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(658���
'HSDUWPHQW�RI�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ��

8QLYHUVLW\�RI�6WUDWKFO\GH���
*ODVJRZ���
6FRWODQG�

�
$%675$&7�
7KLV� SDSHU� H[WHQGV� D� VLPSOLILHG� G\QDPLF�PHWKRG� RI�
EXLOGLQJ� VLPXODWLRQ�� ,'($6� ±� ,QYHUVH� '\QDPLFV�
EDVHG�(QHUJ\�$VVHVVPHQW�DQG�6LPXODWLRQ��,'($6�LV�
D�G\QDPLF�PHWKRG�ZKLFK�LV�FDOLEUDWHG�WR�\LHOG�UHVXOWV�
LQ�OLQH�ZLWK�WKRVH�SURGXFHG�E\�WKH�8.�*RYHUQPHQW¶V�
VWHDG\� VWDWH� 6WDQGDUG� $VVHVVPHQW� 3URFHGXUH� �6$3���
WKH� PHWKRG� XVHG� LQ� WKH� 8.� WR� SURGXFH� (QHUJ\�
3HUIRUPDQFH� &HUWLILFDWHV� �(3&V��� 7KH� H[WHQVLRQ�
SUHVHQWHG� LQYHVWLJDWHV� WKH� HIIHFW� XSRQ� HQHUJ\�
HVWLPDWLRQ� E\� YDU\LQJ� FOLPDFWLF� GDWD�� XVLQJ� &,%6(�
75<�'6<� ZHDWKHU� GDWD� IRU� ��� ORFDWLRQV� DFURVV� WKH�
8.�� $� FDOLEUDWHG� VWDQGDUG� WHVW� FDVH� GZHOOLQJ� LV�
LQLWLDOO\� PRGHOOHG� LQ� ,'($6� DQG� 6$3�� WKHQ� XVLQJ�
HDFK�RI�WKH�ZHDWKHU�ORFDWLRQV��WKH�YDULDWLRQ�LQ�HQHUJ\�
HVWLPDWLRQ� RI� WKLV� GZHOOLQJ� LV� DQDO\VHG�� 5HVXOWV�
VXJJHVW�WKDW�XVH�RI�ORFDOLVHG�ZHDWKHU�GDWD�FDQ�KDYH�D�
QRWHZRUWK\� HIIHFW� RQ� HQHUJ\� HVWLPDWLRQ� DQG�
UHJXODWRU\�SURFHVVHV��

,1752'8&7,21�
7KH�(XURSHDQ�'LUHFWLYH�RQ� WKH�(QHUJ\�3HUIRUPDQFH�
RI� %XLOGLQJV� �(XURSHDQ� 3DUOLDPHQW� ������
&RPPLVVLRQ� ������� UHIHUUHG� WR� DV� WKH� (QHUJ\�
3HUIRUPDQFH� RI� %XLOGLQJV� 'LUHFWLYH� �(3%'��
VWLSXODWHV� WKDW� DOO� (XURSHDQ� PHPEHU� VWDWHV� PXVW�
SURGXFH� DQ� (QHUJ\� 3HUIRUPDQFH� &HUWLILFDWH� �(3&��
ZKHQHYHU�EXLOGLQJV�DUH�FRQVWUXFWHG��VROG�RU�UHQWHG��,Q�
WKH� 8.�� 6$3� LV� WKH� SURFHGXUH� XVHG� WR� JHQHUDWH� DQ�
(3&��DQ�H[DPSOH�(3&�JHQHUDWH�E\�6$3�IRU�D�KRPH�
LQ� 6FRWODQG� LV� VKRZQ� LQ� )LJXUH� ��� 6$3� LV� WKH�
UHFRJQLVHG�PHWKRG�IRU�EXLOGLQJ�SURIHVVLRQDOV�WR�PHHW�
EXLOGLQJV�FRPSOLDQFH�DQG�LV�WKH�FXOPLQDWLRQ�RI�WKUHH�
GHFDGHV� RI� UHVHDUFK� FRPPHQFLQJ� ZLWK� %5('(0� ��
�8JORZ�������8JORZ��������
�

�
)LJXUH����6DPSOH�6$3�GHULYHG�(QHUJ\�(IILFLHQF\�DQG�

(QYLURQPHQWDO�,PSDFW�5DWLQJV�IRU�6FRWODQG�
�

6WXGLHV� KDYH� VKRZQ� WKDW� WKHUH� FDQ� EH� YDULDQFHV� LQ�
UHVXOWV� EHWZHHQ� 6$3� DQG� G\QDPLF� VLPXODWLRQ� WRROV�
�0XUSK\�� .XPPHUW� HW� DO�� ������� )XQGDPHQWDO�
G\QDPLF�PHWKRGV�KDYH�EHHQ�VKRZQ�WR�EH�UHOHYDQW�IRU�
FRQWUROODELOLW\� DQDO\VLV� �+XGVRQ� DQG� 8QGHUZRRG�
������7DVKWRXVK��0ROKLP�HW� DO��������&KR��+RQJ�HW�
DO��������DQG�IRU�WKH�HQHUJ\�DVVHVVPHQW�RI�EXLOGLQJV�
�&RXQVHOO��.KDOLG�HW�DO���������$�EHQHILW�RI�V\PEROLF�
PRGHOOLQJ� LV� WKDW� D� V\PEROLF�PRGHO� FDQ� UDSLGO\� DQG�
WKRURXJKO\�GHWHUPLQH�WKH�HIIHFW�RI�GLVWXUEDQFHV�VXFK�
DV� IUHH� KHDWV� JDLQV� RU� H[WHUQDO� WHPSHUDWXUH� �7LQGDOH�
�������
$� QRYHO� DGYDQFHG� G\QDPLF� FDOFXODWLRQ� PHWKRG�
�,'($6�� ZDV� RULJLQDOO\� GHYHORSHG� WR� DVVHVV� WKH�
FRQWUROODELOLW\�RI�D�EXLOGLQJ�DQG�LWV�VHUYLFLQJ�V\VWHPV��
,'($6�FDQ�DOVR�EH�XVHG�IRU�HQHUJ\�XVH�DQDO\VLV�DQG�
HVWLPDWLRQ��DQG�KDV�EHHQ�FDOLEUDWHG�RYHU�D�ODUJH�UDQJH�
RI�WHVW�FDVHV�ZLWK�6$3��0XUSK\��������
7KH�IRFXV�RI�WKLV�SDSHU�LV�PHDVXULQJ�WKH�HIIHFW�XSRQ�
HQHUJ\� HVWLPDWLRQ� LQ� ,'($6� E\� YDU\LQJ� H[WHUQDO�
WHPSHUDWXUH� GDWD�� XVLQJ� &,%6(� 75<�'6<� ZHDWKHU�
GDWD�IRU����ORFDWLRQV�DFURVV�WKH�8.��%\�GRLQJ�VR�WKH�
HIIHFW� ZKLFK� PRUH� ORFDOLVHG� ZHDWKHU� GDWD� FDQ� KDYH�
XSRQ�UHJXODWRU\�SURFHVVHV�FDQ�EH�GHWHUPLQHG��

0(7+2'2/2*<�
'HYHORSLQJ�D�PRGHOOLQJ�HQYLURQPHQW�
$Q� ,'($6� EDVHG� PRGHOOLQJ� HQYLURQPHQW� ZDV�
VHOHFWHG� IRU� WKLV� VWXG\�� ,'($6� DOORZV� IRU� DQ�
H[WHQVLRQ�RI�6$3�LQ�PDQ\�DUHDV��VXFK�DV�WKH�DELOLW\�WR�
PDNH�XVH�RI�YDULRXV�ZHDWKHU�ILOHV��0\ORQD�������DQG�
WKH�IOH[LELOLW\�WR�DPHQG�WKH�KHDWLQJ�VHW�SRLQW�ZKLFK�LV�
WUDFNHG� �IRU� H[DPSOH�� FRPSDULVRQV� FDQ� EH� PDGH�
EHWZHHQ� WUDFNLQJ� D� FRQVWDQW� VHW�SRLQW� YV�� D� YDU\LQJ�
VHW�SRLQW��� ,'($6� KDV� EHHQ� GHVFULEHG� LQ� GHSWK� LQ�
SUHYLRXV� SXEOLFDWLRQV� �0XUSK\� DQG� &RXQVHOO� ������
0XUSK\�� .KDOLG� HW� DO�� ������ 0XUSK\�� %DVWHU� HW� DO��
������0XUSK\��&RXQVHOO�HW�DO���������7KHVH�GHWDLO�WKH�
SURFHVV� DQG� HYROXWLRQ� RI� VLPXODWLRQ�� YDOLGDWLRQ��
FDOLEUDWLRQ�DQG�WHVWLQJ�ZLWK�,'($6��DQG�LQFOXGHV�WKH�
WHFKQLFDO� PRGHO� GHYHORSPHQW� DQG� VLPXODWLRQ�
HQYLURQPHQW�� ,QFOXGHG� KHUHDIWHU� LV� D� EULHI� RYHUYLHZ�
RI� WKH� PRGHOOLQJ� SURFHGXUH� DQG� GHWDLOV� RI� WKH�
SURFHGXUH� XVHG� WR� GHWHUPLQH� WKH� HIIHFW� RI� YDU\LQJ�
ZHDWKHU�GDWD�XSRQ�WKH�HQHUJ\�HVWLPDWLRQ�FDOFXODWLRQV��
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:KLOH� DQ\� VHW�SRLQW� FDQ� EH� WUDFNHG� LQ� ,'($6�� WKH�
VHW�SRLQW� WUDFNHG� LQ� WKLV� FDVH� LV� EDVHG� XSRQ� WKH�
VWDQGDUG�6$3�WHPSHUDWXUH�GHPDQG�SURILOH��)LJXUH�����
%\� WUDFNLQJ� WKH� VWDQGDUG� 6$3� WHPSHUDWXUH� GHPDQG�
SURILOH� VHW�SRLQW�� ,'($6�ZLOO� FDOFXODWH� WKH�SUHGLFWHG�
HQHUJ\�FRQVXPSWLRQ�IRU�WKDW�PRGHOOHG�GZHOOLQJ�RYHU�
D� \HDU�� 7KLV� HQHUJ\� XVH� ZLOO� EH� DIIHFWHG� E\� IDFWRUV�
VXFK�DV�ZHDWKHU�GDWD�DQG�KHDW�JDLQV�IURP�DSSOLDQFHV�
DQG�SHRSOH��
�

�
)LJXUH����6WDQGDUG�6$3�WHPSHUDWXUH�GHPDQG�SURILOH�

IRU��D��ZHHNGD\V���E��ZHHNHQGV�
�

,Q� ,'($6�� WKH� GLVWXUEDQFH� LQSXWV� DUH� FRPSULVHG� RI�
WKH� PHWDEROLF�� VRODU� UDGLDWLRQ�� HOHFWULFDO� DSSOLDQFH�
KHDW� JDLQV�� DQG� WKH� H[WHUQDO� ZHDWKHU� GDWD�� 7KHVH�
GLVWXUEDQFHV� SOD\� DQ� LPSRUWDQW� SDUW� LQ� WKH� RYHUDOO�
HQHUJ\� HVWLPDWLRQ� DQDO\VLV� RI� D� GZHOOLQJ�� )RU�

H[DPSOH�� WKH� ODUJHU�WKH�IUHH�KHDW�JDLQ�LQSXWV�DUH�� WKH�
OHVV� KHDW� LQSXW� ZLOO� EH� UHTXLUHG� IURP� WKH� KHDWLQJ�
V\VWHP� LQ� RUGHU� WR� PHHW� WKH� WHPSHUDWXUH� GHPDQG�
SURILOH��
7KHVH�GLVWXUEDQFH�LQSXWV�PXVW�DOVR�EH�FDOLEUDWHG�ZLWK�
6$3�WR�DOORZ�IRU�DQ�DVVHVVPHQW�WR�EH�PDGH�UHJDUGLQJ�
WKH�LPSDFW�RI�ZHDWKHU�GDWD�LQ�WKH�UHJXODWRU\�SURFHVV��
6$3� PDNHV� DVVXPSWLRQV� IRU� IDFWRUV� VXFK� DV�
RFFXSDQF\� DQG� KRW� ZDWHU� XVH� EDVHG� XSRQ� WKH� µWRWDO�
IORRU�DUHD¶�RI�D�GZHOOLQJ�ZKLOH�D�VLQJOH�UHSUHVHQWDWLYH�
ZHDWKHU� ORFDWLRQ� �WDNHQ� DV� (DVW� 3HQQLQHV�� 8.�� LV�
XVHG� DV� WKH� EDVLV� IRU� VRODU� JDLQV�� $SSOLDQFH� JDLQV�
ZHUH� WDNHQ� IURP� DQ� ,QWHUQDWLRQDO� (QHUJ\� $JHQF\� ��
(QHUJ\� &RQVHUYDWLRQ� LQ� %XLOGLQJV� DQG� &RPPXQLW\�
6\VWHPV� 3URJUDP� �(&%&6�� $QQH[� ��� VWXG\� EDVHG�
XSRQ� UHDO� 8.� WHVW� GDWD� IRU� ��� PRQLWRUHG� EXLOGLQJV�
�%HDXVROHLO�0RUULVRQ� ������� $SSOLDQFH� JDLQV� ZHUH�
IL[HG� IRU� HDFK� RI� WKH� WHVW� FDVHV� LQ� WKLV� VWXG\�� 6RODU�
UDGLDWLRQ� GDWD� IRU� WKH� (DVW� 3HQQLQHV�� 8.� ZDV�
LPSRUWHG� LQWR� WKH� ,'($6�PRGHO� IRU�FDOLEUDWLRQ�ZLWK�
6$3��XVLQJ�GDWD� IURP�0HWHRQRUP� �0HWHRWHVW��������
6RODU�GDWD�ZDV�IL[HG�IRU�HDFK�RI�WKH�WHVW�FDVHV�LQ�WKLV�
VWXG\�� )RU� HDFK� VLPXODWLRQ�� WKH� H[WHUQDO� WHPSHUDWXUH�
GDWD� ZLOO� EH� WDNHQ� IURP� RQH� RI� WKH� ��� ZHDWKHU�
ORFDWLRQV� SURYLGHG� LQ� WKH� &,%6(� 75<�'5<�
WHPSHUDWXUH�GDWD�ILOHV��7KLV�ZLOO�IRFXV�WKH�YDULDWLRQ�RI�
UHVXOWV� SXUHO\� XSRQ� WKH� YDULDWLRQ� RI� H[WHUQDO�
WHPSHUDWXUH� DV� SURYLGHG� IRU� HDFK� RI� WKH� ZHDWKHU�
ORFDWLRQV��

%DVHOLQH�PRGHO�FDOLEUDWLRQ�
7KH� ,'($6� PRGHO� KDV� EHHQ� FDOLEUDWHG� ZLWK� 6$3�
RYHU�D�UDQJH�RI�WHVW�FDVHV��LQ�WKLV�SDSHU�RQH�WHVW�FDVH�
LV� SUHVHQWHG� DV� D� EDVHOLQH�� WKH� 6WDQGDUG� 7HVW� &DVH�
ZKLFK�LV�DQ�XQILOOHG�FDYLW\�FRQVWUXFWLRQ��7KH�EXLOGLQJ�
SK\VLFV� IRU� WKLV�6WDQGDUG�7HVW�&DVH� DUH�SUHVHQWHG� LQ�
)LJXUH����7KH�GLIIHUHQWLDO�HTXDWLRQV�WKDW�GHVFULEH�WKH�
,'($6� PRGHO� FDQ� EH� GHULYHG� E\� IROORZLQJ� WKH�
WKHUPDO� UHVLVWDQFH�FDSDFLWDQFH� QHWZRUN� JLYHQ� LQ�
)LJXUH� �� IRU� HDFK� RI� WKH� WHPSHUDWXUH� QRGHV�� 7KHVH�
GLIIHUHQWLDO�HTXDWLRQV�DUH�VXEVHTXHQWO\�FRQYHUWHG�LQWR�
D� VWDWH�VSDFH� UHSUHVHQWDWLRQ� IRU� LPSOHPHQWDWLRQ�
ZLWKLQ� WKH� 0$7/$%�6LPXOLQN� HQYLURQPHQW�� )XOO�

)LJXUH����7KHUPDO�UHVLVWDQFH�QHWZRUN�IRU�6WDQGDUG�7HVW�&DVH�,'($6�PRGHO�
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GHWDLOV� RI� WKH� PRGHOOLQJ� SURFHGXUH� KDYH� EHHQ�
SUHYLRXVO\�SXEOLVKHG��0XUSK\��&RXQVHOO�HW�DO���������
$�VWDQGDUG�FRQVWUXFWLRQ�GZHOOLQJ�ZDV�PRGHOOHG��ZLWK�
D� VWUXFWXUH� 8�9DOXH� RI� �:�P�.�� ZKLFK� LV�
UHSUHVHQWDWLYH� RI� XQILOOHG� FDYLW\� ZDOO� VWUXFWXUH�� )XOO�
WHVW�FDVH�SDUDPHWHUV�DUH�SURYLGHG�LQ�7DEOH�$��
)LJXUH���DQG�)LJXUH��� VKRZ� WKH�FRUUHODWLRQ�EHWZHHQ�
WKH� UHVXOWV� REWDLQHG� ZKHQ� WDNLQJ� WKH� PHDQ�PRQWKO\�
WHPSHUDWXUH� DQG� HQHUJ\� YDOXHV� IURP� 6$3� DQG�
FRPSDULQJ�WKHVH�ZLWK�WKH�PHDQ�PRQWKO\�WHPSHUDWXUH�
DQG�HQHUJ\�YDOXHV�FDOFXODWHG�E\�WKH�,'($6�PRGHO��
�

�
)LJXUH����6WDQGDUG�7HVW�&DVH�±�PHDQ�PRQWKO\�]RQH�

WHPSHUDWXUH�FRPSDULVRQ�
�

�
)LJXUH����6WDQGDUG�7HVW�&DVH�±�PHDQ�PRQWKO\�HQHUJ\�

HVWLPDWLRQ�FRPSDULVRQ�
�

3HUIRUPLQJ� D� VWDWLVWLFDO� DQDO\VLV� RQ� WKH� ]RQH�
WHPSHUDWXUH�GDWD�SUHVHQWHG� LQ�)LJXUH����ZH� ILQG� WKDW�
WKHUH� LV� D� FRHIILFLHQW� RI� GHWHUPLQDWLRQ�� RU� 5�� YDOXH��
EHWZHHQ�WKH�GDWD��DGMXVWHG�IRU�D�IRXUWK�RUGHU�PRGHO��
RI��������6LPLODUO\��IRU�WKH�HQHUJ\�FRQVXPSWLRQ�GDWD�
JLYHQ� LQ� )LJXUH� �� ZH� KDYH� DQ� DGMXVWHG� 5�� YDOXH� RI�
�������� %DVHG� XSRQ� WKHVH� UHVXOWV� IRU� WKH� 6WDQGDUG�
7HVW� &DVH� RI� DQ� XQILOOHG� FDYLW\� ZDOO� FRQVWUXFWLRQ�
GZHOOLQJ�� WKHUH�LV�D�FORVH�PDWFK�EHWZHHQ� WKH�,'($6�
PRGHO� DQG� 6$3� IRU� ERWK� ]RQH� WHPSHUDWXUH� DQG�
HQHUJ\�FRQVXPSWLRQ�HVWLPDWLRQ��
7KH� 6WDQGDUG� 7HVW� &DVH� DQG� FDOLEUDWLRQ� KLJKOLJKWHG�
LQ�)LJXUH���DQG�)LJXUH���DUH�EDVHG�XSRQ�DQ�H[WHUQDO�
WHPSHUDWXUH�SURILOH�IRU�0DQFKHVWHU��DV�WDNHQ�IURP�WKH�
&,%6(�ZHDWKHU�GDWD��

7KH� 6WDQGDUG� 7HVW� &DVH� LV� XVHG� DV� D� EDVHOLQH� IRU�
DQDO\VLQJ� WKH� HIIHFW� RI� YDU\LQJ� H[WHUQDO� WHPSHUDWXUH�
RQ�HQHUJ\�HVWLPDWLRQ�FDOFXODWLRQV��

:($7+(5�$1$/<6,6�
6WDWLVWLFDO�GDWD�DQDO\VLV�
&,%6(� 7HVW� 5HIHUHQFH� <HDUV� �75<V�� DQG� 'HVLJQ�
6XPPHU�<HDUV��'6<V��DUH�DYDLODEOH�IRU����ORFDWLRQV�
DFURVV� WKH�8.��&,%6(� KLJKOLJKWV� WKH� LPSRUWDQFH� RI�
ZHDWKHU� GDWD� DV� WKH\� VWDWH�� µZHDWKHU� GDWD� KDV� QRZ�
EHFRPH� DQ� HVVHQWLDO� FRPSRQHQW� RI� YLUWXDOO\� HYHU\�
QHZ� EXLOGLQJ� GHVLJQ� DQG� PDMRU� UHIXUELVKPHQW¶�
�&,%6(��������
7DEOH���SURYLGHV�WKH�UHVXOWV�IURP�D�VWDWLVWLFDO�DQDO\VLV�
SHUIRUPHG�RQ�WKH�&,%6(�ZHDWKHU�GDWD��
�

7DEOH���
:HDWKHU�GDWD�VWDWLVWLFDO�DQDO\VLV�

�

/2&$7,21� /$7������ 𝐓���&�� ı� &9�
*ODVJRZ� ������ ����� ������ ��������
(GLQEXUJK� ������ ����� ������ ��������
1HZFDVWOH� ������ ����� ������ ��������
%HOIDVW� ������ ����� ������ ��������
/HHGV� ������ ����� ������ ��������
0DQFKHVWHU� ������ ����� ������ ��������
1RWWLQJKDP� ������ ����� ������ ��������
1RUZLFK� ������ ����� ������ ��������
%LUPLQJKDP� ������ ����� ������ ��������
6ZLQGRQ� ������ ����� ������ ��������
/RQGRQ� ������ ����� ������ ��������
&DUGLII� ������ ����� ������ ��������
6RXWKDPSWRQ� ������ ����� ������ ��������
3O\PRXWK� ������ ����� ������ ��������

�

7KH� ORFDWLRQV� DUH� RUGHUHG� E\� WKHLU� ODWLWXGH� IURP� WKH�
WRS� RI� WKH� %ULWLVK� ,VOHV� WR� WKH� ERWWRP�� 7KH� ODWLWXGH�
JLYHQ� LV� IRU� WKH� FLW\�� ZKLFK� LV� DQ� DSSUR[LPDWH�
ORFDWLRQ� RI� WKH� DFWXDO� &,%6(� ZHDWKHU� ORFDWLRQ�� 7KH�
VWDQGDUG� GHYLDWLRQ� �ı�� LV� SURYLGHG� WR� KLJKOLJKW� WKH�
YDULDELOLW\� RI� WKH� WHPSHUDWXUH� RI� HDFK� ORFDWLRQ� IURP�
LWV� PHDQ� WHPSHUDWXUH� �T�� RYHU� WKH� \HDU�� 5HVXOWV�
LQGLFDWH� D� UHDVRQDEO\� ODUJH� WHPSHUDWXUH� VZLQJ� IURP�
WKHLU�PHDQ��LQ�OLQH�ZLWK�WKH�ZLGH�YDULDQFH�H[SHFWHG�RI�
%ULWLVK�ZHDWKHU��7KH�FRHIILFLHQW�RI�YDULDWLRQ��&9�� LV�
DQ�LQGLFDWLRQ�RI�KRZ�WKH�VWDQGDUG�GHYLDWLRQ�UHODWHV�WR�
WKH�PHDQ�� 7KH� FORVHU� WKH�&9� LV� WR� ]HUR�� WKH� JUHDWHU�
WKH�XQLIRUPLW\�RI�WKH�ZHDWKHU��7KH�UHVXOWV�LQ�7DEOH���
GHPRQVWUDWH�WKDW�WKH�ZHDWKHU�LV�JHQHUDOO\�PRUH�YDULHG�
LQ�6FRWODQG�DQG� WKH�1RUWK�RI�(QJODQG�DV�RSSRVHG� WR�
:DOHV�DQG�6RXWKHUQ�(QJODQG��
)LJXUH� �� KLJKOLJKWV� WKH� GLVWULEXWLRQ� VSUHDG� RI� WKH�
&,%6(�75<�'6<�ZHDWKHU�ILOHV��7KH�PDUNHUV�SODFHG�
RQ� )LJXUH� �� FRUUHVSRQG� ZLWK� WKH� ORFDWLRQV� RI� WKH�
DYDLODEOH� ZHDWKHU� GDWD�� ,W� LV� FOHDU� WKDW� DOWKRXJK� WKH�
PDLQ�SRSXODWLRQ�GHQVLW\�DUHDV�RI�WKH�8.�DUH�FRYHUHG��
WKHUH� DUH� ODUJH� DUHDV�ZKHUH� WKHUH� LV� QR�ZHDWKHU�GDWD�
DYDLODEOH��
)LJXUH� �� KLJKOLJKWV� WKH� PLQLPXP� DQG� PD[LPXP�
H[WHUQDO� WHPSHUDWXUHV� IRU� HDFK� &,%6(� 75<�'6<�
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ZHDWKHU�ORFDWLRQ��,W�FDQ�EH�YLHZHG�IURP�)LJXUH���WKDW�
WKHUH�LV�D�YDULDQFH�RI�DSSUR[LPDWHO\���&�EHWZHHQ�WKH�
PD[LPXP� WHPSHUDWXUHV� DQG� ��&� EHWZHHQ� WKH�
PLQLPXP�WHPSHUDWXUHV�ZKHQ�FRPSDULQJ�WKH�ZHDWKHU�
ORFDWLRQV�DV�D�ZKROH��
�

�
)LJXUH����&,%6(�ZHDWKHU�GDWD�GLVWULEXWLRQ�

5(68/76�
(QHUJ\�FRQVXPSWLRQ�DQDO\VLV�
7DEOH���SUHVHQWV�WKH�UHVXOWV�RI����,'($6�VLPXODWLRQV�
EDVHG� XSRQ� WKH� 6WDQGDUG� 7HVW� &DVH� GZHOOLQJ�� 7KH�
&,%6(� ZHDWKHU� ORFDWLRQV� DUH� VRUWHG� E\� WKH� \HDUO\�
HQHUJ\�UHTXLUHG�IRU�WKH�6WDQGDUG�7HVW�&DVH�GZHOOLQJ�

WR�PHHW�WKH�VWDQGDUG�6$3�WHPSHUDWXUH�GHPDQG�SURILOH�
�)LJXUH�����
:HDWKHU� ORFDWLRQ� ��� 0DQFKHVWHU�� LV� WDNHQ� DV� WKH�
ZHDWKHU� ORFDWLRQ�PRVW� UHSUHVHQWDWLYH� RI� WKDW� XVHG� LQ�
6$3�� 7KHUHIRUH� WKH� YDULDWLRQ� RI� HDFK� ZHDWKHU�
ORFDWLRQ� IURP� WKH� 0DQFKHVWHU� GDWD� LV� SUHVHQWHG�� ,W�
ZDV� IRXQG� WKDW� WKH� ZHDWKHU� ORFDWLRQV� ZKHUH� PRVW�
HQHUJ\� LV� UHTXLUHG� LV� *ODVJRZ� DQG� (GLQEXUJK�� 7KH�
ORFDWLRQ�ZKHUH�WKH�OHDVW�HQHUJ\�LV�UHTXLUHG�LV�/RQGRQ��
,W� PLJKW� KDYH� EHHQ� H[SHFWHG� WKDW� 6RXWKDPSWRQ��
3O\PRXWK�DQG�&DUGLII�ZRXOG�UHTXLUH�OHVV�HQHUJ\�GXH�
WR�WKHLU�PRUH�VRXWKHUO\�ORFDWLRQ��+RZHYHU��/RQGRQ¶V�
PHDQ� WHPSHUDWXUH� LV� WKH� KLJKHVW� RXW� RI� DOO� RI� WKH�
&,%6(�ZHDWKHU� ORFDWLRQV��VHH�7DEOH����DQG� WKLV�ZLOO�
KDYH� D� PDMRU� LQIOXHQFH� RQ� WKH� SUHGLFWHG� HQHUJ\�
FRQVXPSWLRQ��
�

7DEOH���
<HDUO\�HQHUJ\�FRQVXPSWLRQ�IRU�HDFK�ZHDWKHU�ORFDWLRQ�
�

12�� /2&$7,21� (1(5*<�
�N:K��

9$5��
)520������

N:K�

9$5��
)520������

��
�� *ODVJRZ� ������ ����� �������
�� (GLQEXUJK� ������ ����� �������
�� %HOIDVW� ������ ����� ������
�� 1RWWLQJKDP� ������ ���� ������
�� 1HZFDVWOH� ������ ���� ������
�� %LUPLQJKDP� ������ ���� ������
�� 6ZLQGRQ� ������ ���� ������
�� 0DQFKHVWHU� ������ �� ������
�� /HHGV� ������ ����� ������
��� 1RUZLFK� ������ ����� ������
��� &DUGLII� ������ ������ ������
��� 6RXWKDPSWRQ� ������ ������ �������
��� 3O\PRXWK� ������ ������ �������
��� /RQGRQ� ������ ������ �������

)LJXUH����6WDWLVWLFDO�DQDO\VLV�RI�&,%6(�75<�'6<�ZHDWKHU�GDWD�IRU�DOO�ORFDWLRQV�
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,PSOLFDWLRQV�IRU�6$3�DQG�(3&�JHQHUDWLRQ�
7KH� 6$3� FDOFXODWHG� HQHUJ\� FRQVXPSWLRQ� LV� XVHG� LQ�
WKH�UHJXODWRU\�SURFHVV�WR�GHWHUPLQH�WKH�YDOXHV�ZKLFK�
DUH� WKHQ� XVHG� LQ� WKH� SURGXFWLRQ� RI� WKH� (3&�� ,I� D�
GZHOOLQJ� LV� ORFDWHG� LQ�D� VXEVWDQWLDOO\�PRUH�QRUWKHUO\�
ORFDWLRQ� LQ� FRPSDULVRQ� WR� WKH�ZHDWKHU� ORFDWLRQ� XVHG�
WR� DVVHVV� LW� LQ� WKH� UHJXODWRU\� SURFHVV�� WKHQ� WKH� (3&�
ZLOO� VXJJHVW� WKDW� WKH� EXLOGLQJ� ZLOO� XVH� OHVV� HQHUJ\�
WKDQ� ZLOO� EH� WKH� FDVH� LQ� UHDOLW\�� )RU� WUXVW� WR� EH�
HQJHQGHUHG� UHJDUGLQJ� WKH� UHJXODWRU\� SURFHVV�� WKH�
PRVW�DFFXUDWH�UHVXOWV�SRVVLEOH�PXVW�EH�SURGXFHG��
7KH�FXUUHQW�PHWKRG�RI�6$3��6$3�������%5(�������
JHQHUDWHV�(3&V�IRU�GZHOOLQJV�LQ�WKH�8.�EDVHG�XSRQ�D�
QRWLRQDO� FHQWUH� RI� WKH� 8.� ±� WKH� (DVW� 3HQQLQHV�
ORFDWLRQ��7KLV�LV�WDNHQ�DV�D�UHSUHVHQWDWLYH�ORFDWLRQ�IRU�
WKH�8.�DV� D�ZKROH��0HDQ�H[WHUQDO� WHPSHUDWXUHV� DUH�
GHULYHG� IURP� WKLV� ORFDWLRQ�� )URP� 7DEOH� �� ORFDWLRQ�
QXPEHU����0DQFKHVWHU�LV�WKH�PRVW�DSSOLFDEOH�&,%6(�
ZHDWKHU� ORFDWLRQ� IRU� WKH� 6$3�(DVW� 3HQQLQHV� UHJLRQ��
7KH� UHVXOWV� IRU� 0DQFKHVWHU� FDQ� EH� VHHQ� WR� EH�
FHQWUDOO\� GLVWULEXWHG� EHWZHHQ� WKH� RWKHU� ZHDWKHU�
ORFDWLRQV�� WKLV� LV� WR� EH� H[SHFWHG� EDVHG� XSRQ� WKH�
DSSUR[LPDWHO\�FHQWUDO�ORFDWLRQ�RI�0DQFKHVWHU��
7DEOH� �� KLJKOLJKWV� WKDW� WKHUH� LV� D� ���� GLIIHUHQFH�
EHWZHHQ� UHVXOWV� ZKHQ� WKH� 6$3� 8.� DYHUDJH�
0DQFKHVWHU� ORFDWLRQ� DQG� *ODVJRZ� LV� FRPSDUHG��
7KHUHIRUH��ZKHQ�DQ�(3&�LV�SURGXFHG�DW�SUHVHQW�IRU�D�
GZHOOLQJ� LQ� *ODVJRZ� LWV� 6$3� FDOFXODWHG� \HDUO\�
HQHUJ\� DQG�KHQFH�(3&� UDWLQJ� LV� DFWXDOO\�����EHWWHU�
WKDQ�LW�ZRXOG�EH�LI�D�PRUH�ORFDOLVHG�ZHDWKHU�ORFDWLRQ�
ZDV� XVHG�� 6LPLODUO\�� WKHUH� LV� D� ���� GLIIHUHQFH� LQ�
UHVXOWV� EHWZHHQ� WKH� 6$3� FDOLEUDWHG� 6WDQGDUG� 7HVW�
&DVH�ZLWK�WKH�6$3�8.�DYHUDJH�0DQFKHVWHU�ORFDWLRQ�
DQG� WKH� /RQGRQ� ZHDWKHU�� 7KHUHIRUH� D� /RQGRQ�
GZHOOLQJ�PRGHOOHG�LQ�6$3�ZLOO�EH�SHQDOLVHG�E\�����
GXH�WR�WKH�XVH�RI�QRQ�ORFDWLRQ�VSHFLILF�ZHDWKHU�GDWD��

',6&866,21�$1'�)8785(�:25.�
:HDWKHU�'DWD�LQ�5HJXODWRU\�)UDPHZRUNV�
7KH� PDLQ� IRFXV� RI� WKLV� VWXG\� ZDV� WR� GHWHUPLQH� WKH�
HIIHFW�RI�GLIIHUHQW�H[WHUQDO�ZHDWKHU�GDWD�ORFDWLRQV�RQ�
WKH� HQHUJ\� HVWLPDWLRQ� FDOFXODWLRQV�� 6SHFLILFDOO\�
ZLWKLQ� WKH� 8.� JRYHUQPHQW¶V� 6WDQGDUG� $VVHVVPHQW�
3URFHGXUH���6$3��
7KH� DQDO\VLV� RI� WKH� &,%6(� 75<�'6<� ZHDWKHU�
ORFDWLRQV� GLG� UDLVH� D� QXPEHU� RI� TXHULHV�� 7KH�
GLVWULEXWLRQ�VSUHDG��)LJXUH����KLJKOLJKWHG�WKDW�WKHUH�LV�
D�ODFN�RI�FOLPDFWLF�GDWD�IRU�ODUJH�DUHDV�RI�WKH�%ULWLVK�
,VOHV�� )RU� H[DPSOH�� QR�ZHDWKHU� GDWD� H[LVWV� IRU� DUHDV�
QRUWK�RI�6FRWODQG¶V�&HQWUDO�%HOW��)XWXUH�ZRUN� FRXOG�
WDNH� ZHDWKHU� GDWD� IURP� DQRWKHU� VRXUFH�� VXFK� DV�
0HWHRQRUP�� IRU� DUHDV� VXFK� DV� $EHUGHHQ�� 6FRWODQG�
DQG� DQDO\VH� WKLV� DFFRUGLQJO\�� 7KHVH� UHVXOWV� FRXOG�
VXJJHVW� LI� DGGLWLRQDO� FOLPDFWLF� UHJLRQV� VKRXOG� EH�
FRQVLGHUHG� IRU� FRQFOXVLRQ� LQ� WKH� PDLQ� &,%6(�
75<�'6<� GDWDVHW�� &RPSDUDWLYH� DQDO\VLV� XVLQJ�
LQWHUQDWLRQDO� ZHDWKHU� GDWDVHWV� FRXOG� DOVR� EH� FDUULHG�
RXW� WR� GHWHUPLQH� LI� D� FRPPRQ� WUHQG� H[LVWV� EHWZHHQ�
ZHDWKHU�GDWD�VHWV�XVHG�LQ�RWKHU�FRXQWULHV��

7KH� EXLOGLQJ� GHVLJQ� YV�� EXLOGLQJ� SHUIRUPDQFH� JDS�
ZLOO� LQFUHDVH� WKH� LPSRUWDQFH� RI� WRROV� XVHG� WR�PRGHO�
EXLOGLQJV�LQ�WKH�IXWXUH��5HFHQW�UHVHDUFK�GHPRQVWUDWHV�
WKH� LPSRUWDQFH� RI� 6$3� DQG� LWV� FXUUHQW� SODFH� LQ� WKH�
UHJXODWRU\�IUDPHZRUN��=HUR�&DUERQ�+XE��������7KLV�
KLJKOLJKWV� WKH� GZHOOLQJ� GHVLJQ� YHUVXV� GZHOOLQJ�
SHUIRUPDQFH� JDS� DQG� WKH� LPSRUWDQFH� RI� ULJRXU� LQ�
PHWKRGV�VXFK�DV�6$3��

&RPPHUFLDO�%XLOGLQJ�5HJXODWLRQV�
,'($6�ZDV�GHYHORSHG�LQ�RUGHU�WR�DVVHVV�WKH�G\QDPLF�
EHKDYLRXU� RI� GRPHQVWLF� EXLOGLQJV� ZKLOH� VWLOO�
SURGXFLQJ� UHVXOWV� WKDW� FRUUHODWH�ZLWK� WKRVH� SURGXFHG�
E\� 6$3�� 7KHUHIRUH�� WKH� PRGHO� GHYHORSPHQW� DQG�
VXEVHTXHQW� LWHUDWLRQV� KDYH� EHHQ� EDVHG� RQ� WKH� 6$3�
HQYLURQPHQW� DQG� LWV� RZQ� GHYHORSPHQW�� $V� VXFK�� LI�
,'($6� ZDV� WR� EH� XVHG� WR� DVVHVV� WKH� LPSDFW� RI�
GLIIHUHQW�ZHDWKHU�SURILOHV�RQ�WKH�HQHUJ\�HVWLPDWLRQ�RI�
FRPPHUFLDO� UHJXODWRU\� SURFHVVHV�� PRGLILFDWLRQV�
ZRXOG�KDYH�WR�EH�PDGH�WR�WKH�PRGHO�ZLWK�UHVSHFW�WR�
FRPPHUFLDO�EXLOGLQJ�UHJXODWRU\�SURFHVVHV��
2QH� RI� WKH� FRPPHUFLDO� UHJXODWLRQV� WKDW� WKH� PRGHO�
FRXOG�EH�DGDSWHG�IRU�LV�WKH�(XURSHDQ�6WDQGDUG�IRU�WKH�
HQHUJ\� SHUIRUPDQFH� RI� EXLOGLQJV� ±� (1� ������
�6WDQGDUGV� ������� 7KH� SXUSRVH� RI� WKLV� (XURSHDQ�
6WDQGDUG� LV� WR� HQVXUH� WKDW� WKH� FDOFXODWLRQ� RI� HQHUJ\�
QHHGV� IRU� VSDFH� KHDWLQJ� DQG� FRROLQJ� RI� D� URRP� LQ� D�
EXLOGLQJ� FRPSXWHG� E\� D� PRGHO� DUH� DFFXUDWH�� :RUN�
KDV�EHHQ�FRQGXFWHG� �$OOLVRQ�DQG�0XUSK\������� WKDW�
KDV�UHIRUPHG�WKH�,'($6�PHWKRG�IRU�WKLV�SXUSRVH�DQG�
VXFFHVVIXOO\� YDOLGDWHG� WKLV� PRGLILHG� PRGHO� ZLWK� WKH�
(XURSHDQ� 6WDQGDUG� ZLWK� DFFXUDWH� UHVXOWV� DFURVV� DOO�
WHVW�FDVHV��
,Q�RUGHU� WR�DFKLHYH� WKLV� VHYHUDO�PRGLILFDWLRQV�KDG� WR�
EH�PDGH� WR� WKH�PRGHO� WKDW� LQFUHDVHG� LWV� FRPSOH[LW\��
7KH� QXPEHU� RI� WHPSHUDWXUH� QRGHV� ZHUH� LQFUHDVHG�
IURP���WR���±�ZKLFK�UHSUHVHQW�WKH�DLU�ZLWKLQ�WKH�]RQH�
DQG�HDFK�RI�WKH�HQFORVXUH�HOHPHQWV�LQ�D�EXLOGLQJ�]RQH�
L�H�� WKH� LQWHUQDO� ZDOOV�� URRI�FHLOLQJ�� IORRU�� DQG� WKH�
H[WHUQDO� VWUXFXWUH�� 7KHUH� LV� DOVR� WKH� DGGLWLRQ� RI�
UDGLDWLRQ� KHDW� WUDQVIHU� WR� DQG� IURP� HDFK� RI� WKH�
HQFORVXUH� HOHPHQWV�� 9HQWLODWLRQ� KHDW� WUDQVIHU� ZDV�
DGGHG�� DV� ZHOO� DV� IXUWKHU� PRGLILFDWLRQV� WR� LQFOXGH�
VRODU� UDGLDWLRQ� GLVWULEXWLRQ� DFURVV� WKH� QRGHV��
&RQYHFWLYH� DQG� UDGLDWLYH� KHDW� WUDQVIHU� IURP� WKH�
LQWHUQDO� ORDGV� VXFK� DV� OLJKWLQJ�� SHRSOH� DQG� ,7�
HTXLSPHQW� LV� DOVR� DFFRXQWHG� IRU�� :KHUH� WKH�
FRQYHFWLYH� SRUWLRQ� DIIHFWV� WKH� DLU� WHPSHUDWXUH�
LPPHGLDWHO\��ZKLOH�WKH�UDGLDWLYH�SRUWLRQ�LV�GLVWULEXWHG�
DPRQJ�WKH�HQFORVXUH�HOHPHQW�QRGHV��
6LPLODUO\� WR� 6$3�� RQO\� D� VLQJOH� ZHDWKHU� ORFDWLRQ� LV�
DYDLODEOH� WR�XVH� IRU�YDOLGDWLRQ�SXUSRVHV�� ,Q� WKLV�FDVH�
FOLPDWLF� GDWD� �H[WHUQDO� DLU� WHPSHUDWXUH� DQG� VRODU�
UDGLDWLRQ��LV�SURYLGHG�IRU�7UDSSHV��)UDQFH��&OLPDFWLF�
GDWD�SOD\HG�D�VLJQLILFDQW�UROH�LQ�WKH�VLPXODWLRQ�RI�WKH�
RIILFH�GXH�WR�WKH�XVH�RI�7UDSSHV��)UDQFH�ZHDWKHU�GDWD��
ZLWK� VLJQLILFDQW� FKDQJHV� WR� HQHUJ\� HVWLPDWLRQ� ZKHQ�
VRODU� VKDGLQJ� ZDV� LPSOHPHQWHG�� $Q� LQWHUHVWLQJ�
H[WUDSRODWLRQ� RI� WKLV� ZRUN� ZRXOG� EH� WR� XVH� YDULRXV�
FOLPDFWLF�GDWD�IURP�WKURXJKRXW�(XURSH�WR�HQVXUH�WKDW�
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WKH� (XURSHDQ� 6WDQGDUG� SURGXFHV� YDOLGDWHG� PRGHOV�
WKURXJKRXW�WKH�FRQWLQHQW��
7KH� PRGHOOLQJ� DSSURDFK� LQWURGXFHG� KHUH� FRXOG� EH�
IROORZHG� E\� RWKHU� G\QDPLF� PRGHOV� ZLVKLQJ� WR�
FDOLEUDWH� DJDLQVW� ,QWHUQDWLRQDO� 6WDQGDUGV�� 7KLV�
PHWKRG� FRXOG� DOVR� H[WHQG� PHWKRGV� VXFK� DV� WKH�
6LPSOLILHG�%XLOGLQJ� (QHUJ\�0RGHO� �6%(0�� �7XRK\�
������ +LWFKLQ� ������ E\� VLPSO\� HVWLPDWLQJ� WKH�
SRWHQWLDO� WUDQVLHQW� LPSDFW�RI� LQQRYDWLYH� WHFKQRORJLHV�
WR�HQHUJ\�HVWLPDWLRQ�DQG�UHJXODWLRQ��6%(0�LV�XVHG�DV�
D� FRPSOLDQFH� WRRO� IRU� EXLOGLQJ� UHJXODWLRQV� IRU� QRQ�
GRPHVWLF�EXLOGLQJV� LQ� WKH�8.��7KLV�PRGLILHG�PRGHO�
FRXOG� EH� XVHG� WR� KHOS� DVVHVV� WKH� LPSDFW� RI� ZHDWKHU�
GDWD� XSRQ� VLPXODWLRQ� LQ� UHJXODWRU\� SURFHVVHV� ZKLFK�
DUH�FRPPHUFLDOO\�IRFXVVHG��

)XWXUH�:RUN�LQ�5HJXODWRU\�)UDPHZRUNV�
)XWXUH�ZRUN�FDQ�EH�FDUULHG�RXW�E\�PDNLQJ�XVH�RI�WKH�
VRODU�GDWD�DYDLODEOH�LQ�WKH�&,%6(�75<�'6<�ZHDWKHU�
GDWD��DV�VRODU�JDLQ�FDQ�DOVR�EH�DQ�LPSRUWDQW�IDFWRU�LQ�
DVVHVVLQJ� WKH� HQHUJ\� SHUIRUPDQFH� RI� D� EXLOGLQJ��
)XUWKHU� ZRUN� LV� DOVR� UHTXLUHG� WR� FRPSDUH� ZHDWKHU�
FRPPRQO\� XVHG� LQ� VLPXODWLRQ� WR� GHWHUPLQH� WKH� GDWD�
YDULDWLRQ�DQG�LPSDFW�RQ�VLPXODWLRQ�UHVXOWV���
7KH� HIIHFW� RI� UDLQ� RQ� 8�YDOXHV� RI� VWUXFWXUHV� FRXOG�
DOVR�EH�DVVHVVHG�XVLQJ� WKH�,'($6�PHWKRG��7KLV� LV�D�
ODUJH� GHYHORSPHQW� WDVN� EXW� RQH� ZKLFK� FDQ� EH�
DGGUHVVHG� LQ� ,'($6� E\� WKH� XVH� RI� G\QDPLFDOO\�
YDU\LQJ� 8�YDOXHV�� ZKLFK� LV� DQRWKHU� DVSHFW� ZKHUH�
,'($6� FDQ� EH� XVHG� WR� H[WHQG� VLPSOLILHG� PHWKRGV�
VXFK�DV�6$3��
6$3� LV� FXUUHQWO\� EHLQJ� XSGDWHG� WR� LQFRUSRUDWH� D�
JUHDWHU� GHJUHH� RI� GLVWULEXWLRQ� VSUHDG� IRU� FOLPDFWLF�
GDWD�EXW�LW�LV�XQFOHDU�XQWLO�WKH�ILQDO�YHUVLRQ�LV�UHOHDVHG�
ZKDW� XSGDWHV� KDYH� EHHQ� DJUHHG� XSRQ�� 2QFH� DQ�
XSGDWHG� YHUVLRQ� RI� 6$3� LV� UHOHDVHG� WKH� UHVXOWV�
SUHVHQWHG� LQ� WKLV� VWXG\� FRXOG� EH� UHSOLFDWHG� WR�
FRPSDUH�ZLWK�QHZ�6$3�SUHGLFWLRQV��6$3�LV�D�VWHDG\�
VWDWH� PHWKRGRORJ\� ZKLFK� SURGXFHV� PRQWKO\� UHVXOWV��
7KLV� FRPSDUHV� WR� WKH� &,%6(� ZHDWKHU� GDWD� XVHG�
ZKLFK�LV�KRXUO\�DQG�WKH�,'($6�PRGHO�WLPH�VWHS�RI���
PLQXWH�� )XUWKHU� ZRUN� FRXOG� DVVHVV� WKH� EHQHILW� RI�
VWHDG\� VWDWH� UHJXODWRU\� PHWKRGV� VXFK� DV� 6$3� EHLQJ�
XSGDWHG� WR� LQFRUSRUDWH� D� JUHDWHU� OHYHO� RI� G\QDPLFV�
DQG� PDNLQJ� XVH� RI� PRUH� JUDQXODU� GDWD�� $� G\QDPLF�
YHUVLRQ�RI�6$3�FRXOG�DOVR�EH�XVHG�DV�D�GHVLJQ� WRRO��
WKLV� ZRXOG� KLJKOLJKW� WKH� XVH� RI� VLPXODWLRQ� WR� KHOS�
GULYH�EHWWHU�EXLOGLQJ�GHVLJQ���

&21&/86,21�
5HVXOWV�VXJJHVW�WKDW�XVH�RI�ORFDOLVHG�ZHDWKHU�GDWD�FDQ�
KDYH� D� QRWHZRUWK\� HIIHFW� RQ� HQHUJ\� HVWLPDWLRQ� DQG�
FDQ�SOD\�DQ�LPSRUWDQW�UROH� LQ�WKH�UHJXODWRU\�SURFHVV��
7KH�XVH�RI�&,%6(�75<�'6<�ZHDWKHU�ILOHV�KDV�EHHQ�
VKRZQ� WR� SURYLGH� D� ZLGH� YDULDWLRQ� RI� UHVXOWV�� ZLWK�
HQHUJ\� FRQVXPSWLRQ� JHQHUDOO\� LQFUHDVLQJ� WKH� KLJKHU�
WKH� JHRJUDSKLFDO� ODWLWXGH� RI� WKH� &,%6(� ZHDWKHU�
ORFDWLRQ��
7KH�VSUHDG�DQG�YDULDWLRQ�RI�WKH�&,%6(�ZHDWKHU�ILOHV�
KDV�EHHQ�KLJKOLJKWHG���WKH�PRVW�DFFXUDWH�ZHDWKHU�GDWD�

WR�XVH� LV� WKDW�ZKLFK� LV� FORVHVW� WR� WKH� ORFDWLRQ�ZKHUH�
WKH�PRGHOOHG�EXLOGLQJ�H[LVWV�RU�ZLOO�H[LVW��7KH�&,%6(�
ZHDWKHU� ILOH� VSUHDG� LV� JRRG� DQG� PRVW� PDMRU�
SRSXODWLRQ�FHQWUHV�KDYH�EHHQ�ZHOO�FRYHUHG�EXW� WKHUH�
DUH�ODUJH�JHRJUDSKLFDO�DUHDV�RI�WKH�%ULWLVK�,VOHV�ZKHUH�
QR�ZHDWKHU�GDWD�H[LVWV��
)RU� EHQFKPDUNLQJ� RI� HQHUJ\� FRQVXPSWLRQ� RI�
EXLOGLQJV� LQ� WKH� UHJXODWRU\� SURFHVVHV�� LQWHUQDO� KHDW�
JDLQV� DQG� EXLOGLQJ� ORFDWLRQ� DUH� EHFRPLQJ� PRUH�
LPSRUWDQW�DW� WKH�GHVLJQ�VWDJH�DQG�RQFH�D�EXLOGLQJ� LV�
RFFXSLHG�� 7KH� UHVHDUFK� KHUH� KDV� KLJKOLJKWHG� WKDW�
ZHDWKHU� GDWD� FDQ� KDYH� D� VLJQLILFDQW� EHDULQJ� RQ�
VLPXODWHG� N:K�\HDU� RXWSXW� �� D� VZLQJ� RI� ±���� LQ�
FDOFXODWHG� HQHUJ\� FRQVXPSWLRQ� FDQ� EH� VHHQ� EDVHG�
SXUHO\� XSRQ� WKH� H[WHUQDO� WHPSHUDWXUH� YDULDWLRQ�
VLPXODWHG� LQ� ,'($6� IURP� WKH� ��� &,%6(� ZHDWKHU�
ORFDWLRQV��
0HWKRGV�VXFK�DV�,'($6�FDQ�EH�DQ�LPSRUWDQW�SDUW�RI�
WKH�UHJXODWRU\�SURFHVVHV�LQ�WKH�IXWXUH�DQG�FDQ�VXJJHVW�
KRZ� VWHDG\� VWDWH� PHWKRGV� VXFK� DV� 6$3� DQG� 6%(0�
FRXOG�HYROYH�LQ�IXWXUH�LWHUDWLRQV��

120(1&/$785(�
F� VSHFLILF�KHDW�FDSDFLW\��-��NJ∙.��
P� PDVV��NJ�
7� WKHUPRG\QDPLF�WHPSHUDWXUH��.�
8� WKHUPDO�WUDQVPLWWDQFH��:��P�∙.��
ϕ� KHDW�IORZ�UDWH�WKHUPDO�SRZHU��:�
�
6XEVFULSWV�
F� FDYLW\�
H� H[WHUQDO�
IUHH� IUHH�GLVWXUEDQFH�KHDW�JDLQV�
+� KHDWLQJ�
L� LQWHUQDO�
LP� LQWHUQDO�PDVV�
LQ� LQVLGH�
R� RXWVLGH�WHPSHUDWXUH�
RXW� RXWVLGH�
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