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7KH PHDVXUHPHQW�RI�KRXVH�SULFH�FKDQJHV�LV�D�FKDOOHQJLQJ�DUHD�IRU�UHVHDUFKHUV��VWDWLVWLFDO�
DJHQFLHV�DQG�ILQDQFLDO�RUJDQLVDWLRQV�EHFDXVH�KRPHV�FRQVWLWXWH�D�VLJQLILFDQW�SURSRUWLRQ�RI�
KRXVHKROG�ZHDOWK�DQG�FDQ�KDYH�LPSRUWDQW�UDPLILFDWLRQV�IRU�WKH�HFRQRP\��:KLOH�DFDGHPLF�
UHVHDUFKHUV�XVH�KRXVH�SULFH�LQGH[HV�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�KRXVLQJ�PDUNHW��
(XURSHDQ�VWDWLVWLFDO�DJHQFLHV�DUH�SDUWLFLSDWLQJ� LQ�D�(XURVWDW�SURMHFW�RQ� WKH�PHDVXUHPHQW�
RI KRXVH�SULFH�LQGH[HV�DQG�WKH�WUHDWPHQW�RI�RZQHU�RFFXSLHG�KRXVLQJ�LQ�WKH�+DUPRQLVHG�
,QGH[� RI�&RQVXPHU�3ULFHV� �+,&3���� )XUWKHUPRUH�� WKH�'XWFK�&HQWUDO�%DQN� UHTXLUHV� WKDW�
ILQDQFLDO�LQVWLWXWLRQV�VSHFLI\�WKHLU�ULVNV�E\�HVWLPDWLQJ�WKH�DFWXDO�OLTXLGDWLRQ�YDOXH�IRU�HDFK�
GZHOOLQJ�LQ�WKHLU�PRUWJDJH�SRUWIROLR��

,Q�WKLV�SDSHU�ZH�IRFXV�RQ�WKH�FRQVWUXFWLRQ�RI�DQ�LQGH[�WKDW�DLPV�DW�PHDVXULQJ�SULFH�
FKDQJHV�DFURVV�WKH�HQWLUH�VWRFN�RI�RZQHU�RFFXSLHG�KRXVHV��7KLV��LQ�LWVHOI��LPSOLHV�D�FHUWDLQ�
DGYDQWDJH�VLQFH�D�SULFH�LQGH[�RI�WKH�KRXVLQJ�VWRFN�LV�SUHVXPDEO\�ZKDW�WKH�JHQHUDO�SXEOLF�
XQGHUVWDQGV�E\�D�KRXVH�SULFH�LQGH[��,W�LV�WKH�PDUNHW�YDOXH�RI�WKH�SURSHUW\�WKDW�VKRXOG�EH�
REVHUYHG��ZKLFK�LV�GHILQHG�DV�WKH�SULFH�D�KRXVH�LV�DFWXDOO\�VROG�IRU��7KH�YDVW�PDMRULW\�RI�
H[LVWLQJ�SURSHUWLHV�LV�QRW�VROG�LQ�D�FHUWDLQ�PRQWK�RU�TXDUWHU��WKHLU�PDUNHW�YDOXHV�PXVW�EH�
HVWLPDWHG��7KH�PDUNHW�YDOXH�RI�D�KRXVH��ZKHWKHU�REVHUYHG�RU�HVWLPDWHG��LV�XVXDOO\�FDOOHG�
WKH�µSULFH¶��,Q�YLHZ�RI�WKH�ODFN�RI�GDWD��DQ\�KRXVH�SULFH�LQGH[�ZLOO�LQ�SUDFWLFH�EH�EDVHG�RQ�
VDOHV�RI�VHFRQG�KDQG�GZHOOLQJV��

,Q������WKH�ODQG�UHJLVWU\�RIILFH�>.DGDVWHU@�DVNHG�WKH�27%�5HVHDUFK�,QVWLWXWH�IRU�
+RXVLQJ��8UEDQ�DQG�0RELOLW\�6WXGLHV��'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��WR�GHYHORS�D�SULFH�
LQGH[�IRU�RZQHU�RFFXSLHG�GZHOOLQJV��$�VHW�RI����PRQWKO\�LQGH[HV�ZDV�LQWURGXFHG�LQ�0D\�
������FRQVLVWLQJ�RI�DQ�RYHUDOO�LQGH[��IRXU�UHJLRQDO�LQGH[HV�DQG�LQGH[HV�IRU�FRPELQDWLRQV�
RI�UHJLRQ�DQG�W\SH�RI�GZHOOLQJ��7KHVH�LQGH[HV��-DQVHQ�HW�DO��������ZHUH�HVWLPDWHG�ZLWK�D�
ZHLJKWHG�UHSHDW�VDOHV�DSSURDFK��&DVH�DQG�6KLOOHU��������$EUDKDP�DQG�6FKDXPDQ��������
&DOKRXQ���������ZKLFK�LV�D�PRGLILFDWLRQ�RI�WKH�UHSHDW�VDOHV�PHWKRG�RULJLQDOO\�GHYHORSHG�
E\�%DLOH\�HW�DO����������

$FFRUGLQJ� WR�%DLOH\�HW�DO�� ������� WKH� UHSHDW� VDOHV�PHWKRG� LV�PRUH�HIILFLHQW� WKDQ�
DOWHUQDWLYH�PHWKRGV�EHFDXVH�LW�XWLOLVHV�LQIRUPDWLRQ�RQ�SULFHV�SHUWDLQLQJ�WR�HDUOLHU�SHULRGV�
DQG� LQFOXGHV� LW� LQ� VHOOLQJ� SULFHV� LQ� ODWHU� SHULRGV��+RZHYHU�� WKHUH� DUH� FHUWDLQ� GUDZEDFNV�
ZKLFK��LI�OHIW�XQUHVROYHG��PDNH�WKHVH�LQGH[HV�XQVXLWDEOH�IRU�RIILFLDO�VWDWLVWLFV�RU�DV�LQSXW�
IRU�WKH�+,&3��7KH�PRVW�VHULRXV�GUDZEDFN�LV�UHYLVLRQ��SDVW�LQGH[�QXPEHUV�DUH�UHYLVHG�E\�
SUHVHQW�GD\� LQIRUPDWLRQ� �%DURQL�� ������� ,Q�RWKHU�ZRUGV�� DGGLWLRQDO� VDOHV� UHYHUEHUDWH�RQ�
WKH�LQGH[�QXPEHUV�EHFDXVH�QHZ�SDLUV�SURYLGH�LQIRUPDWLRQ�RQ�FKDQJHV�LQ�KRXVH�SULFHV�WKDW�
JRHV�EH\RQG�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�WKH�VDPSOH��

7KHVH�GUDZEDFNV�DUH�DOVR�PHQWLRQHG�E\�%RXUDVVD�HW�DO����������ZKR�FRQFOXGH�WKDW�
KLVWRULFDO�LQGH[�QXPEHUV�VKRXOG�QRW�UHTXLUH�UHYLVLRQ�ZKHQ�GDWD�DUH�DGGHG�IRU�VXEVHTXHQW�
SHULRGV��7KH\�SUHVHQW�WKH�6DOH�3ULFH�$SSUDLVDO�5DWLR��63$5��PHWKRG�DV�DQ�DOWHUQDWLYH�WR�

�������������������������������������������������
��+,&3V�DUH�FRQVXPHU�SULFH�LQGH[HV�SURGXFHG�LQ�(8�0HPEHU�6WDWHV�RQ�WKH�EDVLV�RI�KDUPRQLVHG�VWDQGDUGV��
7KH\�DUH�XVHG�LQ�SDUWLFXODU�IRU�DVVHVVLQJ�SULFH�FRQYHUJHQFH��PRQLWRULQJ�LQIODWLRQ�DQG�FRQGXFWLQJ�PRQHWDU\�
SROLF\� LQ� WKH� HXUR� ]RQH��)RU� D� GLVFXVVLRQ�RQ� DOWHUQDWLYH�PHWKRGV� WR� LQFRUSRUDWH� RZQHU�RFFXSLHG�KRXVLQJ�
LQWR�D�&3,��RU�+,&3���VHH�'LHZHUW���������
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KHGRQLF�RU�UHSHDW�VDOHV�LQGH[HV��/LNH�WKH�UHSHDW�VDOHV�PHWKRG��WKH�63$5�PHWKRG�LV�EDVHG�
RQ�PDWFKHG�SDLUV��EXW�� LQ�FRQWUDVW�� LW�XVHV��QHDUO\��DOO� WKH�SULFH�GDWD�WKDW� LV�DYDLODEOH�IRU�
WKH�SHULRG�XQGHU�REVHUYDWLRQ��6LQFH�WKH�PDMRULW\�RI�WKH�KRXVHV�VROG�GXULQJ�WKH�REVHUYDWLRQ�
SHULRG�ZHUH�QRW�VROG�GXULQJ�WKH�LQGH[�UHIHUHQFH�RU�EDVH�SHULRG��WKHUH�LV�D�JHQHUDO�VKRUWDJH�
RI� WUDQVDFWLRQ�SULFHV� IRU� WKH�EDVH�SHULRG��7KH�EDVH�SHULRG�SULFHV�DUH� WKHUHIRUH�HVWLPDWHG�
XVLQJ�RIILFLDO�JRYHUQPHQW�DSSUDLVDOV�RI� WKH�GZHOOLQJV�� ,Q� WKH�1HWKHUODQGV�DSSUDLVDOV�DUH�
FROOHFWHG� XQGHU� WKH�5HDO� (VWDWH� /DZ� >:HW�:DDUGHULQJ�2QURHUHQGH� =DNHQ@�� ,Q� FRQWUDVW�
ZLWK�D�UHSHDW�VDOHV�LQGH[��WKH�63$5�LQGH[�LV�QRW�UHYLVHG�ZKHQ�GDWD�IRU�QHZ�SHULRGV�DUH�
DGGHG�� %RXUDVVD� HW� DO�� ������� ³PDLQWDLQ� WKDW� WKH� DGYDQWDJHV� DQG� WKH� UHODWLYHO\� OLPLWHG�
GUDZEDFNV�RI�WKH�63$5�PRGHO�PDNH�LW�DQ�LGHDO�FDQGLGDWH�IRU�XVH�E\�JRYHUQPHQW�DJHQFLHV�
LQ�GHYHORSLQJ�KRXVH�SULFH�LQGH[HV´���

,QGH[HV�FDQ�EH�HTXDOO\�ZHLJKWHG�RU�YDOXH�ZHLJKWHG��$�YDOXH�ZHLJKWHG�SULFH�LQGH[�
H[SOLFLWO\�RU� LPSOLFLWO\�ZHLJKWV� WKH� LQGH[HV�RI� LQGLYLGXDO�GZHOOLQJV�E\� WKHLU�EDVH�SHULRG�
SULFHV��YDOXHV���7KH�OLWHUDWXUH�VWUHVVHV�WKDW�WKH�FKRLFH�EHWZHHQ�DQ�HTXDOO\�ZHLJKWHG�DQG�D�
YDOXH�ZHLJKWHG�LQGH[�VKRXOG�GHSHQG�RQ�WKH�DLP�RI�WKH�LQGH[��:DQJ�DQG�=RUQ���������The 
aim of the Central Bank and financial institutions is to have an index relating to a ‘mean 
dwelling’, which is a good match for an unweighted geometric mean index arising from a 
standard repeat sales approach. )RU�DQ�LQGH[�WKDW�VKRXOG�WUDFN�WKH�FKDQJHV�LQ�WKH�YDOXH�RI�
WKH�WRWDO�KRXVLQJ�VWRFN��WKH�ZHLJKWHG�DULWKPHWLF�YDULDQW�VHHPV�D�QDWXUDO�FKRLFH��Statistics 
Netherlands aims at an acquisitions-based index (that approximates the value change of 
the housing stock), for which the value-weighted SPAR index seems a suitable candidate. 

