
�

�6+$',1*���$1$/<=,1*�0878$/�6+$',1*�$021*�%8,/',1*6

'U��$��<H]LRUR��DQG�3URI��(��6KDYLY
)DFXOW\�RI�$UFKLWHFWXUH�DQG�7RZQ�3ODQQLQJ��7HFKQLRQ���,VUDHO�,QVWLWXWH�RI�7HFKQRORJ\�
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$%675$&7
$� PHWKRG� IRU� HYDOXDWLQJ� VRODU� ULJKWV� DQG� VKDGLQJ
UHTXLUHPHQWV� LQ� DQ� XUEDQ� HQYLURQPHQW� LV� SUHVHQWHG�
7KH�PHWKRG� LV� HPEHGGHG� LQ� D� &$'� WRRO� GHYHORSHG
DQG�DGDSWHG�IRU�WKLV�SXUSRVH��:LWK�WKLV�WRRO��RQH�FDQ
DQDO\]H� WKH� PXWXDO� VKDGLQJ� EHWZHHQ� EXLOGLQJV� DQG
RWKHU�REMHFWV�OLNH�WUHHV��7KH�SXUSRVH�RI�WKLV�&$'�WRRO
LV�WR�DOORZ�WKH�GHVLJQHU�WR�SODQ�HIILFLHQWO\�WKH�YDULRXV
IXQFWLRQV� RI� VSDFHV� DPRQJ� GLIIHUHQW� VWUXFWXUHV�� OLNH
EXLOGLQJV�� DV�ZHOO� DV� GHWHUPLQLQJ� WKH� ORFDWLRQ� RI� WKH
SDVVLYH� DQG� DFWLYH� VRODU� FROOHFWRUV�� 7KH�PHWKRG� LV� D
JHQHUDO�RQH�DQG�DOORZV�D�IDVW�DQG�HIILFLHQW�FDOFXODWLRQ
RI�WKH�UDWLR�EHWZHHQ�LQVRODWHG�DQG�WRWDO�VXUIDFH�DUHDV
RI�DQ\�JLYHQ�H[DPLQHG�REMHFW�WKDW�LV�VKDGHG�E\�RWKHU
LUUHJXODU�DQG�QRQSODQDU�HOHPHQWV��7KH�FDOFXODWLRQ�RI
WKLV� UDWLR� LV� FDUULHG�RXW� IRU�DOO� WKH�PRQWKV� DQG�KRXUV
IRU�ZKLFK�HLWKHU�VKDGLQJ�RU�LQVRODWLRQ�LV�UHTXLUHG��7KH
LQIRUPDWLRQ�REWDLQHG�PD\�VHUYH�DV�KRXUO\� LQSXW� GDWD
IRU� DQ\� G\QDPLF� VLPXODWLRQ� PRGHO�� ZKLFK� HYDOXDWHV
WKH� WKHUPDO� SHUIRUPDQFH� RI� WKH� GLIIHUHQW� H[WHUQDO� RU
LQWHUQDO� VKDGLQJ� V\VWHPV�� )RU� D� YLVXDO� DQG� D
TXDOLWDWLYH� HYDOXDWLRQ� RI� WKH� VKDGRZV� DPRQJ
EXLOGLQJV�� WKH� PRGHO� SHUPLWV� D� YHU\� UHDOLVWLF
UHSUHVHQWDWLRQ��7KLV�LV�DFKLHYHG�E\�GHILQLQJ�WKH� OLJKW
VRXUFH� DFFRUGLQJ� WR� WKH� D]LPXWK� DQG� WKH� DOWLWXGH� RI
WKH� VXQ�� DW� WKH� SDUWLFXODU� WLPH� RI� H[DPLQDWLRQ�� 7KH
VHOI�VKDGLQJ� DQG� EULJKWQHVV� RI� WKH� GLIIHUHQW� VXUIDFHV
DQG� WKH� VKDGRZV� FDVW� E\� WKH�YDULRXV� HOHPHQWV� DW� WKH
GHVLJQDWHG� WLPH� DUH� WKHQ� JHQHUDWHG� DQG� FDQ� EH
HYDOXDWHG�YLVXDOO\�

,1752'8&7,21
0XWXDO� VKDGLQJ� EHWZHHQ� EXLOGLQJV� DQG� RWKHU
HOHPHQWV��OLNH�WUHHV��PD\�GHWHUPLQH�LI�D�SODFH�ZLOO�EH
SOHDVDQW� RU� XQFRPIRUWDEOH� GXULQJ� WKH� GLIIHUHQW� WLPHV
RI�GD\�RU�WKURXJKRXW�WKH�\HDU��,W� LV�DOVR� LPSRUWDQW� WR
EH� DEOH� WR� GHWHUPLQH� WKH� RSWLPDO� ZLQGRZ� VKDGLQJ
V\VWHP� �6KDYLY�� ������� 7KLV� LV� EHFDXVH� VKDGLQJ� RI
ZLQGRZV� LQ� VXPPHU� DQG� LQVRODWLRQ� RI� ZLQGRZV� LQ
ZLQWHU�� DUH� DPRQJ� WKH� PRVW� LPSRUWDQW� GHVLJQ
SDUDPHWHUV� WR� DFKLHYH� JRRG� LQGRRU� FOLPDWLF
FRQGLWLRQV�ZLWK�PLQLPDO�HQHUJ\�FRQVXPSWLRQ��6KDYLY
DQG� &DSHOXWR�� �������0RUHRYHU�� RYHUVKDGLQJ� RI� WKH
ZLQGRZV� UHGXFHV� GD\OLJKWLQJ�� ZKLFK� UHVXOWV� LQ

LQFUHDVHG�HQHUJ\�XVH�IRU�DUWLILFLDO�OLJKWLQJ�RU�LQWHUQDO
KHDW�JDLQV��6KDYLY��������

7KH�DERYH�LPSRUWDQW�HIIHFWV�RI�SURSHU�VKDGLQJ�GHVLJQ
ZHUH� UHFRJQL]HG� E\� 2OJ\D\� DQG� 2OJ\D\� PRUH� WKDQ
WKLUW\� \HDUV� DJR� �������� 7KH� HQHUJ\� FULVLV� RI� ����
DFFHOHUDWHG�DWWHPSWV� WR� ILQG�DGYDQFHG�&$'�PHWKRGV
DQG� WRROV� IRU� WKH� GHVLJQ� DQG� HYDOXDWLRQ� RI� VKDGLQJ
VROXWLRQV� �6KDYLY�� ����D�� 0F&OXQH\�� ������ RQ� RQH
KDQG� DQG� IRU� SURSHU� LQVRODWLRQ� RQ� WKH� RWKHU� �$UXPL�
������6KDYLY������E��

0RVW� RI� WKH� HYDOXDWLYH� &$'� WRROV� WKDW� ZHUH
GHYHORSHG� EHIRUH� WKH� ODVW� GHFDGH�ZHUH� GHVLJQHG� IRU
PDLQIUDPHV�DQG�ODFN�D�JUDSKLF��XVHU�IULHQGO\�LQWHUIDFH
�.URQHU� DQG� $EUH\�� ������� 7KHUHIRUH�� PDQ\� GHVLJQ
WRROV��LQ�WKH�ODVW�GHFDGH��ZHUH�GHYHORSHG�IRU�SHUVRQDO
FRPSXWHUV��WDNLQJ�DGYDQWDJH�RI�JUDSKLFV�IDFLOLWLHV�DQG
FUHDWLQJ� PRUH� IULHQGO\� WRROV�� +RZHYHU�� WKH\� ZHUH
OLPLWHG� WR� VLPSOH� REMHFWV� DV� WKH\� ZHUH� EDVHG� RQ
DOJRULWKPV� JRYHUQHG� E\� WKH� OLPLWDWLRQV� RI� H[LVWLQJ
SHUVRQDO� FRPSXWHUV� �3HFNKDP�� ������� +HQFH�� WKH\
FRXOG� QRW� SURYLGH� D� FRPSUHKHQVLYH� HYDOXDWLRQ� RI� D
YDULHW\� RI� FRPSOLFDWHG� DQG� QRQSODQDU� VKDGLQJ
HOHPHQWV�

,Q� WKLV� ZRUN�� ZH� SUHVHQW� DQ� HYDOXDWLRQ� WRRO�
�6+$',1*��� :LWK� WKLV� WRRO�� RQH� FDQ� DQDO\]H� DQ\
JLYHQ� GHVLJQ�ZLWK� UHJDUGV� WR� VRODU� ULJKWV� RU� VKDGLQJ
UHTXLUHPHQWV��7KH�PHWKRG�LV�D�JHQHUDO�RQH�DQG�DOORZV
WKH� H[DPLQDWLRQ� RI� WKH� PXWXDO� VKDGLQJ� EHWZHHQ
EXLOGLQJV�DQG�RWKHU�REMHFWV�OLNH�WUHHV��,W�FDQ�SHUIRUP
DQ� DFFXUDWH� HYDOXDWLRQ� RI� WKH� GHVLJQ� RI� DQ\� H[WHUQDO
RU� LQWHUQDO�ZLQGRZV
� VKDGLQJ� GHYLFHV� DV�ZHOO�� 7KHVH
VKDGLQJ� V\VWHPV�PD\� KDYH� DQ� DUELWUDU\� VKDSH� OLNH� D
S\UDPLG��DV�ZDV�UHFRPPHQGHG�E\�6KDYLY�IRU�FHUWDLQ
RULHQWDWLRQV� �6KDYLY�� ������� 7KH\� FDQ� EH� YHQHWLDQ
EOLQGV�RU�HYHQ�URXJK�FXUWDLQV��VXFK�WKDW�WKHLU�VKDGLQJ
DELOLW\�GHSHQGV�RQ�WKH�DQJOH�RI�LQFLGHQFH�RI�WKH�VRODU
UDGLDWLRQ��7KH� DQDO\VLV� RIIHUHG� LQ� WKLV�PRGHO� FDQ� EH
FDUULHG�RXW�YLVXDOO\�DQG�TXDQWLWDWLYHO\�

:H� XVH� WKH� WHUP� �*HRPHWULFDO� 6KDGLQJ�&RHIILFLHQW�
�*6&�� WR�H[SUHVV� WKH� UDWLR�EHWZHHQ�VKDGHG�DQG� WRWDO
H[DPLQHG�VXUIDFH�DUHDV��:H�ILQG�LW�QHFHVVDU\�WR�KDYH
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D� QHZ� GHILQLWLRQ�� EHFDXVH� WKH� WHUP� 6KDGLQJ
&RHIILFLHQW� �6&�� LV� GHILQHG� DV� WKH� UDWLR� RI� VRODU
UDGLDWLRQ� WKDW� HQWHUV� WKURXJK� D� IHQHVWUDWLRQ� V\VWHP
UHODWLYH� WR� WKDW� RI� D� VWDQGDUG� UHIHUHQFH� JOD]LQJ
FRPSRVHG� RI� D� VLQJOH�SDQH�� 0RUHRYHU�� WKHUH� DUH
GRXEWV�WRGD\�ZKHWKHU�LW�LV�DSSURSULDWH�WR�FRQWLQXH�DQG
XVH� WKH� WHUP� 6&� �0F&OXQH\�� ������� 7KH� WHUP� *6&
VXJJHVWHG�KHUH�GRHV�QRW�LQFOXGH�WKH�JOD]LQJ�PDWHULDOV
DQG� WKHUHIRUH�� LV� QRW� OLPLWHG� IRU� XVH� RQO\� LQ� WKH
FRQWH[W� RI� IHQHVWUDWLRQ� V\VWHPV�� ,W� GHSHQGV� RQ� WKH
JHRPHWU\�RI�WKH�REVWDFOHV�WKDW�EORFN�WKH�VXQ�IURP�WKH
H[DPLQHG� VXUIDFH�� 7KH� *6&� LV� QRW� FRQVWDQW� EXW
GHSHQGV�RQ�WKH�DQJOH�RI�LQFLGHQFH�RI�VRODU� UDGLDWLRQ�
7KHUHIRUH��LW�VKRXOG�EH�JLYHQ�DV�D�IXQFWLRQ�RI�WKH�GDWH
DQG� KRXU�� :H� FDQ� DOVR� XVH� WKH� WHUP� *HRPHWULFDO
,QVRODWHG� &RHIILFLHQW� �*,&�� WR� H[SUHVV� WKH� UDWLR
LQVRODWHG�WRWDO�H[DPLQHG�VXUIDFH�DUHDV�

7KH�PRGHO�6+$',1*�ZDV�GHYHORSHG�RQ�D�JUDSKLFDO
ZRUNVWDWLRQ� WDNLQJ� DGYDQWDJH� RI� WKH� DGYDQFHG
WHFKQRORJ\� DYDLODEOH� WRGD\�� 7KH� HPSKDVLV� LQ� WKLV
ZRUN� LV� WR�SUHVHQW�QHZ� LGHDV� WKDW� VKRZ�KRZ�PRGHUQ
FRQFHSWV�DQG�KDUGZDUH�LQ�FRPSXWHUV�DOORZV�XV��XVLQJ
D�YHU\�VLPSOH�DOJRULWKP��WR�DQDO\]H�TXDQWLWDWLYHO\�WKH
UDWLR� EHWZHHQ� LQVRODWHG� DQG� VKDGHG� DUHDV�� 7KXV�� ZH
FDQ�FUHDWH�HIILFLHQWO\�D�GDWD�ILOH�RI�KRXUO\��PRQWKO\�RU
VHDVRQDO� *,&� RI� DQ\� JLYHQ� VXUIDFH�� 7KH� ILOH� FDQ� EH
UHDG� ODWHU�E\�D�G\QDPLF� VLPXODWLRQ�PRGHO�(1(5*<
�6KDYLY� DQG� 6KDYLY�� ������ IRU� WKH� GHWHUPLQDWLRQ� RI
WKH�WKHUPDO�SHUIRUPDQFH�RI�EXLOGLQJV�

7KH� YLVXDO� HYDOXDWLRQ� LV� SHUIRUPHG� E\� XVLQJ
FRPPHUFLDOO\� DYDLODEOH� VRIWZDUH� ,60� IRU
WKUHH�GLPHQVLRQDO� UHSUHVHQWDWLRQ�� 7KLV� HQDEOHV� WKH
XVHU�WR�DSSO\�D�5D\�7UDFLQJ�DOJRULWKP�WR�SUHVHQW� WKH
PXWXDO�VKDGLQJ�EHWZHHQ�EXLOGLQJV�DV�D�IXQFWLRQ�RI�WKH
GDWH� DQG� KRXU�� ,W� DOVR� SUHVHQWV� WKH� EULJKWQHVV� RI� WKH
GLIIHUHQW�VXUIDFHV�RI�DOO�REMHFWV�DV� WKH\�DSSHDU�DW� WKH
SDUWLFXODU�WLPH�RI�H[DPLQDWLRQ�

7KH� PHWKRGRORJ\� DQG� WKH� GHVLJQ� WRRO� DUH
GHPRQVWUDWHG� E\� D� FDVH� VWXG\� EDVHG� RQ� DQ� DFWXDO
GHVLJQ� RI� D� QHZ� ILYH� KXQGUHG�URRP� KRWHO� EXLOGLQJ�
7KH�VRODU�ULJKWV�UHTXLUHPHQW�ZDV�D�GHWHUPLQLQJ�IDFWRU
LQ� WKH�GHVLJQ�RI� WKH�QHZ�EXLOGLQJ� LQ� FORVH�SUR[LPLW\
WR�DQ�H[LVWLQJ�RQH�

3(563(&7,9(� )520� 681
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7KH�VLPSOHVW�ZD\� WR� ILJXUH�RXW� WKH� LQVRODWHG�DQG� WKH
VKDGHG� DUHDV� LV� E\� GUDZLQJ� DQ� RUWKRJUDSKLF
SURMHFWLRQ� IURP� WKH� VXQ
V� SRLQW� RI� YLHZ� �.URQHU� DQG
$EUH\���������7KH�DUHD�H[SRVHG�WR�WKH�VXQ�LV�FOHDUO\
WKH�SDUW� WKDW� LV� VHHQ�E\� LW�� 7KLV�PHDQV� WKDW� WKH� VXQ
V
SRVLWLRQ� DW� D� SDUWLFXODU� JHRJUDSKLF� ORFDWLRQ� DQG� DW� D
SDUWLFXODU� WLPH� �PRQWK� DQG� KRXU�� VKRXOG� EH� XVHG� WR
GHILQH� WKH� SRLQW� RI� WKH� H\H� LQ� WKH� RUWKRJUDSKLF
SURMHFWLRQ� WR� EH� GUDZQ�� 2QH� VKRXOG� XVH� DQ

RUWKRJUDSKLF�SURMHFWLRQ�WR�VLPXODWH�SURSHUO\�WKH�VRODU
UD\V�WKDW�DUH�SURMHFWHG�IURP�LQILQLW\� LQ�SDUDOOHO� OLQHV�
LQVWHDG�RI�XVLQJ�SHUVSHFWLYH�

$OWKRXJK� WKLV�PHWKRG� LV� YHU\� VLPSOH�� LW� WDNHV� D� ORQJ
WLPH�WR�HYDOXDWH�D�SURMHFW�ZLWK�PDQ\�HQWLWLHV��VLQFH�D
KLGGHQ�VXUIDFHV�UHPRYDO�DQDO\VLV�VKRXOG�EH�FDUULHG�RQ
IRU� HDFK� YLHZ�� 7RGD\�� ZRUNVWDWLRQV� ZLWK� D� =� EXIIHU
DUH�TXLWH�FRPPRQ��7KH�=�EXIIHU�SHUIRUPV�WKH�KLGGHQ
VXUIDFHV�UHPRYDO�DQDO\VLV�LQ�KDUGZDUH��7KHUHIRUH��WKH
GHWHUPLQDWLRQ� RI� RUWKRJUDSKLF� SURMHFWLRQ� IURP� WKH
VXQ
V�SRLQW�RI�YLHZ�LV�DFFRPSOLVKHG�YHU\�TXLFNO\�DQG
HIILFLHQWO\�

7KH� ORQJLWXGH� DQG� ODWLWXGH� RI� WKH� SODFH� DQG� WKH
GLIIHUHQFH� EHWZHHQ� ORFDO� WLPH� DQG� *UHHQZLFK�0HDQ
7LPH� DUH� LQWURGXFHG� E\� WKH� GHVLJQHU� XVLQJ� D
TXHVWLRQQDLUH�PHQX��DV�ZHOO�DV� WKH�EXLOGLQJ�D]LPXWK�
7KH�GHVLJQHU�KDV�DOVR�WR�GHWHUPLQH�WKH�H[DPLQHG�WLPH
�PRQWK� DQG� KRXU��� RU� PD\� DVN� IRU� D� ZKROH� \HDU
HYDOXDWLRQ�� %DVHG� RQ� WKLV� LQSXW� GDWD� WKH� UHTXLUHG
RUWKRJUDSKLF�SURMHFWLRQ� IURP� WKH� VXQ
V�SRLQW� RI� YLHZ
DW� GLIIHUHQW� H[DPLQHG� WLPHV� LV� SUHVHQWHG
LQVWDQWDQHRXVO\�� ,I� D� ZKROH� \HDU� HYDOXDWLRQ� LV
UHTXLUHG�� WKH� XVHU� ZLOO� VHH� DOO� YLHZV� DOPRVW� DV� LQ� D
PRYLH�

48$17,7$7,9(�(9$/8$7,21
2IWHQ� ZH� ZRXOG� OLNH� WR� HYDOXDWH� VRODU� LQVRODWLRQ
TXDQWLWDWLYHO\��7R� DFKLHYH� WKLV�ZH� WDNH� DGYDQWDJH�RI
WKH� JUDSKLFDO� ZRUNVWDWLRQ
V� GRXEOH� EXIIHU� XVHG� WR
SHUIRUP� VPRRWK� DQLPDWLRQ�� +RZHYHU�� ZH� DSSO\� WKH
GRXEOH� EXIIHU� LQ� D� GLIIHUHQW� ZD\� DQG� IRU� D� GLIIHUHQW
SXUSRVH�

7KH�SULQFLSOH�RI�WKH�GRXEOH�EXIIHU�LV�DV�IROORZV��7KH
FRPSXWHU�VWRUHV�WZR�SLFWXUHV��RQH��VWRUHG�LQ�WKH�IURQW
EXIIHU�� LV� GLVSOD\HG� RQ� WKH� VFUHHQ� DQG� WKH� RWKHU�
VWRUHG� LQ� WKH� EDFN� EXIIHU�� LV� KLGGHQ�� 7R� FUHDWH� D
VPRRWK� DQLPDWLRQ� WKH� SLFWXUH� LQ� WKH� IURQW� EXIIHU� LV
GLVSOD\HG��ZKLOH�LQ�WKH�EDFN�EXIIHU�WKH�QH[W�LPDJH�LV
FUHDWHG�� 2QO\� DIWHU� WKH� FRPSOHWH� JHQHUDWLRQ� RI� WKH
QHZ� LPDJH�� WKH�GLVSOD\HG�EXIIHU� LV� VZLWFKHG�� VR� WKDW
WKH�SUHYLRXVO\�VWRUHG�LPDJH�LV�GLVSOD\HG��7KLV�LV�GRQH
WR�DYRLG�WKH�IOLFNHULQJ�FDXVHG�E\�VKRZLQJ�LQFRPSOHWH
LPDJHV�

)RU�FDOFXODWLQJ�WKH�*,&�RI�WKH�H[DPLQHG�VXUIDFH��ZH
GR�QRW�QHHG�DQLPDWLRQ�DQG�FDQ�XVH�WKH�EDFN�EXIIHU�IRU
D� GLIIHUHQW� SXUSRVH�� 7KH� LGHD� LV� WR� DSSO\� LW� IRU
GUDZLQJ� DQ� RUWKRJUDSKLF� SURMHFWLRQ�ZLWK� QR� VKDGLQJ
HOHPHQWV�� 7KXV�� ZH� FUHDWH� VLPXOWDQHRXVO\� WZR
RUWKRJRQDO� SURMHFWLRQV� IURP� WKH� VXQ
V� SRLQW� RI� YLHZ�
WKH� ILUVW� RQH�� VKRZQ� LQ� WKH� IURQW� EXIIHU� DQG� VHHQ� E\
WKH�REVHUYHU�� LV� GUDZQ�ZLWK� DOO� HOHPHQWV�� DV� RQH� FDQ
VHH�LQ�)LJ�����7KH�VHFRQG�RUWKRJRQDO�SURMHFWLRQ��DOVR
IURP� WKH� VXQ
V� SRLQW� RI� YLHZ�� LV� GUDZQ� LQ� WKH� EDFN
EXIIHU�ZLWKRXW� WKH� VKDGLQJ�HOHPHQWV�� DQG� LV� QRW� VHHQ
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E\�WKH�XVHU��7KH�H[DPLQHG�LQVRODWHG�DUHD�LV�FDOFXODWHG
WZLFH�� RQFH� DV� LV� VHHQ� RQ� WKH� IURQW� EXIIHU� �$LQVRODWHG��
DQG� DJDLQ�� DV� DSSHDUV� RQ� WKH� EDFN� EXIIHU�� ZKHUH� DOO
VKDGHG� HOHPHQWV� ZHUH� UHPRYHG� �$WRWDO��� $V� ERWK
RUWKRJRQDO�SURMHFWLRQV�DUH�GUDZQ�IURP�WKH�VDPH�SRLQW
RI�YLHZ��WKH�GLVWRUWLRQ�LV�WKH�VDPH�DQG�WKH�*,&�RI�WKH
H[DPLQHG�DUHD�LV�REWDLQHG�DV�WKH�UDWLR�$LQVRODWHG�$WRWDO�

7R� FDOFXODWH� WKH� VXSHUSRVLWLRQ� RI� DOO� VKDGRZV�� FDVW
IURP� GLYHUVH� HOHPHQWV�� ZH� QHHG� ILUVW� WR� GHWHUPLQH
ZKDW�REMHFWV�KLGH�WKH�H[DPLQHG�VXUIDFH�IURP�WKH�VXQ�
DQG� WKHQ� WR� ILQG� WKH� VKDGRZV� FDVW� RQ� WKH� H[DPLQHG
VXUIDFH�� $V� ERWK� REMHFWV� PD\� EH� LUUHJXODU� DQG
QRQSODQDU��WKHVH�FDOFXODWLRQV�PD\�EH�YHU\�WHGLRXV�LI�D
YHFWRU� WHFKQLTXH� LV� XVHG�� 7R� DYRLG� FRPSOH[
FDOFXODWLRQV�� ZH� XVH� D� ELWPDS� WHFKQLTXH� IRU
FDOFXODWLQJ� WKLV�DUHD��7KH� DUHD� H[SRVHG� WR� WKH� VXQ� LV
IRXQG� VLPSO\� E\� FRXQWLQJ� SL[HOV� DFFRUGLQJ� WR� WKHLU
FRORU��$V� WKH�SL[HOV�RI� WKH� VKDGHG�DUHD�JHW� WKH�FRORU
RI�WKH�VKDGLQJ�HOHPHQWV��WKHVH�SL[HOV�DUH�QRW�FRXQWHG�
7KH� VKDGLQJ� HOHPHQWV� FDQ� EH� GHFLGXRXV� WUHHV�� RU
URXJK�PDWHULDOV�� WKDW�JLYH�RQO\�SDUWLDO� VKDGLQJ��6XFK
VKDGLQJ�HOHPHQWV�DUH�SDLQWHG�ZLWK�DQ\�FKRVHQ�WH[WXUH
WKDW�GRHV�QRW�IXOO\�PDVN�WKH�EDFNJURXQG��,Q�WKLV�FDVH�
WKH� SL[HOV� RI� WKH� H[DPLQHG� DUHD�� ZKLFK� DUH� VHHQ
WKURXJK� WKH� WUDQVOXFHQW� REMHFWV�� DUH� FRXQWHG� DV�ZHOO�
7KXV�LQ�DOPRVW�QR�WLPH��ZH�FDOFXODWH�WKH�*,&��RI�DQ\
FRPSOH[� VKDGLQJ� HOHPHQWV� LQFOXGLQJ� WUDQVOXFHQW
HOHPHQWV�WKDW�JLYH�RQO\�SDUWLDO�VKDGLQJ�

7KH� FDOFXODWLRQ� RI� WKH� GHJUHH� RI� LQVRODWLRQ� RI� WKH
VXUIDFH�FDQ�EH�UHSHDWHG�IRU�DOO� WKH�PRQWKV�DQG�KRXUV
IRU� ZKLFK� HLWKHU� VKDGLQJ� RU� LQVRODWLRQ� LV� UHTXLUHG�
7KLV� LQIRUPDWLRQ� LV� VDYHG� IRU� IXUWKHU� XVH� LQ� D
VLPXODWLRQ� PRGHO� IRU� HYDOXDWLQJ� WKH� WKHUPDO
SHUIRUPDQFH� RI� WKH� EXLOGLQJ�� 6XFK� LQIRUPDWLRQ� LV
SDUWLFXODUO\� LPSRUWDQW� LI� WKH� H[DPLQHG� VXUIDFH� LV� D
VRODU� HOHPHQW� RU� D� ZLQGRZ�� 7KH� UHVXOWV� FDQ� EH� DOVR
SUHVHQWHG�JUDSKLFDOO\�IRU�YLVXDO�DSSUDLVDO��VHH�)LJ�����

7DNLQJ� DGYDQWDJH� RI� WKH� =� EXIIHU� DQG� WKH� 'RXEOH
EXIIHU��DQG�E\�XVLQJ�ELWPDS�WHFKQLTXH�IRU�FDOFXODWLQJ
WKH�LQVRODWHG�DQG�WKH�WRWDO�H[DPLQHG�DUHDV��DOORZV�XV
WR� FRPSXWH� YHU\� TXLFNO\� WKH� *,&� RI� DQ\� DUELWUDU\
FRPSOH[� DQG� QRQSODQDU� HOHPHQWV� VKDGLQJ� DQ\� JLYHQ
H[DPLQHG�VXUIDFH��0RUHRYHU��LW�DOZD\V�WDNH�WKH�VDPH
WLPH� WR� FDOFXODWH� WKH� H[SRVHG� DUHD� WR� WKH� VXQ�� DV�ZH
RQO\�KDYH� WR�FRXQW� WKH�SL[HOV�ZLWK� WKH�RULJLQDO�FRORU
WKDW� ZDV� DVVLJQHG� WR� WKH� H[DPLQHG� DUHD�� 7KH
H[DPLQHG�DUHD�FDQ�KDYH�DQ\�VKDSH��RU�FDQ�EH�GLYLGHG
LQWR� PDQ\� HOHPHQWV�� 7KH� WLPH� UHTXLUHG� IRU� FDUU\LQJ
WKHVH�FDOFXODWLRQV�GRHV�QRW�GHSHQG�RQ�WKH�FRPSOH[LW\
RI�WKH�SURMHFW�DW�KDQG��7R�FRQVWUXFW�D�ZKROH�\HDU�ILOH�
ZKLFK�PHDQV�WR�FUHDWH�DQG�HYDOXDWH�DERXW�����YLHZV
����PRQWKV�DQG�IURP�VXQULVH�WR�VXQVHW��WDNHV�OHVV�WKDQ
���PLQXWHV�

**************************
TOTAL CHECKED AREA:654.10
INSOLATED AREA:    199.22
SHADED AREA:       454.88
**************************

***************************
ON DEC 21 AT 9.00 AM
30.46% OF THE TOTAL CHECKED
AREA IS INSOLATED
***************************

***************************
TOTAL CHECKED AREA: 654.10
INSOLATED AREA:     459.17
SHADED AREA:        194.93
***************************

***************************
ON DEC 21 AT 9.00 AM
70.20% OF THE TOTAL CHECKED
AREA IS INSOLATED
**************************

)LJ�����2UWKRJUDSKLF�SURMHFWLRQ�IURP�WKH�VXQ
V�SRLQW�RI�YLHZ�RQ�'HFHPEHU�DW������DP�DQG�D�TXDQWLWDWLYH
DSSUDLVDO�RI�WKH�VRODU�LQVRODWLRQ�RI�+RWHO�/DJXQD
V�VRXWKHUQ�HOHYDWLRQ

�7KH�FKHFNHG�DUHD�LV�WKH�VRXWKHUQ�HOHYDWLRQ�FORVHG�WR�WKH�RWKHU�EXLOGLQJ��
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9,68$/�(9$/8$7,21
7R�DSSUHFLDWH�YLVXDOO\�WKH�DSSHDUDQFH�RI�WKH�EXLOGLQJ
XQGHU� FKDQJLQJ� VRODU� LOOXPLQDWLRQ�� LW� LV� VRPHWLPHV
GHVLUDEOH� WR� YLHZ� WKH� VKDGRZV� DW� D� SDUWLFXODU� WLPH
IURP� D� VSHFLILHG� SRLQW� RI� YLHZ�� 7R� UHDOL]H� WKLV�� RQH
QHHGV� WR� FUHDWH� D� SHUVSHFWLYH� ZLWK� PXWXDO� VKDGLQJ
FUHDWHG�E\�D�OLJKW�VRXUFH�WKDW� LV� LQ�WKH�VXQ
V�SRVLWLRQ�
1R�VLPSOH�DOJRULWKP�FDQ�EH�IRXQG�IRU�DFFRPSOLVKLQJ
LW�� 7KHUHIRUH�� ZH� GHFLGHG� WR� XVH� D� 5D\� 7UDFLQJ
DOJRULWKP�WKDW�LV�DYDLODEOH�LQ�H[LVWLQJ�FRPPHUFLDO��'
&$'� VRIWZDUH�� ,Q� RXU� FDVH�� ZH� XVHG� ,&(0� 6ROLG
0RGHOHU��,60���GHYHORSHG�E\�&RQWURO�'DWD��������

7KH� SHUVSHFWLYHV� FUHDWHG� E\� WKH� ,60� FDQ� EH
SHUIRUPHG� IURP� DQ\� FKRVHQ� SRLQW� RI� YLHZ��2QO\� WKH
OLJKW�VRXUFH�LV�GHILQHG�DW�WKH�ORFDWLRQ�RI�WKH�VXQ�DW�WKH
SDUWLFXODU� WLPH� RI� H[DPLQDWLRQ�� 7KH� XVHU� RI
6+$',1*� FDQ� VHOHFW� D� YLHZ�� 7KLV� LV� GRQH� E\
FKRRVLQJ� D� IUHH�PRGH� YLHZLQJ� DQG� VHOHFWLQJ� WKH� H\H
ORFDWLRQ�E\�PRYLQJ�DURXQG��RU�E\�FKDQJLQJ�WKH�KHLJKW
RU� GLVWDQFH� RI� WKH� H\H�� $V� 6+$',1*� XVHV� WKH� =
EXIIHU�� HDFK�YLHZ� LV� FUHDWHG� LQVWDQWDQHRXVO\��2QFH� D
GHVLUDEOH�YLHZ�LV�FUHDWHG��WKH�XVHU�FDQ�VHQG�WKLV�YLHZ
WR� WKH� ,60� VRIWZDUH� GHILQLQJ� WKH� VXQ� ORFDWLRQ� E\
SRLQWLQJ� WR� WKH�PRQWK� DQG� WKH� KRXU� RI� H[DPLQDWLRQ�
7KH�XVHU�RI�WKH�6+$',1*�VRIWZDUH��GRHV�QRW�QHHG�WR
NQRZ�KRZ�WR�XVH�,60��RU�KRZ�WR�GHILQH��LQ�,60��WKH
FRUUHFW� SHUVSHFWLYH� YLHZV� ZLWK� D� OLJKW� VRXUFH
UHSUHVHQWLQJ�WKH�VXQ��DV�FDQ�EH�VHHQ�LQ�)LJXUHV���DQG
��� 7KH� LQWHJUDWLRQ� RI� 6+$',1*� ZLWK� ,60� LV
SUHVHQWHG�HOVHZKHUH��<H]LRUR�DQG�6KDYLY��������

7KH� ,60� VRIWZDUH� SURYLGHV� UHDOLVWLF� SLFWXUHV� ZLWK
PXWXDO� VKDGLQJ� EHWZHHQ� WKH� EXLOGLQJV�� ,W� DOVR

SURYLGHV� DXWRPDWLFDOO\� WKH� PRPHQWDU\� EULJKWQHVV� RI
HDFK� VXUIDFH� �DFFRUGLQJ� WR� WKH� DQJOH� EHWZHHQ� WKH
YHFWRU� UHSUHVHQWLQJ� WKH� GLUHFWLRQ� RI� WKH� OLJKW� VRXUFH
DQG� WKH� QRUPDO� WR� WKLV� VXUIDFH��� 7KXV�� WKH� XVHU� FDQ
DSSUHFLDWH�YLVXDOO\�WKH�EULJKWQHVV�RI�HDFK�VXUIDFH��VHH
)LJXUHV���WR�����,W�PLJKW�EH�WKDW�WKH�H[DPLQHG�DUHD�LV
VKDGHG�DW�D�WLPH�WKDW�WKH�VRODU�LUUDGLDWLRQ�LV�YHU\�ZHDN
DQ\KRZ�

$�&$6(�678'<
7KH� PHWKRGRORJ\� DQG� WKH� GHVLJQ� WRRO� DUH
GHPRQVWUDWHG� E\� D� FDVH� VWXG\� EDVHG� RQ� DQ� DFWXDO
GHVLJQ� RI� D� QHZ� ILYH� KXQGUHG�URRP� KRWHO� EXLOGLQJ�
7KH�VRODU�ULJKWV�UHTXLUHPHQW�ZDV�D�GHWHUPLQLQJ�IDFWRU
LQ� WKH�GHVLJQ�RI� WKH�QHZ�EXLOGLQJ� LQ� FORVH�SUR[LPLW\
WR�DQ�H[LVWLQJ�RQH�

)LJXUHV� �� WR� �� VXPPDUL]H� WKH� UHVXOWV� RI� WKH� FDVH
VWXG\��,Q�WKLV�FDVH�VWXG\�WKHUH�DUH�WZR�EXLOGLQJV��7KH
QRUWKHUQ� RQH� LV� DQ� H[LVWLQJ� KRWHO� QDPHG� �+RWHO
/DJXQD���VHH�)LJ������ZKLOH�WKH�VRXWKHUQ�EXLOGLQJ�LV�D
QHZ�SURSRVHG�KRWHO�QDPHG��+RWHO�6KYD���VHH�)LJXUHV
�����DQG�����7KH�WHDP�VHOHFWHG�IRU�GHVLJQLQJ�WKH�6KYD
KRWHO� SURSRVHG�QHZ�SODQV��ZKLFK�ZHUH� QRW� EDVHG� RQ
WKH�H[LVWLQJ�PDVWHU�SODQ��+RWHO�/DJXQD�RSSRVLWLRQ� WR
WKH� FRQVWUXFWLRQ� RI� +RWHO� 6KYD� ZDV� RQ� WKH� EDVLV� RI
6RODU�5LJKWV�GHWHUPLQDWLRQ�� VD\LQJ� WKDW�� �+RWHO�6KYD
ZLOO� VKDGH� FRPSOHWHO\� WKH� 6ZLPPLQJ� 3RRO� RI� +RWHO
/DJXQD�GXULQJ�'HFHPEHU�IURP������XQWLO�������DP��
$OVR��WKH\�FODLPHG�WKDW��WKH�/DJXQD
V�VRXWK�HOHYDWLRQ�
WKH� VZLPPLQJ� SRRO� DQG� SOD]D� ZLOO� EH� VKDGHG� PRUH
KHDYLO\� LI� WKH�QHZ�KRWHO�ZRXOG�EH�EXLOW� DFFRUGLQJ� WR
WKH� SURSRVHG� SODQ�� WKDQ� WKH� H[LVWLQJ� PDVWHU� SODQ
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([LVWLQJ�6HOI�6KDGLQJ

,QVRODWHG�DUHD

6KDGHG�DUHD
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6KDGLQJ�$FFRUGLQJ�WR�([LVWLQJ�
0DVWHU�3ODQ

,QVRODWHG�DUHD

6KDGHG�DUHD
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� �� �� �� +RXU

6KDGLQJ�$FFRUGLQJ�WR�WKH�
3URSRVHG�3ODQ

,QVRODWHG�DUHD

6KDGHG�DUHD

)LJ������$�JUDSKLFDO�SUHVHQWDWLRQ�RI�WKH�FDOFXODWHG�LQVRODWHG�DQG�VKDGHG�DUHDV��DW�GLIIHUHQW�WLPHV�LQ�'HFHPEHU�
�7KH�FKHFNHG�DUHD�LV�WKH�+RWHO�/DJXQD
V�VZLPPLQJ�SRRO�DQG�SOD]D��

/HIW��H[LVWLQJ�VHOI�VKDGLQJ��0LGGOH��VKDGLQJ�DFFRUGLQJ�WR�H[LVWLQJ�PDVWHU�SODQ�
5LJKW��VKDGLQJ�DFFRUGLQJ�WR�WKH�SURSRVHG�SODQ�
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DOORZV��� 7KH� VKDGLQJ� HYDOXDWLRQ� ZDV� FDUULHG� RXW� WR
ILQG�WKH�YDOLGLW\�RI�WKHVH�FODLPV�

)LJ�� �� SUHVHQWV� DQ� RUWKRJUDSKLF� SURMHFWLRQ� IURP� WKH
VXQ
V�SRLQW�RI�YLHZ�RQ�'HFHPEHU�DW�����DP��1RWH�WKDW
LQ�WKLV�)LJXUH�WKH�DUHDV�VHHQ�IURP�WKH�VXQ�SRVLWLRQ�DUH
LQVRODWHG� E\� LW� DW� WKH� SDUWLFXODU� H[DPLQHG� WLPH� DQG
WKRVH� DUHDV� WKDW� DUH� QRW� VHHQ� DUH� VKDGHG� E\� WKH

VXUIDFHV� WKDW� KLGH� WKHP�� )LJ�� �� VKRZV� WKDW� +RWHO
/DJXQD� VKDGHV� FRPSOHWHO\� LWV� RZQ� VZLPPLQJ� SRRO
DUHD�GXULQJ�'HFHPEHU� DW� ������6LPLODU� VLWXDWLRQ�ZDV
IRXQG�WR�SUHYDLO�DW�������DP�

)LJ�� �� SUHVHQWV� DOVR� D� TXDQWLWDWLYH� DSSUDLVDO� RI� WKH
VRODU�LQVRODWLRQ�RI�+RWHO�/DJXQD
V�VRXWKHUQ�HOHYDWLRQ�
7KH�FKHFNHG�DUHD�ZDV�VHOHFWHG�LQ�WKLV�H[DPSOH�WR�EH

)LJ�����9LVXDO�DQG�TXDOLWDWLYH�HYDOXDWLRQ�RI�WKH�VHOI�VKDGHG�+RWHO�/DJXQD
V�VZLPPLQJ�SRRO�DQG�SOD]D�
/HIW��'HFHPEHU��������5LJKW��'HFHPEHU�������

)LJ�����9LVXDO�DQG�TXDOLWDWLYH�HYDOXDWLRQ�RI�WKH�LQVRODWHG�DQG�VKDGHG�DUHDV�DFFRUGLQJ�WR�H[LVWLQJ�PDVWHU�SODQ�
/HIW��'HFHPEHU��������5LJKW��'HFHPEHU�������

)LJ�����9LVXDO�DQG�TXDOLWDWLYH�HYDOXDWLRQ�RI�WKH�LQVRODWHG�DQG�VKDGHG�DUHDV�DFFRUGLQJ�WR�SURSRVHG�SODQ�
/HIW��'HFHPEHU��������5LJKW��'HFHPEHU�������
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RQO\� WKH�VRXWK�HOHYDWLRQ� WKDW� LV� LQ�FORVH�SUR[LPLW\� WR
WKH� QHZ� SURSRVHG� EXLOGLQJ� RI� +RWHO� 6KYD�� ZKLFK
VKRXOG�EH�EXLOW� VRXWK� WR� LW��7KH�)LJXUH� VKRZV� WKDW� DW
WKH� SDUWLFXODU� H[DPLQHG� WLPH�� WKH� EXLOGLQJ� EDVHG� RQ
WKH� H[LVWLQJ� PDVWHU� SODQ�� VKDGHV� WKH� +RWHO� /DJXQD
V
VRXWK� HOHYDWLRQ� PRUH� KHDYLO\� WKDQ� WKH� SURSRVHG
GHVLJQ�� 6LPLODU� UHVXOWV� ZHUH� REWDLQHG� IRU� PRVW
H[DPLQHG�WLPHV�

,Q� )LJ�� ��� ZH� SUHVHQW� WKH� UHVXOWV� RI� WKH� FDOFXODWHG
LQVRODWHG� DQG� VKDGHG� DUHDV� DW� GLIIHUHQW� WLPHV� LQ
'HFHPEHU��7KH�H[DPLQHG�DUHD� LV� WKH�+RWHO�/DJXQD
V
VZLPPLQJ�SRRO�DQG�SOD]D��7KUHH�FKHFNV�ZHUH�FDUULHG
RXW���D��WKH�FDOFXODWLRQV�RI�WKH�H[LVWLQJ�VHOI�VKDGLQJ�RI
+RWHO� /DJXQD� �OHIW��� �E�� WKH� VKDGLQJ� DFFRUGLQJ� WR
H[LVWLQJ�PDVWHU�SODQ��ZKLFK�LQFOXGHV�DOVR�WKH�H[LVWLQJ
VHOI�VKDGLQJ� �PLGGOH��� DQG� �F�� WKH� VKDGLQJ� DFFRUGLQJ
WR� WKH� SURSRVHG� SODQ� LQFOXGLQJ� WKH� VHOI�VKDGLQJ
�ULJKW��� $JDLQ�� RQH� FDQ� VHH� WKDW� LQ� JHQHUDO�� LQ
'HFHPEHU�� WKH�H[LVWLQJ�PDVWHU�SODQ�VKDGHV� WKH�+RWHO
/DJXQD
V� VZLPPLQJ� SRRO� DQG� SOD]D� DUHDV� PRUH
KHDYLO\�WKDQ�WKH�SURSRVHG�GHVLJQ�

)LJXUHV� �� WR� �� SUHVHQW� YLVXDO� DQG� TXDOLWDWLYH
HYDOXDWLRQ� RI� WKH� LQVRODWHG� DQG� VKDGHG� DUHDV� RQ
'HFHPEHU� DW� ������ �OHIW�� DQG� DW� ������ �ULJKW��� 7KH
YLVXDO� DQG� TXDOLWDWLYH� HYDOXDWLRQ� LQGLFDWHV� WKDW� WKH
IHZ�VXQVSRWV�WKDW�DUH�ORVW�LQ�WKH�QHZ�SURSRVHG�SODQ�DW
������FRPSDUH�ZLWK� WKH�H[LVWLQJ�PDVWHU� SODQ� DUH�QRW
VLJQLILFDQW��2Q�WKH�RWKHU�KDQG��WKH�QHZ�SURSRVHG�SODQ
RIIHUV� D� VXQQ\� SOD]D� DQG� VZLPPLQJ� SRRO� LQ� WKH
DIWHUQRRQ� �DW� �������� D� IHDWXUH� WKDW� LV� RQO\� SDUWLDOO\
DFKLHYHG�LQ�WKH�H[LVWLQJ�PDVWHU�SODQ�

7KH�FDVH�VWXG\�VKRZV�
D�� 7KH� VLPSOLFLW\� LQ� XVDJH� RI� 6+$',1*�� 7KH
JHRPHWULFDO� LQSXW� GDWD� PD\� EH� HDVLO\� LQWURGXFHG� E\
6+$',1*� JUDSKLFV� XVHU� LQWHUIDFH� GHVFULEHV� LQ
�<H]LRUR� DQG� 6KDYLY�� ������� RU� E\� XVLQJ� $XWR&$'
DQG�6+$',1*�';)� WUDQVODWRU� DV�ZDV� FDUULHG�RQ� LQ
WKLV�FDVH�VWXG\
E�� 7KH� VLPSOLFLW\� DQG� HDVH� LQ� FRPSUHKHQVLELOLW\� RI
UHVXOWV�
F�� 7KH� DELOLW\� WR� DQDO\]H� LQ� D� VKRUW� WLPH� WKH�PXWXDO
VKDGLQJ�EHWZHHQ�FRPSOH[�EXLOGLQJV�

6800$5<�$1'�&21&/86,216
$�PHWKRG��D�PRGHO��DQG�D�V\VWHP�IRU�HYDOXDWLQJ�VRODU
ULJKWV� DQG� VKDGLQJ� UHTXLUHPHQWV� LQ� DQ� XUEDQ
HQYLURQPHQW� DUH� SUHVHQWHG�� 7KH� PRGHO� FDQ� HYDOXDWH
PXWXDO� VKDGLQJ�EHWZHHQ� DQ\� DUELWUDU\� HOHPHQWV�� 7KH
PHWKRG�IRU�WKLV�DQDO\VLV�LV�EDVHG�RQ�PRGHUQ�FRQFHSWV
DQG� FRPSXWHUV� WKDW� DOORZ� WKH� XVH� RI� D� YHU\� VLPSOH
DOJRULWKP�WR�DQDO\]H�TXDQWLWDWLYHO\� WKH�UDWLR�EHWZHHQ
LQVRODWHG� DQG� VKDGHG� DUHDV�� 7KH� H[DPLQHG� DUHD� DQG
WKH�VKDGLQJ�HOHPHQWV�PD\�EH�LUUHJXODU�DQG�QRQSODQDU�
7KH�VKDGLQJ�HOHPHQWV�PD\�EH�SDUWLDOO\�WUDQVOXFHQW�DV
ZHOO�

7KH�PRGHO�ZDV�HYDOXDWHG�E\�FRPSDULQJ�&$'�LPDJH
RI�D�FDVH�VWXG\�ZLWK�DFWXDO�VKDGLQJ�REWDLQHG�LQ�UHDOLW\
DQG�JRRG�DJUHHPHQW�ZDV�IRXQG��<H]LRUR�DQG�6KDYLY�
������� 7KH� PHWKRGRORJ\� DQG� WKH� GHVLJQ� WRRO� LV
GHPRQVWUDWHG��LQ�WKLV�SDSHU��E\�D�FDVH�VWXG\�EDVHG�RQ
DQ� DFWXDO� GHVLJQ� LQ� ZKLFK� VRODU� ULJKWV� UHTXLUHPHQW
ZDV�D�GHWHUPLQLQJ�IDFWRU�

:H�FDQ�VXPPDUL]H�WKDW�WKH�PRGHO�DOORZV�WKH�GHVLJQHU
WR� SODQ� HIILFLHQWO\� WKH� YDULRXV� IXQFWLRQV� RI� VSDFHV
DPRQJ�EXLOGLQJV�LQ�DQ�XUEDQ�HQYLURQPHQW��DV�ZHOO�DV
GHWHUPLQLQJ� WKH� ORFDWLRQ� RI� WKH� SDVVLYH� DQG� DFWLYH
VRODU�FROOHFWRUV��7KH�PRGHO�DQG�WKH�V\VWHP�GHYHORSHG
PD\�VHUYH�DV�D�OLQN�EHWZHHQ� WKUHH� W\SHV�RI�VRIWZDUH�
�'� DQG� �'� JUDSKLFV� UHSUHVHQWDWLRQ� DQG� DQ� HQHUJ\
VLPXODWLRQ��ZKLFK�DUH�FXUUHQWO\�XVHG�E\�DUFKLWHFWV�

$&.12:/('*0(17
7KH� UHVHDUFK� ZDV� VXSSRUWHG� E\�� 7HFKQLRQ� 9�3�5
)XQG� �� %HUPDQ�6KHLQ� 6RODU� (QHUJ\� 5HVHDUFK� )XQG�
*UDQW�1R����������

5()(5(1&(6
6KDYLY�� (�� ³2Q� WKH� 'HWHUPLQDWLRQ� RI� WKH� 2SWLPXP
6KDGLQJ�)DFWRU� IRU�:LQGRZV´��&$'���� ,3&�6FLHQFH
DQG�7HFKQRORJ\�3UHVV��%ULJKWRQ��(QJODQG��������

6KDYLY�� (�� DQG� <�� *�� &DSHOXWR�� ³7KH� 5HODWLYH
,PSRUWDQFH� RI� 9DULRXV� *HRPHWULFDO� 'HVLJQ
3DUDPHWHUV´�� $6+5$(� 7UDQV�� 9�� $1������� $WODQWD
*$��86$��SS�����������������

2OJ\D\�� $�� DQG� 9�� 2OJ\D\�� ³6RODU� &RQWURO� DQG
6KDGLQJ� 'HYLFHV´�� 3ULQFHWRQ� 8QLYHUVLW\� 3UHVV�
SULQFHWRQ��1�-���������UHSULQWHG�������

6KDYLY��(��³$�'HVLJQ�7RRO�IRU�'HWHUPLQLQJ�WKH�)RUP
RI�)L[HG�	�0RYDEOH�6XQ�6KDGHV´��$6+5$(�7UDQV��
9RO������$7�������1R���������������D��

0F&OXQH\�� 5�� DQG� 5�� 6DWHU�� ³$Q� ([WHULRU� :LQGRZ
6KDGH� 'HVLJQ� 3URJUDP´�� )6(&�� 3URF�� �WK� 1DWLRQDO
3DVVLYH�6RODU�&RQI��$6(6��&RORPEXV�2KLR��������

$UXPL�� )�� 1�� ³&RPSXWHU�$LGHG� (QHUJ\� 'HVLJQ� IRU
%XLOGLQJV´��LQ�'��:DWVRQ��HG����(QHUJ\�&RQVHUYDWLRQ
7KURXJK�%XLOGLQJ�'HVLJQ��0F*UDZ�+LOO��,QF��������

(�� 6KDYLY�� 'HVLJQ� 7RROV� IRU� 6RODU� 5LJKWV� 	
6XQ�6KDGHV�'HWHUPLQDWLRQ��3URF��RI�WKH��WK�1DWLRQDO
3DVVLYH� 6RODU� &RQI�� $6(6�� &RORPEXV� 2KLR�� SS�
�����������E��
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.URQHU��:��0��'��$EUH\�� ³)URP� WKH� 6XQ
V� 3RLQW� RI
9LHZ´�� 3URF�� RI� WKH� ��WK� 1DWLRQDO� 3DVVLYH� 6RODU
&RQI���5DOOHLJK��1RUWK�&DUROLQD��86$���������

3HFNKDP�5�� -�� ³$�3�&��%DVHG�'HVLJQ�$LG� IRU� 6LWLQJ
6RODU� &RPSRQHQWV´�� 3/($���� 3HUJDPRQ� 3UHVV�
(OPVIRUG��1<��SS����������������

0F&OXQH\�� 5�� ³7KH� 'HDWK� RI� WKH� 6KDGLQJ
&RHIILFLHQW"´�� $6+5$(� -RXUQDO� � SS�� ������ �0DUFK
������

6KDYLY�� (�� DQG� *�� 6KDYLY�� ³'HVLJQLQJ� RI� %XLOGLQJV
IRU�0LQLPDO�(QHUJ\�&RQVXPSWLRQ´��&$'�-RXUQDO���
�����SS�����������������

&RQWURO� 'DWD�� ,&(0� 6ROLG� 0RGHOLQJ� 5HIHUHQFH
PDQXDO� ���������� &'&� /LWHUDWXUH� 6HUYLFH�� ���
1RUWK� 'DOH� 6WUHHW�� 6DLQW� 3DXO�� 01� ������� 86$
�������

<H]LRUR�� $�� DQG� (�� 6KDYLY�� ³6+$',1*�� $� 'HVLJQ
WRRO� IRU� $QDO\]LQJ� 0XWXDO� 6KDGLQJ� %HWZHHQ
%XLOGLQJV´�� 6RODU� (QHUJ\� 9RO�� ���� ����� SS�� �����
�������


	s: 


