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Abstract: This paper presents a careful reexamination of Chan, Karolyi, Longstaff, and Sanders (CKLS 1992).
By redefining the possible regime shift period in line with evidence from known policy changes and past empirical
research, we find evidence that contradicts the major results in their paper. The widely cited conclusion of their
paper is that the elasticity of interest rate volatility is 1.5. CKLS also concluded that there was no structural shift
in the interest rate process after October 1979. When the structural shift period is defined to be temporary and
coincident with the Federal Reserve Experiment of October 1979 through September 1982, we find that there
is strong evidence of a structural break. Furthermore, we find evidence that, contrary to CKLS’s claim, a
moderately elastic interest rate process can capture the dependence of volatility on the level of interest rates, while
highly elastic models cannot. In particular, this study finds support for the square-root CIR process. These results
are robust to changes in the short-rate data used and the treatment of outliers.
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� ,QWURGXFWLRQ

0RGHO HVWLPDWLRQ� WHVWLQJ� DQG LQWHUSUHWDWLRQ LV LQWLPDWHO\ WLHG WR WKH TXHVWLRQ RI SDUDPHWHU

VWDELOLW\� $QG WKH TXHVWLRQ RI FKDQJHV LQ UHJLPH XQGHUO\LQJ DQ HFRQRPLF SURFHVV LV LQWLPDWHO\

WLHG WR PRGHO FKRLFH� :KHQ D PRGHO LV HVWLPDWHG RYHU D �QLWH WLPH SHULRG� WKH DVVXPSWLRQ

LV QHFHVVDULO\ PDGH WKDW WKH SDUDPHWHUV RI WKH PRGHO DUH FRQVWDQW GXULQJ WKDW SHULRG� 7KLV

DSSOLHV HYHQ WR VR�FDOOHG WLPH�YDU\LQJ SDUDPHWHU PRGHOV VLQFH WKH WLPH�YDULDWLRQ LQ WKH FR�

H�FLHQWV RI WKH EDVLF PRGHO LV PRGHOHG E\ PHDQV RI FRQVWDQW�YDOXHG SDUDPHWHUV W\LQJ WKH

WLPH�YDU\LQJ FRH�FLHQWV WR DQ XQGHUO\LQJ VRXUFH RI YDULDWLRQ LQ VRPH �[HG ZD\� 7KXV� LI

WKH HFRQRPLF SURFHVV KDV FKDQJHG GXULQJ WKH SHULRG XVHG WR HVWLPDWH RU WHVW D PRGHO� WKH

FRQFOXVLRQV PD\ EH LQFRUUHFW� 7HVWV IRU HYLGHQFH RI VWUXFWXUDO VKLIWV DUH QHFHVVDULO\ MRLQW

WHVWV RI WKH VKLIW�QR�VKLIW K\SRWKHVHV DQG D SDUWLFXODU PRGHO RI WKH SURFHVV EHLQJ VWXGLHG��

&KDQ� .DURO\L� /RQJVWD�� DQG 6DQGHUV ������ KHUHDIWHU &./6� SUHVHQWV D FODVVLF H[DPSOH

RI WKLV GLOHPPD� 7KH\ FRPSDUH D VHULHV RI PRGHOV IRU WKH VKRUW�WHUP LQWHUHVW UDWH RYHU WKH

SHULRG ���� WKURXJK ���� DQG FRQFOXGH WKDW DQ HODVWLFLW\ RI YRODWLOLW\ ZLWK UHVSHFW WR WKH OHYHO

RI LQWHUHVW UDWHV RI ��� LV UHTXLUHG WR PRGHO WKH LQWHUHVW UDWH SURFHVV� 7KH\ DOVR FRQFOXGH WKDW

WKHUH LV QR HYLGHQFH RI D VWUXFWXUDO UHJLPH VKLIW DIWHU 2FWREHU ����� 7KLV SDSHU VKRZV WKDW

E\ UHGH�QLQJ WKH UHJLPH SHULRG� ERWK FRQFOXVLRQV DUH UHYHUVHG� :H FRQFOXGH WKDW� IRU WKH

FODVV RI PRGHOV &./6 VWXGLHG� WKHUH LV VWURQJ HYLGHQFH RI D UHJLPH VKLIW GXULQJ WKH )HGHUDO

5HVHUYH ([SHULPHQW SHULRG RI 2FWREHU ���� WKURXJK 6HSWHPEHU ����� DQG WKDW� ZKHQ WKLV LV

DOORZHG IRU LQ WKH HVWLPDWLRQV� KLJK ����� HODVWLFLW\ PRGHOV DUH UHMHFWHG DQG VRPH PRGHUDWH

���� RU ���� PRGHOV DUH QRW� 7KHVH UHVXOWV DUH UREXVW WR FKDQJHV LQ WKH VKRUW�UDWH GDWD XVHG

DQG WR WKH WUHDWPHQW RI RXWOLHUV�

,W LV RIWHQ WKH JRDO RI PDFUR�HFRQRPLVWV WR HQGRJHQL]H SROLF\ VKLIWV VR DV WR PDNH VWUXFWXUDO

FKDQJHV SDUW RI WKH PRGHO LWVHOI� 7KLV DSSURDFK� ZKLOH ODXGDEOH� LV QRW DOZD\V SRVVLEOH�

6XFK D PRGHO PD\ EH LQWUDFWDEOH IRU VSHFL�F DSSOLFDWLRQV� )RU LQVWDQFH� WKH GL�XVLRQ DQG

MXPS�GL�XVLRQ PRGHOV XVHG LQ GHULYDWLYHV DQDO\VLV DUH IDU ULFKHU WKDQ WKH VLPSOH YHFWRU

�6XSSRVH WKDW WKH QXOO K\SRWKHVLV LV WKDW WKHUH ZDV QR VWUXFWXUDO FKDQJH� DQG WKH WHVW LV FRQGXFWHG XVLQJ
0RGHO $� ,I WKH QXOO LV QRW UHMHFWHG� RQH FDQQRW FRQFOXGH ZLWK FHUWDLQW\ WKDW WKHUH ZDV QR VWUXFWXUDO VKLIW�
,W PD\ PHUHO\ EH WKH FDVH WKDW WKH WHVW XVLQJ 0RGHO $ ODFNV WKH SRZHU WR UHMHFW WKH QXOO� 6LPLODUO\� LI WKH
QXOO LV UHMHFWHG LW GRHV QRW QHFHVVDULO\ IROORZ WKDW WKHUH ZDV D UHJLPH VKLIW� ,W PD\ EH WKH FDVH WKDW 0RGHO $
LV WRR UHVWULFWLYH DQG WKDW DQRWKHU PRGHO� 0RGHO %� PD\ EH EHWWHU DEOH WR FDSWXUH WKH WLPH�YDULDWLRQ�
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DXWRUHJUHVVLYH LQWHUHVW UDWH SURFHVVHV XVHG LQ PDFUR�HFRQRPLF PRGHOV RI WKH HFRQRP\ ZKLFK

HQGRJHQL]H )HGHUDO 5HVHUYH SROLF\ DFWLRQV�� 7KH DOWHUQDWLYH LV WR DSSURDFK WKH VWUXFWXUDO

VKLIW TXHVWLRQ IURP D SXUHO\ VWDWLVWLFDO SHUVSHFWLYH� IRU LQVWDQFH� DOORZ IRU WZR RU PRUH VHWV

RI SDUDPHWHU YDOXHV GH�QLQJ WKH SRVVLEOH UHJLPHV ZLWK WKH SUREDELOLW\ RI EHLQJ LQ RQH UHJLPH

RU WKH RWKHU WR EH VWDWH�GHSHQGHQW��

7ZR JHQHUDO DSSURDFKHV DUH WDNHQ WR HVWLPDWLQJ WKH LQWHUHVW UDWH EHKDYLRU ZKHQ LQFOXGLQJ

WKH )HGHUDO 5HVHUYH ([SHULPHQW SHULRG� 8QGHU WKH �UVW DSSURDFK� WKH SDUDPHWHUV XQGHUO\LQJ

WKH DVVXPHG LQWHUHVW UDWH SURFHVV DUH DOORZHG WR FKDQJH ZLWKRXW VSHFLI\LQJ WKH SHULRG RI

FKDQJH H[ DQWH� +DPLOWRQ ������� &DL ������� %DOO DQG 7RURXV ������� DQG *UD\ ������

PRGHO WKHVH QRQ�VWDWLRQDULWLHV XVLQJ D 0DUNRY�VZLWFKLQJ UHJLPH HVWLPDWLRQ WHFKQLTXH� ZKLOH

6DQGHUV DQG 8QDO ������ DQG 'X�HH ������ XVH &KRZ�W\SH WHVWV IRU VWUXFWXUDO FKDQJHV

DURXQG WKH )HGHUDO 5HVHUYH ([SHULPHQW SHULRG�

8QGHU WKH VHFRQG DSSURDFK� D PRGHO RI LQWHUHVW UDWH EHKDYLRU LV VXJJHVWHG WKDW LV UHSRUW�

HGO\ UREXVW WR WKH PHDQ�YDULDQFH FKDQJHV REVHUYHG GXULQJ WKH )HGHUDO 5HVHUYH ([SHULPHQW

SHULRG� &./6 DUJXH WKDW D VLPSOH DSSUR[LPDWLRQ WR D GL�XVLRQ SURFHVV ZLWK KLJK �EXW

FRQVWDQW� HODVWLFLW\ RI YRODWLOLW\ DGHTXDWHO\ FDSWXUHV WKH G\QDPLF QDWXUH RI WKH LQWHUHVW UDWH

SURFHVV RYHU WKH HQWLUH ��������� SHULRG� %UHQQHU� +DUMHV� DQG .URQHU ������ DQG .RHGLMN�

1LVVHQ� 6FKRWPDQ� DQG :RO� ������ H[DPLQH VLPLODU K\EULG PRGHOV WKDW DOORZ YRODWLOLW\ WR

GHSHQG RQ ERWK WKH FXUUHQW OHYHO RI LQWHUHVW UDWHV �DV LQ &./6� DQG ODJJHG VTXDUHG VKRFNV

�DV LQ D *$5&+ PRGHO�� ZKLOH $LW�6DKDOLD ������ DOORZV WKH SHUVLVWHQFH RI LQWHUHVW UDWH

VKRFNV WR EH D QRQOLQHDU IXQFWLRQ RI WKH OHYHO�

7KH WLPH�VHULHV RI VKRUW�WHUP LQWHUHVW UDWHV� VKRZQ LQ )LJXUH �D DQG E LV VXJJHVWLYH RI

D FKDQJH LQ WKH SURFHVV GXULQJ WKH ODWH ����V DQG HDUO\ ����V� %RWK WKH OHYHO DQG WKH

YRODWLOLW\ DSSHDU HOHYDWHG�� 7KLV SHULRG FRLQFLGHV ZLWK ZKDW LV NQRZQ DV WKH )HGHUDO 5HVHUYH

([SHULPHQW� ,Q 2FWREHU ����� WKH )HGHUDO 5HVHUYH %RDUG DQQRXQFHG WKDW LW ZRXOG IRFXV PRUH

RQ PRQHWDU\ DJJUHJDWHV DQG OHVV RQ LQWHUHVW UDWH OHYHOV DV D PHDQV RI FRPEDWLQJ KLVWRULFDOO\

KLJK LQ�DWLRQ� ,Q WKH DXWXPQ RI ����� WKH )HG UHYHUWHG WR D PRUH ?EDODQFHG� DSSURDFK�

�6HH� IRU LQVWDQFH� /HHSHU� 6LPV� DQG =KD �������
�*UD\ ������ DQG 'DKOTXLVW DQG *UD\ ������ DUH H[DPSOHV RI WKLV DSSURDFK�
�7KHUH LV DOVR HYLGHQFH RI LVRODWHG RXWOLHUV LQ ���� DQG ����� ZKLFK� ZKLOH QRW VXJJHVWLYH RI FKDQJHV LQ

WKH XQGHUO\LQJ SURFHVV� PD\ D�HFW WKH SRZHU RI WHVWV XVHG WR H[DPLQH VWUXFWXUDO VKLIWV�
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7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � GLVFXVVHV WKH FODVV RI VLQJOH�

IDFWRU GL�XVLRQ PRGHOV WR EH VWXGLHG� WKH GDWD DQG HVWLPDWLRQ PHWKRG WR EH HPSOR\HG� DQG

WKH K\SRWKHVLV WHVW XVHG WR WHVW IRU VWUXFWXUDO VKLIWV� 6HFWLRQ � SUHVHQWV WKH HPSLULFDO UHVXOWV

�UVW UHSOLFDWLQJ WKH &./6 UHVXOWV� WKHQ VKRZLQJ WKH FRQFOXVLRQV WR EH GHSHQGHQW RQ DQ

LQFRUUHFW GH�QLWLRQ RI WKH UHJLPH VKLIW SHULRG� 7KH UHYLVHG UHVXOWV DUH WKHQ VKRZQ WR EH

UREXVW WR H[WHQVLRQ RI WKH GDWD VDPSOH WR LQFOXGH UHFHQW REVHUYDWLRQV DQG WR WKH XVH RI

DOWHUQDWLYH DQG DUJXDEO\ EHWWHU GDWD VRXUFHV� 6HFWLRQ � VXPPDUL]HV DQG FRQFOXGHV�

� 0HWKRGRORJ\

��� 0RGHOV ([DPLQHG

$V LQ &./6� WKLV SDSHU H[DPLQHV WKH EURDG FODVV RI VLQJOH�IDFWRU GL�XVLRQ SURFHVVHV GH�QHG

E\

GU  ���� U�GW�  U�G]�

:KLOH QRW H[KDXVWLYH RI VLQJOH�IDFWRU PRGHOV� LW GRHV LQFOXGH VHYHUDO RI WKH PRVW LPSRUWDQW

GL�XVLRQ SURFHVVHV XVHG LQ SUDFWLFH LQFOXGLQJ WKH &R[� ,QJHUVROO� DQG 5RVV �&,5� 0RGHO DQG

WKH 9DVLFHN 0RGHO� DV ZHOO DV RWKHUV� 7KH FRQWLQXRXV WLPH PRGHO LQ LWV JHQHUDO DQG UHVWULFWHG

IRUPV LV HVWLPDWHG XVLQJ WKH IROORZ GLVFUHWH�WLPH DQDORJ�

UW � UW��  �� �UW�� � �W ���

��W   �U
��
W�� � �W ���

7KH PRVW JHQHUDO &./6 0RGHO LV FRPSDUHG DJDLQVW HLJKW VSHFLDO FDVHV WKDW LPSRVH UHVWULF�

WLRQV RQ WKH YDOXHV RI �� ��  � DQG ���

�&./6 UHIHU WR WKH JHQHUDO PRGHO DV WKH ?8QUHVWULFWHG 0RGHO�� 'HVLJQDWLQJ WKLV PRGHO DV WKH &./6
0RGHO DYRLGV FRQIXVLRQ ODWHU RQ ZKHQ GL�HUHQW IRUPV RI UHVWULFWLRQV DUH DSSOLHG LQ WKH UHJLPH VKLIW WHVWV�
&,5�65 LV WKH &,5 VTXDUH�URRW PRGHO� *%0 LV JHRPHWULF %URZQLDQ PRWLRQ� &,5�95 LV WKH &,5 YDULDEOH UDWH
PRGHO �XVHG LQ WKHLU ���� VWXG\ RI YDULDEOH UDWH VHFXULWLHV�� DQG &(9 LV WKH FRQVWDQW HODVWLFLW\ RI YRODWLOLW\
PRGHO�
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3DUDPHWHU 5HVWULFWLRQV 'HJUHHV RI
0RGHO � �   � )UHHGRP

&./6 _ _ _ _ �
0HUWRQ _ ��� _ ��� �
9DVLFHN _ _ _ ��� �
&,5�65 _ _ _ ��� �
'RWKDQ ��� ��� _ ��� �
*%0 ��� _ _ ��� �
%UHQQDQ�6FKZDUW] _ _ _ ��� �
&,5�95 ��� ��� _ ��� �
&(9 ��� _ _ _ �

$V 'DKOTXLVW ������ KDV SRLQWHG RXW� IRUFLQJ �RU DOORZLQJ� � WR H[FHHG XQLW\ LPSOLHV D

QRQ�VWDWLRQDU\ SURFHVV� 7KLV YLRODWHV RQH RI WKH IHZ DVVXPSWLRQV XQGHUO\LQJ WKH JHQHUDOL]HG

PHWKRG RI PRPHQWV �*00� PHWKRG WR HVWLPDWH WKHVH PRGHOV� QDPHO\ WKDW WKH GDWD EH

GUDZQ IURP DQ HUJRGLF SURFHVV �VHH +DPLOWRQ� S� ����� DQG LPSOLHV DQ H[SORVLYH LQWHUHVW UDWH

SURFHVV� 6LPLODUO\� WKH FRQVWDQW�YRODWLOLW\ 0HUWRQ DQG 9DVLFHN 0RGHOV SHUPLW WKH LQWHUHVW

UDWH SURFHVV WR EHFRPH QHJDWLYH� D JHQHUDOO\ XQGHVLUDEOH IHDWXUH� 1RQHWKHOHVV� LQ WKH LQWHUHVW

RI FRPSDUDELOLW\ ZLWK WKH RULJLQDO &./6 VWXG\� ZH LQFOXGH WKHVH PRGHOV DQG SHUPLW � LQ WKH

&./6 DQG &(9 0RGHOV WR DVVXPH DQ\ SRVLWLYH YDOXH�

��� 'DWD

)RU SXUSRVHV RI UHSOLFDWLQJ DQG WKHQ UH�H[DPLQLQJ WKH &./6 UHVXOWV� ZH XVH WKH ��PRQWK

7UHDVXU\ %LOO VHULHV WDNHQ IURP WKH ���PRQWK )DPD 7UHDVXU\ %LOO )LOHV LQFOXGHG LQ WKH &HQWHU

IRU 5HVHDUFK LQ 6HFXULW\ 3ULFHV �&563� PRQWKO\ *RYHUQPHQW %RQGV )LOHV� :H LQLWLDOO\

UHVWULFW RXU DQDO\VLV WR WKH -XQH ���� WKURXJK 'HFHPEHU ���� SHULRG WR HQVXUH FRPSDUDELOLW\

ZLWK &./6�

7KLV GDWD VHULHV LV QRW LGHDO IRU WZR UHDVRQV� )LUVWO\� WKH PDWXULW\ RI WKH QRPLQDO ��PRQWK

7UHDVXU\ %LOO LQ WKH ���PRQWK �OH YDULHV EHWZHHQ �� DQG �� GD\V� 7KLV LV DQ DUWLIDFW RI WKH

FRQVWUXFWLRQ RI WKH VHULHV� $ PRUH FRQVWDQW�PDWXULW\ ��PRQWK VHULHV LV WKH ��PRQWK 7UHDVXU\

%LOO UDWH IRXQG LQ WKH ��PRQWK 7UHDVXU\ %LOO �OH� ZKLFK YDULHV LQ PDWXULW\ IURP �� WR �� GD\V

��� WR �� IRU DOO EXW WZR PRQWKV�� 6HFRQGO\� 'X�HH ������ KDV VKRZQ WKDW WKH ��PRQWK
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7UHDVXU\ %LOO UDWH LV DQ XQUHOLDEOH SUR[\ IRU WKH VKRUW UDWH EHFDXVH LW H[KLELWV YDULDWLRQV

XQUHODWHG WR RWKHU ��PRQWK UDWHV RU RWKHU VLPLODU�PDWXULW\ 7UHDVXU\ %LOO UDWHV�

,Q WKH VHFRQG SDUW RI WKLV VWXG\ ZH WHVW WKH UREXVWQHVV RI RXU FRQFOXVLRQV XVLQJ VHYHUDO

XSGDWHG LQWHUHVW UDWHV� WKH ��PRQWK 7UHDVXU\ %LOO UDWH WDNHQ IURP WKH &563 ���PRQWK

)DPD 7UHDVXU\ %LOO )LOH� WKH ��PRQWK 7UHDVXU\ %LOO UDWHV WDNHQ IURP WKH &563 ��PRQWK

)DPD 7UHDVXU\ %LOO )LOH� DQG WKH �� DQG ��PRQWK (XURGROODU UDWHV WDNHQ IURP WKH )HGHUDO

5HVHUYH +�� 6HULHV� 7KH 7UHDVXU\ VHULHV XVHG LQ WKLV SDUW RI WKH VWXG\ FRYHU WKH SHULRG -XQH

���� WKURXJK 'HFHPEHU ����� WKH (XURGROODU UDWHV FRYHU WKH SHULRG -DQXDU\ ���� WKURXJK

)HEUXDU\ �����

��� 0RGHO (VWLPDWLRQ DQG 5HJLPH 6KLIW 7HVW

7KH PRGHOV DUH HVWLPDWHG XVLQJ +DQVHQ
V ������ JHQHUDOL]HG PHWKRG RI PRPHQWV ZLWK WKH

IROORZLQJ RUWKRJRQDOLW\ FRQGLWLRQV�

JW��� � >�W� �W UW��� �W� �W UW��@
� ���

( >JW���@  ��

ZKHUH � � ��� ��  � �� DQG �W DQG �W DUH GH�QHG LQ HTXDWLRQV ��� DQG ���� $Q HVWLPDWH RI �

FDQ EH REWDLQHG E\ FKRRVLQJ A� WR PLQLPL]H WKH TXDGUDWLF

-7 ���  J7 ���
�:7 ��� J7 ���� ���

ZKHUH

J7 ���  
�

7

7;

W �

JW���

LV WKH VDPSOH DYHUDJH RI WKH UHDOL]DWLRQV RI JW� DQG:7 ��� LV D SRVLWLYH VHPL�GH�QLWH ZHLJKWLQJ

PDWUL[� 8QGHU WKH QXOO K\SRWKHVLV� IRU ODUJH 7 � WKH VDPSOH DYHUDJH J7 ZLOO FRQYHUJH WR ]HUR

ZKHQ HYDOXDWHG DW WKH WUXH YDOXHV RI ���

�7KH RSWLPDO ZHLJKWLQJ PDWUL[ LV WKH LQYHUVH RI WKH DV\PSWRWLF FRYDULDQFH PDWUL[�

6  OLP
7��

7 � (I>J7 ���@>J7 ���@
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7R WHVW IRU UHJLPH VKLIWV LQ WKH IRUP RI FKDQJHV LQ WKH FRH�FLHQWV� WKH PRGHOV DUH H[WHQGHG

DV IROORZV�

UW � UW��  ��� ��'W� � �� � ��'W�UW�� � �W

��W  � � � ��'W�U
������'W�
W�� � �W�

ZKHUH 'W LV DQ LQGLFDWRU YDULDEOH� 7KH �L
V PHDVXUH WKH VKLIW LQ WKH XQGHUO\LQJ SDUDPHWHUV

GXULQJ WKH DOWHUQDWLYH UHJLPH SHULRG� ,Q UHSOLFDWLQJ WKH &./6 VWXG\� 'W LV VHW WR RQH EHJLQ�

QLQJ LQ 2FWREHU ���� DQG ]HUR EHIRUH WKHQ� )RU WKH DOWHUQDWLYH WHPSRUDU\ UHJLPH GH�QLWLRQ�

'W LV VHW WR RQH IURP 2FWREHU ���� WKURXJK 6HSWHPEHU ����� FRUUHVSRQGLQJ WR WKH SHULRG RI

WKH )HGHUDO 5HVHUYH ([SHULPHQW� DQG WR ]HUR ERWK EHIRUH DQG DIWHU WKDW SHULRG� )RU H[DP�

SOH� IRU PRGHOV LQ ZKLFK � LV HVWLPDWHG �H�J�� &,5�65�� WKH SDUDPHWHU YDOXH LV � RXWVLGH RI

WKH UHJLPH VKLIW SHULRG �SULRU WR 2FWREHU ����� RU EHIRUH 2FWREHU ���� DQG DIWHU 6HSWHPEHU

����� DQG �� �� GXULQJ WKH VKLIW� :KHUH D PRGHO SDUDPHWHU LV QRW IUHHO\ HVWLPDWHG �H�J�� �

LQ PRVW PRGHOV�� WKH FRUUHVSRQGLQJ �L LV �[HG DW ]HUR�

7R HVWLPDWH WKH PRGHOV� WKH IROORZLQJ PRPHQW UHVWULFWLRQV DUH XVHG�

JW��� � >�W� �W UW��� �W'W� �W'W UW��� �W� �W UW��� �W'W� �W'W UW��@
� ���
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)RUPDO WHVWV IRU SDUDPHWHU VKLIWV FRQVLVW RI UXQQLQJ WKH YDULRXV PRGHOV� �UVW LQ XQUH�

VWULFWHG IRUP E\ HVWLPDWLQJ DOO UHOHYDQW �L
V DQG WKHQ HVWLPDWLQJ WKH UHVWULFWHG YHUVLRQV ��L
V

+DQVHQ ������ VKRZV WKDW :7 FDQ EH FRQVLVWHQWO\ HVWLPDWHG E\�

:7 �A��  

�
�

7

7;
W��
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���

DV ORQJ DV A� LV D FRQVLVWHQW HVWLPDWH RI � DQG WKH JW��� LV VHULDOO\ XQFRUUHODWHG� +RZHYHU� EHFDXVH HVWLPDWLQJ

:7 �A�� UHTXLUHV DQ HVWLPDWH RI A�� DQ LQWHUDWLYH SURFHGXUH PXVW EH XVHG� )ROORZLQJ +DQVHQ ������� ZH �UVW

VHW :7 ��� WR WKH LGHQWLW\ PDWUL[ DQG HVWLPDWH A�
� E\ PLQLPL]LQJ J7 ���

� , J7 ���� :H WKHQ XVH A�
� WR FRPSXWH

:7 �A�
��� 7KLV HVWLPDWH RI WKH ZHLJKWLQJ PDWUL[ LV WKHQ XVHG LQ WKH �QDO LWHUDWLRQ WR HVWLPDWH A��

+DPLOWRQ ������ S� ���� GLVFXVVHV WKH DGYDQWDJHV RI UHSHDWLQJ WKH SURFHVV RI UH�HVWLPDWLQJ:7 �A�
M� DQG

WKHQ FRPSXWLQJ A�M�� XQWLO WKH A�
V FRQYHUJH� +RZHYHU� WKH VLQJOH�LWHUDWLRQ VROXWLRQ KDV WKH VDPH DV\PSWRWLF
GLVWULEXWLRQ� LV FRPPRQO\ XVHG� DQG SURGXFHG VROXWLRQV ZKLFK WHQGHG WR PDWFK WKRVH RQ &./6 �������

�



VHW WR ]HUR� XVLQJ WKH ZHLJKWLQJ PDWUL[ IURP WKH XQUHVWULFWHG HVWLPDWHV �WKDW LV� QRW LQWHUDWLQJ

WR UHFRPSXWH :7 �� )ROORZLQJ 1HZH\ DQG :HVW ������� WKH WHVW VWDWLVWLF LV

5  7
K
-7 �a��� -7 �A��

L
� ���

ZKHUH -7 �A�� LV WKH XQUHVWULFWHG PRGHO
V REMHFWLYH IXQFWLRQ YDOXH DQG -7 �a�� LV WKH UHVWULFWHG

PRGHO
V REMHFWLYH IXQFWLRQ YDOXH ZKHUH WKH XQUHVWULFWHG PRGHO
V ZHLJKWLQJ PDWUL[ LV XVHG

LQ ERWK FDVHV�� 1HZH\ DQG :HVW ������ SRLQW RXW WKDW WKLV SURFHGXUH LV DQDORJRXV WR D

OLNHOLKRRG UDWLR WHVW� 8QGHU WKH QXOO K\SRWKHVLV WKDW WKH UHVWULFWLRQV DUH QRW ELQGLQJ_LQ WKLV

FDVH WKDW WKHUH LV QR UHJLPH �SDUDPHWHU� VKLIW DQG WKH XQUHVWULFWHG �L
V DUH DOO VWDWLVWLFDOO\

LQGLVWLQJXLVKDEOH IURP ]HUR_WKH WHVW VWDWLVWLF� 5� KDV D ¤�VTXDUHG GLVWULEXWLRQ ZLWK GHJUHHV RI

IUHHGRP HTXDO WR WKH QXPEHU RI UHVWULFWLRQV �QXPEHU RI �L
V VHW WR ]HUR� XQGHU WKH DOWHUQDWLYH

K\SRWKHVLV�

7KH RUGHU RI WHVWLQJ LV LPSRUWDQW� ,I D VWUXFWXUDO VKLIW LV VXVSHFWHG� DV LW LV LQ WKLV FDVH

EHFDXVH RI WKH )HGHUDO 5HVHUYH ([SHULPHQW� SUXGHQFH GLFWDWHV WKDW WKH LVVXH RI VWUXFWXUDO

VWDELOLW\ EH DGGUHVVHG EHIRUH GUDZLQJ FRQFOXVLRQV IURP PRGHOV HVWLPDWHG XVLQJ WKH HQWLUH

VDPSOH SHULRG� 7KH QDWXUH RI WKH VWUXFWXUDO VWDELOLW\ WHVW XVHG LQ &./6 �DQG KHUH� LV WKDW

WKH QXOO K\SRWKHVLV LV WKDW WKHUH ZDV QR VWUXFWXUDO VKLIW LQ SDUDPHWHU YDOXHV� 7KXV� EHIRUH

SURFHHGLQJ WR HVWLPDWH DQG DQDO\]H IXOO�VDPSOH UHVXOWV� LW EHKRRYHV XV WR �UVW IDLO WR UHMHFW WKH

QR�VKLIW QXOO K\SRWKHVLV IRU SODXVLEOH UHJLPH VKLIWV �DQ XQIRUWXQDWHO\ FRQYROXWHG� LI SUHFLVH�

GRXEOH�QHJDWLYH IRUPXODWLRQ RI WKH LVVXH DW KDQG�� 2QH FDQ DOZD\V XVH D PRUH DJJUHVVLYH

DSSURDFK VXFK DV +DPLOWRQ VZLWFKLQJ UHJUHVVLRQV WR VHDUFK IRU DQ\ SRVVLEOH UHJLPH VKLIW� %XW

DV D PLQLPXP� ZKHUH WKH H[LVWLQJ OLWHUDWXUH SRLQWV WR D UHJLPH VKLIW� RQH VKRXOG LQ JRRG

IDLWK FKHFN WKH GDWHV WKDW KDYH EHHQ VR LGHQWL�HG�

%HFDXVH WKH RWKHU HLJKW PRGHOV DUH DOO QHVWHG ZLWKLQ WKH JHQHUDO &./6 0RGHO� WKH WHVW

IRU D VWUXFWXUDO VKLIW QHHG RQO\ EH DSSOLHG WR WKDW PRGHO� ,I WKH WHVW VKRZV WKH H[LVWHQFH RI

SDUDPHWHU VKLIWV �UHMHFWV WKH QR�VKLIW QXOO� IRU WKH JHQHUDO PRGHO� LW LV QHFHVVDULO\ WKH FDVH

�1RWH WKDW WKH ?XQUHVWULFWHG� PRGHO PD\ EH D UHVWULFWHG YHUVLRQ RI WKH JHQHUDO &./6 PRGHO� HTXDWLRQV ��
DQG ��� DQG WKH ?UHVWULFWHG� YHUVLRQ KDV WKH IXUWKHU UHVWULFWLRQ WKDW DOO WKH �L
V DUH ]HUR� )RU H[DPSOH� WKH
XQUHVWULFWHG 0HUWRQ 0RGHO ZRXOG KDYH � IUHH SDUDPHWHUV ���  �� ��� DQG ��� ZKLOH WKH UHVWULFWHG PRGHO KDV
RQO\ WZR ���  ���

�



WKDW D VWUXFWXUDO VKLIW RFFXUV IRU DOO UHVWULFWHG YHUVLRQV RI WKDW PRGHO� 5HVWULFWLQJ D PRGHO

FDQQRW PDNH LW �W WKH GDWD EHWWHU WKDQ WKH XQUHVWULFWHG PRGHO LQ ZKLFK LW LV QHVWHG�� ,I� RQ

WKH RWKHU KDQG� WKH WHVW RI WKH PRVW JHQHUDO PRGHO IDLOV WR UHMHFW WKH QR�VKLIW QXOO� ZH FDQ WKHQ

DVN ZKHWKHU DQ\ UHVWULFWHG� DQG KHQFH PRUH SDUVLPRQLRXV� YHUVLRQV RI WKH PRGHO ZLOO DOVR �W

WKH GDWD� &HWHULV SDULEXV� WKH LQWHUHVWV RI SDUVLPRQ\ IDYRU XVLQJ WKH PRUH UHVWULFWHG PRGHO

LQ VXFK D FDVH� ,I� KRZHYHU� D UHVWULFWHG PRGHO �WV WKH GDWD LQ WKH XQFRQVWUDLQHG �UHJLPH�

GXPP\ FRH�FLHQWV IUHH WR YDU\� IRUP DQG UHMHFWV WKH QR�VKLIW QXOO �ZKHQ WKH UHJLPH�GXPP\

FRH�FLHQWV DUH IRUFHG WR ]HUR� ZKLOH WKH JHQHUDO PRGHO VKRZV QR HYLGHQFH RI D UHJLPH VKLIW�

WKHQ WKH UHVHDUFKHU LV OHIW WR FKRRVH EHWZHHQ WKH OHVV SDUVLPRQLRXV PRGHO ZLWK FRQVWDQW

SDUDPHWHUV DQG WKH PRUH SDUVLPRQLRXV PRGHO ZLWK FKDQJLQJ SDUDPHWHUV� +RZ WR PDNH

WKLV FKRLFH LV XQFOHDU VLQFH QHLWKHU WRR PDQ\ SDUDPHWHUV QRU WRR PDQ\ SDUDPHWHU VKLIWV DUH

GHVLUDEOH�

� (PSLULFDO 5HVXOWV

��� 5HSOLFDWLQJ &./6 5HVXOWV

7DEOH � SUHVHQWV WKH UHSOLFDWLRQ RI &./6 EDVLF PRGHO HVWLPDWLRQ UHVXOWV XVLQJ WKH VDPH GDWD

VHULHV� WLPH SHULRG� DQG HVWLPDWLRQ PHWKRGV�� 7KH UHVXOWV RI WKHVH HVWLPDWLRQV OHDG WR WKH

IROORZLQJ FRQFOXVLRQV�

�� :KHQ � LV D IUHH SDUDPHWHU� DV LQ WKH &./6 DQG &(9 0RGHOV� WKH HVWLPDWHG YDOXH RI

� H[FHHGV XQLW\�

�� 0RGHOV ZKLFK VHW �V WR EH OHVV WKDQ RQH� DQG LQ SDUWLFXODU WKH &,5�65 0RGHO� DUH

UHMHFWHG�

�6DPSOLQJ YDULDWLRQ PD\ RFFDVLRQDOO\ FDXVH UHMHFWLRQ RI WKH QR�VKLIW QXOO IRU WKH JHQHUDO PRGHO EXW IDLO WR
UHMHFW LW IRU WKH UHVWULFWHG FDVH� 6XFK UHVXOWV DUH OLNHO\ WR EH VSXULRXV DQG VKRXOG EH GLVUHJDUGHG�

�$EVHQW KDYLQJ WKH VDPH *$866 FRGH� ZH ZHUH QRW DEOH WR H[DFWO\ PDWFK DOO FRH�FLHQWV� :KHUH ODUJH
GL�HUHQFHV RFFXU� WKH\ DSSHDU WR UHVXOW IURP D GL�HUHQFH LQ VFDOLQJ UDWKHU WKDQ DQ LQKHUHQWO\ GL�HUHQW
VROXWLRQ� 7KH VDOLHQW IHDWXUHV RI OHYHOV RI VLJQL�FDQFH RI WKH HVWLPDWHG SDUDPHWHUV� PRGHO S�YDOXHV DQG� PRVW
LPSRUWDQWO\� � HVWLPDWHV� ZKHUH DSSOLFDEOH� DUH FORVHO\ FRPSDUDEOH� 7KH QRWDEOH H[FHSWLRQV DUH WKH YDOXH IRU
 � LQ WKH &(9 0RGHO� ������������ YLFH ������������ LQ &./6� DQG WKH VLJQL�FDQFH RI WKH  � FRH�FLHQW LQ
WKH &./6 0RGHO� ���� YLFH �����

�



7KH UHVXOW WKDW �  ��� LV WKH PRVW ZLGHO\ FLWHG FRQFOXVLRQ RI WKH &./6 SDSHU�

7DEOH � SUHVHQWV WKH UHSOLFDWLRQ RI WKH &./6 UHJLPH VKLIW WHVW� ZLWK WKH DGGLWLRQDO LQIRU�

PDWLRQ WKDW WKH XQUHVWULFWHG PRGHOV
 ¤� VWDWLVWLFV DUH VKRZQ DV ZHOO� 7KH UHJLPH GH�QLWLRQ

WHVWHG LV SUH� YHUVXV SRVW�2FWREHU ����� 7KH VDPH WKUHH PRGHOV WKDW DUH UHMHFWHG ZKHQ HVWL�

PDWHG RYHU WKH HQWLUH VDPSOH SHULRG_0HUWRQ� 9DVLFHN� DQG &,5�65_DUH DOVR UHMHFWHG ZKHQ

WKHLU SDUDPHWHUV DUH SHUPLWWHG WR VKLIW GXULQJ WKH VHFRQG SDUW RI WKH VDPSOH SHULRG� :KLOH

&./6 GR QRW GLVFXVV WKLV SRLQW� PRGHOV WKDW DUH UHMHFWHG LQ WKHLU XQUHVWULFWHG IRUP VKRXOG

QRW WKHQ EH XVHG WR WHVW IRU VLJQL�FDQFH RI UHVWULFWLRQV RQ WKH GXPP\ SDUDPHWHU FRH�FLHQWV�

2I WKH UHPDLQLQJ VL[ PRGHOV� WZR UHMHFW WKH QR�VKLIW QXOO K\SRWKHVLV� 7KHVH DUH WKH 'RWKDQ

DQG *%0 0RGHOV� ERWK RI ZKLFK VHW �  � DV ZHOO DV UHVWULFWLRQV RQ RWKHU SDUDPHWHUV� 7KLV

OHDYHV WKH &./6� %UHQQDQ�6FKZDUW]� &,5�95 DQG &(9 0RGHOV� DOO RI ZKLFK IDLO WR UHMHFW

WKH GDWD LQ WKHLU XQUHVWULFWHG IRUPV �WKH &./6 0RGHO LV H[DFWO\ LGHQWL�HG DQG WKXV FDQQRW

EH UHMHFWHG� DQG DOVR IDLO WR UHMHFW WKH QR�VKLIW QXOO LQ WKH UHJLPH VKLIW WHVW� 7KHVH PRGHOV

DUH DOO FKDUDFWHUL]HG E\ � � �� &./6 WKHUHIRUH FRQFOXGH WKDW ?���WKHUH LV QR HYLGHQFH RI D

VWUXFWXUDO EUHDN LQ 2FWREHU ���� IRU PRGHOV WKDW FDSWXUH WKH GHSHQGHQFH RI WKH FRQGLWLRQDO

YDULDQFH RQ WKH OHYHO RI WKH LQWHUHVW UDWH� �S� ������ 7KHVH UHVXOWV VWUHQJWKHQ WKH FRQFOXVLRQV

GUDZQ IURP WKH LQLWLDO IXOO�VDPSOH UHVXOWV�

)ROORZLQJ WKH RUGHU RI WHVWLQJ DUJXHG DERYH ZH PLJKW FRQFOXGH WKDW WKH &./6� %UHQQDQ�

6FKZDUW]� &,5�95� DQG &(9 0RGHOV �W WKH GDWD ZLWKRXW HYLGHQFH RI D UHJLPH VKLIW LQ WKH

SDUDPHWHU YDOXHV� 7KHVH DUH DOO FKDUDFWHUL]HG E\ KLJK�� YDOXHV� 3URFHHGLQJ WR IXOO�VDPSOH

DQDO\VLV RI WKHVH IRXU PRGHOV ZRXOG WKHUHIRUH EH DSSURSULDWH� 7KH RQO\ GL�HUHQFH EHWZHHQ

WKHVH UHVXOWV DQG WKRVH REWDLQHG E\ ORRNLQJ GLUHFWO\ DW WKH IXOO�VDPSOH UHVXOWV LV WKDW ZH

ZRXOG UHMHFW WKH RWKHU WZR KLJK�� PRGHOV� WKH 'RWKDQ DQG *%0� 7KLV GL�HUHQFH ZRXOG QRW

IXQGDPHQWDOO\ XQGHUPLQH WKH FRQFOXVLRQV GUDZQ LQ &./6� WKDW WKHUH ZDV QR UHJLPH VKLIW

DQG WKDW RQO\ KLJK�� PRGHOV FDQ �W WKH WLPH VHULHV RI VKRUW�WHUP LQWHUHVW UDWHV�

6R� DVLGH IURP REVHUYLQJ PHWKRGRORJLFDO QLFHWLHV� GRHV WKLV UHDOO\ PDWWHU"

��� 5H�([DPLQLQJ &./6 &RQFOXVLRQV

7R VHH WKH H�HFW RI WKH PHWKRGRORJLFDO SUREOHP LQKHUHQW LQ &./6
 SURFHGXUH� RQH PXVW �UVW

ORRN DW WKH FKRLFH RI WKH UHJLPH SHULRG� 7KH XVH RI 2FWREHU ���� WR GH�QH D SHUPDQHQW

�



VWUXFWXUDO EUHDN LV FXULRXV JLYHQ WKH ZLGH�VSUHDG HFRQRPLF DQG VWDWLVWLFDO HYLGHQFH WKDW WKH

VWUXFWXUDO EUHDN ZDV WHPSRUDU\ DQG HQGHG LQ ODWH ������� :H WKHUHIRUH UHSHDW WKH DERYH

DQDO\VLV XVLQJ WKH VDPH PHWKRGV� GDWD� DQG VDPSOH SHULRG� EXW GH�QLQJ WKH VWUXFWXUDO EUHDN

SHULRG DV UXQQLQJ IURP 2FWREHU ���� WKURXJK 6HSWHPEHU ����� 7KH UHVXOWV SUHVHQWHG LQ

7DEOH � OHDG WR D YHU\ GL�HUHQW FRQFOXVLRQ� 7KH &./6 0RGHO UHMHFWV WKH QR�VKLIW QXOO DW

WKH �� OHYHO� 7KDW LV VX�FLHQW HYLGHQFH RI D VWUXFWXUDO EUHDN� DQG WKHUHIRUH VX�FLHQW WR

LQYDOLGDWH DQDO\VLV RI IXOO�VDPSOH HVWLPDWLRQV���

,W LV LQWHUHVWLQJ WR H[DPLQH WKH &,5�95 0RGHO� /RRNLQJ RQO\ DW WKH VKLIW WHVW UHVXOWV�

DV &./6 GR �WKH\ GR QRW SUHVHQW WKH XQUHVWULFWHG PRGHO ¤�VTXDUHG VWDWLVWLFV�� RQH PLJKW

FRQFOXGH WKDW WKLV PRGHO LV DEOH WR ?���FDSWXUH WKH GHSHQGHQFH RI WKH FRQGLWLRQDO YDULDQFH

RQ WKH OHYHO RI WKH LQWHUHVW UDWH� �S� ����� EHFDXVH WKH QR�VKLIW QXOO LV QRW UHMHFWHG LQ WKLV

LQVWDQFH� %XW WKLV PRGHO LV UHMHFWHG LQ LWV XQUHVWULFWHG IRUP DQG VR FDQQRW EH XVHG WR IRUP

D MXGJPHQW FRQFHUQLQJ WKH VWUXFWXUDO VKLIW�

*LYHQ WKH HYLGHQFH IURP WKH &./6 PRGHO WKDW WKHUH ZDV D VWUXFWXUDO VKLIW IURP 2FWREHU

���� WKURXJK 6HSWHPEHU ����� ZH QH[W H[DPLQH ZKHWKHU DQ\ RI WKH UHVWULFWHG YDULDQWV RI WKH

&./6 0RGHO DUH DEOH WR �W WKH GDWD� 7ZR PRGHOV� WKH &,5�65 DQG %UHQQDQ�6FKZDUW] 0RG�

HOV� DUH QRW UHMHFWHG LQ WKHLU XQUHVWULFWHG IRUPV� ZKHQ WKHLU SDUDPHWHU YDOXHV DUH SHUPLWWHG

WR FKDQJH� 7KHVH PRGHOV VHW �  ��� DQG �� UHVSHFWLYHO\� ,I ZH ORRN DW WKH � YDOXHV LQ WKH

XQUHVWULFWHG &./6 0RGHO� ZH �QG �  ���� RXWVLGH WKH WHPSRUDU\ VWUXFWXUDO VKLIW SHULRG

DQG �  ���� ZLWKLQ WKH VKLIW SHULRG� DOWKRXJK WKLV ODWWHU UHVXOW LV RI GRXEWIXO VWDWLVWLFDO

VLJQL�FDQFH� :LWK WKH VWUXFWXUDO VKLIW SHULRG GH�QHG DV 2FWREHU ���� WKURXJK 6HSWHPEHU

����� PRVW RI WKH KLJK�� PRGHOV� LQFOXGLQJ WKH &,5�95 ZKLFK IRUFHV �  ���� DUH UHMHFWHG�

6R DUH WKH FRQVWDQW YRODWLOLW\ 0HUWRQ DQG 9DVLFHN 0RGHOV�

7KHVH UHVXOWV WXUQ &./6 RQ LWV KHDG� :LWK WKH FOHDU HYLGHQFH RI D VWUXFWXUDO VKLIW�

��+DPLOWRQ ������� 'X�HH ������� &DL ������� .RHGLMN� 1LVVHQ� 6FKRWPDQ� DQG :RO� ������� DQG 6DQGHUV
DQG 8QDO ������� DOO �QG HYLGHQFH RI D WHPSRUDU\ UHJLPH VKLIW URXJKO\ FRLQFLGHQW ZLWK WKH )HGHUDO 5HVHUYH
([SHULPHQW RI 2FWREHU ���� WR IDOO ����� (DUOLHU VWXGLHV� VXFK DV +XL]LQJD DQG 0LVNLQ ������ DQG &DPSEHOO
������� GLG QRW FKHFN IRU DQ HQG WR WKH )HGHUDO 5HVHUYH ([SHULPHQW SHULRG� SHUKDSV EHFDXVH WKH\ GLG QRW
KDYH VX�FLHQW SRVW����� GDWD� %DOO DQG 7RURXV ������ �QG HYLGHQFH RI D VLQJOH VWUXFWXUDO VKLIW DW 2FWREHU
���� �FRQWUDGLFWLQJ WKH &./6 �QGLQJ�� EXW GLG QRW H[DPLQH WKH SRVVLELOLW\ WKDW WKH VKLIW ZDV WHPSRUDU\�

��7KH IDLOXUH RI WKH &./6 PRGHO WR UHMHFW WKH QR�VKLIW QXOO IRU WKH SHUPDQHQW UHJLPH VKLIW GH�QLWLRQ LV
LPPDWHULDO� 7KH DVVXPSWLRQ XQGHUO\LQJ IXOO�VDPSOH DQDO\VLV LV WKDW WKH VWUXFWXUDO VWDELOLW\ KROGV IRU DOO
SRVVLEOH UHJLPH GH�QLWLRQV�

��



DQDO\VLV RI PRGHOV EDVHG RQ HVWLPDWHV RYHU WKH HQWLUH -XQH ���� WKURXJK 'HFHPEHU ����

SHULRG DUH PLV�VSHFL�HG� )XUWKHUPRUH� LW LV PRGHUDWH�� PRGHOV� DQG QRWDEO\ WKH &,5�65

0RGHO� WKDW �W WKH GDWD ZKHQ SDUDPHWHU VKLIWV DUH SHUPLWWHG�

:H QH[W WHVW WKH UREXVWQHVV RI WKLV UHVXOW WR FKDQJHV LQ VKRUW�UDWH VHULHV� SHULRG FRYHUHG�

DQG SRVVLEOH RXWOLHUV�

��� 5REXVWQHVV RI 5HJLPH 6KLIW 7HVW

:H EHJLQ E\ LGHQWLI\LQJ REVHUYDWLRQV ZKLFK PD\ XQGXO\ LQ�XHQFH RXU �QGLQJ RI D UHJLPH

VKLIW� )RU EUHYLW\ ZH UHVWULFW WKH LQYHVWLJDWLRQ WR WKH &./6 0RGHO VLQFH LW LV WKLV PRGHO

ZKLFK HVWDEOLVKHV WKH H[LVWHQFH RI WKH VWUXFWXUDO VKLIW� $JDLQ� EHFDXVH RXU FRQFOXVLRQV DUH

FULWLFDO RI WKH RULJLQDO &./6 �QGLQJV� ZH DSSO\ WKH WHVW WR WKHLU GDWD VHW�

2QH PHWKRG RI LGHQWLI\LQJ SRWHQWLDO LQ�XHQWLDO RXWOLHUV LV FURVV�YDOLGDWLRQ� &URVV�YDOLGDWLRQ

LQYROYHV GURSSLQJ DQ REVHUYDWLRQ IURP WKH XQGHUO\LQJ GDWD VHW DQG WKHQ UH�HVWLPDWLQJ WKH

PRGHO DQG UHFRUGLQJ WKH SDUDPHWHU HVWLPDWHV� 7KH GURSSHG REVHUYDWLRQ LV WKHQ UHSODFHG DQG

WKH QH[W REVHUYDWLRQ WDNHQ RXW� 7KH SURFHVV LV UHSHDWHG� SURGXFLQJ D WLPH�VHULHV RI SDUDPHWHU

HVWLPDWHV FRUUHVSRQGLQJ WR WKH WLPH�VHULHV RI RPLWWHG REVHUYDWLRQV� 7KH IRXU FURVV�YDOLGDWHG

SDUDPHWHUV IRU WKH &./6 0RGHO� XVLQJ WKH IXOO VDPSOH SHULRG� DUH SORWWHG LQ )LJXUH � E\ WKH

VROLG OLQHV� 7ZR FRQFOXVLRQV PD\ EH GUDZQ� )LUVWO\� WKHUH LV QHDU SHUIHFW SRVLWLYH FRUUHODWLRQ

EHWZHHQ WKH SDUDPHWHU HVWLPDWHV IRU   DQG � DQG QHJDWLYH FRUUHODWLRQ EHWZHHQ WKH SDUDPHWHU

HVWLPDWHV IRU � DQG �� 7KLV VWURQJ FRUUHODWLRQ VXJJHVWV WKDW VRPH FDXWLRQ LV QHHGHG ZKHQ

LQWHUSUHWLQJ WKH YDOXHV RI LQGLYLGXDO FRH�FLHQWV� IRU LQVWDQFH �� 6HFRQGO\� D VLQJOH REVHUYD�

WLRQ� 0DUFK ����� DFFRXQWV IRU PXFK RI WKH KLJK�� FRQFOXVLRQ UHDFKHG LQ WKH RULJLQDO &./6

SDSHU� 'URSSLQJ WKDW VLQJOH REVHUYDWLRQ SURGXFHV DQ HVWLPDWH RI �  ����� ZKLFK LV QRW

VWDWLVWLFDOO\ GL�HUHQW IURP XQLW\� 5HSHDWLQJ WKH FURVV�YDOLGDWLRQ SURFHVV IRU WKH UHPDLQLQJ

REVHUYDWLRQV� ZLWK 0DUFK ���� SHUPDQHQWO\ H[FOXGHG� SURGXFHV WKH GRWWHG OLQH LQ )LJXUH ��

7KHUH LV QR HYLGHQFH LQ WKLV VHULHV RI DQ DGGLWLRQDO REVHUYDWLRQ OLNHO\ WR VHULRXVO\ LPSDFW WKH

SDUDPHWHU HVWLPDWHV DQG KHQFH RXU WHVWV IRU D UHJLPH VKLIW�

7R H[DPLQH ZKHWKHU RXU HDUOLHU FRQFOXVLRQ WKDW WKHUH ZDV D WHPSRUDU\ UHJLPH VKLIW PLJKW

EH GXH WR WKLV VLQJOH 0DUFK ���� REVHUYDWLRQ� ZH UHSHDW WKH UHJLPH VKLIW WHVW IRU WKH &./6

PRGHO ZLWK DQG ZLWKRXW WKH 0DUFK ���� REVHUYDWLRQ LQFOXGHG LQ WKH VDPSOH� 7KH UHVXOWV

��



DUH SUHVHQWHG LQ 7DEOH �� ,Q WKLV FDVH ZH SUHVHQW WKH UHVWULFWHG �IXOO VDPSOH� DV ZHOO DV

XQUHVWULFWHG PRGHO �VWUXFWXUDO VKLIW� SDUDPHWHU HVWLPDWHV� 7KHVH DUH IRU FRPSDULVRQ ZLWK

WKH RULJLQDO &./6 IXOO�VDPSOH UHVXOWV RQO\� EXW DUH VWDWLVWLFDOO\ PHDQLQJOHVV XQOHVV WKH QR�

VKLIW QXOO LV QRW UHMHFWHG� :LWK WKH SRWHQWLDOO\ DQRPDORXV 0DUFK ���� REVHUYDWLRQ LQFOXGHG�

ZH UHMHFW WKH QR�VKLIW QXOO DV EHIRUH� 7KH �HVVHQWLDOO\ PHDQLQJOHVV� UHVWULFWHG PRGHO SRLQW

HVWLPDWH RI � LV ����� 7KLV GL�HUV IURP WKH HVWLPDWH LQ 7DEOH � EHFDXVH HTXDWLRQ ��� ZDV

XVHG WR GH�QH WKH RUWKRJRQDOLW\ FRQGLWLRQV LQVWHDG RI HTXDWLRQ ���� )XUWKHUPRUH� WKH &./6

PRGHO HVWLPDWHG XVLQJ HTXDWLRQ ��� LV H[DFWO\ LGHQWL�HG DQG VR FDQQRW EH UHMHFWHG� :KHQ

HVWLPDWHG LQ UHVWULFWHG IRUP� XVLQJ HTXDWLRQ ���� WKH LGHQWLFDO PRGHO LV RYHU LGHQWL�HG DQG

WKXV FDSDEOH RI EHLQJ UHMHFWHG� ZKLFK LW LV� :KHQ 0DUFK ���� LV GURSSHG IURP WKH VDPSOH� WKH

VDPH TXDOLWDWLYH UHVXOWV REWDLQ� WKH UHVWULFWHG PRGHO LV UHMHFWHG� WKH QR�VKLIW QXOO K\SRWKHVLV

LV UHMHFWHG� DQG WKH HVWLPDWH RI � LV ���� RXWVLGH WKH )HGHUDO 5HVHUYH ([SHULPHQW SHULRG DQG

������� �LQVLJQL�FDQWO\ GL�HUHQW IURP ]HUR� GXULQJ WKH H[SHULPHQW� :H FRQFOXGH� WKHUHIRUH�

WKDW RXU HDUOLHU UHVXOWV DUH QRW GXH VROHO\ WR WKH RXWOLHU�

7KH VHFRQG VRXUFH RI SRWHQWLDO SUREOHP LQ RXU DQDO\VLV LV WKH GDWD VHW XVHG� &ULWLFLVPV RI

WKH ��PRQWK 7�%LOO UDWH GUDZQ IURP WKH ���PRQWK 7�%LOO �OH ZHUH QRWHG DERYH� :H WKHUHIRUH

UHSHDW RXU DQDO\VLV XVLQJ VHYHUDO DOWHUQDWLYH GDWD VHWV�

� 7KH VDPH ��PRQWK 7UHDVXU\ %LOO VHULHV XSGDWHG WKURXJK 'HFHPEHU �����

� 7KH ��PRQWK 7UHDVXU\ %LOO VHULHV ZKLFK 'X�HH ������ IRXQG WR EH IUHH RI WKH LGLRV\Q�

FUDWLF YDULDWLRQ IRXQG LQ WKH ��PRQWK VHULHV�

� 7KH ��PRQWK (XURGROODU VHULHV ZKLFK 'X�HH UHFRPPHQGHG DV DQ DOWHUQDWLYH WR WKH

��PRQWK 7UHDVXU\ %LOO VHULHV� DQG

� 7KH ��PRQWK (XURGROODU VHULHV �IRU QR SDUWLFXODU UHDVRQ��

)RU HDFK RI WKHVH VHULHV� WKH DERYH WHVWV IRU D WHPSRUDU\ 2FWREHU ���� WKURXJK 6HSWHPEHU

���� UHJLPH VKLIW ZHUH UHSHDWHG ERWK ZLWK DQG ZLWKRXW WKH VXVSHFW 0DUFK ���� REVHUYDWLRQ�

7KHQ� FRQGLWLRQDO RQ HYLGHQFH RI D VKLIW EHLQJ IRXQG IRU WKH &./6 0RGHO� WKH UHVWULFWHG

YDULDQWV ZHUH WHVWHG WR VHH LI WKH\ FRXOG �W WKH GDWD� 7KH WHPSRUDU\�UHJLPH�VKLIW WHVW UHVXOWV

IRU WKH ��PRQWK (XURGROODU UDWH DUH SUHVHQWHG LQ 7DEOH �� $JDLQ WKH SUHVHQFH RI D VWUXFWXUDO

��



EUHDN LV HVWDEOLVKHG IRU WKH &./6 PRGHO� 7KH &,5�65� %UHQQDQ�6FKZDUW]� DQG LQ WKLV FDVH

WKH 'RWKDQ PRGHOV DOO IDLO WR UHMHFW LQ WKHLU XQUHVWULFWHG IRUP DQG UHMHFW WKH QR�VKLIW QXOO

ZKHQ WKH UHJLPH GXPPLHV DUH IRUFHG WR ]HUR� $JDLQ QR PRGHO ZKLFK �WV WKH GDWD IDLOV WR

UHMHFW WKH QR�UHJLPH QXOO� )L[HG�� PRGHOV ZKLFK �W WKH GDWD KDYH �  ��� RU �� :KHUH �

LV IUHH WR YDU\ ZH REWDLQ HVWLPDWHV FORVH WR XQLW\ RXWVLGH WKH )HGHUDO 5HVHUYH ([SHULPHQW

SHULRG DQG EHORZ XQLW\ GXULQJ WKH H[SHULPHQW�

7DEOH � SUHVHQWV VXPPDULHV RI WKH WHPSRUDU\ UHJLPH VKLIW WHVWV DSSOLHG WR DOO IRXU GDWD

VHWV� 7KH �UVW UHVXOW QRWHG DERYH� WKDW WKHUH ZDV D UHJLPH VKLIW� LV VXSSRUWHG E\ DOO IRXU

GDWD VHULHV� 'URSSLQJ WKH 0DUFK ���� REVHUYDWLRQ GRHV QRW FKDQJH WKLV UHVXOW� 7KXV ZH PD\

FRQFOXGH WKDW WKH SUHVHQFH RI WKH VKLIW LV UREXVW� DW OHDVW WR PRGHOV RI WKH &./6 IRUP� 7KH

VHFRQG UHVXOW� WKDW PRGHUDWH�� PRGHOV DOVR �W WKH GDWD DQG WKDW KLJK� DQG ORZ�� PRGHOV GR

QRW� LV JHQHUDOO\� EXW QRW LQYDULDEO\� VXSSRUWHG� ,Q DOO FDVHV WKH FRQVWDQW�YRODWLOLW\ 0HUWRQ

DQG 9DVLFHN 0RGHOV DUH UHMHFWHG� 6LPLODUO\� WKH &(9 0RGHO LV DOZD\V UHMHFWHG� )RU WKH WZR

��PRQWK LQWHUHVW UDWH VHULHV� WKH &,5�65 0RGHO LV QRW UHMHFWHG ZKHWKHU RU QRW 0DUFK ���� LV

GURSSHG� EXW IRU WKH ��PRQWK 7UHDVXU\ %LOO VHULHV LW LV UHMHFWHG LI WKDW REVHUYDWLRQ LV RPLWWHG�

)RU WKH ��PRQWK (XURGROODU VHULHV� WKH &,5�65 0RGHO LV DOZD\V UHMHFWHG� 7KH %UHQQDQ�

6FKZDUW] 0RGHO LV QRW UHMHFWHG IRU WKH WZR (XURGROODU VHULHV� DQG IRU WKH WZR 7UHDVXU\ VHULHV

LV RQO\ UHMHFWHG LI WKH 0DUFK ���� REVHUYDWLRQ LV RPLWWHG� 7KH 'RWKDQ 0RGHO LV QRW UHMHFWHG

IRU WKH WZR (XURGROODU VHULHV DQG LV DOZD\V UHMHFWHG IRU WKH 7UHDVXU\ VHULHV� 2QH DQRPDORXV

UHVXOW LV WKH QRQ�UHMHFWLRQ RI WKH &,5�95 0RGHO DQG WKH QRQ�UHMHFWLRQ RI WKH DVVRFLDWHG QR�

VKLIW QXOO ZKHQ XVLQJ WKH ��PRQWK (XURGROODU UDWH� 6LQFH WKH H[LVWHQFH RI WKH VKLIW LV �UPO\

HVWDEOLVKHG E\ WKH PRUH JHQHUDO &./6 PRGHO ZLWKLQ ZKLFK WKH &,5�95 PRGHO LV QHVWHG�

DQG VLQFH WKLV UHVXOW LV QRW UHSHDWHG RQ RWKHU GDWD VHWV� ZH DUH LQFOLQHG WR GLVFRXQW LW�

� 6XPPDU\ DQG &RQFOXVLRQV

7KLV SDSHU KDV DUJXHG WKDW PRGHO VHOHFWLRQ DQG SDUDPHWHU VWDELOLW\ DUH FORVHO\ OLQNHG� :H

KDYH VKRZQ WKLV FRQQHFWLRQ LQ D FDUHIXO UH�H[DPLQDWLRQ RI WKH &KDQ� .DURO\L� /RQJVWD��

DQG 6DQGHUV ������ SDSHU� )RU LQVWDQFH� D ZLGHO\ FLWHG FRQFOXVLRQ RI WKHLU SDSHU LV WKDW

HODVWLFLW\ RI LQWHUHVW UDWH YRODWLOLW\ SDUDPHWHU � LV ���� 7KLV UHVXOW GHSHQGHG FUXFLDOO\ RQ D

��



PLV�VSHFL�FDWLRQ RI WKH SHULRG GXULQJ ZKLFK WKH LQWHUHVW UDWH SURFHVV FKDQJHG LQ UHVSRQVH WR

D WHPSRUDU\ FKDQJH LQ KRZ WKH )HGHUDO 5HVHUYH LPSOHPHQWHG PRQHWDU\ SROLF\� 'H�QLQJ WKH

VWUXFWXUDO VKLIW DV FRLQFLGHQW ZLWK WKLV SROLF\ VKLIW� ZH �QG WKDW WKHUH LV VWURQJ HYLGHQFH LQ

WKH LQWHUHVW UDWH GDWD RI D VWUXFWXUDO EUHDN� 7KLV UHVXOW LV UREXVW WR ERWK FKDQJHV LQ VKRUW�

UDWH VHULHV DQG WR WKH PRVW LQ�XHQWLDO RXWOLHU� )XUWKHUPRUH� ZH �QG HYLGHQFH WKDW� FRQWUDU\

WR &./6
 FODLP� D PRGHUDWH�� LQWHUHVW UDWH SURFHVV FDQ FDSWXUH WKH GHSHQGHQFH RI YRODWLOLW\

RQ WKH OHYHO RI LQWHUHVW UDWHV ZKLOH KLJK�� PRGHOV FDQQRW� 7KLV UHVXOW LV UHDVRQDEO\ UREXVW WR

FKDQJHV LQ WKH VKRUW UDWH XVHG DQG WKH WUHDWPHQW RI RXWOLHUV� ,Q SDUWLFXODU� WKLV VWXG\ �QGV

VXSSRUW IRU WKH VTXDUH�URRW &,5 SURFHVV� DW OHDVW DPRQJVW WKH FODVV RI VLQJOH�IDFWRU GL�XVLRQ

SURFHVVHV DQG IRU ��PRQWK LQWHUHVW UDWHV� 7KHUH LV QR VXSSRUW IRU FRQVWDQW YRODWLOLW\ PRGHOV

LQ HLWKHU &./6 RU WKLV VWXG\�

7KHVH FRQFOXVLRQV DSSO\ RQO\ WR WKH FODVV RI PRGHOV VWXGLHG LQ WKLV SDSHU� ,W PD\ ZHOO EH

WKH FDVH WKDW ZKHQ RWKHU LQWHUHVW UDWH PRGHOV� VXFK DV $5&+ SURFHVVHV RU MXPS�GL�XVLRQV�

DUH DSSOLHG� WKH DSSDUHQW VWUXFWXUDO EUHDN ZLOO EH IRXQG QRW WR EH VLJQL�FDQW� 6R ORQJ DV

WKLV UHVXOW FDQ EH UHDVRQDEO\ VKRZQ WR UHVXOW IURP WKH VXSHULRU VWUXFWXUH RI WKH PRGHO DQG

QRW VLPSO\ D FRPSDUDWLYH ODFN RI SRZHU� ZH ZRXOG EH LQFOLQHG WR SUHIHU VXFK D SURFHVV �LI

UHDVRQDEO\ SDUVLPRQLRXV� WR RQH WKDW UHTXLUHG D UHODWLYHO\ DG KRF� HYHQ LI HFRQRPLFDOO\ ZHOO�

IRXQGHG� SDUDPHWHU VKLIW WR �W WKH GDWD� ,Q WKH PHDQWLPH� XVHUV RI GL�XVLRQV SURFHVVHV� DQG

SUREDEO\ RWKHU PRGHOV DV ZHOO� QHHG WR EH DZDUH RI WKH SRWHQWLDO IRU LQFRUUHFW LQIHUHQFHV ZKHQ

WKHLU HVWLPDWLRQ SHULRG VSDQV WKLV FUXFLDO SHULRG� )LQDOO\� PRGHOHUV RI LQWHUHVW UDWH SURFHVVHV

FDQ WDNH FRPIRUW IURP NQRZLQJ WKDW WKH UHTXLUHG OLQN EHWZHHQ LQWHUHVW UDWH YRODWLOLW\ DQG

OHYHOV LV QRW VR KLJK DV WR SURGXFH WURXEOLQJ HFRQRPHWULF DQG HFRQRPLF TXHVWLRQV UHJDUGLQJ

VWDWLRQDULW\�

��



%LEOLRJUDSK\

$LW�6DKDOLD� <�� ����� ?7HVWLQJ FRQWLQXRXV�WLPH PRGHOV RI WKH VSRW LQWHUHVW UDWH�� 5HYLHZ

RI )LQDQFLDO 6WXGLHV �� ���^����

%DOO� &� $� DQG :� 1� 7RURXV� ����� ?$ VWRFKDVWLF YRODWLOLW\ PRGHO IRU VKRUW�WHUP LQWHUHVW
UDWHV DQG WKH GHWHFWLRQ RI VWUXFWXUDO VKLIWV�� ZRUNLQJ SDSHU� $QGHUVRQ *UDGXDWH 6FKRRO
RI 0DQDJHPHQW� 8&/$�

%UHQQHU� 5� -�� 5� +� +DUMHV� DQG .� )� .URQHU� ����� ?$QRWKHU ORRN DW PRGHOV RI WKH
VKRUW�WHUP LQWHUHVW UDWH�� -RXUQDO RI )LQDQFLDO DQG 4XDQWLWDWLYH $QDO\VLV ��� ��^����

&DL� -�� ����� ?$ 0DUNRY PRGHO RI XQFRQGLWLRQDO YDULDQFH LQ $5&+�� -RXUQDO RI %XVLQHVV
DQG (FRQRPLF 6WDWLVWLFV ��� ���^����

&DPSEHOO� -� <�� ����� ?6WRFN UHWXUQV DQG WKH WHUP VWUXFWXUH�� -RXUQDO RI )LQDQFLDO (FR�

QRPLFV ��� ���^����

&KDQ� .� &�� *� $� .DURO\L� )� $� /RQJVWD�� DQG $� %� 6DQGHUV� ����� ?$Q HPSLULFDO
LQYHVWLJDWLRQ RI DOWHUQDWLYH PRGHOV RI WKH VKRUW�WHUP LQWHUHVW UDWH�� -RXUQDO RI )LQDQFH
��� ����^�����

'DKOTXLVW� 0�� ����� ?2Q DOWHUQDWLYH LQWHUHVW UDWH SURFHVVHV�� -RXUQDO RI %DQNLQJ DQG

)LQDQFH ��� ����^�����

'DKOTXLVW� 0� DQG 6� )� *UD\� ����� ?5HJLPH�VZLWFKLQJ DQG LQWHUHVW UDWHV LQ WKH (XURSHDQ
0RQHWDU\ 6\VWHP�� ZRUNLQJ SDSHU� 6WRFNKROP 6FKRRO RI (FRQRPLFV�

'X�HH� *� 5�� ����� ?2Q WKH UHODWLRQ EHWZHHQ WKH OHYHO DQG YRODWLOLW\ RI VKRUW�WHUP LQWHUHVW
UDWHV� $ FRPPHQW RQ &KDQ� .DURO\L� /RQJVWD� DQG 6DQGHUV�� ZRUNLQJ SDSHU� )HGHUDO
5HVHUYH %RDUG�

'X�HH� *� 5�� ����� ?,GLRV\QFUDWLF YDULDWLRQ RI 7UHDVXU\ %LOO \LHOGV�� -RXUQDO RI )LQDQFH

��� ���^����

*UD\� 6� )�� ����� ?0RGHOLQJ WKH FRQGLWLRQDO GLVWULEXWLRQ RI LQWHUHVW UDWHV DV D UHJLPH�
VZLWFKLQJ SURFHVV�� -RXUQDO RI )LQDQFLDO (FRQRPLFV ��� ������

+DPLOWRQ� -� '�� ����� ?5DWLRQDO�H[SHFWDWLRQ HFRQRPHWULF DQDO\VLV RI FKDQJHV LQ UHJLPH� $Q
LQYHVWLJDWLRQ RI WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV�� -RXUQDO RI (FRQRPLF '\QDPLFV

DQG &RQWURO ��� ���^����

+DPLOWRQ� -� '�� ����� 7LPH 6HULHV $QDO\VLV� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV� 3ULQFHWRQ� 1-�

+DQVHQ� /� 3�� ����� ?/DUJH VDPSOH SURSHUWLHV RI JHQHUDOL]HG PHWKRG RI PRPHQWV HVWLPD�
WRUV�� (FRQRPHWULFD ��� ����^�����

��



+XL]LQJD� -� DQG )� 0LVKNLQ� ����� ?,Q�DWLRQ DQG UHDO LQWHUHVW UDWHV RQ DVVHWV ZLWK GL�HUHQW
ULVN FKDUDFWHULVWLFV�� -RXUQDO RI )LQDQFH ��� ���^ ����

.RHGLMN� .� *�� )� *� -� $� 1LVVHQ� 3� &� 6FKRWPDQ� DQG &� &� 3� :RO�� ����� ?7KH G\QDPLFV
RI VKRUW�WHUP LQWHUHVW UDWH YRODWLOLW\ UHFRQVLGHUHG�� ZRUNLQJ SDSHU� /LPEXUJ ,QVWLWXWH
RI )LQDQFLDO (FRQRPLFV�

/HHSHU� (� 0�� &� $� 6LPV� DQG 7� =KD� ����� ?:KDW GRHV PRQHWDU\ SROLF\ GR"� %URRNLQJV

3DSHUV RQ (FRQRPLF $FWLYLW\� �^���

1HZH\� :� .� DQG .� '� :HVW� ����� ?+\SRWKHVLV WHVWLQJ ZLWK H�FLHQW PHWKRGV RI PRPHQWV
HVWLPDWLRQ�� ,QWHUQDWLRQDO (FRQRPLF 5HYLHZ ��� ���^����

6DQGHUV� $� %� DQG +� 8QDO� ����� ?2Q LQWHUWHPSRUDO EHKDYLRU RI WKH VKRUW�WHUP UDWH RI
LQWHUHVW�� -RXUQDO RI )LQDQFLDO DQG 4XDQWLWDWLYH $QDO\VLV ��� ���^����

��



7DEOH �� ,QWHUHVW 5DWH 0RGHOV )LWWHG WR ��0RQWK 7UHDVXU\ %LOO 5DWH

¤�

0RGHO � �  � � �S�YDOXH�

&./6 ������ ������� ������ ������
� ����� ������� � ����� � �����

0HUWRQ ������ ��� ������ ��� ������
� ����� � ����� ��������

9DVLFHN ������ ������ ������ ��� ������
� ����� � ����� � ����� ��������

&,5�65 ������ ������� ������ ��� ������
� ����� ������� � ����� ��������

'RWKDQ ��� ��� ������ ��� ������
� ����� ��������

*%0 ��� ������ ������ ��� ������
� ����� � ����� ��������

%UHQQDQ�6FKZDUW] ������ ������� ������ ��� ������
� ����� ������� � ����� ��������

&,5�95 ��� ��� ������ ��� ������
� ����� ��������

&(9 ��� ������ ������ ������ ������
� ����� � ����� � ����� ��������

� 'DWD FRQVLVW RI PRQWKO\ REVHUYDWLRQV RI WKH ��0RQWK 7�%LOO UDWH IRU WKH SHULRG -XQH
���� WKURXJK 'HFHPEHU ����� D WRWDO RI ��� REVHUYDWLRQV DIWHU GL�HUHQFLQJ�

� 1XPEHUV LQ SDUHQWKHVHV EHORZ WKH SDUDPHWHU HVWLPDWHV DUH WKH DV\PSWRWLF W�VWDWLVWLFV�

� )L[HG SDUDPHWHUV ZKLFK GH�QH WKH GL�HUHQW PRGHOV DUH LQGLFDWHG E\ WKH DEVHQFH RI
DVVRFLDWHG W�VWDWLVWLFV�

� ¤�
� 7 -7 LV WKH 9DOXH RI WKH 2EMHFWLYH )XQFWLRQ� -7 �VHH HT� ��� VFDOHG WR KDYH DQ

DV\PSWRWLF ¤� GLVWULEXWLRQ� 7KH FRUUHVSRQGLQJ S�YDOXHV DUH VKRZQ LQ SDUHQWKHVHV�



7DEOH �� 7HVWV IRU 3HUPDQHQW 5HJLPH 6KLIW DW 2FWREHU ���� LQ WKH ��0RQWK 7�%LOO 5DWH

8QUHVWULFWHG 0RGHOV �SDUDPHWHU VKLIW SHUPLWWHG� 6KLIW 7HVW

6\VWHP 3DUDPHWHUV 'XPP\ 3DUDPHWHUV ¤��VWDW� 5�VWDW�

� �  � � �� �� �� �� S�YDOXH G�I� S�YDOXH G�I�

&./6

������ ������� ������ ������ ������ ������� ������� ������� ������ �
������ ������� ������ ������ ������ ������� ������� ������� ��������

0HUWRQ

������ ��� ������ ��� ������� ��� ������ ��� ������ � ������� �
������ ������ ������� ������ �������� ��������

9DVLFHN

������� ������ ������ ��� ������ ������� ������ ��� ������ � ������� �
������� ������ ������ ������ ������� ������ �������� ��������

&,5�65

������ ������ ������ ��� ������ ������� ������ ��� ������ � ������� �
������ ������ ������ ������ ������� ������ �������� ��������

'RWKDQ

��� ��� ������ ��� ��� ��� ������ ��� ������ � ������ �
������ ������ �������� ��������

*%0

��� ������ ������ ��� ��� ������� ������ ��� ������ � ������ �
������ ������ ������� ������ �������� ��������

%UHQQDQ�6FKZDUW]

������ ������� ������ ��� ������ ������� ������ ��� ������ � ������ �
������ ������� ������ ������ ������� ������ �������� ��������

&,5�95

��� ��� ������ ��� ��� ��� ������ ��� ������ � ������ �
������ ������ �������� ��������

&(9

��� ������ ������ ������ ��� ������� ������� ������� ������ � ������ �
������ ������ ������ ������� ������� ������� �������� ��������

� 'DWD FRQVLVW RI PRQWKO\ REVHUYDWLRQV RI WKH ��0RQWK 7�%LOO UDWH IRU WKH SHULRG -XQH ����

WKURXJK 'HFHPEHU ����� D WRWDO RI ��� REVHUYDWLRQV�

� 1XPEHUV LQ SDUHQWKHVHV EHORZ WKH SDUDPHWHU HVWLPDWHV DUH WKH DV\PSWRWLF W�VWDWLVWLFV�

� )L[HG SDUDPHWHUV ZKLFK GH�QH WKH GL�HUHQW PRGHOV KDYH QR DVVRFLDWHG W�VWDWLVWLFV�

� ¤� � 7 -7 LV WKH 9DOXH RI WKH 2EMHFWLYH )XQFWLRQ� -7 �VHH HT� ��� VFDOHG WR KDYH DQ DV\PSWRWLF

¤� GLVWULEXWLRQ� 7KH FRUUHVSRQGLQJ S�YDOXHV DUH VKRZQ LQ SDUHQWKHVHV�

� 5�VWDWLVWLF � LV WKH WHVW VWDWLVWLF IRU QR�VKLIW QXOO K\SRWKHVLV �VHH HT� ��� 7KH FRUUHVSRQGLQJ

S�YDOXHV DUH VKRZQ LQ SDUHQWKHVHV�



7DEOH �� 7HVWV IRU 7HPSRUDU\ 5HJLPH 6KLIW IURP 2FWREHU ���� WKURXJK 6HSWHPEHU ����
XVLQJ WKH ��0RQWK 7�%LOO 5DWH

8QUHVWULFWHG 0RGHOV �SDUDPHWHU VKLIW SHUPLWWHG� 6KLIW 7HVW

6\VWHP 3DUDPHWHUV 'XPP\ 3DUDPHWHUV ¤��VWDW� 5�VWDW�

� �  � � �� �� �� �� S�YDOXH G�I� S�YDOXH G�I�

&./6

������ ������� ������ ������ ������ ������� ������� ������� ������� �
������ ������� ������ ������ ������ ������� ������� ������� ��������

0HUWRQ

������ ��� ������ ��� ������� ��� ������ ��� ������� � ������� �
������ ������ ������� ������ �������� ��������

9DVLFHN

������ ������� ������ ��� ������ ������� ������ ��� ������ � ������� �
������ ������� ������ ������ ������� ������ �������� ��������
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Figure 1b: Absolute Changes in 1-Month T-Bill Rate
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Figure 2: CKLS Model Cross-Validation Results


