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ABSTRACT�� $�EULHI�H[FXUVXV� LV� SUHVHQWHG�RQ� WKH�SURMHFWV� IXQGHG�E\� WKH�&LYLO�3URWHFWLRQ�RI� WKH�
)ULXOL�9HQH]LD�*LXOLD�5HJLRQ�DLPHG�DW�UHGXFLQJ�VHLVPLF�ULVN��7KH�SURMHFWV�KDYH�WDFNOHG�
GLIIHUHQW�DVSHFWV�RI�VHLVPLF�ULVN�UHGXFWLRQ��WKH�UHJLRQDO�VHLVPRPHWULF�QHWZRUN�FDQ�JLYH�
LQIRUPDWLRQ�RQ�HDUWKTXDNHV�LQ�UHDO�WLPH��WKH�VHLVPLF�KD]DUG�DQG�ULVN�PDSV�UHSUHVHQW�
WKH�JXLGHOLQHV�RQ�KRZ�WR�FRQVWUXFW�QHZ�EXLOGLQJV�DQG�ZKHUH�WR�UHWUR¿W�H[LVWLQJ�RQHV�
ZLWK�KLJK�SULRULW\��WKH�VXUYH\�RQ�WKH�VFKRRO�EXLOGLQJV�LQ�)ULXOL�9HQH]LD�*LXOLD�SURYLGHV�
LQGLFDWLRQV�RQ�ZKDW�WR�GR�WR�PDNH�WKHP�VDIH�

Key words:������ HDUWKTXDNH�� )ULXOL�� VHLVPRPHWULF� QHWZRUN�� VHLVPLF� ULVN�� VHLVPLF� KD]DUG�� YXOQHUDELOLW\��
VFKRRO�EXLOGLQJV�

1. Introduction

)RUW\�\HDUV�KDYH�SDVVHG�VLQFH�WKH�GUDPDWLF�RFFXUUHQFH�RI�WKH������)ULXOL�HDUWKTXDNH��ZKLFK�
GHVWUR\HG�VHYHUDO�YLOODJHV�DQG�NLOOHG�DERXW�������SHRSOH��&DUXOOL�DQG�6OHMNR��������6OHMNR���������
6RPH�VD\�WKDW�RXW�RI�HYHU\�HYLO�FRPHV�VRPHWKLQJ�JRRG��EXW�KDV�DQ\WKLQJ�JRRG�EHHQ�OHIW�E\�WKH�
)ULXOL�HDUWKTXDNH�LQ�WHUPV�RI�JUHDWHU�VDIHW\�IRU�WKH�SRSXODWLRQ"�,Q�RWKHU�ZRUGV��DUH�WKLQJV�WKDW�ZHQW�
EDGO\�DW�WKDW�WLPH�DQ\�EHWWHU�WRGD\"

,W�LV�QRW�RXU�LQWHQWLRQ�WR�VSHDN�DERXW�WKH�UHFRQVWUXFWLRQ�RI�WKH�GHVWUR\HG�VHWWOHPHQWV�EHFDXVH�
WKH�)ULXOL�PRGHO�KDV�EHHQ�ZLGHO\�DQDO\VHG�LQ�WKH�OLWHUDWXUH��VHH�H�J��)DEEUR��������&DUSHQHGR��
�������+HUH��ZH�ZLVK�WR�GHVFULEH�WKH�YLUWXRXV�FRRSHUDWLRQ�EHWZHHQ�WKH�UHJLRQDO�&LYLO�3URWHFWLRQ�
DQG� WKH� UHJLRQDO� VFLHQWL¿F� LQVWLWXWLRQV� >1DWLRQDO� ,QVWLWXWH� RI� 2FHDQRJUDSK\� DQG� ([SHULPHQWDO�
*HRSK\VLFV��2*6��DQG�7ULHVWH�DQG�8GLQH�XQLYHUVLWLHV@�DLPLQJ�DW�UHGXFLQJ�WKH�VHLVPLF�ULVN�

2. Buildings and emergency at the time of the 1976 earthquake

7ZR�DVSHFWV�SOD\�D�PDMRU�UROH�ZKHQ�DQ�HDUWKTXDNH�VWULNHV��WKH�VWDWH�RI�WKH�EXLOGLQJV�DQG�WKH�
HPHUJHQF\�V\VWHP��$V�FRQFHUQV�WKH�HPHUJHQF\�V\VWHP�KHUH��ZH�ZLOO�DQDO\VH�WKH�VHLVPRORJLFDO�
VXSSRUW�QHHGHG�WR�UDSLGO\�DFWLYDWH�WKH�UHVFXH�WHDPV�
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2.1. Buildings and building code in Friuli before the 1976 earthquake
7R�H[SODLQ�WKH�KLJK�QXPEHU�RI�YLFWLPV�DQG�WKH�ZLGHVSUHDG�GHVWUXFWLRQ�LQ�)ULXOL��LW�LV�QHFHVVDU\�WR�

EULHÀ\�GHVFULEH�WKH�EXLOGLQJ�KHULWDJH��DJH��W\SH�RI�FRQVWUXFWLRQ��DQG�DQWLVHLVPLF�PHDVXUHV�DSSOLHG�

�������7KH�EXLOGLQJ�KHULWDJH�RI�)ULXOL�LQ�����
0RVW� RI� WKH� EXLOGLQJV� LQ� WKH� DUHD� VHULRXVO\� DIIHFWHG� E\� WKH� HDUWKTXDNH� ZHUH� W\SLFDO� RI� D�

FHQWXULHV�ROG� UXUDO�DJULFXOWXUDO�HFRQRP\�DQG�RQO\�D�YHU\� IHZ�ZHUH�EXLOW� IROORZLQJ� WKH�PRGHVW�
SRVW�ZDU� LQGXVWULDO� GHYHORSPHQW�� )URP� D� FRQVWUXFWLRQ� SRLQW� RI� YLHZ�� WKHVH�ZHUH� SRRU� TXDOLW\�
EXLOGLQJV��YHU\�RIWHQ�PDGH�RI�LUUHJXODU�VWRQHV�RU�URXQG�SHEEOHV�ZLWK�ZHDN�DQG�DJHG�PRUWDU��7KH�
YLOODJH�DQG�WRZQ�FHQWUHV�KDG�GHYHORSHG�E\�DQ�XQSODQQHG�DJJUHJDWLRQ�RI�GZHOOLQJV�DQG�VHUYLFH�
VWUXFWXUHV�VXFK�DV�VWDEOHV��EDUQV��HWF��2YHU�WLPH��WKH�FKDQJHV�PDLQO\�LQYROYHG�FRYHUHG�H[WHQVLRQV�
DQG�GHFRUDWLYH�HOHPHQWV�DQG��UDUHO\��VWUXFWXUDO�LQWHUYHQWLRQV��7KH�VHWWOHPHQW�VWUXFWXUH�ZDV�KLJKO\�
YXOQHUDEOH�ERWK�LQ�WKH�LQGLYLGXDO�EXLOGLQJV�DQG�LQ�WKH�EXLOW�XS�DUHDV�DV�D�ZKROH��7UDJLFDOO\��WKLV�
DSSHDUHG�DOO� WRR�HYLGHQW� WR� WKH�¿UVW� UHVFXHUV�ZKR��RQ� WKH�PRUQLQJ�RI���0D\��VDZ�WKDW� WKH�IHZ�
PRGHUQ�EXLOGLQJV�ZHUH�DOPRVW�DOZD\V�LQWDFW�LQ�D�ODQGVFDSH�RI�UXEEOH�

�������7KH�,WDOLDQ�EXLOGLQJ�FRGH�DQG�LWV�DSSOLFDWLRQ�LQ�)ULXOL
7KH�HDUOLHVW� VHLVPLF� UHJXODWLRQV�ZHUH� LVVXHG� LQ�3RUWXJDO�SUREDEO\�GXH� WR� WKH�*UHDW�/LVERQ�

HDUWKTXDNH�LQ�������7KH\�FRQVLVWHG�ODUJHO\�RI�SUHYHQWLYH�UXOHV��IRU�H[DPSOH��WR�IRUELG�FRQVWUXFWLRQ�
W\SHV�WKDW�ZHUH�ZHDN�DQG�KDG�FROODSVHG��ZKLOH�UHTXLULQJ�WKH�XVH�RI�FHUWDLQ�EXLOGLQJ�DQG�WHFKQLFDO�
PHDVXUHV�WKDW�KDG�SURYHG�YHU\�HIIHFWLYH�

,Q� ,WDO\�� DQWL�VHLVPLF� GHVLJQ� UXOHV� KDYH� DOZD\V� PDGH� SURJUHVV� DV� D� UHVXOW� RI� GHYDVWDWLQJ�
HDUWKTXDNHV�� FUHDWLQJ� D� FOHDU� FDXVH�HIIHFW� UHODWLRQVKLS� EHWZHHQ� D� VHLVPLF� HYHQW� DQG� WKH�
FRUUHVSRQGLQJ� ODZ��7KH� UHJXODWLRQV�SULRU� WR������FDQ�EH�FRQVLGHUHG�SXUHO\�SUHVFULSWLYH�� WKRVH�
LVVXHG�IURP������WR������FDQ�EH�GH¿QHG�DV�UHIHUULQJ�WR�D�¿UVW�OHYHO�RI�EXLOGLQJ�SHUIRUPDQFH�>L�H��
IRFXVLQJ�RQ�YLROHQW�HDUWKTXDNHV��WKH\�UHTXHVW�WKDW�EXLOGLQJ�SHUIRUPDQFH�VKRXOG�VDIHJXDUG�KXPDQ�
OLYHV��L�H��DYRLGLQJ�FROODSVH�@�

6XPPDUL]LQJ� WKH�GHYHORSPHQW�RI� WKH� ,WDOLDQ�VHLVPLF�FRGH��VHH�DOVR�6OHMNR��������� WKH�¿UVW�
VHLVPLF�SUHYHQWLRQ�PHDVXUHV�ZHUH�WKRVH�RI����0DUFK�������LVVXHG�E\�WKH�%RXUERQ�*RYHUQPHQW�
DIWHU�WKH�HDUWKTXDNHV�WKDW�GHYDVWDWHG�WKH�&DODEULD�UHJLRQ�LQ������DQG�FDXVHG�PRUH�WKDQ��������
GHDWKV��7KRVH�PHDVXUHV�� HVWDEOLVKHG� E\� ODZ�� DQG� DOO� WKRVH� WKDW� IROORZHG�� XS� WR� WKH� EHJLQQLQJ�
RI� WKH� ��WK� FHQWXU\�� ZHUH� EDVHG� RQ� SUHVFULSWLYH� OLPLWDWLRQV� DORQH� �H�J�� FKRLFH� RI� WKH� VLWHV� IRU�
UHEXLOGLQJ��DQG�RQ�WKH�FRQVWUXFWLRQ�VWDQGDUGV��H�J��KHLJKW�RI�EXLOGLQJV���,Q�WKH�IROORZLQJ�\HDUV��
VRPH�UHJXODWLRQV�ZHUH�LVVXHG�IRU�WKH�3DSDO�6WDWHV�DIWHU�WKH������HDUWKTXDNH�LQ�1RUFLD��$IWHU�WKH�
XQL¿FDWLRQ�RI�,WDO\��QXPHURXV�UHJXODWLRQV�ODSVHG�DQG�WKH�,WDOLDQ�VWDWH�ZDV�XQSUHSDUHG�WR�PDQDJH�
WKH�VLWXDWLRQ�DIWHU�WKH������HDUWKTXDNH�WKDW�UXLQHG�DOO�WKH�YLOODJHV�RQ�WKH�LVODQG�RI�,VFKLD��

$�GHFLVLYH�LPSURYHPHQW�WRRN�SODFH�DV�D�UHVXOW�RI�WKH�PDJQLWXGH�����HDUWKTXDNH�WKDW�GHVWUR\HG�
0HVVLQD�DQG�5HJJLR�&DODEULD��RQ����'HFHPEHU�������FDXVLQJ�WKH�GHDWK�RI�DERXW��������SHRSOH��
7KH� UXOH� WKDW� IROORZHG�� WKH�5R\DO�'HFUHH� �5'��QR������RI����$SULO�������PD\�EH�FRQVLGHUHG�
WKH� ¿UVW� JHQXLQH� ,WDOLDQ� VHLVPLF� OHJLVODWLRQ�� ,W� FRQVLVWHG� LQ� OLVWLQJ� WKH�PXQLFLSDOLWLHV� RI� 6LFLO\�
DQG�&DODEULD�ZKHUH� WHFKQLFDO� UHJXODWLRQV� IRU� EXLOGLQJ�PXVW� EH� DSSOLHG��7KHVH� UXOHV� REOLJDWHG�
VWUXFWXUHV� WR� UHVLVW� WKH� (TXLYDOHQW� /DWHUDO� )RUFHV� �(/)V��� UHSUHVHQWLQJ� WKH� G\QDPLF� HIIHFWV�
DSSOLHG�WR�WKH�PDVVHV�RI�WKH�EXLOGLQJ�EHFDXVH�RI�WKH�VHLVPLF�PRWLRQ��7KLV�PHWKRG�LV�VWLOO�XVHG��
DOEHLW�ZLWK� VXLWDEOH�DGMXVWPHQWV��E\� WKH�PDLQ�FRGHV�DV�D� VLPSOL¿HG�PHWKRG�RI� VHLVPLF�GHVLJQ���
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7KH�FRPPLVVLRQ�UHVSRQVLEOH�IRU�SUHSDULQJ�WKH������UHJXODWLRQV�GH¿QHG��DV�GHVLJQ�YDOXHV�IRU�WKH�
QHZ�HGL¿FHV��WKH�PD[LPXP�VXVWDLQDEOH�IRUFHV�WKDW�ZHUH�H[SHULHQFHG�E\�FHUWDLQ�W\SHV�RI�EXLOGLQJV��
ZKLFK�GLG�QRW�FROODSVH�GXULQJ�WKH�HDUWKTXDNH��7KHVH�DFWLRQV�ZHUH�RI¿FLDOO\�GH¿QHG�ODWHU�ZLWK�WKH�
'HFUHWR�/HJLVODWLYR�/XRJRWHQHQ]LDOH� �'//�������RI�������7KHVH� VWDQGDUGV�ZHUH� IROORZHG�E\�
IXUWKHU�UH¿QHPHQWV��LQFOXGLQJ�WKH�5R\DO�'HFUHH��5'��QR������RI������WKDW�LQWURGXFHG�WKH�FRQFHSW�
RI�VHLVPLF�]RQDWLRQ��)LJ���D���GLYLGLQJ�WKH�QDWLRQDO�WHUULWRU\�LQWR�WZR�]RQHV��DVVRFLDWHG�ZLWK�WZR�
VHOHFWHG�FDWHJRULHV�RI� VHLVPLF� IRUFHV� WR�EH� FRQVLGHUHG� IRU�GHVLJQLQJ�QHZ�EXLOGLQJV�� DFFRUGLQJ�
WR�WKH�JUDGH�RI�VHLVPLFLW\�DQG�WKH�JHRORJLFDO�FRQWH[W�RI�WKH�]RQH�LWVHOI��7KLV�JUDGH�RI�VHLVPLFLW\�
ZDV�GH¿QHG�RQO\�ZLWK�WKH�0LQLVWHULDO�'HFUHH�RI���0DUFK�������ZKHUH�WKH�JUDGHV�6 ���DQG�6 ��
ZHUH�DVVRFLDWHG�ZLWK�WKH�¿UVW�DQG�WKH�VHFRQG�FDWHJRU\��UHVSHFWLYHO\��DQG�ZHUH�XVHG�WR�FRPSXWH�WKH�
KRUL]RQWDO�IRUFHV�WR�EH�DSSOLHG�WR�WKH�EXLOGLQJ�LQ�WKH�VWDWLF�DQDO\VLV�

7KH�VHLVPLF�FODVVL¿FDWLRQ�ZDV�XSGDWHG�DIWHU�HYHU\�GHVWUXFWLYH��LQWHQVLW\�ODUJHU�WKDQ��RU�HTXDO�
WR��9,,,�0HUFDOOL�&DQFDQL�6LHEHUJ�� HDUWKTXDNH� VLPSO\� E\� DGGLQJ�PXQLFLSDOLWLHV� WR� WKH� RI¿FLDO�
OLVW��LW�ZDV�WKHUHIRUH�EDVHG�RQO\�RQ�WKH�IDFW�WKDW�D�PXQLFLSDOLW\�KDG�H[SHULHQFHG�GDPDJH�EHFDXVH�
RI� HDUWKTXDNHV� DIWHU� ������ ZLWKRXW� DQ\� VFLHQWL¿F� FRQVLGHUDWLRQ� RQ� WKH� ,WDOLDQ� VHLVPLFLW\� DQG�
SULQFLSDOO\�PHDQW�SXEOLF�IXQGLQJ�>IRU�PRUH�GHWDLOV�VHH�3HWULQL�������@�

$� QHZ� UXOH�ZDV� HVWDEOLVKHG� LQ� ,WDO\�ZLWK� WKH� QDWLRQDO� ODZ� QR�� ��������� LW� SUHVHQWV� D� NLQG�
RI� LQQHU�G\QDPLFV�EHFDXVH�LW�RQO\�VWDWHV� WKH�FULWHULD�IRU�FRQVWUXFWLQJ�LQ�D�VHLVPLF�DUHD�DQG�WKH�
FODVVL¿FDWLRQ��LQWHQGHG�DV�OLVW�RI�UHJXODWHG�PXQLFLSDOLWLHV��LV�HVWDEOLVKHG�E\�GHFUHH��DQG��WKHUHIRUH��
LW�FDQ�EH�HDVLO\�XSGDWHG��HLWKHU�DIWHU�D�GDPDJLQJ�HDUWKTXDNH��IROORZLQJ�WKH�ROG�SKLORVRSK\��RU�
ZKHQ�WKH�LQFUHDVHG�NQRZOHGJH�RI�WKH�,WDOLDQ�VHLVPLFLW\�UHTXHVWV�D�UHYLVLRQ�RI�WKH�FODVVL¿FDWLRQ��
/DZ���������IRFXVHG�RQ�YLROHQW�HDUWKTXDNHV�DQG�UHTXLUHG�WKH�VDIHJXDUGLQJ�RI�KXPDQ�OLYHV��L�H��

)LJ�� �� �� 6HLVPLF� FODVVL¿FDWLRQ� DFFRUGLQJ� WR� WKH� 5'�
QR������RI�������D��,WDO\� LQ������� WKH�VHLVPLF�]RQHV�
DUH� FODVVL¿HG� DV� ¿UVW� FDWHJRU\� �KLJKO\� VHLVPLF�� UHG��
DQG� VHFRQG� FDWHJRU\� �PRGHUDWHO\� VHLVPLF�� RUDQJH���
WKH� EODFN� VSRWV� LQGLFDWH� GHFODVVL¿HG� PXQLFLSDOLWLHV���
E��)ULXOL�9HQH]LD�*LXOLD�LQ�������WKH�GLIIHUHQW�FRORXUV�
LQGLFDWH�WKH�GLIIHUHQW�\HDU�RI�¿UVW�VHLVPLF�FODVVL¿FDWLRQ�
RI�WKH�PXQLFLSDOLWLHV�
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DYRLGLQJ�WKH�FROODSVH�RI�EXLOGLQJV���,W�ZDV�EDVHG�RQ�UHVHDUFK�GHYHORSHG�LQ�WKH�8�6�$��WKDW�EHJDQ�
WR�IRUPDOL]H�WKH�FRQFHSW�RI�HODVWLF�VSHFWUXP��DOUHDG\�LQWURGXFHG�LQ�WKH�SURYLVLRQV�RI�WKH�8QLIRUP�
%XLOGLQJ�&RGH�RI�������,QWHUQDWLRQDO�&RQIHUHQFH�RI�%XLOGLQJ�2I¿FLDOV��������DQG�LQ�WKH�EOXH�ERRN�
RI� WKH�6WUXFWXUDO�(QJLQHHUV�$VVRFLDWLRQ�RI�&DOLIRUQLD��6($2&�6HLVPRORJ\�&RPPLWWHH���������
/DZ�QR�����������VWLOO�LQ�IRUFH��UHSUHVHQWV�WKH�IUDPHZRUN�ODZ�RI�WKH�,WDOLDQ�VHLVPLF�OHJLVODWLRQ��
VHWWLQJ�RXW�WKH�SODQQLQJ�JXLGHOLQHV�DQG�UHTXLULQJ�WKH�0LQLVWU\�RI�3XEOLF�:RUNV�WR�LVVXH�VSHFL¿F�
WHFKQLFDO� UHJXODWLRQV� FRQWDLQLQJ� GHVLJQ� JXLGHOLQHV�� 7KLV� QRUP�� ZLWK� VXEVHTXHQW� GHFUHHV�� KDV�
EURXJKW�LPSRUWDQW�LQQRYDWLRQV�����WKH�VHLVPLF�FODVVL¿FDWLRQ�RI�WKH�WHUULWRU\�PXVW�EH�HVWDEOLVKHG�
RQ�WKH�EDVLV�RI�ZHOO�IRXQGHG�WHFKQLFDO�VFLHQWL¿F�UHDVRQV�����WKH�PRUSKRORJLFDO�IHDWXUHV�RI�WKH�VLWH�
ZKHUH�D�EXLOGLQJ�LV�ORFDWHG�PXVW�EH�DFFXUDWHO\�LQYHVWLJDWHG�WRJHWKHU�ZLWK�WKH�SK\VLFDO�PHFKDQLFDO�
FKDUDFWHULVWLFV�RI�WKH�VRLO�����WKH�PXOWL�PRGDO�DQDO\VLV�FDQ�EH�FRQVLGHUHG�LQVWHDG�RI�WKH�HTXLYDOHQW�
VWDWLF�DQDO\VLV��DQG����WKH�GHVLJQ�VSHFWUXP�KDV�WR�EH�GH¿QHG�LQ�WHUPV�RI�DFFHOHUDWLRQ�

5HJDUGLQJ� WKH�)ULXOL�9HQH]LD�*LXOLD� UHJLRQ��)LJ���E�VKRZV� WKH�PXQLFLSDOLWLHV�FODVVL¿HG�VHLVPLF�
EHIRUH�������ZLWK�WKHLU�¿UVW�\HDU�RI�FODVVL¿FDWLRQ��DQG�WKRVH�FODVVL¿HG�DIWHU�WKH������HDUWKTXDNH��GDUN�
JUHHQ�DUHD���$�¿UVW�JURXS�RI�PXQLFLSDOLWLHV�UHIHUV�WR�WKH������7ROPH]]R�HDUWKTXDNH��UHG�DUHD���D�VHFRQG�
JURXS��DW�WKH�ZHVWHUQ�ERUGHU�RI�WKH�UHJLRQ��LV�UHODWHG�WR�WKH������&DQVLJOLR�HDUWKTXDNH��RUDQJH�DUHD���
DIWHU�WKH������&DUQLD�HDUWKTXDNH��WKH�3DXODUR�PXQLFLSDOLW\�ZDV�DOVR�FODVVL¿HG�VHLVPLF��SDOH�JUHHQ�DUHD��

$IWHU�WKH������*HPRQD�HDUWKTXDNH��WKH�UHJLRQDO�3XEOLF�$GPLQLVWUDWLRQ�UHTXHVWHG�WZR�SXEOLF�
LQVWLWXWLRQV��2VVHUYDWRULR�*HR¿VLFR�6SHULPHQWDOH�RI�7ULHVWH�DQG�3ROLWHFQLFR�RI�0LODQR��WR�SURYLGH�
VFLHQWL¿F�VXSSRUW�LQ�SODQQLQJ�WKH�UHFRQVWUXFWLRQ�RI�WKH�GHVWUR\HG�YLOODJHV��7KLV�FDQ�EH�FRQVLGHUHG�
WKH�¿UVW�XUEDQ�LQWHUYHQWLRQ�EDVHG�RQ�VHLVPLF�KD]DUG�VWXGLHV��)DFFLROL��������*LRUJHWWL�HW�DO����������
,W�ZDV�RQO\�RQ�WKH�EDVLV�RI�SUREDELOLVWLF�VWXGLHV�SHUIRUPHG�IRU�)ULXOL��WKDW�DQ�DFWXDO�VHSDUDWLRQ�RI�
WKH�WZR�VHLVPLF�FDWHJRULHV�ZDV�SRVVLEOH�

0DQ\�GLIIHUHQW�VWXGLHV�GHYRWHG�WR�WKH�NQRZOHGJH�RI�,WDOLDQ�VHLVPLFLW\�VWDUWHG�DIWHU�WKH������*HPRQD�
HDUWKTXDNH��7KHVH�VWXGLHV�ZHUH�GHYHORSHG�E\�WKH�FRRSHUDWLRQ�DPRQJ�JHRORJLVWV��JHRSK\VLFLVWV��DQG�
HQJLQHHUV�LQ�WKH�IUDPH�RI�WKH�3URJHWWR�)LQDOL]]DWR�*HRGLQDPLFD�RI�WKH�&RQVLJOLR�1D]LRQDOH�GHOOH�5LFHUFKH��
2QH�RI�WKH�SURGXFWV�ZDV�WKH�PDSV�RI�VKDNHDELOLW\�RI�,WDO\��*UXSSR�GL�/DYRUR�6FXRWLELOLWj��������3HWULQL�
HW�DO���������RQ�WKH�EDVLV�RI�ZKLFK�WKH�&15
V�SURSRVDO�RI�VHLVPLF�FODVVL¿FDWLRQ�ZDV�EDVHG��VHH�3HWULQL��
������6HUYL]LR�6LVPLFR�GHO�&RQVLJOLR�6XSHULRUH�GHL�/DYRUL�3XEEOLFL��������3HWULQL�HW�DO����������7KDW�
SURSRVDO�ZDV�DFFHSWHG�E\�WKH�,WDOLDQ�JRYHUQPHQW��DOVR�PRWLYDWHG�E\�WKH�GLVDVWHU�FDXVHG�E\�WKH������,USLQLD�
HDUWKTXDNH��DQG�WUDQVODWHG�LQWR�D�VHULHV�RI�GHFUHHV�E\�WKH�0LQLVWU\�RI�3XEOLF�:RUNV�EHWZHHQ������DQG�������
�)LJ���D���%DVHG�RQ�SUREDELOLVWLF�VWXGLHV��WKH�PXQLFLSDOLWLHV�ZLWK�D�FDOFXODWHG�KD]DUG�ODUJHU�WKDQ��RU�
HTXDO�WR��WKDW�RI�WKH�DOUHDG\�FODVVL¿HG�PXQLFLSDOLWLHV��ZHUH�LQVHUWHG�LQWR�WKH�VHFRQG�FDWHJRU\��OHDYLQJ�
WKH� DOUHDG\� FODVVL¿HG�PXQLFLSDOLWLHV� LQ� WKHLU� ROG� SRVLWLRQ� DQG� GH¿QLQJ� D� WKLUG� FDWHJRU\� IRU� VRPH�
PXQLFLSDOLWLHV�RI�&DPSDQLD��$SXOLD��DQG�%DVLOLFDWD��LQ�VRXWKHUQ�,WDO\��VHH�\HOORZ�VSRWV�LQ�)LJ���D���
ZKHUH� HYHQ� ORZ� VKDNLQJV� FRXOG� SURGXFH� VHYHUH� GDPDJH��7KH� QHZ� FODVVL¿FDWLRQ� RI� )ULXOL�9HQH]LD�
*LXOLD�LV�UHSRUWHG�LQ�)LJ���E��$�OLPLW�RI�WKLV�FODVVL¿FDWLRQ�LV�WKDW�LW�FRQVLGHUV�RQO\�QHZ�EXLOGLQJV�ZLWKRXW�
SODQQLQJ� UHLQIRUFHPHQW� LQWHUYHQWLRQV�RQ� WKH�H[LVWLQJ�EXLOGLQJV�� ,Q�DQ\�FDVH�� WKH�FRQFHSW�RI� ULVN� LV�
SUHVHQW��DOWKRXJK�QRW�H[SOLFLWO\��LQ�WKH�,WDOLDQ�VHLVPLF�FRGH��IRU�LQVWDQFH�ZLWK�WKH�SUHVHQFH�RI�WKH�WKLUG�
FDWHJRU\�

2.2. The seismological situation in Friuli before the earthquake
$V� VWDWHG� E\� 6OHMNR� �������� WKH� )ULXOL� HDUWKTXDNH� VKLIWHG� WKH� ,WDOLDQ� VHLVPRORJ\� IURP� WKH�

PDFURVHLVPLF� �*LRUJHWWL�� ������7HUWXOOLDQL�HW�DO��� ������ WR� WKH� LQVWUXPHQWDO� DSSURDFK��$OWKRXJK�



The legacy of the 1976 Friuli earthquake Boll. Geof. Teor. Appl., 59, 543-558

 547

WKHUH�ZDV�D�QDWLRQDO�VHLVPRORJLFDO�QHWZRUN��WKH�QXPEHU�RI�LWV�VWDWLRQV�ZDV�LQ�IDFW�YHU\�IHZ�DQG�QR�
IDVW�FRPPXQLFDWLRQ�ZDV�HVWDEOLVKHG�DPRQJ�WKH�RWKHU�VHLVPRORJLFDO�VWDWLRQV�RSHUDWLQJ�LQ�,WDO\��7KH�
7ULHVWH�VWDWLRQ�ZDV�DERXW����NP�DZD\�IURP�WKH�HSLFHQWUH�RI�WKH���0D\������HDUWKTXDNH�DQG�RQO\�
WKUHH�RWKHU�VWDWLRQV�RSHUDWHG�LQ�QRUWK�HDVWHUQ�,WDO\�DW�WKDW�WLPH��)LJ������3DGXD��%RO]DQR��DQG�6DOz��
2XWVLGH�,WDO\��WKH�VWDWLRQV�WKDW�ZHUH�RSHUDWLRQDO�DQG�UHODWLYHO\�FORVH�WR�FHQWUDO�)ULXOL��ZLWKLQ�����
NP��ZHUH�WKRVH�RI�/MXEOMDQD�DQG�&HUNQLFD��LQ�IRUPHU�<XJRVODYLD��.UHPVPXQVWHU��0DULD]HOO��0ROOQ��
DQG� ,QQVEUXFN� LQ�$XVWULD� �6OHMNR�� ������� 7KH� VWDQGDUG� HSLFHQWUH� ORFDWLRQ� DW� WKH� VHLVPRORJLFDO�
REVHUYDWRULHV� ZDV� PDQXDO� VLQFH� QR� VRIWZDUH� IRU� HDUWKTXDNH� ORFDWLRQ� ZDV� JHQHUDOO\� DYDLODEOH�
DQG�EHFDXVH�QR�GDWD�ZHUH�DYDLODEOH�LQ�UHDO�WLPH��,Q�IDFW��WKH�UHFRUGLQJ�V\VWHP�ZDV�DQDORJLF�DQG�
GDWD�KDG�WR�EH�UHDG�E\�D�VHLVPRORJLVW��&RQFHUQLQJ�WKH�VLWXDWLRQ�RI�WKH�7ULHVWH�VWDWLRQ��EHORQJLQJ�
WR� WKH� 8�6�*�6��:RUOG�:LGH� 6WDQGDUGL]HG� 6HLVPRPHWULF� 1HWZRUN�� WKHUH� ZHUH� �� VHLVPRPHWHUV�
RSHUDWLQJ����%HQLRII��(�:��1�6��DQG�=��IRU�ORFDO�HDUWKTXDNHV����(ZLQJ�3UHVV��(�:��1�6��DQG�=��IRU�
WHOHVHLVPV��DQG���:RRG�$QGHUVRQ��1�6�DQG�(�:��IRU�FRPSXWLQJ�WKH�PDJQLWXGH�RI�WKH�ORFDO�HYHQWV��
)RU�DOO�WKHVH�LQVWUXPHQWV��WKH�UHFRUGLQJ�V\VWHP�ZDV�SKRWRJUDSKLF�DQG�LW�WRRN�DERXW�KDOI�DQ�KRXU�WR�
FROOHFW�WKH�VHLVPRJUDPV�DQG�SHUIRUP�WKH�SKRWRJUDSKLF�WUHDWPHQW��EHIRUH�WKH�UHFRUGLQJV�ZHUH�UHDG\�
IRU�UHDGLQJ��7KH�GDWD�HODERUDWLRQV�HQWDLOHG�FRPSXWLQJ�WKH�GLVWDQFH��IURP�WKH�WLPH�DUULYDO�RI� WKH�
GLIIHUHQW�VHLVPLF�ZDYHV��DQG�WKH�D]LPXWK��IURP�WKH�¿UVW�RQVHW�RQ�WKH���GLUHFWLRQV��(�:��1�6��DQG�=���
:LWK�GLVWDQFH�DQG�D]LPXWK��LW�ZDV�SRVVLEOH�WR�ORFDWH�WKH�HSLFHQWUH�RQ�D�PDS�RI�VXLWDEOH�GLPHQVLRQV��
,W�LV�FOHDU�WKDW�HYHQ�DQ\�VPDOO�PLVWDNH�LQ�GLVWDQFH�DQG�D]LPXWK�FRXOG�KDYH�JHQHUDWHG�ODUJH�HUURUV�LQ�
WKH�ORFDWLRQ��0RUHRYHU��LQ�WKH�FDVH�RI�VWURQJ�HYHQWV��DV�ZDV�WKH�FDVH�RI�WKH���0D\�HDUWKTXDNH��WKH�

)LJ������6HLVPLF�]RQDWLRQ�DFFRUGLQJ�WR�'0//33�RI�������D��,WDO\��E��)ULXOL�9HQH]LD�*LXOLD��ZKHUH�WKH�WKLUG�FDWHJRU\�
LV�QRW�SUHVHQW�
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UHFRUGHG�WUDFH�ZDV�RIWHQ�WRR�IDLQW�WR�EH�VHHQ��OHDYLQJ�D�ZKLWH�VSDFH�LQVWHDG�RI�D�VHLVPRJUDP��7KH�
GDWD�RI�RQH�VWDWLRQ�FRXOG�KDYH�EHHQ�FRPSDUHG�ZLWK�WKH�GDWD�RI�RWKHU�VWDWLRQV�WR�FRQWURO�LI�WKH�UHODWHG�
GLVWDQFHV�PDWFKHG�WKH�RFFXUUHQFH�RI�DQ�HYHQW�DQG��LQ�D�SRVLWLYH�FDVH��D�GLVWDQFH�WULDQJXODWLRQ�FRXOG�
KDYH�EHHQ�GRQH� WR� LGHQWLI\� WKH�HSLFHQWUH�ZLWKRXW�XVLQJ� WKH�D]LPXWK�YDOXH��ZKRVH�HVWLPDWH�ZDV�
DOZD\V�SUREOHPDWLF��,Q�WKH�FDVH�RI�WKH���0D\�HDUWKTXDNH��WKH�WHOHSKRQH�FRQQHFWLRQV�LQ�WKH�)ULXOL�
9HQH]LD�*LXOLD� UHJLRQ�ZHUH� LQWHUUXSWHG�EHFDXVH�RI�GDPDJH� WR� WKH�FRPPXQLFDWLRQ�V\VWHPV�DQG��
FRQVHTXHQWO\��WKHUH�ZDV�QR�ZD\�WR�FKHFN�WKH�7ULHVWH�ORFDWLRQ��GRQH�ZLWK�GLVWDQFH�DQG�D]LPXWK��,Q�
VKRUW��WKLV�ZDV�WKH�JHQHVLV�RI�WKH�DVVRFLDWLRQ�RI�WKH�0W��6DQ�6LPHRQH�WR�WKH���0D\�HSLFHQWUH��<HDUV�
ODWHU��EHWWHU�ORFDWLRQV�KDYH�EHHQ�SURYLGHG��VHH�5HEH]�HW�DO���������

7KH�VLWXDWLRQ�GHVFULEHG�KHUH�H[SODLQV�WKH�UHDVRQ�ZK\�LW�ZDV�QRW�SRVVLEOH��DW�WKDW�WLPH��WR�JLYH�
DQ� DFFXUDWH� HSLFHQWUH� ORFDWLRQ� UDSLGO\�� WKLV�ZRXOG�KDYH�KHOSHG�DGGUHVVLQJ� WKH�¿UVW� HPHUJHQF\�
UHVSRQVH�DQG�LQIRUPLQJ�WKH�SRSXODWLRQ�SURSHUO\�

3. Projects financed by the regional Civil Protection

7KH�UHJLRQDO� ODZ�Q����������RQ�DFWLYLWLHV�RI�FLYLO�SURWHFWLRQ�RIIHUHG� WKH�RSSRUWXQLW\� WR� WKH�
UHJLRQDO�DGPLQLVWUDWLRQ�RI�)ULXOL�9HQH]LD�*LXOLD�WR�IXQG�UHVHDUFK�SURMHFWV�DLPHG�DW�UHGXFLQJ�WKH�
VHLVPLF�ULVN�>IRU�D�GHWDLOHG�DQDO\VLV�RI�WKH�ODZ�DQG�LWV�DSSOLFDWLRQ�VHH�5LXVFHWWL�������@��,Q�WKLV�
IUDPH�� WKH� UHJLRQDO� VHLVPRPHWULF� QHWZRUN�ZDV� GHSOR\HG� DQG�PDQDJHG� GXULQJ� DOO� WKHVH� \HDUV��
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,Q�DGGLWLRQ�� WKUHH�PDLQ�SURMHFWV�ZHUH�SURSRVHG�FRPPRQO\�E\�2*6�DQG� WKH�7ULHVWH�DQG�8GLQH�
XQLYHUVLWLHV�DQG�ZHUH�IXQGHG�E\�WKH�&LYLO�3URWHFWLRQ�RI�)ULXOL�9HQH]LD�*LXOLD�

�����)URP������WR�WRGD\��WKH�)ULXOL�9HQH]LD�*LXOLD�6HLVPRPHWULF�1HWZRUN
,QVWUXPHQWDO� VHLVPRORJLFDO� REVHUYDWLRQV� LQ� QRUWK�HDVWHUQ� ,WDO\� VWDUWHG� DW� WKH� HQG� RI� WKH�

��WK�FHQWXU\�ZLWK�D�IHZ�REVHUYDWRULHV� LQ�,WDO\�DQG�WKH�IRUPHU�+DSVEXUJ�(PSLUH��7KH�UHIHUHQFH�
VWDWLRQ�IRU�WKH�DUHD�ZDV�ORFDWHG�LQ�7ULHVWH��)LQHWWL�DQG�0RUHOOL���������,Q�������LW�ZDV�WDNHQ�RYHU�
E\�DQ� LQVWLWXWH� WKDW� LV�QRZ�2*6��DQG� LQ������ LW�EHFDPH�SDUW�RI� WKH�:RUOG�:LGH�6WDQGDUGL]HG�
6HLVPRJUDSKLF� 1HWZRUN� �::661�� VWDWLRQ� FRGH� 75,������� 6LQFH� ������ WKH� VWDWLRQ� KDV� EHHQ�
HTXLSSHG�ZLWK�D�6WUHFNHLVHQ�676���EURDGEDQG�VHLVPRPHWHU�DQG�LW�LV�LQFOXGHG�LQ�WKH�0HGLWHUUDQHDQ�
9HU\�%URDGEDQG�6HLVPRJUDSKLF�1HWZRUN��0('1(7��DV�VWDWLRQ�75,��6DQGURQ�HW�DO����������

,Q�������2*6�DFWLYDWHG�WKH�¿UVW�¿YH�VKRUW�SHULRG�YHUWLFDO�VHLVPRPHWHUV�RI�WKH�6HLVPRPHWULF�
1HWZRUN�RI�)ULXOL�9HQH]LD�*LXOLD�LQ�WKH�DUHD�RI�WKH�0/�����)ULXOL�HDUWKTXDNH�RI�������6LQFH�WKDW�
WLPH��2*6�KDV�LQVWDOOHG�QHZ�VWDWLRQV�LQ�)ULXOL�9HQH]LD�*LXOLD�DQG�LQ�WKH�QHDUE\�,WDOLDQ�UHJLRQV�
DQG� KDV� LPSURYHG� WKH� GLJLWDO� DFTXLVLWLRQ� V\VWHP�� 7RGD\�� 2*6� PDQDJHV� WKH� 1RUWK�(DVW� ,WDO\�
6HLVPLF�1HWZRUN��2;��GRL����������61�2;��WKDW�VSDQV�IURP�/DNH�*DUGD�WR�WKH�,WDOLDQ�6ORYHQLDQ�
ERUGHU�DQG�IURP�WKH�5LYHU�3R�WR�WKH�,WDOLDQ�$XVWULDQ�ERUGHU��LQFOXGLQJ����VHLVPRORJLFDO�VWDWLRQV�
�3ULROR�HW�DO���������%UDJDWR�HW�DO����������7KH�2;�QHWZRUN��)LJ�����DFTXLUHV�GDWD� LQ�UHDO� WLPH�
IURP�DSSUR[LPDWHO\�����VWDWLRQV��LQWHJUDWLQJ�WKRVH�EHORQJLQJ�WR�QHLJKERXULQJ�VHLVPLF�QHWZRUNV��

)LJ������7KH�2;�QHWZRUN�RSHUDWLQJ�LQ�QRUWK�HDVWHUQ�,WDO\�
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VSHFL¿FDOO\� WKRVH� PDLQWDLQHG� E\� WKH� ,VWLWXWR� 1D]LRQDOH� GL� *HR¿VLFD� H� 9XOFDQRORJLD� �,1*9���
WKH�8QLYHUVLW\�RI�7ULHVWH��WKH�5HJLRQH�9HQHWR��WKH�3URYLQFLD�$XWRQRPD�GL�7UHQWR��WKH�3URYLQFLD�
$XWRQRPD�GL�%RO]DQR��WKH�=HQWUDODQVWDOW�IXU�0HWHRURORJLH�XQG�*HRG\QDPLN��=$0*��LQ�9LHQQD��
WKH�$JHQFLMD�5HSXEOLNH�6ORYHQLMH�]D�2NROMH��$562��LQ�/MXEOMDQD��WKH�8QLYHUVLW\�RI�=DJUHE��DQG�
WKH�6FKZHL]HULVFKHU�(UGEHEHQGLHQVW��6('��RI�=XULFK��7KLV�GDWD�LQWHJUDWLRQ�JUHDWO\�LPSURYHV�WKH�
RYHUDOO�JHRPHWU\�RI� WKH�QHWZRUN��DQG� LQFUHDVHV� LWV�HDUWKTXDNH�GHWHFWLRQ�SHUIRUPDQFH��0RUDWWR��
HW�DO����������

5HFHQW�GHYHORSPHQWV�LQFOXGH�WKH�LQVWDOODWLRQ�RI�EURDGEDQG�LQVWUXPHQWV��WKH�FUHDWLRQ�RI�D�*36�
QHWZRUN�WR�PRQLWRU�FUXVWDO�GHIRUPDWLRQ��WKH�UHDO�WLPH�PRPHQW�WHQVRU�FRPSXWDWLRQ�E\�ZDYHIRUP�
LQYHUVLRQ�DQG�WKH�UDSLG�HVWLPDWH�RI�JURXQG�PRWLRQ�VKDNLQJ��)RU�DQ�DSSURSULDWH�JURXQG�PRWLRQ�
SUHGLFWLRQ�� VSHFL¿F�HPSLULFDO�PRGHOV�KDYH�EHHQ�GHYHORSHG� IRU� WKH�PRQLWRUHG�DUHD�� WDNLQJ� LQWR�
DFFRXQW� WKH� ODUJH�0RKR� UHÀHFWLRQ� HIIHFWV� REVHUYHG��7KH� V\VWHP�KDV� SURYLGHG� WKH� RSSRUWXQLW\�
WR�LPSOHPHQW�QHZ�WRROV�IRU�DXWRPDWLF�DQG�PDQXDO�GDWD�SURFHVVLQJ�WR�VXSSRUW�UHVHDUFK�DFWLYLWLHV�
DQG�HPHUJHQF\�UHVSRQVH�E\�FLYLO�SURWHFWLRQ�DXWKRULWLHV��$V�RI�QRZ��DOHUW�PHVVDJHV�UHSRUWLQJ�WKH�
PDJQLWXGH�DQG�WKH�ORFDWLRQ�RI�DQ�HDUWKTXDNH�DUH�VHQW�ZLWKLQ���PLQXWHV�YLD�ID[��H�PDLO��DQG�606��
7KH�XOWLPDWH�JRDO�LV�WR�GHFUHDVH�WKH�HDUWKTXDNH�UHVSRQVH�WLPH�WR�OHVV�WKDQ�RQH�PLQXWH�DQG�LQFUHDVH�
WKH�TXDOLW\�RI�WKH�DXWRPDWLF�K\SRFHQWUDO�GHWHUPLQDWLRQV�

�����)URP������WR�������WKH�UHJLRQDO�VHLVPLF�ULVN�PDS
)ULXOL�OLHV�DPRQJ�WKH�KLJKHVW�ULVN\�DUHDV�LQ�FHQWUDO�QRUWKHUQ�,WDO\��7KH�H[SHULHQFH�RI�WKH������

HDUWKTXDNH��EXW�DOVR�RI�WKH�SUHYLRXV�RQHV��VKRZV�WKDW��DW�WKDW�WLPH��WKH�YXOQHUDELOLW\�RI�WKH�EXLOGLQJV�
DQG�RI�WKH�VRFLR�HFRQRPLF�V\VWHP�ZDV�YHU\�KLJK��FDXVLQJ�XQDFFHSWDEOH�ULVN�LQ�FRPSDULVRQ�WR�WKDW�
RI�FRXQWULHV�ZLWK�IDU�JUHDWHU�VHLVPLFLW\��ZKLFK�KDG�WDFNOHG�WKH�SUREOHP�RI�SUHYHQWLRQ�EHWWHU�WKDQ�
LQ�,WDO\��,W�LV�ZHOO�NQRZQ�WKDW�WKH������HDUWKTXDNH�VWUXFN�PXQLFLSDOLWLHV�WKDW�IRU�WKH�PRVW�SDUW�ZHUH�
QRW�FRQVLGHUHG�VHLVPLF�E\�ODZ��DOWKRXJK�WKHLU�VHLVPLF�KD]DUG�ZDV�ZHOO�NQRZQ�WR�VHLVPRORJLVWV��
7KH�FODVVL¿FDWLRQ�LQ�WKH�IROORZLQJ�\HDUV�KDV�UHFWL¿HG�WKLV�VLWXDWLRQ�DQG�WKH�ODZV�IRU�UHFRQVWUXFWLRQ�
KDYH�REOLJHG�WKH�DUFKLWHFWV�DQG�GHVLJQHUV�WR�VWLFN�WR�WKH�VHLVPLF�FRGH��,W�LV��WKHUHIRUH��UHDVRQDEOH�WR�
WKLQN�WKDW�YXOQHUDELOLW\�KDV�EHHQ�QRWDEO\�UHGXFHG�LQ�PRVW�RI�WKH�PXQLFLSDOLWLHV�GHVWUR\HG�LQ������
WR�DQ�DFFHSWDEOH�OHYHO�RI�ULVN��DW�OHDVW�IRU�QHZ�EXLOGLQJV�

,Q� WKH� IUDPH� RI� LWV� LQVWLWXWLRQDO� DFWLYLWLHV�� WKH�$XWRQRPRXV� 5HJLRQ� )ULXOL� 9HQH]LD� *LXOLD�
IXQGHG� WKUHH� UHJLRQDO� VFLHQWL¿F� LQVWLWXWLRQV� �2*6��7ULHVWH� DQG�8GLQH� XQLYHUVLWLHV�� WR� FRPSLOH�
WKH� UHJLRQDO� VHLVPLF� ULVN�PDS��ZKRVH� VWUXFWXUH�KDV� IHZ�SUHFHGHQWV� LQ� ,WDO\�RU� HOVHZKHUH�� ,W� LV�
ZRUWKZKLOH�PHQWLRQLQJ�WKDW�VHLVPLF�ULVN�LV�GH¿QHG�DV�WKH�OLNHOLKRRG�RI�REVHUYLQJ�GDPDJH�DV�D�
UHVXOW� RI� HDUWKTXDNHV� DQG� LW� GHULYHV� IURP� WKH� LQWHUDFWLRQ� RI� WKUHH� HOHPHQWV�� ��� VHLVPLF� KD]DUG�
�L�H��WKH�HVWLPDWH�RI�JURXQG�VKDNLQJ�H[SHFWHG�RQ�D�FHUWDLQ�VLWH�GXULQJ�D�JLYHQ�SHULRG�RI�WLPH�GXH�
WR�HDUWKTXDNHV������YXOQHUDELOLW\��ZHDNQHVV�RI�D�EXLOGLQJ��RU�V\VWHP��WR�UHVLVW�JURXQG�VKDNLQJV���
���H[SRVHG�YDOXH��HFRQRPLF�YDOXH�RI�D�EXLOGLQJ��RU�V\VWHP��H[SRVHG�WR�HDUWKTXDNH��7KH�PDS�RI�
UHJLRQDO�VHLVPLF�ULVN��)LJ�����ZDV�UHDOL]HG�LQ�WKH�SHULRG������WR������DQG�ZDV�FDOFXODWHG�IRU�WKH�
SULYDWH�PDVRQU\�EXLOGLQJV�RQ�WKH�EDVLV�RI�WKH�FHQVXV�LQIRUPDWLRQ�UHODWHG�WR�WKH�FDGDVWUDO�VHFWLRQV�
�DGPLQLVWUDWLYH� VXEGLYLVLRQV� RI� WKH� WHUULWRU\� LPSOHPHQWHG�ZLWK� DOO� GDWD� SHUWDLQLQJ� WR� VL]H� DQG�
YDOXH�RI�ODQG�DQG�UHDO�HVWDWHV���9XOQHUDELOLW\�ZDV�HVWLPDWHG�WDNLQJ�LQWR�DFFRXQW�WKH�RXWFRPHV�RI�
D�SRVWHULRUL�VWXGLHV�RQ�WKH�GDPDJH�SURYRNHG�E\�WKH������)ULXOL�HDUWKTXDNH�RQ�GLIIHUHQW�EXLOGLQJ�
W\SRORJLHV��&DUQLHO�HW�DO���������FROOHFWHG�DQG�RUJDQL]HG�LQ�WKH�)ULXOL�(DUWKTXDNH�'DPDJH���)U('�
GDWDEDVH��'L�&HFFD�DQG�*ULPD]���������7KH�H[SHFWHG�GDPDJH�ZDV�HVWLPDWHG�DV�WKH�WRWDO�DPRXQW�
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IRU� HDFK�PXQLFLSDOLW\�� DV�ZHOO� DV� WKH� VSHFL¿F� DPRXQW� � IRU� HDFK� LQKDELWDQW� LQ� WKH�PXQLFLSDOLW\�
�&DUXOOL�HW�DO����������0RUH�SUHFLVHO\��WKH�¿QDO�PDS�SURYLGHV�D�GHWDLOHG�VSDWLDO�GLVWULEXWLRQ�RI�WKH�
H[SHFWHG�GDPDJH�RQ�WKH�UHJLRQDO�WHUULWRU\�GXH�WR�D�JURXQG�PRWLRQ��SHDN�DFFHOHUDWLRQ��ZLWK�D�����
\HDU�UHWXUQ�SHULRG��7KH�GDPDJH�LV�UHODWHG�WR�WKH�PDVRQU\�EXLOGLQJV�WKDW�PDNH�XS�WKH�SUHYDOHQW�
DQG�PRVW�YXOQHUDEOH�SDUW�RI�WKH�UHJLRQDO�EXLOGLQJ�VWRFN��7KH�UHJLRQDO�DGPLQLVWUDWLRQ��WKXV��KDV�DQ�
LQVWUXPHQW�IRU�UHGXFLQJ�WKH�H[SHFWHG�PRQHWDU\�GDPDJH�RZLQJ�WR�HDUWKTXDNHV�E\�GH¿QLQJ�SULRULWLHV�
RI�¿QDQFLQJ�IRU�UHWUR¿WWLQJ�H[LVWLQJ�SULYDWH�EXLOGLQJV�WKDW�ZHUH�QRW�UHLQIRUFHG�RU�UHFRQVWUXFWHG�
DIWHU�WKH������HDUWKTXDNH�

2QH�RI�WKH�SHFXOLDULWLHV�RI�WKLV�VHLVPLF�ULVN�PDS�LV�WKH�HVWLPDWLRQ�RI�VHLVPLF�KD]DUG�LQ�WHUPV�RI�
VRLO�KD]DUG��,Q�IDFW��WKH�VSHFL¿F�VRLO�FRQGLWLRQV��URFN��VWLII�VRLO��VRIW�VRLO��RI�WKH�UHJLRQDO�WHUULWRU\�
ZHUH�WDNHQ�LQWR�DFFRXQW�WR�FRPSXWH�WKH�H[SHFWHG�JURXQG�PRWLRQ�DW�WKH�GLIIHUHQW�VLWHV�

7KH� OD\HUHG� VWUXFWXUH� RI� WKH� GLJLWDO�PDS�ZDV� GHVLJQHG� WR� EH� HDVLO\�PRGL¿HG� DQG� DGDSWHG�
IRU�IXWXUH�FKDQJHV�LQ�NQRZOHGJH�DERXW�VHLVPLF�KD]DUG��YXOQHUDELOLW\��DQG�H[SRVHG�YDOXH�RI�WKH�
UHJLRQDO�EXLOGLQJ�VWRFN�

)LJ������6HLVPLF�ULVN�PDS�RI�)ULXOL�9HQH]LD�*LXOLD��IURP�&DUXOOL�HW�DO���������
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����������������WKH�VHLVPLF�FODVVL¿FDWLRQ�RI�WKH�)ULXOL�9HQH]LD�*LXOLD�UHJLRQ�
7KH�VHLVPLF�UHFODVVL¿FDWLRQ�IRU�)ULXOL�9HQH]LD�*LXOLD��)LJ�����ZDV�SURPXOJDWHG�LQ������E\�WKH�

UHJLRQDO�DXWKRULW\�RQ�WKH�EDVLV�RI�WKH�RI¿FLDO�QDWLRQDO�VHLVPLF�KD]DUG�PDS��6WXFFKL�HW�DO���������
DQG�DOVR�FRQVLGHULQJ�D�VHLVPLF�KD]DUG�VWXG\��6OHMNR�HW�DO���������FDUULHG�RXW�LQ�����������E\�2*6�
DQG�WKH�7ULHVWH�DQG�8GLQH�XQLYHUVLWLHV�

*LYHQ�WKDW�VHLVPLF�KD]DUG�PDSV�WKDW�DFFRXQW�IRU�VLWH�DPSOL¿FDWLRQ��GXH�WR�ERWK�OLWKRORJLFDO�
DQG�PRUSKRORJLFDO�ORFDO�FKDUDFWHULVWLFV��DUH�YHU\�XVHIXO�VLQFH�WKH\�UHSUHVHQW�WKH�H[SHFWHG�JURXQG�
PRWLRQ�DW� WKH�(DUWK
V� VXUIDFH�� DOEHLW�QHHGLQJ�PXFK�PRUH� LQIRUPDWLRQ�DQG�HODERUDWLRQ� WKDQ� WKH�
XVXDO�URFN�KD]DUG�PDSV��D�VSHFL¿F�SURMHFW�ZDV�IXQGHG�E\�WKH�&LYLO�3URWHFWLRQ�RI�)ULXOL�9HQH]LD�
*LXOLD��7KLV�DLPHG�DW�FDOFXODWLQJ�WKH�H[SHFWHG�VKDNLQJ�DW�WKH�IUHH�VXUIDFH��WDNLQJ�LQWR�DFFRXQW�WKH�
VSHFL¿F�ORFDO�FKDUDFWHULVWLFV��DFTXLUHG�E\�JHRWHFKQLFDO�VXUYH\V�DW�VHOHFWHG�WHVW�VLWHV�LQ�WKH�UHJLRQ�

7KH�UHJLRQDO�VRLO�KD]DUG�PDS��6OHMNR�HW�DO���������KDV�EHHQ�GHYHORSHG�IRU�WKH�)ULXOL�9HQH]LD�
*LXOLD�UHJLRQ�XVLQJ�WKH�PRVW�XSGDWHG�DSSURDFK��,Q�IDFW��WKH�VWUXFWXUH�RI�WKH�VHLVPLF�KD]DUG�DQDO\VLV�
ZDV�EDVHG�RQ� WKH� ORJLF� WUHH�DSSURDFK� WR�DFKLHYH�D� UREXVW� VWDWLVWLFDO� FRPSXWDWLRQ� LQFOXGLQJ�� LQ�
DGGLWLRQ�WR� WKH�DOHDWRU\�YDULDELOLW\��DOVR� WKH�HSLVWHPLF�XQFHUWDLQWLHV��7KH�ORJLF� WUHH�DGRSWHG�IRU�
URFN�DQG�VRIW�VRLO�FRQGLWLRQV�FRQVLVWHG�RI����EUDQFKHV��WKUHH�VHLVPRJHQLF�]RQDWLRQV��UHSUHVHQWLQJ�
YDULRXV�OHYHOV�RI�RXU�VHLVPRWHFWRQLF�NQRZOHGJH��WKUHH�PHWKRGV�IRU�WKH�VHLVPLFLW\�UDWH�FRPSXWDWLRQ��
WKUHH�VWDWLVWLFDO�DSSURDFKHV�IRU�WKH�PD[LPXP�PDJQLWXGH�HVWLPDWLRQ��DQG�WZR�DWWHQXDWLRQ�PRGHOV�
RI� GLIIHUHQW� VSDWLDO� UHOHYDQFH� �(XURSHDQ� DQG� ,WDOLDQ�� IRU� SHDN� JURXQG� DFFHOHUDWLRQ� �3*$����

)LJ������7KH������VHLVPLF�FODVVL¿FDWLRQ�RI�)ULXOL�9HQH]LD�*LXOLD��UHG� �]RQH����WKH�PRVW�GDQJHURXV���RUDQJH� �]RQH����
\HOORZ� �]RQH����]RQH����WKH�OHDVW�GDQJHURXV�LV�QRW�SUHVHQW�LQ�)ULXOL�9HQH]LD�*LXOLD�
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$Q�DGGLWLRQDO�UHJLRQDO�DWWHQXDWLRQ�PRGHO�ZDV�DSSOLHG�RQO\�IRU�VWLII�VRLO�FRQGLWLRQV��LQFUHDVLQJ�WKH�
QXPEHU�RI�EUDQFKHV�RI�WKH�ORJLF�WUHH�WR�����$�FRQVROLGDWHG��'�PRGHOOLQJ��ZLGHO\�DGRSWHG�LQ�WKH�
8�6�$���ZDV�XVHG�WR�FRPSXWH�WKH�VRLO�JURXQG�PRWLRQ��SURSHUO\�PRGL¿HG�RQ�WKH�EDVLV�RI�WKH�UHVXOWV�
RI�WKH�JHRWHFKQLFDO�VRXQGLQJV��7KH�PRUSKRORJLFDO�HIIHFWV�ZHUH�HVWLPDWHG�WDNLQJ�LQ�FRQVLGHUDWLRQ�
WKH�RXWFRPHV�RI�DQ�D�SRVWHULRUL�VWXG\�WKDW�DQDO\VHG�WKH�GLIIHUHQW� OHYHOV�RI�GDPDJH�LQ�GLIIHUHQW�
PRUSKR�VFHQDULRV� REVHUYHG� IROORZLQJ� WKH� ����� )ULXOL� HDUWKTXDNH� �*ULPD]�� ������� 7KH� UHVXOW�
RI�WKDW�VWXG\�ZDV�UHSUHVHQWHG�E\�WKH�PDS�RI�WKH�H[SHFWHG�JURXQG�PRWLRQ�LQ�WKH�)ULXOL�9HQH]LD�
*LXOLD�UHJLRQ��FRPSXWHG�WDNLQJ�LQWR�DFFRXQW�WKH�GLIIHUHQW�OLWKR�VWUDWLJUDSKLF�DQG�PRUSKRORJLFDO�
FRQGLWLRQV�H[LVWLQJ�LQ�WKH�DUHD��7KDW�PDS��)LJ�����FOHDUO\�VKRZHG�WKH�FRQWULEXWLRQ�JLYHQ�E\�WKH�
VRIW�VHGLPHQWV�DORQJ�WKH�$OSLQH�YDOOH\V�DQG�E\�WKH�VWHHS�IRUPDWLRQ�RI�WKH�PRUDLQH�DPSKLWKHDWUH�LQ�
FHQWUDO�)ULXOL��&RPSDULQJ�WKH�UHVXOWV�RI�WKDW�VWXG\��ZKHUH�ERWK�WKH�OLWKRORJLFDO�DQG�PRUSKRORJLFDO�
ORFDO�DPSOL¿FDWLRQV�ZHUH�FDOFXODWHG�RQ�WKH�EDVLV�RI�DG�KRF�FROOHFWHG�GDWD��ZLWK�WKRVH�REWDLQHG�
E\� GLUHFWO\� DSSO\LQJ� WKH� DPSOL¿FDWLRQ� IDFWRUV� VXJJHVWHG� E\� WKH� PRVW� SRSXODU� VHLVPLF� FRGHV��
KLJKOLJKWHG� WKDW� WKH�DFWXDO�JURXQG�VKDNLQJ�FRXOG�EH�QRWDEO\� ODUJHU� WKDQ� WKDW� IRUHFDVWHG�E\� WKH�
DSSOLFDWLRQ�RI�WKH�VHLVPLF�FRGHV�

)LJ������6RLO�VHLVPLF�KD]DUG�PDS�IRU�)ULXOL�9HQH]LD�*LXOLD��7KH�3*$�ZLWK�D�����\HDU�UHWXUQ�SHULRG�LV�UHSUHVHQWHG��IURP�
6OHMNR�HW�DO����������7KH�QDPHV�LGHQWLI\�WKH�WHVW�VLWHV�FRQVLGHUHG�LQ�WKH�VWXG\�
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�����)URP������WR�������WKH�$66(66�SURMHFW
7KH�VHLVPLF�ULVN�UHGXFWLRQ�RI�VWUDWHJLF�DQG�LPSRUWDQW�IDFLOLWLHV�LV�RQH�RI�WKH�PRVW�GHOLFDWH�

SUREOHPV�WKDW�DGPLQLVWUDWRUV�DUH�EHLQJ�DVNHG�WR�GHDO�ZLWK���,Q�D�VHLVPLF�DUHD��D�PDMRU�FRQFHUQ�
RI�SXEOLF�DGPLQLVWUDWRUV�LV�WR�HQVXUH�WKH�VDIHW\�RI�SHRSOH�LQ�WKH�FDVH�RI�HDUWKTXDNHV��HVSHFLDOO\�
LQ� SXEOLF� EXLOGLQJV� DQG�� LQ� SDUWLFXODU�� LQ� VFKRRO� EXLOGLQJV�� 7KLV� SUREOHP� ZDV� DGGUHVVHG� LQ�
WKH�$66(66�SURMHFW� >$QDO\6LV�RI�6(LVPLF�6FHQDULRV�RI�6FKRRO�EXLOGLQJV� IRU� D�GH¿QLWLRQ�RI�
LQWHUYHQWLRQ�SULRULWLHV�IRU�WKH�VHLVPLF�ULVN�UHGXFWLRQ��VHH�*ULPD]�HW�DO���������������DQG�6OHMNR�
HW�DO��������@��DLPHG�DW�NQRZLQJ��DV�D�SUHYHQWLYH�PHDVXUH��WKH�OHYHO�RI�VHLVPLF�ULVN�RI�VFKRRO�
EXLOGLQJV� LQ� WKH� )ULXOL�9HQH]LD�*LXOLD� UHJLRQ�� 7KH�$66(66� SURMHFW� ZDV� D� SURWRW\SDO� VWXG\��
GHYHORSHG�RQ�VRXQG�WHFKQLFDO�DQG�VFLHQWL¿F�EDVHV��XVHIXO�WR�GH¿QH�GHFLVLRQ�PDNLQJ�WRROV�IRU�
SUHYHQWLYH�SXUSRVHV��,Q�SDUWLFXODU��WKH�$66(66�PHWKRGRORJ\�LGHQWL¿HG�WKH�SRVVLEOH�DFWLRQV�IRU�
LPSURYLQJ�WKH�VHLVPLF�VDIHW\��LW�PDGH�DQ�HFRQRPLF�HYDOXDWLRQ�RI�WKHVH�DFWLRQV�DQG��PRUHRYHU��
GH¿QHG��WKURXJK�VSHFL¿F�LQGLFDWRUV��WKH�LQWHUYHQWLRQ�SULRULWLHV�WR�UHGXFH�VHLVPLF�ULVN�RI�VFKRRO�
EXLOGLQJV� WKURXJKRXW� WKH� VWXGLHG� DUHD�� 7KH� SURMHFW� OHG� WR� VSHFL¿F� DQG� LQQRYDWLYH� GHFLVLRQ�
VXSSRUWV�DLPHG�DW�KHOSLQJ�SXEOLF�DGPLQLVWUDWRUV�GHYHORS�DQG�PDQDJH�VWUDWHJLHV�IRU�VHLVPLF�ULVN�
PLWLJDWLRQ�RI�VFKRROV�

7KH� HVWLPDWLRQ� RI� VHLVPLF� ULVN� RI� WKH� UHJLRQDO� VFKRRO� KHULWDJH� �*ULPD]� HW� DO��� ������ ZDV�
SHUIRUPHG�LQ�WKH�����������SHULRG�DQG�ZDV�IXQGHG�E\�WKH�&LYLO�3URWHFWLRQ�RI�)ULXOL�9HQH]LD�*LXOLD��
7KH�VWXG\�IROORZHG�DQ�LQWHUGLVFLSOLQDU\�DQG�KROLVWLF�DSSURDFK�RUJDQL]HG�RQ�WKUHH�OHYHOV�RI�DQDO\VLV�
�)LJ������WKH�EDVLF�OHYHO��GHVN�DSSURDFK���ZKHUH�WKH�VHLVPLF�KD]DUG�RI�WKH�VLWH�DQG�WKH�EXLOGLQJ�
ZHUH� VWXGLHG�XVLQJ�GDWD� IURP� WKH� OLWHUDWXUH� �FHQVXV�GDWD��� WKH�¿UVW� OHYHO� �VFUHHQLQJ�DSSURDFK���
ZKHUH�WKH�VHLVPLF�KD]DUG�ZDV�FDOFXODWHG�RQ�WKH�EDVLV�RI�DOO�WKH�ODWHVW�UHJLRQDO�LQIRUPDWLRQ��DOVR�

)LJ������7KH�WKUHH�DSSURDFKHV�DSSOLHG�LQ�WKH�$66(66�SURMHFW��IURP�*ULPD]�HW�DO���������
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)LJ�� �� �� ([WUDFW� IURP� WKH�
FROOHFWLYH� UHSRUW�� LQGLFHV�
XVHG� LQ� WKH� $66(66�
SURMHFW�WR�FKDUDFWHUL]H�WKH�
VHLVPLF� EHKDYLRXU� RI� DQ�
DQDO\VHG�VFKRRO�EXLOGLQJ��
63&�� ,55�� 66V��$� URXJK�
HVWLPDWH� RI� FRVWV� IRU� WKH�
UHTXLUHG� LQWHUYHQWLRQV�
LV� DOVR� UHSRUWHG� �IURP�
*ULPD]�HW�DO���������

)LJ�������6XPPDU\�RI�WKH�UHVXOWV�REWDLQHG�E\�WKH�$66(66�SURMHFW��D�� W\SHV�RI� LQWHUYHQWLRQV�UHTXLUHG�E\�WKH�VFKRRO�
EXLOGLQJV�LQYHVWLJDWHG��E��SHUFHQWDJH�RI�WKH�TXDOLW\�RI�VDIHW\�FXUUHQWO\�VKRZQ�E\�WKH�VFKRRO�EXLOGLQJV�LQYHVWLJDWHG��IURP�
*ULPD]�HW�DO���������
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VXSSRUWHG�E\�LQ�VLWX�PHDVXUHPHQWV��ZKLOH�WKH�EXLOGLQJ�YXOQHUDELOLW\�ZDV�UDWHG�E\�YLVXDO�VXUYH\V��
DQG� WKH� VHFRQG� OHYHO� �DGYDQFHG� DSSURDFK��� LQ� ZKLFK� PDWHULDO� WHVWLQJ� DQG� GHWDLOHG� PRGHOOLQJ�
GHVFULEHG�WKH�EXLOGLQJ�EHKDYLRXU�XQGHU�WKH�VHLVPLF�DFWLRQ��7KH�EDVLF�OHYHO�ZDV�DSSOLHG�WR�DOO������
UHJLRQDO�VFKRRO�EXLOGLQJV��WKH�¿UVW�OHYHO�WR�����DQG�WKH�VHFRQG�OHYHO�WR����RI�WKH�EXLOGLQJV��7KH�
FRPSDULVRQ�DPRQJ�WKH�UHVXOWV�IURP�WKH�WKUHH�OHYHOV�RI�DQDO\VLV�VKRZHG�WKDW�WKH�UHVXOWV�REWDLQHG�LQ�
WKH�¿UVW�OHYHO��VXPPDUL]HG�E\���ULVN�LQGLFDWRUV�>VWUXFWXUDO�SHUIRUPDQFH�FODVV��63&���LQWHUYHQWLRQ�
UHTXLUHPHQW�URVH��,55��GLDJUDP��VDIHW\�VWDUV��66���VHH�)LJ���@�FDQ�EH�FRQVLGHUHG�VDWLVIDFWRU\�WR�
FKDUDFWHUL]H� WKH�DFWLRQV�QHFHVVDU\� WR� VHFXUH� VFKRRO�EXLOGLQJV� �)LJ������RQ� WKH�EDVLV�RI� FXUUHQW�
VHLVPLF�VWDQGDUGV��0LQLVWUR�GHOOH�,QIUDVWUXWWXUH��������

0RUHRYHU��WR�IDFLOLWDWH�FRPPXQLFDWLRQ�ZLWK�DGPLQLVWUDWRUV��LW�ZDV�GHFLGHG�WR�XVH�VLPSOH�DQG�
NQRZQ�V\PEROV��63&��,55��66��PDNLQJ�WKH�UHFRJQLWLRQ�RI�WKH�VLWXDWLRQV�DQG�WKH�LGHQWL¿FDWLRQ�RI�
LQWHUYHQWLRQ�SULRULWLHV�VLPSOH�DQG�VLPLODU�WR�RWKHU�VHFWRUV�

4. Conclusions

)RUW\�\HDUV�DIWHU�WKH�)ULXOL�HDUWKTXDNH��ZH�FDQ�VD\�WKDW�WKH�DZDUHQHVV�RI�WKH�HDUWKTXDNH�WKUHDW�
KDV� LQFUHDVHG� JUHDWO\� DPRQJ� WKH� SRSXODWLRQ� �VHH� DOVR�3HUX]]D�HW� DO��� ������ DV�ZHOO� DV� DPRQJ�
WKH� DGPLQLVWUDWLYH� ERGLHV�� 7KLV� LV� ODUJHO\� GXH� WR� WKH�PHULWRULRXV� DFWLRQ� RI� WKH� UHJLRQDO� &LYLO�
3URWHFWLRQ�WKDW�KDV�EHHQ�IXQGLQJ�VFLHQWL¿F�SURMHFWV�RYHU�WKH�\HDUV�DLPHG�DW�UHGXFLQJ�WKH�VHLVPLF�
ULVN��(DUWKTXDNHV�FDQQRW�EH�IRUHFDVWHG�VR�IDU�EXW�WKH�H[SHFWHG�JURXQG�PRWLRQ�KDV�EHHQ�HVWLPDWHG��
WDNLQJ�LQWR�DFFRXQW�WKH�VSHFL¿F�SHFXOLDULWLHV�RI�WKH�WHUULWRU\��6OHMNR�HW�DO����������DQG�D�ZDUQLQJ�
V\VWHP��DEOH�WR�UHDFW�LQ�UHDO�WLPH��KDV�EHHQ�HVWDEOLVKHG�

/RRNLQJ�DW�WKH�,WDOLDQ�VFHQDULR��LW�LV�SRVVLEOH�WR�VWDWH�WKDW�H[�DQWH�DQG�H[�SRVW�HDUWKTXDNH�UHVHDUFK�
DQG�VWXGLHV�LQ�WKH�)ULXOL�9HQH]LD�*LXOLD�UHJLRQ�KDYH�RSHQHG�WKH�ZD\�WR�DFWLRQV�DQG�DSSOLFDWLRQV�
DLPHG� DW� UHGXFLQJ� VHLVPLF� ULVN� LQ� VHYHUDO� RWKHU� UHJLRQV�� ,QGHHG�� VHLVPRPHWULF� QHWZRUNV� KDYH�
EHHQ�GHSOR\HG� LQ�YDULRXV� UHJLRQV� �H�J�� QRUWK�ZHVWHUQ� ,WDO\��&DPSDQLD��&DODEULD��� DQG� UHJLRQDO�
VWXGLHV�RQ�VHLVPLF�KD]DUG�DQG�ULVN�KDYH�EHHQ�GHYHORSHG��H�J��3HWULQL���������0RUHRYHU��LW�LV�ZRUWK�
FLWLQJ�WKDW��IURP������WR�������WKH�'HSDUWPHQW�RI�&LYLO�3URWHFWLRQ�SURPRWHG�DQG�LPSOHPHQWHG��
WKURXJK�WKH�1DWLRQDO�*URXS�IRU�WKH�'HIHQFH�DJDLQVW�(DUWKTXDNHV��*1'7���VRPH�H[WHQVLYH�VXUYH\�
FDPSDLJQV�VHHNLQJ�WR�FODVVLI\�WKH�VHLVPLF�YXOQHUDELOLW\�RI�WKH�EXLOGLQJ�KHULWDJH�RI�VRXWKHUQ�,WDO\�
�$EUX]]R��%DVLOLFDWD��&DODEULD��&DPSDQLD��0ROLVH��SURYLQFH�RI�)RJJLD�LQ�$SXOLD��DQG�6LFLO\���7KH�
SURMHFWV��LQYROYLQJ�SXEOLF��SULYDWH�DQG�PRQXPHQWDO�EXLOGLQJV��ZHUH�FDUULHG�RXW�LQ�WKH�FRQWH[W�RI�
WKH�DFWLYLW\�³6RFLDOO\�8VHIXO�:RUNV´��0/36�'3&�*1'7��������������������

,Q�WKHVH�ODVW�IHZ�\HDUV��ZH�DUH�ZLWQHVVLQJ�WKH�EHJLQQLQJ�RI�D�SROLF\�RI�¿QDQFLQJ�UHWUR¿WWLQJ�
ZRUN�RQ�SXEOLF�EXLOGLQJV��PDLQO\�VFKRROV���:H�EHOLHYH��QRWZLWKVWDQGLQJ�WKH�PRGHVW�DPRXQW�RI�
GHGLFDWHG� UHVRXUFHV�� WKDW� WKLV� LV� DQ�HQFRXUDJLQJ� VLJQ�RI� D�QHZ�DQG�SRVLWLYH�DWWLWXGH� WRZDUGV�D�
SUREOHP�WKDW�KDV�JHQHUDOO\�EHHQ�QHJOHFWHG�

Acknowledgments.� /DXUD� 3HUX]]D�� 2*6� 7ULHVWH�� LV� NLQGO\� WKDQNHG� IRU� LQIRUPDWLRQ� DERXW� WKH� VHLVPLF�
FODVVL¿FDWLRQ� RI� )ULXOL�� 9LQFHQ]R� 3HWULQL�� IRUPHUO\� DW� WKH� 3ROLWHFQLFR� RI� 0LODQ�� DQG� 'DULR� $OEDUHOOR��
8QLYHUVLW\�RI�6LHQD��KDYH�LPSURYHG�WKH�RULJLQDO�PDQXVFULSW�ZLWK�XVHIXO�FRPPHQWV��0DQ\�WKDQNV�DUH�GXH�WR�
6WHSKHQ�&RQZD\�IRU�FKHFNLQJ�WKH�(QJOLVK�PDQXVFULSW��
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1D]LRQDOH�SHU�OD�'LIHVD�GDL�7HUUHPRWL���������&HQVLPHQWR�GL�YXOQHUDELOLWj�D�FDPSLRQH�GHOO
HGLOL]LD�FRUUHQWH�GHL�
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1D]LRQDOH� SHU� OD� 'LIHVD� GDL� 7HUUHPRWL��� ������ &HQVLPHQWR� UHODWLYR� DOOH� HPHUJHQ]H� D� FDUDWWHUH� PRQXPHQWDOH�
HG� DPELHQWDOH� QHL� FRPXQL� ULFDGHQWL� LQ� WXWWR� R� LQ� SDUWH� DOO
LQWHUQR� GHL� 3DUFKL� QDWXUDOL�� QD]LRQDOL� H� UHJLRQDOL��
'LSDUWLPHQWR�GHOOD�3URWH]LRQH�&LYLOH��5RPD�����SRVWHUV���&'�5RP�
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6HLVPRO��5HV��/HWW������������������GRL���������������������
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*LXOLD�NQRZ�DERXW�WKH������HDUWKTXDNHV��QDWXUDO�KD]DUG�DQG�VHLVPLF�VDIHW\��%ROO��*HRI��7HRU��$SSO����������������GRL��
��������EJWD�����
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6FLHQ]H�6�S�$���0LODQR��SS������

3HWULQL�9���D�FXUD�GL���������3HULFRORVLWj�VLVPLFD�H�SULPH�YDOXWD]LRQL�GL�ULVFKLR�LQ�7RVFDQD��&�1�5��,VW��5LF��5LVFKLR�
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3HWULQL�9���%RVL�&���%LJL�*���(YD�&���*UDQGRUL�*���,DFFDULQR�(���/XRQJR�*���3RVWSLVFKO�'���3UDWXUORQ�$���5LXVFHWWL�0���
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*HRGLQDPLFD��3XEEO������

3HWULQL�9���6WXFFKL�0��DQG�7HQWR�$���������&ODVVL¿FD]LRQH�VLVPLFD�H�UHYLVLRQH�GHO�FDWDORJR�VLVPLFR��DQDOLVL�GHOO
LQÀXHQ]D�
GHO�FDWDORJR�VXOOD�FDUWD�GL�SHULFRORVLWj�VLVPLFD�HG�DOFXQH�LSRWHVL�SHU�OD�UHYLVLRQH�GL�TXHVW
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HDVWHUQ�,WDO\��D�WHQ�\HDU�H[SHULHQFH��6HLVPRO��5HV��/HWW����������������
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IRUPHU�<XJRVODYLD�DQG�,WDO\��%ROO��*HRI��7HRU��$SSO����������������GRL����������EJWD�����
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