
Daniel, Vanessa Eve; Florax, Raymond J.G.M.; Rietveld, Piet

Conference Paper

River flooding and housing values - an economic
assessment of environmental risk

45th Congress of the European Regional Science Association: "Land Use and Water
Management in a Sustainable Network Society", 23-27 August 2005, Amsterdam, The
Netherlands
Provided in Cooperation with:
European Regional Science Association (ERSA)

Suggested Citation: Daniel, Vanessa Eve; Florax, Raymond J.G.M.; Rietveld, Piet (2005) : River
flooding and housing values - an economic assessment of environmental risk, 45th Congress of
the European Regional Science Association: "Land Use and Water Management in a Sustainable
Network Society", 23-27 August 2005, Amsterdam, The Netherlands, European Regional Science
Association (ERSA), Louvain-la-Neuve

This Version is available at:
https://hdl.handle.net/10419/117660

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/117660
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


5LYHU�)ORRGLQJ�DQG�+RXVLQJ�9DOXHV�$Q�(FRQRPLF�$VVHVVPHQW�RI�(QYLURQPHQWDO�5LVN
9DQHVVD�(��'DQLHO�� 5D\PRQG�-�*�0��)ORUD[��� DQG 3LHW�5LHWYHOG�

� 'HSDUWPHQW�RI�6SDWLDO�(FRQRPLFV��9ULMH�8QLYHUVLWHLW��$PVWHUGDP��7KH�1HWKHUODQGV� 'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��3XUGXH�8QLYHUVLW\��:HVW�/DID\HWWH��86$
3DSHU�WR�EH�SUHVHQWHG�DW�WKH���WK 0HHWLQJV�RI�WKH�(XURSHDQ�5HJLRQDO�6FLHQFH�$VVRFLDWLRQ������$XJXVW�������9ULMH�8QLYHUVLWHLW��$PVWHUGDP��7KH�1HWKHUODQGV
$EVWUDFW&OLPDWH�FKDQJH�DQG�ULYHU�PDQDJHPHQW�SUDFWLFHV�KDYH�UHVXOWHG�LQ�VLJQLILFDQW�FKDQJHV�LQWKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�ULVN�RI�ULYHU�IORRGLQJ��2YHU�WKH�ODVW�IHZ�GHFDGHV��WKH�ULVN�RIIORRGLQJ� KDV� RQ� DYHUDJH� LQFUHDVHG� IRU� ORFDWLRQV� FORVH� WR� WKH� ULYHU� EHG�� $VVHVVLQJ� WKHLQFLGHQFH�RI�VSDWLDO�ULVN�DQG�WKH�LPSOLFLW�SULFH�RI�WKH�ULVN�RI�ULYHU�IORRGLQJ�LV�WKH�VXEMHFW�RID�VHULHV�RI�KHGRQLF�SULFLQJ�VWXGLHV��SUHGRPLQDQWO\�SHUWDLQLQJ�WR�ORFDWLRQV�LQ�WKH�86��8VLQJYDOXH� HVWLPDWHV� DQG� WKHLU� DVVRFLDWHG� VWDQGDUG� HUURUV� GHULYHG� IURP� WKHVH� KHGRQLF� SULFLQJVWXGLHV��ZH�SHUIRUP�D�PHWD�DQDO\VLV��6SHFLILFDOO\��ZH�DVVHVV�ZKHWKHU� WKH�YDULDWLRQ� LQ� WKHSHUFHQWDJH�FKDQJH�LQ� WKH�SULFH�RI�D�KRXVH�ORFDWHG�LQ�D�IORRGSODLQ��DV�FRPSDUHG�WR�KRXVHVORFDWHG�RXWVLGH�WKH�IORRGSODLQ��LV�PHUHO\�GXH�WR�VDPSOLQJ�YDULDWLRQ�RU�ZKHWKHU�WKH�YDULDWLRQFDQ� EH� DVVRFLDWHG�ZLWK� VWUXFWXUDO� GLIIHUHQFHV��:H� VKRZHG� WKDW� WKH� FKRLFH� RI� H[SODQDWRU\YDULDEOHV�RI�KHGRQLF�SULFH�IXQFWLRQV�DIIHFWV�WKH�YDULDELOLW\�EHWZHHQ�HVWLPDWHV��DV�ZHOO�DV�WKHW\SH� RI� GDWD�� 7KH� OHYHO� RI� LQFRPH� KDV� EHHQ� LGHQWLILHG� DV� D� PHDQV� WR� SURWHFW� IURP� ULVNYXOQHUDELOLW\��DQG�LW�KDV�EHHQ�REVHUYHG�WKDW�WKH�LPSOLFLW�SULFH�RI�IORRG�GHFUHDVHG�RYHU�WLPH�)DFWRUV�UHODWHG�WR�WKH�H[SORLWDWLRQ�RI�VSDWLDO�FKDUDFWHULVWLFV�RI�WKH�GDWD�VXFK�DV�WKH�XVH�RI�D*,6�GLG�DOVR�SOD\�D� UROH� )LQDOO\�� LW�DSSHDUHG� WKDW�VSHFLILF�DWWHQWLRQ�KDV� WR�EH�SDLG� WR� WKHSHUFHLYHG� OHYHO� RI� ULVN�� HOHPHQWV� DIIHFWLQJ� WKH� SHUFHSWLRQ� RI� LQGLYLGXDOV� RQ� WKH� HIIHFWLYHULVN�RI�IORRGLQJ�DQG�DOORZLQJ�WKHP�WR�XSGDWH�WKHLU�SHUFHSWLRQ�RI�WKH�OHYHO�RI�ULVN�H[SODLQHGYDULDELOLW\�EHWZHHQ�HVWLPDWHV�
.H\�ZRUGV��YDOXDWLRQ��ULVN��ULYHU�IORRGLQJ��PHWD�DQDO\VLV��KHGRQLF�SULFLQJ
-(/�&RGHV��'����+����4����4��
 &RUUHVSRQGLQJ�DXWKRU��5D\PRQG�-�*�0��)ORUD[��'HSW��RI�$JULFXOWXUDO�(FRQRPLFV��3XUGXH�8QLYHUVLW\�����:��6WDWH�6WUHHW��:HVW�/DID\HWWH��,1������±������86$��)D[�����������±������(�PDLO��UIORUD[#SXUGXH�HGX



