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$%675$&7�
7KH�SDVVLYH�KRXVH��3+��VWDQGDUG�LV�VHHQ�DV�WKH�IXWXUH�
PLQLPDO�UHTXLUHPHQW�IRU�EXLOGLQJV�LQ�1RUZD\��ZKHUH�
D� VSHFLILF� GHILQLWLRQ� KDV�EHHQ�GHYHORSHG� �16��������
1HYHUWKHOHVV�� WKH� UHODWLRQ�EHWZHHQ� WKLV� VWDQGDUG� DQG�
DLU�KHDWLQJ��$+��LV�QRW�FOHDU�ZKLOH�ERWK�FRQFHSWV�DUH�
RIWHQ� DVVRFLDWHG�� 7KH� SUHVHQW� FRQWULEXWLRQ�
LQYHVWLJDWHV� FKDOOHQJHV� IRU� $+� LQ� WHUPV� RI� WKHUPDO�
G\QDPLFV� �H�J�� WHPSHUDWXUH� GLVWULEXWLRQ� DQG� FRQWURO��
DV�ZHOO� DV� WKH� IHDVLELOLW\�RI� WKH�$+�FRQFHSW��7KLV� LV�
GRQH�XVLQJ�GHWDLOHG�G\QDPLF�VLPXODWLRQV�RQ�D�W\SLFDO�
GHWDFKHG� KRXVH� W\SRORJ\�� 5HVXOWV� VKRZ� VRPH�
OLPLWDWLRQV�RI�WKH�$+�FRQFHSW�LQ�1RUGLF�FRXQWULHV��DV�
ZHOO�DV�SURYLGH�JXLGHOLQHV�IRU�WKH�GHVLJQ�SURFHGXUH��

,1752'8&7,21�
7KH� SDVVLYH� KRXVH� �3+�� LV� D� VWDQGDUG� WKDW� DLPV� DW�
SURPRWLQJ� HQHUJ\� HIILFLHQF\�� 7KH� PDLQ� FRQFHSW� RI�
WKH�SDVVLYH�KRXVH�LV�EDVHG�RQ�UHGXFWLRQ�RI�WKH�VSDFH�
KHDWLQJ��6+��QHHGV�XVLQJ�D�VXSHU�LQVXODWHG�HQYHORSH���
,Q�WKH�RULJLQDO�SKLORVRSK\�RI�WKH�SDVVLYH�KRXVH��)HLVW�
������� WKH� PLQLPDO� UHTXLUHPHQW� IRU� WKH� HQYHORSH�
SHUIRUPDQFH�KDV�EHHQ�VWURQJO\�FRQQHFWHG� WR� WKH�DLU�
KHDWLQJ� �$+�� FRQFHSW�� ,Q� SUDFWLFH�� WKH� EXLOGLQJ�
HQYHORSH�VKRXOG�EH�VXIILFLHQWO\�LQVXODWHG�VR�WKDW�LW�LV�
SRVVLEOH� WR� FRYHU� WKH� 6+� E\� WKH� YHQWLODWLRQ� DLU� DW�
VWDQGDUG� K\JLHQLF� IORZ� UDWHV�� $QRWKHU� XQGHUO\LQJ�
DVVXPSWLRQ�LV�WKDW�WKH�PD[LPDO�LQOHW�$+�WHPSHUDWXUH�
FDQ� EH� UDLVHG� XS� WR� ������&�� UHSUHVHQWDWLYH� RI� WKH�
WHPSHUDWXUH� RI� GXVW� FDUERQL]DWLRQ�� $� GLUHFW�
FRQVHTXHQFH� RI� WKH� $+� FRQFHSW� LV� WKDW� WKH� SDVVLYH�
KRXVH� VKRXOG� UHVRUW� WR� KLJK� SHUIRUPDQFH� ZLQGRZV�
�H�J�� XVLQJ� WULSOH� JOD]LQJ�� LQ� RUGHU� WR� SUHYHQW�
H[FHVVLYH� FROG� GUDIW� RU� GLVFRPIRUW� LQGXFHG� E\� DQ�
LQWHUQDO�FROG�VXUIDFH��
$� VSHFLILF� GHILQLWLRQ� RI� WKH� 3+� VWDQGDUG� KDV� EHHQ�
GHILQHG� IRU� 1RUZD\�� WKH� 16� ����� �6WDQGDUG� 1RUJH�
������� $OWKRXJK� QRW� RIILFLDO� \HW�� WKLV� VWDQGDUG� LV�
RIWHQ� FRQVLGHUHG� DV� WKH� IXWXUH� OHJDO� UHTXLUHPHQW� IRU�
QHZ�EXLOGLQJV�DIWHU�������ZKLOH�LW�LV�DOVR�VHHQ�DV�WKH�
PLQLPDO�HQYHORSH�SHUIRUPDQFH�IRU�IXWXUH�1RUZHJLDQ�
QHW�=HUR�(PLVVLRQ�%XLOGLQJV��Q=(%���$OWKRXJK�WKHVH�
REMHFWLYHV�DUH�DPELWLRXV�DQG�DW�D�VKRUW�WHUP��WKHUH�LV�
VWLOO�D�ODFN�RI�H[SHULHQFH�DERXW�$+�LQ�1RUZHJLDQ�3+�
VR� WKDW� WKLV� NQRZOHGJH� VKRXOG� EH� TXLFNO\� JDLQHG��
3DUDGR[LFDOO\�� WKH�16� ����� LV� QRW� EDVHG� RQ� WKH�$+�
FRQFHSW�DOWKRXJK�LW�LV�H[SOLFLWO\�ZULWWHQ�WKDW�LW�GHULYHV�

WKH� *HUPDQ� 3+� FRQFHSW� WR� 1RUZD\�� 7KHUHIRUH�� WKH�
SUHVHQW�FRQWULEXWLRQ� LQYHVWLJDWHV� WKH�$+�SRWHQWLDO� LQ�
D�1RUGLF� FRQWH[W�� FKDUDFWHUL]HG� E\� ODUJH� GLIIHUHQFHV�
EHWZHHQ� FOLPDWH� ]RQHV� DV� ZHOO� DV� ORZ� VRODU� DQJOHV��
$FFRUGLQJO\�� RXU� ZRUN� WDNHV� DV� D� EDVLV� DVVXPSWLRQ�
WKDW� WKH� PD[LPDO� $+� WHPSHUDWXUH� LV� ���&�� PL[LQJ�
YHQWLODWLRQ�DQG�WKDW�IORZ�UDWHV�FDQ�RQO\�EH�LQFUHDVHG�
XS� WR� a���� DERYH� WKH� QRPLQDO� UDWHV�� EDVHG� RQ�
K\JLHQLF�FRQVLGHUDWLRQV��DW�SHDN�ORDG���
$�EURDG�UHYLHZ�RI�WKH�TXHVWLRQV�UHJDUGLQJ�WKH�LQGRRU�
DLU� TXDOLW\� �,$4�� LQ�SDVVLYH� KRXVHV� FDQ�EH� IRXQG� LQ�
�7KRPVHQ� ������� ,QYHVWLJDWLRQV� RQ� $+� VSHFLILF� WR�
1RUGLF�FOLPDWHV�DUH�PRVWO\�EDVHG�RQ�6ZHGLVK�ZRUNV�
�.DUOVVRQ� ������ :DOO� ������ ,VDNVVRQ� ������ 0ROLQ�
������� ,Q� WHUPV� RI� WKHUPDO� FRPIRUW� DQG� HQHUJ\�
HIILFLHQF\�RQO\��ZH�SURSRVH�WR�FODVVLI\�WKH�FKDOOHQJHV�
IRU�WKH�$+�RI�SDVVLYH�KRXVHV�LQ�WKH�IROORZLQJ�ZD\��
�� 'HVLJQ� DQG� UREXVWQHVV� RI� WKH� $+� FRQFHSW��

*LYHQ� WKH�GLIIHUHQW�FOLPDWH�]RQHV� LQ�1RUZD\�� LV�
WKH�PD[LPDO�$+�SRZHU�DFWXDOO\�HQRXJK�WR�FRYHU�
WKH�6+�ORDG�GXULQJ�DOO� WKH�ZLQWHU"�:KDW�DUH� WKH�
ERXQGDU\� FRQGLWLRQV� IRU� WKH� $+� GHVLJQ� �H�J��
RXWGRRU�WHPSHUDWXUH�DQG�VRODU�LUUDGLDWLRQ�"�

�� $LU�GLVWULEXWLRQ� LQVLGH�D�URRP��8VLQJ�$+�� WKH�
IORZ� LV� EXR\DQF\� GULYHQ� E\� WKH� FROG� GUDIW� RI�
ZLQGRZV� DQG� E\� WKH� SOXPHV� JHQHUDWHG� E\�
LQWHUQDO� KHDW� ORDGV� �.UDMþtN� ������� ,Q� SUDFWLFH��
WKHUH� LV� VWLOO� D� ULVN� RI� VWURQJ� WHPSHUDWXUH�
VWUDWLILFDWLRQ� RU� SRWHQWLDOO\� XQFRPIRUWDEOH� GUDIW��
)XUWKHUPRUH�� UHGXFHG� YHQWLODWLRQ� HIIHFWLYHQHVV�
FDQ� EH� IRXQG�� H�J�� WKH� IUHVK� DLU� VKRUWFXWV� WR� WKH�
H[KDXVW� $LU� 7HUPLQDO� 'HYLFH�� $7'� �0DWKLVHQ�
�������7KHVH�SKHQRPHQD� DUH� DOVR�GHSHQGHQW� RQ�
WKH� URRP� JHRPHWU\��$+� WHPSHUDWXUH� DQG�$7'V�
ORFDWLRQV�� $OWKRXJK�� GHGLFDWHG� UHVHDUFK� LV� VWLOO�
QHHGHG�� UHFHQW� ZRUNV� EDVHG� RQ� PHDVXUHPHQWV�
�)HLVW� ������ .UDMþtN� ������ GLG� QRW� UHSRUW� DQ\�
VHYHUH� LVVXH�� WKHVH� UHVXOWV� LQYHVWLJDWHG� $+�
WHPSHUDWXUHV�XS�WR�a���&��

�� 'LVWULEXWLRQ� ORVVHV� LQ� YHQWLODWLRQ� GXFWV��
7KHUPDO� ORVVHV� IURP� GXFWV� DUH� VLJQLILFDQW� DQG�
PD\� DIIHFW� WKH� WKHUPDO� FRPIRUW� LQ� SDVVLYH�
KRXVHV��/RVVHV�VKRXOG�EH�D�SDUW�RI�WKH�GHVLJQ�DQG�
FDQ�DOVR�EH�XVHG�WR�LPSURYH�WKH�WKHUPDO�FRPIRUW�
LQ�VSHFLILF�URRPV��H�J��EDWKURRPV���)HLVW��������

�� $+� WKHUPDO� G\QDPLFV�� $VVXPLQJ� D� VLQJOH�
KHDWLQJ�FRLO�IRU�D�FHQWUDOL]HG�$+��WKHUH�LV�D�QRQ�
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XQLIRUP� GLVWULEXWLRQ� RI� WHPSHUDWXUH� EHWZHHQ�
URRPV��7KLV�GLVWULEXWLRQ�LV�PDLQO\�LQIOXHQFHG�E\�
WKH�EXLOGLQJ�DUFKLWHFWRQLF�SURSHUWLHV��WKH�FOLPDWH�
DQG�WKH�$+�FRQWURO��,Q�DGGLWLRQ�� LW�LV�DOVR�ZRUWK�
LQYHVWLJDWLQJ� WKH� LQIOXHQFH� RI� D� FRPSOHPHQWDU\�
6+� HPLVVLRQ� LQ� EDWKURRPV�� WKH� HIIHFW� RI� WKH�
LQWHUQDO�JDLQV�GLVWULEXWLRQ�LQVLGH�WKH�EXLOGLQJ��WKH�
LQIOXHQFH� RI� WKH� VRODU� JDLQV� �H�J�� VKDGLQJ�
VWUDWHJ\���DQG�WKH�LQIOXHQFH�RI�RSHQLQJ�WKH�GRRUV�
LQVLGH�WKH�EXLOGLQJ��

�� 0D[LPDO�$+�WHPSHUDWXUH��,V�WKH�FKDUDFWHULVWLF�
WHPSHUDWXUH�EHIRUH�GXVW�FDUERQL]DWLRQ�WKH�FRUUHFW�
FULWHULRQ�IRU�WKHUPDO�FRPIRUW�DQG�,$4"�

(YHQ�WKRXJK�DOO�WKHVH�ILYH�TXHVWLRQV�GHVHUYH�D�SURSHU�
WUHDWPHQW�� WKH� SUHVHQW� DUWLFOH� VSHFLILFDOO\� IRFXVHV� RQ�
SRLQWV�����DQG������,Q�SDUDOOHO��DQ�LGHDOL]HG�EHKDYLRXU�
IRU� TXHVWLRQV� ���� DQG� ���� LV� DVVXPHG� �L�H�� D� SHUIHFW�
PL[LQJ� DQG� QR� GLVWULEXWLRQ� ORVVHV�� UHVSHFWLYHO\��� � ,Q�
WKLV� FRQWH[W�� LQYHVWLJDWLRQV� DUH� FRQVLVWHQWO\�
SHUIRUPHG� XVLQJ� GHWDLOHG� G\QDPLF� VLPXODWLRQV�� KHUH�
DSSOLHG�WR�RQH�EHQFKPDUN�1RUZHJLDQ�SDVVLYH�KRXVH��
$� VHQVLWLYLW\� DQDO\VLV� LV� GRQH� XVLQJ� D� VHW� RI� a����
VLPXODWLRQV� ZLWK� D� WLPH� VWHS� RI� �� PLQ�� 2QO\� PRVW�
UHSUHVHQWDWLYH�UHVXOWV�DUH�UHSRUWHG�LQ�WKH�SDSHU��

6,08/$7,21�352&('85(�
%XLOGLQJ�PRGHO�
*LYHQ� WKHVH� DVVXPSWLRQV�� LQYHVWLJDWLRQV� DUH�
SHUIRUPHG� XVLQJ� GHWDLOHG� G\QDPLF� VLPXODWLRQV�� KHUH�
XVLQJ�7516<6��.OHLQ�HW�DO��������� �7KH�PXOWL�]RQH�
EXLOGLQJ�PRGHO��7\SH�����LV�DSSOLHG�ZKHUH�HDFK�]RQH�
LV� FRQVLVWHQWO\� UHSUHVHQWHG� E\� RQH� DLU�QRGH� �L�H��
SHUIHFW� PL[LQJ��� ,Q� RUGHU� WR� LQYHVWLJDWH� QDWXUDO�
FRQYHFWLRQ� LQVLGH� WKH� HQYHORSH�� WKH� DLUIORZ� UDWHV�
EHWZHHQ� URRPV� DUH� FRPSXWHG� XVLQJ� D� YHQWLODWLRQ�
QHWZRUN� PRGHO�� KHUH� 751)/2:� EDVHG� RQ� WKH�
&20,6� OLEUDU\�� )HLVW� HW� DO�� �)HLVW� ������ LQGHHG�
GHPRQVWUDWHG�WKDW�WKH�RSHQLQJ�RI�WKH�LQWHUQDO�GRRUV�LV�
DQ� HIILFLHQW� ZD\� WR� KRPRJHQL]H� WKH� WHPSHUDWXUH�
ZLWKLQ� WKH� HQYHORSH�� 'RRUV� DUH� PRGHOOHG� XVLQJ� D�
ODUJH� RSHQLQJ� DSSUR[LPDWLRQ� �(WKHULGJH� ������
LQWURGXFLQJ� D� GLVFKDUJH� FRHIILFLHQW�� &G�� WR� WXQH� WKH�
PRGHO�WR�D�VSHFLILF�IORZ�SK\VLFV��0HDVXUHPHQWV�KDYH�
VKRZQ�WKDW�&G�IRU�GRRUV�W\SLFDOO\�UDQJHV�EHWZHHQ�����
DQG� ���� �+HLVHOEHUJ� �������ZKLOH� D� GHIDXOW� YDOXH� RI�
����� LV� KHUH� DSSOLHG��'RRUV� KDYH� D� VHFWLRQ� RI� �P� [�
���P��ZLWK� D� �FP�RSHQLQJ� XQGHUQHDWK�ZKHQ� FORVHG��
)LQDOO\�� WKH� WKHUPDO� FRPIRUW� LV� HYDOXDWHG� JOREDOO\�
XVLQJ�WKH�RSHUDWLYH�WHPSHUDWXUH��7RS��&(1��������

%HQFKPDUN�SDVVLYH�KRXVH��
$� VDPH� GHWDFKHG� VLQJOH�IDPLO\� KRXVH� JHRPHWU\� LV�
XVHG�DV�D�EHQFKPDUN�EXLOGLQJ�IRU�DOO�VLPXODWLRQV��,W�LV�
D� W\SLFDO� WZR�VWRUH\¶V� EXLOGLQJ� H[WUDFWHG� IURP� D�
KRXVH� PDQXIDFWXUHU� FDWDORJXH� �0HVWHUKXV� ������� D�
FRPPRQ� W\SRORJ\� LQ� 1RUZD\�� 7KH� KRXVH� KDV� D� QHW�
KHDWHG� VXUIDFH� �$IO�� RI� ������P��� 7KH� KRXVH� DQG� LWV�
LQWHUQDO� RUJDQL]DWLRQ� DUH� VKRZQ� LQ� )LJ�� ��� WKH�
EXLOGLQJ� LV� GLYLGHG� LQWR��� WKHUPDO� ]RQHV��7KH� OLYLQJ�

URRP�IDFHV�WKH�VRXWK��,W� LV�DVVXPHG�WKDW�WKH�KRXVH�LV�
SODFHG�RQ�D�IODW�DQG�RSHQ�WHUUDLQ�ZLWKRXW�REVWDFOHV���
7KH� EXLOGLQJ� KDV� EDODQFHG� PHFKDQLFDO� YHQWLODWLRQ�
HTXLSSHG�ZLWK�D�KHDW�UHFRYHU\�XQLW��7KH�FRQVWDQW�DLU�
YROXPH� �&$9�� YHQWLODWLRQ� RSHUDWHV� D�FDV FDGH�IORZ��
WKH� IUHVK� DLU� LV� VXSSOLHG� LQ� WKH� OLYLQJ� URRPV� DQG�
EHGURRPV�� DQG� LV� H[WUDFWHG� LQ� ZHW� URRPV� �H�J��
EDWKURRP��� 6WDQGDUG� K\JLHQLF� IORZ� UDWHV� �9Q�� DUH�
LPSRVHG�� ZLWK� D� PHDQ� IUHVK� DLUIORZ� UDWH� RI� ����
P��P��K� �.5'� ������� $V� PHQWLRQHG�� LW� LV� DVVXPHG�
WKDW� WKH�DLUIORZ� UDWH�FDQ�RQO\�EH�ERRVWHG�XS� WR�����
DERYH� 9Q�� %\� GHIDXOW�� WLPH�FRQVWDQW� DQG� VSDFH�
XQLIRUP� LQWHUQDO� JDLQV� ZLWK� D� YDOXH� RI� ���� :�P��
FRPSDUDEOH� WR� WKH� 16� ����� DUH� DSSOLHG� WR� WKH�
EXLOGLQJ�PRGHO��ZKLOH�����:�P��LV�FRQVLGHUHG�LQ�WKH�
3+33� WRRO� �)HLVW� ������ XVHG� IRU� WKH� GHVLJQ� RI�
*HUPDQ�3+��

�

�
)LJXUH���6NHWFKHV�RI�WKH�ILUVW�DQG�VHFRQG�IORRUV��

NLWFKHQ�FRXSOHG�WR�WKH�OLYLQJ�URRP��]RQH����FRUULGRU�
ZLWK�DQ�RSHQ�VWDLUFDVH�WRZDUGV�WKH�VHFRQG�IORRU�

�]RQH����WHFKQLFDO�URRP��]RQH�����EDWKURRPV��]RQHV���
DQG����DQG�EHGURRPV��]RQHV���������

�

7DEOH���:HDWKHU�FKDUDFWHULVWLFV�IRU�WKH���ORFDWLRQV��
,WRW�UDG�LV�WKH�PHDQ�WRWDO�UDGLDWLRQ�RQ�D�KRUL]RQWDO�

VXUIDFH��ș6+�GLP�LV�WKH�6+�GHVLJQ�RXWGRRU�WHPSHUDWXUH��
�

� Ĭ\P�
>�&@�

,WRW�UDG�
>:�Pð@�

Ĭ6+�GLP�
>�&@�

4PD[
�

>N:K�Pð�\@�
2VOR� ���� ���� ������ �����
%HUJHQ� ���� ��� ������ �����
.DUDVMRN� ����� ��� ������ �����

*LYHQ�LQ�16�������GHSHQGLQJ�RQ�ș\P�DQG�$IO�RQO\�
��
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7DEOH���%XLOGLQJ�HQYHORSH�SHUIRUPDQFH�DV�D�IXQFWLRQ�RI�WKH�JHRJUDSKLF�ORFDWLRQ��8�YDOXH�RI�H[WHUQDO�ZDOOV�
�8H[W�ZDOO���WKH�URRI��8URRI���WKH�VODE��8VODE��DQG�WKH�ZLQGRZV��8ZLQ���QRUPDOL]HG�WKHUPDO�EULGJHV��ȥ´���HIILFLHQF\�RI�
WKH�KHDW�UHFRYHU\��ȘH[FK���LQILOWUDWLRQ�UDWH�DW����3D��Q����DV�ZHOO�DV�QHW�6+�QHHGV�FRPSXWHG�XVLQJ�6,0,(1��4QHW��

DQG�PD[LPXP�QHW�6+�SRZHU��36+��ZLWK�D�FRQVWDQW�VHW�SRLQW�WHPSHUDWXUH��
�
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8VODE�
>:�Pð�.@�

8ZLQ�
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2VOR� ����� ����� ����� ����� ����� ��� ���� ����� �����
%HUJHQ� ����� ����� ����� ����� ����� ��� ���� ����� �����
.DUDVMRN� ����� ����� ����� ����� ����� ��� ���� ����� �����
16������ ����� ����� ����� ����� ����� ��� ���� �� ��
0LQLPDO�UHTXLUHPHQW�E\�EXLOGLQJ�FRPSRQHQW�LPSRVHG�E\�WKH�1RUZHJLDQ�3+�VWDQGDUG��16�������

�
7DEOH���%XLOGLQJ�FRQVWUXFWLRQ�PRGHV��RYHUDOO�EXLOGLQJ�LQHUWLD�XVLQJ�(1��������8�YDOXH�RI�IORRU�FHLOLQJ��8IORRU���

SDUWLWLRQ�ZDOOV��8SDUW��DQG�EHDULQJ�ZDOOV��8EHDULQJ���
�

&216758&7,21�
7<3(�

,1(57,$�
7<3(�

,1(57,$�
>0-�.@�

8IORRU�
>:�Pð�.@�

8SDUW�
>:�Pð�.@�

8EHDULQJ�
>:�Pð�.@�

0DVRQU\�KHDY\� 9HU\�KHDY\� ��� ���� ���� ����
0L[HG�ZRRG�PDVRQU\� +HDY\� ��� ���� ����� ����
:RRGHQ�KHDY\� 0HGLXP� ��� ����� ����� ����
0DVRQU\�OLJKW� /LJKW� ��� ����� ����� ����
:RRGHQ�OLJKW� 9HU\�/LJKW� ��� ����� ����� �����

�

&RQVWUXFWLRQ�PRGHV��
7KH� 16� ����� GHILQHV� D� PLQLPDO� SHUIRUPDQFH�
UHTXLUHPHQW� IRU� HDFK� EXLOGLQJ� FRPSRQHQW� �H�J��
H[WHUQDO� ZDOOV�� ZLQGRZV�� DV� ZHOO� DV� D� PD[LPXP�
YDOXH� DGPLWWHG� IRU� WKH� DQQXDO� QHW� 6+� QHHGV� �4PD[���
7KLV� ODVW� FULWHULRQ� LV� PDGH� GHSHQGHQW� RQ� WKH� ORFDO�
ZHDWKHU� FRQGLWLRQV� DQG� WKH� EXLOGLQJ� FRPSDFWQHVV��
4PD[� LV� DGDSWHG� DV� D�I XQFWLRQ� RI� WKH� DQQXDO� PHDQ�
RXWGRRU� WHPSHUDWXUH� �ș\P�� DQG� WKH� KHDWHG� DUHD� �$IO���
7KUHH� GLIIHUHQW� EXLOGLQJ� ORFDWLRQV� DUH� FRQVLGHUHG�
KHUH�� VHH� 7DEOH� ��� 2VOR�� %HUJHQ� DQG� .DUDVMRN��
$OWKRXJK� OLPLWHG�� WKLV� VHW� RI� ORFDWLRQV� HQDEOHV� D�
FRDUVH� HVWLPDWH� RI� WKH� ZLGH� UDQJH� RI� ZHDWKHU�
FRQGLWLRQV� IRXQG� LQ� 1RUZD\�� 7KH� 6+� VHW�SRLQW�
WHPSHUDWXUH��7VHW��LV�IL[HG�DW����&�E\�WKH�16�������
7KH�EXLOGLQJ�HQYHORSH�SHUIRUPDQFH�KDV�EHHQ�GHILQHG�
WR�FRPSO\�ZLWK� WKH�16�������7KLV�KDV�EHHQ�YHULILHG�
XVLQJ� WKH� VRIWZDUH� 6,0,(1� �3URJUDP%\JJHUQH��
HTXLSSHG� ZLWK� �V SHFLILF� PRGXOHV� WR� FKHFN� WKH�
FRPSOLDQFH� ZLWK� EXLOGLQJ� VWDQGDUGV�� $V� WKUHH�
ORFDWLRQV� DUH� FRQVLGHUHG�� WKUHH� OHYHOV� RI� EXLOGLQJ�
HQYHORSH�SHUIRUPDQFH�DUH�GHILQHG��VHH�7DEOH�����
)XUWKHUPRUH�� GLIIHUHQW� FRQVWUXFWLRQ�PRGHV�PD\� OHDG�
WR� WKH� VDPH� HQYHORSH� SHUIRUPDQFH� �H�J�� XVLQJ�
PDVRQU\�RU�ZRRG���)LYH�SRVVLEOH�FRQVWUXFWLRQ�PRGHV�
WKDW� FRUUHVSRQG� WR� ILYH� GLIIHUHQW� OHYHO� RI� LQWHUQDO�
WKHUPDO� PDVV� KDYH� EHHQ� GHILQHG� XVLQJ� 1RUZHJLDQ�
WHFKQLFDO� OLWHUDWXUH� �%\JJIRUVN��� VHH� 7DEOH� ��� 7KH\�
UDQJH�IURP�YHU\�KHDY\�WR�YHU\�OLJKW�DFFRUGLQJ�WR�(1�
������ �&(1� ������� ,Q� SUDFWLFH�� WKH� GLIIHUHQW�
FRQVWUXFWLRQ� PRGHV� KDYH� GLIIHUHQW� OHYHOV� RI� WKHUPDO�
LQVXODWLRQ� ORFDWHG� LQVLGH� WKH� EXLOGLQJ� HQYHORSH� �H�J��
LQ�SDUWLWLRQ�ZDOOV�EHWZHHQ�URRPV���7KLV� LQVXODWLRQ� LV�
HVVHQWLDOO\� SODFHG� IRU� DFRXVWLF� UHDVRQV�� ,Q� JHQHUDO��
RQH� QRWLFHV� WKDW� WKH� KLJKHU� WKH� WKHUPDO� PDVV�� WKH�

ORZHU�WKH�LQVXODWLRQ�OHYHO�LQ�LQWHUQDO�ZDOOV��)LQDOO\��LW�
LV� ZRUWK� PHQWLRQLQJ� WKDW� ZRRGHQ� FRQVWUXFWLRQV� DUH�
FRPPRQO\�XVHG�LQ�1RUZD\��

$LU�KHDWLQJ�PRGHOOLQJ�
7KH�$+�WHPSHUDWXUH��7$+��LV�DGDSWHG�WR�HQIRUFH�RQH�
UHIHUHQFH� WHPSHUDWXUH� DW� 7VHW�� %\� GHIDXOW�� WKH� DLU�
WHPSHUDWXUH�LQ�WKH�OLYLQJ�URRP�LV�KHUH�XVHG��$QRWKHU�
FRPPRQ� VWUDWHJ\� LV� WR� UHVRUW� WR� WKH� PHDQ� UHWXUQ�
WHPSHUDWXUH� RI� WKH� YHQWLODWLRQ� DLU� �7YHQW�U��� DQ�
DOWHUQDWLYH�WKDW� LV�DOVR�WHVWHG��7KH�SRZHU�WR�UDLVH�WKH�
YHQWLODWLRQ� LQOHW� WHPSHUDWXUH� �7LQ�� IRU� WKH� $+� LV�
FRQWUROOHG�XVLQJ�D�3,�DFWLRQ��UHTXLULQJ�WR�DSSO\�D�WLPH�
VWHS�RI���PLQ�IRU�VLPXODWLRQV���)RU�WKH�VDNH�RI�FODULW\��
D�FRQVWDQW�7VHW� LV�RQO\�FRQVLGHUHG�KHUH��7KH�TXHVWLRQ�
RI�WKH�H[WUD�SRZHU�IRU�DQ�LQWHUPLWWHQW�6+�ZLOO�LQ�IDFW�
OHDG�WR�KLJKHU�7$+��H�J��ZKHQ�XVLQJ�D�QLJKW�VHWEDFN���

3(5)250$1&(�,1�67'��
$+�SHUIRUPDQFH�LV�KHUH�DQDO\]HG�LQ�6WDQGDUG�'HVLJQ�
&RQGLWLRQV��67'���LW�DVVXPHV�VWHDG\�VWDWH�FRQGLWLRQV�
ZLWK� WKH� ș6+�GLP� LQWURGXFHG� LQ� 7DEOH� �� DQG� WKH�
EXLOGLQJ�ZLWKRXW�VRODU�JDLQV���

0D[LPDO�$+�WHPSHUDWXUH�GXULQJ�67'�
$VVXPLQJ�D�PRQR�]RQH�EXLOGLQJ��D�VLPSOH�DQDO\WLFDO�
DSSURDFK� FDQ� EH� IRUPXODWHG�� .QRZLQJ� WKH� KHDWLQJ�
SRZHU��36+��IURP�WKH�SDVVLYH�KRXVH�DVVHVVPHQW�XVLQJ�
6,0,(1��VHH�7DEOH�����WKH�UHVXOWLQJ�7$+�LQ�67'�FDQ�
EH�HYDOXDWHG�XVLQJ�WKH�VLPSOH�IRUPXOD��

ௌܲு = ) ܥܸ ߙ ܶு െ ܶ)�� �����

ܶ = ௫ߟ  ൫ ௦ܶ௧ െ Ʌୗୌ,ୢ୧୫൯ + Ʌୗୌ,ୢ୧୫�� ����

ߙ = ܸ ܸΤ ,� ����

ZKHUH�9�LV�WKH�IRUFHG�DFWXDO�DLUIORZ�UDWH��
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7DEOH���3RVVLELOLW\�WR�LPSOHPHQW�$+�DQG�FRUUHVSRQGLQJ�7$+��FRPSDULVRQ�EHWZHHQ�WKH�analytical mono-zone�DQG�
multi-zone�PHWKRGV�LQ�STD�DV�ZHOO�DV�WKH�multi-zone�PRGHO�GXULQJ�D�TMY �XVLQJ�FORVHG�LQWHUQDO�GRRUV���
�

%8,/',1*�02'(/� 0212�=21(�� 08/7,�=21(� 08/7,�=21(��
23(5$7,1*�&21',7,216� 67'� 67'� 70<�
9� *$,16�
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³2.´�ZKHQ�$+�SRVVLEOH��³.2´�ZKHQ�$+�LPSRVVLEOH�DQG�³/LPLW´�ZKHQ�GHSHQGHQW�RQ�FRQVWUXFWLRQ�PRGH��
�

7DEOH���7HPSHUDWXUH�GLVWULEXWLRQ�GXULQJ�STD�XVLQJ�WKH�PXOWL�]RQH�EXLOGLQJ�PRGHO��PD[LPDO�DQG�PLQLPDO�
RSHUDWLYH�WHPSHUDWXUH��7RS�PD[�DQG�7RS�PLQ��UHVSHFWLYHO\��IRU�DOO�WKH�FRQVWUXFWLRQ�PRGHV��

�

,17(51$/�'2256� &/26('� 23(1� &/26('�
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$V�DOO�WKH�FRQVWUXFWLRQ�PRGHV�DUH�FRQVLGHUHG��WKH�UDQJH�RI�YDOXHV�VSDQQHG�E\�WKHP�DUH�SXWWHG�LQWR�EUDFNHWV�
�
7KH�7$+�FDQ�DOVR�EH�HYDOXDWHG�QXPHULFDOO\�XVLQJ�WKH�
7516<6� PXOWL�]RQH� EXLOGLQJ� PRGHO�� &RPSDULVRQ�
EHWZHHQ�PHWKRGV�LV�UHSRUWHG�RQ�7DEOH���DQG�OHDGV�WR�
WKH�IROORZLQJ�FRQFOXVLRQV��
 )RU� WKH� PXOWL�]RQH� VLPXODWLRQV�� 7$+� LV� UDQJLQJ�

IURP� D� IHZ� GHJUHHV� GHSHQGLQJ� RQ� WKH�
FRQVWUXFWLRQ� PRGH� FRQVLGHUHG�� 7KLV� LV� GXH� WR�
GLIIHUHQW� WHPSHUDWXUH� GLVWULEXWLRQV� LQVLGH� WKH�
EXLOGLQJ�JLYLQJ�ULVH�WR�GLIIHUHQW�WKHUPDO�ORVVHV��

 7KH�7$+�XVLQJ�WKH�PRQR�]RQH�GHVLJQ�DSSURDFK�LV�
FORVH� WR� WKH� PXOWL�]RQH� UHVXOWV�� ,Q� IDFW�� LI� WKH�
PRQR�]RQH� DSSURDFK� FRQFOXGHV� WKDW� WKH� $+� LV�
LPSRVVLEOH�� WKH� VDPH� FRQFOXVLRQ� LV� IRXQG� XVLQJ�
WKH�PXOWL�]RQH�DSSURDFK�����

 ,Q�SUDFWLFH��WKH�$+�LV�RQO\�SRVVLEOH�LQ�2VOR�LI�WKH�
YHQWLODWLRQ�UDWH�LV�IRUFHG�WR�����EXW�ZLWK�D�KLJK�
7$+� RI� DSSUR[LPDWHO\� ���&�� 7KH� FOLPDWH� RI�
%HUJHQ�LV�PLOGHU�VR�WKDW�$+�LV�SRVVLEOH�XVLQJ�9Q�
DW�WKH�FRQGLWLRQ�WKDW� WKH�����:�Pð�LQWHUQDO�JDLQV�
DUH� DSSOLHG�� � 7$+� DUH� WKHQ�PRUH� DFFHSWDEOH� DQG�
FDQ�EH�OLPLWHG�WR�DERXW����&�LI�WKH�YHQWLODWLRQ�LV�
IRUFHG� DW� ����� 2Q� WKH� FRQWUDU\�� WKH� .DUDVMRN�
FOLPDWH� LV� H[WUHPHO\� FROG�� (YHQ� WKRXJK� WKH�

SHUIRUPDQFH� UHTXLUHPHQWV� RI� 16� ����� DUH�
DGDSWHG� WR� WKH� ORFDO� FOLPDWH�� WKH� $+� LV� DOPRVW�
LPSRVVLEOH�GXULQJ�ZLQWHUWLPH��

7HPSHUDWXUH�GLVWULEXWLRQ�GXULQJ�67'�
8VLQJ� WKH� PXOWL�]RQH� EXLOGLQJ� PRGHO�� LW�LV � DOVR�
SRVVLEOH� WR� LQYHVWLJDWH� WKH� WHPSHUDWXUH� GLVWULEXWLRQ�
ZLWKLQ� WKH� SDVVLYH� KRXVH� GXULQJ� 67'�� � 7\SLFDO�
UHVXOWV�� UHSRUWHG� RQ� 7DEOH� ��� FDQ� EH� VXPPDUL]HG� LQ�
WKH�IROORZLQJ�ZD\��
 :LWK� FORVHG� LQWHUQDO� GRRUV�� ODUJH� WHPSHUDWXUH�

GLIIHUHQFHV� WDNH� SODFH� LQ� WKH� EXLOGLQJ�� =RQHV�
ZLWK� WKH� KLJKHVW� WHPSHUDWXUH� �7RS�PD[�� DUH�
EHGURRPV�ZKLOH�WKH�ORZHVW�WHPSHUDWXUHV��7RS�PLQ��
DUH�IRXQG�LQ�WKH�EDWKURRPV��ZLWKRXW�6+����7KHVH�
GLIIHUHQFHV� DUH� DJDLQ� GHSHQGHQW� RQ� WKH�
FRQVWUXFWLRQ� PRGH�� FRQVWUXFWLRQV� ZLWK� D� ORZ�
WKHUPDO�PDVV�DUH�KHUH�FKDUDFWHUL]HG�E\�D�KLJKHU�
WKHUPDO� LQVXODWLRQ� LQ�SDUWLWLRQ�ZDOOV�� VR� WKDW� WKH�
WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ� ]RQHV� LV�
LQFUHDVHG���

 7KH� FROGHU� WKH� FOLPDWH�� WKH� ODUJHU� WKH�
WHPSHUDWXUH�GLIIHUHQFHV�LQVLGH�WKH�EXLOGLQJ��7KLV�
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LV� D�G LUHFW� FRQVHTXHQFH� RI� KLJKHU� 7$+� DSSOLHG�
ZLWK� FROGHU� FRQGLWLRQV�� $FFRUGLQJO\�� D� VDPH�
HIIHFW� LV� IRXQG�ZLWK� LQWHUQDO� JDLQV� ZKHUH� ORZHU�
JDLQV� OHDG� WR� KLJKHU� WHPSHUDWXUH� GLIIHUHQFHV� LQ�
WKH�EXLOGLQJ��

 7KH�RSHQLQJ�RI�WKH� LQWHUQDO�GRRUV�LV�DQ�HIILFLHQW�
ZD\� WR� KRPRJHQL]H� KHDW� LQVLGH� WKH� EXLOGLQJ��
7KHUHIRUH��GLIIHUHQFH�LQ�WHPSHUDWXUH�GLVWULEXWLRQ�
EHWZHHQ�FRQVWUXFWLRQ�PRGHV�LV�UHGXFHG��EHFDXVH�
WKH� WKHUPDO� FRQGXFWLRQ� WKURXJK� ZDOOV� LV� OHVV�
GRPLQDQW��� 1HYHUWKHOHVV�� KLJKHVW� WHPSHUDWXUHV�
DUH� VWLOO� IRXQG� LQ� WKH� EHGURRPV� �W\SLFDOO\�
a���&���

 $SSO\LQJ� D� 6+� DW� WKH� VDPH� 7VHW� LQ� EDWKURRPV�
VLJQLILFDQWO\� UHGXFHV� 7RS�PLQ� DQG�� WKXV�� LPSURYHV�
WKH� WKHUPDO� FRPIRUW�� 1HYHUWKHOHVV�� LW�G RHV� QRW�
DIIHFW�VLJQLILFDQWO\�7RS�PD[�IRXQG�LQ��WKH�EXLOGLQJ��

 )URP�D�SUDFWLFDO�SRLQW�RI�YLHZ��WKH�$+�JHQHUDWHV�
KLJK�WHPSHUDWXUHV�LQ�EHGURRPV�ZKLOH�LW�LV�NQRZQ�
WKDW�XVHUV�PD\�UHTXLUH�ORZHU�WHPSHUDWXUHV�GXULQJ�
WKH�QLJKW��$�6+�QLJKW�VHWEDFN�GRHV�QRW�VROYH�WKH�
SUREOHP�DV�EXLOGLQJ�FKDUDFWHULVWLF�WLPH�VFDOHV�RI�
3+�DUH�ODUJH��L�H�� WKH�WHPSHUDWXUH�GRHV�QRW�KDYH�
WKH� WLPH� WR� GHFUHDVH� VLJQLILFDQWO\� GXULQJ� RQH�
QLJKW��� )XUWKHUPRUH�� WKH� WHPSHUDWXUH� PD\� HYHQ�
EH�SURKLELWLYH� LI� LQWHUQDO�GRRUV�DUH�FORVHG�DQG�D�
OLJKW� EXLOGLQJ� VWUXFWXUH� LV� FRQVLGHUHG�� (YHQ� IRU�
WKH� PLOGHU� FOLPDWH� RI� %HUJHQ�� LW�LV � DOUHDG\� WKH�
FDVH��

%\� GHIDXOW�� WKH� OLYLQJ� URRP� ZDV� WDNHQ� DV� WKH�
UHIHUHQFH� WHPSHUDWXUH� IRU� WKH� $+� FRQWURO�� $QRWKHU�
FRPPRQ� VWUDWHJ\� LV� WR� XVH� WKH� PHDQ� UHWXUQ�
WHPSHUDWXUH�RI�WKH�YHQWLODWLRQ�DLU��7YHQW�U����)RU�D�VDPH�
7VHW�� WKLV� VWUDWHJ\� HVVHQWLDOO\� JHQHUDWHV� KLJKHU�
EXLOGLQJ�WHPSHUDWXUHV��WKH�PHDQ�]RQH�WHPSHUDWXUH�LQ�
WKH� EXLOGLQJ� LV� LQFUHDVHG� RI� DERXW� a��&�� ,W� FDQ� EH�
HDVLO\�XQGHUVWRRG�DV�7YHQW�U�LV�PDLQO\�EDVHG�RQ�WKH�ZHW�
URRPV� WHPSHUDWXUHV� �H�J�� EDWKURRPV�� ZKLFK� DOZD\V�
SUHVHQW� WKH� ORZHVW� WHPSHUDWXUH� ZKHQ� XVLQJ� $+�� ,Q�
IDFW�� WKH� WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ� URRPV� LV�
DOPRVW�XQFKDQJHG�EHWZHHQ�WKH�WZR�FRQWURO�VWUDWHJLHV��
$V� D�FR QVHTXHQFH�� WKLV� FKDQJH� RI� UHIHUHQFH�
WHPSHUDWXUH� IRU� WKH� FRQWURO� FDQ� HVVHQWLDOO\� EH�
FRQVLGHUHG� DV� D� VKLIW� LQ� WKH� PHDQ� EXLOGLQJ�
WHPSHUDWXUH��

3(5)250$1&(�'85,1*�70<�
&RPSDULVRQ�DJDLQVW�67'��
$Q� LQWHUHVWLQJ� TXHVWLRQ� LV� WR� FKHFN� KRZ� VWDQGDUG�
GHVLJQ� FRQGLWLRQV� �67'�� DUH� UHSUHVHQWDWLYH� RI�
HYHU\GD\� RSHUDWLQJ� FRQGLWLRQV�� )XUWKHUPRUH�� LW�
VKRXOG� DOVR� EH� FRQILUPHG� WKDW� WKHVH� 67'� DUH�
UHSUHVHQWDWLYH� RI� WKH� PRVW� VHYHUH� RSHUDWLQJ�
FRQGLWLRQV��$FFRUGLQJ�WR��)HLVW�������� WKH�PD[LPXP�
KHDWLQJ� SRZHU� VKRXOG� EH� HYDOXDWHG� IRU� WZR� H[WUHPH�
FDVHV�� 7KH� ILUVW� FDVH� LV� D�FR OG� GD\� ZLWK� D�FO HDU� VN\�
DQG�� WKXV�� VRODU� JDLQV�� 7KH� VHFRQG� FDVH� LV� D�P LOGHU�
GD\� ZLWK� RYHUFDVW� VN\� �L�H�� ZLWK� QHJOLJLEOH� VRODU�
JDLQV��� 7KLV� SURFHGXUH� LV� WUDQVODWHG� LQ� WKH� 3+33�

HYDOXDWLRQ� WRRO� �)HLVW� ������ XVHG� LQ�PDQ\� FRXQWULHV�
�H�J��*HUPDQ\��� ,Q�RXU� FDVH�� 67'�FRUUHVSRQG� WR� WKH�
GHVLJQ� RXWGRRU� WHPSHUDWXUH� ș6+�GLP� ZLWKRXW� VRODU�
JDLQV��
,Q� RUGHU� WR� LQYHVWLJDWH� WKLV�� \HDUO\� VLPXODWLRQV� DUH�
SHUIRUPHG� XVLQJ� D�7 \SLFDO� 0HWHRURORJLFDO� <HDU�
�70<�� �KHUH� JHQHUDWHG� XVLQJ� 0HWHRQRUP��� ,Q� WKH�
IROORZLQJ�FRQVLGHUDWLRQV��QR�VRODU�VKDGLQJ�VWUDWHJ\�LV�
DSSOLHG�GXULQJ�WKH�KHDWLQJ�SHULRG�ZKLOH�LQWHUQDO�JDLQV�
DUH�VWULFWO\�FRQVWDQW�DQG�XQLIRUP��
)LUVWO\�� WKH� PD[LPDO� DQG� ���� SHUFHQWLOH� 7$+� DUH�
UHSRUWHG� RQ� 7DEOH� �� �WHUPHG� 7$+�PD[� DQG� 7$+������
UHVSHFWLYHO\��� � 7KHVH� WHPSHUDWXUHV� DUH� ORZHU� WKDQ�
YDOXHV�REWDLQHG� XVLQJ�67'�FRQGLWLRQV�� � ,W� VRPHKRZ�
VKRZV� WKDW� 67'� FRQGLWLRQV� DUH� VHYHUH� ZKHQ�
HYDOXDWLQJ� WKH�PD[LPDO�7$+�� LQ�SUDFWLFH��VRPH�FDVHV�
WKDW� ZHUH� FULWLFDO� LQ� 67'� �L�H�� 7$+� FORVH� WR� ���&��
SUHVHQW�DFFHSWDEOH�WHPSHUDWXUH�LQ�67'��

�
)LJXUH����7$+�DV�D�IXQFWLRQ�RI�WKH�RXWGRRU�

WHPSHUDWXUH�GXULQJ�D�TMY��IRU�WKH�YHU\�OLJKW�
EXLOGLQJ�ORFDWHG�LQ�2VOR��ZLWK�FORVHG�LQWHUQDO�GRRUV��
FRQVWDQW�JDLQV�DQG�K\JLHQLF�YHQWLODWLRQ�IORZ�UDWHV���

�
)LJXUH���7RS�PLQ��7RS�PD[�DQG�G7RS�PD[�DV�D�IXQFWLRQ�RI�
7$+�GXULQJ�D�TMY��IRU�WKH�YHU\�OLJKW�EXLOGLQJ�ORFDWHG�
LQ�2VOR��ZLWK�FORVHG�LQWHUQDO�GRRUV��FRQVWDQW�JDLQV�

DQG�K\JLHQLF�YHQWLODWLRQ�IORZ�UDWHV���
6HFRQGO\�� KRXUO\� 7RS�PD[� DQG� 7RS�PLQ� FDQ� EH� DQDO\]HG�
GXULQJ� D� 70<� DORQJ�ZLWK� WKH�PD[LPDO� WHPSHUDWXUH�
GLIIHUHQFH� LQ� WKH�EXLOGLQJ��G7RS�PD[�� ,Q�)LJV����DQG����
UHVXOWV� DUH� SUHVHQWHG� IRU� WKH� YHU\�OLJKW� EXLOGLQJ�
ORFDWHG� LQ� 2VOR�� XVLQJ� K\JLHQLF� YHQWLODWLRQ� DLUIORZ�
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UDWHV��L�H��9� �9Q��DV�ZHOO�DV�FORVHG�LQWHUQDO�GRRUV��$�
VLPLODU�EHKDYLRXU�ZDV�IRXQG�IRU�DOO�RWKHU�WHVW�FDVHV��
)URP�)LJ�����RQH�FOHDUO\�QRWLFHV�WKDW�WKH�PD[LPDO�7$+�
LV� IRXQG�GXULQJ� WKH�FROGHVW�GD\��)XUWKHUPRUH��)LJ����
DOVR� VKRZV� WKDW� WKH� WHPSHUDWXUH� GLIIHUHQFHV� LQ� WKH�
EXLOGLQJ� DUH� PDLQO\� GULYHQ� E\� WKH� 7$+�� WKH� WUHQG� LV�
LQGHHG�DOPRVW�OLQHDU��,W�FRQILUPV�WKDW�67'�FRQGLWLRQV�
PDNH� VHQVH� LQ� WKH� $+� GHVLJQ�� ,Q� RWKHU� ZRUGV�� RQH�
VKRXOG� QRW� H[SHFW� PRUH� VHYHUH� RSHUDWLQJ� FRQGLWLRQV�
WKDQ� FRQVLGHULQJ� WKH� 67'�� )LQDOO\�� URRPV� WKDW� ZHUH�
LGHQWLILHG�WR�EH�WKH�ZDUPHU�DQG�FROGHU�LQ�67'�DUH�WKH�
VDPH� ZKHQ� XVLQJ� D� 70<�� 7KH� DIRUHPHQWLRQHG�
FRQFOXVLRQV�DUH�HYHQ�PRUH�REYLRXV�IRU�WKH�FOLPDWH�RI�
.DUDVMRN� ZKHUH� WKH� ZLQWHUWLPH� LV� FKDUDFWHUL]HG� E\�
WKH�DEVHQFH�RI�VXQ��

,QIOXHQFH�RI�WKH�LQWHUQDO�JDLQV�UHVROXWLRQ�
$V� RQO\� RQH� WHPSHUDWXUH� LV� XVHG� WR� FRQWURO� WKH�
FHQWUDOL]HG� KHDWLQJ� FRLO�� RQH� PD\� VXVSHFW� WKDW� WKH�
GLVWULEXWLRQ� RI� WKH� LQWHUQDO� JDLQV� PD\� JHQHUDWH�
FRQILJXUDWLRQV�EHWZHHQ�]RQHV�WKDW�DUH�OHVV�IDYRXUDEOH�
LQ� WHUPV� RI� WKHUPDO� FRPIRUW�� )XUWKHUPRUH�� LQWHUQDO�
JDLQV�DUH�QRW�FRQVWDQW�VR�WKDW�SHULRG�ZLWK�ORZHU�JDLQV�
PD\�RFFXU��
$W� WKLV� VWDJH�� RQO\� WLPH�FRQVWDQW� DQG� VSDFH�XQLIRUP�
LQWHUQDO�JDLQV�ZHUH�LQWURGXFHG�LQ�WKH�EXLOGLQJ�PRGHO��
7ZR�DOWHUQDWLYH�JDLQV�SURILOHV�DUH�QRZ�LQWURGXFHG��

 )LUVW�� WKH� LQWHUQDO� JDLQV� RI� WKH� 16� ����� DUH�
DSSOLHG� VWULFWO\�� 7KHVH� DUH� DOVR� VSDFH�XQLIRUP�
EXW� XVLQJ� GLIIHUHQW� OHYHOV� GXULQJ� WKH� GD\� DQG��
QLJKW�SHULRGV�� WKH�QLJKW� LV� WKHQ�FKDUDFWHUL]HG�E\�
ORZHU� LQWHUQDO� JDLQV� IURP� OLJKWLQJ� DQG�
HTXLSPHQWV��

 6HFRQG�� V\QWKHWLF� WLPH�� DQG� VSDFH�YDU\LQJ�
LQWHUQDO� JDLQV� DUH� DSSOLHG� �ZLWK� ��KRXU�
UHVROXWLRQ��� 7KHVH� V\QWKHWLF� JDLQV� KDYH� EHHQ�
JHQHUDWHG� LQ� D� ZD\� WKDW� �D�� WKH\� KDYH� D� PHDQ�
YDOXH�RI�����:�Pð�DV�WKH�16��������E��WKH�\HDUO\�
HQHUJ\� FRQVXPSWLRQ� RI� HOHFWULF� DSSOLDQFHV� LV�
FRPSDWLEOH� ZLWK� PHDVXUHPHQWV� �(QHUWHFK� ������
6 OH� ������ �DOVR� XVLQJ� W\SLFDO� RSHUDWLQJ� F\FOH�
OHQJWKV��� �F�� DV�ZHOO� DV� GDLO\� SURILOHV� FRQVLVWHQW�
ZLWK� D� 1RUZHJLDQ� WLPH�RI�XVH� VXUYH\� �+ROP¡\�
������� 7KH� ORFDWLRQ� RI� WKH� GLIIHUHQW� HOHFWULF�
DSSOLDQFHV� KDV� EHHQ� DOORFDWHG� LQ� D� PHDQLQJIXO�
ZD\� DFFRUGLQJ� WR� EXLOGLQJ� VSDWLDO� RUJDQL]DWLRQ��
VHH�)LJ����� �0HDQ�YDOXH�RI�WKH�V\QWKHWLF�LQWHUQDO�
JDLQV�LQ�WKH�OLYLQJ�URRP�LV�����:�Pð��D�YDOXH�RI�
a�� :�Pð� LV� DSSOLHG� WR� EHGURRPV� ZKLOH� �� ����
:�Pð�LQ�EDWKURRPV���

5HVXOWV� XVLQJ� WKH� GLIIHUHQW� JDLQV� DUH� UHSRUWV� RQ�
7DEOHV� �� WR� �� IRU� WKH� 2VOR� FOLPDWH�� &RPSDULQJ�
SHUIRUPDQFH� XVLQJ� WKH� FRQVWDQW� DQG�16� ����� JDLQV��
RQH� FOHDUO\� QRWLFHV� WKDQ� WKH� PD[LPDO� 7$+� LQFUHDVHV�
VLJQLILFDQWO\�� WKLV� LV� GXH� WR� ORZHU� JDLQV� GXULQJ� WKH�
QLJKW�� 7KH� WHPSHUDWXUH� GLVWULEXWLRQ� LQ� WKH� EXLOGLQJ�
GRHV�QRW�FKDQJH�QRWLFHDEO\�DQG�LV�RQO\�D�UHVXOW�RI�WKH�
LQFUHDVH�LQ�7$+���

7DEOH����7KHUPDO�FRPIRUW�GXULQJ�D�TMY��IRU�WKH�
2VOR�FOLPDWH�ZLWK�constant gains, no shading��ZLWK�
FORVHG�GRRUV�DQG�K\JLHQLF�YHQWLODWLRQ�IORZ�UDWHV���

&21675��
02'(�

7RS�J�PD[�
>�&@�

7RS�J�PLQ�
>�&@�

7$+�PD[�

>�&@�
9HU\�KHDY\� ����� ����� �����
+HDY\� ����� ����� �����
0HGLXP� ����� ����� �����
/LJKW� ����� ����� �����
9HU\�OLJKW� ����� ����� �����

7DEOH����7KHUPDO�FRPIRUW�GXULQJ�D�TMY��IRU�WKH�
2VOR�FOLPDWH�ZLWK�NS 3700 gains, no shading��ZLWK�
FORVHG�GRRUV�DQG�K\JLHQLF�YHQWLODWLRQ�IORZ�UDWHV���

&21675��
02'(�

7RS�J�PD[�
>�&@�

7RS�J�PLQ�
>�&@�

7$+�PD[�

>�&@�
9HU\�KHDY\� ����� ����� �����
+HDY\� ����� ����� �����
0HGLXP� ����� ����� �����
/LJKW� ����� ����� �����
9HU\�OLJKW� ����� ����� �����

7DEOH����7KHUPDO�FRPIRUW�GXULQJ�D�TMY��IRU�WKH�
2VOR�FOLPDWH�ZLWK�synthetic gains, no shading��ZLWK�
FORVHG�GRRUV�DQG�K\JLHQLF�YHQWLODWLRQ�IORZ�UDWHV���

&21675��
02'(�

7RS�J�PD[�
>�&@�

7RS�J�PLQ�
>�&@�

7$+�PD[�

>�&@�
9HU\�KHDY\� ����� ����� �����
+HDY\� ����� ����� �����
0HGLXP� ����� ����� �����
/LJKW� ����� ����� �����
9HU\�OLJKW� ����� ����� �����

�
7KH� V\QWKHWLF� JDLQV�SUHVHQW� WKH� ODUJHVW� YDULDELOLW\� LQ�
VSDFH�DQG� WLPH��$V�D�UHVXOW�� WKH�PD[LPDO�7$+� IRXQG�
DUH� HYHQ� KLJKHU� WKDQ�XVLQJ� WKH�16������JDLQV��7KLV�
LQFUHDVH� DOVR� OHDGV� WR� D� VOLJKW� ULVH� RI� WKH� PD[LPDO�
EXLOGLQJ� WHPSHUDWXUH� �7RS�J�PD[���2Q� WKH� FRQWUDU\�� WKH�
PLQLPDO�WHPSHUDWXUH��7RS�J�PLQ��LV�VWURQJO\�DIIHFWHG�E\�
WKH� V\QWKHWLF� JDLQV�� D� GLIIHUHQW� WHPSHUDWXUH�
GLVWULEXWLRQ� LQ� WKH� EXLOGLQJ� RFFXUV� GXH� WR� GLIIHUHQW�
JDLQV�OHYHOV�DSSOLHG�LQ�WKH�GLIIHUHQW�URRPV��H�J��ORZHU�
LQ� EDWKURRPV��� ,W� LV� ZRUWK� QRWLFLQJ� WKDQ� WKH� 7$+�PD[�
ZLWK� YDULDEOHV� JDLQV� DUH� ERXQGHG� ZLWK� 70<� YDOXHV�
REWDLQHG�ZLWK�����DQG�����:�Pð��FRQVWDQW�JDLQV��VHH�
7DEOH����� ,W� LV� WKH� VDPH�ZLWK�7RS�J�PD[�EXW�QRW� IRU� WKH�
7RS�J�PLQ�� WKLV� WHPSHUDWXUH� LV� GHSHQGHQW� RQ� WKH� VSDFH�
GLVWULEXWLRQ�RI�LQWHUQDO�JDLQV��

,QIOXHQFH�RI�WKH�VKDGLQJ�VWUDWHJ\�
7KH�VDPH�DQDO\VLV�KDV�EHHQ�FDUULHG�RXW� IRU� WKH�VRODU�
JDLQV� DQG� WKH� VRODU� VKDGLQJ� VWUDWHJ\�� $JDLQ�� UHVXOWV�
XS� WR� QRZ� ZHUH� REWDLQHG� ZLWKRXW� VRODU� VKDGLQJ��
6LQFH�� ORZ� VRODU� DOWLWXGHV� FKDUDFWHUL]H� 1RUGLF�
FOLPDWHV�� XVHUV� FRPPRQO\� XVH� VKDGLQJ� WR� SUHYHQW�
JODUH��7R� LQYHVWLJDWH� WKLV� HIIHFW�� DQ� H[WHUQDO� EOLQG� LV�
DSSOLHG�DW�HDFK�ZLQGRZ�DQG�LV�FORVHG�ZKHQ�WKH�VRODU�
UDGLDWLRQ�RQ� WKH�FRUUHVSRQGLQJ� IDoDGH� LV�KLJKHU� WKDQ�
����:�Pð�� �:KHQ�FORVHG�� VKDGLQJ� IDFWRU� LV�HTXDO� WR�
����� 5HVXOWV� DUH� UHSRUWHG� LQ� 7DEOH� ��D QG� VKRXOG� EH�
FRPSDUHG�WR�7DEOH���� �7KLV�VKDGLQJ�VWUDWHJ\� LV�TXLWH�
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HIIHFWLYH��IRU�2VOR��LW�LQFUHDVHV�WKH�QHW�6+�QHHGV�IURP�
>���������@�WR�>���������@�N:K�Pð�DQ��

7DEOH����7KHUPDO�FRPIRUW�GXULQJ�D�TMY��IRU�WKH�
2VOR�FOLPDWH�ZLWK�NS 3700 gains, with shading��ZLWK�
FORVHG�GRRUV�DQG�K\JLHQLF�YHQWLODWLRQ�IORZ�UDWHV���

&21675��
02'(�

7RS�J�PD[�
>�&@�

7RS�J�PLQ�
>�&@�

7$+�PD[�

>�&@�
9HU\�KHDY\� ����� ����� �����
+HDY\� ����� ����� �����
0HGLXP� ����� ����� �����
/LJKW� ����� ����� �����
9HU\�OLJKW� ����� ����� �����

�
7KH� VKDGLQJ� GRHV� QRW� UHGXFH� WKH� RYHUKHDWLQJ�� �, W�
WUDQVODWHV� WKH� IDFW� WKDW�� LQ�ZLQWHUWLPH�� VRODU�JDLQV�GR�
QRW� VLJQLILFDQWO\� FRQWULEXWH� WR� WKH� WHPSHUDWXUH�
GLVWULEXWLRQ�� ,W� LV� UHODWHG� WR� UHVXOWV� IRXQG� LQ� )LJV�� ��
DQG� ��� ,Q� IDFW�� DQ� H[WHQGHG� DQDO\VLV� �QRW� UHSRUWHG�
KHUH�� VKRZV� WKDW� WKH� WHPSHUDWXUH�GLIIHUHQFH� WHQGV� WR�
LQFUHDVH� VHQVLEO\� ZLWK� WKH� VRODU� VKDGLQJ�� 7KHVH�
LQYHVWLJDWLRQV� VXJJHVW� WKDW� DQ� H[WHQGHG� DQDO\VLV� RI�
WKH� VKDGLQJ� LQIOXHQFH� LV� QRW� UHTXLUHG� IRU� WKH� $+�
GHVLJQ�� 1HYHUWKHOHVV�� D�O DUJHU� VHW� RI� VKDGLQJ�
FRQILJXUDWLRQV� VKRXOG� DOVR� EH� WHVWHG� LQ� RUGHU� WR�
ULJRURXVO\�FRQILUP�WKLV�ODVW�FRQFOXVLRQ��

&21&/86,21�
7KLV� ZRUN� LQYHVWLJDWHV� DLU� KHDWLQJ� �$+�� XWLOL]HG� DV�
VSDFH� KHDWLQJ� �6+�� RI� 1RUZHJLDQ� SDVVLYH� KRXVHV�
�3+��� WKHVH�KRXVHV�EHLQJ�FKDUDFWHUL]HG�E\�D�VSHFLILF�
1RUZHJLDQ�VWDQGDUG��L�H��WKH�16��������$OWKRXJK�WKLV�
VWDQGDUG� LV� FRQVLGHUHG� DV� WKH� IXWXUH� PLQLPDO�
UHTXLUHPHQWV�IRU�EXLOGLQJV�LQ�WKH�FRPLQJ�\HDUV��WKHUH�
LV� VWLOO� D� ODFN�RI�H[SHULHQFH�DERXW�$+� LQ�1RUZHJLDQ�
3+�� 7KLV� SDSHU� ILUVW� SUHVHQWV� D�O LVW� D�FK DOOHQJHV� IRU�
WKH�$+��DQG�SURSRVHV�WR�LQYHVWLJDWH�TXHVWLRQV�UHODWHG�
WR� WKH� V\VWHP� WKHUPDO� G\QDPLFV� DV� ZHOO� DV� WKH�
SRVVLELOLW\� WR� DSSO\� $+� IURP� D� FRQFHSWXDO� SRLQW� RI�
YLHZ�� 7KLV� LV� GRQH� XVLQJ� GHWDLOHG� G\QDPLF�
VLPXODWLRQV� �KHUH� 7516<6�� RQ� D�W \SLFDO� GHWDFKHG�
KRXVH� W\SRORJ\�� 7KH� $+� LV� KHUH� EDVHG� RQ�RQ H�
FHQWUDOL]HG� KHDWLQJ� FRLO�� ,WV� SHUIRUPDQFH� LV� ILUVW�
DQDO\]HG� IRU� VWDQGDUG� GHVLJQ� FRQGLWLRQV� �67'���
GHILQHG�E\�DQ�RXWGRRU�6+�GHVLJQ�WHPSHUDWXUH�DQG�QR�
VRODU� JDLQV�� DQG� VXEVHTXHQWO\� XVLQJ� D� 7\SLFDO�
0HWHRURORJLFDO�<HDU��70<���5HVXOWV��EDVHG�RQ�D�VHW�
RI� a���� GLVWLQFW� VLPXODWLRQV�� OHDG� WR� WKH� IROORZLQJ�
FRQFOXVLRQV� LQ� WHUPV� RI� SK\VLFV� DQG� LPSOLFDWLRQV� LQ�
$+�GHVLJQ��
 7KH� PD[LPDO� YDOXH� RI� WKH� $+� WHPSHUDWXUH�

�7$+�PD[��FDQ�EH�HYDOXDWHG�DQDO\WLFDOO\�XVLQJ�WKH�
GHVLJQ�6+�SRZHU�FRPSXWHG�GXULQJ�WKH�HQYHORSH�
GHVLJQ��36+��LQ�67'�DQG�DVVXPLQJ�D�PRQR�]RQH�
EXLOGLQJ��$OWKRXJK�YHU\�VLPSOH��LW�LV�DQ�HDV\�DQG�
FRQYHQLHQW�ZD\�WR�VFUHHQ�WKH�$+�SRWHQWLDO�IRU�D�
VSHFLILF�SURMHFW��L�H��EXLOGLQJ�W\SH�DQG�ORFDWLRQ����

 ,Q� WKHRU\�� WKH� PD[LPDO� YDOXH� RI� WKH� $+�
WHPSHUDWXUH� �7$+�PD[�� VKRXOG� EH� HYDOXDWHG� LQ�
67'�ZLWKRXW�LQWHUQDO�JDLQV��7KLV�VFHQDULR�LV� WRR�
FRQVHUYDWLYH� DQG� ZRXOG� GLVTXDOLI\� WKH� $+�

DSSURDFK� LQ� WRR� PDQ\� EXLOGLQJ� SURMHFWV� ZKHUH�
WKH� 7$+� LV� LQ� IDFW� DFFHSWDEOH� GXULQJ� XVXDO�
RSHUDWLQJ�FRQGLWLRQV� �KHUH�FRQVLGHULQJ�D�70<���
7$+�PD[�FRXOG�EH�EHWWHU�DSSUR[LPDWHG�XVLQJ�67'�
ZLWK� ���� :�Pð� FRQVWDQW� JDLQV�� ,Q� IDFW��
VLPXODWLRQV� XVLQJ� D�7 0<� DQG� WKHVH� JDLQV�
SURGXFH�7$+�ZKLFK� DUH� VWLOO� VLJQLILFDQWO\� ORZHU��
1HYHUWKHOHVV�� WKH� DQDO\VLV� RI� LQWHUQDO� JDLQV�
YDULDELOLW\� GXULQJ� D� 70<� VKRZHG� WKDW� KLJKHU�
7$+� RFFXU� LQ� SHULRGV� ZLWK� ORZHU� JDLQV��
&RQVHTXHQWO\��7$+�PD[� HVWLPDWHG�XVLQJ�67'�DQG�
����:�Pð�FRQVWDQW�JDLQV�DUH�FRQVHUYDWLYH�YDOXHV�
EXW�QR�H[FHVVLYHO\��DV�LW�JLYHV�D�UHDOLVWLF�PDUJLQ�
WR�SURWHFW�DJDLQVW�WKH�HIIHFW�RI�WKH�LQWHUQDO�JDLQV�
YDULDELOLW\�� )XUWKHUPRUH�� UDWKHU� WKDQ� RQO\� XVLQJ�
70<� FRQGLWLRQV� IRU� GHVLJQ�� WKH� 67'� DFFRXQWV�
IRU�H[WUHPH�ZHDWKHU�FRQGLWLRQV��H�J��WKH�HIIHFW�RI�
D�FROG�ZDYH���

 7KH�$+�EDVHG�RQ�D�FHQWUDOL]HG�KHDWLQJ�FRLO�OHDGV�
WR� DQ� XQHYHQ� WHPSHUDWXUH� GLVWULEXWLRQ� LQVLGH�
WKH� EXLOGLQJ�� $� PXOWL�]RQH� EXLOGLQJ� DQDO\VLV� LV�
WKHQ� UHTXLUHG� IRU� D� SURSHU� GHVLJQ�� )XUWKHUPRUH��
WKLV� WHPSHUDWXUH� GLVWULEXWLRQ� LV� VWURQJO\� UHODWHG�
WR�WKH�EXLOGLQJ�DUFKLWHFWRQLF�SURSHUWLHV��H�J��OHYHO�
RI�LQVXODWLRQ�LQ�LQWHUQDO�ZDOOV���)XUWKHUPRUH��WKH�
VSDWLDO� GLVWULEXWLRQ� RI� LQWHUQDO� JDLQV� VKRXOG� EH�
FRQVLGHUHG� WR� KDYH� DQ� DFFXUDWH� DVVHVVPHQW� RI�
WKLV� WHPSHUDWXUH� GLVWULEXWLRQ�� 3UHVHQW�
LQYHVWLJDWLRQV� KDYH� QRW� VKRZQ� D� VLPLODU� HIIHFW�
ZLWK� VRODU� JDLQV�� $V� D�U HPLQGHU�� D� PXOWL�]RQH�
DQDO\VLV� LV� DOVR�PDQGDWRU\� WR�SURSHUO\� WDNH� LQWR�
DFFRXQW� WKH� LQIOXHQFH� RI� KHDW� ORVVHV� IURP�
YHQWLODWLRQ�GXFWV��

 67'� FRQGLWLRQV� OHDG� WR� WKH� PRVW� VHYHUH�
WHPSHUDWXUH� GLVWULEXWLRQ� LQVLGH� WKH� EXLOGLQJ��
7KHUHIRUH�� WKH� $+� GHVLJQ� FRXOG� EH� OLPLWHG� WR�
WKHVH� FRQGLWLRQV�� ,Q� IDFW�� LQYHVWLJDWLRQV� XVLQJ�
70<� GLG� QRW� VKRZ� DQ\� RWKHU� FULWLFDO�
FRQILJXUDWLRQV���

 $V� UHJDUG� WKH� VSHFLILF� EXLOGLQJ� W\SRORJ\�
LQYHVWLJDWHG� KHUH�� WKH�$+�GRHV� QRW� VHHP� WR� EH�
ZHOO� DGDSWHG�� RU�� DW� OHDVW�� QRW� LQ� WKLV� VWDQGDUG�
IRUP�� )LUVWO\�� H[FHSW� IRU� PLOGHU� FOLPDWHV� �L�H��
%HUJHQ��� WKH�7$+� DUH� TXLWH� KLJK� RU� VLJQLILFDQWO\�
KLJKHU� YHQWLODWLRQ� IORZ� UDWHV� DUH� UHTXLUHG� �L�H��
FRPSDUHG� WR� K\JLHQLF� IORZ� UDWHV��� 6HFRQGO\��
HYHQ� IRU� WKH� PLOGHU� FOLPDWH�� KLJK� WHPSHUDWXUHV�
DUH� IRXQG� LQ� EHGURRPV�� WHPSHUDWXUHV� WKDW� DUH�
PRVW� SUREDEO\� QRW� DFFHSWDEOH� IRU� XVHUV��
)XUWKHUPRUH�� WKH�$+� FRQWURO� GRHV� QRW� JLYH� DQ\�
IOH[LELOLW\�IRU�WKH�XVHU�WR�UHGXFH�WKH�WHPSHUDWXUH�
ORFDOO\� LQ� EHGURRPV�� $� SRVVLEOH� VROXWLRQ� WR�
KRPRJHQL]H�KHDW�LQVLGH�WKH�EXLOGLQJ�HQYHORSH�LV�
WR�RSHQ� WKH� LQWHUQDO�GRRUV��)LQDOO\�� WKHVH� UHVXOWV�
VXJJHVW� WKDW�$+�VKRXOG�SUHIHUDEO\�EH�FRPELQHG�
ZLWK� D�S HDN�ORDG� KHDWLQJ� V\VWHP� DQG�RU� WKH�
QXPEHU�RI�KHDWLQJ�FRLOV�VKRXOG�EH�LQFUHDVHG���
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120(1&/$785(�
$IO�  ��QHW�KHDWHG�VXUIDFH�
$+�  ��DLU�KHDWLQJ��
$7'�  ��DLU�WHUPLQDO�GHYLFH��
&G�  ��GLVFKDUJH�FRHIILFLHQW�IRU�GRRUV�
ȘH[FK�  ��HIILFLHQF\�RI�WKH�KHDW�UHFRYHU\�XQLW�
Q���  ��LQILOWUDWLRQ�UDWH�DW����3D�
,WRW�UDG�  ��PHDQ�WRWDO�UDGLDWLRQ�RQ�KRUL]RQWDO�
3,�  ��SURSRUWLRQDO�LQWHJUDO�FRQWURO��
36+�  ��PD[LPDO�QHW�6+�SRZHU�ZLWK�FRQVWDQW�7VHW�
4QHW�  ��QHW�6+�QHHGV�
4PD[�  ��PD[LPXP�QHW�6+�QHHGV�LQ�16������
Ȍ´�  ��QRUPDOL]HG�FROG�EULGJHV�
6+�  ��VSDFH�KHDWLQJ��
ș6+�GLP�  ��6+�GHVLJQ�RXWGRRU�WHPSHUDWXUH�
ș\P�  ��DQQXDO�PHDQ�RXWGRRU�WHPSHUDWXUH�
67'�  ��VWDQGDUG�6+�GHVLJQ�FRQGLWLRQV��
7$+�  ��DLU�KHDWLQJ�WHPSHUDWXUH�
7$+�PD[�  ��PD[LPDO�7$+�GXULQJ�70<�
7$+�����  ������SHUFHQWLOH�RI�7$+�GXULQJ�70<�
70<�  ��W\SLFDO�PHWHRURORJLFDO�\HDU��
7RS�  ��RSHUDWLYH�WHPSHUDWXUH�
7RS�PD[��  ��LQVWDQWDQHRXV�PD[LPDO�7RS�DPRQJ�
WKHUPDO�]RQHV��KRXUO\�YDOXH��
7RS�PLQ��  ��LQVWDQWDQHRXV�PLQLPDO�7RS�DPRQJ�
WKHUPDO�]RQHV��KRXUO\�YDOXH��
7RS�J�PD[�  ��JOREDO�PD[LPDO�7RS�GXULQJ�70<�
7RS�J�PLQ�  ��JOREDO�PLQLPDO�7RS�GXULQJ�70<�
G7RS�PD[��  ��LQVWDQWDQHRXV�PD[LPDO�GLIIHUHQFH�
EHWZHHQ�7RS�LQ�EXLOGLQJ��KRXUO\�YDOXH��
7VHW�  ��VHW�SRLQW�6+�WHPSHUDWXUH�
7YHQW�U�  ��PHDQ�UHWXUQ�WHPSHUDWXUH�RI�YHQWLODWLRQ�DLU�
8�  ��WKHUPDO�WUDQVPLWWDQFH��
9�  ��IRUFHG�DFWXDO�YHQWLODWLRQ�DLUIORZ�UDWH�
9Q�  ��QRPLQDO�YHQWLODWLRQ�DLUIORZ�UDWH�

$&.12:/('*(0(17�
7KH� DXWKRUV� DFNQRZOHGJH� 0HWWH� 0DOWKD� IURP�
6,17()�%\JJIRUVN�IRU�KHU�FRQWULEXWLRQ�WR�GHILQH�WKH�
EHQFKPDUN� SDVVLYH� KRXVH�� 7KH\� DOVR� ZDQW� WR� WKDQN�
WKH�1RUZHJLDQ�5HVHDUFK�&RXQFLO�IRU�WKHLU�VXSSRUW��DV�
WKLV� ZRUN� ZDV� SHUIRUPHG� LQ� WKH� IUDPHZRUN� RI� WKH�
5HVHDUFK�&HQWUH�IRU�=HUR�(PLVVLRQ�%XLOGLQJV��=(%���

5()(5(1&(6�
%\JJIRUVN��6��%\JJGHWDOMHU��%\JJIRUVNVHULHQ��
&(1� �������� (1� ,62� ����� �� HUJRQRPLFV� RI� WKH�

WKHUPDO� HQYLURQPHQW�� DQDO\WLFDO�
GHWHUPLQDWLRQ� DQG� LQWHUSUHWDWLRQ� RI� WKHUPDO�
FRPIRUW� XVLQJ� FDOFXODWLRQ� RI� WKH� 309� DQG�
33'�LQGLFHV�DQG�ORFDO�FRPIRUW�FULWHULD��

&(1� �������� (1� ,62� ����������� �� (QHUJ\�
SHUIRUPDQFH� RI� EXLOGLQJV�� FDOFXODWLRQ� RI�
HQHUJ\�XVH�IRU�VSDFH�KHDWLQJ�DQG�FRROLQJ��

(QHUWHFK���������(QG�XVH�PHWHULQJ�FDPSDLJQ� LQ�����
KRXVHKROGV� LQ� 6ZHGHQ�� 6ZHGLVK� (QHUJ\�
$JHQF\��

(WKHULGJH�� '��� 6DQGEHUJ�� 0�� �������� %XLOGLQJ�
YHQWLODWLRQ�� WKHRU\� DQG�PHDVXUHPHQWV��1HZ�
-HUVH\��-RKQ�:LOH\�DQG�6RQV��

)HLVW��:��� 3IXJHU��5���.DXIPDQQ��%��� 6FKQLHGHUV�� -���
.DK�� 2�� �������� 3DVVLYH� +RXVH� 3ODQQLQJ�
3DFNDJH�������'DUPVWDGW��

)HLVW��:���6FKQLHGHUV��-���'RUHU��9���+DDV��$����������
�5H�LQYHQWLQJ� DLU� KHDWLQJ�� FRQYHQLHQW� DQG�
FRPIRUWDEOH�ZLWKLQ�WKH�IUDPH�RI�WKH�3DVVLYH�
KRXVH� FRQFHSW��� (QHUJ\� DQG� %XLOGLQJV� ����
�����������

+HLVHOEHUJ�� 3�� �������� 0RGHOOLQJ� RI� QDWXUDO� DQG�
K\EULG�YHQWLODWLRQ��/HFWXUH�QRWHV�1R������$��
XQLYHUVLW\��

+ROP¡\�� $��� /LOOHJnUG�� 0��� /|IJUHQ� 7�� ��������
7LGVEUXNXQGHUV¡NHOVH�������2VOR��6WDWLVWLFV�
1RUZD\��

,VDNVVRQ��&���.DUOVVRQ��)�����������,QGRRU�FOLPDWH�LQ�
ORZ�HQHUJ\� KRXVHV� ��D Q� LQWHUGLVFLSOLQDU\�
LQYHVWLJDWLRQ� �� %XLOGLQJ� DQG�
(QYLURQPHQW����������������

.DUOVVRQ��)���0RVKIHJK��%�� ���������(QHUJ\�GHPDQG�
DQG� LQGRRU� FOLPDWH� LQ� ORZ� HQHUJ\� EXLOGLQJ��
FKDQJHG� FRQWURO� VWUDWHJLHV� DQG� ERXQGDU\�
FRQGLWLRQV���(QHUJ\�DQG�%XLOGLQJV���������
�����

.OHLQ� HW� DO�� �������� 7516<6� ��� �� PDWKHPDWLFDO�
UHIHUHQFH��

.UDMþtN��0���6LPRQH��$���2OHVHQ��%�:�� �������� �$LU�
GLVWULEXWLRQ� DQG� YHQWLODWLRQ� HIIHFWLYHQHVV� LQ�
DQ� RFFXSLHG� URRP� KHDWHG� E\� ZDUP� DLU���
(QHUJ\�DQG�%XLOGLQJV�������������

.5'� ��������%\JJWHNQLVN� IRUVNULIW� ±�7(.����.��R��
UHJLRQDOGHSDUWHPHQWHW��

0DWKLVHQ��+��0�� ��������$QDO\VLV� DQG� HYDOXDWLRQ�RI�
GLVSODFHPHQW�YHQWLODWLRQ��,QVWLWXWW�IRU�YDUPH��
YHQWLODVMRQV� RJ� VDQHW UWHNQLNN��7URQGKHLP��
17+��3K'�GLVVHUWDWLRQ��

0HVWHUKXV�� �������� �0HVWHUKXV� 1DQQH��� �� 5HWULHYHG�
������ 1RYHPEHU�� IURP�
KWWS���ZZZ�PHVWHUKXV�QR�KXVW\SH�HSKWPO"LG
 �����

0ROLQ��$���5RKGLQ��3���0RVKIHJK��%�� ���������
�,QYHVWLJDWLRQ� RI� HQHUJ\� SHUIRUPDQFH� RI�
QHZO\� EXLOW� ORZ�HQHUJ\� EXLOGLQJ� LQ�
6ZHGHQ��� (QHUJ\� DQG� %XLOGLQJV� ���� �����
������

3URJUDP%\JJHUQH�6,0,(1��
6WDQGDUG�1RUJH���������16�������&ULWHULD�IRU�SDVVLYH�

KRXVHV� DQG� ORZ� HQHUJ\� KRXVHV� �UHVLGHQWLDO�
EXLOGLQJV���

6 OH��+���5RVHQEHUJ��(���) HLOEHUJ��1�� �������� 6WDWH�
RI�WKH�DUW� SURMHFWV� IRU� HVWLPDWLQJ� WKH�
HOHFWULFLW\� HQG�XVH� GHPDQG�� 7URQGKHLP��
6,17()��

7KRPVHQ�� -��� %HUJH�� 0�� �������� ,QQHNOLPD� L�
HQHUJLHIIHNWLYH� EROLJHU�� 6�� %\JJIRUVN��
7URQGKHLP��

:DOO�� 0�� �������� �(QHUJ\�HIILFLHQF\� WHUUDFH� KRXVHV�
LQ�6ZHGHQ���VLPXODWLRQ�DQG�PHDVXUHPHQWV���
(QHUJ\�DQG�%XLOGLQJV��������������
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