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7KH IROORZLQJ SDSHU DGGUHVVHV WKH TXHVWLRQ RI KRZ WR PRGHO LQGLYLGXDO EHKDYLRU
LQ WKH IDFH RI FKDQJHV LQ D VHW RI UXOHV JRYHUQLQJ WKH VRFLDO ZHOIDUH V\VWHP LQ
6ZHGHQ� 7R WKLV HQG� WKH 6ZHGLVK VLFNQHVV LQVXUDQFH SURYLGHV DQ H[FHOOHQW VWXG\
REMHFW DV WKH V\VWHP KDV EHHQ FKDQJHG RIWHQ GXULQJ WKH SDVW GHFDGH� $V WKH
TXHVWLRQ HPSOR\HH FRPSHQVDWLRQ IRU VLFN OHDYH LV RQH WKH PRUH ZLGHO\ GLVFXVVHG
DVSHFWV RI 6ZHGLVK VRFLDO ZHOIDUH OHJLVODWLRQ� LW LV RI LQWHUHVW WR H[DPLQH KRZ
LQGLYLGXDOV UHVSRQG WR FKDQJHV LQ WKLV OHJLVODWLRQ� ,W LV WKHUHIRUH QRW VXUSULVLQJ
WKDW D QXPEHU RI VWXGLHV KDYH DSSHDUHG LQ WKH OLWHUDWXUH� 8VLQJ GDWD IRU �����
%URVWU�RP� -RKDQVVRQ DQG 3DOPH �%URVWU�RP HW DO�� ����� PRGHO WKH WUDQVLWLRQ
IURP ZRUN WR ZRUN DEVHQFH DQG YLFH YHUVD XVLQJ D SURSRUWLRQDO KD]DUG PRGHO�
7KH\ XVH WKH PRGHOV WR H[DPLQH WR FKDQJHV IROORZLQJ WKH UHGXFWLRQ LQ WKH UDWH
RI FRPSHQVDWLRQ LQ 0DUFK ����� 7KHLU IUDPHZRUN LV D QHRFODVVLFDO XWLOLW\ PD[�
LPL]LQJ PRGHO VLPLODU WR WKH RQH SUHVHQWHG EHORZ ZKHUH ZRUNLQJ WLPH DQG VLFN
OHDYH WLPH YDU\ EXW OHLVXUH LV JLYHQ��

,Q WKLV SDSHU ZH DVN WKH TXHVWLRQ DV WR ZKDW H[WHQW LQGLYLGXDO UHVSRQVH WR
FKDQJHV LQ V\VWHP GHSHQG XSRQ GLoHUHQFHV LQ VRFLRHFRQRPLF DQG GHPRJUDSKLF
FKDUDFWHULVWLFV� 7KH EDVLF WKHRUHWLFDO PRGHO LV SUHVHQWHG LQ 6HFWLRQ �� WKH GDWD
LV SUHVHQWHG LQ WKLUG VHFWLRQ� 7KH IRXUWK VHFWLRQ SUHVHQWV WKH PRGHOV FRQVLGHUHG�
WKH pIWK VRPH UHVXOWV IURP WKHVH PRGHOV DQG WKH pQDO VHFWLRQ GUDZV FRQFOXVLRQV�

� 7 KH HFRQRPLF PRGHO

6LFN OHDYH ZLOO EH DQDO\]HG LQ WKH FRQWH[W RI WKH XVXDO QHR�&ODVVLFDO PRGHO� 7KLV
LV WKH DSSURDFK IROORZHG E\ 3DOPH^-RKDQVVRQ �-RKDQVVRQ DQG 3DOPH� ������
%URVH �%URVH� ����� DQG RWKHUV� 7KH EDVLF PRGHO SRVLWV D XWLOLW\ IXQFWLRQ ZKLFK
GHSHQGV SRVLWLYHO\ XSRQ OHLVXUH WLPH �/�� FRQVXPSWLRQ RI WKH FRPSRVLWH JRRG�
[� DV ZHOO DV LQGLYLGXDO FKDUDFWHULVWLFV� .� ZKLFK ZLOO EH UHSUHVHQWHG E\ VRFLR^
HFRQRPLF YDULDEOHV VXFK DV PDULWDO VWDWXV� QXPEHU RI FKLOGUHQ� HGXFDWLRQ� ZRUN�
LQJ FRQGLWLRQV DQG VR RQ�

X  X�[�/�.� ���

/HLVXUH WLPH LV ?SXUFKDVHG� E\ DEVWDLQLQJ IURP ZRUNLQJ WLPH ] FRVWV WKH JRLQJ
ZDJH UDWH� Z� 7RWDO WLPH� 7 � LV WKH VXP RI OHLVXUH WLPH DQG ZRUNLQJ WLPH�

7  ] � / ���

7KH EXGJHW UHVWULFWLRQ LV GHULYHG IURP WKH LGHQWLW\ WKDW H[SHQGLWXUH PXVW HTXDO
LQFRPH� 2Q WKH GHELW VLGH ZH pQG WKH FRVW RI JRRGV _ S LV WKH DJJUHJDWH SULFH
OHYHO� 2Q WKH FUHGLW VLGH ZH pQG HDUQHG LQFRPH DIWHU WD[HV �DVVXPHG SURSRUWLRQDO
ZLWK D UDWH W�� Z�� b W�]� DQG XQHDUQHG LQFRPH� ) � 7KXV WKH EXGJHW HTXDWLRQ
ZLOO EH

[  Z��b W�] �) ���

� 7 K H\ G LY LG H WLP H LQ WR WF� FRQ WU DFWHG Z RU N LQ J WLP H� WO� FRQ WU DFWHG OHLVX U H WLP H� DVVX P HG

FRQ VWDQ W� DQ G WD� WLP H DE VHQ W� 7 K HVH WK U HH Y DU LDE OHV VHHP WR E H P HDVX U HG LQ K RX U V�
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(TXDWLRQ ��� IROORZV IURP WKH DFFRXQWLQJ GHpQLWLRQ ZLWK WKH SULFH OHYHO QRUPDO�
L]HG WR XQLW\�
7R VROYH IRU WKH XWLOLW\ PD[LPL]LQJ FRQVXPSWLRQ� VXEVWLWXWH �� DQG��� LQWR

WKH XWLOLW\ IXQFWLRQ ��� DQG VHW WKH GHULYDWLYH ZLWK UHVSHFW WR ZRUNLQJ WLPH WR
]HUR�
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:KHQ XWLOLW\ LV PD[LPL]HG� DVVXPLQJ DQ LQWHULRU VROXWLRQ� WKH PDUJLQDO UDWH RI
VXEVWLWXWLRQ EHWZHHQ OHLVXUH WLPH DQG ZRUNLQJ WLPH ZLOO EH HTXDO WR WKH UHDO
ZDJH UDWH QHW RI WD[� 7KLV RI FRXUVH WKH IDPLOLDO VROXWLRQ IURP D EDVLF FRXUVH
LQ PLFUR HFRQRPLFV� +RZHYHU� WKH UHDO ZRUOG GLoHUV IURP WKLV DSSURDFK LQ D
QXPEHU RI ZD\V�
)LUVW RI DOO� WKH LQGLYLGXDO PD\ EH XQDEOH WR ZRUN EHFDXVH RI LOOQHVV� +RZHYHU�

EHFDXVH RI WKH H[LVWLQJ VRFLDO VHFXULW\ V\VWHP LQ 6ZHGHQ� WKH LQGLYLGXDO LV LQVXUHG
DJDLQVW LQFRPH ORVV UHVXOWLQJ IURP DEVHQFH GXH WR LOOQHVV� 7KLV LQVXUDQFH V\VWHP
UHTXLUHV WKDW WKH UHVWULFWLRQV SODFHG RQ WKH XWLOLW\ IXQFWLRQ PXVW EH PRGLpHG�
7KH WLPH UHVWULFWLRQ PXVW QRZ LQFOXGH VLFN WLPH� V�
+RZHYHU� ZRUNLQJ WLPH DQG VLFN WLPH FDQQRW EH FKRVHQ LQGHSHQWO\� 2QH KDV

D FHUWDLQ DPRXQW RI FRQWUDFWHG WLPH DQG VLFN WLPH PXVW EH GHGXFWHG IURP WKLV
JLYHQ DPRXQW� 7KXV WKH LQGLYLGXDO FKRRVHV VLFN WLPH WR PD[LPL]H KLV XWLOLW\ DQG
ZRUNLQJ WLPH EHFRPHV D UHVLGXDO� ,I ZH FDOO FRQWUDFWHG WLPH &� WKHQ & u ] � V

WKHQ WKH EXGJHW HTXDWLRQ FDQ EH ZULWWHQ

7  ] � V� /  & � / ���

7KH VHFRQG DGMXVWPHQW FRQFHUQV WKH EXGJHW UHVWULFWLRQ� 7KH LQGLYLGXDO LV
FRPSHQVDWHG IRU LQFRPH ORVV ZLWK D SHUFHQWDJH RI LQFRPH� r�� 7KXV VLFN WLPH
EHFRPHV D SRRUHU SDLG VXEVWLWXWH IRU ZRUNLQJ WLPH� :LWK D JLYHQ DPRXQW RI
FRQWUDFWHG WLPH� WKH PRGLpHG EXGJHW HTXDWLRQ LV DV IROORZV�

[  Z��b W��] � rV� � )

 Z��b W�>& b ��b r�V@ � ) ���

$V SRLQWHG RXW DERYH� WKH LQGLYLGXDO QRZ KDV D GLoHUHQW YDULDEOH XQGHU KLV
FRQWURO� WKH DPRXQW RI VLFN OHDYH WDNHQ� ,OOQHVV DQG LWV HoHFW RQ WKH LQGLYLGXDO
LV SHUVRQDO� 7KHUH DUH RI FRXUVH FDVHV ZKHQ RQH LV ODLG RXW DQG FDQQRW ZRUN�
RQ WKH RWKHU KDQG� D FRPPRQ FROG LV QRW UHDOO\ D KLQGHU LI RQH IHHOV WKDW KH
FDQQRW DoRUG WKH UHGXFWLRQ LQ LQFRPH ZKLFK RFFXUV IURP VWD\LQJ DW KRPH��

8VLQJ HTXDWLRQ ����pUVW RUGHU FRQGLWLRQV DUH QRZ
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� 7 K LV LV Q RW T X LWH WU X H� RQ H LV FRP S HQ VDWHG Z LWK rd ��� S HU FHQ W RI LQ FRP H X S WR ��� ?E DVH

DP RX Q W� Z K LFK LV DQ LQ q DWLRQ DG MX VWHG DP RX Q W VHW E \ WK H JRY HU Q P HQ W HDFK \ HDU � + RZ HY HU � IRU
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7KLV H[SUHVVLRQ LV QRW DV IDPLOLDU DV ���� +RZHYHU� LQ ��� ZRUNLQJ WLPH LV D
UHVLGXDO� 7KLV pUVW RUGHU FRQGLWLRQV PHDQ WKDW WKH LQGLYLGXDO FKRRVHV VLFN WLPH

XQWLO� DW WKH PDUJLQ� WKH UDWH RI VXEVWLWXWLRQ EHWZHHQ OHLVXUH DQG FRQVXPSWLRQ
LV HTXDO WR WKH QHW UHDO ZDJH GHFUHDVHG E\ ZKDW WKH LQGLYLGXDO ?SD\V� IRU WKH
VLFN WLPH�
)RU WKH UHPDLQGHU RI WKLV SDSHU� KRZHYHU� ZH ZLOO WUHDW FRQWUDFWHG WLPH _