�

�� ,QWURGXFWLRQ
7KH� RFFXUUHQFH� RI� IORRGV�� ZLQGVWRUPV� DQG� KHDW� ZDYHV� UHFHLYHV� LQFUHDVLQJ� PHGLDFRYHUDJH��7KLV� LV�SDUWO\�GXH� WR� LPSURYHG� WHFKQRORJ\� LQ� FRPPXQLFDWLRQ�DQG�EURDGFDVWLQJLQIUDVWUXFWXUH��EXW�LW�LV�DOVR�D�UHVXOW�RI�D�KLJKHU�LQFLGHQFH�RI�QDWXUDO�GLVDVWHUV��2YHU�WKH�ODVWIHZ� \HDUV� PDQ\� (XURSHDQ� FRXQWULHV�� LQFOXGLQJ� ,WDO\�� )UDQFH�� $XVWULD�� *UHDW� %ULWDLQ�*HUPDQ\�DQG�*UHHFH��LQFXUUHG�VL]HDEOH�KXPDQ�DQG�PDWHULDO�ORVVHV�GXH�WR�ULYHU�IORRGV��7KHLQFUHDVHG�LQFLGHQFH�RI�ULYHU�IORRGLQJ�KDV�ERWK�QDWXUDO�DQG�DQWKURSRJHQLF�FDXVHV�&OLPDWH�FKDQJH��ZKLFK�LV�VLPXOWDQHRXVO\�FDXVHG�E\�FKDQJLQJ�QDWXUDO�FLUFXPVWDQFHVDV� ZHOO� DV� KXPDQ� EHKDYLRU� UHVXOWV�� EULQJV� DERXW� DQ� LQFUHDVH� LQ� WKH� IUHTXHQF\� RI� ULYHUIORRGLQJ�DV�ZHOO�DV�LWV�PDJQLWXGH�LQ�PRVW�UHJLRQV�RI�WKH�ZRUOG��)RU�LQVWDQFH��D�����WR���LQFUHDVH�RI�ODQG�VXUIDFH�SUHFLSLWDWLRQ�SHU�GHFDGH�KDV�EHHQ�REVHUYHG�LQ�PXFK�RI�WKH�PLG�DQGKLJK�ODWLWXGHV�RI�WKH�1RUWKHUQ�+HPLVSKHUH¶V�5HVHDUFK�KDV�DOVR�VKRZQ�WKDW�WKH�IUHTXHQF\�RIKHDY\� SUHFLSLWDWLRQ� KDV� OLNHO\� LQFUHDVHG� E\� �� WR� ��� RYHU� WKH� ODVW� ��� \HDUV�� DQG� D� ����&LQFUHDVH� LQ� JOREDO� WHPSHUDWXUH� RYHU� WKH� ODVW� FHQWXU\� KDV� LPSDFWHG� VHD� OHYHOV� ZLWKFRQFXUUHQW�LPSDFWV�RQ�WKH�WUDQVSRUW�VSHHG�DQG�FDSDFLW\�RI�ULYHUV��,3&& ������$QWKURSRJHQLF�LPSDFWV�RQ�ULYHU�IORRGLQJ�DUH�HYHQ�PRUH�FOHDUO\�YLVLEOH�LQ�FKDQJHGULYHU�PDQDJHPHQW�SUDFWLFHV��&RQVWUXFWLRQ�LQ�IORRGSODLQV��FKDQQHO�VWUDLJKWHQLQJ��EXLOGLQJ�RIGLNHV�� DQG� FRQVWUXFWLRQ� DFWLYLW\� JHQHUDWLQJ� LPSHUPHDEOH� VXUIDFHV� VXFK� DV� WUDQVSRUWLQIUDVWUXFWXUH�DQG�UHVLGHQWLDO�DUHDV�DUH�H[DPSOHV�RI�XUEDQL]DWLRQ�WKDW� LQFUHDVHV�WKH�ULVN�RIULYHU�IORRGV�LQ�VPDOO�FDWFKPHQW�DUHDV�DQG�VPDOO�ULYHU�QHWZRUNV��/DQG�XVH�FRQYHUVLRQ�LV�DOVRD� IDFWRU� FKDQJLQJ� WKH� VSDWLDO� GLVWULEXWLRQ� RI� ULVN�� 3DUWLFXODUO\� LQ� GHYHORSLQJ� FRXQWULHVGHIRUHVWDWLRQ�IRU�DJULFXOWXUDO�SXUSRVH�FDXVHV�LQWHQVLILHG�VHGLPHQW� WUDQVSRUW� UDWHV�RI� ULYHUVDQG�RI�GHSRVLWLRQ�GRZQVWUHDP��.URQ�������$� VSDWLDO� HFRQRPLF� DVVHVVPHQW� RI� HQYLURQPHQWDO� ULVN� LV� LPSRUWDQW� LQ� YLHZ� RIGHFLVLRQ�PDNLQJ�RQ�SXEOLF�DQG�SULYDWH�LQYHVWPHQWV�LQ�SURWHFWLYH�LQIUDVWUXFWXUH�UHGXFLQJ�WKHLPSDFW�RI�HQYLURQPHQWDO�GLVDVWHUV��$Q�DSSURSULDWH�DVVHVVPHQW�DOVR�DVVLVWV�LQ�WKH�GHVLJQ�DQGSURYLVLRQ�RI�SULFH�HIILFLHQW�LQVXUDQFH�SROLFLHV�DJDLQVW�HQYLURQPHQWDO�ULVN�5DWLRQDO�LQYHVWPHQW�EHKDYLRU�RI�HFRQRPLF�DFWRUV�LV�JXLGHG�E\�D�VLPSOH�FRVW�EHQHILWUXOH��)RU�LQVWDQFH��'DQW]LJ��������S���� DOUHDG\�QRWHV�WKDW�WKH�RSWLPDO�KHLJKW�RI�D�VHD�GLNHLV�GHWHUPLQHG�E\�³WDNLQJ�DFFRXQW�RI�WKH�FRVW�RI�GLNH�EXLOGLQJ��RI�WKH�PDWHULDO�ORVVHV�ZKHQ�DGLNH�EUHDN�RFFXUV�� DQG�RI� WKH� IUHTXHQF\�GLVWULEXWLRQ�RI�GLIIHUHQW� VHD� OHYHOV�´�7KH� FRVW� RI
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SURWHFWLYH�LQIUDVWUXFWXUH�FRPSULVHV�RXWOD\�IRU�WKH�FRQVWUXFWLRQ�RI�D�GLNH�DQG�WKH�VXEVHTXHQWQXLVDQFH� LW� JHQHUDWHV��ZLWK�EHQHILWV� DFFUXLQJ� LQ� WHUPV� RI� DYRLGHG� KXPDQ� ORVVHV��PDWHULDOORVVHV�DQG�UHFRQVWUXFWLRQ�FRVWV��FURSV�ORVVHV��DQG�EUHDNV�LQ�HFRQRPLF�DFWLYLW\�5HOLDEOH�LQIRUPDWLRQ�UHJDUGLQJ�DFWRUV¶�ZLOOLQJQHVV�WR�SD\�IRU�D�UHGXFHG�H[SRVXUH�WRWKH� ULVN� RI� ULYHU� IORRGLQJ� LV� QHHGHG� IRU� D� SURSHU� FRVW�EHQHILW� DQDO\VLV� RI� LQYHVWPHQWV� LQSURWHFWLYH�LQIUDVWUXFWXUH�DV�ZHOO�DV� IRU�HIILFLHQW� LQVXUDQFH�SULFLQJ��7KH�XQSUHGLFWDELOLW\�RIWKH� ULVN� DQG� GDPDJH� PDJQLWXGH� RI� ULYHU� IORRGLQJ� DV� ZHOO� DV� SUREOHPV� RI� DV\PPHWULFLQIRUPDWLRQ�DQG�DGYHUVH�VHOHFWLRQ�PDNH�SULFH�VHWWLQJ�EHKDYLRU�GLIILFXOW��$NHUORI�������7ZR�W\SHV�RI�SULYDWH�LQVXUDQFH�FDQ�EH�GLVWLQJXLVKHG��WKH�VR�FDOOHG�RSWLRQDO�V\VWHPDQG� WKH� SDFNDJH� V\VWHP� �3DNOLQD� ������� 7KH� ILUVW� YDULDQW� FOHDUO\� VXIIHUV� IURP� DGYHUVHVHOHFWLRQ�� EHFDXVH� LW� H[WHQGV� WKH� VWDQGDUG� SROLF\� WR� IORRG� GDPDJH� FRYHUDJH� LQ� UHWXUQ� IRUDGGLWLRQDO�SUHPLXP��,Q�WKH�EXQGOH�V\VWHP��IORRG�GDPDJH�FRYHUDJH�LV�DYDLODEOH�DORQJ�ZLWKRWKHU�ULVNV��VXFK�DV�ILUH��HDUWKTXDNHV�DQG�KXUULFDQHV�7KH�OHJDO�V\VWHP�LQ�WKH�86�KDV�EHHQ�PRUH�FRQGXFLYH�WR�RSHQLQJ�WKH�SRVVLELOLW\�RISULYDWH�LQVXUDQFH��,Q�������&RQJUHVV�LQVWLJDWHG�WKH�1DWLRQDO�,QVXUDQFH�$FW�ZKLFK�FDOOHG�IRUWKH� LPSOHPHQWDWLRQ� RI� WKH� 1DWLRQDO� )ORRG� ,QVXUDQFH� 3ODQ� �1),3�� VHH� %URZQH� DQG� +R\W������ +DUULVRQ�� 6PHUVK� HW� DO�� ������ 7UR\� DQG� 5RPP� ������� 7KH� 1),3� VWLSXODWHV� WKHDYDLODELOLW\� RI� IORRG� LQVXUDQFH� ZKHQ� D� FRPPXQLW\� DJUHHV� WR� DGRSW� DQG� HQIRUFH� IORRGPLWLJDWLRQ� DQG� ODQG� XVH� UHJXODWLRQV�� ,Q� WKH� ³HPHUJHQF\� SKDVH´� IORRG� KD]DUG� PDSV� DUHSURYLGHG� DQG� UHVLGHQWV� RI� ]RQHV� DW� ULVN� DUH� DOORZHG� WR� SXUFKDVH� D� OLPLWHG� DPRXQW� RILQVXUDQFH�DW� VXEVLGL]HG� UDWHV�� ,Q�RUGHU� WR�HQWHU� WKH�³UHJXODU�SKDVH�´�FRPPXQLWLHV�KDYH� WRDGRSW�DGGLWLRQDO�IORRG�PLWLJDWLRQ�DQG� ODQG�XVH�PHDVXUHV� LQ� UHWXUQ�IRU�H[WHQGHG� LQVXUDQFHFRYHUDJH��%HFDXVH�WKH�1),3�VXIIHUHG�IURP�D�YHU\�ORZ�SDUWLFLSDWLRQ�UDWH��&RQJUHVV�SDVVHGWKH�)ORRG�'LVDVWHU�3URWHFWLRQ�$FW��)'3$��LQ�������8QGHU�)'3$�UHJXODWLRQV�SDUWLFLSDWLRQLV�PDQGDWRU\��0RUWJDJH�SURYLVLRQ�IRU�SURSHUW\�ORFDWHG�LQ�D�IORRG�]RQH�LV�FRQGLWLRQDO�XSRQREWDLQLQJ� FDWDVWURSKH� LQVXUDQFH� ZKLFK� HIIHFWLYHO\� TXDOLILHV� DV� D� JXDUDQWHH� VHFXULQJ� WKHORDQ� (IIHFWLYHO\�� LQ� WKH� FRQWH[W� RI� DQ� DVVHVVPHQW� RI� WKH� ULVN� RI� ULYHU� IORRGLQJ�ZH� DUHVHDUFKLQJ�IRU�DQ�HVWLPDWH�RI� LPSOLFLW�SULFH� IRU� VHOI�SURWHFWLRQ� �WKH�SULFH�RI� VDIHW\���RU� WKHFDSLWDOL]DWLRQ�RI�LQVXUDQFH�SUHPLXPV�LQ�WKH�SULFH�RI�WKH�KRXVH��DQG�RI�GDPDJH�QRW�FRYHUHGE\� LQVXUDQFH�� VXFK� DV� WKH� QXLVDQFH� UHODWHG� WR� WKH� �SDUWLDO�� GHVWUXFWLRQ� RI� WKH� KRXVH� DQG
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EHORQJLQJV�� DQG� WR� WKH� GHOD\V� RI� UHFRQVWUXFWLRQ��$Q� LQYHQWRU\� RI� IORRGLQJ� ULVN� YDOXDWLRQVWXGLHV� DYDLODEOH� LQ� WKH� HPSLULFDO� OLWHUDWXUH� VKRZV� ZLOOLQJQHVV� WR� SD\� �:73�� HVWLPDWHVUDQJLQJ� IURP�±������ WR���������RI� WKH�DYHUDJH�SULFH�RI�KRXVHV IRU�D�SUREDELOLW\�RI� ULVNH[SRVXUH�RI������SHU� \HDU��7KH� YDULDWLRQ� LQ� HVWLPDWHV�PD\�PHUHO\� UHSUHVHQW� VDPSOLQJ� RUHVWLPDWLRQ�YDULDQFH��EXW� LW�PD\�DOVR�EH�FDXVHG�E\�V\VWHPDWLF�YDULDWLRQ� LQ� WKH�XQREVHUYHGSRSXODWLRQ� RU� VDPSOH� YDOXHV� RI� WKH�ZLOOLQJQHVV� WR� SD\� IRU� UHGXFHG� ULVN� RI� ULYHU� IORRGLQJH[SRVXUH�� 0HWD�DQDO\VLV�� ZKLFK� FRPSULVHV� DQ� DUUD\� RI� VWDWLVWLFDO� WHFKQLTXHV� WR� DQDO\]HSUHYLRXVO\�SXEOLVKHG�HPSLULFDO�HVWLPDWHV��FDQ�EH�XVHG� WR�GHWHUPLQH� WKH� H[WHQW�RI� UDQGRPYHUVXV� V\VWHPDWLF� YDULDWLRQ�� ,W� LV� D� ZHOO� NQRZQ� DQG� SRSXODU� WRRO� LQ� WKH� FRQWH[W� RI� QRQ�PDUNHW� YDOXDWLRQ� RI� DLU� SROOXWLRQ�� UHFUHDWLRQDO� ILVKLQJ�� KHDOWK� ULVNV�� HQGDQJHUHG� VSHFLHV�ZHWODQGV��DQG�SHVWLFLGH� ULVN�H[SRVXUH� �:RRGZDUG�DQG�:XL�������7UDYLVL��1LMNDPS�HW�DO������� 7KH�UHPDLQGHU�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��7KH�QH[W�VHFWLRQ�GHDOV�ZLWK�WKHXVH� RI� YDOXDWLRQ� WHFKQLTXHV� LQ� WKH� FRQWH[W� RI� ULYHU� IORRGLQJ� ULVN� DVVHVVPHQW�� 6HFWLRQ� �EULHIO\� GLVFXVVHV� WKH� VDPSOLQJ� RI� VWXGLHV�� DQG� SURYLGHV� WKH� PDLQ� FKDUDFWHULVWLFV� RI� WKHHVWLPDWHG�:73�IRU� UHGXFHG� ULVN�H[SRVXUH��:H�DOVR�GHWHUPLQH�ZKHWKHU� WKH�VDPSOH�GUDZQIURP� WKH� OLWHUDWXUH� LV� GLVWRUWHG� EHFDXVH� RI� SXEOLFDWLRQ� ELDV�� ,Q� 6HFWLRQ� �� ZH� SURYLGH� DQRYHUYLHZ�RI� IDFWRUV� WKDW� DUH�SRWHQWLDOO\� UHOHYDQW� LQ� H[SODLQLQJ� VWUXFWXUDO� YDULDWLRQ�RI� ULVNYDOXDWLRQV��DQG�ZH�SUHVHQW�WKH�HVWLPDWLRQ�UHVXOWV�IRU�WKH�PHWD�UHJUHVVLRQ�DQDO\VLV��6HFWLRQ��FRQFOXGHV�
�� 9DOXDWLRQ��H[WHUQDOLWLHV�DQG�SHUFHSWLRQ�ELDV6WDWHG�DV�ZHOO�DV�UHYHDOHG�SUHIHUHQFH�PHWKRGV�DUH�EHLQJ�XVHG�WR�DVVHVV�IORRG�ULVNV��DQGERWK�W\SHV�RI�PHWKRGV�KDYH�WKHLU�RZQ�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��VHH�)UHHPDQ��������IRU�DQ�RYHUYLHZ���6WDWHG�SUHIHUHQFH�PHWKRGV�DUH�EDVHG�RQ�LQWHUYLHZV�RU�VXUYH\V�H[SOLFLWO\DVNLQJ� LQGLYLGXDOV� DERXW� WKHLU�ZLOOLQJQHVV� WR� SD\� IRU� UHGXFHG� IORRG� ULVN� H[SRVXUH�� XVLQJFRQWLQJHQW�YDOXDWLRQ�RU�FKRLFH�H[SHULPHQWV�VXFK�DV�FRQMRLQW�DQDO\VLV�RU�FRQWLQJHQW�UDQNLQJ�$GYDQWDJHV� RI� VWDWHG� SUHIHUHQFH� PHWKRGV� LQFOXGH� WKH� SRVVLELOLW\� WR� JLYH� UHVSRQGHQWVDFFXUDWH� LQIRUPDWLRQ� DERXW� WKH� HQYLVDJHG� ULVN�� WKH� FRQVLGHUDWLRQ� RI� ERWK� DFWXDO� DQGK\SRWKHWLFDO� VFHQDULRV�� DQG� WKH� RSSRUWXQLW\� WR� DVVHVV� � XVH� DV� ZHOO� DV� QRQ�XVH� YDOXHV�$UJXDEO\�� WKH�PDMRU�GLVDGYDQWDJH�RI�VWDWHG�SUHIHUHQFH�PHWKRGV� LV� WKDW� LW� UHPDLQV�XQFOHDU
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ZKHWKHU�WKH�DFWXDO�EHKDYLRU�RI�UHVSRQGHQWV�FRUUHVSRQGV�WR�WKHLU�VWDWHPHQWV��/LVW�DQG�*DOOHW������ VKRZ� WKDW�� HVSHFLDOO\� LQ� ULVN� DVVHVVPHQW� YDOXDWLRQV�� WKH� LPSDFW� RI� WKH� VR�FDOOHGK\SRWKHWLFDO�ELDV�LV�PRVW�OLNHO\�VWURQJ�7KH� UHYHDOHG� SUHIHUHQFH� PHWKRG� LV� FRQFHUQHG� ZLWK� DFWXDO� FRQVXPHU� EHKDYLRU� LQPDUNHWV��7KH�UHVWULFWLRQ�WR�DFWXDO�EHKDYLRU�REYLRXVO\�UHVWULFWV�WKH�PHWKRG¶V�DELOLW\�WR�DVVHVV:73� YDOXHV� LQ� GLIIHUHQW� �UHDO�ZRUOG�� VLWXDWLRQV�� DQG� RQH� FDQQRW� UHDGLO\� FRQWURO� WKHLQIRUPDWLRQ�VKDSLQJ�WKH�ULVN�SHUFHSWLRQ�RI�LQGLYLGXDOV��'H�%ODHLM�HW�DO����������DQG�7UDYLVLHW� DO�� �������DUH�H[DPSOHV�RI� VWXGLHV�GHDOLQJ�ZLWK� WKH�YDOXDWLRQ�RI� ULVN��7KH\�ERWK� VKRZWKDW� UHYHDOHG� SUHIHUHQFH� WHFKQLTXHV� OHDG� WR� VLJQLILFDQWO\� ORZHU�:73� YDOXHV� WKDQ� VWDWHGSUHIHUHQFH�WHFKQLTXHV�0RVW� RI� WKH� VWXGLHV� DVVHVVLQJ� WKH� YDOXH� RI� IORRG� ULVN� H[SRVXUH� XVH� WKH� UHYHDOHGSUHIHUHQFH� DSSURDFK�� 7KH� DVVXPSWLRQ� XQGHUO\LQJ� UHYHDOHG� SUHIHUHQFH� VWXGLHV� LQ� WKHSUHVHQFH� RI� DQ� HQYLURQPHQWDO� ULVN� LV� WKDW� DQ� H[RJHQRXVO\� GHWHUPLQHG� �VHW� RI�� ULVN�V�� LVFRQVLGHUHG�ZKHQ�FKRRVLQJ� WKH� ORFDWLRQ�RI�D�KRXVH��+RXVLQJ�SULFHV� WKHQ�UHYHDO� LQGLYLGXDOSUHIHUHQFHV� UHJDUGLQJ� WKH� DFFHSWDQFH� RI� ULVN�� DVVXPLQJ� WKDW� DSSURSULDWH� FRQWUROV� IRUGLIIHUHQFHV�LQ�WKH�SURSHUW\�DQG�WKH�ORFDWLRQ�DUH�DFFRXQWHG�IRU��$�VWUDLJKWIRUZDUG�WHFKQLTXHWR� DVVHVV� VXFK� GLIIHUHQFHV� LV� WR� ORRN� DW� WKH� DYHUDJH� GLIIHUHQFH� EHWZHHQ� SULFHV� RI� KRXVHVORFDWHG�LQVLGH�DQG�RXWVLGH�D�]RQH�DW�ULVN��DQG�WR�FRPSXWH�D�VLJQLILFDQFH�WHVW�IRU�WKH�HTXDOLW\RI� WKHVH� GLIIHUHQFHV�� 7KLV� GLIIHUHQFH� LQ�PHDQV� HVWLPDWRU� KDV� EHHQ� XVHG� LQ�� IRU� LQVWDQFH�=LPPHUPDQ������� DQG�6KUXEVROH�HW�DO���������$�PRUH�HODERUDWHG�WHFKQLTXH�GHULYHV�IURP�5RVHQ¶V������� VHPLQDO�SDSHU��LQ�ZKLFKD� KRXVLQJ� XQLW� LV� FRQVLGHUHG� DV� D� GLIIHUHQWLDWHG� PDUNHW� JRRG� UHSUHVHQWLQJ� D� EXQGOH� RITXDQWLWDWLYH�DQG�TXDOLWDWLYH�FKDUDFWHULVWLFV��,PSOLFLW�VKDGRZ�SULFHV�FDQ�EH�GHWHUPLQHG�DV�WKHSDUWLDO�ILUVW�GHULYDWLYH�RI�DQ�HFRQRPHWULF�PRGHO�WKDW�UHODWHV�WKH�REVHUYHG�VHOOLQJ�SULFH�RI�DKRXVH� �S�� WR� D� VHW� RI� FKDUDFWHULVWLFV� SURSHU� WR� WKH� KRXVH�� DQG� FKDUDFWHULVWLFV� RI� WKHQHLJKERUKRRG�RU�ORFDWLRQ�RI�WKH�KRXVH��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�S�LV�WKH�HTXLOLEULXP�SULFHRQ�WKH�KRXVLQJ�PDUNHW��DQG�YDULDEOHV�GHVFULELQJ�WKH�SURFHVV�RI�HTXLOLEULXP�SULFH�IRUPDWLRQVKRXOG�QRW�EH�SDUW�RI�WKH�KHGRQLF�SULFH�IXQFWLRQ���$�VXEVHW�RI�WKH�QHLJKERUKRRG�RU�ORFDWLRQFKDUDFWHULVWLFV� FDQ� EH� FRQFHUQHG�ZLWK� HQYLURQPHQWDO� DVSHFWV�� VXFK� DV� WKH� ULVN� RI� QDWXUDO
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KD]DUGV�� DQG� DLU� TXDOLW\�� /RFDWLRQ� FKRLFHV� KHQFH� LQFOXGH� WKH� FKRLFH� RI� FRQVXPLQJ� DSDUWLFXODU�OHYHO�RI�ULVN�,Q�WKH�KHGRQLF�YDOXDWLRQ�RI�VSDWLDOO\�GLIIHUHQWLDWHG�HQYLURQPHQWDO�ULVN��WZR�SRWHQWLDOSUREOHPV�QHHG�FDUHIXO�FRQVLGHUDWLRQ��2QH�LV�WKH�SRWHQWLDO�ELDV�LQ�LQGLYLGXDO�SHUFHSWLRQV�RIWKH� OHYHO� RI� ULVN�� HVSHFLDOO\� EHFDXVH� LQ� KHGRQLF� SULFLQJ� PRGHOV�� DV� FRPSDUHG� WR� VWDWHGSUHIHUHQFH� VWXGLHV�� QR� DGGLWLRQDO� LQIRUPDWLRQ� RU� H[SODQDWLRQ� LV� SURYLGHG� WR� FRQVXPHUV�$QRWKHU� SUREOHP� LV� FDXVHG� E\� WKH� FRLQFLGHQFH� RI� ZDWHU�UHODWHG� DPHQLWLHV� ZLWK� ZDWHU�UHODWHG�ULVNV�3HUFHSWLRQ�ELDV� DPRXQWV� WR� WKH�GLYHUJHQFH�EHWZHHQ� WKH�REMHFWLYH�SUREDELOLW\�RI� DJLYHQ� ULVN� DQG� DQ� LQGLYLGXDO¶V� SHUFHSWLRQ� RI� WKH� ULVN�� $� SURSHU� DSSUDLVDO� RI� REMHFWLYHKD]DUGV�� IRU� LQVWDQFH� GHWHUPLQHG� RQ� WKH� EDVLV� RI� UHFXUUHQW� SDWWHUQV�� FDQ� LQWHUIHUH� ZLWKLQGLYLGXDO�SHUVRQDO�FKDUDFWHULVWLFV�DQG�VXEVHTXHQWO\�JLYH�ULVH�WR�ELDVHV�LQ�WKH�SHUFHSWLRQ�RIKD]DUGV�� 6SHFLILFDOO\�� DQ� LQGLYLGXDO� PD\� EH� FRPSOHWHO\� EOLQG� WR� D� ULVN�� LQ� ZKLFK� FDVHUHYHDOHG� SUHIHUHQFH� WHFKQLTXHV� DUH� RI� OLWWOH� UHOHYDQFH�� $OWHUQDWLYHO\�� LQGLYLGXDOV� PD\SHUFHLYH�UHDOLW\�WKURXJK�D�GLVWRUWLQJ�PLUURU��LQ�ZKLFK�FDVH�UHYHDOHG�:73�YDOXHV�DUH�RYHU�RU�XQGHU�HVWLPDWHG��9LVFXVL��������%RWK�H[SHFWHG�XWLOLW\�WKHRU\�DQG�SURVSHFW�WKHRU\�DUH�LQOLQH�ZLWK�WKH�REVHUYDWLRQ�RI�LQGLYLGXDOV�RYHU�HVWLPDWLQJ�ORZ�SUREDELOLW\�HYHQWV��.DKQHPDQDQG� 7YHUVN\� ������ 9LVFXVL� ������� HVSHFLDOO\� LI� IHDUV� DUH� SUHVHQW�� DQG� XQGHU�HVWLPDWLQJULVNV�RYHU�ZKLFK�LQGLYLGXDOV�PD\�KDYH�DFWLYH�FRQWURO��9LVFXVL�������$�ZD\�WR�LGHQWLI\�GLIIHUHQFHV�EHWZHHQ�REMHFWLYH�DQG�VXEMHFWLYH�SUREDELOLWLHV�RI�ULVNLV�WR�REWDLQ�HVWLPDWHV�EHIRUH�DQG�DIWHU�DQ�HYHQW��1HZ�LQIRUPDWLRQ�WKDW�FDQ�SRWHQWLDOO\�DIIHFWVXEMHFWLYH�SUREDELOLWLHV� DQG�PDNH� WKHP�FRPSOLDQW� WR� WKH� REMHFWLYH� YXOQHUDELOLW\� FDQ� WDNHWKH�IRUP�RI��WKH�RFFXUUHQFH�RI�WKH�HYHQW�DW�ULVN�DQG�WKH�LQGLYLGXDOV¶�H[SHULHQFH�ZLWK�VXFKDQ� HYHQW�� D� FRQFXUUHQW� FKDQJH� LQ� LQVXUDQFH� SUHPLXPV�� D� FKDQJH� LQ� GLVFORVXUH� UXOHVFRQFHUQLQJ� D� VSHFLILF� ULVN�� DQG� LQFUHDVHG� YLVLELOLW\� RI� WKH� ULVN�� GXH� WR� IRU� LQVWDQFH� DQLQFUHDVH�LQ�PHGLD�FRYHUDJH��$Q�LOOXVWUDWLRQ�RI�WKH�RYHUHVWLPDWLRQ�RI�ORZ�SUREDELOLW\�HYHQWVLV�SURYLGHG�LQ�%HURQ�HW�DO����������7KH\�VKRZ�WKDW�WKH�GHYDOXDWLRQ�RI�KRXVLQJ�SULFHV�GXH�WRWKH�ORFDWLRQ�LQ�D�]RQH�DW�ULVN�GURSV�IURP����EHIRUH�WKH�/RPD�3ULHWD�HDUWKTXDNH�LQ�������WR�����DIWHU�WKH�TXDNH�
� 6RPH� VWXGLHV� LQFOXGH� WKH� QXPEHU� RI� GD\V� RQ� WKH�PDUNHW� DV� D� FRQGLWLRQLQJ� YDULDEOH� LQ� WKH� KHGRQLF� SULFHIXQFWLRQ��DOWKRXJK� WKLV�GRHV�QRW�VHHP�WR�EH�DSSURSULDWH��6XFK�D�YDULDEOH� UHIOHFWV� HLWKHU� WKH�DFFXUDF\�RI� WKH
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6FDUFLW\�RI�LQIRUPDWLRQ�LV�DOVR�UHOHYDQW�ZLWK�UHVSHFW�WR�WKH�VHFRQG�FRPSOLFDWLRQ��WKHFRQIRXQGLQJ� RI� SRVLWLYH� DQG� QHJDWLYH� H[WHUQDOLWLHV� UHODWHG� WR� SUR[LPLW\� WR� WKH� ULYHU�� 7KHULVN�RI�IORRGLQJ�FDQ�EH�FDXVHG�E\�H[FHSWLRQDO�UDLQIDOO��EXW�LW�LV�OLNHO\�WR�EH�LQGHSHQGHQW�RIUDLQIDOO�LQ�UHJLRQV�HQGRZHG�ZLWK�ULYHUV��FDQDOV��RU�ODNH�ZDWHUVKHGV��ORFDWHG�QHDUE\�WKH�FRDVWRU�DW�D�ORZ�HOHYDWLRQ�OHYHOV��,Q�WKRVH�FDVHV�WKH�SUHVHQFH�RI�ZDWHU�LV�DVVRFLDWHG�ZLWK�SRVLWLYH�H�J���YLVXDO�DPHQLWLHV��ZDWHU�VSRUWV�IDFLOLWLHV��DQG�RSHQ�VSDFH��DV�ZHOO�DV�QHJDWLYH�VSDWLDOH[WHUQDOLWLHV� �KD]DUG� RI� ULYHU� IORRGLQJ��� $V� D� UHVXOW�� D� VLPSOH� GXPP\� YDULDEOH� VLJQDOLQJORFDWLRQ�ZLWKLQ�RU�RXWVLGH�D�IORRGSODLQ�PD\�HIIHFWLYHO\�XQGHUHVWLPDWH�WKH�YDOXH�RI�WKH�ULVNRI� ULYHU� IORRGLQJ�� EHFDXVH� SRVLWLYH� DQG� QHJDWLYH� ZDWHU�UHODWHG� H[WHUQDOLWLHV� DUH� QRWVHSDUDWHO\� LGHQWLILHG� DQG�PD\�KHQFH�SDUWO\� FDQFHO� LQ� WKH� FDSLWDOL]DWLRQ�RI� H[WHUQDOLWLHV� LQKRXVLQJ�SULFHV��$GYDQFHG�FRPSXWDWLRQDO�WHFKQLTXHV�DQG�WKH�XVH�RI�JHRJUDSKLF�LQIRUPDWLRQV\VWHPV� KDYH� LPSURYHG� WKH� H[WHQW� WR� ZKLFK� UHVHDUFKHUV� FDQ� DFFRXQW� IRU� WKH� VSDWLDORUJDQL]DWLRQ� RI� WKH� GDWD� LQ� WHUPV� RI� GLVWDQFH� WR� ZDWHU� DQG� HOHYDWLRQ�� ,W� LV� H[SHFWHG� WKDWDPHQLWLHV�DQG� ULVN�GR�QRW� H[DFWO\� FRLQFLGH�� )RU� LQVWDQFH�� KRXVHV�ZLWK� D�GLUHFW� YLHZ�RQ� DULYHU�PD\�KDYH�QR�FDQFHOLQJ�YDOXDWLRQV�IRU�IORRG�ULVNV�DQG�DPHQLWLHV��ZKHUHDV�IRU�KRXVHVZLWK�D�YLHZ�EXW�DW�D�ORZHU�HOHYDWLRQ�WKH�YDOXDWLRQV�PD\�FDQFHO��7KLV�SUREOHP�LV�DGGUHVVHGLQ� WKH� PHWD�DQDO\VLV� E\� FRQWUROOLQJ� IRU� WKH� LQFOXVLRQ� RI� GLVWDQFH� DQG� HOHYDWLRQ� UHODWHGYDULDEOHV�LQ�WKH�SULPDU\�VWXGLHV�
�� 7KH�GHWHUPLQDQWV�RI�WKH�DVVHVVHG�YDOXH�RI�IORRGLQJ�ULVN,W� KDV� WR� EH� QRWHG� WKDW� SULPDU\� VWXGLHV� LQFOXGHG� LQ� WKH� PHWD�DQDO\VLV� DOO� SUHVHQWHVWLPDWHV�IRU�WKH�8QLWHG�6WDWHV��ZKHUH�IORRG�LQVXUDQFH�LV�DYDLODEOH�7KLV�VHFWLRQ�JLYHV�D�VKRUW�UHYLHZ�RQ�WKH�1DWLRQDO�)ORRG�,QVXUDQFH�3URJUDP��QH[W�� WKHVHOHFWLRQ�FULWHULD� IRU�SULPDU\�VWXGLHV�DUH�SUHVHQWHG��)LQDOO\�� D�PHWD�UHJUHVVLRQ� DQDO\VLV� LVXVHG� WR� LGHQWLI\� WKH� GHWHUPLQDQWV� RI� YDULDWLRQ� LQ� IORRG� ULVN� DVVHVVPHQW� DFURVV� SULPDU\VWXGLHV�

���� 7KH�VHOHFWLRQ�RI�SULPDU\�VWXGLHV7KH�FROOHFWLRQ�RI�VWXGLHV� WR� LQFOXGH� LQ� WKH�GDWDEDVH� WDNHV�SODFH�XQGHU� WZR�FRQIOLFWLQJYLHZSRLQWV��2Q�WKH�RQH�KDQG��D�KLJK�QXPEHU�RI�REVHUYDWLRQV�DOORZV�VWDWLVWLFDO�LQIHUHQFH�WR
DVNLQJ�SULFH�YHUVXV�WKH�DFWXDO�PDUNHW�SULFH��RU�LW�UHYHDOV�DQ�XQH[SODLQHG�VHOOLQJ�GLIILFXOW\�VSHFLILF�WR�D�KRXVH�
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EH�RI�JRRG�TXDOLW\��2Q�WKH�RWKHU�KDQG��WKH�GHVLUH�WR�VDYH�GHJUHHV�RI�IUHHGRP�PRWLYDWHV�WKHDPELWLRQ� RI� JHWWLQJ� D� KRPRJHQHRXV� GDWD� VHW�� DQG� RI� OLPLWLQJ� WKH� QXPEHU� RI� FRQWUROYDULDEOHV�QHFHVVDU\�WR�GHVFULEH�WKH�GDWD��IRU�LQVWDQFH��VWXGLHV�EXLOW�RQ�D�XQLTXH�GHVLJQ��DQGSUHVHQWLQJ�D�YHU\�VPDOO�QXPEHU�RI�HVWLPDWHV��,Q�RUGHU�WR�EH�VHOHFWHG��D�VWXG\�QHHGHG�WR�PHHW�WKH�IROORZLQJ�UHTXLUHPHQWV��L� WKH� DVVHVVHG�SULFH�RI� IORRG� ULVN� LV� WKH� UHVXOW� RI� WKH� DSSOLFDWLRQ�RI� D�53� WHFKQLTXH�GLIIHUHQFH�LQ�PHDQV�HVWLPDWRU�RU�KHGRQLF�SULFH�PRGHO���DQG�FDQ�EH�SUHVHQWHG��HYHQLQGLUHFWO\��DV�D�SHUFHQWDJH�RI�WKH�DYHUDJH�SULFH�RI�WKH�KRXVH�LL� WKH� ULVN� RI� IORRGLQJ� LV� FDSWXUHG� E\� D� GXPP\�� DQG� WKH� GXPP\� UHIHUV� WR� D� FHUWDLQH[SHFWHG�RFFXUUHQFH�RI� IORRGLQJ��PRVW�RI� WKH�VWXGLHV�FRQFHUQ�WKH�LPSOLFLW�SULFH�RIWKH� ORFDWLRQ� RI� D� KRXVH� ZLWKLQ� D� ����\HDU� IORRGSODLQ� FRQWRXU�� L�H�� RQ� DYHUDJH� DPLQLPXP�FKDQFH�RI�EHLQJ�IORRGHG�RI������SHU�\HDU��LLL� WKH�LPSOLFLW�SULFH�RI�D�JLYHQ�ULVN�RI� IORRGLQJ�LV�QRW� WKH�UHSOLFDWLRQ�RI�D�SUHYLRXVO\REWDLQHG�UHVXOW$V�D�PDWWHU�RI�LOOXVWUDWLRQ��UHTXLUHPHQW��L��LPSHGHG�WKH�LQFOXVLRQ�RI�D�VWXG\�JLYLQJ�D�� FKDQJH� LQ�SULFH�GXH� WR� WKH� ORFDWLRQ� LQ� D� IORRGSODLQ�� QRW� UHODWHG� WR� WKH� DYHUDJH� SULFH� RIKRXVHV� �7KRPSVRQ�DQG�6WRHQHYHU�������+ROZD\�DQG�%XUE\��������5HTXLUHPHQW� �LL��ZDVVRPHKRZ�PRUH� UHVWULFWLYH� DQG� OHG� WR� WKH� H[FOXVLRQ� RI� VWXGLHV� XVLQJ� HOHYDWLRQ� DQG� IORRGGHSWK�DV�FRQWURO�YDULDEOHV� �%DUQDUG�������7RELQ� DQG�0RQW]�������.ULHVHO� DQG�)ULHGPDQ������=KDL�DQG�)XNX]RQR��������,Q�VSLWH�RI�WKHVH�UHVWULFWLRQV�����VWXGLHV�FRXOG�EH�FROOHFWHGLQ�D�ILUVW�VWDJH��JDWKHULQJ����HVWLPDWHV�$PRQJ�WKHP����VWXGLHV�RQO\��HDFK�UHSRUWLQJ�D�VLQJOH�HVWLPDWH��FRQFHUQHG�GLIIHUHQFHLQ�PHDQV� HVWLPDWRUV� �=LPPHUPDQ������� 6KUXEVROH��*UHHQ� HW� DO�� ������� 7KH� LQFOXVLRQ� RIWKHVH� WZR�SRLQW�HVWLPDWHV�ZRXOG�REOLJH� WR�DGG� WZR�GXPPLHV��RQH� LQGLFDWLQJ� WKH�XVH�RI� DGLIIHUHQFH�LQ�PHDQV�HVWLPDWRU��WKH�RWKHU�WKH�ORFDWLRQ�LQ�&DQDGD��7KH�H[FOXVLRQ�RI�WKHVH�WZRSRLQWV� LV� MXVWLILHG�E\� WKH� IDFW� WKDW� DGGLWLRQDO� LQIRUPDWLRQ�EURXJKW�E\� WKH� LQFOXVLRQ� RI� WKHFRUUHVSRQGLQJ�VWXGLHV�LV�QRW�VXSSRVHG�WR�RIIVHW�WKH�UHODWHG�DGGLWLRQDO�KHWHURJHQHLW\�LQ� WKHGDWDEDVH�� $QRWKHU� VWXG\� ZDV� H[FOXGHG� RQ� WKH� EDVLV� WKDW� LW� RQO\� FRQFHUQHG� ODQG� SULFHV�6KDEPDQ�DQG�'DPLDQRV��������WKH�LQFOXVLRQ�RI�D�GXPP\�IRU�WKLV�VLQJOH�HVWLPDWH�ZDV�IRUWKH�VDPH�UHDVRQ�QRW�DSSHDOLQJ�
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7KH�ILQDO�GDWDEDVH�LV�PDGH�XS�RI����VWXGLHV�DQG����SRLQWV��3OHDVH�UHIHU�WR�$SSHQGL[��IRU�D�SUHVHQWDWLRQ�RI�WKH�PRVW�VWULNLQJ�IHDWXUHV�RI�WKHVH�VWXGLHV�6HOHFWHG� VWXGLHV� GHILQHG� WKH� ULVN� RI� IORRGLQJ� DV� WKH� SUHVHQFH� LQ� DQ� ;�\HDUIORRGSODLQ��ZKLFK�PHDQV� WKDW� WKH�SUREDELOLW\�RI�EHLQJ�IORRGHG� LV���;� LQ�D� \HDU��'RQQHOO\������ GHILQHV�LW�LQ�D�VOLJKWO\�GLIIHUHQW�ZD\��DV�WKH�ULVN�YDULDEOH�LV�WKH�SURGXFW�EHWZHHQ�WKHXVXDO�IORRG�GXPP\�DQG�WKH�SURSHUW\¶V�WD[�OLDELOLW\��7KH�FRHIILFLHQW�DVVRFLDWHG�WR�WKLV�ULVNYDULDEOH�WKHQ�JLYHV�WKH�GLIIHUHQFH�LQ�WKH�VHOOLQJ�SULFH�GXH�WR�WKH�ORFDWLRQ�LQVLGH�RU�RXWVLGHWKH� IORRGSODLQ�� SHU� GROODU� RI� SURSHUW\� WD[� OLDELOLW\�� 7KH� UHSRUWHG� FKDQJH� LQ� SULFH� LV� WKHQFRPSXWHG�IRU�WKH�DYHUDJH�SURSHUW\�WD[�7KH� LQFOXGHG� VWXGLHV� KDYH� DV� GHSHQGHQW� YDULDEOH� WKH� DFWXDO� VHOOLQJ� SULFH� RI� WKHKRXVH��H[FHSW� LQ�RQH� VWXG\�SUHVHQWLQJ���� HVWLPDWHV� IRU�ZKLFK�SULFHV�ZHUH� DSSUDLVHG� �86$UP\�&RUSV�RI�(QJLQHHUV�������,Q�DFFRUGDQFH�WR�WKH�GLVFXVVLRQ�JLYHQ�LQ�VHFWLRQ�����D�UHFXUUHQW�DSSURDFK�WR�DFFRXQWIRU�VXEMHFWLYLW\�LQ�SUREDELOLW\�DVVHVVPHQW�LV�WR�PDNH�XVH�RI�HVWLPDWLRQV�EHIRUH�DQG�DIWHU�DQHYHQW� VXSSRVHG� WR� PRGLI\� LQGLYLGXDO� SHUFHSWLRQ�� 7KH� RFFXUUHQFH� RI� D� GLVDVWHU�� E\HQKDQFLQJ� LQGLYLGXDO� H[SHULHQFH�� LV� WKH� ILUVW� PHDQV� XVHG� IRU� WKLV� SXUSRVH� �0DF'RQDOG�0XUGRFK� HW� DO�� ������ 6NDQW]� DQG� 6WULFNODQG� ������ 0DF'RQDOG�� :KLWH� HW� DO�� ������ 86$UP\� &RUSV� RI� (QJLQHHUV� ������ )ULGJHQ� DQG� 6KXOW]� ������ %LQ� DQG� 3RODVN\� �����+DOOVWURP�DQG�6PLWK�������%XW� FKDQJHV� LQ� LQVXUDQFH� GHVLJQ� DUH� DOVR� FRQVLGHUHG�� VXFK� DV� WKH�1DWLRQDO� )ORRG,QVXUDQFH�5HIRUP�$FW� RI� ����� �+DUULVRQ�� 6PHUVK� HW� DO�� ������� RU� WKH�&DOLIRUQLD�1DWXUDO+D]DUG�'LVFORVXUH�/DZ��7UR\�DQG�5RPP�������7KH�HIIHFW�VL]H�XQGHU�VFUXWLQ\�LV�WKH� UHODWLYH�LPSOLFLW�SULFH�RI� WKH�ULVN�RI�IORRGLQJ�DOVR�LQWHUSUHWHG�DV�WKH�UHODWLYH�FKDQJH�LQ�WKH�SULFH�RI�D�KRXVH�ORFDWHG�LQ�D�VSHFLILF�]RQH�DWULVN��GXH�WR�WKLV�VSHFLILF�ULVN�7KH�H[SUHVVLRQ�RI�WKH�HIIHFW�VL]H�WKHWD LV�LWVHOI�GHSHQGHQW�RQ�WKH�IXQFWLRQDO�IRUP�RIWKH�SULPDU\�KHGRQLF�SULFH�IXQFWLRQ��DV�ZHOO�DV�LWV�FRUUHVSRQGLQJ�VWDQGDUG�HUURU��0RVW�RI�WKHVWXGLHV�PDNH�XVH�RI�WKH�VHPLORJ�IRUP��ZKLFK�PHDQV�WKDW�WKH�HVWLPDWHG�FRHIILFLHQW�LV�HTXDOWR�WKHWD��+RZHYHU��RWKHU�IXQFWLRQDO�IRUPV�KDYH�EHHQ�XVHG�LQ�VRPH�FDVHV��DQG�WKH�HVWLPDWHGFRHIILFLHQW�KDG�WR�EH�WUDQVIRUPHG�WR�PDNH�LW�HTXDO�WR�WKHWD��7DEOH���SUHVHQWV�WKH�GLIIHUHQWH[SUHVVLRQV�RI�ERWK�WKH�HIIHFW�VL]H�DQG�LWV�VWDQGDUG�HUURU�
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)XQFWLRQDO�IRUP�RIWKH�SULPDU\�KHGRQLFSULFH�IXQFWLRQ
'HSHQGHQW�YDULDEOH�RIWKH�SULPDU\�KHGRQLFSULFH�IXQFWLRQ

