��,W�LV�LQ�WKLV�SKDVH�WKDW�ZH�K\SRWKHVLVHG�WKH�FRQVWUXFWLRQ�RI�
WKH� URXQG� VRXWKZHVW� FRUQHU� WRZHU� RI� WKH� FLW\� ZDOOV� ������������� 7KH� UHFWDQJXODU� WRZHU� ZLWK�
PDFKLFRODWLRQV�VHHPV�WR�EHORQJ�WR�DQ�HDUOLHU�SKDVH��WHQWDWLYHO\�SODFHG�EHWZHHQ�WKH�%\]DQWLQH�DQG�WKH�
)UHGHULFLDQ�RQH��7KLV�FKURQRORJLFDO�IUDPHZRUN�QDUURZV�WKH�DYDLODEOH�WLPH�ODSVH�IRU�WKH�GDWLQJ�������
�������ZLWK� WKH� WHUPLQXV�SRVW�TXHP FRUUHVSRQGLQJ� WR� WKH�DUULYDO�RI� WKH�FUXVDGHUV� LQ�&\SUXV�DQG� WKH�
WHUPLQXV�DQWH�TXHP JLYHQ�E\�WKH�EHJLQQLQJ�RI�WKH�/RQJREDUG�ZDU��7KH�9HQHWLDQV�LQ�WKH�;9,�FHQWXU\�
GHPROLVKHG�WKH�FLW\�ZDOOV�FRQFHQWUDWLQJ�LQ�WKH�&DVWOH�WKHLU�GHIHQVLYH�V\VWHP��7KH�UHPDLQLQJ�HOHPHQWV�
RI� WKH�ROGHU�GHIHQVLYH�V\VWHP� LQFOXGH� WZR�RWKHU� WRZHUV� VWLOO�YLVLEOH� WRGD\� LQ� WKH�XUEDQ� WLVVXH�RI� WKH�
FLW\�� ,W� LV� SRVVLEOH� WKHUHIRUH� WR� UHFRQVWUXFW� WKH� FRPSOHWH� SHULPHWHU� RI� WKH� FLW\� ZDOOV� RI� .\UHQLD�
RYHUODSSLQJ� GDWD� IURP� WKH� VXUYH\�� WKH� PRGHUQ� FDGDVWUH� DQG� WKH� DQFLHQW� FLW\� SODQV�� 7KH� UHVHDUFK�
LQFOXGHV� WKH� GLJLWDO� VXUYH\� RI� WKH� WRZHU� XVLQJ� D� VWUXFWXUH� IURP� PRWLRQ� VRIWZDUH�� WKH� FRPSDUDWLYH�
GRFXPHQWDWLRQ�RI�WKH�PDVRQU\�W\SHV��WKH�KLVWRULFDO�UHVHDUFK�RQ�WKH�WRZHU�DQG�WKH�WUDQVIRUPDWLRQV�RI�
.\UHQLD¶V�PHGLHYDO�GHIHQVLYH�V\VWHP�LQ�PRGHUQ�WLPHV�

.H\ZRUGV��)RUWLILFDWLRQV��GLJLWDO�VXUYH\��PHGLHYDO�DUFKLWHFWXUH��&\SUXV

�� ,QWURGXFWLRQ

(QODUW�� ZKLFK� UHPDLQV� WR� WKLV� GD\� WKH� VWDUWLQJ�
SRLQW� RI� DQ\� UHVHDUFK� RQ� WKH� KLVWRU\� RI�
PHGLHYDO� DUFKLWHFWXUH� LQ� &\SUXV�� GDWHG� WKH�
FRQVWUXFWLRQ�RI�WKH�FLW\�ZDOOV�RI�.\UHQLD������
���� XVLQJ�VROHO\�WKH�GRFXPHQWDO�DSSURDFK��$V�
WHUPLQXV SRVW� TXHP� KH� DGRSWHG� WKH� DUULYDO� RI�
WKH� /XVLJQDQV� WR� &\SUXV�� DV� WHUPLQXV� DQWH�
TXHP KH� XVHG� LQVWHDG� WKH� \HDU� LQ� ZKLFK�
:LOOEUDQG� RI� 2OGHQEXUJ� YLVLWHG� .\UHQLD�
GHVFULELQJ� LW� DV� ³3ULPR� LQWURLWX� 6FKHULQV�
DSSOLFXLPXV�� TXH� HVW� FLYLWDV� SDUYD� HW� PXQLWD��
FDVWUXP� KDEHQV� LQ� VH� PXUDWXP� HW� WXUULWXP��
DWTXH� PD[LPH� LQ� VXR� ERQR� SRUWX� JORULDWXU´�
�3ULQJOH�� ������� 7KLV� GDWDWLRQ� KDV� EHHQ�

JHQHUDOO\� DFFHSWHG� :H� GR� QRW� TXHVWLRQ� WKH�
GDWH��EXW� WKH�PHWKRG�� WKHUH� LV�QR�HYLGHQFH� WKDW�
WKH� ZDOOV� KDG� QRW� EHHQ� DOUHDG\� HUHFWHG� EHIRUH�
WKH�/XVLJQDQV¶�DUULYDO��DQG�ZH�DUH�QRW�VXUH�WKDW�
WKH� HQFHLQWH� GHVFULEHG� E\� WKH� *HUPDQ ELVKRS��
GRHV�FRPSOHWHO\�FRUUHVSRQG�ZLWK�WKH�ODVW�SKDVH�
DV�UHFRQVWUXFWHG�E\�GLIIHUHQW�DXWKRUV��&DPL] HW�
DO� �������7KH�VXUYH\�DQG�GRFXPHQWDWLRQ�RI�WKH�
SK\VLFDO� FRQVLVWHQFH� RI� WKH� DUWHIDFWV�� WKH� FORVH�
DQDO\VLV�RI�WKH�PDVRQU\�W\SHV��WKH�PHWURORJLFDO�
DQDO\VLV�� DFFRPSDQLHG� ZLWK� WKH� FRPSDUDWLYH�
PHWKRG� DUH� DQ� H[SHULPHQWDO� DSSURDFK� LQ�
ZULWLQJ� D� PDWHULDO� KLVWRU\�� DV� RSSRVHG�� \HV�
RSSRVHG��WR�WKH�GRFXPHQWDO�RQH�



���

)LJ�� �� 0DFKLFRODWLRQ WRZHU�� FDGDVWUDO� SODQ�
GHWDLO��'HSDUWPHQW�RI�/DQGV�DQG�6XUYH\V��������
UHYLVHG������

7KH� FRQWUDSRVLWLRQ� EHWZHHQ WKH 0DJLVWUL�
ODWKRPRUXP�DQG�WKH PDJLVWUL�OLWWHUDUXP �PDVWHUV�
RI� VWRQH YV��0DVWHUV� RI� OHWWHUV��ZDV� D�PHGLHYDO�
GHEDWH GHYHORSHG� LQ� WKH� VWRQHFXWWHUV¶�
HQYLURQPHQW��D�SODFH�ZKHUH�WKH�XQGHUVWDQGLQJ�RI�
VWRQH� ZDV� IDU� PRUH� DGYDQFHG� WKDQ� WKH�
XQGHUVWDQGLQJ� RI� OHWWHUV� ZDV� LQ� WKH� FRXUWV� DQG�
FORLVWHUV�� 7KLV� QRXYHOOH� KLVWRLUH� GH�
O¶DUFKLWHFWXUH�� EDVHG� RQ�PDWHULDO� PHWKRGV�� DV� D�
GLVFLSOLQH��QRW�RQO\�JHWV�FORVHU��EXW�DOVR GH�IDFWR
VXSHULPSRVHV� LWVHOI� ZLWK� WKH� PHGLHYDO�
DUFKDHRORJ\� 7KHUH� LV� VFDUFH� ZULWWHQ�
GRFXPHQWDWLRQ� RQ� WKH� PHGLHYDO� SHULRG� LQ�
&\SUXV�� LQ� DGGLWLRQ�� WKH� PHGLHYDO� .\UHQLD�
IRUWLILFDWLRQV� FRQVLGHUHG� DV�PDWHULDO� GRFXPHQWV��
ZKHUH� GHPROLVKHG� LQ� WKH� ;9,� FHQWXU\� E\� WKH�
9HQHWLDQV�� � :H� FDQ� WKHUHIRUH� RQO\� DQDO\VH� WKH�
UHPDLQLQJ� WRZHUV� WR� DWWHPSW� DQ� KLVWRULFDO�
UHFRQVWUXFWLRQ� RI� WKH� XUEDQ� HQFHLQWH�� &HULQHV
�.\UHQLD��LV�VWLOO�DSSHDULQJ�RQ�5HQDLVVDQFH�PDSV�
DV� D� VLJQLILFDQW� ZDOOHG� FLW\�� KRZHYHU� LQ� WKH�
PLGGOH� ��WK� FHQWXU\� 0DULWL� GHVFULEHG� LW� DV� D�
SRRUO\� SRSXODWHG� YLOODJH� ZLWK� DQ� HSLVFRSDO�
*UHHN�FKXUFK��DQG�D�7XUNLVK�PRVTXH� ³/LNH�DOO�
GHIHQVLYH�ZRUNV� LQ�KLVWRULFDO�FRXQWULHV�� WKRVH�RI�
.\UHQLD� KDYH� XQGHUJRQH� FRQWLQXDO� FKDQJHV� DQG�
PRGLILFDWLRQV�� DV� IURP� WLPH� WR� WLPH� DOWHUDWLRQV�
PD\�KDYH�EHHQ�VXJJHVWHG�E\�VXFFHVVIXO�DWWDFNV�´�
�%DNHU������� S�������

)LJ���� 7H[WXUHG�PHVK�RI� WKH�/XVLJQDQ�/LRQ�RQ�
WKH� ZDOO� RI� WKH� EXLOGLQJ� DGMDFHQW� WR� WKH� 1RUWK�
VLGH�RI�WKH WRZHU� �&DPL]�������

���� ,QWHUSUHWDWLRQ�RI�WKH�DUFKLWHFWXUDO�IRUP

7KH� WRZHU� KDV� DQ� HFFHQWULF� LUUHJXODU� FLUFXODU�
SODQ� RI� URXJKO\� �� P�� GLDPHWHU� RQ� WKH� RXWVLGH�
DQG� DQ� REOLTXH� UKRPERLG� SODQ� LQ� WKH� LQVLGH��
7KH� ORQJHVW� LQVLGH� ZDOO� PHDVXUHV� ����� P
ZKLFK� FRUUHVSRQGV� WR� ��� PDVRQU\� SLNLV�� ���
PDVRQU\�SLNL  ������ P���WKH�PHDVXUH LQ�XVH�LQ�
%\]DQWLQH� WLPHV�� )ROORZLQJ WKH� PHWULF�
DQDO\VLV�� LW� ZDV SRVVLEOH� WR� K\SRWKHVL]H� D�
%\]DQWLQH� GDWLQJ IRU� WKH� LQVLGH� SKDVH� RI� WKH�
WRZHU� 7KH�WRZHU�LV�URXJKO\���PHWHUV�WDOO�HYHQ�
WKRXJK� WKH H[LVWLQJ� JURXQG� OHYHO� LQ� WKH� LQVLGH�
LV� DSSDUHQWO\� KLJKHU� WKDQ� WKH� RULJLQDO� RQH�� DV�
FDQ� EH� LQIHUUHG� E\� WKH� WKUHH LQQHU� QLFKHV� WKDW�
KDYH� DW� D� YHU\� ORZ� KHLJKW�� 7KHUH� DUH� WZR
GLIIHUHQW� JURXQG� OHYHOV�� ZLWK� D� GLIIHUHQFH� RI�
��� P� FD�� EHORQJLQJ� WR� WKH� LQVLGH� DQG� RXWVLGH�
RI� WKH� FLW\� ZDOOV�� 7KH� WKUHH QLFKHV IROORZ� WKH�
REOLTXLW\� RI� WKH� SODQ� HYHQ� WKRXJK� GR� QRW�
FRUUHVSRQG WR� WKH� ZDOOV GLUHFWLRQ�� VXJJHVWLQJ�
WKDW� WKH\� GR� EHORQJ� WR� WKH� %\]DQWLQH� SKDVH��
7ZR� GLIIHUHQW� VHULHV� RI� KROHV� LQ� WKH� PDVRQU\�
VXJJHVW� WKH� OHYHOV� RI� WKH� FRUUHVSRQGLQJ�
ZRRGHQ�VODEV�LQVLGH�WKH�WRZHU� 7KH�UHFWDQJXODU�
ZLQGRZ� RQ� WKH� IURQW� DSSHDUV� WRR� ELJ� DV� DQ�
RSHQLQJ� LQ� D� GHIHQVLYH� VWUXFWXUH�� DQG� PLJKW� EH�
LQWHUSUHWHG� DV� D� ODWWHU� PRGLILFDWLRQ� RI� WKH�
VWUXFWXUH�IRU�UHVLGHQWLDO�SXUSRVHV�



���

)LJ�� �� %LOORQ� 'HQLHU� .LQJ� +XJK� ,,,�� &\SUXV�
�����������

2Q� WKH� WRS�RI� WKH� WRZHU��ZKLFK� LV� HQWLUHO\� EXLOW�
XVLQJ� WKH� ORFDO� FDOFDUHQLWH VWRQH� WKUHH VHWV� RI�
VXSHULPSRVHG� VWRQH� FRUEHOV� DUH� OD\HUHG� DQG�
GHFRUDWHG ZLWK� D� YHU\� VLPSOH� GRXEOH� URXQG�
FLUFXODU� PRXOGLQJ� RQ� WKH� WRS�� 7KHVH� ZKHUH�
VXSSRUWLQJ� DQ� RYHUKDQJLQJ� SDUDSHW� ZLWK� WKH�
RSHQLQJV� IRU� WKH�PDFKLFRODWLRQ� DQG� WKH� YHUWLFDO�
GHIHQFH�V\VWHP��

7KH� VXUYH\� FDPSDLJQ� ZH� FRQGXFWHG� UHYHDOHG�
WKH� REOLTXLW\� RI� WKH� LQQHU� ZDOOV�� DQG� WKH�
HFFHQWULFLW\�RI�WKH�RXWHU�FXUWDLQ�RI�WKH�WRZHU��,W�
ZDV� DOVR� SRVVLEOH� WR� UHFRJQL]H� WKH� FRQQHFWLRQ�
EHWZHHQ� WKH� WRZHU� DQG� WKH� IRUPHU� FLW\� ZDOOV��
:H� PD\� LQWHUSUHW� WKH� REOLTXH� SODQ� RI� WKH�
UHFWDQJXODU� URRP� LQVLGH� WKH� WRZHU� LQ� WZR�
GLIIHUHQW�ZD\V��

7KH� ODWH� UHXVH� RI� WKH� PHGLHYDO� VWUXFWXUH� DV� D�
UHVLGHQWLDO� XQLW�� GHWHUPLQHG� WKLV� IRUP�� E\�
IROORZLQJ�WKH�SURSHUW\�OLQHV�DV�UHVWUDLQHG E\�WKH�
VXUURXQGLQJ� XUEDQ� WLVVXH� 2Q� WKH� RSSRVLWH� ZH�
FDQ� LQWHUSUHW� WKH� URXQG�ZDOO� DQG� WKH� FRUEHOV� RQ�
WKH� FRURQDWLRQ� DV� EXLOW� DURXQG� D� SUH�H[LVWLQJ�
ZDOOHG�VWUXFWXUH�ZLWK�DQ�REOLTXH�SODQ�GHWHUPLQHG�
E\�WKH�UHVWUDLQWV�LPSRVHG�E\�SURSHUW\�ERXQGDULHV�
DQG�XUEDQ�VWUXFWXUH� 7KH�UHFWDQJXODU� WRZHU�XVHG�
WR� EH� FORVHG� E\� ZDOOV� LQ� WKH� LQVLGH� RI� WKH� FLW\��
WKHVH� VWUXFWXUHV� ZHUH� GHPROLVKHG�� EXW� WKH�
UHPDLQV�DUH�FOHDUO\�YLVLEOH�LQ�WKH�HOHYDWLRQ�RI�WKH�
WRZHU�

)LJ�� �� 9LHZ� RI� WKH� FRURQDWLRQ� V\VWHP� RI� WKH�
WRZHU �&DPL]�������

'XULQJ WKH� GLUHFW� VXUYH\� XVLQJ� D� FRPSDVV�� ZH�
QRWLFHG� WKDW� WKH� RULHQWDWLRQ� RI� WKH� WZR� GLIIHUHQW�
REOLTXH� ZDOOV RI� WKH� LQQHU� SDUW� IROORZ�
PHDQLQJIXO� GLUHFWLRQV�� WKH� VKRUW� VLGHV� DUH�
RULHQWHG� ������ WKH� VDPH� GLUHFWLRQ� RI� WKH� VWUHHW�
UHDFKLQJ WKH�WRZHU��FRQILUPLQJ�WKDW�WKH�GLUHFWLRQ�
LV� JLYHQ� E\� WKH� XUEDQ� FRQVWUDLQWV�� 7KH� RWKHU�
GLUHFWLRQ� LV� LQVWHDG�������2Q�WKH� OHIW�VLGH�RI� WKH�
LQQHU�VWUXFWXUH�WKH�MXQFWLRQ�ZLWK�WKH�FLW\�ZDOOV�LV�
VWLOO� YLVLEOH�� D� VWUXFWXUH� RULHQWHG� DW� ���� EXLOW� LQ�
VWRQH� DVKODUV� ZLWK� DQ� LQQHU� FRUH� LQ� UXEEOH��
PHDVXULQJ�FD�����FP�LQ�ZLGWK��

2Q� WKH�RSSRVLWH� VLGH�RI� WKH� WRZHU�� WKH� VWUXFWXUH�
ZDV� LQFRUSRUDWHG� LQ� WKH� DGMRLQLQJ� URZ� KRXVH��
ZKLFK ZH� FRXOG� QRW� VXUYH\�� +RZHYHU� RQ� WKH�
RXWVLGH� WKH� WRZHU� LV� GHOLPLWHG� E\� D� ZDOO�
IROORZLQJ� WKH� REOLTXH� GLUHFWLRQ� RI� ������ 7KH�
ZDOO�� WKDW� ZH� WHQWDWLYHO\� LQWHUSUHWHG� DV� WKH�
MXQFWLRQ�ZLWK�DQRWKHU�EXLOGLQJ�QRZ�QRW�H[LVWLQJ�
DQ\PRUH�� KDV� D� ILQLVKHG VXUIDFH RQ� WKH� RXWVLGH�
DQG� FRXOG� EH� DQRWKHU� UHPDLQ� RI� WKH� FLW\� ZDOOV
HYHQ� WKRXJK� WKH� LQWHUSUHWDWLRQ� RI� LWV� GLUHFWLRQ�
JLYHV�VRPH SHUSOH[LWLHV�



���

)LJ� �� %DFN�HOHYDWLRQ �*ULIIR�������

)LJ���� 5RRI�SODQ��*ULIIR�������



���

)LJ���� )URQW�HOHYDWLRQ��*ULIIR�������

)LJ���� 6HFRQG�OHYHO SODQ��*ULIIR�������



���

)LJ���� $�UHQGHUHG�YLHZ RI�WKH��'�PRGHO��*ULIIR�������

�� 6WUXFWXUH�IURP�PRWLRQ�VXUYH\

:H�FRQGXFWHG�WKH�VXUYH\�RQ�WKH�WRZHU�WR�DQDO\VH�
LWV� PHWULFDO� DQG� JHRPHWULFDO� IHDWXUHV�� 7RGD\
SKRWRJUDPPHWULF� SURFHVVHV� KDYH� JUHDWO\�
LPSURYHG�WKDQNV� WR� WKH�GLJLWDO� UHYROXWLRQ�DQG� WKH�
LQFUHDVHG SRZHU�� PHPRU\ DQG� VSHHG� RI�
FRPSXWHUV�� 7KDQNV� WR WKH 6WUXFWXUH� IURP�0RWLRQ�
SURFHGXUHV��E\�XVLQJ� ORZ�FRVW� WHFKQRORJLHV�DV�DQ�
5*%� FDPHUD� DQG� HYHQ� MXVW� DQDORJLF� PHDVXULQJ�
WRROV�� LW� LV� SRVVLEOH� WR� UHFRQVWUXFW� D� �'� SRLQW�
FORXG�� 7KLV� UHYROXWLRQ� FKDQJHG� WKH� ZD\� ZH� FDQ�
DFTXLUH� LQIRUPDWLRQ� EXW� LW� GLG� QRW� DIIHFW� WKH�
LQWHUSUHWDWLRQ�DQG�WKH�FRPPXQLFDWLRQ�RI�UDZ�GDWD�
WKDW� UHPDLQV� VXEVWDQWLDOO\� D� FULWLFDO� DFWLYLW\�� 7KH�
SRLQW� FORXG� DQG� WKH� WH[WXUL]HG� PHVK� PRGHO�
GHULYHG� IURP� 6I0 SURFHGXUHV� DUH� WKH� PDLQ�
GDWDEDVH�RI�PHWULFDO DQG�JHRPHWULFDO LQIRUPDWLRQ��
7KH�HODERUDWLRQ�RI�WKH��'�GUDZLQJV�ZDV SRVVLEOH�
LQ�D�PDQXDO�ZD\� WKDQNV� WR� WKH�FRUUHFW� UHDGLQJ�RI�
SRLQWV�� DOLJQPHQWV�� VXUIDFHV� DQG� FRQVWUXFWLYH�
HOHPHQWV�� :H� DFFRPSOLVKHG� WKH� VXUYH\� RI� WKH�
0DFKLFRODWLRQ� WRZHU�E\� LQWHJUDWLQJ�GLUHFW� VXUYH\�
ZLWK�SKRWRJUDPPHWULF�SURFHVV��6WDUWLQJ�IURP�����
3LFWXUHV��� WKH� 6I0 VRIWZDUH� SURGXFHG� D� GHQVH�
SRLQW�FORXG�RI�PRUH�WKDQ�RQH�PLOOLRQ�SRLQWV�DQG�D�
PHVK� VXUIDFH� RI� �������� IDFHV�� 7KH� VRIWZDUH�
JHQHUDWHG� WKH� GHQVH� SRLQW� FORXG� DIWHU� ZH�

LQWURGXFHG WKH� GDWDVHW� PHWULFDO� GDWD� DFTXLUHG� RQ�
VLWH��7KLV�SURFHGXUH�DOORZHG�WKH�VRIWZDUH�WR�PDNH�
D� EXQGOH� DGMXVWPHQW� DQG� JLYH� EDFN� D� �'� SRLQW�
FORXG�FRUUHVSRQGLQJ PHWULFDOO\�WR�WKH�UHDO�REMHFW��
:H�WKHQ�GUDIWHG�WKH��'�GUDZLQJV�VWDUWLQJ�IURP�WKH�
�'�SRLQW�FORXG�WR�DQDO\VH�WKH EXLOGLQJ�DQG�LWV�RZQ�
IHDWXUH�

�� 5HVWRUDWLRQ

7KH�0XQLFLSDOLW\�RI�.\UHQLD�KDV�UHFHQWO\�UHVWRUHG�
WKH� WRZHU�� E\� UHPRYLQJ� WKH� SODQWV� WKDW� ZHUH�
JURZLQJ� RQ� LW�� FOHDQLQJ� WKH� VXUIDFHV�� UHSODFLQJ�
VRPH� RI� WKH� GDPDJHG� VWRQHV�� IROORZLQJ� WKH�
%UDQGLDQ� SULQFLSOHV� RI� 5HVWRUDWLRQ� �PLQLPXP�
LQWHUYHQWLRQ�� FRPSDWLELOLW\�� UHFRJQLVDELOLW\��
UHYHUVLELOLW\�� DQG� ILOOLQJ� WKH� PRUWDUV� MRLQWV�� 7KH�
UHVWRUDWLRQ� ZDV� RI� JUHDW� LPSRUWDQFH� IRU� WKH�
PRQXPHQWV¶ SUHVHUYDWLRQ� LQ� WKH�IXWXUH��1RZ�LW� LV�
QHFHVVDU\� WR� HQKDQFH� LWV� VHWWLQJ� LQ� WKH� FHQWUH� RI�
.\UHQLD�ZLWK�D�SURMHFW�

1RWHV

���� &DUGDUHOOL�� )�� �������� (QF\FORSDHGLD� RI�
6FLHQWLILF� 8QLWV�� :HLJKWV� DQG� 0HDVXUHV�� 7KHLU� 6,�
(TXLYDOHQFHV�DQG�2ULJLQV��/RQGRQ��6SULQJHU��S�����
���� 3LFWXUHV� ZHUH� DFTXLUHG� ZLWK� D� FRPSDFW�
FDPHUD� �621<� '6&�:������ ,62� YDOXH� VHW� DW�
���� IRFDO� OHQJWK�� ����� )�VWRS�� )����� DQG� )����
VKXWWHU�VSHHG��YDULDEOH�
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