DQG WKXV OHLVXUH WLPH _ DV JLYHQ DV OHW WKH LQGLYLGXDO FKRVH WKH WLPH KH LV DEVHQW
IURP ZRUN GXH WR LOOQHVV�
$V ZH ZLOO EH GRLQJ DQ HFRQRPHWULF PRGHO XVLQJ YDULDQWV RI OLQHDU PRGHOV�

ZH ZRXOG OLNH WKH XWLOLW\ IXQFWLRQ WR EH RI VXFK D IRUP WKDW WKH VROXWLRQ WR WKH
XWLOLW\ PD[LPL]DWLRQ SUREOHP ZRXOG EH OLQHDU LQ WKH UHOHYDQW YDULDEOHV� $ XWLOLW\
IXQFWLRQ ZKLFK PHHWV WKHVH UHTXLUHPHQWV KDV EHHQ GHULYHG E\ +DXVPDQ �+DXVV�
PDQ� ����� DQG XVHG E\ RWKHUV LQ SDUWLFXODU -RKDQVVRQ ^ 3DOPH �-RKDQVVRQ
DQG 3DOPH� ������ �&DVVHO HW DO�� ������ 7KH IXQFWLRQ LV GHULYHG E\ +DXVPDQ E\
EHJLQQLQJ ZLWK D OLQHDU IXQFWLRQ DQG SURFHHGLQJ EDFNZDUGV WKURXJK WKH LQGLUHFW
XWLOLW\ IXQFWLRQ WR WKH GLUHFW RQH� ,Q WKH SUHVHQW FRQWH[W� WKLV IXQFWLRQ ZRXOG
DSSHDU DV IROORZV�
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6XEVWLWXWLRQ ��� LQWR WKLV XWLOLW\ IXQFWLRQ \LHOGV WKH IROORZLQJ GHPDQG IRU
VLFN OHDYH HTXDWLRQ�

V  & b oZ��b W���b r�b p�) �Z��b W�r&� � N ���

7KLV LV HVVHQWLDOO\ -RKDQQVRQ ^ 3DOPH
V HTXDWLRQ ��� DQG +DXVPDQ
V HTXD�
WLRQ ���� 7KHUH LV� KRZHYHU� RQH HVVHQWLDO GLoHUHQFH� ,Q WKH RWKHU WZR VWXGLHV�
LQGLYLGXDO FKDUDFWHULVWLFV DUH VHHQ WR HQWHU WKH GHPDQG HTXDWLRQ OLQHDUO\ WKURXJK
ZKDW LV KHUH LQWHUSUHWHG DV D FRQVWDQW� N� EXW LV� ZLWK WKHVH DXWKRUV� D YHFWRU
RI LQGLYLGXDO FKDUDFWHULVWLFV� 7KHLU DSSURDFK ZRXOG VHHP WR H[FOXGH LQWHUDFWLRQ
WHUPV LQYROYLQJ ZDJH DQG QRQ^ZDJH LQFRPH DV ZHOO DV JHQGHU HoHFWV LQ WKH FDVH
RI -RKDQVVRQ^3DOPH� :H SUHIHU WR DGG WKH LQGLYLGXDO HoHFWV WKURXJK WKH SDUDP�
HWHUV LQ ���� 6HFRQGO\� ZH DOORZ WKH FRQVWDQW WHUP� N� WR YDU\ DFURVV LQGLYLGXDOV
DV ZHOO� 7KLV ZLOO DOORZ RWKHU YDULDEOHV WR HQWHU WKH HTXDWLRQ�

VL  &L b DLZL��b WL���b r�b DL�)L � ZL��b WL�r&L� � NL ����

7KH SDUDPHWHUV� LQ WXUQ� ZLOO EH OLQHDU FRPELQDWLRQV RI RWKHU YDULDEOHV�
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7KLV VSHFLpFDWLRQ LV YHU\ JHQHUDO� ,W ZLOO DOORZ WKH -RKDQVVRQ^3DOPH HTXD�
WLRQ E\ DVVXPLQJ WKDW DOO WHUPV RWKHU WKDQ o

�
DQG p

�
LQ HTXDWLRQV ���� DQG

���� DUH ]HUR� ,Q DGGLWLRQ WR WKH LQWHUDFWLRQV LQYROYLQJ WKH ZDJH YDULDEOHV� HTXD�
WLRQ ���� DOORZV ERWK RWKHU YDULDEOHV DV ZHOO DV RWKHU LQWHUDFWLRQV WR HQWHU WKH
GHPDQG IRU VLFN OHDYH LQ D OLQHDU PDQQHU�
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1992
1994

)LJXUH �� 7KH EXGJHW OLQH JLYHQ D p[HG QXPEHU RI ZRUNLQJ GD\V SHU ZHHN� 7KH
LQGLYLGXDO FDQ YDU\ WKH QXPEHU RI VLFN GD\V KH WDNHV�

7KHUH LV D SUREOHP ZLWK HTXDWLRQ ����� :KLOH DEVHQFH IRU VLFNQHVV LV D
SRVLWLYH YDULDEOH� WKHUH LV QRWKLQJ LQ ���� WR SUHYHQW VL IURP EHFRPLQJ QHJDWLYH�
:H DVVXPH WKHQ WKDW WKLV HTXDWLRQ LV D OLQHDU DSSUR[LPDWLRQ RI WKH RQH DFWXDOO\
HVWLPDWHG� &RXQW PRGHOV DVVXPH WKDW WKH UHJUHVVLRQ LV RI WKH IRUP OQ \  [p

DQG ZH WDNH ���� WR EH DQ DSSUR[LPDWLRQ RI WKLV HTXDWLRQ ZKLFK LV WKH RQH
HVWLPDWHG�
7KH EXGJHW OLQH XVHG LQ WKH DERYH DQDO\VLV LV LOOXVWUDWHG LQ )LJXUH �� :H

KDYH DVVXPHG WKDW WKH QXPEHU RI ZRUNLQJ GD\V LV VHW FRQWUDFWXDOO\� WKHUHIRUH�
LQFRPH IRU D SHUVRQ QHYHU LOO LV WKH LQWHUFHSW RQ WKH YHUWLFDO D[LV� 7KH VROLG OLQH
ZRXOG EH LQFRPH LQ WKH DEVHQFH RI VLFN LQVXUDQFH IRU DQ LQFUHDVLQJ QXPEHU RI
VLFN GD\V� $W VRPH SRLQW� WKH QXPEHU RI VLFN GD\V ZRXOG HTXDO WKH FRQWUDFWHG
WLPH DQG LQFRPH ZRXOG IDOO WR ]HUR� $ IXOO LQVXUDQFH ZRXOG FRPSHQVDWH IRU DOO
LQFRPH ORVV GXH WR LOOQHVV� 7KLV ZDV WKH FDVH LQ 6ZHGHQ LQ IRU WKH pUVW \HDU
LQ WKH VWXG\ �������� ,Q ����� WKH V\VWHP ZDV FKDQJHG� )LUVW� WKH OHYHO RI
FRPSHQVDWLRQ ZDV UHGXFHG WR ��� RI LQFRPH IRU WKH pUVW WKUHH VLFN GD\V� 7KLV
ZDV LQFUHDVHG WR ��� IURP WKH IRXUWK VLFN GD\� 7KLV FKDQJH LV UHSUHVHQWHG E\
WKH XSSHUPRVW OLQH LQ WKH GLDJUDP� ODEHOHG ����� 1RWH WKH NLQN LQ WKH OLQH DIWHU
WKH pUVW WKUHH GD\V� 7KH VHFRQG FKDQJH LV WKDW VLFN SD\ IRU WKH pUVW IRUWQLJKW
EHFDPH WKH UHVSRQVLELOLW\ RI WKH HPSOR\HU� 7KH QDWLRQDO VLFN LQVXUDQFH SDLG RXW
FRPSHQVDWLRQ IURP GD\ ��� 7KLV LV WKH UHOHYDQW EXGJHW OLQH IRU WKH VHFRQG ZDYH
XVHG KHUH �ZLWK GDWD IURP ������
)URP $SULO ���� WKH V\VWHP FKDQJHG DJDLQ� QRZ D TXDOLI\LQJ GD\ ZDV DGGHG�

RQH JRW QR FRPSHQVDWLRQ IRU WKH pUVW VLFN GD\ ZKLOH WKH UDWH RI FRPSHQVDWLRQ
UHPDLQHG XQFKDQJHG IRU WKH VHFRQG DQG WKLUG GD\ RI LOOQHVV EXW ZDV UHGXFHG
IURP ��� WR ��� IRU WKH UHPDLQGHU RI WKH pUVW WZR ZHHNV� 7KLV EXGJHW OLQH LV
ODEHOHG ?����� LQ WKH GLDJUDP DQG LV WKH RQH UHOHYDQW IRU WKH WKLUG ZDYH XVHG
ZLWK GDWD IURP �����

� + 86 GDWD

7KH pUVW ZDYH RI WKH 6ZHGLVK +RXVHKROG 0DUNHW DQG 1RQPDUNHW $FWLYLWLHV

�+86� ZDV FRPSOHWHG LQ ���� IROORZLQJ D SLORW VWXG\ LQLWLDWHG E\ $QGHUV .OHY�

� 7 K LV LV Q RWH H[ DFWO\ WU X H� % OX H FROODU Z RU N HU V K DG D T X DOLp FDWLRQ G D\ DQ G ��� U HQ X P HU D�
WLRQ U DWH� : K LWH FROODU Z RU N HU V K DG Q R T X DOLp FDWLRQ G D\ DQ G ���� FRP S HQ VDWLRQ �
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PDUNHQ LQ ����� :KLOH WKH SLORW VXUYH\ ZDV EDVHG RQ D UDQGRP VDPSOH RI WKUHH
ZHVWHUQ FRXQWLHV �VLF�_ *�RWHERUJV� RFK %RKXVO�DQ� �$OIVERUJV O�DQ DQG 9�DUPODQGV
O�DQ _ WKH HQWLUH VXUYH\ LV EDVHG RQ D VWUDWLpHG UDQGRP VDPSOH RI LQGLYLGXDOV
LQ WKH HQWLUH .LQJGRP� 7KH KRXVHKROG WR ZKLFK WKH LQGLYLGXDO EHORQJHG ZDV
WKHQ LQFOXGHG LQ WKH VDPSOH� ERWK WKH KXVEDQG DQG ZLIH LQ WKH KRXVHKROG _ DV
ZHOO DV WKH SHUVRQ VHOHFWHG LI GLoHUHQW IURP WKHVH WZR _ ZHUH LQWHUYLHZHG� ,Q
DOO� ���� KRXVHKROGV DQG D WRWDO RI ���� LQGLYLGXDOV ZHUH VHOHFWHG�� 1HW VDPSOH
FRQVLVWHG RI ���� KRXVHKROGV ZLWK ���� LQGLYLGXDOV�
7KH ���� ZDYH LQFOXGHG DOO WKRVH LQ WKH SUHYLRXV VWXG\ SOXV D IHZ RWKHU