(IIHFW�VL]H 6WDQGDUG�HUURU�RI�WKH�HIIHFWVL]H
/LQHDU 3 3ÖE 3 �Ö�VH E
6HPLORJ OQ�3 EÖ �Ö�VH E%R[�&R[WUDQVIRUPDWLRQ �LI� zOO�O3 �� �EO� OO 3 �ÖÖ3� ÖÖ

EE¸̧̧¹
·¨̈̈©

§ �EO� OO Ö �Ö�VH�3 �ÖÖ3 ÖÖ ��

SULFHVHOOLQJ�WKHRIPHDQ�VDPSOH3 W�FRHIILFLHQHVWLPDWHGEÖ
7DEOH�� ([SUHVVLRQ�RI�HIIHFW�VL]HV�DQG�VWDQGDUG�HUURUV

7KHWD LV�WR�EH�XQGHUVWRRG�DV�WKH�UHODWLYH�FKDQJH�LQ�WKH�SULFH�RI�D�KRXVH�ORFDWHG�LQ�DVSHFLILF�]RQH�DW�ULVN��JLYHQ�D�ULVN�OHYHO��WR�EH�VSHFLILHG�DV�D�FRQWURO�YDULDEOH��&RPSOHPHQWDU\�� WKHWDOHYHO LV� WKH� UHODWLYH� SULFH� RI� ULVN� SHU� OHYHO� RI� ULVN�� DQG� LV� VLPSO\FRPSXWHG�DV�
���ULVNRI\�SUREDELOLW WKHWDWKHWDOHYHO  ���

)RU�D� OHYHO�RI� ULVN�HTXDO� WR� WKH� VWDQGDUG�����\HDU� IORRGSODLQ�� WKHWD DQG� WKHWDOHYHODUH� LGHQWLFDO�� 6WDQGDUG� HUURUV� RI� WKHWDOHYHO� DUH� REWDLQHG� E\� UHSODFLQJ� WKHWD E\� LWVFRUUHVSRQGLQJ�VWDQGDUG�HUURU�LQ�HTXDWLRQ�����,Q� WKH� FDVH� DQ� HIIHFW� VL]H� LV�PDGH� XS� WZR� HOHPHQWV�� IRU� LQVWDQFH� �� E�E E ÖÖÖ �� LWVHVWLPDWHG�YDULDQFH�LV�FRPSXWHG�DV�IROORZV� �Ö�ÖFRY��ÖYDU��ÖYDU�VH�HVW Ö ���� � EE�E�E E ���7KH�FRYDULDQFH�RI�WKH�HVWLPDWHV�LV�QRW�SURYLGHG�LQ�WKH�VWXGLHV�DQG�LV�DSSUR[LPDWHGE\����VH����VH�����$PRQJ�WKH����SRLQW�HVWLPDWHV��WKH�UHODWLYH�FKDQJH�LQ�KRXVH�SULFH�GXH�WR�WKH�ULVN�RIIORRGLQJ�W\SLFDOO\�UDQNV�IURP���WR������RI� WKH�DYHUDJH�VHOOLQJ�SULFH��)LJXUH����+RZHYHU�EHFDXVH�RI�WKH�LQFOXVLRQ�RU�QRW�RI�QHZ�LQIRUPDWLRQ�OLNHO\�WR�PRGLI\�VXEMHFWLYH�SUREDELOLW\RI�ULVN��DQG�WR�WKH�YDULDELOLW\�LQ�RWKHU�IDFWRUV�LQFOXGHG�LQ�WKH�SULPDU\�KHGRQLF�SULFH�PRGHOV�
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DYHUDJH�YDOXHV�DQG�UDQJH�RI�YDULDELOLW\�DUH�UDWKHU�GLIIHUHQW�EHWZHHQ�VWXGLHV�� ,QGHHG�� WKHWDIOXFWXDWHV�IURP��������WR��������ZLWK�DQ�DYHUDJH�YDOXH�RI���������VHH�)LJXUH�����7KLV�PHDQVWKDW�WKH�VHOOLQJ�SULFH�RI�D�KRXVH�LV�RQ�DYHUDJH������ORZHU�WKDQ�WKH�RQH�RI�D�VLPLODU�KRXVHORFDWHG� RXWVLGH� D� ]RQH� DW� ULVN��ZLWKRXW� FRQWUROOLQJ� IRU� WKH� H[DFW� OHYHO� RI� ULVN��7KHWDOHYHOIOXFWXDWHV� IURP� ������� WR� �������ZLWK� DQ� DYHUDJH� YDOXH� RI� �������� 7KH� VHOOLQJ� SULFH� RI� DKRXVH�ORFDWHG�LQ�WKH�VWDQGDUG�����\HDU�IORRGSODLQ�LV�RQ�DYHUDJH������ORZHU�WKDQ�WKH�RQH�RID� VLPLODU� KRXVH� ORFDWHG� RXWVLGH� WKH� ]RQH� DW� ULVN�� 7KH� SUHVHQFH� RI� RXWOLHUV� LQ� )LJXUH� �� LVDSSHDOLQJ�DV�LW�EULQJV�YDULDWLRQ�LQ�WKH�GDWD�VHW��YDOXDEOH�IRU�WKH�HVWLPDWLRQ�SURFHVV�

)LJXUH�� 0LQLPXP��PD[LPXP�DQG�DYHUDJH�YDOXHV�RI�WKH�HIIHFW�VL]H�WKHWDOHYHO SHU�VWXG\��LGHQWLILHG�E\WKH�QDPH�RI�WKH�ILUVW�DXWKRU��QXPEHU�RI�HVWLPDWHV�SHU�VWXG\�LQ�SDUHQWKHVLV���OHIW���(IIHFW�VL]H�UDQNHG�E\LQFUHDVLQJ�YDOXHV��ULJKW�
���� (VWLPDWLRQ�SURFHVV�DQG�UHVXOWV7KH�REMHFWLYH�RI�DQ�H[SORUDWRU\�PHWD�UHJUHVVLRQ�LV�WR�GHWHUPLQH�WKH�HOHPHQWV�WKDW�KDYHDQ�LQIOXHQFH�RQ�WKH�OHYHO�RI�WKH�HVWLPDWHG�UHODWLYH�FKDQJH�LQ�VHOOLQJ�SULFH�GXH�WR�WKH�ULVN�RIIORRGLQJ�UHSRUWHG�LQ�WKH�RULJLQDO�VWXGLHV��%XWWRQ�DQG�-RQJPD������� DGYLVH�WR� LQFOXGH�WKHIROORZLQJ�PRGHUDWRU�YDULDEOHV�� WKH�FKDUDFWHULVWLFV�RI�WKH�UHVHDUFK�PHWKRGV�XVHG�LQ�HDFK�VWXG\�DQG�WKH�GDWD�XVHG� WKH�SHULRG�FRYHUHG�E\�HDFK�VWXG\�WR�DOORZ�IRU�DQ\�XQGHUO\LQJ�G\QDPLF�HIIHFW� WKH�ORFDWLRQ�RI�WKH�VWXG\� WKH�YDULDEOHV�GHILQLQJ�WKH�VSHFLILF�FDXVHV�RI�WKH�SUREOHP� WKH�IHDWXUHV�RI�WKRVH�DIIHFWHG�E\�WKH�SUREOHP7KLV�IUDPHZRUN�LV�VOLJKWO\�DGDSWHG��DQG�WKH�PHWD�UHJUHVVLRQ�KDV�WKH�IROORZLQJ�IRUP�< <�'��/��5��9� ���ZLWK�<�WKH�UHODWLYH�FKDQJH�LQ�VHOOLQJ�SULFH�GXH�WR�WKH�ULVN�RI�IORRGLQJ��DQG�'��/��5�DQG�9YHFWRUV�RI�H[SODQDWRU\�YDULDEOHV��VHH�$SSHQGL[���IRU�WKH�FRPSOHWH�OLVW�RI�YDULDEOHV��
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'�� YHFWRU� RI� YDULDEOHV� GHVFULELQJ� WKH� UHVHDUFK� GHVLJQ� RI� WKH� RULJLQDO� +30�� WKLV� YHFWRUFRUUHVSRQGV�WR�WKH�ILUVW�WZR�FDWHJRULHV�RI�PRGHUDWRU�YDULDEOHV�PHQWLRQHG�HDUOLHU/�� YHFWRU� RI� YDULDEOHV� FDWFKLQJ� VRPH� ORFDWLRQDO� FKDUDFWHULVWLFV�� WKLV� FRUUHVSRQGV� WR� WKHWKLUG�LWHP�RI�WKH�IUDPHZRUN�5��YHFWRU�RI�YDULDEOHV�GHVFULELQJ�WKH�ULVN�RI�IORRGLQJ9��YHFWRU�RI�LQGLFDWLYH�YDULDEOHV�GHVFULELQJ�WKH�YDULDEOHV�LQFOXGHG�LQ�WKH�RULJLQDO�+307KHVH�ODVW�WZR�YHFWRUV�FRUUHVSRQG�WR�WKH�ODVW�WZR�LWHPV�RI�WKH�RULJLQDO�IUDPHZRUN�7KH�FRPSOHWH�GDWD�VHW�LV�PDGH�XS�RI����REVHUYDWLRQV�����YDULDEOHV��DPRQJ�ZKLFK���GXPP\�YDULDEOHV�����LGHQWLILFDWLRQ�YDULDEOHV��D�VWXG\�DQG�DQ�HVWLPDWH�LG�QXPEHU�����HIIHFWVL]HV� YDULDEOHV� �WKHWD DQG� WKHWDOHYHO�� DQG� �� VWDQGDUG� HUURUV� RI� HIIHFW� VL]HV� �WKHWDVH DQGWKHWDOHYHOVH��0XOWL�FROOLQHDULW\� LV� REYLRXVO\� D� SUREOHP� LQ� WKLV� PRGHO�� ,W� LV� OLNHO\� WKDW� VRPHGXPP\�YDULDEOHV�FDWFK�WKH�VDPH�XQGHUO\LQJ�HIIHFW��EHFDXVH�RI�WKH�FOXVWHUHG�GHVLJQ�RI�WKHGDWD�VHW��7KLV�LV�WKH�ZK\�UHDVRQ�ZH�SURFHHG�WR�D�VHOHFWLRQ�DPRQJ�WKHP�$�SUHOLPLQDU\�FKRLFH�LV�PDGH�RQ�WKH�EDVLV�RI�WKH�UHOHYDQFH�RI�WKH�LQFOXVLRQ�RI�WKHVHYDULDEOHV��LQ�RUGHU�WR�UHWDLQ����LQGLFDWRU�YDULDEOHV��:H�VWDUW�GURSSLQJ�YDULDEOHV�SUHVHQW�LQ�DVLQJOH�VWXG\��VXFK�DV�WKH�XVH�RI�:KLWH�6WDQGDUG�HUURUV�RU�ZHLJKWHG�OHDVW�VTXDUHV��RU�WKH�IDFWWKDW� HVWLPDWLRQ� LV� GRQH� ZLWK� D� KRXVH� SULFH� DERYH� RU� EHORZ� WKH� DYHUDJH� VDPSOH� SULFH�/RFDWLRQ�GXPPLHV�DUH�DOVR�HOLPLQDWHG��EHFDXVH�LW�KDSSHQV�WKDW����REVHUYDWLRQV�FRUUHVSRQGWR� VDPSOHV� GUDZQ� LQ� WKH� 6RXWKHDVW� UHJLRQ�� WKLV� LQIRUPDWLRQ� LV� H[SHFWHG� QRW� WR� EULQJVXSSOHPHQWDU\� LQIRUPDWLRQ�� )XUWKHUPRUH�� GXPPLHV� UHODWHG� WR� WKH� SUHVHQFH� LQ� DQ� ;�\HDUIORRG� SODLQ�� ZLWK� WKH� H[FHSWLRQ� RI� WKH� ����\HDU� IORRGSODLQ�� DUH� GURSSHG�� /DVWO\�� WKHGXPPLHV� LQGLFDWLQJ� WKH�XVH�RI� FURVV�VHFWLRQ�GDWD�� WLPH�VHULHV�RU�SDQHO� GDWD� DUH� UHPRYHG�EHFDXVH� WKH� XVH� RI� D� VLQJOH� GXPP\� LQGLFDWLQJ� WKH� XVH� RI� WLPH� VHULHV� RU� SDQHO� GDWD� �LQRSSRVLWLRQ�WR�FURVV�VHFWLRQ�GDWD��VHHPV�PRUH�LQIRUPDWLYH�7KH� ��� UHPDLQLQJ� GXPP\� YDULDEOHV� DUH� QRW� VXEMHFW� WR� SHUIHFW� FROOLQHDULW\�5HJDUGLQJ�PXOWL�FROOLQHDULW\��ZH�LQYHVWLJDWH�WKH�SUREDELOLW\�RI�JHWWLQJ�D�FHUWDLQ�FDWHJRU\�RIYDULDEOHV� LQ� WKH� RULJLQDO� VWXG\�� FRQGLWLRQDO� RQ� WKH� LQFOXVLRQ� RI� DQRWKHU� YDULDEOH�&RQVLGHULQJ�WZR�GXPPLHV��;L DQG�;M��ZH�DUH�LQWHUHVWHG�LQ�WKH�SUREDELOLW\�RI�JHWWLQJ�;L �JLYHQ�;M ���ZKLFK�FDQ�EH�ZULWWHQ�DV�
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:LWK 1�;�&DUG�;�RE3U LL ��    �� ZKHUH� 1� LV� WKH� QXPEHU� RI� HVWLPDWHV� DQG&DUG�;L ���LV�WKH�QXPEHU�RI�HOHPHQWV�HTXDO�WR���LQ�WKH�;L YHFWRU��:H�FDQ�ZULWH�
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$QG�LW�LV�QRW�GLIILFXOW�WR�VKRZ�WKDW�WKLV�FDQ�HDVLO\�EH�FRPSXWHG�DV�
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&RPSXWDWLRQ� RI� FRQGLWLRQDO� SUREDELOLWLHV� JLYHV� D� ��[��� WDEOH�� SUHVHQWHG� LQ$SSHQGL[����9DULDEOHV�RI� OLWWOH� LQWHUHVW�DUH� WKH�RQH�V\VWHPDWLFDOO\�SUHVHQW�RU�DEVHQW�ZKHQDQRWKHU� YDULDEOH� LV� SUHVHQW�� EHFDXVH� WKH\� DUH� VXSSRVHG� QRW� WR� EULQJ� VR� PXFK� QHZLQIRUPDWLRQ��7KH�IROORZLQJ�YDULDEOHV�KDYH�EHHQ�H[FOXGHG��OHYHO�RI�SROOXWLRQ��WD[�OHYHO�DQGLQVXUDQFH�SUHPLXP�DV�FRQGLWLRQLQJ�YDULDEOHV�LQ�WKH�SULPDU\�VWXG\��DVVHVVHG�VHOOLQJ�SULFH�DVGHSHQGHQW� YDULDEOH�� GHOD\� RQ� WKH�PDUNHW� EHIRUH� EHLQJ� VROG�� DQG� YHU\� KLJK� SUREDELOLW\� RIIORRG� &RQFHUQLQJ� WKH�RWKHU� W\SHV�RI�YDULDEOHV��QRW�DOO�RI� WKHP�DUH�XVHG��7KH�QXPEHU�RIGHJUHHV�RI�IUHHGRP�LV�GURSSHG�EHFDXVH�LW�FDQ�LQIRUP�RQ�WKH�TXDOLW\�RI�GDWD��ZKLFK�LV�WR�EHHQFORVHG�LQ�WKH�PRGHO�E\�WKH�VWDQGDUG�HUURU�RI� WKH�HIIHFW�VL]H��7LPH�VSDQ�LV�DOVR�GURSSHGEHFDXVH�LW�LV�DQ�LQGLFDWLRQ�RQ�WKH�W\SH�RI�GDWD��ZKLFK�LV�DOUHDG\�ODWHQW�LQ�WKH�GXPP\�WLPHVHULHV�RU�SDQHO�GDWD��7DEOH���UHYLHZV�WKH�FRYDULDWHV�WR�EH�XVHG�GXULQJ�WKH�HVWLPDWLRQ�VWDJH�
GXPP\ PHDQ VH PLQ PD[VHPLORJGXPP\� LV� �� LI� VHPLORJ� VSHFLILFDWLRQ� LQ� WKH� SULPDU\� VWXG\�� �� LIOLQHDU�RU�%R[�&R[

G ���� ���� � �
%R[�&R[GXPP\� LV� �� LI� %R[� &R[� VSHFLILFDWLRQ� LQ� WKH� SULPDU\� VWXG\�� �� LIOLQHDU�RU�VHPLORJ

G ���� ���� � �
JHRFRGHGGXPP\�LV���LI�GDWD�LV�JHRFRGHG�LQ�WKH�SULPDU\�VWXG\����RWKHUZLVH G ���� ���� � �
WLPH�VHULHV����SDQHO�GDWDGXPP\� LV� �� LI� GDWD� LQ� WKH� SULPDU\� VWXG\� LV� WLPHV� VHULHV� RU� SDQHOGDWD����LI�FURVV�VHFWLRQ

G ���� ���� � �
FRPIRUWGXPP\�LV���LI�D�FRPIRUW�YDULDEOH�ZDV�XVHG�DV�D�SULPDU\�FRYDULDWH���RWKHUZLVH

G ���� ���� � �
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QHLJKERUKRRGGXPP\� LV� �� LI� D� QHLJKERUKRRG� YDULDEOH� ZDV� XVHG� DV� D� SULPDU\FRYDULDWH����RWKHUZLVH
G ���� ���� � �

TXDOLW\GXPP\�LV���LI�D�TXDOLW\�YDULDEOH�ZDV�XVHG�DV�D�SULPDU\�FRYDULDWH���RWKHUZLVH
G ���� ���� � �

DFFHVVLELOLW\���GLVWDQFHGXPP\�LV���LI�DQ�DFFHVVLELOLW\�RU�GLVWDQFH�WR�DPHQLW\�YDULDEOH�ZDVXVHG�DV�D�SULPDU\�FRYDULDWH����RWKHUZLVH
G ���� ���� � �

ILQDQFHGXPP\�LV���LI�D�YDULDEOH�LQGLFDWLQJ�D�FRQYHQWLRQDO�ORDQ�ZDV�XVHGDV�D�SULPDU\�FRYDULDWH
G ���� ���� � �

H[DFW�OHYHO�RI�IORRG�ULVNSUREDELOLW\�RI�RFFXUUHQFH�SHU�\HDU ���� ���� ����� ���
ORZ�OHYHO�RI�ULVNGXPP\�LV���LI�WKH�SUREDELOLW\�RI�ULVN�LV�ORZHU�WKDQ������SHU�\HDU G ���� ���� � �
����\HDU�IORRGSODLQGXPP\�LV���LI�WKH�SUREDELOLW\�RI�ULVN�LV�HTXDO�WR������SHU�\HDU����LILW�LV�ORZHU�RU�KLJKHU�WKDQ�����

G ���� ���� � �
DIWHU�FKDQJH�LQ�LQIRGXPP\�LV���LI�SULPDU\�HVWLPDWLRQ�RFFXUV�DIWHU�WKH�RFFXUUHQFH�RI�DGLVDVWHU�RU�DIWHU�D�FKDQJH�LQ�LQVXUDQFH�SDWWHUQV����RWKHUZLVH

G ���� ���� � �
LQFRPH����KRXVHKROG� PHGLDQ� LQFRPH� LQ� WKH� FRUUHVSRQGLQJ� FRXQW\�� LQFRQVWDQW������GROODUV

����� ���� ����� �����
PHGLDQ�VDPSOH�\HDUPHGLDQ�\HDU�RI�WKH�WLPH�VSDQ�RI�WKH�SULPDU\�VWXG\ ����� ��� � ��
SXEOLFDWLRQ�\HDU ���� ���� � ��
7DEOH�� 6HW�RI�H[SODQDWRU\�YDULDEOHV�LQ�PHWD�UHJUHVVLRQ

(VWLPDWLRQ� LV� WR� EH� GRQH� DOWHUQDWLYHO\� ZLWK� WKH� GHSHQGHQW� YDULDEOH� WKHWD DQGWKHWDOHYHO��LQ�RUGHU�WR�FKHFN�WR�ZKDW�H[WHQW�D�FKDQJH�LQ�WKH�GHILQLWLRQ�RI�WKH�HIIHFW�VL]H�FDQDIIHFW� WKH� UHVXOWV�� 7KH� DLP� LV� WR� FDUU\� RXW� DQ� H[SORUDWRU\�PHWD�DQDO\VLV� WKDW� FDQ� H[SODLQYDULDWLRQ�LQ�HIIHFW�VL]HV�$�ILUVW�SRLQW�RI�FRQFHUQ�LV�WKH�ULVN�RI�SXEOLFDWLRQ�ELDV��6XWWRQ��6KHOGRQ�HW�DO��������6WXGLHV�UHSRUWLQJ�VLJQLILFDQW�DQG�SRVLWLYH�UHVXOWV�PLJKW�EH�PRUH�OLNHO\�WR�EH�SXEOLVKHG�WKDQLQVLJQLILFDQW�RU�QHJDWLYH�UHVXOWV��)LJXUHV���GLG�LOOXVWUDWH�WKH�KLJK�YDULDELOLW\�LQ�WKH�RULJLQDOHVWLPDWHV�� 3XEOLFDWLRQ� ELDV� LV� IXUWKHU� LQYHVWLJDWHG� E\� FRQVLGHULQJ� WKH� SORW� RI� HIIHFWV� VL]HYHUVXV� WKHLU� LQYHUVH� VWDQGDUG� HUURU�� QDPHO\� WKH� IXQQHO� SORW�� DQG� E\� FDUU\LQJ� RXW� WZRVWDWLVWLFDO�WHVWV�
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)LJXUH�� )XQQHO�SORWV�RI�WKH�HIIHFW�VL]HV
%HJJ¶V�WHVW��DGMXVWHG�UDQN�FRUUHODWLRQ�WHVW���LQYHVWLJDWHV�WKH�UHODWLRQ�EHWZHHQ�HIIHFWHVWLPDWHV�DQG�WKHLU�YDULDQFHV�] ������S ������IRU�WKHWD��DQG�] �������S ������IRU�WKHWDOHYHO(JJHU¶V�WHVW��UHJUHVVLRQ�DV\PPHWU\�WHVW���LQYHVWLJDWHV�WKH�DV\PPHWU\�RI�WKH�IXQQHOSORW�E\�GHWHUPLQLQJ�ZKHWKHU�WKH�LQWHUFHSW�GHYLDWHV�VLJQLILFDQWO\�IURP�]HUR�LQ�D� UHJUHVVLRQRI�WKH�VWDQGDUGL]HG�HIIHFW�HVWLPDWHV�DJDLQVW�WKHLU�YDULDQFH�W �������S �������IRU�WKHWD��DQG�W �������S �������IRU�WKHWDOHYHO7KH�YLVXDO� LQWHUSUHWDWLRQ�RI� WKH� IXQQHO�SORW� �UHDVRQDEO\� V\PPHWULF��DQG� WKHVH� WZRVWDWLVWLFDO�WHVWV�VKRZ�QR�HYLGHQFH�RI�SXEOLFDWLRQ�ELDV�$� VHFRQG� SRLQW� RI� FRQFHUQ� LV� WKH� VRXUFH� RI� YDULDWLRQ� LQ� WKH� HIIHFW� VL]HV�+RPRJHQHLW\� LQ� WKH� GDWD� VHW� PHDQV� WKDW� YDULDWLRQ� LQ� WKH� HIIHFW� VL]H� LV� UDQGRP�� DQGH[FOXVLYHO\� FDXVHG� E\� VDPSOLQJ�� 7KLV� PHDQV� WKDW� WKHUH� DUH� QR� V\VWHPDWLF� GLIIHUHQFHVEHWZHHQ�VWXGLHV��2Q� WKH�FRQWUDU\��KHWHURJHQHLW\�PHDQV� WKDW�YDULDWLRQ� LQ� WKH�HIIHFW� VL]H� LVGXH�ERWK�WR�VDPSOLQJ�DQG�UHDO�GLIIHUHQFHV�EHWZHHQ�VWXGLHV��7KLV�LV�LQYHVWLJDWHG�E\�WHVWLQJWKH�QXOO�K\SRWKHVLV�� N���� T  T T T �� �DOO�VWXGLHV�DUH�HVWLPDWLQJ�WKH�VDPH�XQGHUO\LQJHIIHFW�VL]H��6XWWRQ��6KHOGRQ�HW�DO���������:LWK�N�WKH�QXPEHU�RI�VWXGLHV�EHLQJ�FRPELQHG��7L WKH�HIIHFW�VL]H�HVWLPDWH�RI�WKH�LWKHVWLPDWH� DQG�ZL WKH� UHFLSURFDO� RI� WKH� YDULDQFH� DWWDFKHG� WR� WKH� LWK HVWLPDWH�� WKH� 4�WHVW� LVFRPSXWHG�IURP�
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7KH�4�WHVW�JLYHV�YDOXHV�RI�����IRU�WKHWD DQG�����IRU�WKHWDOHYHO��,W�DSSHDUV�WKDW�GDWDLV�KHWHURJHQHRXV��UHDO�GLIIHUHQFHV�H[LVW�EHWZHHQ�VWXGLHV�*LYHQ�WKDW�GDWD�LV�KHWHURJHQHRXV�DQG�WKDW�QR�SXEOLFDWLRQ�ELDV�LV�LGHQWLILHG��WKH�VR�FDOOHG�PL[HG�HIIHFW�PRGHO� LV�HVWLPDWHG�E\�WKH�PD[LPXP�UHVWULFWHG� OLNHOLKRRG��7KRPSVRQDQG�6KDUS��������7KLV�PRGHO�DFFRXQWV�IRU�UHVLGXDO�KHWHURJHQHLW\�WKDW�FDQQRW�EH�H[SODLQHGE\�WKH�FRYDULDWHV��DQG�FDQ�EH�H[SUHVVHG�E\�WKH�IROORZLQJ�
LL

