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0DSV� DUH� D� XQLYHUVDO�PHGLXP� IRU� FRPPXQLFD�
WLRQ��DQG�DUH�HDVLO\�XQGHUVWRRG�DQG�DSSUHFLDWHG�
E\�PRVW�SHRSOH�� UHJDUGOHVV�RI� ODQJXDJH�RU�FXO�
WXUH� �.UDDN� DQG�2UPHOLQJ�� ������ 3HXTXHW� DQG�
.UDDN���������,QFRUSRUDWHG�LQ�D�PDS�LV� WKH�XQ�
GHUVWDQGLQJ�WKDW�LW�LV�D�³VQDSVKRW��RI�DQ�LGHD��D�
VLQJOH�SLFWXUH��DQG�D�VHOHFWLRQ�RI�FRQFHSWV�IURP�
D� FRQVWDQWO\� FKDQJLQJ� GDWDEDVH� RI� JHRJUDSKLF�

LQIRUPDWLRQ� �0HUULDP�� ������� )RU� DQ\� SURMHFW�
WR� FRPPHQFH��PDSV� DUH� VRXJKW� LQ�RUGHU� WR�JHW�
DFTXDLQWHG� ZLWK� WKH� VLWXDWLRQ� H[LVWLQJ� RQ� WKH�
JURXQG��'LFNLQVRQ���������0DSV�DUH�RQH�PHDQV�
E\� ZKLFK� VFLHQWLVWV� GLVWULEXWH� WKHLU� LGHDV� DQG�
SDVV� WKHP� RQ� WR� IXWXUH� JHQHUDWLRQV� �0HUULDP��
������� 7KH� LQFUHDVLQJ� GHPDQG� IRU� PDSV� IURP�
YDULRXV� ZDONV� RI� OLIH�� ZKLFK� LQFOXGH� LQGLYLGX�
DOV��JURXSV�DQG�FRPPHUFLDO�HQWHUSULVHV�DV�ZHOO�
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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��6DWHOOLWH�LPDJHV��SKRWRJUDPPHWU\��*36��*,6��PDSV� 

$%675$&7 
7KH�LQFUHDVLQJ�GHPDQG�IRU�PDSV�UHVXOWLQJ�IURP�WKH�XQHQGLQJ�DQG�HYHU-LQFUHDVLQJ�DFWLYLWLHV�RI�
PDQ�KDV�PDGH�WKH�SURYLVLRQ�RI�PDSV�D�VXEMHFW�RI�FRQVLGHUDEOH�LPSRUWDQFH��7KLV�SDSHU�GHVFULEHV�
D�SUDFWLFDO�DSSOLFDWLRQ�RI�*RRJOH�(DUWK�VDWHOOLWH�LPDJHV�IRU�WKH�SURGXFWLRQ�RI�D�SODQLPHWULF�PDS�
RI�WKH�.ZDPH�1NUXPDK�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��.1867��FDPSXV�XVLQJ�WKH�'HOWD�
'LJLWDO� 3KRWRJUDPPHWULF� :RUNVWDWLRQ� �''3:��� 7KH� VDWHOOLWH� LPDJHV� REWDLQHG� DW� WKH� VFDOH� RI�
������� IURP� WKH� LQWHUQHW� WKURXJK� WKH� *RRJOH� (DUWK� VRIWZDUH� ZHUH� ORDGHG� LQWR� WKH� ''3:��
*HRUHIHUHQFLQJ�ZDV�SHUIRUPHG�RQ�HDFK�DEVWUDFWHG�LPDJH�XVLQJ�JURXQG�FRQWUROV�REWDLQHG�ZLWK�D�
JHRGHWLF�VWDQGDUG�*OREDO�3RVLWLRQ�6\VWHP��*36��UHFHLYHU�DQG�� ILQDOO\��PDS�IHDWXUHV�ZHUH�GLJLW�
L]HG� LQ� WKH�''3:��7KH�GLJLWL]HG�ZRUN�ZDV� WKHQ� H[SRUWHG� LQWR�&RPSXWHU�$LGHG�'HVLJQ� �&$'��
VRIWZDUH�IRU�IXUWKHU�HGLWLQJ��&ORVHG-ORRS�WUDYHUVLQJ�ZDV�GRQH�ZLWK�D�7RWDO�6WDWLRQ�WR�SURYLGH�EDVH�
GDWD�IRU�DFFXUDF\�FKHFNV��7KH�5HODWLYH�3RVLWLRQDO�(UURUV��53(��ZHUH�DQDO\VHG�IRU�WKUHH�VFHQDUL�
RV� DV� *RRJOH-GHULYHG�PDS� YHUVXV� *URXQG� 6XUYH\�� 6XUYH\� DQG�0DSSLQJ� 'LYLVLRQ� �60'��PDS�
YHUVXV� *URXQG� 6XUYH\�� DQG� *RRJOH-GHULYHG� PDS� YHUVXV� 60'�PDS�� 7KH� UHVXOWV� GHPRQVWUDWHG�
HIILFLHQF\� RI� PDSSLQJ� ZLWK� *RRJOH� LPDJHV� DW� WKH� VFDOH� RI� ������� IRU� SODQLPHWULF� IHDWXUHV� DW�
JURXQG�OHYHO�RQO\��DQG�LQ�UHVSHFW�RI�PDSSLQJ�DW��������IRU�IHDWXUHV�DW�JURXQG�OHYHO�DQG�XS�WR�WKH�
OHYHO�RI�D�VLQJOH-VWRUH\�EXLOGLQJ�� 
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 FRXOG�EH�UHYLVHG�RU�HYHQ�SURGXFHG�ZLWK�WKH�XVH�
RI� *RRJOH� (DUWK� VDWHOOLWH� LPDJHV�� 7KH� DLP� RI�
WKLV� UHVHDUFK� LV�� WKHUHIRUH�� WR� GHULYH� D� WRSR�
JUDSKLF� OLQH� PDS� IURP� *RRJOH� (DUWK� VDWHOOLWH�
LPDJHV�DW�WKH�VFDOH�RI���������,W�LV�LQYHVWLJDWHG�
KRZ� WKH� DSSURSULDWH� LPDJHV� FRXOG� EH� FDSWXUHG�
DQG�PDS� IHDWXUHV�H[WUDFWHG� IURP�*RRJOH�(DUWK�
WR�SURGXFH�D�SODQLPHWULF�PDS�RI�.ZDPH�1NUX�
PDK� 8QLYHUVLW\� RI� 6FLHQFH� DQG� 7HFKQRORJ\�
�.1867�� XVLQJ� WKH� 'HOWD� 'LJLWDO� 3KRWRJUDP�
PHWULF� :RUNVWDWLRQ� �''3:�� DQG�� ILQDOO\�� WR�
LQYHVWLJDWH� ZKHWKHU� WKH� UHVXOWLQJ� PDS� ZRXOG�
PHHW� WKH� PDSSLQJ� DFFXUDF\� VWDQGDUGV� RI� WKH�
60'� 
 