FDWHJRULHV� 7KH pUVW RI WKHVH ZDV WKH QRQUHVSRQVH LQ ���� � WKRVH ZKR VKRXOG
KDYH EHHQ LQ WKH VWXG\ EXW IRU RQH UHDVRQ RU RWKHU ZHUH H[FOXGHG� )XUWKHU� WKRVH
ZKR PRYHG LQWR WKH KRXVHKROG DIWHU WKH ���� LQWHUYLHZ ZHUH LQFOXGHG� +HUH D
QHW RI ���� LQGLYLGXDOV ZHUH LQFOXGHG� )LQDOO\� DOO PHPEHUV RI WKH KRXVHKROG
ERUQ ���� RU ���� ZHUH LQFOXGHG� ,I WKH\ KDG HQWHUHG D QHZ KRXVHKROG� WKHQ
WKH KHDG RI WKDW KRXVHKROG DQG KLV �RU KHU� SDUWQHU ZDV LQWHUYLHZ DV ZHOO� WKLV
VDPSOH� FDOOHG WKH 6XSSOHPHQWDU\ VDPSOH� HQFRPSDVVHG ��� LQGLYLGXDOV�
7KH ���� ����� LQGLYLGXDOV� DQG ���� ����� LQGLYLGXDOV� ZDYHV ZHUH PXFK

PRUH OLPLWHG LQ VFRSH DQG ZHUH UHDOO\ IROORZ XSV RQ WKH WZR SUHYLRXV ZDYHV
UHFRUGLQJ FKDQJHV LQ KRXVHKROG FRPSRVLWLRQ� KRXVLQJ DQG ODERU PDUNHW FRQGL�
WLRQV� 7KH PDLQ GLoHUHQFH EHWZHHQ WKHVH WZR ODWWHU ZDYHV ZDV WKDW WKH ����
ZDYH DWWHPSWHG WR LQFOXGH QHZ KRXVHKROG PHPEHUV �WKRVH ZKR KDG PRYHG LQWR
WKH KRXVHKROG DIWHU WKH ���� VXUYH\� DV ZHOO DV WKRVH ZKR KDG UHFHQWO\ WXUQHG
���
7KH ���� ZDYH ZDV D UHSHDW RI WKH ���� VXUYH\� 7KH VDPH GHFLVLRQ UXOHV

IRU LQFOXGLQJ QHZ VXEMHFWV ZHUH DSSOLHV KHUH �ZLWK� RI FRXUVH� WKH \HDU RI ELUWK
DGMXVWHG WR ���� RU ������ 7KHUH ZHUH D QHW WRWDO RI ���� LQGLYLGXDOV LQ WKH
SDQHO� D QHW RI ���� LQ WKH VXSSOHPHQWDU\ VXUYH\ DQG ��� LQ WKH QRQUHVSRQVH
VXUYH\�
7KH ���� ZDYH DV ZHOO DV WKH ���� ZDYH LV DJDLQ D GXSOLFDWLRQ RI WKH HDUOLHU�

ODUJHU ZDYHV� 7KH ODVW ZDYH LV DW WKLV ZULWLQJ QRWH FRPSOHWH DQG LV WKXV QRW
LQFOXGHG LQ WKLV SDSHU� 7KH ���� SDQHO LQFOXGHV ���� LQGLYLGXDOV DQG ��� LQ WKH
6XSSOHPHQW�
7KLV SDSHU ZLOO FRQVLGHU D WRWDO RI ���� REVHUYDWLRQV� 7KH VDPSOH LV FRP�

SRVHG RI WKH LQGLYLGXDOV ZKR KDYH EHHQ LQ WKH ZRUN IRUFH�� $Q LPSRUWDQW VXE�
VDPSOH ZLOO EH WKH ���� ZKR KDYH DQVZHUHG WKH TXHVWLRQV RQ WKHLU ZRUNLQJ
HQYLURQPHQW�

� 7 K H VDP S OH S U RFHG X U H LV G HVFU LE HG LQ .OHY P DU N HQ �.OHY P DU N HQ � ������ 0RU H G HWDLO LV
IRX Q G LQ WK H p U VW Y ROX P H RI WK H & RG HE RRN �.OHY P DU N HQ DQ G 2ORY VVRQ � ������

� 7 K LV Z DY H Z LOO E H DY DLODE OH 6 X P P HU ���� DQ G Z LOO E H LQ FOX G HG LQ WK H p Q DO U HS RU W�
� $ V VRP H RI WK H T X HVWLRQ V DVN HG Z HU H Q RW DQ VZ HU HG E \ DOO WK RVH LQ WHU Y LHZ HG � WK HU H P D\ E H

D VOLJK W G LVFU HS DQ F\ E HWZ HHQ WK H DFWX DO Q X P E HU RI RE VHU Y DWLRQ V X VHG LQ D U HJU HVVLRQ RI D WDE OH
DQ G WK H VWDWHG WRWDO� )RU H[ DP S OH� WDE OH � FRQ WDLQ V LQ IRU P DWLRQ RQ ���� U DWK HU WK DQ ����
LQ G LY LG X DOV�
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7DEOH �� 7KH GHSHQGHQW YDULDEOH� ZHHNV RI VLFN OHDYH �V� IRU RZQ LOOQHVV�
6XUYH\ 6L]H RI 1XPEHU 3URS 3URS 0HDQ 0HDQ 0HDQ

VDPSOH RI V ! � V ! � V ! � V ! � V ! �
:RPHQ 0HQ :RPHQ $OO 0HQ :RPHQ

$OO ���� ���� ����� ����� ����� ����� �����
���� ���� ���� ����� ����� ����� ����� �����
���� ���� ���� ����� ����� ����� ����� �����
���� ���� ���� ����� ����� ����� ����� �����

� 7 KH GDWD� D GHVFU LSWLRQ

7R WKH XQLQLWLDWHG� WKH H[WUDFWLRQ RI GDWD IURP D GDWDEDVH VHHPV D VLPSOH PDWWHU�
+RZHYHU� WKLV KDV WXUQHG RXW QRW WR EH WKH FDVH� 7KHUH DUH PDQ\ SUREOHPV
LQYROYHG LQ pQGLQJ WKH GDWD LQ WKHUH pOHV� 2QH KLQGHU LV WKDW TXHVWLRQV UHIHUULQJ
WR WKH HQWLUH KRXVHKROG DUH DVNHG RQ WR WKH KHDG RI WKH KRXVHKROG� )RU H[DPSOH�
WKH TXHVWLRQ DV WR WKH W\SH RI KRXVLQJ _ UHQWDO DSDUWPHQW� SXUFKDVHG DSDUWPHQW
RU RZQ KRPH _ LV RQO\ DVNHG WR WKH KHDG RI WKH KRXVHKROG� $W WLPHV WKLV YDOXH
LV WKHQ DOVR DGPLQLVWUDWLYHO\ JLYHQ WR RWKHU KRXVHKROG PHPEHUV LQ WKH VXUYH\�
DW WLPHV QRW� 7KHQ� LQ WKH SDQHO VXUYH\V� WKH KHDG RI KRXVHKROG LV DVNHG LI WKH\
KDYH PRYHG VLQFH WKH ODVW LQWHUYLHZ� ,I WKH UHVSRQVH LV QR� WKHQ WKH TXHVWLRQ RQ
KRXVLQJ RZQHUVKLS LV QRW DVNHG DQG WKH UHVHDUFKHU PXVW JR EDFNZDUG WKURXJK
DOO WKH VXUYH\V XQWLO KH pQGV DQ DQVZHU WR WKH TXHVWLRQ� )DLOXUH WR GR VR UHGXFHV
WKH VDPSOH VL]H E\ TXLWH D VL]DEOH DPRXQW�
2I WKH DOPRVW ���� LQGLYLGXDOV LQ WKH VXUYH\� DERXW ��� DUH IHPDOH� ,Q

7DEOH � ZH QRWH WKDW WKH SURSRUWLRQ RI ERWK PHQ DQG ZRPHQ ZKR KDYH WDNHQ
VLFN OHDYH KDV IDOOHQ GXULQJ WKH WKUHH VDPSOHV� +RZHYHU� WKH WUHQG LV IRU ORQJHU
VLFN OHDYH SHULRGV IRU PHQ EXW QRW VR IRU ZRPHQ� 7KLV ODWWHU JURXS KDV LQFUHDVH
WKH QXPEHU RI VLFN ZHHNV LQ WKH ���� DQG WKHQ GHFUHDVHG WKHP E\ DERXW ��� LQ
����� 7KH UHDVRQ IRU WKLV LQFUHDVH FRXOG EH WKH FKDQJLQJ DJH FRPSRVLWLRQ RI WKH
VXUYH\� WKH LQGLYLGXDOV JHW ROGHU DQG WKH LQSXW RI \RXQJHU LQGLYLGXDOV REVHUYHG
DV FKLOGUHQ JURZ XS DQG IRUP IDPLOLHV RI WKHLU RZQ LV QRW HQRXJK WR RoVHW WKLV
WUHQG� 7DEOH � VKRZV WKLV SKHQRPHQRP HVSHFLDOO\ LQ WKH WUDQVLWLRQ IURP WKH
���� WR WKH ���� VXUYH\V� )RU DOO WKUHH VXUYH\V� WKH SURSRUWLRQ RI WKRVH XQGHU
�� GHFUHDVHV DQG WKRVH RYHU LQFUHDVHV� $QG VLFN OHDYH WHQGV WR LQFUHDVH ZLWK DJH�

7DEOH �� 7KH DJH GLVWULEXWLRQ RI WKH VDPSOH�
$ OO VX U Y H\ V ���� VX U Y H\ ���� VX U Y H\ ���� VX U Y H\

9 DU LDE OH 0HQ : RP HQ 0HQ : RP HQ 0HQ : RP HQ 0HQ : RP HQ
$ JH � �� ����� ����� ����� ����� ����� ����� ����� �����

��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����

$ JH y �� ����� ����� ����� ����� ����� ����� ����� �����
7 RWDO ���� ���� ���� ���� ���� ���� ���� ����
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7DEOH �� 7KH SURSRUWLRQ RI WKRVH LQ WKH SRSXODWLRQ WDNLQJ VLFN OHDYH IRU RZQ
LOOQHVV VRUWHG E\ DJH JURXS DQG VH[�

$ OO VX U Y H\ V ���� VX U Y H\ ���� VX U Y H\ ���� VX U Y H\
9 DU LDE OH 0HQ : RP HQ 0HQ : RP HQ 0HQ : RP HQ 0HQ : RP HQ

$ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����
��x $ JH � �� ����� ����� ����� ����� ����� ����� ����� �����

$ JH y �� ����� ����� ����� ����� ����� ����� ����� �����
7 RWDO ���� ���� ���� ���� ���� ���� ���� ����

7KHUH LV D SUREOHP ZLWK WKH GHSHQGHQW YDULDEOH LQ 7DEOH �� 7KH UHVSRQGHQWV
ZHUH DVNHG LI WKH\ KDG WDNHQ VLFN OHDYH GXULQJ WKH SUHYLRXV \HDU� ,I WKH DQVZHU
ZDV SRVLWLYH� WKHQ WKH\ ZHUH DVNHG ?KRZ PDQ\ ZHHNV� ZHUH \RX DEVHQW IURP
\RXU MRE� 7KH\ ZHUH DOVR DVNHG WR URXQG Ro WKHLU DQVZHU WR WKH QHDUHVW QXPEHU
RI ZHHNV� 7KXV� LI WKH\ ZHUH DEVHQW RQH RU WZR GD\V WKH\ ZHUH WR DQVZHU ?]HUR
ZHHNV�� 7KXV VRPH RI WKRVH LQ WKH FRXQW ZKR DUH UHJLVWHUHG DV QRW KDYLQJ VLFN
OHDYH KDYH LQ UHDOLW\ EHHQ DEVHQW XS WR D FRXSOH RI GD\V� 7KHUH DUH ��� LQ WKH
HQWLUH VDPSOH FDVHV ZKHUH D C]HUR
 DQVZHU LV DFWXDOO\ D URXQGHG GRZQ DQVZHU�
7KLV LV DERXW ���� RI WKH WKRVH LQ WKH HQWLUH VDPSOH ZKR KDYH DQVZHUHG C]HUR
�
)RU WKH WKUHH ZDYHV LQGLYLGXDOO\� WKH FRUUHVSRQGLQJ SHUFHQWDJHV DUH ����� LQ
����� ���� LQ ���� DQG ���� LQ ����� 7KLV LV XQIRUWXQDWH EXW WKDW LV WKH ZD\
WKH LQWHUYLHZ ZDV FRQGXFWHG�� +RZHYHU� LQ WKH HFRQRPHWULF PRGHO� ZH ZLOO
DWWHPSW WR DGMXVW IRU WKLV SUREOHP E\ HVWLPDWLQJ D ]HUR DGMXVWHG FRXQW PRGHO�
:KHQ RQH FRQVLGHUV WKRVH LQ WKH VDPSOH ZKR WRRN VLFN OHDYH ZH pQG GLoHU�

HQFHV EHWZHHQ DJHV DQG VH[HV� 7DEOH � VKRZV D UHGXFWLRQ RI WKH SURSRUWLRQ RI
WKRVH WDNLQJ VXFK OHDYH LQ DOO DJH JURXSV VDYH WKH RQH IRU WKRVH RYHU �� DQG
VWLOO ZRUNLQJ� (VSHFLDOO\ PHQ EHWZHHQ �� DQG �� DQG ZRPHQ EHWZHHQ �� DQG ��
VKRZ ODUJH GHFUHDVHV EHWZHHQ ���� DQG ���� �DQG HYHQ ���� IRU WKDW PDWWHU��
7KH FKDQJHV LQ WKH VRFLDO VHFXULW\ V\VWHP WKDW RFFXUUHG EHWZHHQ ���� DQG ����
VHHP WR KDYH KDG D GLUHFW DQG ODVWLQJ LPSDFW�

� 7 K H IRU P X ODWLRQ X VHG LV S HU K DS V X Q G HU VWDQ G DE OH� ,Q G LY LG X DOV DU H DVN HG DE RX W WK HLU DFWLRQ V
WK H S U HY LRX V \ HDU DQ G LW LV G RX E WIX O LI WK H\ FRX OG U HFDOO WK H H[ DFW Q X P E HU RI G D\ V WK H\ Z HU H
DE VHQ W IU RP Z RU N IRU VLFN Q HVV� % \ DOORZ LQ J WK H LQ WHU Y LHZ HH WR U RX Q G Ro WR WK H Q HDU HVW Z HHN
S U RE DE O\ LQ FU HDVHV WK H DFFX U DF\ RI WK H DQ VZ HU V�

7DEOH �� :HHNV RI VLFN OHDYH �V� IRU FDUH RI DQRWKHU IDPLO\ PHPEHU�
6XUYH\ 6L]H RI 1XPEHU 3URS 3URS 0HDQ 0HDQ 0HDQ

VDPSOH RI V ! � V ! � V ! � V ! � V ! �
:RPHQ 0HQ :RPHQ $OO 0HQ :RPHQ

$OO ���� ���� ����� ����� ����� ����� ������
���� ���� ���� ����� ����� ����� ����� �����
���� ���� ���� ����� ����� ������ ����� ������
���� ���� ���� ����� ����� ����� ����� �����
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7DEOH �� )DPLO\ FRPSRVLWLRQ� 7KH SURSRUWLRQ RI IDPLOLHV ZLWK FKLOGUHQ LQ WKH
LQGLFDWHG DJH JURXSV�

0HQ QRQH x � ���� ����� 7RWDO
$OO ����� ����� ����� ����� ����
���� ����� ����� ����� ����� ����
���� ����� ����� ����� ����� ����
���� ����� ����� ����� ����� ����

:RPHQ QRQH x � ���� ����� 7RWDO
$OO ����� ����� ����� ����� ����
���� ����� ����� ����� ����� ����
���� ����� ����� ����� ����� ����
���� ����� ����� ����� ����� ����

*LYHQ WKH GHFUHDVH LQ VLFN OHDYH REVHUYHG DERYH� LW LV QDWXUDO WR DVN ZKHWKHU
LQGLYLGXDOV KDYH VXEVWLWXWHG RWKHU W\SHV RI DEVHQFH� $V WKH FKDQJHV LQ VRFLDO
ZHOIDUH OHJLVODWLRQ GLG QRW HoHFW WKRVH ZKR WRRN VLFN OHDYH WR FDUH IRU WKHLU
FKLOGUHQ� ZH DVN ZKHWKHU WKH GHFUHDVH QRWHG LQ 7DEOH � LV EDODQFHG E\ DQ LQFUHDVH
LQ SDLG DEVHQFH WR FDUH IRU RWKHUV�
,Q 7DEOH �� ZH pQG D VOLJKW DQG WUHQGLQJ LQFUHDVH LQ WKH SURSRUWLRQ RI PHQ

WKDW KDYH WDNHQ VLFN OHDYH WR FDUH IRU IDPLO\ PHPEHUV _ DOPRVW VXUHO\ RZQ
FKLOGUHQ�� 7KHUH LV D VLPLODU LQFUHDVH IRU ZRPHQ EXW LW LV VR VPDOO DV WR EH
QHJOLJLEOH� +RZHYHU� LQ ����� WKH QXPEHU RI ZHHNV RI VLFN OHDYH IRU FDUH RI IDPLO\
PHPEHUV LQFUHDVHG VOLJKWO\ IRU PHQ DQG WUHPHQGRXVO\ IRU ZRPHQ� 7KLV SHULRG
WKHQ IHOO EDFN WR SUHYLRXV OHYHOV LQ ���� _ HQGLQJ XS DERXW ��� DERYH WKH ����
OHYHO IRU PHQ DQG �� EHORZ IRU ZRPHQ� 7KHUH LV DQRWKHU LQWHUHVWLQJ LWHP LQ WKLV
WDEOH� ZKLOH WKH SURSRUWLRQ RI WKRVH WDNLQJ FRPSHQVDWHG VLFN OHDYH GHFUHDVHG
IURP WKH ���� WR WKH ���� VXUYH\� WKH OHQJWK RI WKH VLFN SHULRGV LQFUHDVHG�
7KH TXHVWLRQ DV WR ZK\ WKH ODUJH LQFUHDVH LQ WKH DYHUDJH QXPEHU RI VLFN

ZHHNV IRU ZRPHQ QRWHG LQ 7DEOH � RFFXUV� 2QH VXJJHVWLRQ ZRXOG EH WKDW WKH
SURSRUWLRQ RI ZRPHQ ZLWK FKLOGUHQ OHVV WKDQ VL[ \HDUV ROG ZDV ODUJH WKDW \HDU
FRPSDUHG WR WKH RWKHU \HDUV� +RZHYHU� LW WXUQV RXW WKDW WKHUH ZHUH UHODWLYHO\
IHZHU ZRPHQ ������ LQ ����� ����� LQ ���� DQG ����� LQ ����� LQ WKDW \HDU�
$QRWKHU VXJJHVWLRQ LV WKDW WKH QXPEHU RI FKLOGUHQ ERUQ LQ WKH HDUO\ ����
V

H[FHHGHG WKH QXPEHU ERUQ LQ WKH PLG^����
V� 0RUH FKLOGUHQ IRU WKH VDPH QXP�

�, LQ FOX G H K HU H DOVR RQ HV S DU WQ HU 
V FK LOG U HQ LQ D S U HY LRX V U HODWLRQ VK LS �

7DEOH �� $YHUDJH ZHHNV RI VLFN OHDYH �V� IRU FDUH RI DQRWKHU IDPLO\ PHPEHU
VRUWHG DFFRUGLQJ WR IDPLO\ FRPSRVLWLRQ�
6XUYH\ :RPHQ 0HQ

x � �^�� ��^�� x � �^�� ��^��
$OO ������ ����� ����� ����� ����� �����
���� ������ ����� ����� ����� ����� �����
���� ������ ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� �����
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EHU RI ZRPHQ PHDQ PRUH IUHTXHQW DEVHQFH IRU FDULQJ IRU VLFN FKLOGUHQ�
7DEOH � GRHV� KRZHYHU� JLYH XV D KLQW� 7KH YDULDEOH VLFN OHDYH IRU FDUH RI

DQRWKHU IDPLO\ PHPEHU LQFOXGHV PDWHUQLW\ OHDYH� 7KH LQFUHDVH LQ WKH SURSRU�
WLRQ RI LQGLYLGXDOV ZLWK FKLOGUHQ VL[ \HDUV ROG RU \RXQJHU LQFUHDVHV LQ WKH ����
FRPSDUHG WR WKH SUHYLRXV RQH� 7KLV FRXOG LQGLFDWH DQ LQFUHDVH LQ WKH QXPEHU RI
ELUWKV LQ WKH ���� VXUYH\ FRPSDUHG WR WKH ����� +RZHYHU� LW FRXOG DOVR EH DQ
HUURU LQ WKH GDWD�

� 0 RGHOLQJ FRXQW GDWD

7KH GHSHQGHQW YDULDEOH LQ WKLV VWXG\ LV GLVFUHWH DQG WKXV D PRGHO ZKLFK UHqHFWV
WKLV VKRXOG EH FKRVHQ� 7KHUH DUH D QXPEHU RI SRVVLEOH PRGHOV� 2QH RI WKHVH LV
WKH 3RLVVRQ UHJUHVVLRQ PRGHO� +RZHYHU� IRU WKLV PRGHO WKH WKHRUHWLFDO PHDQ DQG
YDULDQFH DUH HTXDO� DQ HTXDOLW\ WKDW LV VHOGRP REVHUYHG RQ DFWXDO GDWD� 7KHUH
DUH D QXPEHU RI DOWHUQDWLYHV RSHQ WR WKH HFRQRPHWULFLDQ ZKHQ FRQIURQWHG ZLWK
D 3RLVVRQ PRGHO H[KLELWLQJ RYHUGLVSHUVLRQ _ WKDW LV� D YDULDQFH LQ H[FHVV RI WKH
PHDQ� $V WKLV RYHUGLVSHUVLRQ UHVXOWV LQ ELDVHG HVWLPDWHV RI WKH YDULDQFHV RI WKH
HVWLPDWHG SDUDPHWHUV� RQH DOWHUQDWLYH ZRXOG EH WR FRUUHFW WKHVH YDULDQFHV IRU
WKH RYHUGLVSHUVLRQ�
$ VHFRQG DOWHUQDWLYH ZRXOG EH WR HVWLPDWH D PRGHO ZKHUH WKH YDULDQFH LV WKH�

RUHWLFDOO\ JUHDWHU WKDQ WKH PHDQ� 7KHUH DUH D QXPEHU RI VXFK PRGHOV DYDLODEOH�
2QH LV WKH QHJDWLYH ELQRPLDO PRGHO WKDW LQ HVVHQFH DGGV D JDPPD^GLVWULEXWHG
QRLVH WHUP WR WKH 3RLVVRQ PRGHO� $ VHFRQG ZRXOG EH D +XUGOH PRGHO ZKLFK
DVVXPHV WKDW WKH GDWD DUH JHQHUDWHG E\ WZR LQGHSHQGHQW 3RLVVRQ SURFHVVHV� RQH
WKDW GHWHUPLQHV D ]HUR RFFXUUHQFH DQG RQH WKDW GHWHUPLQHV WKH QRQ^]HUR OHYHO
RI WKH FRXQW YDULDEOH� $ WKLUG ZRXOG EH D ?]HUR^LQqDWHG� FRXQW PRGHO ZKHUH D
ELQRPLDO PRGHO GHWHUPLQHV ZKHWKHU D ELQDU\ RU D FRXQW SURFHVV KDV JHQHUDWHG
WKH REVHUYDWLRQ� ,Q WKLV FDVH� D ]HUR FRXQW PD\ EH WKH UHVXOW RI WKH ELQRPLDO
PRGHO RU RI WKH FRXQW PRGHO�
%HORZ ZH GLVFXVV WKHVH GLoHUHQW DOWHUQDWLYHV�

��� 7 KH 3 RLVVRQ PRGHO

7KH WUDGLWLRQDO PRGHO IRU FRXQW GDWD LV WKH 3RLVVRQ PRGHO� ,W PRGHOV WKH QXPEHU
RI HYHQWV WKDW WDNH SODFH GXULQJ D JLYHQ LQWHUYDO� 7KH IUHTXHQF\ IXQFWLRQ IRU WKH
SURFHVV LV

3 �\
L
 M�  

HbyLy
M
L

M�
����

,W LV ZHOO NQRZQ WKDW WKH PHDQ DQG WKH YDULDQFH RI WKLV SURFHVV DUH ERWK HTXDO
WR yL� :KHQ WKLV SDUDPHWHU LV PRGHOHG XVLQJ H[RJHQRXV YDULDEOHV� LW LV XVXDO WR
GHpQH WKH ORJ RI yL DV D OLQHDU FRPELQDWLRQ RI WKHVH YDULDEOHV�

OQyL  [Lp ����

[L LV D � E\ N PDWUL[ RI WKH LQGHSHQGHQW YDULDEOHV DW REVHUYDWLRQ L DQG p D N

E\ � SDUDPHWHU YHFWRU� 7KDW WKH HTXDOLW\ EHWZHHQ WKH PHDQ DQG WKH YDULDQFH LV
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QRW RIWHQ REVHUYHG LV RQH RI WKH SUREOHPV ZLWK WKLV PRGHO� , ZLOO UHWXUQ WR WKLV
EHORZ�
7KH HVWLPDWLRQ RI WKH 3RLVVRQ PRGHO LV HDV\ DV WKH H[SUHVVLRQV IRU WKH pUVW

DQG VHFRQG GHULYDWLYHV DUH QRW DW DOO FRPSOLFDWHG��� 7KH OLNHOLKRRG IXQFWLRQ LV

OQ/SL  byL � \L[Lp b OQ \� ����

7KH PDWUL[HV RI WKH pUVW DQG GHULYDWLYHV DUH

# OQ/SL

#p�
 �\L b yL� c [L ����

# OQ/SL

#p#p�
 byL[

�

L[L ����

7KDW WKH YDULDQFH LV ODUJHU WKDQ WKH PHDQ LV FDOOHG RYHUGLVSHUVLRQ LQ WKH
OLWHUDWXUH� 7KH PRVW WURXEOLQJ DVSHFW RI WKLV SUREOHP LV WKDW WKH VWDQGDUG
HUURUV RI WKH HVWLPDWHG FRHrFLHQWV DUH ELDVHG GRZQZDUGV� 7KLV LV VLPLODU WR WKH
SUREOHP RI KHWHURVFHGDVWLFLW\ LQ WKH XVXDO UHJUHVVLRQ PRGHO�
*LYHQ RYHUGLVSHUVLRQ� WKHUH DUH D FRXSOH RI DOWHUQDWLYHV DYDOLDEOH� 2QH LV

WR HVWLPDWH D PRGHO ZKLFK SURGXFHV D YDULDQFH LQ H[FHVV RI WKH PHDQ� 7KH
LV WKH VXEMHFW RI WKH IROORZLQJ VHFWLRQ� $ VHFRQG DOWHUQDWLYH LV WR FRUUHFW WKH
VWDQGDUG HUURUV LQ WKH 3RLVVRQ PRGHO� 6XFK D FRQVLVWHQW HVWLPDWH RI WKH YDULDQFH
FRYDULDQFH RI WKH SDUDPHWHUV ZRXOG EH

FRY� Ap�  +b�[�9 �\�[+b� ����

ZKHUH [ LV WKH FRPSOHWH Q E\ N PDWUL[ RI WKH LQGHSHQGHQW YDULDEOHV� 9 LV D
GLDJRQDO PDWUL[ ZLWK

9 �\L�  yL � ��y�L ����

RQ WKH GLDJRQDO� 7KLV LV PDGH RSHUDWLRQDO E\ UHSODFLQJ 9 �\L� E\ A9 �\L�  �\L b
Ay��� E\ UHSODFLQJ yL LQ HTXDWLRQ ���� ZLWK WKH

AyL HVWLPDWHG LQ WKH VDPSOH� DQG
E\ HVWLPDWLQJ �� XVLQJ 2/6�

��� 2YHU ^GLVSHU VHG PRGHOV

%HORZ , SUHVHQW WKUHH FRXQW PRGHOV ZKHUH WKH YDULDQFH LV WKHRUHWLFDOO\ H[FHHGV
WKH PHDQ� 7KH pUVW RI WKHVH� WKH 1HJDWLYH %LQRPLDO� H[WHQGV WKH 3RLVVRQ E\
DGGLQJ DQ HUURU WHUP WR HTXDWLRQ ���� DQG WKHQ DVVXPLQJ WKDW WKLV UHVLGXDO KDV
D *DPPD GLVWULEXWLRQ� 7KH VHFRQG RI WKH WKUHH PRGHOV� WKH 3RLVVRQ +XUGOH

PRGHO� DVVXPHV WKDW WKH REVHUYHG FRXQW LV WKH RXWFRPH RI WZR GLoHUHQW 3RLVVRQ
SURFHVVHV� RQH RI ZKLFK SURGXFHV WKH ]HUR UHVXOW DQG WKH RWKHU WKH SRVLWLYH
FRXQWV� 7KH pQDO PRGHO SUHVHQWHG� WKH =HUR $XJPHQWHG &RXQW PRGHO� DOVR

�� $ OO RI WK H P RG HOV S U HVHQ WHG LQ WK LV S DS HU K DY H E HHQ HVWLP DWHG X VLQ J WK H 1 HZ WRQ �5DS K VRQ

DOJRU LWK P Z LWK DQ DO\ WLFDO p U VW DQ G VHFRQ G G HU LY DWLY HV� ,Q D S U RJU DP VX FK DV *DX VV RU 0DWODE

_ RU LQ G HHG & �� RU )RU WU DQ _ U RX WLQ HV IRU WK H OLN HOLK RRG IX Q FWLRQ DQ G WK H WZ R G HU LY DWLY HV

DU H VLP S OH WR LP S OHP HQ W� , K DY H S U RJU DP P HG DOO IRX U U RX WLQ HV LQ *DX VV DQ G WK HVH S U RJU DP V

DU H DY DLODE OH RQ U HT X HVW�
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DVVXPHV WKDW WKH REVHUYDWLRQ LV JHQHUDWHG E\ WZR SURFHVVHV� RQH D ELQDU\ PRGHO
ZKRVH ]HUR RXWFRPH LV WKH REVHUYHG ]HUR FRXQW DQG ZKRVH QR ]HUR RXWSXW LV D
XVXDO FRXQW SURFHVVHV ZLWK ERWK ]HUR DQG SRVLWLYH RXWFRPHV� 7KH FRXQW PRGHO
PD\ EH HLWKHU D 3RLVVRQ RU D 1HJDWLYH %LQRPLDO�

����� 7KH 1HJDWLYH %LQRPLDO PRGHO

2QH ZD\ WR PRGHO RYHUGLVSHUVLRQ LV WR FKRVH D IXQFWLRQ ZKHUH WKH PHDQ LV
OHVV WKDQ WKH YDULDQFH� 6XFK D PRGHO LV WKH 1HJDWLYH %LQRPLDO� ,W REWDLQV E\
DVVXPLQJ� LQ WKH 3RLVVRQ PRGHO� WKDW yL LV JHQHUDWHG ZLWK DQ HUURU WHUP�

OQyL  [Lp � �L ����

7KH 1HJDWLYH %LQRPLDO REWDLQV E\ DVVXPLQJ WKDW �L IROORZV D JDPPD GLVWULEX�
WLRQ ZLWK SDUDPHWHUV ��L� {L� VR WKDW �&DPHURQ DQG 7ULYLGH� �����

I�yL�  
�

b�{L�

v
{
L
y

L

�
L

w{L

H[S

v
{LyL
�L

w
�

yL
����

7KLV OHDGV WR WKH IUHTXHQF\ IXQFWLRQ IRU WKH QHJDWLYH ELQRPLDO GLVWULEXWLRQ�

3 �<L  M�  
b�M � {L�

b�M ���b�{L�

v
{L

{L ��L

w{L v �L

{L � �L

wM

����

ZKHUH

(�<L�  �L ����

9DU�<L�  �L �
�

{L
��
L ����

&DPHURQ DQG 7ULYHGL GHpQH {L  �� o��H[S�[Lp��
N DQG GLVWLQJXLVK WZR EDVLF

PRGHOV� 7\SH , VHWV N  � DQG 7\SH ,, KDV N  �� +HUH , ZLOO ZRUN ZLWK 7\SH
,,� 7KH IRUPHU LPSOLHV D FRQVWDQW PHDQ^YDULDQFH UDWLR ZKLOH WKH ODWWHU KDV D
OLQHDU PHDQ^YDULDQFH UDWLR��� 'HpQLQJ �L  H[S�[Lp�� WKH IUHTXHQF\ IXQFWLRQ
WKHQ EHFRPHV

3URE�<L  K�  
b
b
K� �

o

c
b
b
�
o

c
c K�
�o�L�

K�� �o�L�
b�K � � o� ����

$IWHU D ELW RI DOJHEUD WR UHPRYH WKH JDPPD IXQFWLRQV� WKH ORJ^OLNHOLKRRG IRU
D VLQJOH REVHUYDWLRQ LV

OQ/L  

\Lb�;
P �

OQ

v
�

o
�P

w
b OQ \L� � \L OQ�o�L�b

v
\L �

�

o

w
OQ�� �o�L� ����

���& DP HU RQ DQ G 7 U LY LG H� ����� S � ���
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7KH pUVW GHULYDWLYHV DUH UDWKHU HDV\ WR FDOFXODWH�

# OQ/L

#p
 \L[L b

v
\L �

�

o

w
o[LH

[Lp

� �oH[Lp
����

# OQ/L

#o
 b

�

o�

\Lb�;
P �

�
�
o
�P

�
\L
o
�
�

o�
OQ
b
� � oH[Lp

c

d

v
\L �

�

o

w
H[Lp

� � oH[Lp
����

%XW WKH VHFRQG GHULYDWLYHV DUH KDLULHU���

#� OQ/L

#p#p�
 b

v
\L �

�

o

w
oH[Lp

�� �oH[Lp�
�[

�

L[L ����

#� OQ/L

#o�
 

�

o�

�
\Lb�;
P  �

�
�
o
�P

b OQ
b
� � oH[Lp

c�
b

\L
o�

�
�

o�

�
�o�H[Lp

� � oH[Lp
�

\Lb�;
P  �

�b
�
o �P

c�
�

�

v
\L �

�

o

w
H�[Lp

�� �oH[Lp�
� ����

#� OQ/L

#p#o
 

�

o�
b

v
\L �

�

o

w
[LH

[Lp

�� � oH[Lp�
� ����

����� 0RGLpHG FRXQWV

,W LV QRW DW DOO XQUHDVRQDEOH WR SRVLW WKDW WKH SURFHVV UHWXUQLQJ D FRXQW YDOXH
RI ]HUR LV GLoHUHQW IURP WKH RQH WKDW \LHOGV SRVLWLYH LQWHJHUV� )RU H[DPSOH�
WKH QXPEHU RI FKLOGUHQ LQ D PDUULDJH PD\ ZHOO EH QRQH DW DOO ZKLOH WKH FRXSOH
SODQV D IDPLO\ LQ WKH IXWXUH� $JDLQ� WKH QXPEHU RI ERWWOHV RI EHHU D SHUVRQ KDV

��5RX WLQ HV WK DW P D[ LP L]H D IX Q FWLRQ X VLQ J RQ O\ Q X P HU LFDO G HU LY DWLY HV DU H RI FRX U VH DQ DO�
WHU Q DWLY H WR WK H Z RU N LQ Y ROY HG LQ FDOFX ODWLQ J DQ G S U RJU DP P LQ J p U VW DQ G VHFRQ G G HU LY DWLY HV�
+ RZ HY HU � FRQ Y HU JHQ FH LV P X FK IDVWHU X VLQ J 1 HZ WRQ 
V P HWK RG DQ G DQ DO\ WLFDO p U VWV DQ G VHFRQ G V�
,Q G HHG , p Q G WK DW WK H LV D VX FK D JU HDW LP S U RY HP HQ W X VLQ J E RWK RI WK HVH G HU LY DWLY HV HY HQ FRP �
S DU HG WR U RX WLQ HV X VLQ J RQ O\ DQ DO\ WLFDO p U VWV VX FK DV WK H % + + + U RX WLQ H Z K LFK DS S U R[ LP DWHV
WK H + HVVLDQ Z LWK WK H S U RG X FW RI WK H VFRU H P DWU L[ � 7 K H E DFN VLG H RI P \ DVVHU WLRQ LV WK DW S U R�
JU DP P LQ J WK HVH G HU LY DWLY HV LV VHOG RP HU U RU IU HH� RQ P X VW FRP S DU H U HVX OWV WR WK RVH U HWX U Q HG
E \ Q X P HU LFDO G LoHU HQ WLDWLRQ � 7 K H *DX VV S DFN DJH IRU G RLQ J P D[ LP X P OLN HOLK RRG HVWLP DWLRQ �
0$ ; /,.� Y HU VLRQ �� FRQ WDLQ HG D U RX WLQ H WK DW G LG VX FK FK HFN LQ J� , X VH LW H[ WHQ VLY HO\ �
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FRQVXPHG LQ WKH SDVW PRQWK PD\ ZHOO EH ]HUR RU DQ\ SRVLWLYH QXPEHU ZLWKLQ
OLPLWV� ,Q ERWK FDVHV RQH VXVSHFWV WKDW WKH SURFHVV ZKHUH WKH FRXQW YDULDEOH LV
]HUR DQG WKH RQH ZKHUH WKH YDULDEOH LV SRVLWLYH DUH LQ IDFW WZR GLoHUHQW SURFHVVHV�
7KH VWDQGDUG UHIHUHQFH KHUH LV 0XOODK\ �0XOODK\� ������

7KH 3RLVVRQ KXUGOH PRGHO ,Q WKLV VSHFLpFDWLRQ ZH VWXG\ WZR VHSDUDWH SUR�
FHVVHV� 7KH pUVW RQH ZLOO GHWHUPLQH ZKHWKHU WKH RXWSXW LV ]HUR RU SRVLWLYH� WKH
VHFRQG ZLOO GHWHUPLQH WKH SRVLWLYH FRXQW� +HUH ZH PD\ K\SRWKHVL]H WZR VHSDUDWH
FRXQW SURFHVVHV� RQH LV DFWLYH ZKHQ WKH REVHUYHG FRXQW LV ]HUR DQG WKH RWKHU
ZKHQ WKH FRXQW LV D SRVLWLYH LQWHJHU� $ VHFRQG DOWHUQDWLYH ZRXOG EH WR FRQVLGHU
WKH pUVW SURFHVV D SURELW DQG WKH VHFRQG D 3RLVVRQ�
)RU WKH ]HUR RXWFRPH� XVLQJ WZR 3RLVVRQ SURFHVVHV� ZH KDYH

3 �\L  ��  HbvL ����

ZKHUH vL  H[S�]L c q��
,I WKH ]HUR SURFHVV LV VSHFLpHG DV D 3URELW� ZH ZRXOG KDYH

3 �\L  ��  j�]L c q� ����

ZKHUH jL u j�]L cq�� ,Q HLWKHU FDVH� ]L LV Q E\ N� PDWUL[ RI WKH YDULDEOHV ZRUNLQJ
RQ WKH ]HUR SURFHVV DQG q LV D FRQIRUPDO FROXPQ YHFWRU�
)RU WKH SRVLWLYH RXWFRPH� M  �� �� � � � � ZH KDYH

3 �\L  M�  
�b HbvL

�b HbyL

HbyLyM

M�
����

ZKHUH yL  H[S�[L c p�� +HUH [L LV Q E\ N� PDWUL[ RI WKH YDULDEOHV ZRUNLQJ RQ
WKH ]HUR SURFHVV DQG p LV D FRQIRUPDO FROXPQ YHFWRU�
7KLV PRGHO DOORZV IRU ERWK RYHU^ DQG XQGHUGLVSHUVLRQ� :LQNHOPDQQ DQG

=LPPHUPDQQ VKRZ WKDW WKH PHDQ PD\ EH H[SUHVVHG DV

(�\L�  
�;
M  �

M c
HbyLyM

M�
ckL ����

ZKHUH kL LV WKH UDWLR RI WKH SUREDELOLW\ WKDW WKH pUVW SURFHVV LV QRW ]HUR WR WKH
SUREDELOLW\ WKDW WKH VHFRQG SURFHVV LV HTXDO WR RU JUHDWHU WKDQ RQH� )RU ����
WKH H[SHFWHG YDOXH LV yL c �� b H[S�vL�� �� b H[S�yL��� IRU ���� LW LV yL c �� b
j�]Lq�� ��b H[S�yL���
7KH YDULDQFH RI WKH KXUGOH SURFHVV LV

9 DU�\L�  kL c yO�yO � �� bk
�
Ly

�
L ����

7KH ORJ OLNHOLKRRG IRU DQ REVHUYDWLRQ LV

OQ�/KL�  bULvL � ��b UL�dd
OQ
b
�b HbvL

c
b OQ

b
�b HbyL

c
� \L[Lp b yL b OQ �\L��

e
����

7KH pUVW GHULYDWLYHV RI OQ�/KL� DUH
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# OQ�/KL�

#q�
 

vL
b
HbvL

b UL
c

�b HbvL
c ]L ����

# OQ�/KL�

#p�
 ��b UL�

v
\L b yL b

yL
HyL b �

w
c [L ����

+HUH UL LV DQ LQGLFDWRU YDULDEOH HTXDOLQJ RQH ZKHQ WKH REVHUYHG FRXQW LV ]HUR
DQG ]HUR RWKHUZLVH�
$V WKH GHULYDWLYH RI OQ�/KL� ZLWK UHVSHFW WR q� RU p� GRHV QRW GHSHQG XSRQ

WKH RWKHU YDULDEOH� WKH +HVVLDQ ZLOO EH EORFN GLDJRQDO� 7KXV

#� OQ�/KL�

#q#q�
 

�
vL
b
HvL ��b vL� b �

c
�HvL b ��

�

b

ULvL
b
�b HbvL

b vLH
bvL

c
��b HbvL�

�

�
c ]�L]L ����

#� OQ�/KL�

#p#p�
 ��b UL� c

�
yL
b
HyL ��b yL�b �

c
�Hy b ��

�

�
c [�L[L ����

6WDUWLQJ YDOXHV FRXOG EH WKH OHDVW VTXDUHV HVWLPDWHV� 1HZWRQ
V PHWKRG ZLOO
JLYH UDSLG FRQYHUJHQFH� RWKHUZLVH RQH FRXOG XVH WKH %+++ DOJRULWKP DQG RQO\
WKH pUVW GHULYDWLYHV�

7KH =HUR^,QqDWHG &RXQW PRGHOV 7KH EDVLF GLoHUHQFH EHWZHHQ WKH =HUR^
LQqDWHG PRGHOV DQG WKH +XUGOH PRGHO GHVFULEHG LQ VHFWLRQ ����� LV WKH ZD\ WKH
]HUR REVHUYDWLRQ LV PRGHOHG� $V EHIRUH� ZH FRQVLGHU WZR SURFHVVHV� EXW KHUH�
RQH LV D ELQDU\ 3URELW PRGHO WKDW DOZD\V UHWXUQV D ]HUR ZLWK SUREDELOLW\ jL�
+RZHYHU� ZLWK SUREDELOLW\ � b jL WKH FRXQW SURFHVV LV WKH UXOLQJ RQH� DQG WKLV
SURFHVV PD\ ZHOO UHWXUQ D ]HUR FRXQW� 7KXV WKH SUREDELOLW\ RI REVHUYLQJ D ]HUR
LV

3 �\L  ��  jL � ��bjL�I�L ����

7KH SUREDELOLW\ RI REVHUYLQJ D SRVLWLYH \L LV VLPSO\�

3 �\L  M�  ��b jL�I� L ����

, XVH I�L WR UHSUHVHQW WKH IUHTXHQF\ IXQFWLRQ RI WKH FRXQW SURFHVV ZKHQ K  ��
6LPLODUO\� I� L UHSUHVHQWV WKH WUXQFDWHG DW ]HUR IUHTXHQF\ IXQFWLRQ RI WKH FRXQW�
/HWWLQJ yL  H[S�[Lp�� WKH PHDQ WKLV GLVWULEXWLRQ LV

(�\L�  ��bjL�yL ����

,I WKH FRXQW LV D 3RLVVRQ� WKH YDULDQFH LV

9DU�\L�  yL��b jL��� � yLjL� ����
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,I WKH FRXQW LV QHJDWLYH ELQRPLDO� WKH YDULDQFH ZLOO EH

9DU�\L�  yL��bjL��� � yL>jL �o@� ����

7KH =,3 PRGHO H[KLELWV RYHUGLVSHUVLRQ DV WKH YDULDQFH LV ODUJHU WKDQ WKH
PHDQ E\ D IDFWRU RI ��yL cjL� �*UHHQH� ����� S� ����� *UHHQH

