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,Q�PHPRU\�RI�3URIHVVRU�DQG�5HVHDUFKHU�-HVXV�$OEHUUR�$UDPEXUX��
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$FNQRZOHGJPHQWV�

7KH�DXWKRUV�DUH�GHHSO\�JUDWHIXO�WR�81$0�IRU�LWV�XQFRQGLWLRQDO�FRPSXWDWLRQDO�VXSSRUW�WKDW�

WKURXJKRXW�WKH�DFFHVV�WR�WKH�0,=7/,�FRPSXWHU�V\VWHP�LW�ZDV�SRVVLEOH�WR�FDUU\�RXW�DOO��'�

QXPHULFDO� GDP� FRPSXWDWLRQV� WKDW� OHG� WR� WKH� HYDOXDWLRQ� RI� WKH� GDP� VHWWOHPHQWV� WKDW�ZHUH�

FRPSDUHG� ZLWK� WKH� DFWXDO� �PRQLWRUHG�� VHWWOHPHQWV�� 7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� WKH�

DQRQ\PRXV�UHYLHZHUV�IRU�WKHLU�ZHOO�IRFXVHG�FRPPHQWV�DQG�TXHVWLRQV�
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Resumen 

8QD�GH�ODV�SULQFLSDOHV�OLPLWDFLRQHV�HQ�HO�DQiOLVLV�GH�SUHVDV�GH�HQURFDPLHQWR�HV�OD�GHILQLFLyQ�
DSURSLDGD� GHO� FRPSRUWDPLHQWR� GH� ORV� PDWHULDOHV� JUXHVRV� �HQURFDPLHQWRV�� EDMR� OD� JUDQ�
YDULHGDG�GH�SUHVLRQHV� LQWHUJUDQXODUHV�\� WUD\HFWRULDV�GH� HVIXHU]RV�TXH� VH� GHVDUUROODQ� HQ� HO�
FXHUSR�GH�XQD�SUHVD�GH�HQURFDPLHQWR�GXUDQWH�VX�FRQVWUXFFLyQ��8QD�GH�ODV�UD]RQHV��TXL]i�OD�
PiV�LPSRUWDQWH��SRU�OD�TXH�UHVXOWD�GLItFLO�GHILQLU�ODV�FDUDFWHUtVWLFDV�HVIXHU]R�GHIRUPDFLyQ�GH�
ORV�HQURFDPLHQWRV�HV�HO�JUDQ�WDPDxR�GH�VXV�SDUWtFXODV��ODV�FXDOHV�QRUPDOPHQWH�H[FHGHQ�ODV�
FDSDFLGDGHV�GH�ORV�ODERUDWRULRV�FRQYHQFLRQDOHV��\�GH�LQYHVWLJDFLyQ��H[LVWHQWHV��(Q�YLVWD�GH�
HVWD�OLPLWDFLyQ��KDFH�WLHPSR�VH�LQLFLy�XQD�LQYHVWLJDFLyQ�FRQ�HO�ILQ�GH�PRQLWRUHDU�FRQ�URVHWDV�
LQWHJUDGDV� FRQ� FHOGDV� GH� SUHVLyQ� \� H[WHQVyPHWURV�� FRORFDGDV� D� GLIHUHQWHV� HOHYDFLRQHV� GHO�
HQURFDPLHQWR�D�PHGLGD�TXH�OD�FRQVWUXFFLyQ�GH�OD�SUHVD�SURVHJXtD��(VWH�SURFHVR�VH�OOHYy�D�
FDER�HQ�YDULDV�SUHVDV�GH�HQURFDPLHQWR��LQFOX\HQGR�XQD�GH�HQURFDPLHQWR�FRQ�FDUD�GH�FRQFUHWR�
�&)5'��� FRQVWUXLGDV� HQ� OD� 5HS~EOLFD� 0H[LFDQD�� /D� HYDOXDFLyQ� GH� ORV� UHVXOWDGRV� GHO�
PRQLWRUHR��DFRSODGRV�FRQ� ORV� UHVXOWDGRV�GH�SUXHEDV�GH� ODERUDWRULR�HQ�RGyPHWURV�JLJDQWHV�
PXHVWUDQ�TXH�OD�UHODFLyQ�HVIXHU]R�GHIRUPDFLyQ��HQ�SDUWLFXODU�HO�PyGXOR�GH�<RXQJ�(��SXHGH�
VLPXODUVH� FRQ� XQD� OH\� GH� SRWHQFLD� \� DVt�PRGHODU� FRQ�PpWRGRV� QXPpULFRV� �i.e�� HOHPHQWRV�
ILQLWRV��GLIHUHQFLDV�ILQLWDV��HWF���OD�FRQVWUXFFLyQ�GH�SUHVDV�GH�HQURFDPLHQWR��/D�LQWHUSUHWDFLyQ�
GH� ODV� PHGLFLRQHV� REWHQLGDV�� HQ� WpUPLQRV� GH� HVIXHU]RV� \� GHIRUPDFLRQHV� RFWDpGULFRV�� ODV�
UHODFLRQHV�HVIXHU]R�GHIRUPDFLyQ�UHVXOWDQ�SDUD�WRGRV�ILQHV�SUiFWLFRV�OLQHDOHV��DO�PHQRV��KDVWD�
HO�ILQ�GH�OD�FRQVWUXFFLyQ�GH�ODV�SUHVDV��(VWR�VLJQLILFD�TXH�HO�PyGXOR�GH�HODVWLFLGDG�GHSHQGH�
GHO�QLYHO�GH�HVIXHU]RV��FRQIRUPH�D�XQD�OH\�GH�SRWHQFLD�FRPR�VH�LQGLFD�HQ�HVWH�GRFXPHQWR�
WpFQLFR��$�OD�OX]�GH�HVWRV�UHVXOWDGRV��\�SDUD�HYDOXDU�OD�FRQILDELOLGDG�GH�HVWH�VLPSOH�PRGHODGR��
VH�FDOFXODURQ�ORV�HVIXHU]RV�\�GHIRUPDFLRQHV�HQ�OD�SUHVD�/D�<HVFD�GHVDUUROODGRV�GXUDQWH�VX�
FRQVWUXFFLyQ��(Q�HVWH�DUWtFXOR�VH�PXHVWUD�XQD�FRPSDUDFLyQ�HQWUH�ORV�DVHQWDPLHQWRV�PHGLGRV�
\�FDOFXODGRV��XVDQGR�XQ�PRGHOR��'�GH�GLIHUHQFLDV�ILQLWDV��HQ�HO�FXDO�VH�LQWHJUy�HO�PRGHODGR�
GHO�PyGXOR�GH�HODVWLFLGDG�GHO�HQURFDPLHQWR�FRQ�XQD�OH\�GH�SRWHQFLD��HQ�HVWD�SUHVD�GXUDQWH�VX�
FRQVWUXFFLyQ��(VWD�FRPSDUDFLyQ�PXHVWUD�TXH�ODV�FRPSXWDFLRQHV�DQDOtWLFDV�FRLQFLGHQ�EDVWDQWH�
ELHQ�FRQ�ODV�PHGLGDV��SRU�OR�TXH�VH�SXHGH�FRQFOXLU�TXH�HO�PRGHODGR�GH�OD�SUHVD�/D�<HVFD�\�
OD�VLPXODFLyQ�GHO�FRPSRUWDPLHQWR�GHO�HQURFDPLHQWR�VRQ�FRUUHFWRV��

Palabras clave��3UHVDV�GH�HQURFDPLHQWR��&RPSRUWDPLHQWR�HVIXHU]R�GHIRUPDFLyQ��
0RGHODGR�QXPpULFR��0yGXOR�GH�<RXQJ��/H\�GH�3RWHQFLDV��
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Abstract 

7KH�GHILQLWLRQ�RI�URFNILOO�ORDGLQJ�EHKDYLRXU�LV�RQH�RI�WKH�GLIILFXOWLHV�WKH�GDP�HQJLQHHU�IDFHV�
WR� SURSHUO\� PRGHO� D� URFNILOO� GDP¶V� EHKDYLRXU� XSRQ� WKHLU� FRQVWUXFWLRQ� DQG� KHQFH�
UHDFK� FRQILGHQW� UHVXOWV� WKDW� OHDG� WR� VDIH� GHVLJQV�� 3HUKDSV�� WKH� PDLQ� UHDVRQ� ZK\� WKH�
VWUHVV�VWUDLQ�URFNILOO�SURSHUWLHV�DUH�GLIILFXOW�WR�REWDLQ�LV�WKH�ODUJH�VL]H�RI�WKH�URFNILOO�SDUWLFOHV�
WKDW�XVXDOO\�H[FHHG�WKH�FDSDELOLWLHV�RI�PRVW�H[LVWLQJ�JHRWHFKQLFDO�ODERUDWRULHV��$FFRUGLQJO\��
ILHOG�UHVHDUFK�ZDV� FDUULHG� RXW� WR�PRQLWRU� WKH� EHKDYLRXU� RI� VHYHUDO� URFNILOO� GDPV� EXLOW� LQ�
0H[LFR� ZLWK� VHYHUDO� URVHWWHV� RI� SUHVVXUH� FHOOV� DQG� RI� H[WHQVRPHWHUV�� SODFHG� DW� VHYHUDO�
HOHYDWLRQV� ZLWKLQ� WKH� URFNILOO� HPEDQNPHQWV� DV� WKH\� ZHUH� EXLOW�� 7KHUHIRUH�� LW� ZDV�
SRVVLEOH� WR� GHILQH� WKH� VWUHVV�VWUDLQ� FKDUDFWHULVWLFV� RI� WKH� URFNILOO� ZKHQ� WKH� PRQLWRULQJ�
UHVXOWV� ZHUH� FRXSOHG� ZLWK� JLDQW� RGRPHWHU� ODERUDWRU\� WHVW� UHVXOWV�� 2Q� WKH� EDVLV� RI� WKHVH�
UHVXOWV��D�SRZHU� ODZ�ZDV� IRXQG� WR�EH�JRRG�HQRXJK� WR�PRGHO� WKH� URFNILOO�EHKDYLRXU�XQGHU�
LQFUHDVLQJ�QRUPDO� ORDGLQJ��7R� DVVHVV� WKH� FRQILDELOLW\� RI� WKH� �'� ILQLWH� GLIIHUHQFHV�SRZHU�
ODZ� PRGHO�� WKH� VWUHVV�VWUDLQ� EHKDYLRXU� RI� /D� <HVFD� GDP� ZDV� FDOFXODWHG� WKURXJKRXW� LWV�
FRQVWUXFWLRQ�� 7KLV� SDSHU�VKRZV�D�FRPSDULVRQ�EHWZHHQ�WKH�PRQLWRUHG�VHWWOHPHQWV�DQG�WKRVH�
FRPSXWHG�XVLQJ�WKH�DERYH�PHQWLRQHG�SRZHU�ODZ�LQFOXGHG�LQ�D��'�ILQLWH�GLIIHUHQFHV�PRGHO�
DQG� FOHDUO\� LQGLFDWHV� WKDW� WKLV� DQDO\WLFDO� PRGHO� UHSURGXFHV� TXLWH� ZHOO� WKH� PHDVXUHG�
VHWWOHPHQWV�� ZKLFK� OHDGV� WR� WKH� FRQFOXVLRQ� WKDW� WKH� SURSRVHG� PRGHOOLQJ� RI� /D� <HVFD�
GDP� LV� DGHTXDWH� DQG�� KHQFHIRUWK�� WKLV� PRGHOOLQJ� FDQ� EH� DSSOLHG� FRQILGHQWO\� WR� GHVLJQ�
URFNILOO�GDPV��

Keywords�� 5RFNILOO� GDPV�� 6WUHVV�VWUDLQ� EHKDYLRXU��1XPHULFDO�PRGHOOLQJ��<RXQJ¶V�
0RGXOXV��3RZHU�/DZ��
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,QGH[�

'HGLFDWLRQ����������������������������������������������������������������������������������������������������������������������������������������������������������LLL 
$FNQRZOHGJPHQWV�����������������������������������������������������������������������������������������������������������������������������������������������Y 
5HVXPHQ������������������������������������������������������������������������������������������������������������������������������������������������������������YLL 
$EVWUDFW��������������������������������������������������������������������������������������������������������������������������������������������������������������L[ 
,QGH[�������������������������������������������������������������������������������������������������������������������������������������������������������������������[L 
�� ,QWURGXFWLRQ������������������������������������������������������������������������������������������������������������������������������������������������ 
�� $JXDPLOSD�&)5'��������������������������������������������������������������������������������������������������������������������������������������� 
�� 5RFNILOO�VWUHVV�VWUDLQ�UHODWLRQVKLSV��PRQLWRULQJ�DQG�ODERUDWRU\�WHVWV���������������������������������������������������� 

��� 5RFNILOO�PRGXOXV�YDULDWLRQV�LQ�WHUPV�RI�WKH�RFWDKHGUDO�FRQILQHPHQW�VWUHVVHV������������������������������������ 
�� 1XPHULFDO�PRGHOOLQJ�RI�/D�<HVFD�GDP���������������������������������������������������������������������������������������������������� 
�� &RQFOXVLRQV������������������������������������������������������������������������������������������������������������������������������������������������ 
�� 5HIHUHQFHV���������������������������������������������������������������������������������������������������������������������������������������������������
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�� ,QWURGXFWLRQ

&RQcUeH�Ғ IDFH�URcNILOO�GDP�Ғ �&)5D¶��Ғ D�H�FRPSRVHG�Rf D�]RQHG�URcNILOO�HPEDQNPHQW, ZhicK�

LV�VHDOHG�RQ�WKH�XSVWUHDP�VORSH�ZLWK�D�WKLQ�VODE�RI�K\GUDXOLF�FRQFUHWH�WKDW�UHVWV�RQ�D�FRQFUHWH�

fRXQdDWiRQ, FRPPRQO\ NQRZQ DV SOiQWh. 7KiV GDP¶V W\Se iV FRQViGHUeG�DQ�DWWUDFWLYH�RSWLRQ�

LQ�PRVW�VLWHV�ZLWK�URFN\�IRXQGDWLRQV�DQG�WKH\�DUH�JHQHUDOO\�FRPSHWLWLYH�ZLWK�URFNILOO�GDPV�

ZLWK�FOD\�FRUH��DQG�HYHQ�ZLWK�FRQFUHWH�GDPV��PDLQO\�GXH�WR�D�QXPEHU�RI�LPSURYHPHQWV�LQ�

WKHLU�GHVLJQ�DQG�FRQVWUXFWLRQ�SURFHGXUHV��6KHUDUG�	�&RRNH���������&RQVHTXHQWO\��WKH�WRWDO�

QXPbeU�Rf�&)5D¶V WhDW DUe�LQ�RSHUaWiRQ, XQdHU FRQVWUXcWiRQ RU LQ�Whe�SOaQQLQJ�VWage�DURXQd�

WKH�ZRUOG��KDV�LQFUHDVHG�VZLIWO\��+RZHYHU��LW�VHHPV�WKDW�WKLV�WUHQG�QRZ�KDV�OHYHOOHG�RII��7KH�

PD[LPXP�KHLJKW�RI� WKLV� W\SH�RI�GDPV�DOUHDG\�H[FHHGV�����P� �L�H���0D�	�&KL�������� -LD��

�������([DPSOHV�RI�KLJK�&)5'�DUH�6KXLEX\D�DQG�7LDQVKHQJTLDR�GDPV�LQ�&KLQD������DQG�

����P�� UHVSHFWLYHO\��� &DPSRV� 1RYRV� GDP� LQ� %UD]LO� �����P��� %DNXQ� GDP� LQ� 0DOD\VLD�

�����P���$JXDPLOSD������P���(O�&DMRQ������P��DQG�/D�<HVFD������P��GDPV�LQ�0H[LFR��

,W�LV�ZHOO�NQRZQ�WKDW�WKHUH�DUH�VHYHUDO�FRQVWLWXWLYH�PRGHOV�WKDW�KDYH�EHHQ�GHILQHG�IURP�

VWUHVV� WUDMHFWRULHV�GHYHORSHG�PDLQO\� LQ� WULD[LDO� ODERUDWRU\� WHVWV� WKDW� OD\�GRZQ� WKH�EDVHV� WR�

PRGHO�WKH�EHKDYLRXU�RI�FRDUVH�JUDQXODU�SDUWLFOHV�IRU�WKH�GHVLJQ�RI�URFNILOO�GDPV��(YDOXDWLRQ�

RI�WKH�SURSHUWLHV�RI�ODUJH�SDUWLFOHV�DVVHPEOLHV�VXFK�DV�WKH�ERXOGHUV�XVHG�LQ�URFNILOO�GDPV�LV�D�

GLIILFXOW�WDVN�PDLQO\�EHFDXVH�RI�SDUWLFOH�VL]HV��)RU�H[DPSOH��WR�SHUIRUP�D�WULD[LDO�WHVW�RQ�D�

VDPSOH�IRUPHG�ZLWK��VD\������P�VL]H�SDUWLFOHV��DQG�IXOILOOLQJ�WKH�UHTXLUHPHQWV�RI�DOLJQLQJ�DW�

OHDVW�HLJKW�SDUWLFOHV�DORQJ�WKH�GLDPHWHU�RI�WKH�VDPSOH�DQG�KDYLQJ�D�PLQLPXP�VOHQGHU�UDWLR�RI�

����� WKH� F\OLQGULFDO� VDPSOH�ZRXOG� EH� ����P�KLJK� DQG�KDYH� D� ����P�GLDPHWHU��7R�SHUIRUP�

WULD[LDO�WHVWV�RQ�VXFK�D�ELJ�VDPSOH��WKH�ODERUDWRULHV�ZRXOG�UHTXLUH�FRORVVDO�LQVWDOODWLRQV���

6HYeUaO�UHVeDUcKHUV KDYH�RYeUcRPH�WhiV SURbOeP�b\ VcDOLQJ�dRZQ Whe�SaUWLFOH¶V Vi]e�

DQG�GHYHORSHG�VRSKLVWLFDWHG�FRQVWLWXWLYH�PRGHOV��)RU�H[DPSOH���=RX��;X��.RQJ��/LX�	�=KRX�

������� �9DUDGDUDMDQ�� 6KDUPD�� 9HQNDWDFKDODP� 	� *XSWD�� ������� �;LDR� HW�� DO�� ������ DQG�



��

�+RQNDQDGDYDU�	�6KDUPD���������7KHLU�JUHDW�FRQWULEXWLRQV�WR�WKH�NQRZOHGJH�RI�VWDWLF�DQG�

VHLVPLF�EHKDYLRXU�RI�WKH�URFNILOO�LV�EH\RQG�DQ\�GRXEW��EXW�VWLOO�WKHUH�DUH�XQDQVZHUHG�TXHVWLRQV�

DV�WR�KRZ�WKH�VFDOLQJ�IDFWRU�ZRXOG�DIIHFW�WKH�WHVWV�UHVXOWV��HUJR��WKH�FRQVWLWXWLYH�PRGHOV��,Q�

SUDFWLFH��VHYHUDO�URFNILOO�FRQVWLWXWLYH�PRGHOV�DOORZ�DQ�DSSUR[LPDWH�UHSUHVHQWDWLRQ�RI�VRPH�RI�

WKHVH�PDWHULDO�FKDUDFWHULVWLFV�VXFK�DV�LQHODVWLF�EHKDYLRXU��QRQ�OLQHDULW\�DQG�KLJK�GHSHQGHQFH�

RQ�WKH�VWUHVV�FRQILQLQJ�FKDUDFWHULVWLFV��$FFRUGLQJ�WR�WKHLU�QDWXUH��WKH�PRGHOV�WKDW�KDYH�EHHQ�

SURSRVHG�XS�WR�QRZ�FDQ�EH�FODVVLILHG�DV�HODVWLF��OLQHDU�DQG�QRQ�OLQHDU�VXFK�DV�WKH�K\SHUEROLF�

DSSURDFK���(ODVWRSODVWLF��DQG�9LVFRHODVWLF��DV�ZHOO�DV�(PSLULFDO�SURFHGXUHV��

3HUKDSV�WKH�ILUVW�PRGHO�XVHG�WR�FDSWXUH�WKH�VWUHVV�VWUDLQ�EHKDYLRXU�RI�URFNILOO�PDWHULDOV�

DQG�DSSOLHG�WR�DQDO\]H��XVLQJ�WKH�ILQLWH�HOHPHQW�PHWKRG��URFNILOO�GDPV�ZDV�WKH�+\SHUEROLF�

RQH� �$OEHUUR�	�5RPR�� ������� �.XOKDZ\�	�'XQFDQ�� ������� �6DER\D� -U�	�%\UQH�� �������

$IWHUZDUGV��K\SRSODVWLF�FRQVWLWXWLYH�PRGHOV�WR�GHVFULEH�WKH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�WKH�

URFNILOOV� ZHUH� SURSRVHG� �%DXHU�� ������� 0RUHRYHU�� VSHFLILF� PRGHOV� WR� DGGUHVV� VLQJXODU�

SUREOHPV�VXFK�DV�VHWWOHPHQWV�E\�FROODSVH�LQ�URFNILOO�HPEDQNPHQWV�GXH�WR�PDWHULDO�VDWXUDWLRQ�

ZHUH�GHYHORSHG��(VFXGHU��$QGUHX�	�5HFKHD���������

1XPHULFDO�SURFHGXUHV�VXFK�DV�ILQLWH�HOHPHQW�RU�ILQLWH�GLIIHUHQFH�PHWKRGV�KDYH�EHHQ�

ZLGHO\�XVHG�LQ�WKH�FDOFXODWLRQ�RI�WKH�VWUHVV�VWUDLQ�VWDWH�RI�HDUWK�DQG�URFNILOO�GDPV�GXULQJ�WKHLU�

FRQVWUXFWLRQ�DQG�UHVHUYRLU�ILOOLQJ��,Q�WKLV�SDSHU�RQO\�WKH�IRUPHU�LV�FRQVLGHUHG��7KH�EHQHILWV�RI�

WKHVH�QXPHULFDO�WRROV�DUH�DOUHDG\�UHPDUNDEOH��KRZHYHU��WKHRUHWLFDO�SUHGLFWLRQV�DUH�VRPHWLPHV�

XQUHOLDEOH��EHFDXVH�WKH�SURSHUWLHV�RI�URFNILOO�PDWHULDO�VDPSOHV�DUH�QRW�IXOO\�UHSUHVHQWDWLYH�RI�

WKH�LQ�VLWX�RQHV�EHFDXVH�WKH\�ZHUH�WHVWHG�IROORZLQJ�VWUHVV�WUDMHFWRULHV�WKDW�PRVW�RI�WKH�WLPHV�

GR�QRW�DFFXUDWHO\�UHIOHFW�WKH�LQ�VLWX�ORDGLQJ�FRQGLWLRQV�WKH�HPEDQNPHQW�HQGXUHV�GXULQJ�LWV�

FRQVWUXFWLRQ��,W�LV�LPSRUWDQW WR H[SUeVV Whe DXWhRU¶V EHOLHI�RQ�WKH�IDFW�WKDW�SURSHUO\�IRFXVHG�

DQDO\VLV� RI� GDWD� REWDLQHG� GLUHFWO\� IURP� WKH� PRQLWRULQJ� RI� SURWRW\SHV� SURYLGH� YDOXDEOH�

LQIRUPDWLRQ�WR�DVVHVV�WKH�PRGHO�WKDW�EHWWHU�UHSURGXFH�WKH�DFWXDO�EHKDYLRXU�RI�URFNILOO�GDPV�

XSRQ�WKHLU�FRQVWUXFWLRQ��

:LWK� WKH� SXUSRVH� RI� VKHGGLQJ� VRPH� OLJKW� RQ� WKLV� VXEMHFW�� WKLV� ZRUN� SUHVHQWV� WKH�

PRQLWRULQJ�VWUHVV�VWUDLQ�UHVXOWV�UHFRUGHG�GXULQJ�WKH�FRQVWUXFWLRQ�RI�$JXDPLOSD�GDP�EXLOW�LQ�

0H[LFR�� )URP� WKLV� UHVHDUFK� �WKDW� LQFOXGHG� WKH� PRQLWRULQJ� RI� D� QXPEHU� RI� URFNILOO�

HPEDQNPHQWV���D�VLPSOH�\HW�UHOLDEOH�VWUHVV�VWUDLQ�SRZHU�ODZ�WR�PRGHO�WKH�URFNILOO�EHKDYLRXU�
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RI�GDPV�XSRQ�FRQVWUXFWLRQ�LV�SURSHUO\�HVWDEOLVKHG��%DVHG�RQ�WKH�LQ�VLWX�PHDVXUHPHQWV�RI�WKH�

VWUHVVHV� DQG� GHIRUPDWLRQV� JHQHUDWHG� GXULQJ� WKH� FRQVWUXFWLRQ� RI� WKLV� DQG� RWKHU� HTXDOO\�

PRQLWRUHG� URFNILOO� GDPV�DV�ZHOO� DV� FRUUHVSRQGLQJ� ODERUDWRU\� WHVWV� RQ�RGRPHWHUV�RI�����P�

GLDPHWHU�FRXSOHG�ZLWK�LQ�VLWX�HPEDQNPHQW�WHVWV��WKH�DXWKRUV�DIWHU�GHWDLOHG�VWXGLHV�FDPH�WR�

WKH�FRQFOXVLRQ�WKDW�WKH�VWLIIQHVV�PRGXOXV�RI�URFNILOO�PDWHULDOV�GHSHQG�KHDYLO\�RQ�WKH�FRQILQLQJ�

RFWDKHGUDO�VWUHVVHV��WKHLU�VWUHVV�WUDMHFWRU\�DQG�WKH�DOO�DURXQG�QHDUE\�PDWHULDO�VWLIIQHVV��,W�LV�

QHHGOHVV� WR�VWUHVV� WKH�IDFW� WKDW��GXH� WR� WKH� LUUHJXODU�FRQVWUXFWLRQ�RI�URFNILOO�GDPV�DOO� WKHVH�

FRQGLWLRQV�DUH�GLIILFXOW�LI�QRW�LPSRVVLEOH�WR�EH�MRLQWO\�UHSURGXFHG�LQ�ODERUDWRU\�WHVWV�
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�� $JXDPLOSD�&)5'

7KLV�GDP�LV�D�FRQFUHWH�IDFH�URFNILOO�GDP�KDYLQJ�D�PD[LPXP�KHLJKW�RI�����P�DQG�D�����P�

FUHVW� OHQJWK�ORFDWHG�RQ�WKH�6DQWLDJR�5LYHU�� LQ�1D\DULW�6WDWH��0H[LFR��7KH�PD[LPXP�FURVV�

VHFWLRQ�DQG�PRVW�RI�DOO�WKH�LQVWUXPHQWDWLRQ�LQVWDOOHG�LQ�WKLV�GDP�VHFWLRQ��ZKRVH�XSVWUHDP�DQG�

GRZQVWUHDP�VORSHV�DUH����+��9�DQG����+��9�UHVSHFWLYHO\��DUH�LQGLFDWHG�LQ�)LJXUH�������

)LJXUH����� ,QVWUXPHQWV�DW� WKH�$JXDPLOSD�GDP�PDLQ�VHFWLRQ� �PRGLILHG� IURP� �$OEHUUR��0DFHGR�	�
*RQ]iOH]���������

$V�GHSLFWHG�LQ�WKLV�ILJXUH��WKH�KDOI�XSVWUHDP�RI�$JXDPLOSD�GDP�ZDV�EXLOW�XVLQJ�RQO\�PDWHULDO�

�%��IROORZHG�E\�D�WUDQVLWLRQ�PDWHULDO�7�KDYLQJ�D�YHUWLFDO�VORSH�RQ�WKH�XSVWUHDP�VLGH�DQG�D�

���+��9� VORSH� RQ� WKH� GRZQVWUHDP� VLGH�� 7KH� PDWHULDO� �%� FRQVLVWV� RI� QDWXUDO� DOOXYLXP�

�GLDPHWHUV������FP�DQG�D�YROXPH�RI�ILQHV��������FRPSDFWHG�LQ�OD\HUV�����P�WKLFN�ZLWK�IRXU�

UROOHU�SDVVHV�XVLQJ�D�YLEUDWRU\�VWHHO�GUXP�UROOHU�ZHLJKLQJ�����N1��WKH�PDWHULDO�7�LV�FRPSRVHG�

RI�URFN�IUDJPHQWV��GLDPHWHUV�������P��DQG�JUDYHOV�DOVR�FRPSDFWHG�LQ�����P�WKLFN�OD\HUV��ZLWK�
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IRXU�UROOHU�SDVVHV�XVLQJ��VLPLODU�YLEUDWRU\�UROOHUV�DV�IRU�PDWHULDO��%��WKH�PDWHULDO��&��ZKLFK�

FRPSOHPHQWV� WKH� GDP� VHFWLRQ�� FRQVLVWV� RI� KHDOWK\� URFN� IUDJPHQWV� �GLDPHWHUV�������P��

FRPSDFWHG�LQ�OD\HUV�����P�WKLFN�ZLWK�IRXU�UROOHU�SDVVHV�XVLQJ�DOVR�YLEUDWRU\�UROOHUV�VLPLODU�WR�

WKRVH�HPSOR\HG�IRU�FRPSDFWLQJ�PDWHULDOV�LQ�]RQHV��%�DQG�7��7KH�FRQVWUXFWLRQ�RI�$JXDPLOSD�

GDP�EHJDQ�LQ������DQG�LWV�RSHUDWLRQ�VWDUWHG�LQ�������$VLGH�IURP�WKH�VWUHVV�DQG�VWUDLQ�URVHWWHV��

WKH� ZKROH� LQVWUXPHQWDWLRQ� RI� WKH� GDP� LQFOXGHV� LQFOLQRPHWHUV�� SUHVVXUH� FHOOV�� SQHXPDWLF�

SLH]RPHWHUV�� H[WHQVRPHWHUV� DQG� K\GUDXOLF� OHYHOV� WR� PHDVXUH� GDP� VHWWOHPHQWV�� WKHUHIRUH��

SURYLGLQJ� UHGXQGDQF\� WR� WKH� URVHWWHV� PHDVXUHPHQWV�� 7KH� VSDWLDO� GLVWULEXWLRQ� RI� WKH�

PRQLWRULQJ� LQVWUXPHQWV�� LQFOXGLQJ� WKH�GHSOR\HG� URVHWWHV�� LV� GHSLFWHG� LQ�)LJXUH����� IRU� WKH�

PDLQ�GDP�VHFWLRQ��

)LJXUH� ���� 6FKHPDWLF� OD\RXW� RI� VWUHVV� DQG� VWUDLQ� URVHWWHV� �PRGLILHG� IURP� �&RPLVLyQ� )HGHUDO� GH�
(OHFWULFLGDG��&)(���������

Est. 
0+171.50

x
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parallel to dam axis
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1C - Pressure cells
1E - Extensometer
1Pn - Pneumatic piezometer
EST. - Station, in m
Dimensions, in m

Exit port to the gallery
and control panel

Connectionbox

Cz 0  0   1
Cy 0  1   0
Cx 1  0   0

Cx45°z -1 /  0  1 /
Cy45°z 0   -1 /      1 / 

Cxy -1 / -1 /  0
a , b , g = director cosines

 
  

 

Normal to plane of cell
a b g

Pressure
cell
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7R�PRQLWRU��DQG�KHQFH��WR�GHILQH�LQ�VLWX�WKH�VWUHVV�VWUDLQ�EHKDYLRXU�RI�WKH�URFNILOO��WKH�URVHWWHV�

ZHUH�ORFDWHG�DW�D�FHUWDLQ�QXPEHU�RI�SRLQWV�WKURXJKRXW�WKH�HPEDQNPHQW�DV�LWV�FRQVWUXFWLRQ�

SURJUHVVHG��7KH� URVHWWHV� �VFKHPDWLFDOO\�GHSLFWHG� LQ�)LJXUH������DOORZ� WKH��'�VWUHVV�VWUDLQ�

PHDVXUHPHQW�DW�WKH�SRLQWV�ZKHUH�WKH\�ZHUH�ORFDWHG��6LQFH�WKH\�ZHUH�VHW�XS�DW�YDULRXV�]RQHV�

�VHH�)LJXUH�������WKH�VWUHVVHV�DQG�VWUDLQV�GHYHORSHG�FRUUHVSRQG�WR�WKH�DFWXDO�UHVSRQVH�RI�WKH�

URFNILOO�XSRQ�WKH�DFWXDO�XQHYHQ�ORDGLQJ��$V�DOUHDG\�PHQWLRQHG��HDFK�RI�WKHVH�URVHWWHV��*�L��

LV�FRPSRVHG�RI�SUHVVXUH�FHOOV�DQG�H[WHQVRPHWHUV��DQG�ORFDWHG�ZLWKLQ�WKH��%��7�DQG��&�URFNILOO�

]RQHV��7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�SDSHU�RQO\�UHIHUV�WR�WKH�GDWD�JDWKHUHG�ZLWK�URVHWWH�

*�����VHH�)LJXUH�������7KH�ORFDWLRQ�RI�WKH�FHOOV�DQG�H[WHQVRPHWHUV�LQWHJUDWLQJ�HDFK�URVHWWH�

WRJHWKHU� ZLWK� WKH� UHIHUHQFH� FRRUGLQDWH� V\VWHP� IRU� LQVWUXPHQWV� RULHQWDWLRQ�� LV� GHSLFWHG� LQ

)LJXUH�����
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�� 5RFNILOO� VWUHVV�VWUDLQ� UHODWLRQVKLSV��PRQLWRULQJ
DQG�ODERUDWRU\�WHVWV

)URP�LQ�VLWX�PHDVXUHPHQWV�FDUULHG�RXW�ZLWK�WKH�URVHWWHV�SODFHG�LQ�WKH�HPEDQNPHQW�URFNILOO�

]RQHV�RI�WKH�$JXDPLOSD�GDP��WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�HIIHFWLYH�SULQFLSDO�VWUHVVHV�

DQG�SULQFLSDO�VWUDLQV�DUH�GHWHUPLQHG�WKURXJKRXW�WKH�GDP�FRQVWUXFWLRQ��DW�DOO�WKH�SRLQWV�ZKHUH�

WKH�URVHWWHV�DUH�ORFDWHG��)URP�WKH�DUUDQJHPHQW�RI�WKH�SUHVVXUH�FHOOV�DQG�H[WHQVRPHWHUV��VWUHVV�

VWUDLQ�WHQVRUV�FDQ�EH�REWDLQHG�DV�GHSLFWHG�LQ�)LJXUH������%DVHG�RQ�WKH�NQRZOHGJH�RI�VWUHVV�

DQG�VWUDLQ�WHQVRUV��LW�LV�D�VWUDLJKWIRUZDUG�LVVXH�WR�REWDLQ�WKH�PDJQLWXGHV�DQG�GLUHFWLRQV�RI�WKH�

SULQFLSDO�VWUHVVHV�DQG�VWUDLQV��:LWK�WKH�DERYH�LQIRUPDWLRQ��WKH�PDJQLWXGHV�RI�VRFW��HRFW��WRFW�

DQG�gRFW�GHILQHG�E\�(TV�����������

𝜎௧ൌ
1
3
ሺ𝜎ଵ  𝜎ଶ  𝜎ଷሻ� ����������������

𝜀௧ൌ
1
3
ሺ𝜀ଵ  𝜀ଶ  𝜀ଷሻ ������

߬௧ൌ
1
3
ඥሾሺ𝜎ଵ െ 𝜎ଷሻଶ  ሺ𝜎ଵ െ 𝜎ଶሻଶ  ሺ𝜎ଶ െ 𝜎ଷሻଶሿ� ������

gRcWൌ
1
3
ඥሾሺ𝜀ଵ െ 𝜀ଷሻଶ  ሺ𝜀ଵ െ 𝜀ଶሻଶ  ሺ𝜀ଶ െ 𝜀ଷሻଶሿ� ������

ZKHUH� V��� V�� DQG� V��� DUH� WKH� HIIHFWLYH� SULQFLSDO� VWUHVVHV�� DQG� H��� H�� DQG� H��� DUH� WKH�

FRUUHVSRQGLQJ�SULQFLSDO�VWUDLQV��)URP�WKH�PHDVXUHPHQWV�REWDLQHG�GXULQJ�WKH�FRQVWUXFWLRQ�RI�

$JXDPLOSD�GDP��ZLWK�WKH�URVHWWH�*����LQVWDOOHG�LQ�WKH��%�URFNILOO��VHH�)LJXUH�������WKH�FXUYHV�

DPRQJ� WKH�RFWDKHGUDO� QRUPDO� DQG�RFWDKHGUDO� VKHDU� VWUHVVHV�YHUVXV�RFWDKHGUDO� QRUPDO� DQG�

RFWDKHGUDO�VKHDU�VWUDLQV��DUH�SORWWHG�LQ�)LJXUH�������
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6LPLODU� UHVXOWV�� LQ� WHUPV� RI� WKH� VWUHVV�VWUDLQ� EHKDYLRXU�� ZHUH� REWDLQHG� LQ� RWKHU� KHDYLO\�

LQVWUXPHQWHG�URFNILOO�GDPV�LQ�0H[LFR��H�J���(O�&DUDFRO�DQG�3HxLWDV�GDPV���WKH�FRUUHVSRQGLQJ�

ILHOG�VWUHVV�VWUDLQ�UHODWLRQVKLSV�DUH�SORWWHG�LQ�)LJXUH������7KHLU�GHVFULSWLRQ�DQG�ORFDWLRQ��DV�

ZHOO�DV�WKHLU�RYHUDOO�LQVWUXPHQWDWLRQ�DUH�EH\RQG�WKH�SXUSRVH�RI�WKLV�SDSHU��DFFRUGLQJO\��WKH�

UHDGHU�LV�DGYHUWHG�WR�UHIHUHQFH��$OEHUUR���������

)LJXUH�����2FWDKHGUDO�VWUHVV�VWUDLQ�UHODWLRQVKLSV�PHDVXUHG�LQ�WKH�URFNILOO�RI�$JXDPLOSD�GDP�

)LJXUH�����2FWDKHGUDO�VWUHVV�VWUDLQ�UHODWLRQVKLSV�REWDLQHG�IURP�PHDVXUHPHQWV�LQ�WKH�URFNILOO�RI�(O�
&DUDFRO�DQG�3HxLWDV�GDPV�
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)URP�WKH�UHVXOWV��LQ�WHUPV�RI�VRFW�HRFW�DQG�WRFW�gRFW��REWDLQHG�ZLWK�WKH�URVHWWHV�VHW�XS�ZLWKLQ�WKH�

$JXDPLOSD�URFNILOO�DQG�RWKHU�GDPV�LQ�0H[LFR��)LJXUHV�����DQG�������LW�LV�FRQFOXGHG�ZLWK�D�

KLJK�GHJUHH�RI�FHUWDLQW\�WKDW�WKH�URFNILOO�PDWHULDO�EHKDYHV�OLQHDUO\�GXULQJ�WKH�FRQVWUXFWLRQ�RI�

WKH� HPEDQNPHQW��1RWLFH� WKDW� WKH� VWDWLVWLFDO�5�� YDOXHV�ZULWWHQ� QH[W� WR� WKH� VWUDLJKW� OLQHV� LQ�

)LJXUHV� ����� DQG� ����� DUH� HTXDO� RU� ODUJHU� WKDQ� ������ ZKLFK� VXSSRUWV� WKH� IDFW� WKDW� WKH�

UHODWLRQVKLS�PHQWLRQHG�LV�OLQHDU���,W�LV�LPSRUWDQW�WR�QRWH�WKDW��HYHQ�IRU�RFWDKHGUDO�VWUDLQV��XS�

WR��������WKH�VWUHVV�VWUDLQ�UHODWLRQVKLS�LV�IRU�DOO�SUDFWLFDO�SXUSRVHV�OLQHDU��$FFRUGLQJO\��RQH�

FDQ�VDIHO\�DVVXPH�WKDW�WKH�EHKDYLRXU�RI�WKH�URFNILOO�LV�SUDFWLFDOO\�OLQHDU�XQWLO�WKH�HQG�RI�WKH�

GDP¶V FRQVWUXcWiRQ, DQG� iW�ZRXOd� OLNHO\ FRQWiQXH� EHKDYiQg ViPLODUO\ �ZLWK� VOLJKWO\� ORZHU�

VWiIIQHVV) XSRQ FRPSOHWiRQ Rf Whe ILOOLQJ�Rf Whe GDP¶V UeVeUYRiU��DV GHSicWHG�LQ�)igXUe������

$FFRUGLQJO\��WKH�VOLJKW�FKDQJH�RQ�WKH�URFNILOO�VWLIIQHVV�GXH�WR�UHVHUYRLU�ILOOLQJ��SDUWLFXODUO\�

LQ�WKH�XSVWUHDP�VLGH�RI�]RQHG�URFNILOO�GDPV��PXVW�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�GHVLJQLQJ�WKLV�

W\SH�RI�VWUXFWXUHV��)XUWKHUPRUH��IURP�WKHVH�PHDVXUHPHQWV��PDLQO\�IURP�WKH�VWUDLQV�PHDVXUHG�

RQ�WKH�PDWHULDO��%�RI�WKH�$JXDPLOSD�GDP��RQH�FDQ�GHGXFH�ZKHWKHU�RU�QRW�WKH�URFNILOO�ZDV�

ZHOO�FRPSDFWHG��7KLV�VWDWHPHQW�LV�EDFNHG�E\�WKH�UHODWLRQVKLS�EHWZHHQ�RFWDKHGUDO�VKHDU�VWUHVV�

DQG�RFWDKHGUDO�VKHDU�VWUDLQ�\LHOGHG�E\�WKH�GDWD�FROOHFWHG�PRQLWRULQJ�URVHWWH�*����DQG�SORWWHG�

DW�WKH�ULJKW�KDQG�VLGH�RI�)LJXUH������1RWLFH�WKDW�WKH�VWUDLJKW�OLQH�VOLJKWO\�FXUYHV�GRZQ�DV�WKH�

RFWDGHGUDO�VWUDLQ�H[FHHGV�������PHDQLQJ�WKDW�WKH�VWLIIQHVV�RI�WKH��%�URFNILOO�KDV�GHFUHDVHG��

PRVW�OLNHO\�EHFDXVH�WKH�URFN�SDUWLFOHV�UHDUUDQJHPHQW�FDXVHG�VRPH�VHWWOHPHQWV�WR�DFFXPXODWH�

WRZDUGV�WKH�XSSHU�SDUW�RI�WKH�GDP��7KLV�FDXVHV�WKH�FRQFUHWH�VODEV�WKDW�LQLWLDOO\�ZHUH�ERZO�

VKDSHG�WR�EHQG�VOLJKWO\�XSZDUGV��FDXVLQJ�WKH�FRQFUHWH�IDFH�VODE�WR�PRGLI\�LWV�RULJLQDO�VKDSH�

WR D�NLQG�Rf DQ�HORQgaWeG�³6´�WKDW�FDXVHV�WHQVLOH�VWUHVVHV�LQ�VRPH�]RQHV�RI�WKH�XSSHU�SDUW�RI�

WKH�FRQFUHWH�VODE�WKDW�LQGXFHG�OLPLWHG�ILVVXULQJ�LQ�VRPH�DUHDV�RI�WKH�FRQFUHWH�VODE��6LPLODU�

SKHQRPHQD�KDSSHQHG�LQ�WKH�WUDQVLWLRQ�]RQH��7��DQG�LQ�WKH�GRZQVWUHDP�VORSH��URFNILOO��&��

WKDW�HQKDQFHG�WKH�HIIHFW�RI�WKH�VHWWOHPHQWV�RQ�WKH�ILQDO��6��VKDSH�RI�WKH�FRQFUHWH�VODEV�DQG�
FRQVHTXHQWO\�LQ�WKHLU�ILVVXULQJ��,W�LV�ZRUWK�WR�SLQSRLQW�WKH�IDFW�WKDW�GXH�WR�WKH�ODUJH�VL]H�RI�

SDUWLFOHV�LQWHJUDWLQJ�WKH�URFNILOO�RI�WKH�GRZQVWUHDP�VORSH��WKH�FRPSDFWLRQ�DFKLHYHG�ZDV�QRW�

JRRG�HQRXJK�WR�DYRLG�IXUWKHU�VHWWOHPHQWV�WKDW�LQGXFHG�PRUH�FUDFNLQJ�LQWR�WKH�FRQFUHWH�VODEV���

)URP�WKH�OLQHDU�VWUHVV�VWUDLQ�UHODWLRQVKLSV�DQG�WKH�HODVWLFLW\�WKHRU\��LW�LV�SRVVLEOH��DW�

OHDVW DV D�fiUVW DSSUR[iPaWiRQ) WR GHWeUPLQH�Whe YRXQg¶V PRdXOXV, (��DQG�Whe 3RiVVRQ¶V UaWiR,�
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X�� RI� WKH� URFNILOO� HPEDQNPHQW� GXULQJ� LWV� FRQVWUXFWLRQ�� ,Q� WKH� FDVH� RI� URFNILOO� �%� RI� WKH�

$JXDPLOSD�GDP��WKH�VWLIIQHVV�PRGXOXV�YDOXHV��(��REWDLQHG�YDULHG�DSSUR[LPDWHO\�EHWZHHQ�����

DQG� ����03D� IRU� 3RLVVRQ� UDWLRV�� X�� YDU\LQJ� IURP� ����� WR� ������ $OWKRXJK�� IURP� WKH�

PHDVXUHPHQWV� RI� ERWK� K\GUDXOLF� OHYHOV� DQG� LQFOLQRPHWHUV� GXULQJ� WKH� HPEDQNPHQW�

FRQVWUXFWLRQ��WKH�VWLIIQHVV�PRGXOXV�RI�WKH�URFNILOOV�FDQ�EH�HVWLPDWHG��WKH�DXWKRUV�EHOLHYH�WKDW�

WKRVH� GHILQHG� XVLQJ� WKH� VWUDLQ� DQG� VWUHVV� URVHWWH�PHDVXUHPHQWV� DUH�PRUH� UHOLDEOH�� VLPSO\�

EHFDXVH�WKH\�DUH�QRW�DIIHFWHG�E\�DQ\�K\SRWKHVLV�LQ�WHUPV�RI�WKH�VWUHVVHV�GLVWULEXWLRQ�LQ�WKH�

URFNILOOV��

7KH�YDOXHV�RI�WKH�URFNILOO�PRGXOXV�REWDLQHG�IURP�WKH�LQ�VLWX�VWUHVV�VWUDLQ�UHODWLRQVKLSV�ZHUH�

DOVR� FRPSDUHG�ZLWK� WKRVH� REWDLQHG� IURP� LQ� VLWX� FRQILQHG� SODWH� WHVWV�� DQG� ����P� GLDPHWHU�

RGRPHWHU�WHVWV�LQ�WKH�ODERUDWRU\��REWDLQLQJ�FRPSDUDEOH�YDOXHV��,W�VKRXOG�EH�PHQWLRQHG�WKDW�

IRU� WKH� RGRPHWHU� WHVWV� FDUULHG� RXW� IRU� YHUWLFDO� VWUHVVHV� YDU\LQJ�ZLWKLQ� WKH� UDQJH� RI� ���� WR�

����0SD��DQ�DYHUDJH�YDOXH�RI�WKH�(�PRGXOXV�RI�����0SD�IRU�WKH��%�PDWHULDO�RI�WKH�$JXDPLOSD�

GDP�ZDV�GHWHUPLQHG� �$OEHUUR��0DFHGR�	�*RQ]iOH]���������ZKLFK�IDOOV�ZLWKLQ� WKH�YDOXHV�

GHILQHG�IURP�WKH�URVHWWHV�PHDVXUHPHQWV��

��� 5RFNILOO�PRGXOXV�YDULDWLRQV�LQ�WHUPV�RI�WKH�RFWDKHGUDO�
FRQILQHPHQW�VWUHVVHV�

,W�LV�FOHDU�WKDW�WKH�URFNILOO�PDWHULDOV�LQ�WKH�ORZHU�OD\HUV�RI�WKH�HPEDQNPHQW�KDYH�DSSUHFLDEO\�

VPDOOHU�YRLG�UDWLRV�WKDQ�DW�WKH�XSSHU�OD\HUV��KHQFH��WKH�VWLIIQHVV�PRGXOXV��DW�D�VSHFLILF�GHSWK��

LQFUHDVHV�DV�WKH�KHLJKW�RI�WKH�HPEDQNPHQW�ULVHV�RYHU�LW��6LPLODUO\��GXH�WR�WKH�DUFKLQJ�W\SH�

SKHQRPHQRQ� WKH� URFNILOO�EHFRPHV�VWLIIHU�DV�ZH�PRYH�DZD\� IURP� WKH�GDP�DEXWPHQWV��)RU�

WKHVH�DQG�RWKHU�UHDVRQV��WKH�URFNILOO�VWLIIQHVV�YDULHV�VSDWLDOO\�WKURXJKRXW�WKH�GDP�DQG�KHQFH�

LW� LV� D�PXVW� WR� WDNH� LQWR� DFFRXQW� WKHVH� VSDWLDO� URFNILOO� VWLIIQHVV� YDULDWLRQV� LQ� WHUPV� RI� WKH�

FRQILQHPHQW�VWUHVVHV�WR�REWDLQ�PRUH�UHOLDEOH�QXPHULFDO�UHVXOWV��

)URP�WKH�UHVXOWV�RI�VHYHUDO� LQ�VLWX�SODWHV�WHVWV�SHUIRUPHG�RQ�WHVW�HPEDQNPHQWV�DQG�

ODERUDWRU\� WHVWV� �D� QXPEHU� RI� VWXGLHV� KDYH� VKRZQ� WKDW� RQH�GLPHQVLRQDO� FRPSUHVVLRQ�

RGRPHWHU� WHVWV� DUH� XVHIXO� WR� HVWLPDWH� UHOLDEO\� WKH� VWLIIQHVV� PRGXOXV� RI� URFNILOO� �&KDUOHV��

��������IRU�YDULRXV�URFNILOO�PDWHULDOV�LQFOXGHG�LQ�VHYHUDO�GDP�SURMHFWV�LQ�0H[LFR��$JXDPLOSD��
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(O�&DMRQ��DQG�/D�<HVFD�GDPV�>L�H����5RPR��HW��DO����������5RPR��%RWHUR��0pQGH]��+HUQiQGH]�

	�6DUPLHQWR�������@��WKH�IROORZLQJ�SRZHU�H[SUHVVLRQ�WKDW�FRQVLGHUV�WKH�GHSHQGHQFH�RI�WKH�

URFNILOO�PRGXOXV�RQ�WKH�FRQILQHPHQW�VWUHVV��ZDV�SURSRVHG��

𝐸ൌ𝐸 ൬
𝜎௧
𝜎௧ 

൰
ఈ

�����������������

+HUH��VRFW�LV�WKH�RFWDKHGUDO�VWUHVV�IRU�DQ\�GDP�FRQVWUXFWLRQ�VWDJH�DQG�VRFW�L�FRUUHVSRQGV�WR�WKH�

PLQLPXP� FRQILQHPHQW� RFWDKHGUDO� VWUHVV� XVHG� LQ� ODERUDWRU\� WHVWV� FDUULHG� RXW� RQ� VHYHUDO�

URFNILOO�W\SHV�WKDW�ZHUH�XVHG�WR�EXLOG�WKH�DERYH�PHQWLRQHG�GDPV��a� LV�D�ILWWLQJ�SDUDPHWHU��

ZKLFK�GHSHQGV�RQ�WKH�W\SH�RI�URFNILOO�PDWHULDO�DQG�VWUHVV�WUDMHFWRULHV�\LHOGHG�E\�WKH�UDWKHU�

XQHYHQ�GDP�FRQVWUXFWLRQ��,W�LV�ZRUWK�WR�PHQWLRQ�WKDW�LQ�SUDFWLFH�WKHVH�UDWKHU�UDQGRP�VWUHVV�

WUDMHFWRULHV�DUH�DFFRXQWHG�IRU�FRQVLGHULQJ�D�ODUJH�QXPEHU�RI�FRQVWDQW�FRQILQLQJ�RFWDKHGUDO�

VWUHVVHV�WR�HQJOREH�DOO�SRVVLEOH�FRQILQLQJ�VWUHVVHV��WKH�YDOXHV�RI�a��ZKLFK�YDU\�IURP�����WR�

����IRU�WKH�PDWHULDOV�XVHG��ZHUH�HVWLPDWHG�IURP�WKH�UHVXOWV�\LHOGHG�E\������WR������P�GLDPHWHU�

RGRPHWHU�WHVWV��DV�WKRVH�VKRZQ�LQ�)LJXUH����������)LQDOO\��(��LV�WKH�URFNILOO�PRGXOXV�IRU�WKH�

ORZHVW�QRUPDO�RFWDKHGUDO�FRQILQLQJ�VWUHVV��

3RZHU� H[SUHVVLRQV� VLPLODU� WR� (T�� �������� KDYH� EHHQ� SURSRVHG� E\� D� QXPEHU� RI�

LQYHVWLJDWRUV� �-DQEX��������� �/DGH�	�1HOVRQ�� �������7KH�SRZHU� H[SUHVVLRQV�SURSRVHG�E\�

WKHVH�DXWKRUV�ZHUH�REWDLQHG�IURP�D�ODUJH�QXPEHU�RI�H[SHULPHQWDO�WHVWV�LQ�JUDQXODU�VRLOV��DQG�

IURP� WKH� GHYHORSPHQW� RI� WKHRUHWLFDO� FRQVLGHUDWLRQV� LQYROYLQJ� WKH� SULQFLSOH� RI� HQHUJ\�

FRQVHUYDWLRQ��,Q�WKHVH�LQYHVWLJDWLRQV��WKH�SDUDPHWHUV�RI�WKH�SRZHU�H[SUHVVLRQV�ZHUH�HVWLPDWHG�

IURP�FRQYHQWLRQDO� WULD[LDO� DQG� WKUHH�GLPHQVLRQDO�FXELF� WULD[LDO� WHVWV�RQ�VRLO� VDPSOHV��7KH�

UHVXOWV�RI�WKHVH�WHVWV�DOORZ�HYDOXDWLQJ�WKH�H[SRQHQW�a�YDOXH�DV�D�IXQFWLRQ�RI�WKH�VRLO�W\SH��D�

YDOXH�RI�]HUR�IRU�VROLG�URFN��IURP������WR������IRU�VDQGV�DQG�VLOW\�VDQGV�ZLWK�SRURVLWLHV�RI����

���SHU�FHQW��DQG�����IRU�ZHW�FOD\��,W�LV�ZRUWK�WR�QRWH�WKDW�WKH�GHWHUPLQDWLRQ�RI�WKH�H[SRQHQW�

YDOXH�IRU�JUDQXODU�VRLOV�LQ�WKHVH�FDVHV�LV�DIIHFWHG�E\�WKH�ODFN�RI�DGHTXDWH�UHSUHVHQWDWLRQ�RI�WKH�

VWLIIQHVV� RI� WKH� ERXQGDU\� FRQGLWLRQV� FRQVLGHUHG� LQ� WULD[LDO� WHVWV�� DV� FRPSDUHG�ZLWK� WKRVH�

H[LVWLQJ�ZLWKLQ�WKH�URFNILOO�GDP�HPEDQNPHQW��
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7KH�YDULDWLRQ�RI�WKH�HODVWLF�PRGXOXV�DV�D�IXQFWLRQ�RI�WKH�RFWDKHGUDO�FRQILQHPHQW�SUHVVXUH��VRFW��

LV� GHSLFWHG� IRU� VHYHUDO�PDWHULDOV� LQ� )LJXUH� ������� 7KHVH� UHVXOWV�ZHUH� REWDLQHG� IURP� WHVWV� RQ�

PHGLXP� DQG� JLDQW� RGRPHWHUV� �VSHFLPHQV� UDQJLQJ� EHWZHHQ� ����� DQG� �����P� LQ� GLDPHWHU�� RQ�

VHYHUDO�URFNILOO�W\SHV��,W�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW�WKH�WKUHH�FXUYHV�SORWWHG�LQ�)LJXUH�������ZHUH�

REWDLQHG� FRQVLGHULQJ� (�� ����03D�� D�PLQLPXP� FRQILQLQJ� SUHVVXUH� RI� ������03D�� DQG� WKUHH�

YDOXHV�RI�WKH�a H[SRQHQW�����������DQG������WR�FRYHU�WKH�UDQJH�RI�SRVVLEOH�FKDQJHV�LQ�WKH�URFNILOO�

DFWXDOO\�XVHG�WR�LQWHJUDWH�WKH��%�PDWHULDO�RI�/D�<HVFD�GDP��

)LJXUH�������0HDQ�VWUHVV��VRFW��YHUVXV�HODVWLF�PRGXOXV�REWDLQHG�IURP�PHGLXP�DQG�JLDQW�RGRPHWHUV�
WHVWV�IRU�YDULRXV�URFNILOO�W\SHV��7KH�WKUHH�FXUYHV�ZHUH�FRPSXWHG�XVLQJ�(T���������

,W�VKRXOG�EH�QRWHG�WKDW�WKH�VROLG�FXUYHV�LQ�)LJXUH�������VKLIW�XSZDUGV�RU�GRZQZDUGV�DFFRUGLQJ�

WR�WKH�(��PDJQLWXGH��KHQFH�WKH�DQDO\VHV�UHVXOWV�DUH�KLJKO\�GHSHQGHQW�RQ�WKH�ORZHU�QRUPDO�

RFWDKHGUDO�VWUHVV�YDOXHV��$FFHSWDEOH�(��YDOXHV�FDQ�EH�HVWLPDWHG�XVLQJ�WKH�XQLW�ZHLJKW�RI�WKH�

URFNILOO�DQG�FRQVLGHULQJ�KDOI�WKH�WKLFNQHVV�RI�WKH�ILUVW�GDP�OD\HU�VHW�GRZQ��,W�LV�LPSRUWDQW�WR�

SRLQW�RXW�WKDW�RQFH�WKH�(T����������LV�LQFRUSRUDWHG�LQ�WKH�FRPSXWHU�FRGH�WR�FDUU\�RXW�SDUDPHWULF�

GDP�DQDO\VHV��WKH�VSDWLDO�YDULDWLRQ�RI�WKH�URFNILOO�PRGXOXV�(�LV�FRQVLGHUHG�DXWRPDWLFDOO\�VLQFH�

WKH� ODUJH� QXPEHU� RI� VWUHVV� WUDMHFWRULHV� GHYHORSHG� ZLWKLQ� WKH� HPEDQNPHQW� GXULQJ� LWV�

FRQVWUXFWLRQ�LV�DFFRXQWHG�IRU�LQ�WKH�DQDO\VHV��6DUPLHQWR�	�5RPR���������,W�PD\�EH�DUJXHG�

WKDW�WKLV�DVVHVVPHQW�LV�DOVR�YDOLG�IRU�WKH�ILUVW�ILOOLQJ�RI�WKH�UHVHUYRLU��PDLQO\�IRU�&)5'V�
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�� 1XPHULFDO�PRGHOOLQJ�RI�/D�<HVFD�GDP

/D�<HVFD�GDP�LV�ORFDWHG�RQ�WKH�6DQWLDJR�5LYHU��XSVWUHDP�RI�(O�&DMRQ�GDP��DW�WKH�1D\DULW�DQG�

-DOLVFR�6WDWHV�ERUGHU��LW�LV�D�FRQFUHWH�IDFH�URFNILOO�GDP�ZLWK�PD[LPXP�KHLJKW�RI�����P�DQG�D�

FUHVW�����P�ORQJ��7KH�URFNILOO�HPEDQNPHQW�LV�LQWHJUDWHG�E\�DOOXYLDO�PDWHULDOV���%�]RQH��DQG�

VRXQG�ERXOGHU�URFNV��7�DQG��&�]RQHV��DV�VFKHPDWLFDOO\�GHSLFWHG�LQ�)LJXUH�����%RWK�H[WHULRU�

�XSVWUHDP�DQG�GRZQVWUHDP��GDP�VORSHV�DUH����+��9��7KH�WUDQVLWLRQ�PDWHULDO��7��KDV�LQQHU�

VORSHV�RI����+��9�� WKH�XSVWUHDP�VORSH� LV� LQ�FRQWDFW�ZLWK� URFNILOO��%�DQG� WKH�GRZQVWUHDP�

VORSH� LV� LQ� FRQWDFW� ZLWK� URFNILOO� �&�� 7KH� FRQFUHWH� IDFH� LV� WKH� LPSHUYLRXV� HOHPHQW� ZLWK�

DSSUR[LPDWHO\����P�ZLGH�VODEV��SODFHG�RQ�VLOW\� VDQG�JUDYHO�� DQG�VXSSRUWHG�E\�D�FRQFUHWH�

SHULPHWHU� IRXQGDWLRQ� NQRZQ� DV� SOLQWK� �5RPR�� HW�� DO�� ������� �5RPR�� %RWHUR�� 0pQGH]��

+HUQiQGH]�	�6DUPLHQWR���������

)LJXUH�����/D�<HVFD�GDP�PD[LPXP�FURVV�VHFWLRQ�

7KH� WKUHH�GLPHQVLRQDO� QXPHULFDO� PRGHO� RI� WKH� GDP� �)LJXUH� ����� ZDV� DQDO\]HG� XVLQJ� DV�

SODWIRUP� WKH� ILQLWH� GLIIHUHQFH� FRGH� )/$&�'� �,WDVFD�*URXS�&RQVXOWLQJ� �,&*��� ������� 7R�

DFFRXQW�DXWRPDWLFDOO\�IRU�WKH�VSDWLDO�YDULDWLRQ�RI�WKH�GDP�PDWHULDOV�VWLIIQHVVHV�D�QXPEHU�RI�

PRGLILFDWLRQV�ZHUH�SHUIRUPHG��5RPR��HW��DO����������5RPR��%RWHUR��0pQGH]��+HUQiQGH]�	�
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6DUPLHQWR��������DQG��6DUPLHQWR�	�5RPR���������7KH�GDP�FRQVWUXFWLRQ�ZDV�VLPXODWHG�E\�

VHWWLQJ�GRZQ�VHTXHQWLDOO\�VHYHUDO�URFNILOO�OD\HUV�XQWLO�WKH�WRWDO�KHLJKW�RI�WKH�GDP�ZDV�UHDFKHG��

7KH�DQDO\VHV�ZHUH�FDUULHG�RXW�DVVXPLQJ�WKH�URFNILOO�PDWHULDOV�KDG�OLQHDU�HODVWLF�EHKDYLRXU��LQ�

WHUPV�RI�WKH�RFWDKHGUDO�VWUHVV�VWUDLQ�UHODWLRQVKLS���EXW�WKH�URFNILOO�<RXQJ
V�PRGXOXV�YDOXHV�

ZHUH�XSGDWHG�DW�HDFK�FRQVWUXFWLRQ�VWDJH��XVLQJ�WKH�SRZHU�ODZ�SUHVHQWHG�LQ�(T�����������7KH�

SURSHUWLHV�RI�WKH�URFNILOO�PDWHULDOV���%��7�DQG��&�]RQHV��DUH�LQFOXGHG�LQ�7DEOH������

)LJXUH�����7KUHH�GLPHQVLRQDO�ILQLWH�GLIIHUHQFHV�QXPHULFDO�PRGHO�RI�/D�<HVFD�GDP�

7DEOH�����3URSHUWLHV�RI�WKH�URFNILOO�PDWHULDOV��/D�<HVFD�GDP�

7KH�UHVXOWV�RI�WKH�ILQLWH�GLIIHUHQFH�QXPHULFDO�DQDO\VHV�LQ�WHUPV�RI�VHWWOHPHQW�FRQWRXUV��FRORU�

VFDOH��DW�WKH�HQG�RI�WKH�GDP�FRQVWUXFWLRQ�DUH�VKRZQ�LQ�)LJXUH������7KHVH�QXPHULFDO�UHVXOWV�

DUH�FRPSDUHG�ZLWK�WKH�JHRWHFKQLFDO�LQVWUXPHQWDWLRQ�PHDVXUHPHQWV�RI�WKH�&)5�GDP�LQ�WHUPV�

RI�FXUYHV�RI�HTXDO�VHWWOHPHQWV��FRQWLQXRXV�OLQHV��HODERUDWHG�IURP�GDWD�\LHOGHG�E\�K\GUDXOLF�

OHYHOV� LQVWDOOHG� LQVLGH� WKH� HPEDQNPHQW� DQG� WRSRJUDSKLF� UHIHUHQFHV� �+HUQiQGH]��0HQD�	�

[\
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3HUH]���������,W�LV�VHHQ�WKDW�WKH�ODUJHU�VHWWOHPHQWV�RQ�WKH�FXUWDLQ�GXULQJ�LWV�FRQVWUXFWLRQ�ZHUH�

FRQFHQWUDWHG�LQ�WKH�URFNILOO��&��ZKLFK�LV�XQGHUVWDQGDEOH�VLQFH�WKH�FRPSDFWLRQ�HQHUJ\�XVHG�WR�

OD\�GRZQ�WKLV�PDWHULDO�ZDV�ORZHU��$FFRUGLQJ�WR�WKLV�FRPSDULVRQ��LW�FRXOG�VDIHO\�EH�VDLG�WKDW�

WKH�RYHUDOO�GDP�VHWWOHPHQW� LV�SURSHUO\�UHSURGXFHG�ZKHQ�FRQVLGHULQJ�WKH�VLPSOH�SURFHGXUH�

EULHIO\�RXWOLQHG�DERYH�WR�REWDLQ�WKH�VSDWLDO�YDULDWLRQ�RI�WKH�URFNILOO�VWLIIQHVV�SURSHUWLHV��DQG�

KHQFH�RI�WKH�VWUHVVHV�DQG�VWUDLQV��

)LJXUD�����6HWWOHPHQW�FRQWRXUV�PHDVXUHG��VROLG�OLQHV��DQG�FDOFXODWHG��FRORXU�VFDOH��DW�WKH�HQG�RI�GDP�
FRQVWUXFWLRQ��DOO�XQLWV�LQ�P�

)LQDOO\��LW�LV�ZRUWKZKLOH�WR�UHPDUN�WKDW�DOO�WKH�LQIRUPDWLRQ�DQG�FRPPHQWV�SUHVHQWHG�DERYH�

FRQWUDGLFW�WKH�ODERUDWRU\�WHVW�UHVXOWV�REWDLQHG�IURP�ODUJH�WULD[LDO�FKDPEHUV��0DUVDO���������

�0DUDFKL��&KDQ�	�6HHG��������DQG��0DUVDO���������ZKLFK�FOHDUO\�VKRZ�WKDW�WKH�VWUHVV�VWUDLQ�

UHODWLRQV�DUH�QRQOLQHDU��7KLV�GLVFUHSDQF\�FDQ�EH�H[SODLQHG��DV�PHQWLRQHG�EHIRUH��LQ�WHUPV�RI�

WKH�GLIIHUHQFHV�LQ�WKH�ERXQGDU\�FRQGLWLRQV�LQ�ERWK�FDVHV��:KLOH�WKH�UDQJH�RI�FRQILQLQJ�VWUHVVHV�

DSSOLHG�WR�WKH�VDPSOHV�WHVWHG�LQ�WKH�ODUJH�WULD[LDO�HTXLSPHQW�VLPXODWH�IDLUO\�ZHOO�WKH�LQ�VLWX�

VWUHVV�FRQGLWLRQV��WKH�VWLIIQHVV�RI�WKH�PDWHULDO��D�IOXLG��XVXDOO\�ZDWHU��WKDW�VXUURXQGV�ERWK�WKH�

ODERUDWRU\� WHVWHG� VDPSOHV� DQG� WKDW� RI� WKH� YLUWXDO� F\OLQGULFDO� VDPSOHV� LQ� WKH� LQ� VLWX� GDP¶V 

URFNILOO��VDPH�URFNILOO�PDWHULDO��DUH�VLJQLILFDQWO\�GLIIHUHQW��:KLOH�LQ�WKH�IRUPHU�FDVH�WKH�VKHDU�

VWLIIQHVV�LV�QHDUO\�]HUR�LQ�WKH�ODWWHU�FDVH�WKH�VKHDU�VWLIIQHVV�LV��IRU�DOO�SUDFWLFDO�SXUSRVHV��HTXDO�

WR�WKDW�RI�WKH�YLUWXDO�VDPSOH��ZKLFK�HYLGHQWO\�LQIOXHQFHV�WKH�PDJQLWXGH�RI�ODWHUDO�DQG�KHQFH�

YHUWLFDO�GLVSODFHPHQWV��OHDGLQJ�WR�ORZHU�DFWXDO�ODWHUDO�DQG�YHUWLFDO�GLVSODFHPHQWV�WKDQ�WKRVH�

FRPSXWHG�XVLQJ�ODERUDWRU\�UHVXOWV��$QRWKHU�VRXUFH�RI�GLVFUHSDQFLHV�DPRQJ�WKH�VWUHVV�VWUDLQ�
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UHODWLRQVKLSV�\LHOGHG�E\�ODERUDWRU\�WHVWV�DQG�ILHOG�URVHWWHV�DUH�WKH�GLIIHUHQFHV�DPRQJ�WKH�VWUHVV�

WUDMHFWRULHV� WKH�ODERUDWRU\�VDPSOH�DQG�WKH�YLUWXDO�ILHOG�VDPSOH�DUH�VXEMHFWHG�WR��,W�PXVW�EH�

VWUHVVHG�WKDW�LQ�WKLV�SDSHU�WKH�VWUHVV�VWUDLQ�UHODWLRQVKLS�LV�H[SUHVVHG�LQ�WHUPV�RI�WKH�RFWDKHGUDO�

QRUPDO� DQG� VKHDU� VWUHVVHV� PDNLQJ� VXUH� WKDW� D� EHWWHU� PRGHOLQJ� LV� FRQVLGHUHG� EHFDXVH� DOO�

GHYHORSLQJ�VWUHVVHV��DQG�KHQFH�VWUHVV�WUDMHFWRULHV��LQ�WKH�ILHOG�DUH�DFFRXQWHG�IRU���

$OVR��LW�VKRXOG�EH�UHPDUNHG�WKDW�WKH�URFNILOO�]RQLQJ�RI�WKH�/D�<HVFD�GDP�ZDV�ILUVW�

XVHG�IRU�EXLOGLQJ�(O�&DMRQ�GDP��5RPR��HW��DO���������*LYHQ�LWV�H[FHOOHQW�VWDWLF�EHKDYLRXU��WKH�

iQWHUQaWiRQaO�&RQVXOWaQW %DUU\ &RRk �FROORTXiaOO\ UeIHUUeG�WR DV Whe ³IDWheU´�Rf Whe URcNILOO�

FRQFUHWH�IDFH�GDPV��DVNHG�WKH�)HGHUDO�&RPPLVVLRQ�RI�(OHFWULFLW\�LWV�SHUPLVVLRQ��FRQVLGHULQJ�

WKH�LQQRYDWLRQ�LQYROYHG�LQ�WKH�RYHUDOO�HPEDQNPHQW�FRQFHSWLRQ��ZKLFK�PRUH�RIWHQ�WKDQ�QRW�

OHG�WR�OHVV�H[SHQVLYH�DQG�VDIHU�VWUXFWXUHV��WR�SURSRVH�LW�DV�SRVVLEOH�DOWHUQDWLYH��ZKHQHYHU�WKH�

URFNILOO�UHTXLUHG�ZDV�DYDLODEOH��WR�RWKHU�URFNILOO�GDPV�EHLQJ�XQGHU�GHVLJQ�DURXQG�WKH�ZRUOG��
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�� &RQFOXVLRQV

7KH�RFWDKHGUDO�UHODWLRQVKLSV�VRFW�HRFW�DQG�WRFW�gRFW�REWDLQHG�IURP�WKH�URVHWWH�LQVWUXPHQWDWLRQ�

SODFHG� LQ� WKH� URFNILOO�PDWHULDOV� RI� WKH�$JXDPLOSD� GDP� DQG� D� QXPEHU� RI� URFNILOO� GDPV� LQ�

0H[LFR� FOHDUO\� VKRZ� WKDW� WKHVH� PDWHULDOV� KDYH� D� OLQHDU� UHODWLRQVKLS� WKURXJKRXW� WKH�

FRQVWUXFWLRQ�RI�WKH�GDPV��7KH�UHVXOWV�IURP�WKH� LQ�VLWX� LQVWUXPHQWDWLRQ�DQG�IURP�RGRPHWHU�

WHVWV�LQ�WKH�ODERUDWRU\�RI�WKH�URFNILOO�PDWHULDOV��XVHG�LQ�$JXDPLOSD��(O�&DMRQ�DQG�/D�<HVFD�

GDPV�OHDG�WR�WKH�FRQFOXVLRQ�WKDW�WKH�URFNILOO�VWLIIQHVV�PRGXOXV��(��LV�D�IXQFWLRQ�RI�WKH�DOO�

DURXQG�RFWDKHGUDO�VWUHVV�IROORZLQJ�D�SRZHU�ODZ�DV�WKH�RQH�SUHVHQWHG�LQ�WKLV�ZRUN��(T����������

)URP�WKH�LQVWUXPHQWDWLRQ�DQG�WKH�QXPHULFDO�UHVXOWV�RI�/D�<HVFD�GDP�DQDO\VLV��LW�LV�

HYLGHQW�DQG�KHQFHIRUWK�VWURQJO\�UHFRPPHQGHG�WKDW�WKH�QXPHULFDO�FRPSXWDWLRQV�RI�URFNILOO�

GDPV�PXVW�FRQVLGHU�WKH�VSDWLDO�YDULDWLRQ�RI�WKH�URFNILOO�PRGXOXV�(�DFFRUGLQJ�WR�WKH�RFWDKHGUDO�

VWUHVV�YDOXHV�DQG�D�OLQHDU�HODVWLF�FRQVWLWXWLYH�PRGHO��,W�FDQ�EH�DUJXHG�WKDW�WKHUH�LV�QR�GRXEW�

WKDW�WKLV�LV�DQ�HDV\�DQG�HFRQRPLFDO�ZD\�WR�DFFRXQW�IRU�WKH�GDP¶V URFNILOO�QRQOLQHDU EHKDYiRXU�

DQG�LWV�VSDWLDO�YDULDWLRQ�DV�LWV�FRQVWUXFWLRQ�SURFHHGV��)XUWKHUPRUH��LQFOXGLQJ�D�SRZHU�ODZ�WR�

PRGHO� WKH� YDULDEOH� VWLIIQHVV� RI� WKH� URFNILOO� XSRQ� GDP� FRQVWUXFWLRQ�� WKH� HIIHFWV� RQ� WKH�

FRPSXWHG�UHVXOWV�RI�DOO�VWUHVV�WUDMHFWRULHV�GHYHORSLQJ�ZLWKLQ�WKH�GDP�DUH�DXWRPDWLFDOO\�WDNHQ�

LQWR�DFFRXQW��



This SDJH iQWHQWLRQDOO\�left bODQN�
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Las Series del Instituto de Ingeniería describen los resultados de algunas de las investi-

gaciones más relevantes de esta institución. Con frecuencia son trabajos in extenso de 

artículos que se publican en revistas especializadas, memorias de congresos, etc.

Cada número de estas Series se edita con la aprobación técnica del Comité Editorial del 

Instituto, basada en la evaluación de árbitros competentes en el tema, adscritos a insti-

tuciones del país y/o el extranjero.

Actualmente hay tres diferentes Series del Instituto de Ingeniería:

SERIE INVESTIGACIÓN Y DESARROLLO

Incluye trabajos originales sobre investigación y/o desarrollo tecnológico. Es continua-

ción de la Serie Azul u Ordinaria, publicada por el Instituto de Ingeniería desde 1956, la

cual actualmente tiene nueva presentación y admite textos en español e inglés.

SERIE DOCENCIA

Está dedicada a temas especializados de cursos universitarios para facilitar a estu-

diantes y profesores una mejor comprensión de ciertos temas importantes de los 

programas de estudio.

SERIE MANUALES

Abarca manuales útiles para resolver problemas asociados con la práctica profesional

o textos que describen y explican el estado del arte o el estado de la práctica en ciertos

temas. Incluye normas, manuales de diseño y de laboratorio, reglamentos, comenta rios 

a normas y bases de datos.

Las Series del Instituto de Ingeniería pueden consultarse gratuitamente

 desde la dirección electrónica del Instituto http://www.ii.unam.mx

(http://aplicaciones.iingen.unam.mx/ConsultasSPII/Buscarpublicacion.aspx)

y pueden grabarse o imprimirse en formato PDF desde cualquier computadora.