0$7(5,$/6�$1'�0(7+2'6 
6WXG\�DUHD 
7KH�FDPSXV�RI�.1867�RFFXSLHV�DERXW���NP��

ODQG� DUHD� RI� WKH� .XPDVL� 0HWURSROLV�� $VKDQWL�
5HJLRQ�RI�*KDQD��)LJ������.1867�LV�YHU\�ZHOO�
NQRZQ� IRU� DFDGHPLF� H[FHOOHQFH�� 7KH� FDPSXV�
KDV�ZHOO-RUJDQL]HG� LQVWLWXWLRQDO� DQG� UHVLGHQWLDO�
IDFLOLWLHV�� 7KHVH� LQFOXGH� DGPLQLVWUDWLYH� RIILFHV��
KDOOV�RI�UHVLGHQFH��KRVWHOV�� OHFWXUH�KDOOV�� OHFWXU�
HUV¶� UHVLGHQFHV�� VSRUWV� DUHQDV�� URDGV�� EDQNV�� D�
ERWDQLFDO� JDUGHQ�� D� PXVHXP�� DQG� RWKHU� EXLOG�
LQJV�IRU�FRPPHUFLDO�SXUSRVHV� 
 
'DWD�DQG�HTXLSPHQW 
7KH� UHVHDUFK� HPSOR\HG� VDWHOOLWH� LPDJHV� IURP�
*RRJOH�(DUWK�IRU�WKH�H[WUDFWLRQ�RI�PDS�IHDWXUHV�
E\�XVH�RI�SKRWRJUDPPHWULF�PDSSLQJ�SULQFLSOHV��
6HOHFWHG� SRLQWV� RQ� WKH� DFTXLUHG� LPDJHV� ZHUH�
FRRUGLQDWHG�ZLWK� D� *36� UHFHLYHU� IRU� JHRUHIHU�
HQFLQJ��7KH�''3:�ZDV�XVHG�IRU�WKH�H[WUDFWLRQ�
RI�WKH�LPDJH�IHDWXUHV�DQG�WKH�ILQDO�HGLWLQJ�GRQH�
ZLWK� D� &RPSXWHU� $LGHG� 'HVLJQ� �&$'�� SDFN�
DJH��)LHOG�YHULILFDWLRQ�ZDV�GRQH� WR�KHOS� LQ� WKH�
DQDO\VLV� RI� WKH� ZRUN�� $� *HRGHWLF� 6RNLD� *36�
ZDV� XVHG� IRU� WKH� FRRUGLQDWLRQ� RI� JURXQG� FRQ�
WUROV�� 6SHFWUXP� VXUYH\� VRIWZDUH� ZDV� XVHG� WR�
SURFHVV�WKH�*36�GDWD��$�7RWDO�6WDWLRQ�ZDV�XVHG�
IRU� ILHOG� YHULILFDWLRQ��7KH�''3:�ZDV� XVHG� WR�
H[WUDFW�IHDWXUHV�IURP�WKH�*RRJOH�(DUWK�LPDJHV��
+LJK-VSHHG� LQWHUQHW�ZDV� XVHG� WR�GRZQORDG� WKH�
*RRJOH� (DUWK� VDWHOOLWH� LPDJHV�� ([LVWLQJ� WRSR�
JUDSKLF�PDS�RI�.1867�ZDV�XVHG�DV�D�JXLGH�IRU�
H[WUDFWLQJ� IHDWXUHV� IURP� WKH� *RRJOH� (DUWK� LP�
DJHV�� 
 
'DWD�H[WUDFWLRQ�DQG�SURFHVVLQJ 
7KH� LPDJHV� ZHUH� GRZQORDGHG� DQG� VDYHG� DW� D� 

$J\HPDQJ�HW�DO� �� 

DV�YDOXH�DGGLWLRQV�WR�JHRJUDSKLF�GDWD�IRU�XVH�E\�
YDULRXV�GLVFLSOLQHV��KDV�EHFRPH�QHFHVVDU\��7KH�
QHHG� IRU� XS-WR-GDWH� PDSV� IRU� ODQG-EDVHG� UH�
VHDUFK� DQG� SURMHFWV� FDQQRW� EH� XQGHUHVWLPDWHG��
,W� LV� LQ�WKLV�LQWHUHVW� WKDW� WKLV�SDSHU�VHHNV� WR�DG�
GUHVV� WKH� FRQYHQLHQFH�� IHDVLELOLW\�� DFFXUDF\��
VSHHG�DQG� WKH�FRVW�DW�ZKLFK�PDSV�FRXOG�EH�UH�
YLVHG�RU�HYHQ�SURGXFHG�ZLWK�WKH�XVH�RI�*RRJOH�
(DUWK�VDWHOOLWH�LPDJHV�� 
 
7KH� 6XUYH\� DQG� 0DSSLQJ� 'LYLVLRQ� �60'�� RI�
WKH� /DQGV� &RPPLVVLRQ� RI� *KDQD�� ZKLFK� KDV�
EUDQFKHV� LQ� DOO� WKH� UHJLRQDO� FDSLWDOV� RI�*KDQD��
LV� UHVSRQVLEOH� IRU� WKH� PDNLQJ� DQG� UHYLVLRQ� RI�
PDSV� �60'�� ������� 7KH�'LYLVLRQ� LV� VXSSRVHG�
WR� FDUU\� RXW� PDS� UHYLVLRQ� HYHU\� ILYH� \HDUV� E\�
SKRWRJUDPPHWULF�PHWKRGRORJ\��'XH�WR�WKH�FRVW�
LQYROYHG� LQ� FDUU\LQJ� RXW� WKLV� DFWLYLW\�� DQG� WKH�
WLPH� DQG� HIIRUW� LQYROYHG� LQ� WKH� VXSSOHPHQWDU\�
JURXQG�VXUYH\�ZRUN��PDS�UHYLVLRQ�LV�QRW�FDUULHG�
RXW� DV� IUHTXHQWO\� DV� UHTXLUHG�� 7KHVH� GHILFLHQ�
FLHV�KDYH�RYHU� WKH�\HDUV� UHVXOWHG� LQ� LQDGHTXDWH�
DQG�RXWGDWHG�JHRJUDSKLF�GDWD��PXOWLSOH�ODQG-XVH�
SUREOHPV� DQG� GHOD\V� LQ� ERWK�PDMRU� DQG�PLQRU�
ODQG� SURMHFWV��0DSV� DUH� YDOXDEOH� DVVHWV� LQ� WKH�
PDNLQJ� DQG� LPSOHPHQWDWLRQ� RI� GHFLVLRQV� WKDW�
GULYH�WKH�HFRQRPLHV�RI�FRXQWULHV��:LWK�LQFUHDV�
LQJ�GHPDQG� IURP�YDULRXV�ZDONV�RI� OLIH� LQFOXG�
LQJ� LQGLYLGXDOV�� JURXSV� DQG� FRPPHUFLDO� HQWHU�
SULVHV��7KHUHIRUH�YDOXH�DGGLWLRQV�WR�JHRJUDSKLF�
GDWD� IRU� XVH� E\� YDULRXV� SDUWLHV� KDYH� EHFRPH�
HYHQ�PRUH�LPSHUDWLYH�� 
 
7KH�*RRJOH�(DUWK�UHVRXUFH�KDV�EHHQ�VXFFHVVIXO�
O\� HPSOR\HG� E\� GLIIHUHQW� XVHUV� DOO� DURXQG� WKH�
JOREH�LQ�VXUYHLOODQFH��&KDQJ�HW�DO����������PRG�
HUQ� &DUWRJUDSK\� �$UPDQ�� ������� LQWHUDFWLYH�
PDSV� �%RXORV�� ������� H[SORUDWLRQV� �<X� DQG�
*RQJ�� ������� SDUWLFLSDWRU\� DQG� FRPPXQLW\�
PDSSLQJ� �/HIHU� HW� DO��� ������� UHFRQQDLVVDQFH�
VXUYH\V� �.HQQHG\� DQG� %LVKRS�� ������� H[HFX�
WLRQ�RI�SURMHFWV��.DLPDULV�HW�DO����������WHDFKLQJ�
�/DPE� DQG� -RKQVRQ�� ������� �'� 9LVXDOL]DWLRQV�
�<X� DQG� *RQJ�� ������� HWF�� 3KRWRJUDPPHWULF�
WHFKQLTXHV�SURYLGH�HOHPHQWDU\�PHWKRGV�RI�SOD�
QLPHWULF� PDSSLQJ� IRU� *HRJUDSKLF� ,QIRUPDWLRQ�
6\VWHP��*,6���GLJLWDO�LPDJH�SURFHVVLQJ��JURXQG�
FRQWURO�SRLQWV�IRU�DHULDO�VXUYH\V��DHURWULDQJXOD�
WLRQ�� SURMHFW� SODQQLQJ�� HWF�� �:ROI� DQG� 'HZLWW��
������� ,W� LV� LQ� WKLV� LQWHUHVW� WKDW� WKLV� UHVHDUFK� LV�
XQGHUWDNHQ�WR�LQYHVWLJDWH�WKH�FRQYHQLHQFH�� IHD�
VLELOLW\��DFFXUDF\��VSHHG�DQG�FRVW�DW�ZKLFK�PDSV�
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VFDOH�RI���������&DUH�ZDV�WDNHQ�WR�DOORZ�VRPH�
DPRXQW�RI�RYHUODS�EHWZHHQ�WKH�YDULRXV�LPDJHV�
VR�DV�WR�HQVXUH�D�FRQWLQXXP�RI�LPDJHV�VXFK�WKDW�
RQH� ELJ� LPDJH� FRYHULQJ� WKH� HQWLUH� VWXG\� DUHD�
FRXOG�EH�REWDLQHG���,Q�DOO��WZHQW\-RQH�GLIIHUHQW�
SDJHV� ZHUH� GRZQORDGHG� UHVXOWLQJ� LQ� WZHQW\-
RQH�GLIIHUHQW�LPDJHV�IRU�WKH�UHVHDUFK��7KH�UHOD�
WLYH�SRVLWLRQV�RI�WKH�VDYHG�LPDJHV�LQ�URZV�DQG�
FROXPQV�DUH�DV�VKRZQ�LQ�7DEOH���DQG�)LJ����� 

 

)LJ�����6WXG\�$UHD�–�.1867�FDPSXV 

7DEOH����0DWUL[�VWUXFWXUH�RI�WKH�UHODWLYH�SRVLWLRQV�RI�DEVWUDFWHG�LPDJHV� 

   D E F G H I 

� �D �E �F �G �H �I 
� �D �E �F �G �H �I 
� �D �E �F �G �H   
�   �E �F �G �H   

7KH�''3:�ZRUNV�ZLWK� LPDJHV� LQ� WLII� IRUPDW��
7R�PDNH� WKH� LPDJHV�FRPSDWLEOH�ZLWK� WKLV� V\V�
WHP��DOO� WKH� LPDJHV�ZKLFK�ZHUH� LQ� MSHJ�IRUPDW�
ZHUH�FRQYHUWHG�LQWR�WLII�IRUPDW�� 
 
(VWDEOLVKLQJ�JURXQG�FRQWUROV 
3URYLVLRQ� RI�*URXQG� &RQWURO� LQYROYHV� JHWWLQJ�
SRLQWV� ZKRVH� SRVLWLRQV� DUH� NQRZQ� LQ� REMHFW-�
VSDFH� UHIHUHQFH� FRRUGLQDWH� V\VWHP� DQG� ZKRVH� 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867����� 

 

 

�� 

 

$J\HPDQJ�HW�DO� 

)
LJ
���
��
7
K
H�
G
RZ

Q
OR
DG
HG
�,
P
DJ
HV
�LQ
�W
K
HL
U�
UH
OD
WL
YH
�S
RV
LW
LR
Q
V�

 