�� SRLQWV RXW WKDW
WKH UHODWLRQVKLS RI WKH YDULDQFH WR WKH PHDQ LQ WKH =$3 PRGHO LV YHU\ VLPLODU
WR WKDW REVHUYHG LQ WKH QHJDWLYH ELQRPLDO PRGHO� 7KLV UHODWLRQVKLS LV� IRU WKH
=$3

9DU�\L�

(�\L�
 � �

jL

�b jL

(�\L�

ZKLOH IRU WKH QHJDWLYH ELQRPLDO LW LV

9DU�\L�

(�\L�
 � � q(�\L�

ZKHUH q LV WKH H[WUD SDUDPHWHU LQ WKH QHJDWLYH ELQRPLDO PRGHO� 1RWH WKDW WKHVH
WZR H[SUHVVLRQV DUH TXLWH VLPLODU� 7HVWLQJ RQH DJDLQVW WKH RWKHU LV GLFH\ DV
WKH PRGHOV DUH QRQ^QHVWHG� +RZHYHU� 9XRQJ �9RXQJ� ����� KDV SURSRVHG D WHVW
ZKLFK *UHHQH DVVHUWV DV ?VRPH SRZHU��� LV GLVWLQJXLVKLQJ WKH RYHUGLVSHUVLRQ GXH
WR WKH =$3 DQG WR WKH QHJDWLYH ELQRPLDO VSHFLpFDWLRQV� 7KH WHVW VWDWLVWLF LV

=Y  Q���
zP

VP
����

ZKHUH zP LV WKH PHDQ DQG VP LV WKH VWDQGDUG GHYLDWLRQ RI WKH ORJ RI WKH VHULHV
IRUPHG E\ GLYLGLQJ WKH IUHTXHQF\ IXQFWLRQ RI� VD\� WKH =$3 ZLWK WKDW RI WKH
QHJDWLYH ELQRPLDO �

PL  OQ

v
I=$3 �\L�

I1%�\L�

w
7KH DV\PSWRWLF GLVWULEXWLRQ RI =Y LV VWDQGDUG QRUPDO VR WKDW D VWDWLVWLF LQ H[FHVV
RI ���� ZRXOG IDYRU WKH =,3 PRGHO� RQH OHVV WKDQ b���� ZRXOG IDYRU WKH QHJDWLYH
ELQRPLDO DQG RQH EHWZHHQ WKHVH WR YDOXHV ZRXOG QRW DOORZ RQH WR UHMHFW WKH QXOO
RI QR GLoHUHQFH� +RZHYHU� RQH GRHV KDYH WR HVWLPDWH ERWK PRGHOV�
:H DVVXPH QRZ WKDW jL u j�]Lq�� WKH GLVWULEXWLRQ IXQFWLRQ RI WKH VWDQGDUG

QRUPDO� UHSUHVHQWV WKH 3URELW SURFHVV� $V DERYH� LW GHSHQGV RQ WKH N� YDULDEOHV
]L ZLWK WKH FRQIRUPDO SDUDPHWHU YHFWRU q� )XUWKHU� IL LV D 3RLVVRQ SURFHVV DV
GHpQHG LQ HTXDWLRQ ����� RU D 1HJDWLYH ELQRPLDO SURFHVV GHpQHG LQ ��� $V XVXDO�
OQ�yL�  [Lp� UL LV DV GHpQHG DERYH�
7KH ORJ OLNHOLKRRG IXQFWLRQ IRU WKH =HUR^,QqDWHG &RXQW LV

OQ�/]L�  UL OQ �jL � ��b jL� I�L� � ��b UL� OQ��b jL� � ��b UL� OQ�I � L� ����

7KH pUVW DQG VHFRQG GHULYDWLYHV IRU ERWK DOWHUQDWLYHV FRPSOLFDWHG EXW VWLOO
UDWKHU VWUDLJKW IRUZDUG�

# OQ�/]L�

#q�
 

v
UL
�b I�L
S�L

�
�b UL
�bjL

w
�L]L ����

# OQ�/KL�

#v�
 UL

�b jL

S�L

#I�L
#v�

�
# OQ�I � L�

#v�
����

���*U HHQ H� ����� S � ����
��

LELG�
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+HUH , KDYH XVHG v DV WKH YHFWRU RI WKH FRXQW SDUDPHWHUV� ,I WKH PRGHO LV
3RLVVRQ� WKHQ v DQG p DUH LGHQWLFDO� IRU WKH QHJDWLYH ELQRPLDO� v DOVR LQFOXGHV
WKH RYHU^GLVSHUVLRQ SDUDPHWHU o�
*UHHQH�� QRWHV WKDW HSLFDOO\ WKH VHFRQG GHULYDWLYHV DUH UDWKHU PHVV\ DQG

FKRRVHV WR XVH WKH %+++ DOJRULWKP ZKLFK XVHV RQ WKH pUVW GHULYDWLYHV� +RZHYHU�
, KDYH IRXQG WKDW FRQYHUJHQFH LV PXFK PRUH UDSLG XVLQJ 1HZWRQ
V PHWKRG DQG
DQDO\WLFDO VHFRQG GHULYDWLYHV� ,Q IDFW� ERWK WKH pUVW DQG VHFRQG GHULYDWLYHV KDYH
EHHQ JLYHQ DERYH� $OO WKDW ZLOO EH QHZ LV WKH FURVV^SDUWLDOV�

7KH =HUR^,QqDWHG &RXQW PRGHOV ZLWK VHOHFWLRQ :LQNHOPDQQ �:LQNHO�
PDQQ� ����� SS� ���^���� DUJXHV WKDW =,3 PRGHOV HVWLPDWHG DVVXPLQJ LQGHSHQ�
GHQFH RI WKH VHOHFWLRQ DQG WKH FRXQW SURFHVVHV ZLOO UHVXOW LQ LQFRUUHFW LQIHUHQFH
LI WKHUH LV LQGHHG FRUUHODWLRQ EHWZHHQ WKH WZR SURFHVVHV� *LYHQ FRUUHODWLRQ� KH
VXJJHVWV HVWLPDWLQJ WKH 3RLVVRQ PRGHO DV WKH 1HJDWLYH %LQRPLDO PRGHO ZLOO EH
GLrFXOW WR HVWLPDWH DV WKH pUVW WZR PRPHQWV ZLOO QRW EH VXrFLHQW WR LGHQWLI\
ERWK WKH RYHUGLVSHUVLRQ DQG WKH KHWHURJHQHLW\ SDUDPHWHUV� $V DERYH� WKH PRGHO
ZLOO KDYH ERWK D VHOHFWLRQ DQG D FRXQW SDUW�
,Q WKH 3RLVVRQ PRGHO� ZLWK \" EHLQJ WKH FRXQW� LQGLYLGXDO KHWHURJHQHLW\ LV

LQWURGXFHG DV LQ WKH 1HJDWLYH %LQRPLDO PRGHO�

(�\"M[L
� X

L
�  H[S�[

L
p � X

L
� ����

,Q ���� DERYH ZH DVVXPHG WKDW WKH KHWHURJHQHLW\ IROORZHG D JDPPD GLVWUL�
EXWLRQ� +HUH ZH DVVXPH LW WR QRUPDOO\ GLVWULEXWHG DQG FRUUHODWHG ZLWK WKH HUURU
SDUW RI WKH VHOHFWLRQ HTXDWLRQ� +HUH ZH GHpQH \

L
DFFRUGLQJ WR

\
L
 

~
\"
L

LI F
L
 �

� LI F
L
 �

ZKHUH F
L
LV WKH ODWHQW SURFHVV

F
L
 ]

L
q � s

L
����

7KH SRLQW KHUH LV WKDW X
L
DQG s

L
ZLOO EH MRLQW QRUPDO ZLWK ]HUR H[SHFWDWLRQV

DQG WKH FRYDULDQFH PDWUL[

FRY�X
L
� s

L
�  

x
�� �~

�~ �

y

7KH YDULDQFH RI s
L
LV QRUPDOL]HG WR XQLW\ DV q FDQ RQO\ EH HVWLPDWHG LQ UHODWLRQ

WR WKH YDULDQFH RI s
L
LQ DQ\ FDVH� 'HpQLQJ ay

L
 H[S�[

L
p � X

L
�� WKH SUREDELOLW\

IRU DQ REVHUYDWLRQ� FRQGLWLRQDO RQ X
L
� EHFRPHV �:LQNHOPDQQ� ����� S� ����

I�\
L
M[

L
�]

L
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= � �
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�
��bj"

L
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L

H[S�bay
L
\
ayL
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X
L
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)ROORZLQJ :LQNHOPDQQ , KDYH XVHG

j"
L u j

�
]Lq � ~XL �S

�b ~�

�

7KLV FDQQRW EH VROYHG DQDO\WLFDOO\ EXW D *DXVV�+HUPLWH TXDGUDWXUH PD\ EH
XVHG WR HYDOXDWH WKH LQWHJUDO QXPHULFDOO\���

��� $ 3 RLVVRQ 5DQGRP ( oHFWV PRGHO

$QRWKHU ZD\ WR PRGHO WKH LQGLYLGXDO KHWHURJHQHLW\ LV WR DVVXPH WKDW WKH LQ WKH
3RLVVRQ PRGHO WKDW ayLW  yLWoL ZKHUH WKHUH LV QRZ ERWK D LQGLYLGXDO LQGH[ �L�
DQG D WLPH LQGH[ �W�� 7KH LQGLYLGXDO HoHFWV DUH LQ WKH oL ZKLFK DUH DVVXPHG WR
EH LQGHSHQGHQW RI WKH LQGHSHQGHQW YDULDEOHV ;LW�

7KH XVXDO VSHFLpFDWLRQ LV ayLW  H[S�;LWp�zL� ZKHUH WKH LQGHSHQWHQW YDUL�
DEOHV LQFOXGH D FRQVWDQW� 7KH LQGLYLGXDO HoHFWV oL  H[S�zL� LV DVVXPHG WR
IROORZ D JDPPD GLVWULEXWLRQ �r� r� VR WKDW WKH H[SHFWDWLRQ RI oL LV XQLW\�

�� :LWK
WKH LQGLYLGXDO HoHFWV LQWHJUDWHG RXW� WKH OLNHOLKRRG EHFRPHV
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� $ =, 3 PRGHO IRU WKH + 86 GDWD

7DEOH � SUHVHQWV D pUVW HVWLPDWH RI WKH PRGHO� 7KH PRGHO UHSRUWHG LV WKDW ZLWK
FRUUHODWLRQ EHWZHHQ WKH HUURU WHUPV LQ ��� 1R DWWHPSW KDV EHHQ PDGH WR pQG
LQWHUDFWLRQ WHUPV� 7KH SURELW PRGHO HVWLPDWHV WKH SUREDELOLW\ WKDW RQH ZLOO EH
VLFN GXULQJ WKH \HDU� 7KH DGGLWLRQDO ]HUR LQ WKH PRGHO FRPHV IURP WKRVH ZKR
DUH VLFN EXW GR QRW WDNH VLFN OHDYH���

'XULQJ WKH WKUHH \HDUV VWXGLHV ������ ���� DQG ������ WKHUH KDYH EHHQ WKUHH
GLoHUHQW VHWV RI UXOHV IRU VLFN OHDYH� ,Q WKH HDUOLHVW \HDU� WKH EOXH FROODU EXW QRW
ZKLWH FROODU ZRUNHUV KDG D TXDOLpFDWLRQ GD\� 7KH UHQXPHUDWLRQ UDWH ZDV ���
RI RQHV ZDJH� ,Q ����� WKH UHQXPHUDWLRQ UDWH ZDV UHGXFHG WR ��� IRU WKH pUVW
WZR VLFN GD\V DQG LQFUHDVHG WR ��� IRU WKH WKLUG DQG IROORZLQJ GD\V� )LQDOO\� LQ
����� WKH ZDV D TXDOLpFDWLRQ GD\ DQG WKH UHQXPHUDWLRQ UDWH IRU WKH WKLUG DQG
IROORZLQJ VLFN GD\V ZDV UHGXFHG WR ����

,W LV WKHUHIRUH RI LQWHUHVW WR QRWH WKH VLJQV RQ WKH FRHrFLHQWV IRU WKH ����
HoHFW ^ FDXJKW E\ WKH YDULDEOH 3RVW ���� LQ WKH 3RLVVRQ SDUW RI PRGHO DQG WKH
���� HoHFW LQ WKH YDULDEOH 3RVW ���� LQ WKH 3URELW _ WKH VHOHFWLRQ _ SDUW�
5HGXFLQJ UHQXPHUDWLRQ UHGXFHV WKH QXPEHU RI VLFN ZHHNV IRU WKH LQGLYLGXDOV
ZKLOH WKH LQWURGXFWLRQ RI D TXDOLI\LQJ GD\ UHGXFHG WKH SUREDELOLW\ WKDW RQH
ZRXOG WDNH VLFN OHDYH�

�� 7 K H U HDG HU Z LOO S HU K DS V K DY H Q RWHG WK DW ��� DQ G ���� K DY H X VHG WK H E LQ DU \ S U RFHVV LQ
RS S RVLWH P HDQ LQ JV� /DP E HU W X VHV WK H E LQ DU \ DV WK H S U RE DE LOLW\ WK DW D ]HU R Z LOO RFFX U Z K HU HDV
: LQ N HOP DQ Q X VHV WK H E LQ DU \ IRU WK H S U RE DE LOLW\ WK DW D Q RQ ^]HU R U HVX OW RFFX U V�

�� 7 K H G HU LY DWLRQ LV G HWDLOHG LQ + DX VP DQ HW � DO� �+ DX VP DQ Q HW DO�� ������
�� $ V H[ S ODLQ HG DE RY H� WK H G DWD DOVR FRQ WDLQ V DQ H[ WU D ]HU R� WK LV Z LOO E H WK RVH Z K R DU H VLFN

E X W K DY H K DG WZ R RU OHVV S DLG VLFN G D\ V�
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7DEOH �� $ =,3 PRGHO ZLWK FRUUHODWHG SURFHVVHV� 7KH LQGHSHQGHQW YDULDEOH LV
WKH QXPEHU RI ZHHNV DEVHQW IURP ZRUN ZLWK SDLG VLFN OHDYH�

7KH 3URELW SDUW

9DULDEOH &RHI 6WG�HUU� W^VWDW

&RQVWDQW ����� ����� �����
*HQGHU ����� ����� �����
'LVS LQF ������ ����� ������
&DSW LQF ������ ����� ������

5XUDO ������ ����� ������
3RVW ���� ������ ����� ������

7KH 3RLVVRQ SDUW

9DULDEOH &RHI 6WG�HUU� W^VWDW

&RQVWDQW ������ ����� �����
$JH ����� ����� �����

'LVS LQF ����� ����� �����
3RVW ���� ������ ����� ������

+HFWLF ����� ����� ������
0RQRWRQ ����� ����� �����
8QFRPIW ����� ����� �����

&XVW ������ ����� ������
(GX YRF ����� ����� �����
<RXQJ FK ������ ����� ������

7KH ELYDULDWH QRUPDO SDUW

� ����� ����� ������
~ ����� ����� �����

7KH JHQGHU HoHFW LV DV H[SHFWHG� EHLQJ IHPDOH LQFUHDVHV WKH SUREDELOLW\ WKDW
RQH LV VLFN� WKH DJH HoHFW ZRUNV WKURXJK WKH FRXQW SDUW RI WKH PRGHO WR LQFUHDVH
WKH WLPH VSHQG DZD\ IURP ZRUN� ,QFRPH ZRUNV � ZD\V� ERWK FXUUHQW DQG FDSLWDO
LQFRPH KDYH D QHJDWLYH HoHFW RQ WKH SUREDELOLW\ RI EHLQJ VLFN ZKLOH KLJKHU FXUUHQW
LQFRPH LV DVVRFLDWHG ZLWK ORQJHU SHULRGV RI DEVHQFH� )LQDOO\� WKRVH OLYLQJ LQ UXUDO
DUHDV VHHP WR EH KHDOWKLHU _ RU DW OHDVW KDYH D ORYHU SUREDELOLW\ RI EHLQJ VLFN
_ WKDQ WKRVH LQ RWKHU DUHDV�

)LQDOO\� QRWH WKDW WKRVH YDULDEOHV RQ WKH ZRUNLQJ HQYLURQPHQW ZKLFK LQ�
FUHDVH WKH EXUGHQ RI ZRUN �D VWUHVV^pOOHG MRE� D MRE UHTXLULQJ XQFRPIRUWDEOH
PRYHPHQWV� PRQRWRQRXV WDVNV� VHHP DOVR WR LQFUHDVH WKH OHQJWK RI VLFN SHULRGV�
&XVWRPHU FRQWDFW� ZKLFK VKRXOG DGG YDULHW\ WR ZRUN� GHFUHDVHV VLFN OHDYH� ��

5HIHU HQFHV

%DOWDJL� %� +� ������� (FRQRPHWULF $QDO\VLV RI 3DQHO 'DWD� -RKQ :LOH\ 	 6RQV
/WG� ZHVW 6XVVH[� (QJODQG�

�� + HU H Z H FRX OG DOVR K \ S RWK HVL]H WK DW WK H DG G HG U HVS RQ VLE LOLW\ LP S OLHG E \ FX VWRP HU FRQ WDFW

S HU K DS V HQ WLFHV RQ H WR Z RU N HY HQ LI RQ H LV D E LW VLFN �
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%URVH� 3� ������� 6LFN DEVHQFH� DQ HPSLULFDO DQDO\VLV RI KXV SDQHO� 'HSDUWPHQW
RI (FRQRPLFV� 8SSVDOD 8QLYHUVLW\�

%URVWU�RP� *�� 3DOPH� 0�� DQG -RKDQVVRQ� 3� ������� $VVHVVLQJ WKH HoHFW RI HFR�
QRPLF LQFHQWLYHV RQ LQFLGHQFH DQG GXUDWLRQ RI ZRUN DEVHQFH� :RUNLQJ SDSHU
VHULHV LQ (FRQRPLFV DQG )LQDQFH� QR� ���� 6WRFNKROP 6FKRRO RI (FRQRPLFV�
6WRFNKROP�

&DPHURQ� $� &� DQG 7ULYLGH� 3� .� ������� (FRQRPHWULF PRGHOV EDVHG RQ FRXQW
GDWD� FRPSDULVRQV DQG DSSOLFDWLRQV RI VRPH HVWLPDWRUV DQG WHVWV� -RXUQDO
RI $SSOLHG (FRQRPHWULFV� ����^���

&DPHURQ� $� &� DQG 7ULYLGH� 3� .� ������� 5HJUHVVLRQ $QDO\VLV RI &RXQW GDWD�
(FRQRPHWULF 6RFLHW\ 0RQRJUDSKV 1R� ��� &DPEULGJH 8QLYHUVLW\ 3UHVV� 1HZ
<RUN� 1HZ <RUN�

&DVVHO� &��0�� -RKDQVVRQ� 3�� DQG 3DOPH� 0� ������� $ G\QDPLF GLVFUHWH FKRLFH
PRGHO RI EOXH FROODU ZRUNHU DEVHQWHHLVP LQ VZHGHQ� ����� 8PH{D (FRQRPLF
6WXGLHV 1R� ����

*UHHQH� :� +� ������� /,0'(3� YHUVLRQ ���� (FRQRPHWULF 6RIWZDUH� LQF��
%HOOSRUW� 1HZ <RUN�

+DXVPDQQ� -�� +DOO� %� +�� DQG *ULOOLFKHV� =� ������� (FRQRPHWULF PRGHOV IRU
FRXQW GDWD ZLWK DQ DSSOLFDWLRQ WR WKH SDWHQWV^U	G UHODWLRQVKLS� (FRQRPHW�

ULFD� ���������^����

+DXVVPDQ� -� ������� 7KH HoHFW RI ZDJHV� WD[HV DQG p[HG FRVWV RQ ZRPHQ
V
ODERU IRUFH SDUWLFLSDWLRQ� -RXUQDO RI 3XEOLF (FRQRPLFV� ���������^����

+VLDR� &� ������� $QDO\VLV RI 3DQHO 'DWD� (FRQRPHWULF 6RFLHW\ 0RQRJUDSKV
1R� ��� &DPEULGJH 8QLYHUVLW\ 3UHVV� 1HZ <RUN� 1HZ <RUN�

-RKDQVVRQ� 3� DQG 3DOPH� 0� ������� 'R HFRQRPLF LQFHQWLYHV DoHFW ZRUN DE�
VHQFH" HPSLULFDO HYLGHQFH XVLQJ VZHGLVK PLFUR GDWD� -RXUQDO RI 3XEOLF

(FRQRPLFV� ���������^����

.OHYPDUNHQ� $� ������� 3DQHO VWXGLHV� :KDW FDQ ZH OHDUQ IURP WKHP" DQ
LQWURGXFWLRQ� (XURSHDQ (FRQRPLF 5HYLHZ� ������^����

.OHYPDUNHQ� 1� $� ������� +RXVHKROG PDUNHW DQG QRQPDUNHW DFWLYLWLHV� 7KH
pUVW \HDU RI D VZHGLVK SDQHO VWXG\� 9LHUWHOMDKUVIHIWH ]XU :LUWVFKDIWV�

IRUVFKXQJ� �������^����

.OHYPDUNHQ� 1� $� DQG 2ORYVVRQ� 3� ������� +RXVHKROG PDUNHW DQG QRQPDUNHW

DFWLYLWLHV� 3URFHGXUHV DQG FRGHV ����^����� 7KH ,QGXVWULDO ,QVWLWXWH IRU
(FRQRPLF DQG 6RFLDO 5HVHDUFK� %R[ ����� 6^��� ��� 6WRFNKROP� 6ZHGHQ�
'LVWULEXWHG E\ $OPTYLVW 	 :LNVHOO ,QWHUQDWLRQDO� 6WRFNKROP�

0XOODK\� -� ������� 6SHFLpFDWLRQ DQG WHVWLQJ RI VRPH PRGHpHG FRXQW GDWD PRG�
HOV� -RXUQDO RI (FRQRPHWULFV� ������^����
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9RXQJ� 4� +� ������� /LNHOLKRRG UDWLR WHVWV IRU PRGHO VHOHFWLRQ DQG QRQ^QHVWHG
K\SRWKHVLV� (FRQRPHWULFD� ���������^����

:LQNHOPDQQ� 5� ������� &RXQW GDWD PRGHOV ZLWK VHOHFWLYLW\� (FRQRPHWULF 5H�

YLHZV� ���������^����


