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$%675$&7�
)XWXUH� KRXUO\� 7\SLFDO� 0HWHRURORJLFDO� <HDU� �70<��
ZHDWKHU� ILOH� LV� D� SUHUHTXLVLWH� IRU� XWLOL]DWLRQ� RI�
EXLOGLQJ� HQHUJ\� VLPXODWLRQ� VRIWZDUH� WR� HVWLPDWH� WKH�
LPSDFW� RI� JOREDO� FOLPDWH� FKDQJH� RQ� EXLOGLQJ� HQHUJ\�
GHPDQG�� 2Q� EDVLV� RI� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ�
&OLPDWH� &KDQJH� �� ,3&&¶V� ODWHVW� SUHGLFWLRQV�� WKLV�
SDSHU� SURGXFHV� IXWXUH�70<V� RI� WKUHH� UHSUHVHQWDWLYH�
FLWLHV�LQ�GLIIHUHQW�FOLPDWH�UHJLRQV�LQ�&KLQD�IURP������
WR� ����� LQFOXGLQJ� ILYH� WLPH� VSDQV�� LQ� WKH� IRUP� RI�
(QHUJ\3OXV� ZHDWKHU� ILOH� IRUPDW� ±� (3:�� :LWK�
DSSOLFDWLRQ� RI� D� VWDWLVWLFDO� GRZQVFDOLQJ� PHWKRG� ±�
0RUSKLQJ�� HVWLPDWHG� PRQWKO\� FOLPDWH� FKDQJH� GDWD��
FDOFXODWHG� E\� VHOHFWHG� *HQHUDO� &LUFXODWLRQ� 0RGHO��
�*&0�� XQGHU� 5HSUHVHQWDWLYH� &RQFHQWUDWLRQ�
3DWKZD\V� �5&3V�� WKH� ODWHVW� IXWXUH� FOLPDWH� VFHQDULRV�
GHYHORSHG� E\� ,3&&� LQ� ������� DUH� LQWHJUDWHG� ZLWK�
ORFDO� H[LVWLQJ� 70<V� WR� DFKLHYH� QHZ� 70<V¶�
JHQHUDWLRQ�� %XLOGLQJ� HQHUJ\� GHPDQG� E\� ����� LV�
SUHGLFWHG�IRU�WKUHH�FLWLHV�E\�XVLQJ�FRUUHVSRQGLQJ�QHZ�
70<V� DV� LQSXW� RI� SURWRW\SLFDO� EXLOGLQJ� PRGHOV� IRU�
DQQXDO� HQHUJ\� VLPXODWLRQ�� &RQVLGHULQJ� PDQ\�
XQFHUWDLQWLHV� LQ� ,3&&¶V� UHVHDUFK�� WKH� SUHGLFWHG�
HQHUJ\�GHPDQG�LQ�6KDQJKDL� LV�UHYLVHG�E\�FRPSDULQJ�
SUHGLFWHG� PRQWKO\� ZHDWKHU� GDWD� WR� REVHUYHG� GDWD�
IURP������WR�������
.H\ZRUGV�� FOLPDWH� FKDQJH�� 7\SLFDO� 0HWHRURORJLFDO�
<HDU� �70<��� EXLOGLQJ� HQHUJ\� GHPDQG�� EXLOGLQJ�
HQHUJ\�VLPXODWLRQ�

,1752'8&7,21�
8QHTXLYRFDO�ZDUPLQJ�WUHQG�RI�JOREDO�FOLPDWH�LV�QRZ�
HYLGHQW� IURP� REVHUYDWLRQV� RI� LQFUHDVHV� LQ� JOREDO�
DYHUDJH� DLU� DQG� RFHDQ� WHPSHUDWXUHV�� ZLGHVSUHDG�
PHOWLQJ�RI�VQRZ�DQG�LFH��DQG�ULVLQJ�JOREDO�PHDQ�VHD�
OHYHO��$V� LQGLFDWHG� LQ� WKH�)RXUWK�$VVHVVPHQW�5HSRUW�
�$5�������� RI� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH�
&KDQJH� �,3&&��� HOHYHQ� RI� WKH� ODVW� WZHOYH� \HDUV�
������������DUH�UDQN�DPRQJ�WKH����ZDUPHVW�\HDUV�LQ�
WKH�LQVWUXPHQWDO�UHFRUG�RI�JOREDO�VXUIDFH�WHPSHUDWXUH�
�VLQFH� ������� 0HDQZKLOH� DYHUDJH� 1RUWKHUQ�
+HPLVSKHUH� WHPSHUDWXUHV� GXULQJ� WKH� VHFRQG� KDOI� RI�
WKH� ��WK� FHQWXU\� DUH� YHU\� OLNHO\� KLJKHU� WKDQ� GXULQJ�
DQ\� RWKHU� ���\HDU� SHULRG� LQ� WKH� ODVW� ���� \HDUV� DQG�
OLNHO\� WKH� KLJKHVW� LQ� DW� OHDVW� WKH� SDVW� ����� \HDUV��

0RGHO�EDVHG� SURMHFWLRQV� LQ� $5�� VKRZV� WKDW� EHVW�
HVWLPDWHV� RI� JOREDOO\� DYHUDJH� WHPSHUDWXUH� FKDQJH� DW�
����������� UHODWLYH� WR������������ LV����a����& �ZLWK�
SRVVLEOH� UDQJH� RI� ���a����& �� XQGHU� FOLPDWH� FKDQJH�
VFHQDULRV� LQ� WKH� ,3&&� 6SHFLDO� 5HSRUW� RQ� (PLVVLRQV�
6FHQDULRV� LQ� ����� �FDOOHG� 65(6� VFHQDULRV��� )RU� WKH�
QH[W� WZR� GHFDGHV�� D� ZDUPLQJ� RI� DERXW� ����&� SHU�
GHFDGH� LV� SURMHFWHG� IRU� 65(6� HPLVVLRQ� VFHQDULRV��
(YHQ� LI� WKH� FRQFHQWUDWLRQV� RI� DOO� JUHHQKRXVH� JDVHV�
DQG� DHURVROV� KDYH� EHHQ� NHSW� FRQVWDQW� DW� \HDU� �����
OHYHOV��D� IXUWKHU�ZDUPLQJ�RI�DERXW�����&�SHU�GHFDGH�
ZLOO�EH�H[SHFWHG�GXH�PDLQO\�WR�WKH�VORZ�UHVSRQVH�RI�
WKH� RFHDQV�� (YHQ� LI� JUHHQKRXVH� JDV� FRQFHQWUDWLRQV�
DUH� WR�EH� VWDELOL]HG��DQWKURSRJHQLF�ZDUPLQJ�DQG�VHD�
OHYHO� ULVH� ZLOO� FRQWLQXH� IRU� FHQWXULHV� GXH� WR� WKH�
WLPHVFDOHV� DVVRFLDWHG� ZLWK� FOLPDWH� SURFHVVHV� DQG�
IHHGEDFNV�� HPSKDVL]HG� �,3&&�� ������� ,UUHYHUVLEOH�
FOLPDWH�FKDQJH�KDV�FXUUHQWO\�EHFRPH�RQH�RI�WKH�PRVW�
VHULRXV� DQG� SDUDPRXQW� FKDOOHQJHV� WKDW� PDQNLQG� KDV�
WR�IDFH��7KH�JOREDO�ZDUPLQJ�WUHQG�KDV�JUHDW�LQIOXHQFH�
RQ� WKH� GHYHORSPHQW� RI� VRFLDO�� HFRQRPLF� DQG�
HFRORJLFDO�V\VWHPV��HVSHFLDOO\�RQ�WKH�UDSLG�JURZWK�RI�
HQHUJ\� GHPDQG� DQG� WKH� LQFUHDVLQJO\� GLUH�
HQYLURQPHQWDO� GHWHULRUDWLRQ�� +RZ� WR� UHGXFH�
JUHHQKRXVH�JDV�HPLVVLRQV�IRU�HIIHFWLYH�PRGHUDWLRQ�RI�
FOLPDWH� FKDQJH�� PHDQZKLOH� SRVLWLYHO\� UHVSRQG� DQG�
DGDSW� WR� SRVVLEOH� FRQVHTXHQFHV� KDV� EHFRPH� D�
FRPPRQ�GHYHORSPHQW�REMHFWLYH�DURXQG�WKH�ZRUOG���
:LWK� WKH� UDSLG� ULVH� RI� WKH� SURSRUWLRQ� RI� EXLOGLQJ�
HQHUJ\� FRQVXPSWLRQ� LQ� VRFLDO� HQHUJ\� FRQVXPSWLRQ��
EXLOGLQJ�HQHUJ\�HIILFLHQF\�KDV�EHFRPH�D�WRS�SULRULW\�
LQ� WKH� GHYHORSPHQW� RI� WKH� FRQVWUXFWLRQ� LQGXVWU\�� DV�
HQHUJ\�VDYLQJ�DQG�HPLVVLRQ� UHGXFWLRQ�KDV�EHFRPH�D�
QDWLRQDO�UHVSRQVLELOLW\��7KH�FRQVWUXFWLRQ�DUHD�RI�QHZ�
EXLOGLQJV� SHU� \HDU� IURP� ����� WR� ����� ZDV� ���a����
ELOOLRQ� P�� LQ� &KLQD� �.DQJ�� ������� 2EYLRXVO\� D�
JROGHQ�DJH�RI�EXLOGLQJ�LQGXVWU\�KDV�EHHQ�FRPLQJ�XS��
ZKHQ�EXLOGLQJ�DUHD� LQFUHDVHV� VLJQLILFDQWO\��+RZHYHU�
WKH� EXLOGLQJ� RFFXSDQWV¶� JURZLQJ� GHPDQGV� IRU�
FRPIRUW� DQG� IXQFWLRQDOLW\� RI� EXLOGLQJ� HQYLURQPHQW�
PDNH�WKLV�LQGXVWU\�IDFH�RSSRUWXQLW\�DQG�FKDOOHQJH�LQ�
WKH� PHDQWLPH�� 8QGRXEWHGO\� FOLPDWH� FKDQJH� ZRXOG�
KDYH� VLJQLILFDQW� LQIOXHQFH� RQ� EXLOGLQJ� HQHUJ\�
GHPDQG�� ,W� LV� JUHDWO\� QHFHVVDU\� IRU� FRQVWUXFWLRQ�
LQGXVWU\� WR� FOHDUO\� XQGHUVWDQG� WKH� SUHVHQW� VLWXDWLRQ�
DQG� UDWLRQDOO\� UHVSRQVH� WR� JOREDO� ZDUPLQJ�� $Q�
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LPSRUWDQW� SUHPLVH� RI� HIIHFWLYH� UHVSRQVH� LV� FRUUHFW�
HVWLPDWH�RI� IXWXUH� WUHQGV�RI�EXLOGLQJ�HQHUJ\�GHPDQG�
LQIOXHQFHG�E\�FOLPDWH�FKDQJH��,Q�WKLV�ZD\��UHDVRQDEOH�
GHYHORSPHQW�VWUDWHJLHV�DQG�SROLFLHV�IURP�D�ORQJ�WHUP�
SRLQW� RI� YLHZ� DUH� SRVVLEOH�� ,Q� WKLV� UHJDUG�� EXLOGLQJ�
HQHUJ\� VLPXODWLRQ� VRIWZDUH� LV� DQ� LPSRUWDQW� WRRO��
+RZHYHU�� SUHVHQW� KRXUO\� 7\SLFDO� 0HWHRURORJLFDO�
<HDU� �70<��ZHDWKHU� ILOHV�� XVHG� IRU� DQQXDO� EXLOGLQJ�
HQHUJ\� FRQVXPSWLRQ� FDOFXODWLRQ�� DUH� EDVHG� RQ�
KLVWRULFDO� REVHUYDWLRQV� EHIRUH� ������ ZKLFK� DUH� QRW�
VXLWDEOH�IRU�IXWXUH�EXLOGLQJ�HQHUJ\�GHPDQG�SUHGLFWLRQ��
&RQVHTXHQWO\�� WKH� JHQHUDWLRQ� RI� IXWXUH� KRXUO\�
ZHDWKHU�GDWD�LQFRUSRUDWLQJ�FOLPDWH�FKDQJH�HVWLPDWLRQ�
LV� DQ� LPSRUWDQW� SUHUHTXLVLWH� IRU� � WUHQG� SURMHFWLRQ� RI�
EXLOGLQJ� HQHUJ\� GHPDQG�� DQG� DOVR� D� NH\� WR� GLVFXVV�
WKH� LPSDFW� RI� FOLPDWH� FKDQJH� RQ� EXLOGLQJ� HQHUJ\�
GHPDQG��
7KH� SUHGLFWLYH� VWXG\� RI� IXWXUH� ZHDWKHU� SDUDPHWHUV�
KDV�D�KLVWRU\�RI�QHDUO\����\HDUV�LQ�WKH�ZRUOG�DQG�PDLQ�
DSSURDFKHV� KDYH� EHHQ� SURSRVHG�� ��� *HQHUDO�
&LUFXODWLRQ�0RGHO�PHWKRG��*&0�LV�EDVHG�RQ�HQHUJ\�
WUDQVIHU�PHFKDQLVPV�IURP�DWPRVSKHULF�FLUFXODWLRQ�WR�
WKH� ODQG�� VHD� DQG� FU\RVSKHUH�� 2QO\� PHWHRURORJ\�
UHVHDUFKHUV� FDQ� XVH� WKLV� PHWKRG�� 0HDQZKLOH� FRDUVH�
UHVROXWLRQ� RI� *&0� DW� SUHVHQW� PDNHV� WKH� VLPXODWLRQ�
IRU� UHJLRQDO� FOLPDWH� KDV� FHUWDLQ� OLPLWDWLRQV� DQG�
FRQVLGHUDEOH� XQFHUWDLQW\�� ��� 6WRFKDVWLF� ZHDWKHU�
PRGHO�PHWKRG��GHYHORSLQJ�VWRFKDVWLF�ZHDWKHU�PRGHO�
EDVHG�RQ�KLVWRULF�REVHUYHG�GDWD�DQG�VLPXODWLQJ�ORFDO�
FOLPDWH� FKDQJH��7KLV�PHWKRG� UHTXLUHV� UHVHDUFKHUV� WR�
EH� IDPLOLDU� ZLWK� WKH� VWRFKDVWLF� YDULDWLRQ� RI�
PHWHRURORJLFDO� IDFWRUV�� �9DQ� DQG� /XR�� ������ ���
6WDWLVWLF�WUHQG�H[WHQGLQJ�PHWKRG��H�J��H[WUDSRODWLRQ�RI��
KHDWLQJ�FRROLQJ� GHJUHH� GD\V�� UHODWLYHO\� VLPSOH� DQG�
LQDFFXUDWH���&KULVWHQVRQ�HW�DO������������'RZQVFDOLQJ�
PHWKRG� EDVHG� RQ� *&0�� LQFOXGLQJ� G\QDPLFDO� DQG�
VWDWLVWLFDO� GRZQVFDOLQJ�� '\QDPLFDO� GRZQVFDOLQJ�
PHWKRG� PDNHV� *&0� FRXSOHG� ZLWK� 5HJLRQDO�
&LUFXODWLRQ�0RGHO� �5&0�� WR� HVWLPDWH� ORFDO� FOLPDWH�
FKDQJH� VFHQDULR�� 6WDWLVWLFDO� GRZQVFDOLQJ� PHWKRG�
DFKLHYHV� WKH� FRPELQDWLRQ� RI� ODUJH�VFDOH� *&0�
RXWSXWV�DQG�VHSDUDWH�UHJLRQDO�REVHUYHG�GDWD��ZKLFK�LV�
ZLGHO\�XVHG��$�VWDWLVWLFDO�GRZQVFDOLQJ�PHWKRG��FDOOHG�
0RUSKLQJ�� ZDV� GHYHORSHG� IRU� JHQHUDWLRQ� RI� IXWXUH�
KRXO\� ZHDWKHU� ILOHV� XVHG� LQ� EXLOGLQJ� SHUIRUPDQFH�
VLPXODWLRQ� LQ�������%DVHG�RQ�PRGHOLQJ�RXWSXWV�RI� D�
VHOHFWHG� FLUFXODWLRQ� PRGHO� �QDPHG� +DG&0��� XQGHU�
65(6�VFHQDULRV��FOLPDWH�FKDQJH�VFHQDULRV�GHYHORSHG�
E\� ,3&&� LQ� ������ LQ� 8.� &OLPDWH� ,PSDFWV�
3URJUDPPH� �8.&,3����� WKH� 0RUSKLQJ� PHWKRG� ZDV�
DSSOLHG�WR�JHQHUDWH�70<�ILOHV�RI�WKUHH�UHSUHVHQWDWLYH�
FLWLHV� LQ�8.� IRU� WKUHH� WLPH�VOLFHV������������������
����� DQG� ����������� ZLWK� WKH� SHULRG� RI� ����������
DV�WKH�EDVHOLQH���%HOFKHU�HW�DO����������
:LWK�WKH�ODWHVW�SUHGLFWLRQ�RI�,3&&��WKLV�SDSHU�IRFXVHV�
RQ� WKUHH� UHSUHVHQWDWLYH� FLWLHV� LQ� GLIIHUHQW� FOLPDWH�
UHJLRQV� LQ� &KLQD�� DQG� IRUHFDVWV� IXWXUH� ZHDWKHU� GDWD�

EHVHG�RQ�H[LVWLQJ�70<�ILOHV�RI�WKH�WKUHH�FLWLHV��+HUH�
ZH�DSSO\�0RUSKLQJ��D�WLPH�VHULHV�DGMXVWPHQW�PHWKRG��
WR� GRZQVFDOH� PRQWKO\� SUHGLFWLYH� UHVXOWV� RI� VHOHFWHG�
*&0� XQGHU� GLIIHUHQW� FOLPDWH� FKDQJH� SDWK�
�5HSUHVHQWDWLYH�&RQFHQWUDWLRQ�3DWKZD\V��5&3V��� WKH�
ODWHVW�FOLPDWH�FKDQJH�VFHQDULRV�GHYHORSHG�E\�,3&&�LQ�
������� DQG� LQWHJUDWHV� WKHP� ZLWK� H[LVWLQJ� 70<V� WR�
REWDLQ� KRXUO\�70<� ILOHV� LQ� ILYH� IXWXUH� WLPH� SHULRGV�
IRU� HDFK� FLW\� DQG� FOLPDWH� FKDQJH� SDWK�� 7KHQ� WKHVH�
70<� ILOHV� DUH� XVHG� DV� WKH� ZHDWKHU� LQSXWV� RI�
SURWRW\SLFDO� EXLOGLQJ� PRGHOV� GHYHORSHG� ZLWK�
(QHUJ\3OXV� IRU� WKH� WUHQG� SUHGLFWLRQ� RI� EXLOGLQJ�
HQHUJ\� GHPDQG� LQ� W\SLFDO� FLWLHV� E\� WKH� HQG� RI� ��VW�
FHQWXU\�� $GGLWLRQDOO\� WKH� SUHGLFWLYH� UHVXOWV� RI�
6KDQJKDL� DUH� UHYLVHG� E\� FRPSDUDWLRQ� RI� WKH�*&0¶V�
PRQWKO\�SUHGLFWHG�RXWSXWV�DQG�REVHUYHG�ZHDWKHU�GDWD�
IURP������ WR������ IRU�PRUH� DFFXUDWH� DVVHVVPHQW�RI�
EXLOGLQJ�HQHUJ\�GHPDQG��

:($7+(5�'$7$�35(',&7,21�2)�
7<3,&$/�&,7,(6�,1�&+,1$�
+LVWRULFDO�EDVHOLQH�ZHDWKHU�GDWD�±�H[LVWLQJ�70<�
7KH� )LQNHOVWHLQ�6FKDIHU� �)6�� PHWKRG� SURSRVHG� E\�
+DOO� LQ� ����� IRU� KRXUO\� 70<� JHQHUDWLRQ� LV� ZLGHO\�
DFFHSWHG��,Q�WKLV�VWDWLVWLF�PHWKRG��D�70<�FRQVLVWV�RI�
���W\SLFDO�PHWHRURORJLFDO�PRQWKV��700���700V�DUH�
VHOHFWHG� E\� FRPSDULQJ� WKH� FXPXODWLYH� GLVWULEXWLRQ�
IXQFWLRQ��&')��RI�HDFK�\HDU�ZLWK�WKDW�RI�ORQJ�SHULRG�
FRPSRVLWH� �DOZD\V����\HDUV���0HDVXUHG�E\�DQ� LQGH[�
FDOOHG�)LQNHOVWHLQ�6FKDIHU�VWDWLVWLF��WKH�FORVHVW�PRQWK�
WR�WKH�FRPSRVLWH�GLVWULEXWLRQ�LV�GHILQHG�DV�D�700��,Q�
WKH� VHOHFWLRQ�RI�700�� WKHUH� DUH� IRXU�PDMRU�ZHDWKHU�
SDUDPHWHUV� WDNHQ� LQWR� DFFRXQW� ZLWK� FHUWDLQ�
ZHLJKWLQHVV�� GU\� EXOE� WHPSHUDWXUH�� GHZ� SRLQW�
WHPSHUDWXUH��ZLQG�VSHHG�DQG�VRODU�UDGLDWLRQ���&KDQ�HW�
DO���������
([LVWLQJ� 70<V� IRU� &KLQD� W\SLFDO� FLWLHV� KDYH� WKUHH�
YHUVLRQV�±�&6:'��&KLQHVH�6WDQGDUG�:HDWKHU�'DWD���
&7<:� �&KLQHVH�7\SLFDO�<HDU�:HDWKHU�� DQG� ,:(&�
�,QWHUQDWLRQDO� :HDWKHU� IRU� (QHUJ\� &DOFXODWLRQ���
SXEOLVKHG� RQ� (QHUJ\3OXV� ZHEVLWH�
�KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOXV����
ZLWK� GLIIHUHQW� GDWD� VRXUFHV� DQG� WLPH� VSDQV� RI�
KLVWRULFDO� ZHDWKHU�� DV� OLVWHG� LQ� 7DEOH� ��� EXW�
FRQVLVWHQWO\�JHQHUDWHG�E\�)6�PHWKRG��

)XWXUH�FOLPDWH�FKDQJH�VFHQDULRV��
&OLPDWH�FKDQJH�VFHQDULRV�DUH�DSSOLHG�WR�GULYH�*&0V�
IRU� SUHGLFWLRQ� RI� IXWXUH� FOLPDWH� FKDQJH�� ,3&&�
GHYHORSHG�,6���VFHQDULR�� WKH� ILUVW�JOREDO� VFHQDULR�RI�
JUHHQKRXVH� JDV� �*+*�� HPLVVLRQ� LQ� ������ 7KHQ� LQ�
������ 65(6� VFHQDULRV� ZHUH� GHYHORSHG�� 65(6�
LQFOXGHV� IRXU� DOWHUQDWLYH� GHYHORSPHQW� SDWKZD\V��
FRYHULQJ�D�ZLGH�UDQJH�RI�GHPRJUDSKLF��HFRQRPLF�DQG�
WHFKQRORJLFDO� GULYLQJ� IRUFHV� DQG� UHVXOWLQJ� *+*�
HPLVVLRQV� �,3&&�� ������� )RU� SUHSDUDWLRQ� RI� )LIWK�
$VVHVVPHQW�5HSRUW��$5����,3&&�KDV�GHYHORSHG�QHZ�
FOLPDWH� FKDQJH� VFHQDULRV� ±� 5HSUHVHQWDWLYH�
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&RQFHQWUDWLRQ� 3DWKZD\V� �5&3V��� LQFOXGLQJ� IRXU�
JUDGHV��5&3�����5&3���5&3����DQG�5&3��3'��5&3V�
PHDQV� WKH� SUHGLFWLRQ� RI� WLPH�HYROYLQJ� HPLVVLRQV� RU�
FRQFHQWUDWLRQV� RI� UDGLDWLYHO\� DFWLYH� FRQVWLWXHQWV��
LQFOXGLQJ� D� ZLGH� UDQJH� RI� DQWKURSRJHQLF� FOLPDWH�
IRUFLQJ��7KH�QXPEHU�DIWHU�³5&3´�PHDQV�WKH�LQWHQVLW\�
RI� UDGLDWLRQ� IRUFLQJ� GXH� WR� KXPDQ� DFWLYLW\� E\� ������
DV� OLVWHG� LQ� 7DEOH� �� �0RVV� HW� DO��� ������� 7KH� ODUJHU�
UDGLDWLRQ� IRUFLQJ�ZLOO� FDXVH� JUHDWHU� JOREDO�ZDUPLQJ��
,3&&¶V� &RXSOHG� 0RGHO� ,QWHUFRPSDULVRQ� 3KDVH� ��
�&0,3��� KDV� SXEOLVKHG� H[SHULPHQWDO� RXWSXWV� RI�
PDQ\� *&0V� XQGHU� 5&3� VFHQDULRV�� 7KHVH� RXWSXW�
GDWDVHWV� LQYROYH� YDULRXV� ZHDWKHU� SDUDPHWHUV� RI� DOO�
ORQJLWXGHV� DQG� ODWLWXGHV� DURXQG� WKH� ZRUOG� E\�
'HF�������
7DEOH���&RPSDULVRQ�RI�GLIIHUHQW�YHUVLRQV�RI�H[LVWLQJ�

70<V�IRU�&KLQD�W\SLFDO�FLWLHV�

9(56,21� &6:'� &7<:� ,:(&�

'HYHORSHU�
7VLQJKXD�
8QLYHUVLW\�
	�&0%��

=+$1*�
4LQJ\XDQ�RI�78��
	�-RH�+XDQJ�RI�
/1%/��

$6+5$(�
5HVHDUFK��
3URMHFW�
������

+LVWRULFDO�
ZHDWKHU�

GDWD�VRXUFH�

����VWDWLRQV�
IURP�&0%��

���VWDWLRQV�LQ�
&KLQD�IURP�
1&'&��

'$76$9��
DUFKLYHG�DW�
1&'&��

+LVWRULFDO�
WLPH�VSDQ� ���������� ���������� ����������

�78�±�7VXNXED�8QLYHUVLW\�
�&0%�±�&KLQD�0HWHRURORJLFDO�%XUHDX�
�/1%/�±�/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\�
��1&'&�±�8��6��1DWLRQDO�&OLPDWLF�'DWD�&HQWHU�

7DEOH���)RXU�W\SHV�RI�5&3��

1$0(� 5$',$7,9(��
)25&,1*�� 3$7+�6+$3(�

5&3���� !���:�P��LQ������ 5LVLQJ�

5&3����
a���:�P��DW�
VWDELOL]DWLRQ�DIWHU�
�����

6WDELOL]DWLRQ�
ZLWKRXW�
RYHUVKRRW�

5&3����
a���:�P��DW�
VWDELOL]DWLRQ�DIWHU�
�����

6WDELOL]DWLRQ�
ZLWKRXW�
RYHUVKRRW�

5&3��3'�
3HDN�DW�a���:�P��
EHIRUH������DQG�WKHQ�
GHFOLQHV�

3HDN�DQG�GHFOLQH�

7UHQG�SUHGLFWLRQ�RI�FOLPDWH�FKDQJH�IRU�W\SLFDO�
FLWLHV�
)URP� WKH� SHUVSHFWLYH� RI� DFWLYHO\� UHVSRQGLQJ� DQG�
DGDSWLQJ�WR�FOLPDWH�FKDQJH��LW�LV�QHFHVVDU\�WR�DQDO\]H�
DQG�XQGHUVWDQG�WKH�ZRUVW�VFHQDULR�RI�JOREDO�ZDUPLQJ��
$PRQJ� D� ODUJH� QXPEHU� RI� &0,3�� GDWDVHWV�� ZH�
FKRRVH� RXWSXW� GDWDVHWV� RI� +DG*(0��&&� PRGHO�
XQGHU�WKH�KLJK�HQG�SDWK�±�5&3����DQG�D�VWDEOH�SDWK�±�
5&3����� WR� REWDLQ� ODUJH�VFDOH� FOLPDWH� FKDQJH� WUHQGV�
LQ�6KDQJKDL��%HLMLQJ� DQG�*XDQJ]KRX��+HUH��5&3����
LV� D� VWDEOH�SDWK� FRQWUDVW� WR� WKH� ZRUVW� VFHQDULR� ±�
5&3������
)XWXUH�70<�JHQHUDWHG�E\�0RUSKLQJ�PHWKRG�QHHG�WR�

EH� EDVHG� RQ� H[LVWLQJ� 70<��0DLQO\� FRQVLGHULQJ� WKH�
DYDLODEOH� KLVWRULFDO� ZHDWKHU� GDWD�� KHUH� LQ� WKH� WKUHH�
70<� YHUVLRQV� IRU� &KLQD� W\SLFDO� FLWLHV� ZH� FKRRVH�
,:(&�YHUVLRQ� ZLWK� WKH� WLPH� VSDQ� RI� �����������
GLIIHUHQW�WR�FRQYHQWLRQDO�EDVHOLQH�SHULRG��������������
DV�WKH�EDVHOLQH�ZHDWKHU�FRQGLWLRQ��7KHQ�ZH�GLYLGH�WKH�
QH[W� ���� \HDUV� LQWR� ILYH� SHULRGV�� ����������� �����
������ ����������� ���������� DQG� ����������� ZLWK�
WKH�VDPH�WLPH�VSDQ�DV�KLVWRULFDO�ZHDWKHU�GDWD��IRU�WKH�
FRQYHQLHQFH�RI�WUHQG�SUHGLFWLRQ��
5HODWLYH�WR�EDVHOLQH�ZHDWKHU�FRQGLWLRQ�LQ������������
WKH� FKDQJLQJ� WUHQGV� RI� DQQXDO� PHDQ� WHPSHUDWXUH�
XQGHU� 5&3���� DQG� 5&3���� IRU� WKH� WKUHH� FLWLHV� DUH�
GLIIHUHQW�� $V� VKRZQ� LQ� )LJXUH� �a��� E\� �����������
DQQXDO�PHDQ�WHPSHUDWXUH�IRU�WKUHH�FLWLHV�ZLOO�LQFUHDVH�
����R&�XQGHU�5&3�����ZKLOH����a����R&�XQGHU�5&3�����
7KH� LQFUHPHQW� RI� DQQXDO� PHDQ� WHPSHUDWXUH� XQGHU�
5&3����LV�ODUJHU�WKDQ�WKDW�XQGHU�5&3����EHIRUH�������
&RPSDUHG� WR� ����������� WKH� ULVH� RI� DQQXDO� PHDQ�
WHPSHUDWXUH� LQ� ���������� LV� QRW� REYLRXV� XQGHU�
5&3����� :KLOH� DIWHU� ����������� DQQXDO� PHDQ�
WHPSHUDWXUH� ULVHV� VLJQLILFDQWO\� LQ� WKH� WKUHH� FLWLHV��
5HODWLYHO\� DQQXDO�PHDQ� WHPSHUDWXUH� ULVHV� LQ� D�PRUH�
VWDEOH�PDQQHU�XQGHU�5&3�����

)LJXUH���$QQXDO�PHDQ�WHPSHUDWXUH�LQFUHDVH�LQ�
%HLMLQJ��R&��

)LJXUH���$QQXDO�PHDQ�WHPSHUDWXUH�LQFUHDVH�LQ�
6KDQJKDL��R&��

)LJXUH���$QQXDO�PHDQ�WHPSHUDWXUH�LQFUHDVH�LQ�
*XDQJ]KRX��R&��

,W�LV�DOVR�RI�JUHDW�VLJQLILFDQFH�WR�GLVFXVV�WKH�WUHQG�RI�
PRQWKO\�DQG�VHDVRQDO�PHDQ�WHPSHUDWXUH�IRU�EXLOGLQJ�
HQHUJ\� GHPDQG� SUHGLFWLRQ�� )LJXUH� �a�� LOOXVWUDWH�
PRQWKO\� DYHUDJH� GU\� EXOE� WHPSHUDWXUH� LQFUHDVH� LQ�
ILYH� IXWXUH� SHULRGV� LQ� %HLMLQJ�� 6KDQJKDL� DQG�
*XDQJ]KRX�XQGHU�WZR�FOLPDWH�FKDQJH�SDWKV��
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)LJXUH���D��0RQWKO\�PHDQ�WHPSHUDWXUH�LQFUHDVH�
XQGHU�5&3����LQ�%HLMLQJ��R&��

)LJXUH���D��0RQWKO\�PHDQ�WHPSHUDWXUH�LQFUHDVH�
XQGHU�5&3����LQ�6KDQJKDL��R&� 

)LJXUH���D��0RQWKO\�PHDQ�WHPSHUDWXUH�LQFUHDVH�
XQGHU�5&3����LQ�*XDQJ]KRX��R&��

'XULQJ� RQH� \HDU�� WKH� ODUJHVW� LQFUHDVH� RI� PRQWKO\�
DYHUDJH�WHPSHUDWXUH�PRVWO\�RFFXUV�LQ�ZLQWHU��-DQXDU\�
RU�'HFHPEHU��ZLWK�D�PD[LPXP�XS�WR����R&�LQ�%HLMLQJ��
DQG� ���R&� ERWK� LQ� 6KDQJKDL� DQG� *XDQJ]KRX� XQGHU�
5&3���� E\� WKH� HQG� RI� ��VW� FHQWXU\�� %HVLGHV�� WKH�
VPDOOHU� LQFUHDVHV� RI� PRQWKO\� DYHUDJH� WHPSHUDWXUH�
RIWHQ� RFFXU� LQ� VXPPHU� DQG� WUDQVLWLRQ� VHDVRQ�� OLNH�
IURP� 0DUFK� WR� -XO\� DQG� IURP� 6HSWHPEHU� WR�
1RYHPEHU��$QDO\VLV�RI�SUHGLFWHG�WHPSHUDWXUHV�VKRZV�
WKDW�LQ�%HLMLQJ�WKHUH�DUH�ODUJHU�GLIIHUHQFHV�RI�PRQWKO\�
DYHUDJH� WHPSHUDWXUH� LQFUHDVH� DPRQJ����PRQWKV� LQ�D�
\HDU� DV� WLPH� JRHV� RQ�� %\� FRQWUDVW�� LQ� 6KDQJKDL� DQG�
*XDQJ]KRX��WKH�WUHQGV�RI�WHPSHUDWXUH�ULVH�PRQWK�E\�

)LJXUH���E��0RQWKO\�PHDQ�WHPSHUDWXUH�LQFUHDVH�
XQGHU�5&3����LQ�%HLMLQJ��R&��

)LJXUH���E��0RQWKO\�PHDQ�WHPSHUDWXUH�LQFUHDVH�
XQGHU�5&3����LQ�6KDQJKDL��R&��

)LJXUH���E��0RQWKO\�PHDQ�WHPSHUDWXUH�LQFUHDVH�
XQGHU�5&3����LQ�*XDQJ]KRX��R&��

PRQWK�LQ�D�\HDU�DUH�PRUH�VWHDG\��ODUJHU�LQ�ZLQWHU�DQG�
VPDOOHU�LQ�VXPPHU�DQG�WUDQVLWLRQ�VHDVRQ��

0RUSKLQJ�DOJRULWKPV�IRU�QHZ�70<V�JHQHUDWLRQ�
0RUSKLQJ�� WKH� WLPH� VHULHV� DGMXVWPHQW� PHWKRG��
PRGLILHV�H[LVWLQJ�70<V�E\� V\QWKHVL]LQJ�VWDWLVWLFDOO\�
GRZQVFDOHG� UHVXOWV� RI�*&0¶V� ODUJH�VFDOH�RXWSXWV�� ,W�
KDV�EHHQ�ZLGHO\�XVHG�E\�UHVHDUFKHUV�IURP�86$��8.��
$XVWUDOLD�� DQG� +.� IRU� SURMHFWLRQV� RI� ORFDO� EXLOGLQJ�
HQHUJ\� GHPDQG�� :KLOH� LQ� &KLQD� 0DLQODQG�� VLPLODU�
UHVHDUFK�LV�VWLOO�IHZ��)RU�ERWK�FOLPDWLFDOO\�W\SLFDO�DQG�
HFRQRPLFDOO\�GHYHORSHG�FLWLHV�LQ�&KLQD��OLNH�%HLMLQJ��
6KDQJKDL�DQG�*XDQJ]KRX�� WKH�SUHGLFWLRQ�RI�EXLOGLQJ�
HQHUJ\� GHPDQG� KDYH� JUHDW� VLJQLILFDQFH� RI� IXWXUH�
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XUEDQ� HQHUJ\� SODQQLQJ� DQG� QDWLRQDO�XUEDQ� HQHUJ\�
SROLF\�GHFLVLRQ��%\�PHDQV�RI�VKLIWLQJ�DQG�VWUHWFKLQJ��
PRQWKO\� PHDQ� GDWD� RI� SUHGLFWHG� FOLPDWH� FKDQJH� DUH�
GRZQVFDOHG� DQG� FRPELQHG�ZLWK� EDVHOLQH� WLPH� VHULHV�
RI� H[LVWLQJ� KRXUO\� 70<V�� ,Q� WKLV� ZD\�� QHZ� 70<V�
ERWK� V\QWKHVLV� WKH� FOLPDWH� FKDQJH� SUHGLFWLRQ� DQG�
NHHS�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�SUDFWLFDO�ZHDWKHU�
GDWD��
7KH�HQWLUH�&KLQD� LV�GLYLGHG� LQWR���FOLPDWH� UHJLRQV� ±�
YHU\� FROG�� FROG�� KRW� VXPPHU� 	� FROG� ZLQWHU�� KRW�
VXPPHU�	�ZDUP�ZLQWHU�DQG�ZDUP��([LVWLQJ� ,:(&�
YHUVLRQ� 70<V� RI� %HLMLQJ� �LQ� WKH� FROG� UHJLRQ���
6KDQJKDL� �LQ� WKH� KRW� VXPPHU�	� FROG�ZLQWHU� UHJLRQ��
DQG�*XDQJ]KRX� �LQ� WKH� KRW� VXPPHU�	�ZDUP�ZLQWHU�
UHJLRQ�� DUH� VHSDUDWHO\� ORFDO� EDVHOLQH� ZHDWKHU�
FRQGLWLRQ�� $GGLWLRQDOO\�� WKH� PRQWKO\� PHDQ� GDWD� RI�
SUHGLFWLYH� FOLPDWH� FKDQJH�� ZKLFK� LV� QHHGHG� IRU�
DSSOLFDWLRQ� RI� 0RUSKLQJ�� FRPH� IURP� &0,3�¶V�
GDWDVHWV�� 6HOHFWHG� GDWDVHWV� DUH� RXWSXWV� RI� D� *&0�
QDPHG� +DG*(0��&&� XQGHU� 5&3���� DQG� 5&3�����
DQG�WKH�GDWDVHWV�RI�WKH�QRGH�QHDUHVW�WR�WDUJHW�FLW\�DUH�
XVHG���
,Q�WKH�SURFHVV�RI�DSSO\LQJ�0RUSKLQJ�IRU�SUHGLFWLRQ�RI�
VSHFLILF� ZHDWKHU� YDULDEOHV�� WKH� DOJRULWKP� LV� QRW� WKH�
VDPH��)RU�GU\�EXOE�WHPSHUDWXUH��GEW���(T�������&KDQ��
������LV�XVHG���
�dbt = dbt +△ TEMPm + аdbt × [dbt −
(dbt )m]�����������������������������������������������������������������������
,Q� (T������ KRXUO\� SUHGLFWLYH� GU\� EXOE� WHPSHUDWXUH�
�dbt �� LV� EDVHG� RQ� KRXUO\� WHPSHUDWUXUH� LQ� H[LVWLQJ�
70<��dbt ���(dbt )m�LV�PRQWKO\�PHDQ�WHPSHUDWUXUH�
RI� P� PRQWK� LQ� H[LVWLQJ� 70<�� dbt LV� VKLIWHG� E\�
SUHGLFWHG� FKDQJH� RI� PRQWKO\� PHDQ� GEW� LQ� P�PRQWK�
�△ TEMPm �� DQG� VWUHWFKHG� E\� WKH� ODVW� LWHP�� 7KH�
PRQWKO\� VWUHWFKLQJ� IDFWRU� �� dbt �� LV� FDOFXODWHG� E\�
(T������&KDQ���������

� dbt = △ △
( ) ( )

�������������������������������������

,Q� (T�����   (dbt ) �DQG� (dbt ) �PHDQ� WKH�
PRQWKO\� PHDQ� GDLO\� PD[LPXP� DQG� PLQLPXP�
WHPSHUDWXUH� RI� P� PRQWK� LQ� H[LVWLQJ� 70<�� 7KHQ�
△ TMAX �DQG� △ TMIN �PHDQ� WKH� SUHGLFWHG�
FKDQJHV� RI� PRQWKO\� PD[LPXP� DQG� PLQLPXP�
WHPSHUDWXUH��
:KLOH�IRU�GHZ�SRLQW�WHPSHUDWXUH�GSW���WKH�VLWXDWLRQ�LV�
GLIIHUHQW�� $V� D� UHODWLYH� SDUDPHWHU�� GSW� UHIOHFWV� WKH�
VDWXUDWLRQ� RI� WKH� YDSRU� LQ� WKH� KXPLG� DLU�� $QG� WKH�
YDOXH� RI� GSW� LV� EDVHG� RQ� ERWK� WKH� GEW� DQG� WKH�
VDWXUDWLRQ� RI� WKH� KXPLG� DLU�� ,Q� WKLV� UHJDUG�� GLUHFWO\�
DSSO\LQJ�0RUSKLQJ�WR�SUHGLFW�GSW�SDUHPHWHU�FRXOGQ¶W�
GLVSRVH� RI� WKH� QRLVH� LPSDFW� RI� GEW�� 6R� DQ� DEVROXWH�
SDUDPHWHU�UHODWHG�WR�GSW�LV�QHHGHG�IRU�SURMHFWLRQ�RI�LW��
:LWK� WKHVH� FRQFHUQV�� VSHFLILF� KXPLGLW\� �6�� LV�
SUHGLFWHG�E\�0RUSKLQJ��DQG�WKHQ��GSW�LV�FDOFXODWHG�E\�
KRXUO\� GEW� DQG� 6�� 7KH� DOJRULWKP� IRU� PRUSKLQJ� 6�
SDUDPHWHU�LV�DV�(T������&KDQ���������
��S = � S × S ������������������������������������������������������������

,Q�(T������KRXUO\� VSHFLILF�KXPLGLW\� LQ�H[LVWLQJ�70<�
��S �� LV� PRUSKHG� E\� PRQWKO\� VFDOLQJ� IDFWRU� � S ��
ZKLFK�LV�GHWHUPLQHG�E\�(T������&KDQ������������

�� S = 1 + ���������������������������������������������������������

,Q� (T�����   SPHU �PHDQV� SUHGLFWHG� SHUFHQWDJH�
FKDQJHV�LQ�VSHFLILF�KXPLGLW\�RI�P�PRQWK��
)RU�HDFK�FOLPDWH�FKDQJH�SDWK��5&3����5&3������QHZ�
70<V� RI� ILYH� WLPH� SHULRGV� ������������ �����������
���������������������DQG������������DUH�JHQHUDWHG�
E\�PRUSKLQJ�WZR�PDMRU�ZHDWKHU�SDUDPHWHUV���GEW�DQG�
GSW��EDVHG�RQ�H[LVWLQJ�70<V�RI� WKUHH� UHSUHVHQWDWLYH�
FLWLHV�±�%HLMLQJ��6KDQJKDL�DQG�*XDQJ]KRX��

%8,/',1*�(1(5*<�'(0$1'�
35(',&7,21��
:H�XVH�(QHUJ\3OXV� WR�GHYHORS�SURWRW\SLFDO�EXLOGLQJ�
PRGHOV�� UHIHUULQJ� WR� UHODWHG� GHVLJQ� VWDQGDUGV� DQG�
VXUYH\� GDWD� RI� H[LVWLQJ� EXLOGLQJV� LQ� WKUHH� FLWLHV� ±�
%HLMLQJ�� 6KDQJKDL� DQG�*XDQJ]KRX�� 7KH� SURWRW\SLFDO�
PRGHOV��FDOLEUDWHG�E\�LQYHVWLJDWHG�DQQXDO�HQHUJ\�XVH�
GDWD�� FDQ� PDLQO\� UHIOHFW� WKH� JHQHUDO� VLWXDWLRQ� RI�
GLIIHUHQW�EXLOGLQJ�W\SHV�LQ�WKH�WKUHH�FLWLHV��7KLV�SDSHU�
IRFXVHV� RQ� IRXU� EXLOGLQJ� W\SHV� ±� KLJK�ULVH� RIILFH�
EXLOGLQJ�� KLJK�ULVH� UHVLGHQWLDO� EXLOGLQJ�� KRWHO� DQG�
VKRSSLQJ�PDOO��DV�VKRZQ�LQ�7DEOH���DQG����
7DEOH���%XLOGLQJ�LQIRUPDWLRQ�RI�SURWRW\SLFDO�PRGHOV�

7<3(� )/225� $5($� ::5� 6+$3(�
+LJK�ULVH�
RIILFH�� ��� ������P�� �����

�

+LJK�ULVH�
UHVLGHQWLDO� ��� �����P�� �����

�

+RWHO� ��� ������P�� �����
�

6KRSSLQJ�
PDOO�

��DERYH��
��XQGHU� ������P�� �����

�
::5�±�:LQGRZ�:DOO�5DWLR�
7DEOH���+HDW�WUDQVIHU�FRHIILFLHQW�RI�SURWRW\SLFDO�

EXLOGLQJ�HQYHORSH��:���P��.���

7<3(� (;7(51$/�
(19(/23(� %-�� 6+�� *=��

+LJK�ULVH�
RIILFH�

([WHULRU�ZDOO� ������ ������ �����
5RRI� ������ ������ ����

:LQGRZ� ����� ����� ������

+LJK�ULVH�
UHVLGHQWLDO�

([WHULRU�ZDOO� ������ ������ ������
5RRI� ������ ������ ������

:LQGRZ� ����� ������ ������

+RWHO�
([WHULRU�ZDOO� ������ ������ ������

5RRI� ������ ������ ������
:LQGRZ� ������ ������ ������

6KRSSLQJ�
PDOO�

([WHULRU�ZDOO� ������ ������ ����
5RRI� ������ ������ ������

:LQGRZ� ������ ������ ������
��%-�±�%HLMLQJ����6+�±�6KDQJKDL����*=�±�*XDQJ]KRX��
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3UHGLFWLRQ�RI�EXLOGLQJ�HQHUJ\�GHPDQG�XQGHU�
5&3����
7DNHQ� WKH� ZRUVW� FOLPDWH� FKDQJH� VFHQDULR� LQWR�
FRQVLGHUDWLRQ�� ZH� FKRRVH� 70<V� JHQHUDWHG� XQGHU�
5&3���� IRU� WKUHH� W\SLFDO� FLWLHV� LQ� WKH� ODVW� SUHGLFWLYH�
SHULRG�������������DV�ZHDWKHU�LQSXWV�RI�SURWRW\SLFDO�
PRGHOV�IRU�DQQXDO�KRXUO\�HQHUJ\�VLPXODWLRQ��7KHQ�ZH�
HVWLPDWH� WKH� FKDQJH� RI� EXLOGLQJ� HQHUJ\� GHPDQG� E\�
FRPSDULQJ� DERYH� VLPXODWHG� UHVXOWV� WR� WKH� EDVHOLQH��
WKRVH� FDOFXODWHG� E\� XVLQJ� H[LVWLQJ� 70<V� ZHDWKHU�
ILOHV�DV�ZHDWKHU�LQSXWV���
$V� VKRZQ� LQ� )LJXUH� ��� HQHUJ\� FRQVXPSWLRQ� IRU�
KHDWLQJ� ZLOO� GHFUHDVH� DQG� WKDW� IRU� FRROLQJ� ZLOO�
LQFUHDVH�� )RU� WKH� VLWXDWLRQ� RI� WRWDO� HQHUJ\�
FRQVXPSWLRQ�� LQ� %HLMLQJ�� WKH� UHGXFWLRQ� RI� HQHUJ\�
FRQVXPSWLRQ� IRU� KHDWLQJ� FDQ� RIIVHW� PRVW� RI� WKH�
LQFUHDVH� RI� WKDW� IRU� FRROLQJ� LQ� RIILFH� EXLOGLQJV��
UHVLGHQWLDO� DQG� KRWHOV�� ZKLFK� PDNHV� WKH� FKDQJH�
SHUFHQWDJH� RI� WRWDO� HQHUJ\� FRQVXPSWLRQ� LV� QRW�
REYLRXV�� RQO\� DERXW� �a���DGGHG��7KHUHIRUH�� HQHUJ\�
QHHGV� RI� EXLOGLQJV� ZLWK� ODUJH� KHDWLQJ� GHPDQG� PD\�
KDYH� D� WUHQG� RI� GHFUHDVLQJ� XQGHU� JOREDO� ZDUPLQJ��
:KLOH� IRU� VKRSSLQJ� PDOOV� LQ� %HLMLQJ�� WRWDO� HQHUJ\�
FRQVXPSWLRQ� VWLOO� KDV� DQ� LQFUHDVH� RI� ����� E\� ������
ZLWK� FRROLQJ� GHPDQG� GRPLQDQW� LQ� D� \HDU� GXH� WR�
UHODWLYHO\�PRUH�LQWHUQDO�KHDW�VRXUFHV���
:KLOH� LQ�6KDQJKDL�� WKH�SURSRUWLRQ�RI�KHDWLQJ�HQHUJ\�
FRQVXPSWLRQ� LQ� WRWDO� GHPDQG� LV� VPDOO�� 7KHQ� WKH�
FKDQJH� RI� HQHUJ\� GHPDQG� PDLQO\� FRPHV� IURP�
VXEVWDQWLDO�JURZWK�RI�HQHUJ\�FRQVXPSWLRQ�IRU�FRROLQJ��
%\� ������ WKH� JURZ� SHUFHQWDJH� RI� WRWDO� HQHUJ\�
FRQVXPSWLRQ� LQ� UHVLGHQWLDO�� KRWHO� DQG� VKRSSLQJ�PDOO�
EXLOGLQJV�LQ�6KDQJKDL�UDQJH�IURP�����WR������ZKLOH�
VPDOOHU� LQ� RIILFH� EXLOGLQJV�� RQO\� ����� &RPSDUHG�
ZLWK� RIILFH� EXLOGLQJV�� UHVLGHQWLDO� DQG� FRPPHUFLDO�
EXLOGLQJV�QHHG�PRUH�HQHUJ\�FRQVXPSWLRQ�IRU�FRROLQJ��
2ZLQJ� WR� ORQJHU� UXQQLQJ� WLPH� DQG� PRUH� FRROLQJ�
ORDGV� LQ� UHVLGHQWLDO� DQG� FRPPHUFLDO� EXLOGLQJV�� WKH�
LPSDFW� RI� WHPSHUDWXUH� ULVH� LQ� VXPPHU� RQ� FRROLQJ�
GHPDQG�DUH�JUHDWHU�WKDQ�WKDW�LQ�RIILFH�EXLOGLQJV���
%\� WKH� HQG� RI� ��VW� FHQWXU\�� KRWHO� EXLOGLQJV� LQ�
*XDQJ]KRX� KDYH� WKH� ELJJHVW� LQFUHDVH� SHUFHQWDJH� RI�
WRWDO� HQHUJ\� GHPDQG�� XS� WR� ������� DQG� ��a���� IRU�
RIILFH�EXLOGLQJV�DQG�UHVLGHQWLDO��6KRSSLQJ�PDOOV�KDYH�
D� VPDOOHU� LQFUHDVH�� RQO\� ������ ([FHSW� IRU� VKRSSLQJ�
PDOOV��RWKHU�EXLOGLQJ�W\SHV�LQ�*XDQJ]KRX�KDYH�ODUJHU�
LQFUHPHQWV�RI�HQHUJ\�GHPDQG�WKDQ�WKRVH�LQ�6KDQJKDL��
/RFDWHG� LQ� KRW� VXPPHU� 	� ZDUP� ZLQWHU� UHJLRQ��
*XDQJ]KRX�KDV�KLJKHU�ZLQWHU�DQG�DQQXDO�WHPSHUDWXUH��
DQG�WKH�DOOHYLDWLYH�HIIHFW�RI�ZLQWHU�ZDUPLQJ�WR�UDSLG�
HQHUJ\�GHPDQG�JURZWK� LQ�*XDQJ]KRX� LV� YHU\� VPDOO��
7KHUHIRUH�� UHJLRQV� ZLWK� KLJKHU� DQQXDO� DYHUDJH�
WHPSHUDWXUH� PD\� KDYH� PRUH� LQFUHPHQWV� RI� HQHUJ\�
FRQVXPSWLRQ�LQIOXHQFHG�E\�FOLPDWH�FKDQJH��

6HQVLELOLW\�DQDO\VLV�RI�EXLOGLQJ�HQHUJ\�GHPDQG�WR�
FOLPDWH�FKDQJH�
,Q�WKLV�SDSHU��WKH�VHQVLELOLW\�RI�EXLOGLQJ�HQHUJ\�

)LJXUH���&KDQJH�SHUFHQWDJH�RI�EXLOGLQJ�HQHUJ\�
FRQVXPSWLRQ�LQ�����������FRPSDUHG�ZLWK�����������

XQGHU�5&3��������

)LJXUH���&KDQJH�SHUFHQWDJH�RI�EXLOGLQJ�HQHUJ\�
GHPDQG�SHU��R&�ULVH�RI�VHDVRQDO�DYHUDJH�

WHPSHUDWXUH�LQ�����������FRPSDUHG�ZLWK�����������
XQGHU�5&3��������

GHPDQG�WR�WHPSHUDWXUH�ULVH�LV�UHIOHFWHG�E\�WKH�UDWLR�RI�
KHDWLQJ�FRROLQJ� GHPDQG� FKDQJH� SHUFHQWDJH� WR�
ZLQWHU�VXPPHU� VHDVRQDO� DYHUDJH� WHPSHUDWXUH� ULVH� LQ�
����������XQGHU�5&3����FRPSDUHG�ZLWK�WKH�EDVHOLQH�
SHULRG��������������VHH�)LJXUH����
8QGHU� WKH� FRQGLWLRQ� RI� ZLQWHU� ZDUPLQJ�� WKH�
VHQVLWLYLWLHV�RI�KHDWLQJ�GHPDQG�WR�WHPSHUDWXUH�ULVH�LQ�
DOO�NLQGV�RI�EXLOGLQJV�LQ�%HLMLQJ�DUH�VHSDUDWHO\�VLPLODU�
WR�WKRVH�LQ�6KDQJKDL�� ,Q�WKH�WZR�FLWLHV�� WKH�UHGXFWLRQ�
SHUFHQWDJH� RI� KHDWLQJ� GHPDQG� SHU� �R&� WHPSHUDWXUH�
ULVH�LV���a�����R&�LQ�RIILFH�DQG�UHVLGHQWLDO�EXLOGLQJV��
DQG� DERYH� �����R&� LQ� VKRSSLQJ� PDOOV�� 7KH�
SHUFHQWDJH� LQ� KRWHOV� LV� VPDOOHU�� RQO\� ����R&�� 7KH�
GLIIHUHQFH� RI� HQHUJ\� GHPDQG� VHQVLELOLW\� LQ� GLIIHUHQW�
EXLOGLQJ� W\SH�PD\� UHODWH� WR� GLIIHUHQW� V\VWHP� W\SH�RI�
+9$&�PDLQO\� XVHG� LQ� FRUUHVSRQGLQJ� EXLOGLQJ� W\SH��
)RU�RIILFH��VKRSSLQJ�PDOO�DQG�UHVLGHQWLDO��FHQWUDOL]HG�
KHDWLQJ� V\VWHP� LV� FRPPRQO\� XVHG�� 7KH� LQFUHDVHV� RI�
ORFDO� RXWGRRU� WHPSHUDWXUH� LQIOXHQFHG� E\� JOREDO�
ZDUPLQJ� PDNH� KHDWLQJ� SHULRG� VKRUWHQ�� FDXVLQJ�
VKRUWHU� UXQWLPH�RI�FHQWUDOL]HG�KHDWLQJ�V\VWHP�GXULQJ�
RQH� \HDU�� 7KHQ� HQHUJ\� FRQVXPSWLRQ� IRU� KHDWLQJ�
UHGXFHV� REYLRXVO\� EHFDXVH� RI� FHQWUDOL]HG� RSHUDWLRQ�
PDQDJHPHQW� GHSHQGLQJ� RQ� RXWGRRU� WHPSHUDWXUH��
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:KLOH� IRU� KRWHO�� GLVWULEXWHG� RU� VHPL�FHQWUDO� DLU�
FRQGLWLRQLQJ� V\VWHP� LV� FRPPRQ� WR� VDWLVI\� WKH�
RSHUDWLRQDO� DQG� XVH� IOH[LELOLW\�� 7KXV�� WKH� VKRUWHQLQJ�
RI�KHDWLQJ�SHULRG�KDV�VPDOOHU�HIIHFWV�RQ�UHGXFWLRQ�RI�
KHDWLQJ�GHPDQG���
&RPSDUHG�ZLWK�%HLMLQJ�DQG�*XDQJ]KRX��DOO�NLQGV�RI�
EXLOGLQJV� LQ� 6KDQJKDL� KDYH� KLJKHU� VHQVLWLYLWLHV� RI�
FRROLQJ�GHPDQG�WR�WHPSHUDWXUH�ULVH�LQ�VXPPHU��(YHQ�
WKH\� DOO� KDYH� VLPLODU� VHDVRQDO� WHPSHUDWXUH� ULVH��
���a���R&�� ZKLOH� LQ� *XDQJ]KRX�� WKH� EDVHOLQH� RI�
FRROLQJ�GHPDQG�LQ�����������LV�PXFK�ODUJHU�WKDQ�LQ�
RWKHU� WZR� FLWLHV�� DQG� WKH� FKDQJH� SHUFHQWDJHV� DUH�
UHODWLYHO\�VPDOOHU��7KH�LQFUHDVH�SHUFHQWDJH�RI�FRROLQJ�
GHPDQG� SHU� �R&� VXPPHU� WHPSHUDWXUH� ULVH� LQ� RIILFH�
EXLOGLQJV�LV������R&�LQ�ERWK�%HLMLQJ�DQG�*XDQJ]KRX��
7KH� HQHUJ\� GHPDQG� VHQVLWLYLW\� RI� KRWHO� WR� VXPPHU�
WHPSHUDWXUH�ULVH�LQ�*XDQJ]KRX�LV�IDU�KLJKHU�WKDQ�WKDW�
LQ� %HLMLQJ��:KLOH� IRU� UHVLGHQWLDO� DQG� VKRSSLQJ� PDOO�
EXLOGLQJV��WKH�VLWXDWLRQ�LV�FRQWUDU\��,Q�WKH�FRPSDULVRQ�
EHWZHHQ� %HLMLQJ� DQG�*XDQJ]KRX�� VHSDUDWHO\� ORFDWHG�
LQ�FROG�DQG�KRW�VXPPHU�	�ZDUP�ZLQWHU� UHJLRQ�� � WKH�
HQHUJ\� GHPDQG� VHQVLWLYLWLHV� RI� RIILFH� EXLOGLQJV� DUH�
VLPLODU�� ZKLOH� WKH� HQHUJ\� GHPDQG� VHQVLWLYLWLHV� RI�
KRWHO� DQG� UHVLGHQWLDO�� VKRSSLQJ�PDOO� DUH� GLIIHUHQW�� ,W�
VHHPV� WKDW� HQHUJ\� FRQVXPSWLRQ� IRU� FRROLQJ� DW� QLJKW�
PD\�EH� WKH�PDLQ�SDUW�RI�FRROLQJ�GHPDQG�LQ�VXPPHU�
LQ�ERWK�%HLMLQJ�DQG�*XDQJ]KRX��7KHUH�PD\�KDYH�WZR�
UHDVRQV� V\QWKHWLFDOO\� FDXVLQJ� WKH� VHQVLWLYLW\�
GLIIHUHQFH�RI�KRWHO�DQG�UHVLGHQWLDO��VKRSSLQJ�PDOO�����
7KH� VHDVRQDO� DYHUDJH� WHPSHUDWXUH� LQ� *XDQJ]KRX� LV�
���R&�KLJKHU�WKDQ�LQ�%HLMLQJ�LQ���������������8QGHU�
JOREDO�ZDUPLQJ��KLJK�LQVXODWLRQ�RI�EXLOGLQJ�HQYHORSH�
LQ�%HLMLQJ�PD\�EH�D�EXUGHQ�WR�FRROLQJ�VXSSO\��

5HYLVLRQ�RI�HQHUJ\�GHPDQG�SUHGLFWLRQ�LQ�
6KDQJKDL�E\�REVHUYHG�ZHDWKHU�GDWD�
:KLOH� LQ� ,3&&¶V� UHVHDUFK�� WKHUH� DUH� VRPH� NH\�
XQFHUWDLQWLHV��$ERXW�WKH�REVHUYHG�FKDQJHV�LQ�FOLPDWH��
FOLPDWH� GDWD� FRYHUDJH� UHPDLQV� OLPLWHG� LQ� VRPH�
UHJLRQV�DQG�WKHUH�LV��D��QRWDEOH��ODFN��RI��JHRJUDSKLF��
EDODQFH� � LQ� � GDWD� � DQG� � OLWHUDWXUH�� � ZLWK� � PDUNHG�
VFDUFLW\� LQ� GHYHORSLQJ� FRXQWULHV�� $GGLWLRQDOO\��
XQFHUWDLQW\� LQ� WKH� HTXLOLEULXP� FOLPDWH� VHQVLWLYLW\��
GLIIHUHQFH�RI�*&0¶V�HVWLPDWHV�RI�GLIIHUHQW�IHHGEDFNV�
LQ� WKH� FOLPDWH� V\VWHP�� DQG� DHURVRO¶V� XQFHUWDLQ�
LPSDFWV� RQ� WKH� PDJQLWXGH� RI� WKH� WHPSHUDWXUH�
UHVSRQVH�PDNH�,3&&¶V�SUHGLFWLRQ�QRW�UREXVW��
,Q� FRQVLGHUDWLRQ� RI� WKH� XQFHUWDLQWLHV� LQ� ,3&&¶V�
SUHGLFWLRQ�� WKH� DERYH� SUHGLFWLYH� UHVXOWV� RI� HQHUJ\�
GHPDQG� FKDQJH� LQ� 6KDQJKDL� DUH� PRGLILHG� E\�
FRPSDULVRQ�RI�PRQWKO\�*&0�SUHGLFWHG�DQG�REVHUYHG�
ZHDWKHU� GDWD� IURP� ����� WR� ����� IRU� PRUH� DFFXUDWH�
DVVHVVPHQW�RI�EXLOGLQJ�HQHUJ\�GHPDQG��7KH�REVHUYHG�
ZHDWKHU�GDWD�RI�6KDQJKDL�FRPHV� IURP�8�6��1DWLRQDO�
&OLPDWLF� 'DWD� &HQWHU� DQG� WKH� GDWD� DUH� UHFRUGHG� E\�
ORFDO�DLUSRUWV��
%\� DQDO\VLV� RI� GDWD� VKRZQ� LQ� )LJXUH� ��� RQ� DYHUDJH��
WKH� VLPXODWHG� WHPSHUDWXUH� LV� ���R&� KLJKHU� WKDQ�

REVHUYHG� PHDQ� WHPSHUDWXUH� LQ� ZLQWHU�� ���R&� ORZHU�
WKDQ� WKDW� LQ� VXPPHU�� DQG� ���R&� ORZHU� WKDQ� WKDW� LQ�
WUDQVLWLRQ�VHDVRQ�ZLWKLQ�WKH�SDVW����\HDUV�LQ�6KDQJKDL��
7KLV�PHDQV�WKDW�,3&&�PD\�RYHUHVWLPDWH�WKH�ZDUPLQJ�
GHJUHH�LQ�ZLQWHU��ZKLOH�XQGHUHVWLPDWH�WKDW�LQ�VXPPHU��
7KH� SURGXFW� RI� WKH� DERYH� VHDVRQDO� WHPSHUDWXUH�
FRUUHFWLRQV� �R&�� LQ� 6KDQJKDL� DQG� FRUUHVSRQGLQJ�
HQHUJ\�GHPDQG�VHQVLWLYLW\����R&��DUH�WKH�FRUUHFWLRQV�
LQ�FKDQJH�SHUFHQWDJHV�RI�HQHUJ\�GHPDQG�IRU�GLIIHUHQW�
EXLOGLQJ�W\SHV�����

)LJXUH���7KH�DYHUDJH�GLIIHUHQFH�EHWZHHQ�PRQWKO\�GEW�
FDOFXODWHG�E\�*&0�DQG�REVHUYHG�PRQWKO\�GEW�

IURP�����WR������LQ�6KDQJKDL��R&��
,Q� WKLV�FDVH��DFWXDO�HQHUJ\�GHPDQG�LQ� WKH�IXWXUH�ZLOO�
EH�PRUH�WKDQ�ZH�SUHGLFWHG�EDVHG�RQ�*&0V¶�RXWSXWV��
)LJXUH� ��� VKRZV� WKH� FRPSDULVRQ� RI� SUHYLRXV� DQG�
UHYLVHG� SUHGLFWLRQ� FKDQJH� LQ� ���������� EDVHG� RQ�
HQHUJ\� GHPDQG� VLWXDWLRQ� LQ� ����������� )RU� IRXU�
EXLOGLQJ�W\SHV��DFWXDO�LQFUHDVH�SHUFHQWDJHV�RI�FRROLQJ�
HQHUJ\� FRQVXPSWLRQ� DUH� ODUJHU�� ZKLOH� UHGXFH�
SHUFHQWDJHV� RI� HQHUJ\� FRQVXPSWLRQ� IRU� KHDWLQJ� DUH�
VPDOOHU��

)LJXUH����5HYLVHG�FKDQJH�SHUFHQWDJHV�RI�EXLOGLQJ�
HQHUJ\�FRQVXPSWLRQ�LQ�����������EDVHG�RQ�EDVHOLQH�
ZHDWKHU�VLWXDWLRQ�XQGHU�5&3����LQ�6KDQJKDL�����

&21&/86,21�
:LWK� DSSOLFDWLRQ� RI� D� WLPH� VHULHV� DGMXVWPHQW�
GRZQVFDOLQJ� PHWKRG� ±� 0RUSKLQJ�� WKLV� SDSHU�
SURGXFHV�IXWXUH�70<V�RI�WKUHH�W\SLFDO�FLWLHV��%HLMLQJ��
6KDQJKDL� DQG� *XDQJ]KRX�� LQ� &KLQD� IRU� ILYH� IXWXUH�
SHULRGV� ������������ ����������� ����������� �����
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����� DQG� ������������ LQWHJUDWLQJ� ,3&&¶V� ODWHVW�
H[SHULPHQWDO�UHVXOWV�XQGHU�5&3�VFHQDULRV�WR�H[LVWLQJ�
KRXUO\�70<V��)XWXUH�PRQWKO\�ZHDWKHU�GDWD�JLYHV�WKH�
VLWXDWLRQ� RI� FOLPDWH� FKDQJH� IRU� WKH� W\SLFDO� FLWLHV��
8QGHU� WKH� VWDEOH� SDWK�� 5&3����� WKH� ULVH� RI� DQQXDO�
DYHUDJH� WHPSHUDWXUH� RI� WKH� WKUHH� FLWLHV� LV� WKH� VDPH��
DERXW����R&��DQG�WKH�WHPSHUDWXUH�ULVH�XQGHU�WKH�KLJK�
HQG�SDWK�5&3����LV�DERXW����R&��,Q�D�\HDU��WKH�ODUJHVW�
LQFUHDVH� RI� PRQWKO\� DYHUDJH� WHPSHUDWXUH� PRVWO\�
RFFXUV�LQ�ZLQWHU��DQG�LQ�VXPPHU�DQG�WUDQVLWLRQ�VHDVRQ��
WKH�ULVH�LV�VPDOOHU��
:H� DSSO\� IXWXUH� 70<V� JHQHUDWHG� XQGHU� 5&3���� LQ�
WKH� ODVW� SUHGLFWLYH� SHULRG� WR� SURWRW\SLFDO� EXLOGLQJ�
PRGHOV� IRU� DQQXDO� KRXUO\� HQHUJ\� VLPXODWLRQ�� DQG�
HVWLPDWH� WKH� HQHUJ\� GHPDQG� WUHQGV� RI� WKUHH� W\SLFDO�
FLWLHV� E\� WKH� HQG� RI� ��VW� FHQWXU\�� ZLWK� FRPSDULQJ�
VLPXODWHG�UHVXOWV�FDOFXODWHG�E\�QHZ�70<V��LQ������
������ DQG� H[LVWLQJ� 70<V� �LQ� ������������
0HDQZKLOH�� FRQVLGHULQJ� GLIIHUHQW� FKDUDFWHULVWLFV� RI�
HQHUJ\� XVH� LQ� GLIIHUHQW� EXLOGLQJ� W\SHV� �KLJK�ULVH�
RIILFH� EXLOGLQJ�� KLJK�ULVH� UHVLGHQWLDO� EXLOGLQJ�� KRWHO�
DQG�VKRSSLQJ�PDOO���KHUH�GLVFXVVHV�WKH�VHQVLWLYLWLHV�RI�
HQHUJ\�GHPDQG�LQ�GLIIHUHQW�VHDVRQV�WR�WKH�ULVH�RI�WKH�
FRUUHVSRQGLQJ�VHDVRQDO�DYHUDJH�WHPSHUDWXUH��
%\� FRPSDULQJ� PRQWKO\� WHPSHUDWXUH� SUHGLFWHG� E\�
*&0V� ZLWK� REVHUYHG� ZHDWKHU� GDWD� IURP� ����� WR�
�����LQ�6KDQJKDL��ZH�JXHVV�WKDW�WKH�ZLQWHU�ZDUPLQJ�
PD\� EH� RYHUHVWLPDWHG� DQG� WKH� VXPPHU� WHPSHUDWXUH�
ULVH�PD\�EH�XQGHUHVWLPDWHG�E\�,3&&��ZKLFK�PHDQV�LQ�
WKH�IXWXUH�DFWXDO�HQHUJ\�FRQVXPSWLRQ�ZRXOG�EH�PRUH�
WKDQ�ZH�SUHGLFWHG�EDVHG�RQ�*&0V¶�SUHGLFWLRQ��
)URP� WKH� DQDO\VLV� RI� EXLOGLQJ� HQHUJ\� GHPDQG�
FKDQJHV��LW�LV�QRW�KDUG�WR�VHH�WKDW�LQ�GLIIHUHQW�FOLPDWH�
UHJLRQ�� WKH�SUHVVXUH�RI�EXLOGLQJ�HQHUJ\�FRQVXPSWLRQ�
JURZWK� PD\� FRPH� IURP� GLIIHUHQW� DVSHFWV�� DQG� WKH�
VHQVLWLYLWLHV�RI�HQHUJ\�GHPDQG�WR�FOLPDWH�FKDQJH�IRU�
GLIIHUHQW� EXLOGLQJ� W\SHV� DUH� REYLRXVO\� GLIIHUHQW�� ,Q�
WKH� GHYHORSPHQW� RI� EXLOGLQJ� HQHUJ\� VDYLQJ�� LW� LV� DQ�
LPSRUWDQW� SUHPLVH� WKDW� ILJXULQJ� RXW� WKH� SULPDU\�
FRQWUDGLFWLRQ� RI� WKH� HQHUJ\� XVH� VLWXDWLRQ� LQ� VSHFLILF�
EXLOGLQJ��6XLWDEOH� HQHUJ\� HIILFLHQF\�PHDVXUHV� LQ� WKH�
VLJKW� RI� ORFDO� FRQGLWLRQ� DQG� EXLOGLQJ� W\SH� PD\� EH�
PRUH� HIIHFWLYH�� $W� WKH� VDPH� WLPH�� GHFLVLRQ� PDNHUV�
QHHG� WR� SURSRVH� DQG� LPSOHPHQW� IHDVLEOH� HQHUJ\�
SROLFLHV��ZLWK�ORFDO�GHYHORSPHQW�WUHQGV�RI�HQHUJ\�XVH�
FRQVLGHUHG��$ERYH� WZR�DVSHFWV�PD\�EH� EHQHILFLDO� WR�
VORZ�GRZQ�WKH�VXEVWDQWLDO�JURZWK�RI�HQHUJ\�GHPDQG�
DQG� HQKDQFH� WKH� DGDSWDELOLW\� RI� EXLOGLQJ� LQGXVWU\� WR�
WKH�JOREDO�HQHUJ\�FULVLV�FDXVHG�E\�FOLPDWH�FKDQJH���
7KH� LPSDFW� RI� JOREDO� FOLPDWH� FKDQJH� RQ� EXLOGLQJ�
HQHUJ\�GHPDQG�GLVFXVVHG�LQ�WKLV�SDSHU�LV�VSHFLILF�IRU�
GLIIHUHQW�EXLOGLQJ�W\SH��+RZHYHU��WKLV�PHWKRG�FDQ�EH�
DSSOLHG� WR� HQHUJ\� GHPDQG� SUHGLFWLRQ� RI� RYHUDOO�
EXLOGLQJ� VHFWRU� ZKHQ� WKH� FRQVWUXFWLRQ� LQGXVWU\�
VWUXFWXUH�LV�DYDLODEOH��

120(1&/$785(�
GEW�  � GU\�EXOE�WHPSHUDWXUH�

GEWR�  � GU\�EXOE�WHPSHUDWXUH�LQ�H[LVWLQJ�
70<�

△7(03P�  � SUHGLFWHG�FKDQJH�RI�PRQWKO\�PHDQ�
GEW�LQ�P�PRQWK��

ɚGEWP�  � PRQWKO\�VWUHWFKLQJ�IDFWRU�RI�GEW�
△70$;P�  � SUHGLFWHG�FKDQJHV�RI�PRQWKO\�

PD[LPXP�WHPSHUDWXUH�
△70,1P�  � SUHGLFWHG�FKDQJHV�RI�PRQWKO\�

PLQLPXP�WHPSHUDWXUH�
�GEWRPD[�P�  � PRQWKO\�PHDQ�GDLO\�PD[LPXP�

WHPSHUDWXUH�RI�P�PRQWK�LQ�H[LVWLQJ�
70<�

�GEWRPLQ�P�  � PRQWKO\�PHDQ�GDLO\�PLQLPXP�
WHPSHUDWXUH�RI�P�PRQWK�LQ�H[LVWLQJ�
70<�

GSW�  � GHZ�SRLQW�WHPSHUDWXUH�
6�  � VSHFLILF�KXPLGLW\�
Į6P�  � PRQWKO\�VFDOLQJ�IDFWRU�RI�6�
6R�  � VSHFLILF�KXPLGLW\�LQ�H[LVWLQJ�70<��
63+8P�  � SUHGLFWHG�SHUFHQWDJH�FKDQJHV�LQ�

VSHFLILF�KXPLGLW\�RI�P�PRQWK�

5()(5(1&(6�
%HOFKHU�� 6�(��� +DFNHU�� -�1���3RZHOO�� '�6�� ������

&RQVWUXFWLQJ� GHVLJQ� ZHDWKHU� GDWD� IRU� IXWXUH�
FOLPDWHV��%XLOGLQJ�6HUYLFHV�(QJLQHHULQJ�5HVHDUFK�
DQG�7HFKQRORJ\�����������������

&KDQ�� $�/�6�� ������ 'HYHORSLQJ� IXWXUH� KRXUO\�
ZHDWKHU� files� IRU� VWXG\LQJ� WKH� LPSDFW� RI� FOLPDWH�
FKDQJH�RQ�EXLOGLQJ�HQHUJ\�SHUIRUPDQFH� LQ�+RQJ�
.RQJ��(QHUJ\�DQG�%XLOGLQJV�������������������

&KDQ�� $�/�6��� &KRZ�� 7�7���)RQJ�� 6�.�)���/LQ�� -�=��
������*HQHUDWLRQ�RI�D�W\SLFDO�PHWHRURORJLFDO�\HDU�
IRU� +RQJ� .RQJ�� (QHUJ\� &RQYHUVLRQ� DQG�
0DQDJHPHQW�����������±����

&KULVWHQVRQ�� 0��� 0DQ]�� +��� *\DOLVWUDV�� '�� ������
&OLPDWH� ZDUPLQJ� LPSDFW� RQ� GHJUHH�GD\V� DQG�
EXLOGLQJ� HQHUJ\� GHPDQG� LQ� 6ZLW]HUODQG�� (QHUJ\�
&RQYHUVLRQ�DQG�0DQDJHPHQW����������������

,3&&� ������ &OLPDWH� FKDQJH� ������ WKH� SK\VLFDO�
VFLHQFH�EDVLV��&RQWULEXWLRQ�RI�:RUNLQJ�*URXS�,�
WR� WKH� IRXUWK� DVVHVVPHQW� UHSRUW� RI� WKH�
,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH��
&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��8QLWHG�
.LQJGRP�DQG�1HZ�<RUN��1<��86$��

.DQJ�� <�%�� ������ $QDO\VLV� RI� EXLOGLQJ� HQHUJ\�
HIILFLHQF\� PHDQVXUHV� IRU� HQHUJ\� FRQVHUYDWLRQ�
JRDO� LQ� WKH� ��WK�)LYH�<HDU� 3ODQ����� (QHUJ\� RI�
&KLQD�����������������

0RVV�� 5�+��� (GPRQGV�� -�$��HW� DO�� ������ 7KH� QH[W�
JHQHUDWLRQ� RI� VFHQDULRV� IRU� FOLPDWH� FKDQJH�
UHVHDUFK�DQG�DVVHVVPHQW��1DWXUH����������������
������

9DQ�3DDVVHQ��$�+�&���/XR��4�;��������:HDWKHU�GDWD�
JHQHUDWRU� WR�VWXG\�FOLPDWH�FKDQJH�RQ�EXLOGLQJV��
%XLOGLQJ� 6HUYLFHV� (QJLQHHULQJ� 5HVHDUFK� DQG�
7HFKQRORJ\������������������

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 974 -

http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bBelcher%2C+S.E.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bHacker%2C+J.N.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bPowell%2C+D.S.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bChan%2C+A.L.S.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bChan%2C+A.L.S.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bChow%2C+T.T.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bFong%2C+S.K.F.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bLin%2C+J.Z.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bChristenson%2C+M.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bManz%2C+H.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bGyalistras%2C+D.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bMoss%2C+R.H.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bEdmonds%2C+J.A.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bVan+Paassen%2C+A.H.C.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr
http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bLuo%2C+Q.X.%7d&section1=AU&database=7&yearselect=yearrange&sort=yr