 �D
 

 �E
 

 �F
 

 �G
 

 �I
 

 �H
 

 �D
 

 �E
 

 �F
 

 �G
 

 �I
 

 �H
 

 �D
 

 �E
 

 �F
 

 �G
 

 �H
 

 �E
 

 �F
 

 �G
 

 �H
 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867����� 

 

 

�������������������������������������*RRJOH�(DUWK�DV�LPDJH�VRXUFH�LQ�SKRWRJUDPPHWULF�PDSSLQJ��� �� 

LPDJHV� FDQ� EH� SRVLWLYHO\� LGHQWLILHG� RQ� WKH� LP�
DJHV�RU�SKRWRJUDSKV��7KLV�VWDJH�KHOSV�WR�RULHQW�
RU� UHODWH� VDWHOOLWH� LPDJHV� WR� WKH�JURXQG�� ,Q� WKLV�
ZRUN��SODQLPHWULF�FRQWUROV�ZHUH�HVWDEOLVKHG�DQG�
XVHG��7KH�DFFXUDF\�RI�D�ILQLVKHG�PDS�FDQ�EH�QR�
EHWWHU� WKDQ� WKH� JURXQG� FRQWURO� XSRQ� ZKLFK� LW�
ZDV�EDVHG��:ROI����������,Q�WKH�VHOHFWLRQ�RI�WKH�
LPDJH� FRQWUROV�� WZR� EDVLF� UHTXLUHPHQWV� ZHUH�
VDWLVILHG�-�SRLQWV�ZHUH�VHOHFWHG�WR�EH�VKDUS��ZHOO
-GHILQHG�LQ�SODQLPHWU\��DQG�SRVLWLYHO\�LGHQWLILD�
EOH�RQ�WKH�LPDJHV��DQG�SRLQWV�ZHUH�FKRVHQ�WR�OLH�
LQ� IDYRXUDEOH� ORFDWLRQV� RQ� WKH� LPDJHV�� $IWHU�
FDUHIXO� VWXG\� RI� WKH� LPDJHV�� IRXU� SRLQWV� ZHUH�
VHOHFWHG�RQ�HYHU\�LPDJH��ZLWK�SDLUV�FRPPRQ�WR�
DGMDFHQW� LPDJHV�� &RUQHUV� RI� EXLOGLQJV� DQG� LQ�
WHUVHFWLRQV� RI� URDGV� ZHUH� WKH� SUHIHUUHG� SRLQW�
W\SHV�� 
 
'DWD�H[WUDFWLRQ�DQG�SURFHVVLQJ�XVLQJ�''3:�
RQ�*RRJOH�(DUWK 
,Q�HQWHULQJ�JURXQG�FRQWURO�SRLQWV�LQ�WKH�''3:�
VRIWZDUH�� WKH� PDLQ� 02'(/� ZLQGRZ� ZDV� VH�
OHFWHG��7KH�IRXU�JURXQG�FRQWUROV�RI�D�SDUWLFXODU�
LPDJH�ZHUH�ORDGHG�LQ�WKH�JURXQG�SRLQW�OLVW�ZLQ�
GRZ�� $IWHU� WKLV� SURFHVV�� JHRUHIHUHQFLQJ� ZDV�
SHUIRUPHG�RQ�WKH�LPDJH��,Q�WKH�DEVROXWH�RULHQ�
WDWLRQ� VWDUWXS�ZLQGRZ�� WKH� RSWLRQV� VXLWDEOH� IRU�
WKH�ZRUN�ZHUH� VHOHFWHG��8QGHU�VXUYH\�PHWKRG��
WKH�RSWLRQ�PDS�ZDV�VHOHFWHG�DQG�IRU�WKH�RULHQWD�
WLRQ�PHWKRG��VLQJOH�LPDJH�ZDV�VHOHFWHG�EHFDXVH�
RQO\�RQH�LPDJH�ZDV�GHDOW�ZLWK�DW�D�WLPH��7KHVH�
JURXQG� FRQWURO� SRLQWV� ZHUH� WKHQ� UHJLVWHUHG� DW�
WKHLU� UHVSHFWLYH� SRVLWLRQV� RQ� WKH� LPDJH�� 7KH�
PDSSLQJ� WDE�ZDV� VHOHFWHG� IRU� GLJLWL]LQJ� LQ� WKH�
''3:�VRIWZDUH��2Q� WKH�PHQX�EDU��5DVWHU� WDE�
ZDV� FOLFNHG� DQG� WKH�RSHQ� RSWLRQ� VHOHFWHG��7KH�
LPDJH� RQ� ZKLFK� DEVROXWH� RULHQWDWLRQ� ZDV� SHU�
IRUPHG� ZDV� WKHQ� ORDGHG�� 7KLV� DFWLYDWHG� WKH�
FROOHFWLRQ� RU� FRQVWUXFWLRQ�PRGH��$W� WKLV� VWDJH��
ILYH� GLIIHUHQW� OD\HUV� XQGHU� ZKLFK� WKH� YDULRXV�
IHDWXUHV�ZHUH�WR�EH�GLJLWL]HG�ZHUH�FUHDWHG��(DFK�
OD\HU�ZDV�JLYHQ�D�XQLTXH�FRORXU�WR�GLVWLQJXLVK�LW�
IURP� WKH� RWKHU� OD\HUV�� 7KH� OD\HUV� LQFOXGHG�
EXLOGLQJV��URDGV��XQWDUUHG�URDGV��SDYHPHQWV�DQG�
XQFRPSOHWHG�EXLOGLQJV� 
 
$IWHU�DOO� WKH� IHDWXUHV�KDG�EHHQ�FROOHFWHG� LQ� WKH�
PDSSLQJ� PRGH�� WKH� HQWLUH� GLJLWL]HG� ZRUN� ZDV�
VDYHG�LQ�WKH�&$'�UHFRJQL]DEOH�IRUPDW�G[I��GEI�
�GUDZLQJ�LQWHUFKDQJH�IRUPDW���7KH�VDYHG�ILOH�LQ�
G[I�IRUPDW�ZDV�RSHQHG�LQ�WKH�&$'�SDFNDJH��,Q�
WKH�&$'�DSSOLFDWLRQ�ZLQGRZ��D�JULG�DW�LQWHUYDOV� 

RI� ���P� ZDV� SXW� RQ� WKH� GLJLWL]HG� IHDWXUHV�� $�
ERUGHU�ZDV�FUHDWHG�DURXQG�WKH�HQWLUH�ZRUN��7KH�
YDULRXV� FROOHFWHG� IHDWXUHV� ZHUH� QDPHG�� $� OHJ�
HQG� ER[� ZDV� FUHDWHG� EHORZ� WKH� PDLQ� ERUGHU�
DURXQG� WKH� ZRUN�� +HUH�� DOO� DWWULEXWH� GDWD� ZDV�
HQWHUHG�� $IWHU� DOO� QHFHVVDU\� HGLWLQJ� KDG� EHHQ�
SHUIRUPHG� WKH� ILQLVKHG� ZRUN� ZDV� VDYHG� IRU�
SULQWLQJ��7KH�HQWLUH�ZRUNIORZ�LQ� WKH�H[WUDFWLRQ�
RI�PDS� IHDWXUHV� IURP� WKH�*RRJOH� LPDJHV� LV� DV�
VKRZQ�LQ�)LJ���� 
 
)LHOG�ZRUN 
$W�WKLV�VWDJH��GLVFUHWH�SRLQWV�RQ�WKH�JURXQG�DQG�
DW�FRUQHUV�RI�EXLOGLQJV�ZHUH�UDQGRPO\�VHOHFWHG��
$�7RWDO�6WDWLRQ�ZDV�XVHG�WR�FDUU\�RXW�D�WUDYHUVH�
VXUYH\� WR�REWDLQ� WKH�SODQLPHWULF�FRRUGLQDWHV�RI�
DOO� WKH� VHOHFWHG� SRLQWV� RQ� WKH� JURXQG� DQG� DW�
EXLOGLQJ�FRUQHUV�DW�YDULRXV�HOHYDWLRQ�OHYHOV� 
 
5(68/76�$1'�',6&866,216 
7KH� SURGXFW� SODQLPHWULF� PDS� RI� .1867�� GH�
ULYHG�DIWHU� WKH�H[WUDFWLRQ�RI�PDS�IHDWXUHV� IURP�
WKH� *RRJOH� LPDJHV� LV� DV� VKRZQ� LQ� )LJ�� ��� 7R�
FKHFN� SRVLWLRQDO� DFFXUDFLHV� RI� SRLQWV� RQ� WKH�
GHULYHG�PDS��GLVFUHWH�SRLQWV�RQ�WKH�JURXQG�DQG�
DW�FRUQHUV�RI�EXLOGLQJV�RI�YDU\LQJ�KHLJKWV�ZHUH�
VHOHFWHG� DQG� WKHLU� UHVSHFWLYH� FR-RUGLQDWHV� UHF�
RUGHG�� 7KH� FR-RUGLQDWHV� RI� WKHVH� SRLQWV� ZHUH�
WKHQ�FRPSDUHG� WR� WKH�FR-RUGLQDWHV�RI� WKH� VDPH�
SRLQWV� IURP� WZR� GLIIHUHQW� VRXUFHV� –� FR-
RUGLQDWHV� REWDLQHG� IURP� VXUYH\�ZLWK� WKH� 7RWDO�
6WDWLRQ��DQG�IURP�D��������WRSRJUDSKLF�PDS�RI�
.1867� REWDLQHG� IURP� 60'�� 7R� FKHFN� WKH�
UHOLDELOLW\� RI� WKH� FR-RUGLQDWHV� IURP� WKH� JURXQG�
VXUYH\�� WKH� JURXQG� VXUYH\� FR-RUGLQDWHV� ZHUH�
FRPSDUHG� ZLWK� WKH� VDPH� FR-RUGLQDWHV� RQ� WKH�
60'�PDS��7KH� SRLQWV�ZHUH� JURXSHG� LQWR� IRXU�
FDWHJRULHV� -� GLVFUHWH� SRLQWV� RQ� WKH� JURXQG� L�H���
URDG�LQWHUVHFWLRQV��HWF���SRLQWV�DW�URRI�FRUQHUV�RI�
VLQJOH-VWRUH\� EXLOGLQJV�� SRLQWV� DW� URRI� FRUQHUV�
RI�WZR-VWRUH\�EXLOGLQJV��DQG�SRLQWV�DW�URRI�FRU�
QHUV� RI� EXLOGLQJV� WKUHH-VWRUH\� RU� KLJKHU�� � 7KH�
GHYLDWLRQV�LQ�WKH�1RUWKLQJV�DQG�(DVWLQJV�IRU�WKH�
IRXU� FDWHJRULHV� LQ� UHVSHFW� RI�*RRJOH�0DS� YHU�
VXV�*URXQG�6XUYH\��*�YUV�*6���60'�0DS�YHU�
VXV�*URXQG�6XUYH\��60'�YUV�*6���DQG�*RRJOH�
0DS� YHUVXV� 60'� 0DS� �*� YUV� 60'��� ZKLFK�
UHVXOWHG� IURP� WKH� FRPSDULVRQV�� ZHUH� XVHG� WR�
FDOFXODWH� WKH� 5HODWLYH� 3RVLWLRQDO� (UURU� �53(��
VXPPDULVHG�LQ�7DEOH���� 
 
$FFRUGLQJ� WR� 1DWLRQDO� 0DS� $FFXUDF\� 6WDQG- 
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 )LJ�����'LDJUDPPDWLF�UHSUHVHQWDWLRQ�RI�ZRUN�IORZ 

DUGV�� IRU� D�PDS� SURGXFHG� E\� SKRWRJUDPPHWULF�
WHFKQLTXHV��LW�LV�UHTXLUHG�WKDW�����RI�WKH�SULQFL�
SDO� SODQLPHWULF� IHDWXUHV� EH� SORWWHG� WR� ZLWKLQ�
����� LQ� RU� ����� FP� RI� WKHLU� WUXH� SRVLWLRQV� IRU�
PDS� VFDOHV� RI� ��������RU� ODUJHU� �:ROI�� �������
:LWK� UHIHUHQFH� WR� WKH� SUHFHGLQJ� VWDWHPHQW�� WKH�
PDS�SURGXFHG� IURP�*RRJOH� VDWHOOLWH� LPDJHV� DW�
WKH�VFDOH�RI��������LV��WKHUHIRUH��H[SHFWHG�WR�QRW�
KDYH�PRUH�WKDQ�����RI�LWV�SRLQWV�WHVWHG�WR�EH�LQ�
HUURU�E\�PRUH�WKDQ��P�RI�WKHLU�WUXH�SRVLWLRQV�RQ�
WKH�JURXQG��7KH�1DWLRQDO�0DS�$FFXUDF\�6WDQG�
DUGV�RI�60'�RI� WKH�*KDQD�/DQGV�&RPPLVVLRQ�
VWLSXODWHV� WKDW� IRU� VFDOHV� ODUJHU� WKDQ� ��������� 

QRW�PRUH�WKDQ�����RI�SORWWHG�SRVLWLRQV�VKRXOG�
EH� LQ� HUURU� E\� ����FP� �60'�� ������� 7KLV�
PHDQV�SODQLPHWULF�HUURU�VKRXOG�QRW�H[FHHG��P�
IRU� PDSSLQJ� DW� D� VFDOH� RI� �������� DQG� VKRXOG�
QRW�H[FHHG��P�IRU�PDSSLQJ�DW����������7DEOH���
VKRZV�WKH�&RPSOLDQFH�3HUFHQWDJHV�RI�WKH�YDUL�
RXV� VFHQDULRV� IRU� PDSSLQJ� DW� ������� DQG�
��������7DEOH���VKRZV�WKDW�LI�PDSSLQJ�LV�WR�EH�
GRQH� DW� D� VFDOH� RI� ������� XVLQJ� XQUHFWLILHG�
*RRJOH� LPDJHV�� WKHQ� RQO\� SRLQWV� RQ� JURXQG�
OHYHO�FDQ�EH�UHOLDEO\�PDSSHG�RU�KDYH� WKHLU�FR�
RUGLQDWHV� UHOLDEO\�DVVLJQHG�RQ�PDS�� �)RU�PDS�
SLQJ�DW�D�VFDOH�RI���������KRZHYHU��GHULYHG�RU� 
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1 

 
 
'LVFUHWH�3RLQWV 

*RRJOH�0DS�YUV�
*URXQG�6XUYH\ 

60'�0DS�YUV�
*URXQG�6XUYH\ 

*RRJOH�0DS�YUV�
60'�0DS 

3RLQWV�RQ�WKH�*URXQG ��� ��� ��� 

3RLQWV�RQ�6LQJOH-6WRUH\�%XLOGLQJV ��� ��� ��� 

3RLQWV�RQ�7ZR-6WRUH\�%XLOGLQJV ��� ��� ��� 

3RLQWV�RQ�%XLOGLQJV�7KUHH-6WRUH\�RU�
7DOOHU ��� ��� ��� 

)LJ�����0DS�RI�.1867�REWDLQHG�XVLQJ�*RRJOH�VDWHOOLWH�LPDJHV��VFDOH�UHGXFHG�WR����������� 

7DEOH����5HODWLYH�SRVLWLRQDO�HUURUV 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867����� 

 

 

$J\HPDQJ�HW�DO� �� 

7DEOH����$FFXUDF\�FRPSOLDQFH�IRU�YDULRXV�FRPSDULVRQV�DQG�VFDOHV 

 

&RPSDULVRQ 

$FFXUDF\�&RPSOLDQFH���� 

3RLQW�RQ�*URXQG 3RLQW�RQ�6LQJOH 
6WRUH\�/HYHO 

3RLQW�RQ�7ZR- 
6WRUH\�/HYHO 

3RLQW�RQ�7KUHH- 
6WRUH\�/HYHO 

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

*RRJOH�0DS�YUV�� 
*URXQG�6XUYH\ �� ��� �� ��� �� �� �� �� 

60'�0DS�YUV�� 
*URXQG�6XUYH\ �� ��� �� ��� �� �� �� �� 

*RRJOH�0DS�YUV�� 
60'�0DS �� ��� �� �� �� �� �� �� 

SORWWHG� SRVLWLRQV� FDQ� EH� UHOLDEOH� IRU� SRLQWV� XS�
WR�VLQJOH-VWRUH\�OHYHO��,W� LV�DOVR�ZRUWK\�RI�QRWH�
WKDW� WKH�*RRJOH�0DS�YHUVXV�60'�PDS�ILW�ZDV�
EHVW� IRU� SRLQWV� RQ� JURXQG� DW� WKH� VFDOH� RI�
������� 
 
,Q� WKH� GLJLWL]LQJ� RI� VWUXFWXUHV� ZLWK� UHOLHI� GLV�
SODFHPHQW�� HVSHFLDOO\� YHU\� KLJK� VWUXFWXUHV��
GLIILFXOWLHV� ZHUH� HQFRXQWHUHG� LQ� DQ� DWWHPSW� WR�
UHSUHVHQW� WKHP� LQ� WKHLU� WUXH� RUWKRJUDSKLF�
JURXQG� SRVLWLRQV�� 7KLV� SURFHGXUH� PD\� KDYH�
UHVXOWHG� LQ� GLVSODFHG� SRVLWLRQV� RI� VWUXFWXUHV��
7KH�UHOLHI�GLVSODFHPHQW�LV�WKH�VKLIW�LQ�WKH�SKR�
WRJUDSKLF� SRVLWLRQ� RI� DQ� LPDJH� FDXVHG� E\� WKH�
UHOLHI�RI�WKH�REMHFW��:LWK�REVWUXFWLRQ�RI�GHWDLOV�
E\� WUHH� FDQRSLHV� RQ� WKH�*RRJOH� LPDJHV�� GLIIL�
FXOWLHV� ZHUH� HQFRXQWHUHG� LQ� DUHDV� ZKHUH� WDOO�
WUHHV� ZHUH� SUHYDOHQW�� 6LQJOH-VWRUH\� EXLOGLQJV�
DQG� URDG-ZD\V� LQ� VXFK� DUHDV� ZHUH� REVWUXFWHG��
WKHUHE\� PDNLQJ� GLJLWL]LQJ� LPSUHFLVH�� *URXQG�
WUXWKLQJ�DOVR�KHOSHG�LQ�YDULRXV�LQVWDQFHV�WR�IL[�
RU� GLJLWL]H� IHDWXUHV�� :LWK� UHJDUG� WR� DVEHVWRV�
URRIV� RI� VRPH� VWUXFWXUHV� RQ� WKH� LPDJHV�� WKH�
QDWXUH�RI�WKHVH�URRIV�PDGH�LW�GLIILFXOW�WR�GLIIHU�
HQWLDWH� WKHP� IURP� WKH� VXUURXQGLQJV�� :KHUHDV�
DOXPLQXP� DQG� FRORXUHG� URRIV� ZHUH� HDVLO\� QR�
WLFHDEOH�� WKHVH� DVEHVWRV� URRIV�ZHUH� GLIILFXOW� WR�
GHOLQHDWH�DQG�GLJLWL]H��� 
 
6KRZQ� LQ� )LJ�� �� LV� D� VXSHULPSRVLWLRQ� RI� WKH� 

*RRJOH� PDS� RQ� WKH� 60'� PDS� ZLWK� WKH� WZR�
PDSV� UHSUHVHQWHG� LQ� UHG� DQG�EOXH� UHVSHFWLYHO\��
0RVW� RI� WKH� URDGV� DQG� VHYHUDO� RWKHU� EXLOGLQJV�
DUH�SUDFWLFDOO\� O\LQJ�RQ�HDFK�RWKHU��2QH�RI� WKH�
URDGV�� KRZHYHU�� VKRZV� FRQVLGHUDEOH� GHYLDWLRQ�
EHWZHHQ� WKH� SORWV� RI� WKH� WZR� FLUFXPVWDQFHV���
7KLV�LV�DWWULEXWDEOH�WR�WKH�IDFW�WKDW�QR�GLVWLQFW�RU�
LGHQWLILDEOH�FRQWUROV�ZHUH�DYDLODEOH�LQ�WKLV�DUHD�
IRU� JHRUHIHUHQFLQJ�� DQG� WKLV� IXUWKHU� FRQILUPV�
WKH� LPSRUWDQFH�RI�JRRG�JHRUHIHUHQFLQJ� LQ�VXFK�
ZRUN��� 
 
&21&/86,216� $1'� 5(&200(1'$�
7,216 
6XSHULPSRVLWLRQ�RI�WKH�*RRJOH-GHULYHG�PDS�RQ�
WKH� 60'�PDS� VKRZHG� JRRG� RYHUODS� E\� DERXW�
����RI�WKH�IHDWXUHV��7KLV�LV�EHFDXVH�WKH�*RRJOH�
PDS�SHUIRUPHG�ZHOO�RQO\�IRU�IHDWXUHV�DW�JURXQG�
OHYHO���7KH�*RRJOH�(DUWK�VDWHOOLWH�LPDJHV�DUH�XS
-WR-GDWH� DQG� WKHUHIRUH� WKH� PDS� GHULYHG� IURP�
WKHP� VKRZHG� IHDWXUHV� WKDW� KDG� QRW� \HW� EHHQ�
LQGLFDWHG�RQ� WKH�60'�PDS�� � ,Q� WKLV� VWXG\�� WKH�
LPDJHV� ZHUH� VDYHG� DW� WKH� VFDOH� RI� ������� DQG�
GLJLWL]HG��7KXV��LW�LV�UHFRPPHQGHG�WKDW�LI�PDS�
SLQJ�LV�WR�EH�GRQH�DW���������WKH�LPDJHV�VKRXOG�
EH�VDYHG�DW�D�VFDOH�ODUJHU�WKDQ���������GLJLWL]HG�
DQG�UHGXFHG�WR��������WR�LPSURYH�DFFXUDF\��,Q�
WKLV� LQVWDQFH�� IRU� H[DPSOH�� WKH� LPDJHV� ZHUH�
VDYHG�DW��������DQG�DFFXUDF\�FRPSOLDQFH�DQDO�
\VLV� VKRZHG� WKDW� XVLQJ� WKHP� WR�PDS� DW� ������� 
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)LJ�����6XSHULPSRVLWLRQ�RI�WKH�*RRJOH�PDS�RQ�WKH�60'�PDS��*RRJOH�PDS�LV�LQ�UHG�FRORXU�DQG�
60'�PDS�LV�LQ�EOXH�FRORXU� 

1 

ZRXOG� KDYH� SURYHG� VDWLVIDFWRU\� IRU� SRLQWV� DW�
HOHYDWLRQV� IURP� JURXQG� OHYHO� XS� WR� VLQJOH-
VWRUH\�OHYHO�� 
 
,Q� DGRSWLQJ� WKLV� PHWKRGRORJ\� ZKHUH� JURXQG�
FRQWUROV�GR�QRW�H[LVW��DUWLILFLDO�WDUJHWV�VKRXOG�EH�
XVHG�� 7RZDUG� WKDW� HQG�� LW� ZRXOG� EH� KHOSIXO� WR�
PRQLWRU� VDWHOOLWH� VFKHGXOHV� IRU� LPDJLQJ� DQG�
DUWLILFLDO� WDUJHWV� PRXQWHG� WR� PHHW� VXFK� VFKHG�
XOHV�� ,I� UHOLHI� GLVSODFHPHQW� LQKHUHQW� LQ� WKHVH� 

LPDJHV� FRXOG� EH� QHXWUDOL]HG�� WKH� DFFXUDFLHV�
ZRXOG� EH� JUHDWO\� LPSURYHG�� WKLV� PD\� UHTXLUH�
GHYHORSPHQW� RI� VXLWDEOH� DOJRULWKPV� WR� QXOOLI\�
VXFK� LPDJH� GLVSODFHPHQWV�� 6XFK� PDSV� GHULYHG�
IURP�*RRJOH�LPDJHV�VKRXOG�HVSHFLDOO\�EH�LQYDO�
XDEOH�IRU�PDSSLQJ�DW�VFDOHV�RI��������RU�VPDOOHU�
LQ� LQVWDQFHV� ZKHUH� PDSV� DUH� XQDYDLODEOH� IRU�
LPPHGLDWH�FRPPHQFHPHQW�RI�SURMHFWV���7KH�UDZ�
LPDJHV��RU�OLQH�PDSV�GHULYHG�IURP�WKHP��VKRXOG�
DOVR�ILQG�HIILFLHQW�DQG�HIIHFWLYH�XVH�LQ�WHPSRUDO� 
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ODQG-XVH�RU�UHODWHG�VWXGLHV�IRU�DQ�DUHD� 
 
5()(5(1&(6 
%RXORV��0��1��.����������:HE�*,6�LQ�SUDFWLFH�
,,,��FUHDWLQJ�D�VLPSOH�LQWHUDFWLYH�PDS�RI�(QJ�
ODQG¶V� VWUDWHJLF� +HDOWK� $XWKRULWLHV� XVLQJ�
*RRJOH�0DSV�$3,��*RRJOH�(DUWK�.0/�� DQG�
061� 9LUWXDO� (DUWK� 0DS� &RQWURO�� ���� GRL��
������������-���;-�-�� 

 
&KDQJ�� $�� <��� 3DUUDOHV�� 0�� (��� -LPHQH]�� -���
6RELHV]F]\N��0��(���+DPPHU��6��0���&RSHQ�
KDYHU��'��-��DQG�.XONDUQL��5��3����������&RP�
ELQLQJ�*RRJOH�(DUWK�DQG�*,6�PDSSLQJ� WHFK�
QRORJLHV� LQ�D�GHQJXH�VXUYHLOODQFH�V\VWHP�IRU�
GHYHORSLQJ�FRXQWULHV��,QWHUQDWLRQDO�-RXUQDO�RI�
+HDOWK� *HRJUDSKLFV�� ������ ���� GRL��
������������-���;-�-�� 

 
'LFNLQVRQ��*��&�� ��������0DSV�DQG�$LU�3KRWR�
JUDSKV�� LPDJHV� RI� WKH� HDUWK�� (GZDUG�$UQROG�
3XEOLVKHUV�/WG��%HGIRUG�6TXDUH��/RQGRQ�:&��
3S���� 

 
)DUPDQ��-����������0DSSLQJ�WKH�GLJLWDO�HPSLUH��
*RRJOH�(DUWK�DQG�WKH�SURFHVV�RI�SRVWPRGHUQ�
FDUWRJUDSK\�� 1HZ� 0HGLD� 	� 6RFLHW\�� 6DJH�
3XEOLFDWLRQV�6DJH�8.��/RQGRQ��(QJODQG����
����� ���–����� GRL��
������������������������ 

 
.DLPDULV�� '��� *HRUJRXOD�� 2��� 3DWLDV�� 3�� DQG�
6W\OLDQLGLV�� (�� �������� &RPSDUDWLYH� DQDO\VLV�
RQ� WKH� DUFKDHRORJLFDO� FRQWHQW� RI� LPDJHU\�
IURP�*RRJOH�(DUWK��-RXUQDO�RI�&XOWXUDO�+HULW�
DJH�� ������� ���–����� GRL�� ��������
M�FXOKHU������������ 

 
.HQQHG\��'��DQG�%LVKRS��0��&����������*RRJOH�
(DUWK�DQG�WKH�DUFKDHRORJ\�RI�6DXGL�$UDELD��$�
FDVH� VWXG\� IURP� WKH� -HGGDK� DUHD�� -RXUQDO� RI�
$UFKDHRORJLFDO� 6FLHQFH�� ������� ����–������
GRL����������M�MDV������������� 

$J\HPDQJ�HW�DO� �� 

.UDDN��0�� -�� DQG�2UPHOLQJ�� )�� -�� ��������&DU�
WRJUDSK\�� 9LVXDOL]DWLRQ� RI� 6SDWLDO� 'DWD��
5RXWOHGJH��3HDUVRQ�(GXFDWLRQ�/LPLWHG��*UHDW�
%ULWDLQ��3S��� 

 
/DPE��$�� DQG� -RKQVRQ��/�� ��������9LUWXDO�([�
SHGLWLRQV��*RRJOH�(DUWK��*,6��DQG�*HRYLVXDO�
L]DWLRQ�7HFKQRORJLHV�LQ�7HDFKLQJ�DQG�/HDUQ�
LQJ��7HDFKHU�/LEUDULDQ������������� 

 
/HIHU�� 7�� %��� $QGHUVRQ�� 0�� 5��� )RUQDUL�� $���
/DPEHUW�� $��� )OHWFKHU�� -�� DQG� %DTXHUR�� 0��
��������8VLQJ�*RRJOH�(DUWK�DV�DQ�LQQRYDWLYH�
WRRO� IRU� FRPPXQLW\� PDSSLQJ��3XEOLF� +HDOWK�
5HSRUWV�� �������� ���–����� GRL��
�������������������������� 

 
0HUULDP�� '�� )�� �������� .DQVDV� ��WK� &HQWXU\�
*HRORJLF� 0DSV� �������� 7UDQVDFWLRQV� RI� WKH�
.DQVDV�$FDGHP\�RI�6FLHQFH�������������-�����
GRL������������������ 

 
3HXTXHW�� '�� -�� DQG� .UDDN�� 0�� -�� ��������
*HREURZVLQJ�� &UHDWLYH� WKLQNLQJ� DQG�
NQRZOHGJH�GLVFRYHU\� XVLQJ�JHRJUDSKLF�YLVX�
DOL]DWLRQ��,QIRUPDWLRQ�9LVXDOL]DWLRQ����������
–����GRL����������SDOJUDYH�LYV��������� 

 
60'� ��������7HFKQLFDO�*XLGHOLQHV� IRU� 6SDWLDO�
'DWD� &DSWXUH� DQG� 3UHVHQWDWLRQ� LQ� *KDQD��
3XEOLVKHG�E\� WKH�6XUYH\� DQG�0DSSLQJ�'LYL�
VLRQ��60'���$FFUD��*KDQD��3S�� 

 
:ROI��3��5��DQG�'HZLWW��%��$����������(OHPHQWV�
RI� SKRWRJUDPPHWU\�� ZLWK� DSSOLFDWLRQV� LQ�
*,6�9RO�����0F*UDZ-+LOO��1HZ�<RUN��3S��� 

 
<X��/��DQG�*RQJ��3����������*RRJOH�(DUWK�DV�D�
YLUWXDO� JOREH� WRRO� IRU� (DUWK� VFLHQFH� DSSOLFD�
WLRQV� DW� WKH� JOREDO� VFDOH�� SURJUHVV� DQG� SHU�
VSHFWLYHV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5HPRWH�
6HQVLQJ�� �������� ����–������ GRL��
����������������������������� 