7KLV�SDSHU�FRPSDUHV�WKH�63$5�DQG�WKH�UHSHDW�VDOHV�PHWKRGV��1RWZLWKVWDQGLQJ�WKH�
GLIIHUHQFHV�EHWZHHQ�WKHVH�PHWKRGV��WKH�LQWHQWLRQ�ZDV�WR�GHYHORS�D�VLQJOH�LQGH[��$�VLPSOH�
KHGRQLF�DSSURDFK� LV�DOVR� LQFOXGHG� LQ� WKH�DQDO\VLV� WR�HQVXUH� WKDW�DQ�DGHTXDWH�FRQFOXVLRQ�
FRXOG�EH�UHDFKHG�RQ�WKH� LVVXH�RI�FKRLFH�RI�PHWKRG�IRU�PHDVXULQJ�KRXVH�SULFH�FKDQJHV���
7KH�SDSHU�LV�RUJDQLVHG�DV�IROORZV��6HFWLRQ���SURYLGHV�D�EULHI�RYHUYLHZ�RI�WKH�OLWHUDWXUH�RQ�
KHGRQLF�DQG�UHSHDW�VDOHV�DSSURDFKHV�DQG�SUHVHQWV�EDFNJURXQG�LQIRUPDWLRQ�RQ�WKH�63$5�
PHWKRG��6HFWLRQ���GLVFXVVHV�ZK\�LQ�WKH�1HWKHUODQGV�LQGLYLGXDO�SURSHUW\�DSSUDLVDOV�FDQ�EH�
XVHG�IRU�FRQVWUXFWLQJ�WKH�63$5�LQGH[�DQG�SUHVHQWV�HPSLULFDO�HYLGHQFH��,Q�6HFWLRQ���ZH�
FRPSDUH�KHGRQLF��UHSHDW�VDOHV�DQG�63$5�SULFH�LQGH[�QXPEHUV�FRYHULQJ�D�WHQ�\HDU�SHULRG��
6HFWLRQ���FRQFOXGHV��

��� 7KUHH�$SSURDFKHV�

$�NH\�VWDUWLQJ�SRLQW�IRU�D�KRXVH�SULFH�LQGH[�LV�D�IL[HG�KRXVLQJ�VWRFN��+RZHYHU��WKH�TXDOLW\�
RI� WKH�KRXVLQJ� VWRFN� LV� OLNHO\� WR� ULVH�RYHU� WLPH�DV� D� UHVXOW� RI�QHZO\� EXLOW� KRPHV��0RUH�
LPSRUWDQWO\�LQ�WKH�VKRUW�UXQ��KRXVHV�DUH�VROG�LQIUHTXHQWO\�DQG�WKH�FRPSRVLWLRQ��RU�µTXDOLW\�

�������������������������������������������������
��8QIRUWXQDWHO\�WKH�DXWKRUV�SUHVHQW�WKH�63$5�PHWKRG�ZLWKRXW�UHIHUULQJ�WR�LQGH[�QXPEHU�LVVXHV��,Q�HDUOLHU�
ZRUN��'H�+DDQ�HW�DO���������ZH�DGGUHVVHG�TXHVWLRQV�VXFK�DV��,V�D�63$5�LQGH[�DLPLQJ�DW�D�SULFH�LQGH[�RI�WKH�
KRXVLQJ�VWRFN�RU�RQO\�D�WUDQVDFWLRQ�LQGH["�*LYHQ�WKH�WDUJHW�RU�SRSXODWLRQ�SULFH�LQGH[��ZKDW�DVVXPSWLRQV�DUH�
QHHGHG�WR�GHULYH�WKH�63$5�HVWLPDWRU"�:KDW�DUH�LWV�VWDWLVWLFDO�SURSHUWLHV"�
��,W�VKRXOG�EH�VWUHVVHG�WKDW�ZH�FDQQRW�HVWLPDWH�D�IXQFWLRQDOO\�FRUUHFW�KHGRQLF�PRGHO�EHFDXVH�RI�WKH�OLPLWHG�
QXPEHU�RI�TXDOLW\�FKDUDFWHULVWLFV�LQFOXGHG�LQ�WKH�GDWD�VHW��
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PL[¶��RI�WKH�SURSHUWLHV�VROG�ZLOO�YDU\�VXEVWDQWLDOO\�IURP�SHULRG�WR�SHULRG��7KLV�LQWURGXFHV�
ELDV�LQ�VLPSOH�LQGH[�PHDVXUHV�VXFK�DV�WKH�PHDQ�RU�PHGLDQ�SULFH��)RU�H[DPSOH��LI�LQ�VRPH�
SHULRG�D�GLVSURSRUWLRQDWH�QXPEHU�RI�KLJK�SULFHG�KRXVHV�ZHUH�VROG�� WKH�PHDQ�RU�PHGLDQ�
SULFH�ZRXOG�ULVH��HYHQ�WKRXJK�QRW�D�VLQJOH�KRXVH�KDG�LQFUHDVHG�LQ�YDOXH��&DVH�DQG�6KLOOHU��
�������7KHVH�VKRUWFRPLQJV�OHG�WR�WKH�GHYHORSPHQW�RI�DOWHUQDWLYH�PHWKRGV��LQ�SDUWLFXODU�WR�
KHGRQLF�DQG�UHSHDW�VDOHV�PHWKRGV��%RXUDVVD�HW�DO���������SURSRVHG�WKH�63$5��6DOH�3ULFH�
$SSUDLVDO�5DWLR��PHWKRG�DV� DQRWKHU� DOWHUQDWLYH��7KLV� VHFWLRQ�SURYLGHV� D�EULHI� UHYLHZ�RI�
WKH�KHGRQLF�DQG�UHSHDW�VDOHV�PRGHOV�DQG�SUHVHQWV�EDFNJURXQG�LQIRUPDWLRQ�RQ�WKH�63$5�
DSSURDFK��

���� +HGRQLFV�

+HGRQLF�UHJUHVVLRQ�PRGHOV�DUH�ZLGHO\�XVHG�WRGD\�LQ�KRXVLQJ�PDUNHW�UHVHDUFK��0DVRQ�DQG�
4XLFNOH\����������$�KHGRQLF�PRGHO�H[SUHVVHV�WKH�SULFH�RI�KRXVH�L�LQ�SHULRG�W��GHQRWHG� LW3 ��
DV�D�IXQFWLRQ�RI�D�VHW�RI�SK\VLFDO��DQG�SRVVLEO\�RWKHU��FKDUDFWHULVWLFV�� L4 ��DQG�WLPH�W��

��� W4I3 LLW = ��� � � � � � � � � �����������

7KH�KHGRQLF�FRHIILFLHQWV�FDQ�EH�LQWHUSUHWHG�DV�VKDGRZ�SULFHV�ZKLFK�UHIOHFW�WKH�YDOXH�RI�D�
FKDUDFWHULVWLF��)RU�H[DPSOH��DQ�H[WUD�URRP�ZLOO�LQFUHDVH�WKH�YDOXH�RI�D�KRXVH�E\�D�VSHFLILF�
DPRXQW��,W�LV�HVVHQWLDO�WR�VSHFLI\�WKH�FRUUHFW�IXQFWLRQDO�IRUP�DQG�WR�LQFOXGH�WKH�FRUUHFW�VHW�
RI�TXDOLW\�FKDUDFWHULVWLFV��VHH�:DQJ�DQG�=RUQ���������%DLOH\�HW�DO�� ��������ZKR�ODLG�WKH�
IRXQGDWLRQV�IRU�WKH�UHSHDW�VDOHV�PHWKRG��UHSRUWHG�WKDW�TXDOLW\�FKDUDFWHULVWLFV�DUH�QXPHURXV�
DQG�GLIILFXOW�WR�PHDVXUH��DQG�FRQFOXGHG�WKDW�KHGRQLF�PRGHOV�PD\�QRW�\LHOG�XVHIXO�UHVXOWV��
0DVRQ�DQG�4XLJOH\��������DUJXHG�WKDW�WKH�H[LVWHQFH�RI�VXE�PDUNHWV�PLJKW�JR�VRPH�ZD\�
WR�H[SODLQLQJ�ZK\�WKH�VWDQGDUG�KHGRQLF�VSHFLILFDWLRQ�PD\�QRW�ZRUN��7KH\�IXUWKHU�DUJXHG�
WKDW�WKH�IXQFWLRQDO�IRUP�DVVXPSWLRQ�LV�SDUWLFXODUO\�DZNZDUG�LQ�D�KRXVLQJ�FRQWH[W�EHFDXVH�
WKH� KHGRQLF� SULFH� IXQFWLRQ� VXPPDULVHV� QRW� RQO\� FRQVXPHU� SUHIHUHQFHV� DQG� SURGXFWLRQ�
WHFKQRORJLHV�EXW�DOVR�YDULRXV�TXDQWLWLHV�WKDW�DUH�KLVWRULFDOO\�GHWHUPLQHG��KDUG�WR�PHDVXUH��
DQG�LQDFFHVVLEOH�WR�HFRQRPLF�WKHRU\��VHH�DOVR�'H�9ULHV�DQG�%RHOKRXZHU���������'HVSLWH�
WKHVH�GUDZEDFNV��UHVHDUFKHUV�KDYH�H[DPLQHG�QXPHURXV�GDWDVHWV�DQG�PRGHO�VSHFLILFDWLRQV�
WR�GHWHUPLQH�WKH�PDUJLQDO�HIIHFW�RI�KRXVLQJ�FKDUDFWHULVWLFV�RQ�KRXVH�SULFHV�DQG�FRQVWUXFW�
TXDOLW\�DGMXVWHG�KRXVH�SULFH� LQGH[HV�� VHH� IRU� D� UHFHQW� UHYLHZ�6LUPDQV��0DFSKHUVRQ�DQG�
=LHW]���������

,Q�WKH�1HWKHUODQGV��GDWD�RQ�DOO�VHFRQG�KDQG�KRXVHV�VROG�DUH�UHFRUGHG�E\�.DGDVWHU��
WKH�ODQG�UHJLVWU\�RIILFH��+RZHYHU��QR�GHWDLOV�DUH�UHJLVWHUHG�RQ�KRXVH�FKDUDFWHULVWLFV�RWKHU�
WKDQ�EXLOW�VXUIDFH�DUHD�DQG�GZHOOLQJ�W\SH��GHWDFKHG�KRXVH��FRUQHU�KRXVH��WHUUDFHG�KRXVH��
VHPL�GHWDFKHG�KRXVH���7KLV�SUHYHQWV�WKH�XVH�RI�KHGRQLFV�IRU�FRQVWUXFWLQJ�TXDOLW\�DGMXVWHG�
KRXVH�SULFH�LQGH[HV��

�������������������������������������������������
��&ROZHOO�DQG�'LOPRUH��������KDYH�VXJJHVWHG�WKDW�LW�ZDV�QRW�&RXUW��LQ��������EXW�:DOODFH��LQ�������RU�+DDV�
�LQ�������ZKR�ILUVW�HVWLPDWHG�D�KHGRQLF�PRGHO��%HIRUH�LW�ZDV�DSSOLHG�LQ�KRXVLQJ�PDUNHW�UHVHDUFK��KHGRQLF�
UHJUHVVLRQ�KDV�EHHQ�XVHG�WR�HVWLPDWH�TXDOLW\�DGMXVWHG�SULFH�LQGH[HV�IRU�FDSLWDO�JRRGV�DQG�FRQVXPHU�JRRGV�
OLNH�FDUV��VHH�IRU�H[DPSOH�*ULOLFKHV����������
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���� 5HSHDW�6DOHV�

$V�WKH�ZHLJKWHG�UHSHDW�VDOHV�PRGHO�LV�H[WHQVLYHO\�DGGUHVVHG�LQ�WKH�OLWHUDWXUH��VHH�%DLOH\��
0XWK�DQG�1RXUVH��������&DVH�DQG�6KLOOHU�������������*RHW]PDQQ��������&DOKRXQ��������
'ULHPDQ�DQG�3HQQLQJWRQ�&URVV���������ZH�PDNH�GR�ZLWK�D�EULHI�GHVFULSWLRQ�KHUH��%DLOH\�
HW�DO���������ZHUH�WKH�ILUVW�WR�GHYHORS�D�KRXVH�SULFH�LQGH[�EDVHG�RQ�WKH�UHSHDW�VDOHV�PRGHO��
(VVHQWLDOO\��WKH�UHSHDW�VDOHV�DSSURDFK�XVHV�WKH�SULFHV�SDLG�IRU�VLQJOH�SURSHUWLHV�DW�GLIIHUHQW�
SRLQWV�LQ�WLPH�WR�HVWLPDWH�D�YHFWRU�RI�ILJXUHV�WKDW�µEHVW¶�H[SODLQV�WKH�REVHUYHG�FKDQJHV�LQ�
SULFH�RYHU�WKH�VDPSOH�SHULRG��$EUDKDP�DQG�6FKDXPDQ���������7KH�UHSHDW�VDOHV�DSSURDFK�
PRGHOV�WKH�SULFH�FKDQJHV�RI�KRXVHV�WKDW�DUH�UHSHDWHGO\�VROG��,Q�SDUWLFXODU��LW�H[SUHVVHV�WKH�
ORJDULWKP�RI�WKH�UDWLR� L5 �RI�WKH�KRXVH�SULFH�

�LV3 �LQ�WKH�VHFRQG�VDOH�SHULRG� �V �DQG�WKH�SULFH�

�LV3 �LQ�WKH�LQLWLDO�RU�ILUVW�SHULRG� �V �� �� VV < ��DV�
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'�LV�D�VHW�RI�WLPH�GXPP\�YDULDEOHV��)RU�WKH�ILUVW�VDOH�RI�D�SDUWLFXODU�KRXVH�LW�KDV�WKH�YDOXH�
����IRU�WKH�VHFRQG�VDOH�LW�KDV�WKH�YDOXH�����$OO�RWKHU�GXPPLHV�KDYH�WKH�YDOXH����

&DVH� DQG�6KLOOHU� ������� SURSRVHG� WKH�ZHLJKWHG� UHSHDW� VDOHV�PHWKRG�� DQ� DGDSWHG�
YHUVLRQ�RI�WKH�XQZHLJKWHG�PHWKRG�GHVFULEHG�E\�%DLOH\�HW�DO����������7KH\�DUJXHG�WKDW�WKH�
ORQJHU� WKH� KROGLQJ� SHULRG� EHFRPHV�� WKH� JUHDWHU� WKH� YDULDQFH� LQ� LQGLYLGXDO� KRXVH� SULFH�
DSSUHFLDWLRQ�ZLOO�EH��7KLV�W\SH�RI�KHWHURVFHGDVWLFLW\�PD\�XQGHUPLQH�WKH�HIILFLHQF\�RI�WKH�
UHSHDW�VDOHV�LQGH[��:DQJ�DQG�=RUQ���������&DOKRXQ��������GLVWLQJXLVKHV�WKUHH�VWDJHV�LQ�
WKH�HVWLPDWLRQ�RI�WKH�ZHLJKWHG�UHSHDW�VDOHV�PRGHO��,Q�WKH�ILUVW�VWDJH�WKH�RULJLQDO�PRGHO�RI�
%DLOH\�HW�DO�� LV�FDOFXODWHG��7KH�VHFRQG�DQG�WKLUG�VWDJHV�DLP�WR�LPSURYH�WKH�HIILFLHQF\�RI�
WKH�ILUVW�VWDJH�SDUDPHWHU�HVWLPDWHV��DFFRXQWLQJ�IRU�WKH�SRVVLELOLW\�WKDW�WKH�HVWLPDWLRQ�HUURU�
LV�SRVLWLYHO\� UHODWHG� WR� WKH� WLPH� LQWHUYDO�EHWZHHQ�VXEVHTXHQW� WUDQVDFWLRQV�� ,Q� WKH�VHFRQG�
VWDJH�WKH�VTXDUHG�HUURU�IURP�WKH�ILUVW�VWDJH�LV�UHJUHVVHG�RQ�WKH��VTXDUHG��WLPH�LQWHUYDO��

-DQVHQ�HW�DO���������IRXQG�WKDW�KHWHURVFHGDVWLFLW\�ZDV�RI�YHU\�OLWWOH�LPSRUWDQFH�LQ�
WKHLU�'XWFK�GDWDVHW��WKH�DPRXQW�RI�H[SODLQHG�YDULDQFH�LV�OHVV�WKDQ�RQH�SHUFHQW��7KH\�DOVR�
HQFRXQWHUHG�D�SUREOHP�ZLWK�WKH�ZHLJKWV�QHFHVVDU\�WR�FRUUHFW�IRU�KHWHURVFHGDVWLFLW\��7KXV��
-DQVHQ�HW�DO���������DUJXH�WKDW�WKH�RULJLQDO�UHSHDW�VDOHV�PHWKRG�RI�%DLOH\�HW�DO���������LV�
PRUH�DGHTXDWH� IRU�FDOFXODWLQJ�D�KRXVH�SULFH� LQGH[� LQ� WKH�1HWKHUODQGV� WKDQ� LWV�ZHLJKWHG�
FRXQWHUSDUW��

���� 63$5�

7KH�6DOH�3ULFH�$SSUDLVDO�5DWLR��63$5��PHWKRG��ZKLFK�KDV�EHHQ�DSSOLHG�LQ�1HZ�=HDODQG�
VLQFH�WKH�HDUO\�����V��ZDV�SURSRVHG�E\�%RXUDVVD�HW�DO���������DV�DQ�DOWHUQDWLYH�DSSURDFK�
WR�PHDVXULQJ�KRXVH�SULFH�LQGH[HV��/LNH�UHSHDW�VDOHV�PHWKRGV��WKH�63$5�PHWKRG�LV�EDVHG�
RQ�PDWFKHG�SDLUV�EXW��LQ�FRQWUDVW��XVHV��QHDUO\��DOO�WKH�SULFH�GDWD�WKDW�LV�DYDLODEOH�IRU�WKH�
SHULRG�RI�REVHUYDWLRQ��6LQFH�WKH�YDVW�PDMRULW\�RI�KRXVHV�WKDW�DUH�VROG�GXULQJ�WKH�FXUUHQW�
SHULRG�ZHUH�QRW�VROG�GXULQJ�WKH�LQGH[�UHIHUHQFH�RU�EDVH�SHULRG��WKHUH�LV�D�JHQHUDO�VKRUWDJH�
RI� WUDQVDFWLRQ�SULFHV� IRU� WKH�EDVH�SHULRG��7KH�EDVH�SHULRG�SULFHV�DUH� WKHUHIRUH�HVWLPDWHG�
ZLWK�RIILFLDO�JRYHUQPHQW�DSSUDLVDOV�RI�WKH�SURSHUWLHV��'H�+DDQ�HW�DO���������LQGLFDWHG�WKDW�
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WKHUH�DUH�YDULRXV�W\SHV�RI�63$5�LQGH[HV��63$5�LQGH[HV�FDQ�EH�HLWKHU�YDOXH�ZHLJKWHG�RU�
HTXDOO\� �RU�XQZHLJKWHG�� LQGH[�� ,I� DQ�HTXDOO\�ZHLJKWHG� LQGH[� LV�SUHIHUUHG�� WKH�JHRPHWULF�
YDULDQW�ZRXOG�EH�WKH�EHVW�FKRLFH��)RU�DQ�LQGH[�WKDW�WUDFNV�WKH�FKDQJHV�LQ�WKH�YDOXH�RI�WKH�
WRWDO�KRXVLQJ�VWRFN�� WKH�ZHLJKWHG�DULWKPHWLF�YDULDQW� VHHPV�D�QDWXUDO� FKRLFH��(TXDWLRQ���
VKRZV�WKH�DULWKPHWLF�YDOXH�ZHLJKWHG�63$5�LQGH[��
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ZKHUH� LW3 �DQG� �L3 �DUH�WKH�WUDQVDFWLRQ�SULFHV�LQ�WKH�FXUUHQW�SHULRG��W��DQG�WKH�SHULRG�����LQ�
ZKLFK�WKH�KRXVHV�ZHUH�DSSUDLVHG�� �L$ �LV�WKH�DSSUDLVDO�YDOXH��1RWH�WKDW�WKH�GHQRPLQDWRU�RI�
HTXDWLRQ�����YDQLVKHV�LI�LQ�SHULRG����ZKLFK�LV�WKH�EDVH�SHULRG�RI�WKH�LQGH[��WKH�DSSUDLVDOV�
ZRXOG�EH�HTXDO�WR�WKH�WUDQVDFWLRQ�SULFHV��7KH�LQGH[�JLYHQ�E\�����LV�D�YDOXH�ZHLJKWHG�SULFH�
LQGH[�EHFDXVH�WKH�SULFH�LQGH[HV�RI�WKH�LQGLYLGXDO�KRXVHV�DUH�LPSOLFLWO\�ZHLJKWHG�E\�WKHLU�
EDVH�SHULRG�SULFHV��DSSUDLVDO�YDOXHV����

,Q�WKH�1HWKHUODQGV�WKH�RIILFLDO�DSSUDLVDOV�DUH�FROOHFWHG�XQGHU�WKH�5HDO�(VWDWH�/DZ�
>:HW�:DDUGHULQJ�2QURHUHQGH�=DNHQ@��,Q�WKH�UHDO�HVWDWH�OLWHUDWXUH�WKHUH�LV�VRPH�GLVFXVVLRQ�
DERXW�$SSUDLVDO�9DOXHV��*HOWQHU��������(GHOVWHLQ�DQG�4XDQ��������/HYHQWLV���������0RVW�
VWXGLHV�DUH�EDVHG�RQ�DSSUDLVDO�YDOXHV�RI�GZHOOLQJV�WKDW�DUH�DERXW�WR�EH�UH�ILQDQFHG��7KDW�LV�
ZK\�� LQ�JHQHUDO�� WKHLU� ILQGLQJV�VXJJHVW� WKDW�DSSUDLVDOV� WHQG� WR�EH�SRVLWLYHO\�ELDVHG�� WKH\�
WHQG�WR�RYHU�SUHGLFW�WKH�VHOOLQJ�SULFH�RI�WKH�SURSHUW\��/HYHQWLV���������,Q�WKH�1HWKHUODQGV�
�DQG�DOVR�LQ�'HQPDUN�DQG�1HZ�=HDODQG��DSSUDLVDOV�DUH�QRW�FROOHFWHG�IRU�UH�ILQDQFLQJ�EXW�
IRU�WD[�SXUSRVHV��'XWFK�KRXVHKROGV�SD\�ORFDO�WD[�DFFRUGLQJ�WR�WKH�YDOXH�RI�WKHLU�GZHOOLQJ��
+RXVHKROGV�ZKR� IHHO� WKDW� WKH�DSSUDLVDO�YDOXH� LV� WRR�KLJK�PD\� ORGJH�DQ� DSSHDO��7KRXJK�
OHJDOO\�WKH�DSSUDLVDO�YDOXH�VKRXOG�UHIOHFW�WKH�PDUNHW�YDOXH�RI�WKH�KRXVH��ZH�H[SHFWHG�ORFDO�
DXWKRULWLHV�WR�XQGHUHVWLPDWH�LW�LQ�RUGHU�WR�DYRLG�FRXUW�SURFHGXUHV��6R�LQLWLDOO\�ZH�DVVXPHG�
WKDW�WKH�DSSUDLVDO�YDOXH�ZRXOG�WHQG�WR�EH�QHJDWLYHO\�ELDVHG��L�H��WR�XQGHUSUHGLFW�WKH�PDUNHW�
YDOXH�RI�WKH�SURSHUW\��+RZHYHU��VXEVHTXHQW�DQDO\VLV�SURYHG�XV�ZURQJ��VHH�9DQ�GHU�:DO��
������DQG�'H�9ULHV���������

��� 5HSUHVHQWDWLYLW\�RI�WKH�'DWD�

7R�HVWLPDWH�KHGRQLF�DQG�UHSHDW�VDOHV�KRXVH�SULFH�LQGH[HV��ZH�KDYH�XVHG�WKH�GDWDVHW�RI�WKH�
'XWFK�/DQG�5HJLVWU\�2IILFH�>.DGDVWHU@��:H�FDOO�WKLV�GDWDVHW�WKH�µWUDQVDFWLRQ�GDWDVHW¶��7R�
FRPSXWH�63$5� LQGH[�QXPEHUV�� LQ�DGGLWLRQ�ZH�KDYH�XVHG� WKH�DSSUDLVDO� YDOXHV� IURP� WKH�

�������������������������������������������������
��7KH�GHQRPLQDWRU�RI�����LV�QHHGHG�WR�PDNH�WKH�LQGH[�HTXDO�WR���LQ�WKH�EDVH�SHULRG����3XW�GLIIHUHQWO\��LW�LV�D�
FRQVWDQW�VFDOLQJ�IDFWRU��,W�FDQ�DOWHUQDWLYHO\�EH�LQWHUSUHWHG�DV�D�IDFWRU�WKDW�FRUUHFWV�WKH�QXPHUDWRU�IRU�SRVVLEOH�
RYHU�HVWLPDWLRQ�RU�XQGHU�HVWLPDWLRQ�RI�WKH�DSSUDLVDOV�ZLWK�UHVSHFW�WR�WKH�WUDQVDFWLRQ�SULFHV��7KH�XQGHUO\LQJ�
DVVXPSWLRQ�LV�WKDW�D�OLQHDU�UHODWLRQ�WKURXJK�WKH�RULJLQ�H[LVWV�LQ�WKH�EDVH�SHULRG�EHWZHHQ�DSSUDLVDO�YDOXHV�DQG�
WUDQVDFWLRQ�SULFHV��6HH�DOVR�6HFWLRQ����
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PXQLFLSDOLWLHV��:H�ZLOO�FDOO�WKLV�GDWDVHW�WKH�µDSSUDLVDO�GDWDVHW¶��7KLV��RI�FRXUVH��UDLVHV�WKH�
TXHVWLRQ�ZKHWKHU�WKH�TXDOLW\�RI�WKH�DSSUDLVDOV�LV�VDWLVIDFWRU\��%HIRUH�H[SODLQLQJ�KRZ�WKH�
DSSUDLVDOV�ZHUH�GHWHUPLQHG�DQG�SUHVHQWLQJ�HYLGHQFH�RQ�WKHLU�UHOLDELOLW\��ZH�ILUVW�GHVFULEH�
WKH�WUDQVDFWLRQ�GDWDVHW��

���� 7UDQVDFWLRQ�'DWDVHW�

7KH� WUDQVDFWLRQ� GDWDVHW� FRQWDLQV� GDWD� RQ�PRUH� WKDQ� ����PLOOLRQ� LQGLYLGXDO� WUDQVDFWLRQV�
UHJDUGLQJ�RZQHU�RFFXSLHG�GZHOOLQJV�EHWZHHQ�-DQXDU\������DQG�'HFHPEHU�������ZKLFK�
DPRXQWV� WR� ����RI� WKH� RZQHU�RFFXSLHG� KRXVLQJ� VWRFN��$� QXPEHU� RI� WUDQVDFWLRQV� KDYH�
EHHQ� UHPRYHG� IRU� UHDVRQV� RI� YDOLGLW\��:H� DSSOLHG� SULFH� OLPLWV� EHWZHHQ� D� WKRXVDQG� DQG�
ILYH�PLOOLRQ�HXURV��'ZHOOLQJV�ZLWK�D�YHU\� ODUJH�VXUIDFH�DUHD� �RYHU�������VTXDUH�PHWHUV��
DQG�GZHOOLQJV�WKDW�ZHUH�VROG�PRUH�WKDQ�WZLFH�LQ�WKH�VDPH�PRQWK�ZHUH�H[FOXGHG��:H�DOVR�
RPLWWHG�GZHOOLQJV�WKDW�ZHUH�VROG�WR�WKH�VLWWLQJ�WHQDQW��7KH�ODWWHU�DFFRXQWHG�IRU����RI�DOO�
WUDQVDFWLRQV�EHWZHHQ�-DQXDU\������DQG�'HFHPEHU������DQG�ZHUH�VROG�DW�SULFHV�WKDW�ZHUH�
WHQ�WR�ILIWHHQ�SHUFHQW�EHORZ�WKH�DSSUDLVDO�YDOXH��(YHQWXDOO\��ZH�ZHUH�OHIW�ZLWK�����PLOOLRQ�
WUDQVDFWLRQV�IRU�WKH�KHGRQLF�DQG�63$5�LQGH[HV��)RU�WKH�UHSHDW�VDOHV�LQGH[��RQO\�GZHOOLQJV�
VROG�WZLFH�RU�PRUH�FRXOG�REYLRXVO\�EH�XVHG��

7KH�OLWHUDWXUH�RQ�UHSHDW�VDOHV�VXJJHVWV�WKDW�VDOHV�ZLWK�D�VKRUW�WLPH�LQWHUYDO�LPSO\�
DQ�µXQXVXDO¶�WUDQVDFWLRQ��(QJOXQG�HW�DO��������6WHHOH�DQG�*R\��������&ODSS�DQG�*LDFRWWR��
�������7KH\�PD\�EH�GLVWUHVVHG�VDOHV�DULVLQJ�IURP��IRU�H[DPSOH��GLYRUFH�RU�MRE�ORVV�RU�WKH\�
FRXOG�EH�VSHFXODWLYH�WUDQVDFWLRQV��,Q�WKH�1HWKHUODQGV�QR�FRQYH\DQFH�WD[�QHHGV�WR�EH�SDLG�
RQ�D�KRXVH�WKDW�LV�UHVROG�ZLWKLQ�VL[�PRQWKV��-DQVHQ�HW�DO���������VKRZHG�WKDW�D�QXPEHU�RI�
VSHFXODWLYH� VDOHV� WRRN� SODFH� LQ� WKH� ERRP�EHWZHHQ� ����� DQG� ������&ODSS� DQG�*LDFRWWR�
�������DQG�6WHHO�DQG�*R\��������VXJJHVW�HOLPLQDWLQJ�YHU\�VKRUW�KROGV�IURP�WKH�GDWDVHW��
-DQVHQ�HW�DO���������H[SORUHG�WKH�SRWHQWLDO�LPSDFW�RI�YHU\�VKRUW�KROGV�E\�FDOFXODWLQJ�WKH�
PRQWKO\�JURZWK�UDWH�IRU�HDFK�KRXVH�VROG��7KH�PHDQ�JURZWK�UDWHV�ZHUH�������������������
DQG������ IRU� KRXVHV� VROG�ZLWKLQ� VL[�PRQWKV��ZLWKLQ� WZHOYH�PRQWKV��ZLWKLQ� DOO� SHULRGV��
DQG�EHWZHHQ�WZHOYH�PRQWKV�DQG�WKH�HQG�RI�WKH�SHULRG��UHVSHFWLYHO\��7KXV��KRPHV�UHVROG�
ZLWKLQ�WZHOYH�PRQWKV�UHDOLVH��RQ�DYHUDJH��D�YHU\�KLJK�LQFUHDVH�LQ�YDOXH�SHU�PRQWK��ZKLFK�
FDQ�ELDV�WKH�LQGH[��$IWHU�UHPRYLQJ�WUDQVDFWLRQV�WKDW�WRRN�SODFH�ZLWKLQ�WZHOYH�PRQWKV��ZH�
KDG�DURXQG���������SDLUV�RI�UHSHDW�VDOHV�LQ�WKH�GDWDVHW��

���� $SSUDLVDO�'DWDVHW�

7R�FRQVWUXFW�DQ�LQGH[�EDVHG�RQ�WKH�63$5�PHWKRG��DSSUDLVDOV�DUH�DOVR�QHHGHG��7KH�'XWFK�
PXQLFLSDOLWLHV�DUH�OHJDOO\�REOLJHG�WR�KDYH�DQ�XS�WR�GDWH�HVWLPDWH�RI�WKH�YDOXH�RI�HDFK�UHDO�
HVWDWH�REMHFW�RQ�WKH�ILUVW�RI�-DQXDU\������������������������DQG�������$V�IURP�-DQXDU\�
������WKH�DSSUDLVDO�YDOXHV�ZLOO�EH�SXEOLVKHG�RQH�\HDU�DIWHU�WKH�YDOXDWLRQ�GDWH��7KH�UHFRUGV�
QHHG�FRQWLQXRXV�XSGDWLQJ�WR�EH�FRUUHFW�DQG�FRPSOHWH��7KH�HQWLUH�SURFHVV�LV�PRQLWRUHG�RQ�
WKH�JRYHUQPHQW¶V�EHKDOI�E\�WKH�&RXQFLO�IRU�5HDO�(VWDWH�$VVHVVPHQW�>:DDUGHULQJVNDPHU@��
7KHUH� LV� QR� SUHVFULEHG�PHWKRG� RI� DSSUDLVDO�� 1RZDGD\V�� DOO� PXQLFLSDOLWLHV� DSSUDLVH� WKH�
REMHFWV�ZLWK��KHGRQLF��YDOXDWLRQ�PRGHOV�LQ�FRPELQDWLRQ�ZLWK�YLVXDO�LQVSHFWLRQV�DQG�ORFDO�
PDUNHW�LQIRUPDWLRQ��
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)RU�WKLV�VWXG\�GDWD�DSSDUDLVHO�GDWD�IRU������DQG������ZDV�QRW�\HW�DYDLODEOH��7KXV�
ZH�GLVWLQJXLVK�EHWZHHQ� WKUHH� DSSUDLVDO� SHULRGV�ZKHQ�FRPSXWLQJ�63$5� LQGH[�QXPEHUV��
'XULQJ�WKH�ILUVW�SHULRG��-DQXDU\��������'HFHPEHU�������WKH�YDOXDWLRQ�PXVW�EH�LQGH[HG�WR�
WKH�UHIHUHQFH�GDWH�RI�-DQXDU\�������GXULQJ�WKH�VHFRQG�SHULRG��-DQXDU\��������'HFHPEHU�
������ WR� -DQXDU\� ����� DQG� GXULQJ� WKH� ODVW� SHULRG� �-DQXDU\� ����� ±� SUHVHQW�� WR� -DQXDU\�
������

7KH�DSSUDLVDOV�IRU�D�SDUWLFXODU�\HDU�DUH�ZRUNHG�RXW�LQ�WKH�IXWXUH��)RU�H[DPSOH��WKH�
DSSUDLVDO�YDOXHV�IRU�-DQXDU\������ZHUH�GHWHUPLQHG�DW�WKH�EHJLQQLQJ�RI�������7KH�YDOXHV�
WKXV�LQFOXGH�WKH�UHVXOWV�RI�DQ\�DSSHDOV�ORGJHG�E\�KRPH�RZQHUV��7KH\�DOVR�LQFOXGH�KRPH�
LPSURYHPHQWV�FDUULHG�RXW�EHWZHHQ�WKH�GDWH�RI�YDOXDWLRQ��-DQXDU\�������DQG�WKH�GDWH�XSRQ�
ZKLFK�WKH�KRXVH�ZDV�DFFRUGHG�DQ�RIILFLDO�YDOXH��HDUO\��������7KRXJK�WKH�63$5�PHWKRG��
VLQFH�LW�LV�EDVHG�RQ�PDWFKHG�SDLUV��FRQWUROV�IRU�FKDQJHV�LQ�WKH�TXDOLW\�PL[�RI�WKH�VDPSOH��LW�
GRHV�QRW�FRQWURO�IRU�TXDOLWDWLYH�FKDQJHV�RI�WKH�LQGLYLGXDO�KRXVHV��7KH�VDPH�JRHV�IRU�WKH�
UHSHDW�VDOHV�PHWKRG��,W�KDV�EHHQ�VXJJHVWHG�WKDW�ZH�DGMXVW�WKH�YDOXDWLRQV�WR�WDNH�DFFRXQW�RI�
KRPH�LPSURYHPHQWV�WKDW�UHTXLUH�SODQQLQJ�SHUPLVVLRQ��8QIRUWXQDWHO\��LQ�WKH�1HWKHUODQGV�
VXFK�DGMXVWPHQWV�DUH�LQIHDVLEOH�EHFDXVH�SODQQLQJ�SHUPLVVLRQ�GDWD�DUH�DYDLODEOH�RQO\�DW�WKH�
DJJUHJDWH��SURMHFW��OHYHO�DQG�QRW�IRU�LQGLYLGXDO�GZHOOLQJV��

5HOLDEOH�DSSUDLVDO�YDOXHV�DUH�HVVHQWLDO�LI�WKH�63$5�PHWKRG�LV�WR�ZRUN�HIIHFWLYHO\��
)RU�SULYDF\�UHDVRQV�ZH�DUH�QRW�DOORZHG�WR�SXEOLVK�WKHVH�NLQG�RI�UHVHDUFK�ILQGLQJV�ZLWKRXW�
H[SOLFLW�SHUPLVVLRQ�IURP�HYHU\�PXQLFLSDOLW\�±�LW�LV�WKH\�ZKR�RZQ�WKH�DSSUDLVDOV��)RU�WKLV�
VWXG\� DOO�PXQLFLSDOLWLHV� LQ� WKH� 3URYLQFH� RI�2YHULMVVHO�� H[FHSW�+HQJHOR� DQG�'LQNHOODQG��
JUDQWHG� XV� SHUPLVVLRQ� WR� SXEOLVK� WKH� UHVXOWV��8QSXEOLVKHG� UHVHDUFK� KDV� VKRZQ� WKDW� RXU�
UHVXOWV�DUH�UHSUHVHQWDWLYH�IRU�WKH�1HWKHUODQGV�DV�D�ZKROH��

7KH�SUREOHP�ZKHQ�FRPSDULQJ�WKH�FXUUHQW�KRXVH�SULFH� LW3 �ZLWK�WKH�DSSUDLVDO�YDOXH�

�L$ �LV�WKH�GLIIHUHQFH�LQ�REVHUYDWLRQ�SHULRG��:H�WKHUHIRUH�FRPSXWHG�D�µUHDO¶�KRXVH�SULFH��

�LU3 ��XVLQJ�WKH��UHSHDW�VDOHV��+RXVH�3ULFH�,QGH[��+3,��ZKLFK�ZDV�SXEOLVKHG�E\�.DGDVWHU�
DW�WKDW�WLPH��

LWWL 3+3,+3,U3 ��� �� = �� � � � � � � � �����������

,I�WKH�DSSUDLVDOV�DFFXUDWHO\�UHSUHVHQW�WKH�PDUNHW�YDOXH�LQ�SHULRG����WKH�UHODWLRQVKLS�ZLOO�EH�
OLQHDU�ZLWK�D�]HUR�LQWHUFHSW� WHUP��7KH�VFDWWHUSORW� LQ�)LJXUH����ZKLFK�LV�EDVHG�RQ�GDWD�RI�
-DQXDU\������IRU�WKH�3URYLQFH�RI�2YHULMVVHO��VKRZV�WKH�FRKHUHQFH�EHWZHHQ�VDOH�SULFHV�DQG�
DSSUDLVDOV��7KH�OLQHDU�UHJUHVVLRQ�OLQH�QHDUO\�FURVVHV�WKH�RULJLQ��WKH�YDOXH�RI�5��LV�������)RU�
�����DQG������WKH�5��YDOXHV�DUH������DQG�������
�
��)LJXUH���DERXW�KHUH�!�
�

:H�FRQGXFWHG�DQRWKHU�VLPSOH�EXW�HIILFLHQW�FRPSDULVRQ�RI�WKH�UHDO�KRXVH�SULFH�DQG�
WKH�DSSUDLVDO�YDOXHV��DJDLQ�IRU�-DQXDU\�������������DQG�������7KH�SHUFHQWXDO�GLIIHUHQFHV�
EHWZHHQ�WKH�PHDQ�DSSUDLVDO�DQG�WKH�PHDQ�UHDO�KRXVH�SULFH�GHFOLQHG�RYHU�WLPH��LQGLFDWLQJ�
WKDW�WKH�UHOLDELOLW\�RI�WKH�DSSUDLVDOV�KDV�LPSURYHG��7KH�GHFUHDVH�LQ�WKH�VWDQGDUG�GHYLDWLRQ�
HQGRUVHV� WKHVH� ILQGLQJV�� ,Q� WKH� ILUVW�SHULRG�� WKH�DSSUDLVDO�YDOXH�XQGHUHVWLPDWHG� WKH�SULFH�
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E\�PRUH�WKDQ�IRXU�SHUFHQW�RQ�DYHUDJH��,Q�WKH�QH[W�SHULRG��VWDUWLQJ�LQ�������WKH�DSSUDLVDO�
YDOXHV�RYHUHVWLPDWHG�WKH�VDOH�SULFHV��EXW�WKHUH�ZDV�D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�DEVROXWH�
GLIIHUHQFH�EHWZHHQ�WKH�WUDQVDFWLRQ�SULFHV�DQG�WKH�DSSUDLVDOV�DQG�LQ�WKH�VWDQGDUG�GHYLDWLRQ�
DV�ZHOO��7KH�VDPH�WUHQG�LV�REVHUYDEOH�LQ�WKH�ODVW�SHULRG��
 
< Table 1 about here > 
 

We also compared the real house price and the appraisal value using Cohen’s d, 
which provides insight into the relative size of the difference; this is in contrast with the 
R2, which provides insight into the coherence. &RKHQ¶V�G� LV� WKH� DSSURSULDWH� HIIHFW� VL]H�
PHDVXUH�LQ�WKH�FRQWH[W�RI�D� W�WHVW�RQ�PHDQV�� ,W� LV�GHILQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WZR�
PHDQV�GLYLGHG�E\�WKHLU�SRROHG�VWDQGDUG�GHYLDWLRQ��+HQFH��

���� �
�

�
�

��

6'6'

PHDQPHDQ
G

+

−
= �� � � � � � � � �����������

ZKHUH� NPHDQ �DQG� N6' �DUH�WKH�PHDQ�DQG�WKH�VWDQGDUG�GHYLDWLRQ�IRU�JURXS�N��IRU�N� ��������
,Q�JHQHUDO��G �����LQGLFDWHV�D�VPDOO�HIIHFW�VL]H��G �����D�PHGLXP�HIIHFW�VL]H�DQG�G �����D�
ODUJH�HIIHFW�VL]H��7KH�JUHDWHU�&RKHQ¶V�G��WKH�JUHDWHU�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DSSUDLVDO�

�L$ �DQG�WKH�µWUXH¶�PDUNHW�YDOXH� �LU3 ��,I�G�ZDV�ORZHU�WKDQ������ZH�DVVXPHG�WKH�H[LVWHQFH�
RI�D�VLJQLILFDQW�UHODWLRQVKLS��

$V� WKH�PXQLFLSDOLWLHV�DUH� UHVSRQVLEOH� IRU�FDOFXODWLQJ� WKH�DSSUDLVDOV��ZH�DQDO\VHG�
&RKHQ¶V�G� IRU� HDFK� W\SH�RI�GZHOOLQJ��PXQLFLSDOLW\� DQG� DSSUDLVDO� GHFLOH��7DEOH��� VKRZV�
WKDW�&RKHQ¶V�G� LV�EHORZ����� IRU�DOO� WKUHH� DSSUDLVDO�GDWHV� IRU� WKH�3URYLQFH�RI�2YHULMVVHO��
ZKLFK� LQGLFDWHV� WKDW� WKHUH� LV� QR� VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ� WKH� DSSUDLVDOV� DQG� �UHDO��
KRXVH�SULFHV��$W�WKH�GHWDLOHG�OHYHOV��ZH�REVHUYH�WKDW�LQ������WKH�DSSUDLVDO�YDOXH�GHYLDWHV�
IURP� WKH�KRXVH�SULFH� �G� !�������RQO\� IRU� WKH� ORZHVW� WZR�DSSUDLVDO� YDOXH� GHFLOHV��7KHVH�
PDUNHW�VHJPHQWV�DUH�PRUH�GLIILFXOW�WR�HVWLPDWH��VR�GLIIHUHQFHV�PDWHULDOLVH�VRRQHU��2Q�WKH�
ZKROH��WKH�PXQLFLSDOLWLHV�VHHP�WR�EH�JHWWLQJ�EHWWHU�DW�ZRUNLQJ�RXW�WKH�DSSUDLVDO�YDOXHV��,Q�
����������RI�&RKHQ¶V�G�ZDV�DERYH������ZKHUHDV�LQ������WKHUH�ZDV�QR�ORQJHU�D�VLJQLILFDQW�
GLIIHUHQFH�LQ�DQ\�PXQLFLSDOLW\�EHWZHHQ�WKH�PHDQ�DSSUDLVDO�DQG�WKH�PHDQ�KRXVH�SULFH��
�
< Table 2 about here > 
 

Finally, we analysed the ratio �L)  of the UHDO�KRXVH�SULFH�DQG�WKH�DSSUDLVDO�YDOXH��

��� ��� LLL $U3) = �� � � � � � � � � �����������

In accordance with the principles of the Dutch 5HDO�(VWDWH�/DZ��WKH�UDWLR� �L)  should be 
(approximately) equal to 1. Figure 2 depicts the distribution for each appraisal date using 
twenty classes of equal size on the x axis; the y axis shows the corresponding percentual 
shares. The two middle staffs (0.95-1.00 and 1.00-1.05) are shaded black to indicate the 
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anticipated mid-point. The graphs show that the distribution becomes increasingly steeper 
over time, indicating that more and more dwellings acquire a ‘normal’ fraction. In 1995 

�L)  was between 0.90 and 1.10 for only 56% of all houses. It rose to 79% in 2003. This 
shows once again that house prices and appraisal values have drawn closer together. We 
therefore conclude that the official Dutch appraisals – certainly as of January 2003 – can 
be used for calculating a house price index based on the SPAR method. 
 
< Figure 2 about here > 
�

4. A Comparison of SPAR, Hedonic and Repeat Sales Index Numbers 

���� 7UHQGV�DQG�)OXFWXDWLRQV�

We computed SPAR, hedonic and repeat sales indexes for the province of Overijssel. 
Unpublished research confirmed that our findings are representative for the Netherlands 
as a whole. For the hedonic and SPAR indexes data on 111,858 individual sales that took 
place between January 1993 and December 2006 were used, whereas for the repeat sales 
index we used 32,496 pairs of repeat sales. Note that the hedonic index is a conventional 
time dummy variable index, estimated by Ordinary Least Squares (OLS) regression. The 
parameter estimates are listed in the upper part of Table 3. The hedonic results should be 
interpreted with great caution since there are only very few characteristics included in the 
model. The reason why we have estimated the hedonic index is merely to show that such 
a crude method may still perform reasonably well. 

Figure 3 displays the three indexes as well as the development of the mean price. 
Although the trend is very similar, in December 2006 the SPAR index is slightly below 
the hedonic and repeat sales indexes. The mean price index is obviously a bad measure of 
house price appreciation as it is affected by compositional changes. Indeed, it fluctuates 
most heavily. Interestingly, however, its trend hardly differs from that of the three other 
indexes, which all should, at least to some extent, control for changes in the quality mix. 
There is a simple relation between the mean price index and the (value-weighted) SPAR 
index: 
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Equation (7) shows that W0($1W63$5 ,, �� < � � W0($1W63$5 ,, �� < �� LI� WKH� µVDPSOH¶�RI� WKH�FXUUHQW�
SHULRG� W� FRQWDLQV� UHODWLYHO\�PDQ\� H[SHQVLYH� �FKHDS�� KRXVHV� ±� LQ� WHUPV� RI� WKH� DSSUDLVDO�
YDOXH�±�DV�FRPSDUHG�WR�WKH�EDVH�SHULRG�µVDPSOH¶� In view of this it is not so surprising that 
the mean price index fluctuates around the trend of the SPAR index. Although the SPAR 
index controls for compositional change with respect to the base period (i.e., the appraisal 
reference month), it does not specifically control for compositional changes on a month-
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to-month basis.6 Yet, the hedonic index is more erratic than the SPAR index, which must 
be caused by the over-simplified specification of the hedonic model. Table 3 shows that 
considerable monthly fluctuations occur for all indexes. For example, in December ���� 
the hedonic index rose by 0.7% whereas the repeat sales index and the SPAR index fell 
by -0.6% and -0.8%, respectively. 
�
< Figure 3 about here > 
 
< Table 3 about here >�

���� 3UHFLVLRQ�

7KH�PHDQ�VTXDUH�HUURU�RI�DQ�HVWLPDWRU�±�WKH�VTXDUH�URRW�RI�WKH�VXP�RI�LWV�YDULDQFH�DQG�WKH�
VTXDUHG�ELDV�±�LV�DQ�LQYHUVH�PHDVXUH�RI�LWV�DFFXUDF\��LW�PHDVXUHV�KRZ�IDU�WKH�HVWLPDWRU�LV�
H[SHFWHG�WR�EH�IURP�WKH�SRSXODWLRQ�WDUJHW�LW�LV�DLPLQJ�DW��+HUH�ZH�IRFXV�RQ�WKH�YDULDQFH�
FRPSRQHQW��RU�UDWKHU�RQ�WKH�VTXDUH�URRW�WKHUHRI��WKH�VWDQGDUG�HUURU��7KH�VWDQGDUG�HUURU�LV�
DQ�LQYHUVH�PHDVXUH�RI�SUHFLVLRQ��WKH�JUHDWHU�WKH�VWDQGDUG�HUURU�RI�DQ�HVWLPDWRU��WKH�ORZHU�
LWV�SUHFLVLRQ�LV��8VLQJ�WKH�VWDQGDUG�HUURUV��V�H���ZH�FDQ�FDOFXODWH�����FRQILGHQFH�LQWHUYDOV�
DURXQG�WKH�HVWLPDWHG�LQGH[�YDOXHV�ZLWK�ERXQGV�JLYHQ�E\� ��������� HV, W ×± �7KH�ZLGWK�RI�WKH�
FRQILGHQFH�LQWHUYDO�JLYHV�DQ�LGHD�RI�WKH�XQFHUWDLQW\�VXUURXQGLQJ�WKH�HVWLPDWHV��6LQFH�WKH�
VWDQGDUG�HUURU�GHSHQGV�RQ� WKH�VDPSOH�VL]H��D�YHU\�ZLGH� LQWHUYDO�PD\� LQGLFDWH� WKDW�PRUH�
GDWD�VKRXOG�EH�FROOHFWHG�EHIRUH�GUDZLQJ�DQ\�GHILQLWH�FRQFOXVLRQV�DERXW��FKDQJHV�LQ��WKH�
LQGH[�QXPEHUV��7KH�DGYDQWDJH�RI�KHGRQLF�DQG�63$5�LQGH[HV�LV�WKDW�DOO�WUDQVDFWLRQV�FDQ�
EH�XVHG��WKH�UHSHDW�VDOHV�LQGH[�LV��E\�FRQVWUXFWLRQ��RQO\�EDVHG�RQ�GDWD�RI�KRXVHV�WKDW�ZHUH�
VROG�PRUH�WKDQ�WZLFH��DIWHU�-DQXDU\������LQ�RXU�FDVH���7KLV�µZDVWH�RI�GDWD¶�LV�RIWHQ�FLWHG�
DV�D�GUDZEDFN�RI�WKH�UHSHDW�VDOHV�DSSURDFK��

7KH�VWDQGDUG�HUURUV�DQG�WKH�FRUUHVSRQGLQJ�����FRQILGHQFH�LQWHUYDO�IRU�WKH�63$5�
LQGH[�ZHUH�DSSUR[LPDWHG�ZLWK�7D\ORU�OLQHDUL]DWLRQ�PHWKRGV���7KH�FRQILGHQFH�LQWHUYDO�IRU�
WKH�KHGRQLF��2/6�WLPH�GXPP\��LQGH[�LV�HDVLO\�FDOFXODWHG��VWDWLVWLFDO�SDFNDJHV�OLNH�6366�
SURYLGH�VWDQGDUG�HUURUV�RI�WKH�HVWLPDWHG�FRHIILFLHQWV�DQG�JHQHUDOO\�DOVR�WKH�ERXQGV�RI�WKH�
FRQILGHQFH�LQWHUYDO��7KH�FRPSXWDWLRQ�RI�WKH�FRQILGHQFH�LQWHUYDO�IRU�WKH�JHRPHWULF�UHSHDW�
VDOHV��56��LQGH[�LV�VRPHZKDW�PRUH�GLIILFXOW��7KH�LQGH[�QXPEHU� W56, � �LV�HVWLPDWHG�E\ 

����
a

H[S�� ×= WW56, β �� � � � � � � � � �����������

ZKHUH� Wβa �LV�WKH�HVWLPDWHG�SDUDPHWHU�IURP�D�JHQHUDOLVHG�OHDVW�VTXDUHV�UHJUHVVLRQ�DQDO\VLV��
7KH�FRUUHVSRQGLQJ�VWDQGDUG�HUURU�LV�

�������������������������������������������������
��1RWH�DJDLQ�WKDW�WKHUH�DUH�WKUHH�DSSUDLVDO�UHIHUHQFH�PRQWKV��-DQXDU\�������-DQXDU\������DQG�-DQXDU\�������
:H�FRQVWUXFWHG�D�WLPH�VHULHV�IRU�WKH�63$5�LQGH[�E\�FKDLQLQJ�WKH�YDULRXV�LQGH[�VHULHV�GXULQJ�WKHVH�PRQWKV��
��,Q�VKRUW��WKH�QXPHUDWRU�DQG�WKH�GHQRPLQDWRU�RI�HTXDWLRQ�����DUH�VWRFKDVWLFDOO\�EDVHG�XSRQ�WKH�GLVWULEXWLRQ�
RI�KRXVHV�VROG�LQ�WKH�EDVH�SHULRG�DQG�LQ�WKH�FXUUHQW�SHULRG��7KH�YDULDQFH�IRUPXODV�DUH�REWDLQHG�E\�DVVXPLQJ�
WKDW� WKH� VHWV� RI� KRXVHV� VROG� DUH� LQGHSHQGHQWO\� GUDZQ� UDQGRP� VDPSOHV�� )XUWKHUPRUH��ZH� DVVXPH� WKDW� WKH�
UHODWLYH�GLVWULEXWLRQ�RI�WKH�KRXVH�SULFH�LQ�WKH�EDVH�SHULRG�DQG�FXUUHQW�SHULRGV�HTXDOV�WKH�GLVWULEXWLRQ�RI�WKH�
DSSUDLVDOV��LQ�WKH�EDVH�SHULRG���
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WW56 W56, , βσσ Ö��
= �� � � � � � � � � �����������

ZKHUH�
Wβσ Ö �SHUWDLQV�WR�WKH�VWDQGDUG�HUURU�RI�WKH�HVWLPDWHG�FRHIILFLHQW�IURP�WKH�WKLUG�VWHS�RI�

WKH�JHQHUDOLVHG�OHDVW�VTXDUHV�UHJUHVVLRQ�DQDO\VLV���
%HFDXVH�WKH�PDJQLWXGH�RI�WKH�VWDQGDUG�HUURU�GHSHQGV�RQ�WKH�OHYHO�RI�WKH�LQGH[��D�

UHODWLYH�PHDVXUH�RI�SUHFLVLRQ�ZRXOG�EH�PRUH�DSSURSULDWH��2QH�VXFK�PHDVXUH��35(&W�� LV�
REWDLQHG�E\�GLYLGLQJ�WKH�ZLGWK�RI�WKH�FRQILGHQFH�LQWHUYDO��:FW��E\�WKH�LQGH[�QXPEHU�DQG�
PXOWLSO\LQJ�E\������

������ ���� ×= W&W ,:35(&
W

�� � � � � � � � ����������

)LJXUH���VKRZV�WKH�SUHFLVLRQ�RI�WKH�WKUHH�HVWLPDWHG�SULFH�LQGH[HV��7KH�UHSHDW�VDOHV�LQGH[�
ZDV�PRUH�SUHFLVH� WKDQ� WKH�KHGRQLF� LQGH[�DFURVV� WKH� HQWLUH�SHULRG��+RZHYHU�� WKH�63$5�
LQGH[�WXUQHG�RXW�WR�EH�HYHQ�PRUH�SUHFLVH��7DEOH���FRQWDLQV�WKH�PHDQ�SUHFLVLRQ��ZKLFK�LV�
FDOFXODWHG�DV�WKH�DYHUDJH�RI�35(&W�IRU�WKH�����LQGH[�QXPEHUV��
 
< Figure 4 about here > 
�

���� &DXVH�DQG�(IIHFW�

There are various possible explanations for the differences in the indexes. We concentrate 
here on the repeat sales and SPAR indexes. As mentioned earlier, a hedonic house price 
index of sufficient quality is infeasible in the Netherlands because no details are recorded 
on house characteristics apart from built surface area and dwelling type. One key factor is 
that a repeat sales index is based on dwellings sold twice or more, while the SPAR index 
is based on all transactions. Clapp and Giacotto (1999) and Jansen et al. (2006) observed 
that properties with short time intervals appreciate at a higher rate than properties with 
longer time intervals. Our own analysis revealed that the mean house price in the repeat 
sales dataset was approximately 8% lower than the mean price in the SPAR dataset. This 
need not affect the development of the index if cheaper houses underwent the same price 
development as more expensive ones. Our calculations did indicate the existence of such 
an effect, however. Re-calculation of the SPAR index on the repeat sales dataset showed 
that the SPAR index comes closer to the repeat sales index. 

In addition, a repeat sales index might understate price change compared with the 
SPAR index because it is a geometric mean of individual appreciation rates, which is less 
than the arithmetic mean unless all appreciation rates coincide (Wang and Zorn, 1997). 
This difference was negligible in our dataset: the arithmetic repeat sales index (Shiller, 
1991) scarcely deviated at all from the usual geometric repeat sales index and conversely, 
a geometric SPAR index GLIIHUHG�RQO\�PDUJLQDOO\ from the arithmetic SPAR.�

Last but not least, we come to the revision of a repeat sales index, which is due to 
the fact that additional sales reverberate on the index numbers because new pairs provide 
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additional information about price changes beyond that found with the previous data.8 In 
other words, present-day information changes the past values of the index (Baroni, 2004). 
The repeat sales method utilises information about the price index for earlier periods and 
includes it in selling prices in later periods, so it can be argued that this type of revision is 
the result of increased efficiency of the estimators (Shiller, 1991). Revision volatility may 
upset the interpretability of the index, however, as the new index values may not even be 
similar to the old ones. Clapp and Giacotto (1999) and Jansen et al. (2006) observed that 
properties with only one or two years between sales appreciate at a higher rate than other 
properties and may therefore be partly responsible for the revision of the index. To obtain 
an impression of the magnitude of the revision, we calculated the repeat sales index index 
numbers with all data up to December 2005, and again with all data up to December 2006 
(thus with 12 additional months). The results showed that the volatility of the coefficients 
was relatively small: the average percentage change for the Netherlands was –0.23% and 
only -0.07% for the Province of Overijssel. 

5. Conclusion 

This paper looked at ways of measuring house price changes. We briefly reviewed the 
hedonic and repeat sales methods and examined the SPAR method in more detail. LLNH�
WKH�UHSHDW�VDOHV�PHWKRG��WKH�63$5�PHWKRG�LV�DQ�DOWHUQDWLYH�WR�KHGRQLFV�ZKHQ�LQVXIILFLHQW�
GDWD�LV�DYDLODEOH�RQ�WKH�FKDUDFWHULVWLFV�RI�GZHOOLQJV��,Q�WKHLU�VWDQGDUG�IRUP��ERWK�PHWKRGV�
KDYH�DW� OHDVW� WZR�WKLQJV�LQ�FRPPRQ��WKH\�DUH�EDVHG�VROHO\�RQ�SULFH�FKDQJHV�RI�PDWFKHG�
SDLUV��DQG�WKXV�DGMXVW�IRU�FRPSRVLWLRQDO�FKDQJH��EXW�WKH\�PDNH�QR�DGMXVWPHQW�IRU�FKDQJHV�
LQ�WKH�TXDOLW\�RI�LQGLYLGXDO�GZHOOLQJV��)URP�D�SUDFWLWLRQHU¶V�SRLQW�RI�YLHZ�WKH�VLPSOLFLW\�
DQG�WUDQVSDUHQF\�RI�WKH�63$5�PHWKRG�FDQ�EH�VHHQ�DV�DQ�DGYDQWDJH��,W�KDV�EHHQ�XVHG�LQ�
1HZ�=HDODQG�VLQFH�WKH�HDUO\�����V�DQG�LV�DOVR�DSSOLHG�LQ�6ZHGHQ�DQG�'HQPDUN��5HFHQW�
H[SHULHQFHV�ZLWK�63$5�LQ�$XVWUDOLD�DUH�SURPLVLQJ�DV�ZHOO��5RVVLQL�DQG�.HUVKDZ���������
63$5�LQGH[�QXPEHUV�DUH�QRW�VXEMHFW�WR�UHYLVLRQ��0RUHRYHU��VDPSOH�VHOHFWLRQ�ELDV�LV�PRVW�
OLNHO\�WR�EH�VPDOOHU�IRU�WKH�63$5�LQGH[�WKDQ�IRU�D�UHSHDW�VDOHV�LQGH[�DV�WKH�ODWWHU�H[FOXGHV�
KRXVHV�WKDW�KDYH�EHHQ�VROG�RQO\�RQFH���Which index is best also depends on the precision 
of the estimator and on the statistical target aimed at. Kadaster, the Dutch Land Registry 
Office, initially asked for an unweighted (geometric) index, which is a good match for a 
repeat sales index. Statistics Netherlands aims at an (arithmetic) acquisitions-based index, 
or an index for the value of the housing stock, for which the value-weighted SPAR is a 
suitable estimator (De Haan et al.). 

�������������������������������������������������
��3XW�GLIIHUHQWO\��WKHVH�LQGH[HV�YLRODWH�WHPSRUDO�IL[LW\��7KH�PXOWL�SHULRG�WLPH�GXPP\�YDULDEOH�KHGRQLF�SULFH�
LQGH[�LV�VXEMHFW�WR�UHYLVLRQ�IRU�WKH�VDPH�UHDVRQ��7KLV�W\SH�RI�KHGRQLF�LQGH[�VHHPV�WR�KDYH�GRPLQDWHG�WKH�
OLWHUDWXUH��+LOO�DQG�0HOVHU��������DUJXH�WKDW�WKH�GRXEOH�KHGRQLF�LPSXWDWLRQ�PHWKRG�PD\�EH�D�EHWWHU�FKRLFH��
QRW�RQO\�DUH�WKH�FKDUDFWHULVWLFV�SDUDPHWHUV�DOORZHG�WR�FKDQJH�RYHU�WLPH��WKLV�PHWKRG�LV�OHVV�SURQH�WR�RPLWWHG�
YDULDEOHV�ELDV��,W�LV�OHVV�HIILFLHQW�KRZHYHU��VLQFH�GDWD�DUH�QRW�SRROHG�DFURVV�GLIIHUHQW�SHULRGV��
��Diewert (2007) concludes that methods that rely on assessment information in the base period and sales 
information in the current period, like the SPAR method, are superior to repeat sales approaches, provided 
that the appraisals are estimated for tax purposes.�
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7ZR�PDLQ�UHVXOWV�HPHUJH�IURP�RXU�VWXG\� 
•� ,Q�WKH�1HWKHUODQGV��WKH�TXDOLW\�RI�WKH�RIILFLDO�DSSUDLVDO�YDOXHV��ZKLOH�VXEMHFW�WR�FHUWDLQ�

OLPLWDWLRQV��LV�VXIILFLHQW�WR�XVH�WKHP�IRU�FRPSXWLQJ�D�63$5�LQGH[��
•� )RU�WKH�1HWKHUODQGV�WKH�GLIIHUHQFH�LQ�WKH�WUHQG�RI�WKH��XQZHLJKWHG�JHRPHWULF��UHSHDW�

VDOHV�LQGH[�DQG�WKH��YDOXH�ZHLJKWHG�DULWKPHWLF��63$5�LQGH[��ZKLOH�QRW�QHJOLJLEOH�LQ�
WKH�YHU\�ORQJ�UXQ��GLIIHU�RQO\�VOLJKWO\�IRU�VKRUWHU�WLPH�LQWHUYDOV��$OVR��WKH�63$5�LQGH[�
LV�PRUH�SUHFLVH�WKDQ�WKH�UHSHDW�VDOHV�LQGH[��

*LYHQ�WKHVH�UHVXOWV��WKH�IDFW�WKDW�63$5�SULFH�LQGH[�QXPEHUV�DUH�QRW�UHYLVHG��ZKLFK�LV�DQ�
LPSRUWDQW�DVSHFW�IRU�PDQ\�XVHUV�RI�RIILFLDO�VWDWLVWLFV��DQG�WKH�GHVLUH�WR�KDYH�D�VLQJOH�KRXVH�
SULFH�LQGH[�IRU�WKH�1HWKHUODQGV��.DGDVWHU�DQG�6WDWLVWLFV�1HWKHUODQGV�GHFLGHG�WR�JR�IRU�WKH�
63$5�PHWKRG��$V�IURP�-DQXDU\������WKH\�MRLQWO\�SXEOLVK�63$5�SULFH�LQGH[�QXPEHUV�IRU�
WKH�ZKROH�FRXQWU\�DQG�DOVR�IRU�GLIIHUHQW�W\SHV�RI�GZHOOLQJV��IRU�HDFK�SURYLQFH��HWF��
�
�
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)LJXUHV�DQG�7DEOHV�
�
�
)LJXUH����5HDO�KRXVH�SULFHV�DQG�DSSUDLVDO�YDOXHV�LQ�-DQXDU\������

�

���

���

���

���

���

���

���

���

���

����

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

$SSUDLVDO�9DOXH

5HDO�+RXVH�3ULFH

�
6RXUFH��.DGDVWHU�1HWKHUODQGV��FRPSXWDWLRQ�27%������VDPSOH��
�
�
�
�
�
)LJXUH����'LVWULEXWLRQ�RI�WKH�UDWLR�RI�UHDO�KRXVH�SULFH�DQG�DSSUDLVDO�YDOXH�LQ�WKH�
3URYLQFH�RI�2YHULMVVHO��WKH�1HWKHUODQGV��
�
�

6RXUFH��.DGDVWHU��FRPSXWDWLRQ�27%�

� ���������������
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�
)LJXUH����+RXVH�SULFH�LQGH[HV�IRU�WKH�3URYLQFH�RI�2YHULMVVHO��WKH�1HWKHUODQGV���
-DQXDU\������±�'HFHPEHU������

�

�

��

���

���

���

���

���

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

LQGH[�
-DQ������ ����

UHSHDW�VDOHV�LQGH[

KHGRQLF�LQGH[

VSDU�LQGH[

PHDQ�SULFH

�
6RXUFH��.DGDVWHU��FRPSXWDWLRQ�27%�

�
�
�
)LJXUH����3UHFLVLRQ�RI�WKH�KRXVH�SULFH�LQGH[HV�IRU�WKH�3URYLQFH�RI�2YHULMVVHO��WKH�
1HWKHUODQGV���-DQXDU\������±�'HFHPEHU������

����

����

����

����

����

����

����

����

����

����

����

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

3UHFLVLRQ UHSHDW�VDOHV�LQGH[

KHGRQLF�LQGH[

VSDU�LQGH[

�
6RXUFH��.DGDVWHU��FRPSXWDWLRQ�27%�
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7DEOH����'LIIHUHQFH�EHWZHHQ�UHDO�KRXVH�SULFHV�DQG�DSSUDLVDO�YDOXHV�

$SSUDLVDO�GDWH� 0HDQ�$� 0HDQ�U3� )UDFWLRQ�U3�$� &KDQJH�LQ�6WG� 5��

� ¼� ¼� � �� �

-DQXDU\������ ������� ������� ������ ����� ������

-DQXDU\������ �������� �������� ������ ����� ������

-DQXDU\������ �������� �������� ������ ����� ������

6RXUFH��.DGDVWHU�1HWKHUODQGV��FRPSXWDWLRQ�27%�DQG�6WDWLVWLFV�1HWKHUODQGV�

�
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7DEOH����&RKHQ¶V�G�IRU�PXQLFLSDOLWLHV�LQ�WKH�3URYLQFH�RI�2YHULMVVHO��WKH�1HWKHUODQGV��

� ����� � ����� � ����� �
'ZHOOLQJ�W\SHV� � � � � �
$SDUWPHQWV� ����� �� ����� �� ����� ��
7HUUDFHG�KRXVH� ����� �� ����� �� ����� ��
&RUQHU�KRXVH� ����� �� ����� �� ����� ��
6HPL�GHWDFKHG�KRXVH� ����� �� ����� �� ����� ��
'HWDFKHG�KRXVH� ����� �� ����� �� ����� ��
0XQLFLSDOLWLHV� � � � � �
$� ����� � ����� �� ����� ��
%� ����� �� ����� �� ����� ��
&� ����� � ����� �� ����� ��
'� ����� � ����� �� ����� ��
(� ����� �� ����� �� ����� ��
)� ����� �� ����� �� ����� ��
*� ����� � ����� �� ����� ��
+� ����� � ����� �� ����� ��
,� ����� �� ����� �� ����� ��
-� ����� � ����� �� ����� ��
.� ����� � ����� � ����� ��
/� ����� � ����� �� ����� ��
0� ����� � ����� �� ����� ��
1� ����� � ����� �� ����� ��
2� ����� � ����� � ����� ��
3� ����� � ����� �� ����� ��
4� ����� � ����� �� ����� ��
5� ����� �� ����� �� ����� ��
6� ����� �� ����� �� ����� ��
7� ����� � ����� �� ����� ��
8� ����� � ����� �� ����� ��
9� ����� � ����� �� ����� ��
:� ����� � ����� �� ����� ��
;� ����� �� ����� �� ����� ��
$SSUDLVDO�9DOXH�LQ�GHFLOHV� � � � �
�� ����� � ����� �� ����� �
�� ����� � ����� �� ����� �
�� ����� � ����� �� ����� ��
�� ����� � ����� � ����� ��
�� ����� �� ����� � ����� ��
�� ����� �� ����� � ����� ��
�� ����� � ����� �� ����� ��
�� ����� �� ����� � ����� ��
�� ����� �� ����� � ����� ��
��� ����� �� ����� �� ����� ��
7RWDO� ����� �� ����� �� ����� ��

1RWH���DQG��LQGLFDWH�&RKHQ¶V�G�DW������VPDOO�HIIHFW��DQG������PHGLXP�HIIHFW��
6RXUFH��6WDWLVWLFV�1HWKHUODQGV��FRPSXWDWLRQ�27%�
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�
7DEOH����5HVXOWV�IRU�KHGRQLF��UHSHDW�VDOHV�DQG�63$5�LQGH[HV�

� +HGRQLF� 5HSHDW�6DOHV� 63$5�
6WDWLVWLFV� � � �

5�� ����� ����� 1RW�DSSOLFDEOH�

6DPSOH�VL]H� 111,858� ������� 111,858�

3UHFLVLRQ� ����� ����� �����

+HGRQLF�YDULDEOHV��DOO�VLJQLILFDQW�S ������� � � �

7\SH��$SDUWPHQWV� 5HIHUHQFH� �� ��

��7\SH��+RXVH�LQ�D�URZ� ������ �� ��

��7\SH��6HPL�GHWDFKHG� ������ �� ��

��7\SH��'HWDFKHG� ����� �� ��

1HLJKERXUKRRG��$SDUWPHQWV� 5HIHUHQFH� �� ��

��1HLJKERXUKRRG��PL[HG�GZHOOLQJV�W\SHV� ����� �� ��

��1HLJKERXUKRRG�����!�KRXVH�LQ�D�URZ� ����� �� ��

��1HLJKERXUKRRG�����!��VHPL�GHWDFKHG� ����� �� ��

1HLJKERXUKRRG��$SDUWPHQWV��QR�JDUGHQV� 5HIHUHQFH� �� ��

��1HLJKERXUKRRG��PL[HG�JURXQG�VSDFH� ������ �� ��

��1HLJKERXUKRRG��PDLQO\�JURXQG��VW�TXLQWLOH� ������ �� ��

��1HLJKERXUKRRG��PDLQO\�JURXQG��QG�TXLQWLOH� ������ �� ��

��1HLJKERXUKRRG��PDLQO\�JURXQG��UG�TXLQWLOH� ������ �� ��

��1HLJKERXUKRRG��PDLQO\�JURXQG��WK�TXLQWLOH� ������ �� ��

��1HLJKERXUKRRG��PDLQO\�JURXQG��WK�TXLQWLOH� ������ �� ��

+RXVH�SULFH�LQGH[� � � �

-XO\������ ���� �������� ���� �������� ���� ��������

$XJXVW������ ���� �������� ���� �������� ���� ��������

6HSWHPEHU������ ���� �������� ���� �������� ���� ��������

2FWREHU������ ���� �������� ���� �������� ���� ��������

1RYHPEHU������ ���� �������� ���� �������� ���� ��������

'HFHPEHU������ ���� �������� ���� �������� ���� ��������

««�� � � � � � �

-XO\������ ���� �������� ���� �������� ���� ��������

$XJXVW������ ���� �������� ���� �������� ���� ��������

6HSWHPEHU������ ���� �������� ���� �������� ���� ��������

2FWREHU������ ���� �������� ���� �������� ���� ��������

1RYHPEHU������ ���� �������� ���� �������� ���� ��������

'HFHPEHU������ ���� �������� ���� �������� ���� ��������

1RWH��PRQWKO\�SHUFHQWDJH�FKDQJHV�LQ�SDUHQWKHVHV�
6RXUFH��.DGDVWHU�1HWKHUODQGV��FRPSXWDWLRQ�27%�

�
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5HIHUHQFHV�

$EUDKDP� -�0��� DQG� :�6�� 6FKDXPDQ� �������� ³1HZ� (YLGHQFH� RQ� +RPH� 3ULFHV� IURP�
)UHGGLH�0DF�5HSHDW�6DOHV´��$5(8($�-RXUQDO��������������

%DLOH\��0�-���5�)��0XWK�DQG�+�2��1RXUVH���������³$�5HJUHVVLRQ�0HWKRG�IRU�5HDO�(VWDWH�
3ULFH�,QGH[�&RQVWUXFWLRQ´��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������

%DURQL��0���)��%DUWKpOpP\�DQG�0��0RNUDQH���������³3K\VLFDO�5HDO�(VWDWH��D�3DULV�5HSHDW�
6DOHV�5HVLGHQWLDO�,QGH[´��:RUNLQJ�SDSHU�'5�������(66(&��5HVHDUFK�&HQWHU��

%RXUDVVD��6�&���0��+RHVOL�DQG�-��6XQ���������³$�6LPSOH�$OWHUQDWLYH�+RXVH�3ULFH� ,QGH[�
0HWKRG´��-RXUQDO�RI�+RXVLQJ�(FRQRPLFV������������������

&DOKRXQ�� &�� $� �������� ³2)+(2� +RXVH� 3ULFH� ,QGH[HV�� +3,� 7HFKQLFDO� 'HVFULSWLRQ´��
,QWHUQHW��������

&DVH��.�(��� DQG�5�-��6KLOOHU� �������� ³3ULFHV� RI�6LQJOH�)DPLO\�+RPHV�6LQFH� ������1HZ�
,QGH[HV�IRU�)RXU�&LWLHV´��1HZ�(QJODQG�(FRQRPLF�5HYLHZ���������

&DVH�� .�(��� DQG� 5�-�� 6KLOOHU� �������� ³7KH� (IILFLHQF\� RI� WKH�0DUNHW� IRU� 6LQJOH� )DPLO\�
+RPHV´��$PHULFDQ�(FRQRPLF�5HYLHZ��������±����

&ODSS��-��DQG�&��*LDFRWWR���������³5HYLVLRQV�LQ�5HSHDW�6DOHV�3ULFH�,QGH[HV��+HUH�7RGD\��
*RQH�7RPRUURZ"´��5HDO�(VWDWH�(FRQRPLFV�������������

&ROZHOO��3�)���DQG�*��'LOPRUH���������³$Q�(DUO\�+HGRQLF�6WXG\´��/DQG�(FRQRPLFV�����
���������

'H�9ULHV��3���DQG�3��%RHOKRXZHU���������³/RFDO�+RXVH�3ULFH�'HYHORSPHQWV�DQG�+RXVLQJ�
6XSSO\´��3URSHUW\�0DQDJHPHQW������������

'H�9ULHV��3���6��-DQVHQ��&��/DPDLQ��3��%RHOKRXZHU�DQG�+��&RROHQ���������³0DUNWSULMV�HQ�
:2=�ZDDUGH� LQ� GH� SURYLQFLH� 2YHULMVVHO´� >0DUNHW� 3ULFH� DQG� $SSUDLVDO� 9DOXH� LQ� WKH�
3URYLQFH�RI�2YHULMVVHO@��.DGDVWHU��$SHOGRRUQ��7KH�1HWKHUODQGV��

'H�9ULHV��3���6��-DQVHQ��3��%RHOKRXZHU��+��&RROHQ��&��/DPDLQ��(��YDQ�GHU�:DO�DQG�'��WHU�
6WHHJH� �������� ³6DPHQKDQJ� WXVVHQ� PDUNWSULMV� HQ� :2=�ZDDUGH´� >&RKHUHQFH� EHWZHHQ�
0DUNHW�3ULFH�DQG�$SSUDLVDO�9DOXH@��7LMGVFKULIW�YRRU�GH�9RONVKXLVYHVWLQJ���������

'LHZHUW��:�(����������³7KH�7UHDWPHQW�RI�2ZQHU�2FFXSLHG�+RXVLQJ�DQG�2WKHU�'XUDEOHV�
LQ� D� &RQVXPHU� 3ULFH� ,QGH[´�� 'LVFXVVLRQ� 3DSHU� QR�� ������� 'HSDUWPHQW� RI� (FRQRPLFV��
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��9DQFRXYHU��&DQDGD��

'LHZHUW��:�(�� ��������³7KH�3DULV�2(&'�,0)�:RUNVKRS�RQ�5HDO�(VWDWH�3ULFH� ,QGH[HV��
&RQFOXVLRQV� DQG� )XWXUH� 'LUHFWLRQV´�� 'LVFXVVLRQ� SDSHU� QR�� ������� 'HSDUWPHQW� RI�
(FRQRPLFV��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��9DQFRXYHU��&DQDGD��
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'UHLPDQ�0�+���DQG�$��3HQQLQJWRQ�&URVV���������³$OWHUQDWLYH�0HWKRGV�RI�,QFUHDVLQJ�WKH�
3UHFLVLRQ�RI�:HLJKWHG�5HSHDW�6DOHV�+RXVH�3ULFH�,QGLFHV´��-RXUQDO�RI�5HDO�(VWDWH�)LQDQFH�
DQG�(FRQRPLFV��������������

(GHOVWHLQ�� 5�+��� DQG� '�&�� 4XDQ� �������� ³+RZ� 'RHV� $SSUDLVDO� 6PRRWKLQJ� %LDV� 5HDO�
(VWDWH�5HWXUQV�0HDVXUHPHQW"´��7KH�-RXUQDO�RI�5HDO�(VWDWH�)LQDQFH�DQG�(FRQRPLFV�����
�������

(QJOXQG� 3��� -�0�� 4XLJOH\� DQG� &�� 5HGIHDUQ� �������� ³,PSURYHG� 3ULFH� ,QGH[HV� IRU� 5HDO�
(VWDWH��0HDVXULQJ�WKH�&RXUVH�RI�6ZHGLVK�+RXVLQJ�3ULFHV´��-RXUQDO�RI�8UEDQ�(FRQRPLFV�
�������������

*HOWQHU��'�0����������³6PRRWKLQJ�LQ�$SSUDLVDO�%DVHG�5HWXUQV´��-RXUQDO�RI�5HDO�(VWDWH�
)LQDQFH�DQG�(FRQRPLFV�������������

*ULOLFKHV��=��HG�����������³3ULFH�,QGLFHV�DQG�4XDOLW\�&KDQJH´��&DPEULGJH��0$��+DUYDUG�
8QLYHUVLW\�3UHVV��

+DDQ��-��GH��(��YDQ�GHU�:DO��'��WHU�6WHHJH�DQG�3��GH�9ULHV���������³7KH�0HDVXUHPHQW�RI�
+RXVH�3ULFHV��$�5HYLHZ�RI� WKH�63$5�0HWKRG´��SDSHU�SUHVHQWHG�DW� WKH� VL[WK�(FRQRPLF�
0HDVXUHPHQW�*URXS�:RUNVKRS��������'HFHPEHU�������6\GQH\��

+LOO��5�-�� DQG�'��0HOVHU� �������� ³7KH�+HGRQLF� ,PSXWDWLRQ�0HWKRG�DQG� WKH�3ULFH� ,QGH[�
3UREOHP��7KH�&DVH� RI�+RXVH�3ULFH� ,QGH[HV´��'LVFXVVLRQ�3DSHU� QR�� ��������� 6FKRRO� RI�
(FRQRPLFV��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��

-DQVHQ�6���3��GH�9ULHV��+��&RROHQ��&��/DPDLQ�DQG�3��%RHOKRXZHU���������³'HYHORSLQJ�D�
+RXVH� 3ULFH� ,QGH[� IRU� WKH� 1HWKHUODQGV�� $� 3UDFWLFDO� $SSOLFDWLRQ� RI� :HLJKWHG� 5HSHDW�
6DOHV´��SDSHU�SUHVHQWHG�DW�WKH������(1+5�&RQJUHVV��
KWWS���HQKU�����OMXEOMDQD�XLUV�VL�SXEOLVK�:��B-DQVHQ�SGI�

-DQVHQ� 6��� 3�� GH� 9ULHV�� +�� &RROHQ� DQG� &�� /DPDLQ� �������� ³+HWHURVNHGDVWLFLWHLW� LQ� GH�
:RQLQJZDDUGH�LQGH[�.DGDVWHU´� >+HWHURVFHGDVWLF\� LQ� WKH�+RXVH� 3ULFH� ,QGH[�.DGDVWHU@��
'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��

/HYHQWLV��$����������³5HPRYLQJ�$SSUDLVDO�%LDV�IURP�D�5HSHDW�7UDQVDFWLRQV�+RXVH�3ULFH�
,QGH[��$�%DVLF�$SSURDFK´��2)+(2�:RUNLQJ�3DSHU�������

0DVRQ�� &��� DQG� -�0�� 4XLJOH\� �������� ³1RQ�SDUDPHWULF� +HGRQLF� +RXVLQJ� 3ULFHV´��
+RXVLQJ�6WXGLHV��������������

6KLOOHU�� 5�� �������� ³$ULWKPHWLF� 5HSHDW� 6DOHV� 3ULFH� (VWLPDWRUV´�� -RXUQDO� RI� +RXVLQJ�
(FRQRPLFV�������������

6LUPDQV�� *�6��� '�$�� 0DFSKHUVRQ� DQG� -�� =LHW]� �������� ³7KH� &RPSRVLWLRQ� RI� +HGRQLF�
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(FRQRPLFV��������������
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SDSHU� SUHVHQWHG� DW� WKH�2(&'�,0)�:RUNVKRS� RQ�5HDO� (VWDWH� 3ULFH� ,QGH[HV�� 3DULV�� ����
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