LLLSSLL Y�7YDU� HX;���;7 �W ��E��E�E 
� ��� ���

:LWK�7L WKH�HIIHFW�VL]H�HVWLPDWH��WKDW�LV�WR�VD\�WKHWD RU�WKHWDOHYHO�7KLV� PRGHO� LQFOXGHV� D� WZR� FRPSRQHQWV� HUURU� WHUP�� D� UDQGRP� HIIHFW� FRPSRQHQWDFFRXQWLQJ�IRU� WKH�YDULDWLRQ�LQ�HIIHFW�VL]H�HVWLPDWH�QRW�SUHGLFWHG�E\�WKH�PRGHO� �XL��� DQG�DFRPSRQHQW�DFFRXQWLQJ�IRU�WKH�ZLWKLQ�VWXG\�YDULDWLRQ��HL��%HVLGHV�WKH�XVH�RI�D�GLIIHUHQW�GHSHQGHQW�YDULDEOH��HVWLPDWLRQ�VWUDWHJLHV�GLIIHU�E\�WKHFKRLFH�RI�XVLQJ�HLWKHU�DV�D�WUHQG�YDULDEOH�WKH�YDULDEOH�\HDU�RI�SXEOLFDWLRQ RU�PHGLDQ�VDPSOH\HDU�� DQG� E\� WKH� FKRLFH� RI� WKH� ULVN� YDULDEOH� �FRQWLQXRXV�� RU� GXPPLHV��� $OO� SRVVLEOH� IXOOVSHFLILFDWLRQ�PRGHOV�DUH�HVWLPDWHG�DV�PL[HG�HIIHFWV�PRGHOV��7KHQ��UHGXFHG�VSHFLILFDWLRQ�LVREWDLQHG� E\� GHOHWLQJ� RQH� E\� RQH� YDULDEOHV� DVVRFLDWHG� ZLWK� QRQ�VLJQLILFDQW� SDUDPHWHUHVWLPDWHV� �S ������ ZLWK� WKH� UHVWULFWLRQ� WKDW� FRHIILFLHQWV� FRUUHVSRQGLQJ� WR� WKH� OHYHO� RILQFRPH�DQG�WR�WKH�OHYHO�RI�ULVN�KDYH�WR�EH�VLJQLILFDQW�,W� LV� LPSRUWDQW� WR� QRWH� WKDW� VLJQV� DQG� UDQJH� RI� HVWLPDWHV� DUH� FRQVLVWHQW� DFURVVVWUDWHJLHV��7DEOH���UHSRUWV�ERWK�IXOO�DQG�UHGXFHG�VSHFLILFDWLRQV�RI�WKH�PRGHO�WR�EH�GLVFXVVHGLQ�WKH�QH[W�VHFWLRQ�
�� 'LVFXVVLRQ7KH�SUHGLFWLRQ�FDSDFLW\�RI�WKH�PRGHO�VHHPV�WR�EH�RI�JRRG�TXDOLW\��,QGHHG��JLYLQJ�DQDYHUDJH�YDOXH�WR�DOO�FRYDULDWHV�SURYLGHV�DQ�HVWLPDWHG�WUHDWPHQW�HIIHFW�RI����������ZKLFK�LVYHU\�FORVH�WR�WKH�DFWXDO�DYHUDJH�YDOXH�RI�WKH�HIIHFW�VL]H�����������
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'HSHQGHQW�YDULDEOH��WKHWD(VWLPDWHG�EHWZHHQ�YDULDQFH�VWXG\���������3UREDELOLW\�RI�ULVN ����������������� �����������������/HYHO�RI�LQFRPH ����������������� ����������������%RF�&R[�WUDQVIRUPDWLRQ �����������������6HPLORJ�WUDQVIRUPDWLRQ ����������������8VH�RI�JHRFRGHG�GDWD ����������������� �����������������7LPH�VHULHV�RU�SDQHO�GDWD ���������������� ����������������&RPIRUW ���������������� ����������������1HLJKERXUKRRG ����������������4XDOLW\ �����������������$FFHVVLELOLW\�RU�GLVWDQFH ����������������� �����������������)LQDQFH ���������������� ����������������$IWHU�D�FKDQJH�LQ�LQIRUPDWLRQ ����������������� �����������������<HDU�RI�SXEOLFDWLRQ ���������������� ����������������&RQVWDQW ����������������� �����������������6WDQGDUG�HUURUV�LQ�SDUHQWKHVHV�VLJQLILFDQW�DW�������VLJQLILFDQW�DW������VLJQLILFDQW�DW���
7DEOH�� (VWLPDWLRQ�UHVXOWV

,W� LV� FRPPRQO\� VWDWHG� WKDW� LQ� PRGHUQ� VRFLHWLHV�� LPSURYHPHQWV� LQ� VDIHW\� DQG� KHDOWKOHYHOV� JR� WRJHWKHU� ZLWK� DQ� LQFUHDVHG� FRQFHUQ� DERXW� ULVN� �.XQUHXWKHU� ������� VR� WKDW DQLQFUHDVH�LQ�TXDOLW\�RI�OLIH�ZRXOG�PDNH�SHRSOH�PRUH�ULVN�DYHUVH��%XW�WKH�SUHVHQW�HVWLPDWHVFRQWUDGLFW� WKLV�DUJXPHQW� WZLFH��)LUVW��EHFDXVH�ZHDOWK\�KRXVH�EX\HUV� WHQG�WR�KDYH�D� ORZHUZLOOLQJQHVV� WR�SD\� WR� UHGXFH� WKH� ULVN�RI� IORRG�� LW� VHHPV� WKDW� WKH� OHYHO� RI� LQFRPH�SURWHFWVIURP�ULVN�YXOQHUDELOLW\��$FFRXQWLQJ�IRU�D�PHGLDQ�KRXVHKROG�LQFRPH�RI�������86'��������WKH� HVWLPDWHG� WUHDWPHQW� HIIHFW� LV� SRVLWLYHO\� DIIHFWHG� E\�PRUH� WKDQ� ������ 7KHQ�� LW� DSSHDUVWKDW��DV�WLPH�JRHV�E\��WKH�LPSOLFLW�SULFH�RI�IORRG�ULVN�GHFUHDVHV�&RQFHUQLQJ� WKH� VLJQLILFDQFH� RI� SDUDPHWHUV� DVVRFLDWHG� WR� WKH� SUHVHQFH� RI� FHUWDLQFRYDULDWHV�LQ�WKH�SULPDU\�VWXGLHV��WKH�VLJQV�DQG�UDQJHV�DUH�QRW�UHOHYDQW�IURP�DQ�HFRQRPLF
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SRLQW� RI� YLHZ��+RZHYHU�� LW� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� RPLVVLRQ� RI� WKHVH� FRYDULDWHV� LQSULPDU\�VWXGLHV�FRXOG�OHDG�WR�D�ELDV�LQ�HVWLPDWHV��.HHSLQJ�RWKHU�WKLQJV�HTXDO��WKH�SUHVHQFHRI�YDULDEOHV�GHVFULELQJ� FRPIRUW� FKDUDFWHULVWLFV�RI� D� JLYHQ�KRXVH� �SUHVHQFH�RI� D� ILUHSODFH�FHQWUDO�KHDWLQJ��LQ�WKH�KHGRQLF�SULFH�UHJUHVVLRQ�ORZHU�WKH�HVWLPDWHG�LPSOLFLW�SULFH�RI�IORRGULVN��7KH�UHODWLYH�FKDQJH�LQ�SULFH�RI�D�KRXVH�GXH�WR�WKH�ULVN�RI�IORRGLQJ�LV�DIIHFWHG�LQ�WKLVFDVH�E\��������7KXV��WKH�RPLVVLRQ�RI�FHUWDLQ�YDULDEOHV�LQ�WKH�SULPDU\�VWXG\�PD\�OHDG�WR�DQXQGHUHVWLPDWLRQ�RU�RYHUHVWLPDWLRQ�RI�WKH�LPSOLFLW�SULFH�RI�IORRG�ULVN�7KH�W\SH�RI�GDWD��FURVV�VHFWLRQ�RU�QRW��DOVR�VHHPV�WR�LQIOXHQFH�WKH�HIIHFW�VL]H�HVWLPDWHV�WKRXJK�DJDLQ� WKH�GLUHFWLRQ�RI� WKLV�YDULDWLRQ�KDV�QR� WKHRUHWLFDO� VXSSRUW�� ,W� LV� LQWHUHVWLQJ� WRSRLQW�DW� WKH�FRHIILFLHQW�DIIHFWHG�WR� WKH�GXPP\�LQGLFDWLQJ�WKH�XVH�RI�D�*,6�LQ�WKH�SULPDU\VWXG\�� LW� DSSHDUHG� WR� EH� V\VWHPDWLFDOO\� QHJDWLYH� DQG� UHODWLYHO\� KLJK� DFURVV� DOOVSHFLILFDWLRQV� ,W�FDQ�EH� WKDW�JLYLQJ�D�VSDWLDO�GLPHQVLRQ� WR�GDWD�KHOSV� WR� UHYHDO� LQ�D�PRUHV\VWHPDWLF�ZD\� WKH�GHYDOXDWLRQ�RI�KRXVHV�DW� ULVN�� DQG� WKDW�HVWLPDWHV�DUH�PHUHO\�RI�EHWWHUTXDOLW\�$�ILQDO�SRLQW�WR�EH�GLVFXVVHG�FRQFHUQV�WKH�DZDUHQHVV�RI�KRXVH�EX\HUV�� ,W�DSSHDUV�YHU\FOHDUO\�WKDW�ZKHQ�D�KRXVH�EX\HU�KDV�WKH�RSSRUWXQLW\�WR�XSGDWH�KLV�NQRZOHGJH�RQ�IORRG�ULVN�WKH� LPSOLFLW� SULFH� RI� ULVN� JHWV� KLJKHU� ���������� 7KLV� EHWWHU� NQRZOHGJH� LV� WKH� UHVXOW� RI� DUHFHQW� H[SHULHQFH� ZLWK� IORRG� RU� RI� EHWWHU� SURYLVLRQ� RI� LQIRUPDWLRQ� IURP� LQVXUDQFHFRPSDQLHV��+HQFH�� LPSURYLQJ�LQIRUPDWLRQ�WR�KRXVH�EX\HUV�FDQ�KHOS�WKHP�DVVHVVLQJ�PRUHDFFXUDWHO\�WKH�ULVNV��,W�FDQ�DOVR�EH�WKDW�WKH\�RYHU�UHDFW��7KLV�KDV�WZR�FRQVHTXHQFHV��)LUVW��LWTXHVWLRQV� WKH� PHWKRGV� ULVN� FRPPXQLFDWLRQ�� 3URYLGLQJ� LQIRUPDWLRQ� RQ� YHU\� VPDOOSUREDELOLWLHV� FDQ� EH� FKDOOHQJLQJ� �9LVFXVL� DQG� =HFNKDXVHU� ������� 7KHQ�� LQ� OLQH� ZLWK� WKHSUHYLRXV�SRLQWV��LW�LV�LPSRUWDQW�WR�DFFRXQW�IRU�WKLV�SRWHQWLDO�ELDV�DW�WKH�VSHFLILFDWLRQ�VWDJH�RIWKH� SULPDU\� VWXG\�� ,QGHHG�� WKH� XVH� RI� 53� WHFKQLTXHV� GRHV� QRW� DOORZ� IRU� DQ� H[SOLFLWSUHVHQWDWLRQ� RI� ULVN� OHYHOV�� 0RUHRYHU�� LI� DW� WKH� VSHFLILFDWLRQ� VWDJH� HOHPHQWV� DIIHFWLQJSHUFHSWLRQ�FDQ�EH�DFFRXQWHG�IRU��LW�FDQ�DOVR�EH�LQWHUHVWLQJ�WR�GLIIHUHQWLDWH�DPRQJ�OHYHOV�RIULVNV�� RU� DPRQJ� ULVN� DQG� VDIHW\�� ,QGHHG� LW�ZRXOG� EH� LQWHUHVWLQJ� WR� WHVW� LI� ORVV� DYHUVLRQ� LVDFFRXQWHG� IRU� GLIIHUHQWO\� WKDQ� WDVWH� IRU� VDIHW\�� DV� FRXOG� EH� H[SHFWHG� �.DKQHPDQ� DQG7YHUVN\�������
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�� &RQFOXGLQJ�UHPDUNV
7KH�SXUSRVH�RI�WKLV�DUWLFOH�ZDV�WR�H[SORUH�WKH�GHWHUPLQDQWV�RI�WKH�LPSOLFLW�SULFH�RI�WKHULVN�RI�IORRGLQJ��:H�FDUULHG�RXW�D�PHWD�DQDO\VLV�RQ�HVWLPDWHV�UHVXOWLQJ�IURP�WKH�DSSOLFDWLRQRI�KHGRQLF�SULFH�PRGHOV��7KH�VDPSOH�ZDV�PDGH�XS�RI����VWXGLHV�DQG����SRLQWV��7ZR�HIIHFWVL]HV�KDYH�EHHQ�H[SORUHG��WKH�UHODWLYH�FKDQJH�LQ�WKH�SULFH�RI�D�KRXVH�ORFDWHG�LQ�D�IORRGSODLQZKHQ�FRPSDUHG�WR�D�KRXVH� ORFDWHG�RXWVLGH�D� IORRGSODLQ��DQG� WKLV� UHODWLYH�FKDQJH� LQ�SULFHSHU� OHYHO� RI� ULVN�� 6SHFLILF� DWWHQWLRQ� KDV� EHHQ� SDLG� WR� WKH� SRVVLELOLW\� RI�PXOWL�FROOLQHDULW\SUREOHPV� LQ� WKH� GDWD�� 0HWD�UHJUHVVLRQ� WHFKQLTXHV� KDYH� EHHQ� DSSOLHG�� WKH� GHSHQGHQWYDULDEOH� �HIIHFW� VL]H�� KDV� EHHQ� UHJUHVVHG� RQ� VHOHFWHG� FRYDULDWHV� GHVFULELQJ� WKH� UHVHDUFKGHVLJQ�� LQFRPH�OHYHO�DQG�FRYDULDWHV�RI� WKH�SULPDU\�VWXGLHV�� WKH�\HDU�RI�SXEOLFDWLRQ�RI� WKHSULPDU\�VWXG\�DQG�WKH�OHYHO�RI�IORRG�ULVN��,W�DSSHDUHG�WKDW�GDWD�ZDV�KHWHURJHQHRXV�DQG�QRSXEOLFDWLRQ�ELDV�KDV�EHHQ�LGHQWLILHG��WKH�VR�FDOOHG�PL[HG�HIIHFWV�PRGHO�DSSHDUHG�WR�EH�WKHPRVW�DSSURSULDWH�WR�GHVFULEH�WKH�UHODWLRQV�EHWZHHQ�WKH�HIIHFW�VL]H�DQG�WKH�FRYDULDWHV�,W�DSSHDUHG�WKDW�WKH�FKRLFH�RI�H[SODQDWRU\�YDULDEOHV�RI�KHGRQLF�SULFH�IXQFWLRQV�DIIHFWVWKH�YDULDELOLW\�EHWZHHQ�HVWLPDWHV��DV�ZHOO�DV�WKH�W\SH�RI�GDWD��7KH�OHYHO�RI�LQFRPH�KDV�EHHQLGHQWLILHG�DV�D�PHDQV�WR�SURWHFW�IURP�ULVN�YXOQHUDELOLW\��DQG�LW�KDV�EHHQ�REVHUYHG�WKDW� WKHLPSOLFLW� SULFH�RI� IORRG� GHFUHDVHG� RYHU� WLPH�� )DFWRUV� UHODWHG� WR� WKH� H[SORLWDWLRQ� RI� VSDWLDOFKDUDFWHULVWLFV�RI�WKH�GDWD�VXFK�DV�WKH�XVH�RI�D�*,6�GLG�DOVR�SOD\�D�UROH� )LQDOO\��LW�DSSHDUHGWKDW�VSHFLILF�DWWHQWLRQ�KDV�WR�EH�SDLG�WR�WKH�SHUFHLYHG�OHYHO�RI�ULVN��HOHPHQWV�DIIHFWLQJ�WKHSHUFHSWLRQ� RI� LQGLYLGXDOV� RQ� WKH� HIIHFWLYH� ULVN� RI� IORRGLQJ� DQG� DOORZLQJ� WKHP� WR� XSGDWHWKHLU�SHUFHSWLRQ�RI�WKH�OHYHO�RI�ULVN�H[SODLQHG�YDULDELOLW\�EHWZHHQ�HVWLPDWHV�7KHVH� HOHPHQWV� VKRXOG�EH� WUHDWHG�ZLWK� FDXWLRQ�ZKHQ� XVLQJ� D� KHGRQLF� SULFH�PRGHO� WRHVWLPDWH�WKH�LPSOLFLW�SULFH�RI�DQ\�HQYLURQPHQWDO�ULVN�
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%LEOLRJUDSK\
$NHUORI��*��$�����������7KH�0DUNHW�IRU��/HPRQV���4XDOLW\�8QFHUWDLQW\�DQG�WKH�0DUNHW0HFKDQLVP���7KH�4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV ���������������%DUQDUG��-��5�����������([WHUQDOLWLHV�IURP�8UEDQ�*URZWK��7KH�&DVH�RI�,QFUHDVHG�6WRUP�5XQRII�DQG)ORRGLQJ���/DQG�(FRQRPLFV��$XJ� ���������������%HURQ��.��-���-��&��0XUGRFK��HW�DO�����������$Q�$QDO\VLV�RI�WKH�+RXVLQJ�0DUNHW�EHIRUH�DQG�DIWHU�WKH�����/RPD�3ULHWD�(DUWKTXDNH���/DQG�(FRQRPLFV��)HEUXDU\ ��������������%LQ��2��DQG�6��3RODVN\����������(IIHFWV�RI�IORRG�KD]DUGV�RQ�SURSHUW\�YDOXHV��HYLGHQFH�EHIRUH�DQGDIWHU�KXUULFDQH�)OR\G��%URZQH��0��-��DQG�5��(��+R\W ���������7KH�'HPDQG�IRU�)ORRG�,QVXUDQFH��(PSLULFDO�(YLGHQFH��-RXUQDO�RI�5LVN�DQG�8QFHUWDLQW\��0D\ ���������������%XWWRQ��.��-��DQG�6��0��-RQJPD����������0HWD�DQDO\VLV�PHWKRGRORJLHV�DQG�PLFURHFRQRPLFV��'LVFXVVLRQ�3DSHU�7LQEHUJHQ�,QVWLWXWH��5HJLRQDO�DQG�(QYLURQPHQWDO�(FRQRPLFV 7,�������'DQW]LJ��'��Y�����������(FRQRPLF�'HFLVLRQ�3UREOHPV�IRU�)ORRG�3UHYHQWLRQ��� (FRQRPHWULFD �������������'RQQHOO\��:��$�����������+HGRQLF�SULFH�DQDO\VLV�RI�WKH�HIIHFW�RI�D�IORRGSODLQ�RQ�SURSHUW\�YDOXHV��:DWHU�5HVRXUFHV�%XOOHWLQ �������������)UHHPDQ��$��0��,��������� 7KH�PHDVXUHPHQW�RI�HQYLURQPHQWDO�DQG�UHVRXUFH�YDOXHV�WKHRU\�DQGPHWKRGV��:DVKLQJWRQ��'�&��5HVRXUFHV�IRU�WKH�)XWXUH�FRS�������)ULGJHQ��3��0��DQG�6��'��6KXOW] ��������7KH�LQIOXHQFH�RI�WKH�WKUHDW�RI�IORRGLQJ�RQ�KRXVLQJ�YDOXHV�LQ)DUJR��1RUWK�'DNRWD�DQG�0RRUKHDG��0LQQHVRWD��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV�1RUWK�'DNRWD�6WDWH�8QLYHUVLW\�+DOOVWURP��'��*��DQG�.��9��6PLWK���������0DUNHW�UHVSRQVHV�WR�KXUULFDQHV��XVLQJ�QDWXUH
V�
QDWXUDOH[SHULPHQWV
�WR�HYDOXDWH�ULVN�SUHIHUHQFHV��8QSXEOLVKHG�SDSHU��&HQWUH�IRU�(QYLURQPHQWDODQG�5HVRXUFH�(FRQRPLFV�3ROLF\�5HVHDUFK�3DSHU��1RUWK�&DUROLQD�6WDWH�8QLYHUVLW\�+DUULVRQ��'��0���*��7��6PHUVK��HW�DO�����������(QYLURQPHQWDO�GHWHUPLQDQWV�RI�KRXVLQJ�SULFHV��WKHLPSDFW�RI�IORRG�]RQH�VWDWXV���7KH�-RXUQDO�RI�5HDO�(VWDWH�5HVHDUFK ��������������+ROZD\��-��0��DQG�5��-��%XUE\ ���������7KH�(IIHFWV�RI�)ORRGSODLQ�'HYHORSPHQW�&RQWUROV�RQ5HVLGHQWLDO�/DQG�9DOXHV���/DQG�(FRQRPLFV��$XJXVW ��������������,3&& ��������,3&&�7KLUG�$VVHVVPHQW�5HSRUW���&OLPDWH�&KDQJH�������,QWHUJRYHUQPHQWDO�3DQHO�RQ&OLPDWH�&KDQJH�.DKQHPDQ��'��DQG�$��7YHUVN\ ���������3URVSHFW�7KHRU\��$Q�$QDO\VLV�RI�'HFLVLRQ�XQGHU�5LVN��(FRQRPHWULFD ��������������.ULHVHO��:��DQG�5��)ULHGPDQ����������&RDVWDO�KD]DUGV�DQG�HFRQRPLF�H[WHUQDOLW\��LPSOLFDWLRQV�IRUEHDFK�PDQDJHPHQW�SROLFLHV�LQ�WKH�$PHULFDQ� 6RXWK�(DVW���+HLQ]�&HQWHU�'LVFXVVLRQ�3DSHU �.URQ��:����������)ORRG�ULVN KD]DUG��H[SRVXUH��YXOQHUDELOLW\ ��3UHFDXWLRQDU\�IORRG�SURWHFWLRQ�LQ(XURSH��LQWHUQDWLRQDO�ZRUNVKRS��%RQQ�.XQUHXWKHU��+�����������6FLHQFH��YDOXHV��DQG�ULVN���$QQDOV�RI�WKH�$PHULFDQ�$FDGHP\�RI�3ROLWLFDODQG�6RFLDO�6FLHQFH ������������/LVW��-��$��DQG�&��$��*DOOHW����������:KDW�H[SHULPHQWDO�SURWRFRO�LQIOXHQFH�GLVSDULWLHV�EHWZHHQDFWXDO�DQG�K\SRWKHWLFDO�VWDWHG�YDOXHV"�(YLGHQFH�IURP�D�PHWD�DQDO\VLV��� (QYLURQPHQWDO�DQG5HVRXUFH�(FRQRPLFV �����������0DF'RQDOG��'��0���+��/��:KLWH��HW�DO�����������)ORRG�+D]DUG�3ULFLQJ�DQG�,QVXUDQFH�3UHPLXP'LIIHUHQWLDOV��(YLGHQFH�IURP�WKH�+RXVLQJ�0DUNHW��� -RXUQDO�RI�5LVN�DQG�,QVXUDQFH�'HFHPEHU ��������������0DF'RQDOG��'��1���-��&��0XUGRFK��HW�DO�����������8QFHUWDLQ�+D]DUGV��,QVXUDQFH��DQG�&RQVXPHU&KRLFH��(YLGHQFH�IURP�+RXVLQJ�0DUNHWV���/DQG�(FRQRPLFV��1RYHPEHU ��������������3DNOLQD��1����������)ORRG�LQVXUDQFH��2(&'�



��

5RVHQ��6�����������+HGRQLF�3ULFHV�DQG�,PSOLFLW�0DUNHWV��3URGXFW�'LIIHUHQWLDWLRQ�LQ�3XUH&RPSHWLWLRQ���-RXUQDO�RI�3ROLWLFDO�(FRQRP\ ���-DQ�)HE���������6KDEPDQ��/��DQG�'��'DPLDQRV ���������)ORRG�KD]DUG�HIIHFWV�RQ�UHVLGHQWLDO�SURSHUW\�YDOXHV��-RXUQDO�RI�WKH�:DWHU�5HVRXUFHV�3ODQQLQJ�DQG�0DQDJHPHQW�'LYLVLRQ ���������6KUXEVROH��'���0��*UHHQ��HW�DO�����������7KH�DFWXDO�DQG�SHUFHLYHG�HIIHFWV�RI�IORRGSODLQ�ODQG�XVHUHJXODWLRQV�RQ�UHVLGHQWLDO�SURSHUW\�YDOXHV�LQ�/RQGRQ��2QWDULR��� 7KH�&DQDGLDQ�*HRJUDSKHU��������������6NDQW]��7��5��DQG�7��+��6WULFNODQG ���������+RXVH�SULFHV�DQG�D�IORRG�HYHQW��DQ�HPSLULFDOLQYHVWLJDWLRQ�RI�PDUNHW�HIILFLHQF\���7KH�-RXUQDO�RI�5HDO�(VWDWH�5HVHDUFK ������������6XWWRQ��$��-���7��$��6KHOGRQ��HW�DO����������0HWKRGV�IRU�PHWD�DQDO\VLV�LQ�PHGLFDO�UHVHDUFK �7KRPSVRQ�DQG�6WRHQHYHU ���������(VWLPDWLQJ�UHVLGHQWLDO�IORRG�FRQWURO�EHQHILWV�XVLQJ�LPSOLFLWHTXDWLRQV���:DWHU�5HVRXUFHV�%XOOHWLQ �����������7KRPSVRQ��6��*��DQG�6��-��6KDUS����������([SODLQLQJ�KHWHURJHQHLW\�LQ�PHWD�DQDO\VLV��D�FRPSDULVRQRI�PHWKRGV���6WDWLVWLFV�LQ�0HGLFLQH ��������������7RELQ��*��$��DQG�%��(��0RQW] ���������7KH�IORRG�KD]DUG�DQG�G\QDPLFV�RI�WKH�XUEDQ�UHVLGHQWLDO�ODQGPDUNHW���:DWHU�5HVRXUFHV�%XOOHWLQ ��������������7UDYLVL��&���3��1LMNDPS��HW�DO����������$�0HWD�$QDO\VLV�RI�WKH�:LOOLQJQHVV�WR�3D\�IRU�5HGXFWLRQV�LQ3HVWLFLGH�5LVN�([SRVXUH��)((0�7UR\��$��DQG�-��5RPP ���������$VVHVVLQJ�WKH�3ULFH�(IIHFWV�RI�)ORRG�+D]DUG�'LVFORVXUH�XQGHU�WKH&DOLIRUQLD�1DWXUDO�+D]DUG�'LVFORVXUH�/DZ��$%��������� -RXUQDO�RI�(QYLURQPHQWDO�3ODQQLQJDQG�0DQDJHPHQW��-DQXDU\ ��������������86�$UP\�&RUSV�RI�(QJLQHHUV���������(PSLULFDO�VWXGLHV�RI�WKH�HIIHFW�RI�IORRG�ULVN�RQ�KRXVLQJSULFHV��$OH[DQGULD��9LUJLQLD��:DWHU�5HVRXUFHV�6XSSRUW�&HQWHU�,QVWLWXWH�IRU�:DWHU5HVRXUFHV�9LVFXVL��.��:����������(FRQRPLF�WKHRULHV�RI�GHFLVLRQ�PDNLQJ�XQGHU�XQFHUWDLQW\��LPSOLFDWLRQV�IRUSROLF\�DQDO\VLV��3ROLF\�DQDO\VLV�DQG�HFRQRPLFV��'HYHORSPHQWV��WHQVLRQV��SURVSHFWV ��'��/�:HLPHU��%RVWRQ�'RUGUHFKW�/RQGRQ��.OXZHU�$FDGHPLF�3XEOLVKHUV���������9LVFXVL��.��:��DQG�5��-��=HFNKDXVHU ���������+D]DUG�FRPPXQLFDWLRQ��ZDUQLQJV�DQG�ULVNV��� $QQDOVRI�WKH�$PHULFDQ�$FDGHP\�RI�3ROLWLFDO�DQG�6RFLDO�6FLHQFH �������������:RRGZDUG��5��7��DQG�<��6��:XL����������7KH�HFRQRPLF�YDOXH�RI�ZHWODQG�VHUYLFHV��D�PHWD�DQDO\VLV���(FRORJLFDO�(FRQRPLFV �����������=KDL��*��DQG�7��)XNX]RQR ���������(IIHFW�RI�IORRGLQJ�RQ�PHJDSROLWDQ�ODQG�SULFHV��D�FDVH�VWXG\�RIWKH������7RNDL�IORRG�LQ�-DSDQ���-RXUQDO�RI�1DWXUDO�'LVDVWHU �������������=LPPHUPDQ��5�����������7KH�HIIHFW�RI�IORRGSODLQ�ORFDWLRQ�RQ�SURSHUW\�YDOXHV��WKUHH�WRZQV�LQ1RUWKHDVWHUQ�1HZ�-HUVH\���:DWHU�5HVRXUFHV�%XOOHWLQ ���������������
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$SSHQGL[����OLVW�RI�VHOHFWHG�VWXGLHV
)LUVW�DXWKRU <HDU /RFDWLRQ 1E�RIHVWLPDWHV 3URED�RIULVN (OHPHQWV�SRWHQWLDOO\DIIHFWLQJ�SHUFHSWLRQ &KDQJH�LQSULFHFRHIILFLHQW

1XPEHU�RIREVHUYDWLRQV 7LPHVSDQ
$IXD�'HL�7XWX ���� 3LWW�&RXQW\��1RUWK�&DUROLQD � ���� )OR\G������ �(����WR���(��� ���� ���
%DUWRVRYD ���� :DZDWRVD�DQG�0LOZDXNHH�:LVFRQVLQ � ������WR���� )ORRG������ ������WR���� ���� ���
%LDOHV]HZVNL ���� +RPHZRRG��$ODEDPD � ���� �������� �� �%LQ ���� 3LWW�&RXQW\��1RUWK�&DUROLQD � ���� )OR\G������ ������WR����� ���� ��
'RQQHOO\ ���� � ���� ����� ��� �)ULGJHQ ���� )DUJR�DQG�0RRUKRRG��1RUWK'DNRWD�DQG�0LQQHVRWD � ������WR���� �����WR����� ���� ���
+DOOVWURP ���� /HH�&RXQW\��)ORULGD � ���� $QGUHZ��������FKDQJHVLQ�WKH�LQVXUDQFHSURJUDPPH������

������WR���� ���� ��
+DUULVRQ ���� $OXDFKD��)ORUGD � ���� 1DWLRQDO�)ORRG,QVXUDQFH�3URJUDPPHUHIRUP

������WR����� �����WR����� ��
0DF'RQDOG ���� 0RQURH��:HVW�0RQURH��2XDFKLWDSDULVK��/RXLVLDQD � ���� )ORRG��������ORFDOLVHGLQ�WKH�SDULVK� ������WR����� ����SDULVK�DQG������DOOVDPSOH�

����
0DF'RQDOG ���� 0RQURH��/RXLVLDQD � ���� )ORRG�������������ORFDOLVHG�LQ�WKH�SDULVK� �����WR����� ����SDULVK�DQG������DOOVDPSOH�

���
6KDEPDQ ���� 5RDQRNH��9LUJLQLD � ���� ����� �� ��6KLOOLQJ ���� %kWRQ�5RXJH��/RXLVLDQD � ���� ����� ��� ���6NDQW] ���� +RXVWRQ��7H[DV � ���� )ORRG������ ������WR����� ����WR���� �
6SH\UHU ���� 1HZ�2UOHDQV��/RXLVLDQD � ���� )ORRG������������������&DOLIRUQLDQDWXUDO�KD]DUGGLVFORVXUH�ODZ������
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$SSHQGL[����FRPSOHWH�OLVW�RI�H[SODQDWRU\�YDULDEOHV
7KH�IXOO�VHW�RI�H[SODQDWRU\�YDULDEOHV�LV�PDGH�XS�RI���YHFWRUV�
'��YHFWRU�RI�YDULDEOHV�GHVFULELQJ�WKH�UHVHDUFK�GHVLJQ� WKH�WLPH�VSDQ�RI�WKH�RULJLQDO�VDPSOH��DQG�LWV�PHGLDQ�\HDU� WKH�GDWH�RI�SXEOLFDWLRQ�RI�WKH�RULJLQDO�VWXG\� PRGHO� VSHFLILFDWLRQ�� WKH� XVH� RI� D� WUDQVIRUPDWLRQ� RQ� WKH� GHSHQGHQW� YDULDEOHV� �%R[� &R[� RUVHPLORJ��D�OLQHDU�PRGHO�EHLQJ�WKH�GHIDXOW�RQH���WKH�XVH�RI�ZHLJKWHG�OHDVW�VTXDUHV��WKH�HVWLPDWLRQRI��:KLWH��UREXVW�VWDQGDUG�HUURUV� W\SH�RI�GDWD��FURVV�VHFWLRQ�GDWD��LQ�RSSRVLWLRQ�WR�WLPH�VHULHV�RU�SDQHO�GDWD� GDWD�LQ�WKH�SULPDU\�VWXG\�ZDV�VSDWLDOO\�LGHQWLILHG��JHR�FRGHG�� WKH�IDFW�WKDW�WKH�GHSHQGHQW�YDULDEOH�LQ�WKH�SULPDU\�VWXG\�ZDV�REVHUYHG�RU�DVVHVVHG
5��YHFWRU�RI�YDULDEOHV�GHVFULELQJ�WKH�ULVN�RI�IORRGLQJ� WKH�REMHFWLYH�SUREDELOLW\�RI�ULVN��WKDW�LV�WR�VD\�WKH�LQYHUVH�RI�WKH�H[SHFWHG�IUHTXHQF\�RI�IORRG�LQ\HDUV� HOHPHQWV�WKDW�PLJKW�LQIOXHQFH�WKH�VXEMHFWLYH�SUREDELOLW\�YLD�D�PRGLILFDWLRQ�RI�SHUFHSWLRQ��VXFKDV�WKH�IDFW�WKDW�WKH�KRXVH�LV�VROG�DIWHU�WKH�UHFHQW�RFFXUUHQFH�RI�D�GLVDVWHU��RU�DIWHU�D�FKDQJH�LQLQVXUDQFH�SDWWHUQV
9��YHFWRU�RI�LQGLFDWLYH�YDULDEOHV�GHVFULELQJ�WKH�YDULDEOHV�LQFOXGHG�LQ�WKH�RULJLQDO�+30� DFFHVVLELOLW\��FRYHUV�WKH�YDULDEOHV�PHDVXULQJ�GLVWDQFH�EHWZHHQ�WKH�KRXVH�VROG��DQG�WKH�QHDUHVWKLJKZD\��PDMRU�URDG�RU�DLUSRUW� FRPIRUW�� LQGLFDWHV� WKDW� WKH� KRXVH� KDV� HLWKHU� D� ILUH� SODFH�� D� KDUG� ZRRG� IORRU�� D� SRRO�� D� JDVKHDWLQJ��FHQWUDO�KHDWLQJ��FHQWUDO�DLU�FRQGLWLRQLQJ��DQG�WKH�QXPEHU�RI�EHGURRPV� GLVWDQFH�WR�DPHQLW\��UHODWHV�WR�WKH�YDULDEOHV�PHDVXULQJ�GLVWDQFH�EHWZHHQ�WKH�KRXVH�VROG�DQG�DEXVLQHVV�FHQWUH��D�FHQWUH�RI�HPSOR\PHQW��D�SDUN�RU�D�JROI� GLVWDQFH�WR�ZDWHU��FRYHUV�WKH�YDULDEOHV�PHDVXULQJ�GLVWDQFH�EHWZHHQ�WKH�KRXVH�VROG�DQG�D�ULYHU�WKH�FRDVW��D�FUHHN�RU�D�VWUHDP��D�ODNH�RU�D�FDQDO� ILQDQFLQJ��LQGLFDWHV�LI�WKH�KRXVH�ZDV�ILQDQFHG�E\�D�FRQYHQWLRQDO�ORDQ� LQVXUDQFH��FRUUHVSRQGV�WR�WKH�IORRG�LQVXUDQFH�SUHPLXP� PDUNHW��LQGLFDWHV�WKH�GHOD\�EHIRUH�WKH�KRXVH�ZDV�VROG
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� QHLJKERUKRRG�� HYHU\� NLQG� RI� FKDUDFWHULVWLFV� GHVFULELQJ� WKH� QHLJKERUKRRG�� VXFK� DV� D� KLJKHQGRZPHQW� LQ� VHUYLFHV�� HGXFDWLRQDO� PDWWHUV� �WKH� SURSRUWLRQ� RI� KLJK� VFKRRO� JUDGXDWHV�� WKHWHDFKHU� VWXGHQW� UDWLR�� WKH� UDQNLQJ� RI� GLVWULFW� VFKRRO��� VRPH� SRSXODWLRQ� FKDUDFWHULVWLFV� �DJH�HPSOR\PHQW�UDWH�� OHYHO�RI�LQFRPH��GHQVLW\��SHUFHQWDJH�RI�SRYHUW\��SURSRUWLRQ�RI�+LVSDQLFV�RURWKHU�UDFHV���RU�HYHQ�WKH�GLVWDQFH�WR�D�6WDUEXFN�FRIIHH�EDU� SROOXWLRQ��WKH�SROOXWLRQ�OHYHO� TXDOLW\��HOHPHQWV�WKDW�JLYH�LQGLFDWLRQV�RQ�WKH�TXDOLW\�RI�WKH�KRXVH�VXFK�DV�WKH�DJH�RI�WKH�KRXVH�WKH�QDWXUH�RI�WKH�EDVHPHQW��WKH�TXDOLW\�RI�WKH�ZDOOV��LQ�SODVWHU���WKH�SUHVHQFH�RI�D�IDFH�EULFN� VL]H�� WKH� VL]H� RI� WKH� KRXVH� LQ� WHUPV� RI� QXPEHU� RI� EHGURRPV�� RI� WKH� SUHVHQFH� RI� D� JDUDJHDWWDFKHG�� DQG� DUHD� �ORW� VL]H� DQG� OLYLQJ� DUHD��� +RZHYHU�� EHFDXVH� VXFK� D� YDULDEOH� ZDV� DOZD\VLQFOXGHG� LQ� RULJLQDO� +30�� WKLV� GXPP\� KDV� WKH� YDOXH� �� IRU� DOO� WKH� REVHUYDWLRQV�� DQG� LV� QRWLQFOXGHG�LQ�WKH�YHFWRU�9� WD[�OHYHO
/��YHFWRU�RI�YDULDEOHV�FDWFKLQJ�VRPH�ORFDWLRQDO�FKDUDFWHULVWLFV� WKH�KRXVHKROG�PHGLDQ�LQFRPH�SHU�FRXQW\��FRQVWDQW������GROODUV��8�6��&HQVXV�%XUHDX��&XUUHQW3RSXODWLRQ� 6XUYH\�� $QQXDO� 6RFLDO� DQG� (FRQRPLF� 6XSSOHPHQWV��� FRPSXWHG� IURP�
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����
������ LQFRPH86$LQFRPH86$W\LQFRPHFRXQLQFRPH86$LQFRPH86$W\LQFRPHFRXQ DQ\HDUVDPSOHPHGLDQ\HDUVDPSOHPHGL

� WKH�IDFW�WKDW�WKH�RULJLQDO�+30�ZDV�HVWLPDWHG�LQ�D�FRXQW\� ORFDWHG�LQ�WKH�6RXWKHUQ��/RXLVLDQD�7H[DV��1RUWK�&DUROLQD�� )ORULGD��$ODEDPD���:HVWHUQ� �&DOLIRUQLD�� RU�1RUWKHUQ� �1RUWK�'DNRWD�0LQQHVRWD��:LVFRQVLQ��SDUW�RI�WKH�8QLWHG�6WDWHV
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$SSHQGL[����0XOWL�FROOLQHDULW\�EHWZHHQ�H[SODQDWRU\�YDULDEOHV

9HFWRU�' 6SHFLILFDWLRQ�LVVXH$ %R[&R[�WUDQVIRUPDWLRQ% 6HPLORJ�WUDQVIRUPDWLRQ& 8VH�RI�D�*,67\SH�RI�GDWD' $VVHVVHG�VHOOLQJ�SULFHV( 7LPH�VHULHV�RU�SDQHO�GDWD9HFWRU�9 3ULPDU\�H[SODQDWRU\�YDULDEOHV) &RPIRUW* 1HLJKERUKRRG+ 2PLVVLRQ�ELDV�QHLJKERUKRRG, 4XDOLW\- $FFHVVLELOLW\�RU�GLVWDQFH. $FFHVVLELOLW\/ 'LVWDQFH�WR�DPHQLW\0 0DUNHW1 7D[2 'LVWDQFH�WR�ZDWHU3 )LQDQFH4 ,QVXUDQFH5 3ROOXWLRQ9HFWRU�5 'HILQLWLRQ�RI�ULVN6 9HU\�KLJK�SUREDELOLW\7 9HU\�ORZ�SUREDELOLW\8 ����\HDU�IORRGSODLQ3HUFHSWLRQ�LVVXH9 $IWHU�D�FKDQJH�LQ�DYDLODEOH�LQIRUPDWLRQ: $IWHU�WKH�RFFXUUHQFH�RI�D�IORRG; $IWHU�D�FKDQJH�LQ�LQVXUDQFH�GLVFORVXUH

$ % & ' ( ) * + , - . / 0 1 2 3 4 5 6 7 8 9 : ;$ � � ���� � ����� ����� ����� ���� ����� ����� ����� ����� � ����� ����� � � � � � ����� ��� ����� �% � � ���� � ����� ����� ����� ����� ����� ����� ����� ���� ����� ����� ����� ����� � � � ��� ����� ��� ����� ���& ����� ����� � � ����� ����� ����� ����� ����� ����� � ����� ����� ����� ����� ����� � � � ���� ����� ��� ����� �' � � � � � � � ����� ����� � � � � � � � � � ����� ���� ����� ��� ����� �( ����� ����� ���� � � ��� ����� ����� ����� ����� ����� ����� � ����� ����� ����� � � � ��� ��� ����� ����� ���) � ���� � � ����� � ����� ����� ����� � � � ����� � � ����� � � � ���� ����� ��� ����� �* ����� ����� ���� � ����� ����� � ��� ����� ����� ����� ����� ����� ����� ����� � � � ����� ��� ����� ����� � ���+ ����� ����� ���� � ����� ����� � � ����� ����� ����� ����� � � ����� ����� � � � ���� ����� ����� ����� ���, ���� ����� � ��� ����� ����� ����� ����� � ����� � ����� � ����� ����� � � � ����� ����� ����� ��� ����� �- ���� ���� ���� � ����� ����� ����� ����� ����� � � � ����� ����� � ����� � � � ���� ����� ����� ����� ���. ����� ����� ���� � ����� ����� ����� ����� ����� ��� � ���� ����� ����� ����� � � � � ��� ����� ��� ����� ���/ ���� ����� ���� � ����� ����� ����� ����� ����� ����� ����� � � � � ����� � � � ���� ����� ����� ����� ���0 � ���� ���� � ����� ����� ����� ����� ����� ����� ����� � � ����� � ����� � � � ��� ����� � � �1 ����� ����� ���� � ����� ����� ����� ����� ����� ����� ����� � ����� � � � � � � ��� ����� � � �2 ����� ��� ���� � ����� ����� ����� ����� ����� ����� ����� ����� � � � ����� � � � ���� ����� ����� ����� ���3 � ���� ���� � ����� ����� � ����� ����� ����� � ����� ����� � ����� � � � � ���� ����� ����� ����� �4 � � � � � � ����� ����� ����� � � � � � � � � � ����� � ����� � � �5 � ����� ���� � ����� ����� ����� ����� ����� ����� ����� � ����� ����� � � � � � ��� ���� � � �6 � � � ����� � � ����� ���� ����� � � � � � � � ����� � � � � ����� ����� �7 � ����� ���� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� � ����� � � � ����� ����� �8 � ����� ���� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� � � � ����� ����� �9 ����� ����� ���� � ����� ����� ����� ����� ����� ����� ����� ����� � � ����� ����� � � ����� ���� ����� � ����� �: ����� ����� ���� � ����� ����� � ����� ����� ����� ����� ����� � � ���� ����� � � ����� ����� ����� ����� � �; � ����� ���� � ����� ����� ����� ����� ����� ����� ����� ����� � � ����� � � � � � ����� ����� � �


	River Flooding and Housing Values:

