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ABSTRACT

A Measure of Comovement for Economic Variables:
Theory and Empirics*

This paper proposes a measure of dynamic comovement between (possibly
many) time series and names it cohesion. The measure is defined in the
frequency domain and is appropriate for processes that are costationary,
possibly after suitable transformations. In the bivariate case, the measure
reduces to dynamic correlation and is related, but not equal, to the well-known
quantities coherence and coherency. Dynamic correlation on a frequency
band equals (static) correlation of band-pass filtered series. Moreover, long
run correlation and cohesion relate in a simple way to cointegration. Cohesion
is useful to study problems of business cycle synchronization, to investigate
short-run and long-run dynamic properties of multiple time series, to identify
dynamic clusters. We use state income data for the US and GDP data for
European nations to provide an empirical illustration focused on the
geographical aspects of business cycle fluctuations.
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NON-TECHNICAL SUMMARY

This paper proposes a measure of comovement between many economic
time series based on dynamic correlation. The traditional way with which the
time series literature has dealt with measurement of comovements is based
on a notion of rank reduction (see Ahn and Reinsel (1988)). In this category
belongs the idea of cointegration (Engle and Granger (1987)): two processes
are cointegrated if the spectral density at frequency zero has rank one,
codependence (Gourieroux and Peaucelle (1992), which refers to linear
combinations of correlated processes which are of lower autoregressive order
than others, common features (Engle and Kozicki (1993)), i.e. linear
combinations which are unpredictable with respect to past information and
common cycles (Vahid and Engle (1993)) which are defined as common
features in first differences for processes which are cointegrated. This class of
concepts presents several problems. First, high cross-correlation neither
implies nor is implied by cointegration, common cycles or common features
(Quah (1993); Forni and Reichlin (1999)). Second, these measures are binary.
For example, two processes are either cointegrated or not, but we can’t
establish different degrees of association. Finally, in order to test for rank
reduction, we need to estimate the parameters of a VAR, which may be
problematic when the number of time series is large. For all these reasons,
while the notion of rank reduction is certainly interesting to characterize some
aspects of the dynamic properties of multivariate time series, it is not the
appropriate one for the study of comovements.

In the bivariate case, our proposed measure is related to well known
quantities like coherence and coherency, which are defined in the frequency
domain and widely used in time series literature. However, we argue, the latter
measures are not appropriate for measuring correlation between two time
series and we propose a new measure. Our measure can be decomposed by
frequency and frequency band and can then be used to study business cycle
as well as long-run questions. Dynamic correlation between two processes
over a band turns out to be identical to static correlation of the same
processes, after suitable pre-filtering. Moreover, long-run dynamic correlation
is related in a simple way to stochastic cointegration.

We use our notion of dynamic correlation to construct a multivariate index of
comovement, which we name cohesion. The latter provides a summary
measure of the degree of comovement within a group of variables or between
two groups of variables and can be used, for instance, as a metric to construct
dynamic clusters.

To illustrate our proposed measure and to provide further motivation, we
estimate cohesion of output data in US states and European nations and



study the following questions. Are output fluctuations within Europe more
correlated than output fluctuations within the US and are results the same for
business cycle frequencies and the long-run? Are states or countries which
comove more strongly closely located from a geographical point of view? Do
borders matter for output synchronization and at what frequency range?
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7KHUH DUH IHZ HPSLULFDO UHODWLRQV ZKLFK KDYH WKH VWDWXV RI ?VW\OL]HG IDFWV� LQ HFRQRPLFV�

2QH RI WKHP LV WKDW PDFURHFRQRPLF DJJUHJDWHV FRPRYH� 7KLV REVHUYDWLRQ KDV EHHQ WKH

VRXUFH RI VSHFXODWLRQ RI HFRQRPLF WKHRU\ VLQFH LWV ELUWK� ,Q PRGHUQ WKHRULHV RI WKH EXVLQHVV

F\FOH SHRSOH KDYH DVNHG ZKHWKHU FRPRYHPHQWV FDQ EH H[SODLQHG E\ ODUJH DJJUHJDWH VKRFNV�

PRQHWDU\ RU UHDO� RU ZKHWKHU DQ H[SODQDWLRQ VKRXOG EH IRXQG LQ QRQ�OLQHDU SURSDJDWLRQ

PHFKDQLVPV� (YHU\ PDFURHFRQRPLF WH[WERRN VWDUWV E\ D VWDWHPHQW RQ FRPRYHPHQWV EHWZHHQ

DJJUHJDWHV� +RZHYHU� SDUDGR[LFDOO\� WKLV LV RQH RI WKH IDFWV WKDW LV OHDVW ZHOO GRFXPHQWHG

DQG RQ ZKDW WKHUH LV PRUH FRQIXVLRQ RI PHDQLQJ DQG WHUPLQRORJ\� ?&RPRYHPHQW� LV D

ORVH WHUP� SRVVLEO\ GHVFULELQJ GL�HUHQW SKHQRPHQD DQG� FRQVHTXHQWO\� ZLWK PDQ\ GL�HUHQW

LQWHUSUHWDWLRQV� :KDW DUH UHDOO\ WKH VW\OL]HG IDFWV DQG ZKDW VKRXOG PDFURHFRQRPLFV EH WU\LQJ

WR H[SODLQ" $SSURSULDWH PHDVXUHV RI FRPRYHPHQW EHWZHHQ WLPH VHULHV SURFHVVHV VKRXOG

EH GHYHORSHG WR SURYLGH D PHDQLQJIXO DQVZHU WR WKLV TXHVWLRQ� 7KH LQIRUPDO GLVFXVVLRQ

RQ FRPRYHPHQWV XVXDOO\ UHIHUV WR VRPHWKLQJ FORVH WR D QRWLRQ RI FRUUHODWLRQ� +RZHYHU�

WKH WUDGLWLRQDO ZD\ ZLWK ZKLFK WKH WLPH VHULHV OLWHUDWXUH KDV GHDOW ZLWK PHDVXUHPHQW RI

FRPRYHPHQWV LV EDVHG RQ D QRWLRQ RI UDQN UHGXFWLRQ �VHH $KQ DQG 5HLQVHO� ����� ZKLFK KDV

D GL�HUHQW PHDQLQJ� ,Q WKLV FDWHJRU\ EHORQJV WKH LGHD RI FRLQWHJUDWLRQ �(QJOH DQG *UDQJHU�

������ WZR SURFHVVHV DUH FRLQWHJUDWHG LI WKH VSHFWUDO GHQVLW\ DW IUHTXHQF\ ]HUR KDV UDQN

RQH� FRGHSHQGHQFH �*RXULHURX[ DQG 3HDXFHOOH� ������ ZKLFK UHIHUV WR OLQHDU FRPELQDWLRQV RI

FRUUHODWHG SURFHVVHV ZKLFK DUH RI ORZHU DXWRUHJUHVVLYH RUGHU WKDQ RWKHUV� FRPPRQ IHDWXUHV

�(QJOH DQG .R]LFNL� ������ L�H� OLQHDU FRPELQDWLRQV ZKLFK DUH XQSUHGLFWDEOH ZLWK UHVSHFW WR

SDVW LQIRUPDWLRQ DQG FRPPRQ F\FOHV �9DKLG DQG (QJOH ����� ZKLFK DUH GH�QHG DV FRPPRQ

IHDWXUHV LQ �UVW GL�HUHQFHV IRU SURFHVVHV ZKLFK DUH FRLQWHJUDWHG� 7KLV FODVV RI FRQFHSWV

SUHVHQWV VHYHUDO SUREOHPV� )LUVW� KLJK FURVV�FRUUHODWLRQ QHLWKHU LPSOLHV QRU LV LPSOLHG E\

FRLQWHJUDWLRQ� FRPPRQ F\FOHV RU FRPPRQ IHDWXUHV �4XDK� ���� DQG )RUQL DQG 5HLFKOLQ�

������ 6HFRQG� WKHVH PHDVXUHV DUH ELQDU\� )RU H[DPSOH� WZR SURFHVVHV DUH HLWKHU FRLQWHJUDWHG

RU QRW� EXW ZH FDQ
W HVWDEOLVK GL�HUHQW GHJUHHV RI DVVRFLDWLRQ� )LQDOO\� LQ RUGHU WR WHVW IRU

UDQN UHGXFWLRQ� ZH QHHG WR HVWLPDWH WKH SDUDPHWHUV RI D 9$5� ZKLFK PD\ EH SUREOHPDWLF

�7KLV UHVHDUFK KDV EHHQ VXSSRUWHG E\ DQ $�5�&� FRQWUDFW RI WKH &RPPXQDXW�H IUDQ�FDLVH GH %HOJLTXH DQG

E\ WKH (XURSHDQ &RPPLVVLRQ XQGHU WKH 7UDLQLQJ DQG 0RELOLW\ RI 5HVHDUFKHUV 3URJUDPPH �&RQWUDFW 1R
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ZKHQ WKH QXPEHU RI WLPH VHULHV LV ODUJH� )RU DOO WKHVH UHDVRQV� ZKLOH WKH QRWLRQ RI UDQN

UHGXFWLRQ LV FHUWDLQO\ LQWHUHVWLQJ WR FKDUDFWHUL]H VRPH DVSHFWV RI WKH G\QDPLF SURSHUWLHV RI

PXOWLYDULDWH WLPH VHULHV� LW LV QRW WKH DSSURSULDWH RQH IRU WKH VWXG\ RI FRPRYHPHQWV�

%XW ZKDW LV DQ DSSURSULDWH PHDVXUH RI FRPRYHPHQW" ,Q WKLV SDSHU ZH VKRZ WKDW H[LVW�

LQJ WH[WERRN TXDQWLWLHV OLNH FRKHUHQFH DQG FRKHUHQF\� ZKLFK DUH ZLGHO\ XVHG LQ WLPH VHULHV

OLWHUDWXUH� DUH QRW DSSURSULDWH DV FRPRYHPHQW LQGH[HV� :H SURSRVH D UHODWHG EXW GL�HUHQW

PHDVXUH� G\QDPLF FRUUHODWLRQ� ZKLFK DULVH TXLWH QDWXUDOO\ IURP EDVLF IUHTXHQF\ GRPDLQ QR�

WLRQV� '\QDPLF FRUUHODWLRQ FDQ EH GHFRPSRVHG E\ IUHTXHQF\ DQG IUHTXHQF\ EDQG DQG FDQ

WKHQ EH XVHG WR VWXG\ EXVLQHVV F\FOH DV ZHOO DV ORQJ�UXQ TXHVWLRQV� '\QDPLF FRUUHODWLRQ

EHWZHHQ WZR SURFHVVHV RYHU D EDQG WXUQV RXW WR EH LGHQWLFDO WR VWDWLF FRUUHODWLRQ RI WKH VDPH

SURFHVVHV� DIWHU VXLWDEOH SUH��OWHULQJ� 0RUHRYHU� ORQJ�UXQ G\QDPLF FRUUHODWLRQ LV UHODWHG LQ D

VLPSOH ZD\ WR VWRFKDVWLF FRLQWHJUDWLRQ�

:H XVH RXU QRWLRQ RI G\QDPLF FRUUHODWLRQ WR FRQVWUXFW D PXOWLYDULDWH LQGH[ RI FRPRYH�

PHQW� ZKLFK ZH QDPH FRKHVLRQ� 7KH ODWWHU SURYLGHV D VXPPDU\ PHDVXUH RI WKH GHJUHH RI

FRPRYHPHQW ZLWKLQ D JURXS RI YDULDEOHV RU EHWZHHQ WZR JURXSV RI YDULDEOHV DQG FDQ EH XVHG�

IRU LQVWDQFH� DV D PHWULF WR FRQVWUXFW G\QDPLF FOXVWHUV�

7R LOOXVWUDWH RXU SURSRVHG PHDVXUH DQG WR SURYLGH IXUWKHU PRWLYDWLRQ� ZH HVWLPDWH FRKH�

VLRQ RI RXWSXW GDWD LQ 86 VWDWHV DQG (XURSHDQ QDWLRQV DQG VWXG\ WKH IROORZLQJ TXHVWLRQV�

$UH RXWSXW �XFWXDWLRQV ZLWKLQ (XURSH PRUH FRUUHODWHG WKDQ RXWSXW �XFWXDWLRQV ZLWKLQ WKH

86 DQG DUH UHVXOWV WKH VDPH IRU EXVLQHVV F\FOH IUHTXHQFLHV DQG WKH ORQJ UXQ" $UH VWDWHV RU

FRXQWULHV ZKLFK FRPRYH PRUH VWURQJO\ FORVHO\ ORFDWHG IURP D JHRJUDSKLFDO SRLQW RI YLHZ"

'RHV ERUGHU PDWWHUV IRU RXWSXW V\QFKURQL]DWLRQ DQG DW ZKDW IUHTXHQF\ UDQJH"

� '\QDPLF FRUUHODWLRQ

��� 7KH GH�QLWLRQ DQG WKH EDVLF PRWLYDWLRQ

&RQVLGHU WZR ]HUR�PHDQ UHDO VWRFKDVWLF SURFHVVHV [ DQG \� /HW 6[��� DQG 6\���� �� � � � ��

EH WKH VSHFWUDO GHQVLW\ IXQFWLRQV RI [ DQG \ DQG &[\��� EH WKH FR�VSHFWUXP� 7KH PHDVXUH

ZH SURSRVH� G\QDPLF FRUUHODWLRQ� LV

�[\���  
&[\���T

6[���6\���
� ���

�



7R PRWLYDWH WKLV PHDVXUH ZH LQWURGXFH WKH VSHFWUDO GHFRPSRVLWLRQ RI WKH SURFHVVHV [W DQG
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H
L�W
G=[��� \W  

=
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HL�WG=\���� ���

ZKHUH G=[��� DQG G=\��� DUH �FRPSOH[� RUWKRJRQDO LQFUHPHQW SURFHVVHV �VHH H�J� %URFNZHOO

DQG 'DYLV� &KDS� ��� ([SUHVVLRQ � VD\V WKDW [W DQG \W FDQ EH H[SUHVVHG DV CLQ�QLWH VXPV
 RI

ZDYHV RI GL�HUHQW IUHTXHQFLHV� HDFK KDYLQJ D UDQGRP DPSOLWXGH� $V LV ZHOO NQRZQ� WKH VSHF�

WUDO DQG FURVV�VSHFWUDO GHQVLW\ IXQFWLRQV RI [W DQG \W DUH UHODWHG WR WKH DERYH UHSUHVHQWDWLRQ

LQ WKH IROORZLQJ ZD\�

6[���  YDU�HL�WG=[����  YDU�G=[����

6\���  YDU�G=[����

6[\���  FRY�G=[���� G=\����

6\[���  FRY�G=\���� G=[�����

���

:KLOH WKH ZDYHV DSSHDULQJ LQ UHSUHVHQWDWLRQ ��� DUH FRPSOH[� LW LV HDVLO\ VHHQ WKDW� LI [W

LV UHDO� WKHQ G=[���  G=[����� VR WKDW

H
L�W
G=[��� � H

�L�W
G=[����  � FRV��W�G8[���� � VLQ��W�G9[���� ���

ZKHUH G8
[
DQG G9

[
GHQRWH� UHVSHFWLYHO\� WKH UHDO DQG WKH LPDJLQDU\ SDUW RI G=

[
� +HQFH ZH

KDYH WKH DOWHUQDWLYH UHSUHVHQWDWLRQ
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FRV��W�G8
[
���� �

=
�

�

VLQ��W�G9
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ZKHUH WKH FRPSRQHQW DW IUHTXHQF\ � LV FRV��W�G8
[
����VLQ��W�G9

[
���� ZKLFK LV UHDO� 6LPLODUO\�

WKH UHDO ZDYH GHFRPSRVLWLRQ RI \W LV

\W  �

=
�

�

FRV��W�G8\���� �

=
�
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VLQ��W�G9\����

$V LV HDVLO\ REWDLQHG IURP ��� DQG ���� RXU SURSRVHG PHDVXUH� �[\���� LV QRWKLQJ HOVH WKDQ

WKH FRUUHODWLRQ FRH�FLHQW EHWZHHQ WKH UHDO ZDYHV RI IUHTXHQF\ � DSSHDULQJ LQ WKH DERYH

UHSUHVHQWDWLRQ� L�H� FRV��W�G8\���� VLQ��W�G9\��� DQG FRV��W�G8[���� VLQ��W�G9[���� 7KLV

LV WKH UHDVRQ ZK\ WKH PHDVXUH LV GH�QHG RQO\ IRU QRQ�QHJDWLYH IUHTXHQFLHV� RQ WKH LQWHUYDO

>�� ��� &OHDUO\� G\QDPLF FRUUHODWLRQ FDQ YDU\ EHWZHHQ �� DQG ��
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��� 7KH UHODWLRQ ZLWK ?FRKHUHQF\� DQG ?FRKHUHQFH�

'\QDPLF FRUUHODWLRQ LV VWULFWO\ UHODWHG WR ERWK FRKHUHQF\ DQG FRKHUHQFH_WZR ZHOO NQRZQ

LQGHFHV LQ WLPH VHULHV OLWHUDWXUH� &RKHUHQF\ LV GH�QHG DV

&
[\���  

6[\���T
6[���6\���

 
&[\��� � L4[\���T

6[���6\���
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ZKHUH 4[\��� WKH TXDGUDWXUH VSHFWUXP� +HQFH FRKHUHQF\ LV FRPSOH[ LQ JHQHUDO DQG LV QRW

V\PPHWULF� L�H� &
[\��� DQG &\[��� DUH QRW HTXDO� EXW FRQMXJDWH� '\QDPLF FRUUHODWLRQ �

[\���

LV WKH UHDO SDUW RI FRKHUHQF\ DQG FDQ DOVR EH REWDLQHG E\ DYHUDJLQJ FRKHUHQFLHV DW IUHTXHQF\

� DQG ��� ZKLFK DOVR DUH FRQMXJDWH�

�[\���  
&[\��� � &[\����

�
�

%\ XVLQJ ��� WKH UHDGHU FDQ HDVLO\ YHULI\ WKDW &
[\��� LV WKH FRUUHODWLRQ FRH�FLHQW RI G=

[
���

DQG G=\���� +HQFH WKH LQWHUSUHWDWLRQ RI FRKHUHQF\ LV TXLWH VLPLODU WR WKDW RI G\QDPLF

FRUUHODWLRQ� WKH EDVLF GL�HUHQFH EHLQJ WKDW WKH IRUPHU LV UHODWHG WR WKH FRPSOH[ UHSUHVHQWDWLRQ

��� UDWKHU WKDQ WKH UHDO ZDYH GHFRPSRVLWLRQ ���� 3XW DQRWKHU ZD\� ZH VLPSO\ FROOHFW WRJHWKHU

IUHTXHQFLHV � DQG �� VR WKDW WKH LPDJLQDU\ SDUWV FDQFHO RXW� 7KLV LV SHUIHFWO\ FRQVLVWHQW

ZLWK RXU DLP� VLQFH WKH ZDYHV RI IUHTXHQFLHV � DQG �� KDYH WKH VDPH SHULRGLFLW\�

5HJDUGLQJ FRKHUHQFH_RU VTXDUHG�FRKHUHQF\� DV LV VRPHWLPHV FDOOHG_LW LV GH�QHG DV WKH

VTXDUHG PRGXOXV RI FRKHUHQF\� WKDW LV

+[\���  
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� �4[\���
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7KHUHIRUH FRKHUHQFH LV UHDO DQG V\PPHWULF� +RZHYHU� LW GRHV QRW PHDVXUH FRUUHODWLRQ DW

GL�HUHQW IUHTXHQFLHV� EHFDXVH LW GLVUHJDUGV WKH SKDVH GL�HUHQFHV EHWZHHQ YDULDEOHV� 7KLV FDQ

EH HDVLO\ VHHQ E\ REVHUYLQJ WKDW +
[\��� LV LQYDULDQW ZLWK UHVSHFW WR VKLIWLQJ WKH SURFHVVHV

RYHU WLPH� L�H� WKH FRKHUHQFH EHWZHHQ [W DQG \W�N LV WKH VDPH DV WKDW RI [W DQG \W� 7KLV�

EHVLGHV EHLQJ DQ LPPHGLDWH FRQVHTXHQFH RI WKH GH�QLWLRQ� LV FRQVLVWHQW ZLWK WKH ZHOO�NQRZQ

LQWHUSUHWDWLRQ RI FRKHUHQFH DV WKH 5� IURP WKH UHJUHVVLRQ RI \W RQ WKH SDVW� SUHVHQW DQG IXWXUH

RI [W� FOHDUO\� LQ WKLV UHJUHVVLRQ� ZKHWKHU WKH FRQWHPSRUDQHRXV UHJUHVVRU LV [W RU [W�N FDQQRW

PDNH DQ\ GL�HUHQFH�

$ GL�HUHQW ZD\ WR VHH WKH VDPH SRLQW LV SURYLGHG E\ WKH SRODU UHSUHVHQWDWLRQ RI WKH

FURVV�VSHFWUXP�

6
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)LJXUH �� '\QDPLF FRUUHODWLRQ EHWZHHQ XW DQG XW��� XW EHLQJ ZKLWH QRLVH�

ZKHUH 5[\��� LV WKH JDLQ ZKLOH ���� LV WKH SKDVH� %\ WDNLQJ WKH PRGXOL RQ ERWK VLGHV ZH VHH

WKDW M6
[\��M�  5

[\���
�� VR WKDW LQ +[\��� WKH LQIRUPDWLRQ FRQWDLQHG LQ WKH SKDVH LV ORVW�

$Q LOOXVWUDWLYH H[DPSOH RI ZKDW WKLV HQWDLOV� LV SURYLGHG E\ FRQVLGHULQJ WKH WZR XQLW

YDULDQFH ZKLWH QRLVH SURFHVVHV XW DQG XW��� 7KHLU FRKHUHQFH LV HTXDO WR RQH DW DOO IUHTXHQFLHV�

GHVSLWH WKH IDFW WKH FRQWHPSRUDQHRXV FRUUHODWLRQ RI WKH WZR SURFHVVHV LV ]HUR� %\ FRQWUDVW� DV

VKRZQ LQ )LJXUH �� G\QDPLF FRUUHODWLRQ UDQJHV IURP �� DW IUHTXHQF\ ]HUR� WR �� DW IUHTXHQF\

�� 7KH FRQWHPSRUDQHRXV FRUUHODWLRQ ]HUR LV REWDLQHG E\ DYHUDJLQJ RYHU IUHTXHQFLHV� :H

KDYH SHUIHFW SRVLWLYH FRUUHODWLRQ RQO\ LQ WKH ORQJ UXQ� ZKLFK LV TXLWH LQWXLWLYH� 7KH LQWXLWLRQ

IRU WKH SHUIHFW QHJDWLYH FRUUHODWLRQ DW IUHTXHQF\ �� L�H� DW SHULRGLFLW\ �� LV DOVR VLPSOH� WKH

ZDYHV RI SHULRGLFLW\ WZR DUH SHUIHFWO\ LQ RSSRVLWLRQ ZLWK WKHPVHOYHV ODJJHG RQH SHULRG�

7KH UHODWLRQ EHWZHHQ G\QDPLF FRUUHODWLRQ DQG VWDWLF FRUUHODWLRQ LV SDUWLFXODUO\ VLPSOH

LQ WKH FDVH RI XW DQG XW��� WKH ODWWHU LV WKH VLPSOH PHDQ RI WKH IRUPHU RYHU WKH LQWHUYDO

>�� ��� 7KLV LV GXH WR WKH IDFW WKDW XW KDV VSHFWUXP � DW DOO IUHTXHQFLHV� ,Q WKH JHQHUDO FDVH�

WKLV VLPSOH UHODWLRQ GRHV QRW KROG� LQ RUGHU WR REWDLQ WKH VWDWLF FRUUHODWLRQ� D PRUH FRPSOH[

IXQFWLRQ RI WKH FRUUHODWLRQV DW GL�HUHQW IUHTXHQFLHV LV QHHGHG� 0RUH JHQHUDOO\� WKH UHODWLRQ

EHWZHHQ �[\��� DQG FRUU�[W� \W�N� IRU GL�HUHQW N LV QRW VLPSOH� 7KHVH SRLQWV DUH EHWWHU VHHQ

DIWHU LQWURGXFLQJ WKH FRQFHSW RI G\QDPLF FRUUHODWLRQ IRU D IUHTXHQF\ EDQG� ZKLFK ZH GR LQ

WKH IROORZLQJ VXEVHFWLRQ�
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��� '\QDPLF FRUUHODWLRQ RQ D IUHTXHQF\ EDQG

/HW XV EHJLQ E\ FRQVLGHULQJ WKH SURFHVVHV REWDLQHG E\ VXPPLQJ WKH ZDYHV RI [W DQG \W
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([SUHVVLRQ ��� VKRXOG EH XVHG IRU LQVWDQFH ZKHQ ZH DUH LQWHUHVWHG LQ WKH FRPRYHPHQW RI

WKH F\FOLFDO RU VHDVRQDO FRPSRQHQWV RI WZR HFRQRPLF VHULHV� ZH KDYH VLPSO\ WR VHOHFW WKH

IHTXHQF\ EDQG RI LQWHUHVW �IRU WKH F\FOH ZH FRXOG FKRVH H�J� D SHULRG EHWZHHQ � DQG �� \HDUV�

DQG WR ORRN DW WKH G\QDPLF FRUUHODWLRQ ZLWKLQ WKLV IUHTXHQF\ EDQG�

)URP ��� ZH VHH WKDW� XQIRUWXQDWHO\� FRUUHODWLRQ ZLWKLQ D IUHTXHQF\ EDQG FDQQRW EH

FRQVLVWHQWO\ GH�QHG DV D VLPSOH DYHUDJH RI WKH YDOXHV WDNHQ RQ E\ WKH G\QDPLF FRUUHODWLRQ

LQGH[ ZLWKLQ WKH EDQG� D PRUH FRPSOLFDWHG IXQFWLRQ� LQYROYLQJ WKH VSHFWUD RI ERWK [W DQG

\W� LV QHHGHG� 1RWH WKDW� LQ WKH SDUWLFXODU FDVH ��  �� ��  �� �
[\���� UHGXFHV WR WKH VWDWLF

FRUUHODWLRQ FRH�FLHQW EHWZHHQ [W DQG \W� +HQFH ZH FDQ UHFRYHU VWDWLF FRUUHODWLRQ VWDUWLQJ

IURP G\QDPLF FRUUHODWLRQ� +RZHYHU� ZH KDYH WR CZHLJKW
 FRUUHODWLRQV DW GL�HUHQW IUHTXHQFLHV

E\ XVLQJ LQIRUPDWLRQ IURP WKH VSHFWUDO GHQVLWLHV 6[�� DQG 6\��

0RUH JHQHUDOO\� FRUUHODWLRQ DW GL�HUHQW IUHTXHQFLHV LV QRW UHODWHG WR FRUUHODWLRQ DW GL�HUHQW

OHDGV DQG ODJV E\ D VLPSOH UHODWLRQ� ,QGLFDWLQJ ZLWK �[N DQG �
\
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+HQFH� LQ RUGHU WR REWDLQ �[\��� ZH PXVW XVH QRW RQO\ WKH FURVV�FRUUHODWLRQV EXW DOVR WKH

DXWRFRUUHODWLRQV DW GL�HUHQW ODJV� ,Q WKH RWKHU GLUHFWLRQ� ZH KDYH WR UHVRUW WR WKH VSHFWUDO

GHQVLWLHV� PRUHRYHU� ZH FDQQRW JHW WKH FURVV�FRUUHODWLRQV DW GL�HUHQW ODJV� EXW RQO\ WKH VXP
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��� '\QDPLF FRUUHODWLRQ DQG EDQG�SDVV �OWHULQJ

$V DOUHDG\ REVHUYHG� LQ WKH PDFURHFRQRPLF OLWHUDWXUH VW\OL]HG IDFWV RQ FRPRYHPHQWV DUH

RIWHQ SUHVHQWHG LQ WHUPV RI FRUUHODWLRQV RI +3 �OWHUHG RU EDQG�SDVV �OWHUHG GDWD� 7KH LGHD

LV WKDW LI ZH ZDQW WR VHH ZKHWKHU H�J� WKH F\FOLFDO FRPSRQHQWV RI WKH RXWSXWV RI WZR QDWLRQV

DUH V\QFKURQL]HG ZH KDYH �UVW WR H[WUDFW WKH F\FOHV IURP WKH RXWSXWV DQG WKHQ ORRN DW

FRUUHODWLRQV�

7KLV SURFHGXUH LV WKHRUHWLFDOO\ FRQVLVWHQW ZLWK RXU PHDVXUH� SURYLGHG WKDW ZH GLVFDUG +3

�OWHULQJ DQG XVH LQVWHDG WKH ZHOO�NQRZQ WZR�VLGHG �OWHU
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7R VHH WKLV� FRQVLGHU WKDW
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�
� IRU � � �

� RWKHUZLVH

�VHH H�J� 6DUJHQW� ����� 6HFWLRQ ����� S� ����� VR WKDW WKH VSHFWUXP RI $��/�[W� ZKLFK LV

HTXDO WR M$��H
�L��M�6[���� LV HTXDO WR 6[��� IRU � � � DQG LV ]HUR HOVHZKHUH� +HQFH WKH

�OWHU HOLPLQDWHV DOO WKH ZDYHV ZKRVH IUHTXHQF\ LV RXWVLGH WKH UHOHYDQW LQWHUYDO DQG OHDYHV

�7KH DERYH �OWHU� XQOLNH WKH +3 �OWHU� PXVW EH DSSOLHG WR VWDWLRQDU\ GDWD� VR WKDW LI ZH VWDUW IURP WUHQGHG

GDWD ZH KDYH �UVW WR WDNH WKH GL�HUHQFHV�
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XQFKDQJHG WKH DPSOLWXGH RI WKH ZDYHV ZLWKLQ WKH LQWHUYDO� %XW WKLV PHDQV WKDW $��/�[W  

[�W� 6LPLODUO\� $��/�\W  \�W� ,W IROORZV WKDW

FRUU�$��/�[W� $��/�\W�  �[\�����

&OHDUO\� WKH HTXLYDOHQFH DERYH LV WUXH IRU WKHRUHWLFDO PHDVXUHV� ,Q SUDFWLFH WKH WZR HVWL�

PDWLRQ SURFHGXUHV ZLOO JLYH GL�HUHQW UHVXOWV� :KHQ HVWLPDWLRQ LV SHUIRUPHG E\ SUH�OWHULQJ

GDWD� WUXQFDWLRQ RI $��/� LV QHHGHG LQ RUGHU WR DSSO\ LW WR D �QLWH WLPH VHULHV� 2Q WKH

RWKHU KDQG� HVWLPDWLRQ RI �[\���� ZLOO UDLVH LVVXHV UHODWHG WR WKH HVWLPDWLRQ RI VSHFWUD DQG

FURVV�VSHFWUD�

��� '\QDPLF FRUUHODWLRQ DQG FRLQWHJUDWLRQ

'\QDPLF FRUUHODWLRQ DW IUHTXHQF\ ]HUR LV UHODWHG WR WKH QRWLRQ RI CVWRFKDVWLF FRLQWHJUDWLRQ
�

:H UHFDOO WKDW WKH ,��� SURFHVVHV ]W DQG ZW DUH CVWRFKDVWLFDOO\ FRLQWHJUDWHG
 LI DQG RQO\ LI

WKHUH LV D OLQHDU FRPELQDWLRQ ]W � DZW ZKLFK LV WUHQG�VWDWLRQDU\� L�H� LW LV WKH VXP RI D

VWDWLRQDU\ YDULDEOH DQG D OLQHDU GHWHUPLQLVWLF WUHQG E � FW� 1RZ OHW ]W DQG ZW EH ,��� DQG

VHW [W  �]W� \W  �ZW� 7KHQ ]W DQG ZW DUH VWRFKDVWLFDOO\ FRLQWHJUDWHG LI DQG RQO\ LI

�[\���
�
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L�H� G\QDPLF FRUUHODWLRQ DW IUHTXHQF\ ]HUR LV HLWKHU � RU ���

7KLV LV HDVLO\ VHHQ E\ REVHUYLQJ WKDW &
[\���  6[\���� VR WKDW LI �[\���

�  � WKHQ
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���6\���  �� L�H� WKH GHWHUPLQDQW RI WKH VSHFWUDO�GHQVLW\ PDWUL[ RI WKH YHF�

WRU ��]W �ZW �
�

YDQLVKHV DW ]HUR IUHTXHQF\�

� &RKHVLRQ DQG FURVV�FRKHVLRQ

/HW XV QRZ FRQVLGHU D YHFWRU RI Q � � YDULDEOHV [W  �[�W � � � [QW �
�� 0RUHRYHU� OHW XV

DWWDFK QRQ�QRUPDOL]HG SRVLWLYH ZHLJKWV Z  �Z� � � � ZQ �� WR WKH YDULDEOHV LQ [W� 2XU

SURSRVHG PHDVXUH IRU WKH LQWHUQDO FRKHVLRQ RI WKH YDULDEOHV LQ [W LV PRWLYDWHG LQ WKH VDPH

PDQQHU DV LQ WKH ELYDULDWH FDVH DQG HTXDOV WKH ZHLJKWHG DYHUDJH RI WKH G\QDPLF FRUUHODWLRQV�

DV GH�QHG LQ ���� EHWZHHQ DOO SRVVLEOH SDLUV RI VHULHV� 7KLV ZHLJKWHG DYHUDJH ZLOO EH FDOOHG

FRKHVLRQ DQG HTXDOV
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7KH PHDVXUH RI FRKHVLRQ ZLWKLQ WKH IUHTXHQF\ EDQG ��  >��� ��@ LV DQDORJRXVO\ JLYHQ E\

FRK[����  
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$ YHU\ VLPSOH FKRLFH IRU WKH ZHLJKWV LV ZL  � IRU DOO L� :KLOH HTXDO ZHLJKWV PD\ ZRUN

ZHOO LQ PDQ\ FDVHV� WKH\ DSSHDU XQVXLWHG ZKHQ ZH GHDO ZLWK VHFWRUV RU UHJLRQV ZLWK YHU\

GL�HUHQW LPSRUWDQFH� )RU LQVWDQFH� LI ZH ZDQW WR PHDVXUH WKH FRKHVLRQ RI WKH SHU�FDSLWD

LQFRPHV RI WKH (XURSHDQ FRXQWULHV� LW LV UHDVRQDEOH WR JLYH *HUPDQ\ D JUHDWHU ZHLJKW WKDQ

/X[HPERXUJ� $ QDWXUDO FKRLFH IRU ZL LQ WKLV FDVH ZRXOG EH WKH OHYHO RI LQFRPH RU SRSXODWLRQ

RI FRXQWU\ L DW VRPH W�

:H H[FOXGH WKH GLDJRQDO WHUPV LQ WKH ZHLJKWHG DYHUDJH ���� IRU WZR UHDVRQV� )LUVW� LW

VHHPV UHDVRQDEOH WR UHTXLUH WKDW� LI WKH HQWULHV LQ [W DUH SDLUZLVH XQFRUUHODWHG DW DOO OHDGV

DQG ODJV� FRKHVLRQ LV ]HUR DW DOO IUHTXHQFLHV� 7KLV SURSHUW\ KROG ZLWK WKH DERYH GH�QLWLRQ�

ZKHUHDV LW ZRXOG EH YLRODWHG ZKHQ LQFOXGLQJ WKH GLDJRQDO WHUPV� 6HFRQG� WKH LQFOXVLRQ RI WKH

GLDJRQDO WHUPV ZRXOG UHQGHU FRKHVLRQ GHSHQGHQW RI Q� $V DQ H[DPSOH� DVVXPH �[L[M
���  �

IRU L � M DQG DW DOO IUHTXHQFLHV �� DQG VHW IRU VLPSOLFLW\ ZL  � IRU DOO L� $FFRUGLQJ WR

GH�QLWLRQ ���� ZH JHW FRK[���  �� ZKLOH WKH LQFOXVLRQ RI WKH GLDJRQDO WHUPV ZRXOG JLYH

>��Q � �� � �@ Q� VR WKDW D JURXS ZLWK WZR XQFRUUHODWHG YDULDEOHV ZRXOG KDYH FRKHVLRQ ���

ZKLOH D JURXS ZLWK WHQ SDLUZLVH XQFRUUHODWHG YDULDEOHV ZRXOG KDYH FRKHVLRQ ����

&OHDUO\ MFRK[���M � � DQG FRK[���  � LI DQG RQO\ LI DOO RI WKH YDULDEOHV LQ [W FRPRYH

SHUIHFWO\ DW IUHTXHQF\ �� ,Q SDUWLFXODU� FRK�]
���  � LI DQG RQO\ LI WKH YDULDEOHV LQ ]W DUH

SDLUZLVH FRLQWHJUDWHG ZLWK FRLQWHJUDWLQJ YHFWRU �� � ��� L�H� WKH\ KDYH D FRPPRQ WUHQG

UHSUHVHQWDWLRQ DQG HTXDO ORQJ UXQ UHVSRQVHV WR WKH SHUPDQHQW VKRFN� 0RUHRYHU� FRK[���  �

DW HDFK IUHTXHQF\ LI DQG RQO\ LI DOO RI WKH [LW
V DUH LGHQWLFDO XSWR D OLQHDU WUDQVIRUPDWLRQ�

7KH ORZHU ERXQG RI WKH FRKHVLRQ LQGH[ LV �� IRU Q  �� VLQFH� LI Q  �� WKH FRKHVLRQ RI

[W FRLQFLGHV ZLWK WKH G\QDPLF FRUUHODWLRQ LQGH[ RI [�W DQG [�W �LQ GHSHQGHQWO\ RI Z�� )RU

Q ! � WKH ORZHU ERXQG LV JUHDWHU� VLQFH RI FRXUVH ZH FDQQRW KDYH SHUIHFW SDLUZLVH QHJDWLYH

FRUUHODWLRQ ZLWKLQ D JURXS RI WKUHH YDULDEOHV RU PRUH� 7R LOOXVWUDWH WKLV SRLQW� QRWH WKDW

���� FDQ EH UHZULWWHQ DV FRK
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L� M ZLZM� ZKHUH 5� LV OLNH D FRUUHODWLRQ

PDWUL[� EXW QRZ FRQWDLQLQJ DOO SDLUZLVH G\QDPLF FRUUHODWLRQV DW IUHTXHQF\ �� 7KLV H[SUHVVLRQ

FDQQRW EH OHVV WKDQ �Z�
Z 
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L� M ZLZM� ZKLFK YDOXH GHSHQGV RQ WKH SDUWLFXODU FKRLFH RI WKH

ZHLJKWV� $Q H[DPSOH LV WKH FDVH RI HTXDO ZHLJKWV� ZLWK WKH PLQLPXP � �Q � �� WHQGLQJ WR

]HUR DV Q JHWV ODUJHU�
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1RWH WKDW� ZKLOH SDLUZLVH FRUUHODWLRQ LPSOLHV ]HUR FRKHVLRQ� WKH FRQYHUVH LV QRW WUXH�

ZKHQ REVHUYLQJ D VPDOO FRKHVLRQ LQGH[ ZH FDQQRW GLVWLQJXLVK ZKHWKHU LW RULJLQDWHV IURP

VPDOO SDLUZLVH FRPRYHPHQWV RU ODUJH QHJDWLYH DQG SRVLWLYH FRYDULDQFHV FDQFHOLQJ RXW HDFK

RWKHUV� 7KLV SUREOHP FRXOG EH DYRLGHG E\ XVLQJ WKH DOWHUQDWLYH PHDVXUH

FRK�
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2Q WKH RWKHU KDQG� FRK�
[
KDV WKH GLVDGYDQWDJH WKDW LW GRHV QRW GLVWLQJXLVK EHWZHHQ QHJD�

WLYH DQG SRVLWLYH FRPRYHPHQWV� ,I ZH ZDQW WR UHWDLQ ERWK LQIRUPDWLRQV ZH FDQ GR WKLV E\

FRPSDULQJ FRK DQG FRK�[�

7KH FRKHVLRQ LQGH[ FDQ EH HDVLO\ JHQHUDOL]HG WR DQ LQGH[ PHDVXULQJ WKH FURVV�FRKHVLRQ

EHWZHHQ WKH Q�YHFWRU [W DQG WKH P�YHFWRU \W� )RU WKH VDNH RI VLPSOLFLW\� OHW XV DVVXPH IRU

WKH PRPHQW WKDW [W DQG \W KDYH QR FRPPRQ HOHPHQWV� /HW XV VSHFLI\ WZR YHFWRUV RI ZHLJKWV

Z[ DQG Z\� &URVV�FRKHVLRQ RI [W DQG \W DW IUHTXHQF\ � LV WKHQ JLYHQ E\
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1RWH WKDW LI ERWK [W DQG \W DUH VFDODUV� FURVV�FRKHVLRQ UHGXFHV WR G\QDPLF FRUUHODWLRQ�

,Q VRPH FDVHV LW FRXOG EH LQWHUHVWLQJ WR HYDOXDWH WKH FURVV�FRKHVLRQ RI WZR RYHUODSSLQJ VHWV

RI YDULDEOHV� ,Q WKLV FDVH ZH VKRXOG HOLPLQDWH IURP WKH ZHLJKWHG DYHUDJH WKH VHOI�FRPRYHPHQWV

RI WKH YDULDEOHV LQ WKH LQWHUVHFWLRQ� DV ZH KDYH GRQH LQ GH�QLQJ WKH FRKHVLRQ LQGH[ �����

+HQFH WKH DERYH GH�QLWLRQ RI FURVV�FRKHVLRQ VKRXOG EH JHQHUDOL]HG LQ WKH IROORZLQJ ZD\� )RU

QRWDWLRQDO VLPSOLFLW\� OHW XV UHRUGHU WKH YDULDEOHV LQ [W DQG \W LQ VXFK D ZD\ WKDW� LI [W DQG \W

KDYH N YDULDEOHV LQ FRPPRQ� WKH ODWWHU YDULDEOHV RFFXU LQ WKH �UVW N SODFHV� 7KH JHQHUDOL]HG

LQGH[ RI FURVV�FRKHVLRQ LV WKHQ
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$FFRUGLQJ WR WKLV GH�QLWLRQ� WKH FURVV�FRKHVLRQ RI [W ZLWK [W LV HTXDO WR WKH FRKHVLRQ RI [W�

� (PSLULFDO DSSOLFDWLRQ� EXVLQHVV F\FOHV LQ (XURSH DQG

WKH 86

,Q WKLV 6HFWLRQ ZH HYDOXDWH WKH LVVXH RI FRPRYHPHQW RI RXWSXW �XFWXDWLRQV EHWZHHQ (XURSHDQ

FRXQWULHV DQG 86 VWDWHV DQG UHJLRQV� 7KLV SUREOHP KDV EHHQ DQDO\]HG E\ PDQ\ DXWKRUV� D
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FRPSUHKHQVLYH UHYLHZ RI WKH OLWHUDWXUH LV SURYLGHG E\ &ODUN DQG 6KLQ ������� 2Q WKH EDVLV

RI RXU PHDVXUH RI FRKHVLRQ ZH DUH DEOH WR EULQJ DWWHQWLRQ WR VRPH IHDWXUHV RI FRPRYHPHQW

WKDW KDYH EHHQ RYHUORRNHG LQ SUHYLRXV VWXGLHV�

:H DQDO\]H WZR SDQHOV RI GDWD� WKH SHUVRQDO LQFRPH RI WKH �� 86 VWDWHV DQG WKH *'3

RI VHYHQWHHQ :HVW�(XURSHDQ QDWLRQV� 'DWD DU \HDUO\� IURP ���� WR ����� $ (XURSHDQ FRUH

FRPSRVHG E\ WKH �� (08 FRXQWULHV DQG WKH � %($ UHJLRQV DUH DOVR DQDO\]HG VHSDUDWHO\� :H

ORRN DW 86 UHJLRQV� LQ DGGLWLRQ WR VWDWHV� VLQFH WKH VL]H WKH IRUPHU LV ODUJHU DQG FRPSDUDEOH

ZLWK WKDW RI WKH ODUJHVW (XURSHDQ QDWLRQV� 7KH VHULHV DUH WDNHQ LQ ORJ�GL�HUHQFH WR UHQGHU

WKHP VWDWLRQDU\� �0RUH LQIRUPDWLRQ RQ WKH GDWD LV IRXQG LQ $SSHQGL[ ,��

/HW XV DUWLFXODWH RXU DQDO\VLV DURXQG D IHZ TXHVWLRQV�

� $UH QDWLRQDO F\FOHV ZLWKLQ (XURSH PRUH V\QFKURQL]HG WKDQ UHJLRQDO DQG VWDWH F\FOHV ZLWKLQ

WKH 86"

)LJXUH � VKRZV FRKHVLRQ RI 86 UHJLRQV� 86 VWDWHV� (08 FRXQWULHV DQG (XURSHDQ FRXQWULHV

�LQFOXGLQJ (08��� $V H[SHFWHG� (XURSHDQ FRXQWULHV DUH OHVV FRKHVLYH WKDQ (08 FRXQWULHV�

ZKLFK LQ WXUQ DUH OHVV FRKHVLYH WKDQ 86 VWDWHV DW DOO IUHTXHQFLHV� )LQDOO\� 86 UHJLRQV DUH

PRUH FRKHVLYH WKDQ 86 VWDWHV� VLQFH� E\ DJJUHJDWLQJ WKH VWDWHV� WKH LGLRV\QFUDWLF VRXUFHV RI

YDULDWLRQV DUH UHGXFHG� 7KLV FRUUHVSRQGV WR WKH FRQVHQVXDO YLHZ�

+RZHYHU� ZKLOH DW EXVLQHVV F\FOH IUHTXHQFLHV �DURXQG ���� FRUUHVSRQGLQJ WR D SHULRG RI

DERXW � \HDUV� WKH GL�HUHQFH EHWZHHQ (XURSH DQG 86 LV ODUJH� DW ORZ IUHTXHQFLHV WKH GL�HUHQFH

LV PXFK VPDOOHU� 7KLV DV\PPHWU\ EHWZHHQ ORQJ�UXQ DQG VKRUW�UXQ KDV QRW EHHQ HPSKDVL]HG

LQ WKH OLWHUDWXUH� )LJXUH � UHSRUWV WKH FXUYHV IRU 86 VWDWHV DQG (08 FRXQWULHV DORQJ ZLWK

�  ERRVWUDS FRQ�GHQFH EDQGV �VHH $SSHQGL[ ,, IRU GHWDLOV�� 7KH EDQGV GR QRW RYHUODS DW

F\FOLFDO IUHTXHQFLHV� ZKHUHDV WKHUH LV D YHU\ ODUJH RYHUODSSLQJ LQ WKH ORQJ�UXQ� 7KH VDPH

UHVXOW KROGV ZKHQ FRPSDULQJ WKH ODUJHU VHW RI WKH (XURSHDQ FRXQWULHV ZLWK 86 UHJLRQV �WKH

FRQ�GHQFH EDQGV DUH QRW UHSRUWHG KHUH�� :H FRQFOXGH WKDW� DV IDU DV V\QFURQL]DWLRQ RI ORQJ

F\FOHV LV FRQFHUQHG� WKH GL�HUHQFH EHWZHHQ (XURSH DQG WKH 86 LV VPDOO DQG QRQ�VLJQL�FDQW�

ZKLOH WKH RSSRVLWH KROGV IRU WKH W\SLFDO EXVLQHVV F\FOH IUHTXHQFLHV�

� $UH (XURSHDQ QDWLRQV PRUH FRUUHODWHG ZLWK RWKHU (XURSHDQ QDWLRQV WKDQ ZLWK 86 VWDWHV"

$ �UVW DQVZHU LV JLYHQ E\ )LJXUH �� ZKLFK UHSRUWV DJDLQ ZLWKLQ FRKHVLRQ RI 86 VWDWHV DQG

�7R HVWLPDWH WKH VSHFWUD LQWHUYHQLQJ LQ WKH GH�QLWLRQ RI G\QDPLF FRUUHODWLRQ� SHULRGRJUDPV VPRRWKHG

ZLWK D %DUWOHWW ZLQGRZ ZLWK ODJ ZLQGRZ VL]H � ZHUH XVHG�
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)LJXUH �� :LWKLQ DQG &URVV�&RKHVLRQ RI WKH JURXS RI �� 86�VWDWHV DQG WKH JURXS RI ��

(08�PHPEHUV�

(08 FRXQWULHV� DORQJ ZLWK FURVV�FRKHVLRQ EHWZHHQ 86 DQG (XURSH� :H VHH WKDW ZLWKLQ

FRKHVLRQ RI (08 FRXQWULHV LV ODUJHU WKDQ FURVV�FRKHVLRQ� EXW DJDLQ GL�HUHQFHV GLVDSSHDU LQ

WKH ORQJ�UXQ�

$QRWKHU ZD\ WR ORRN DW WKH SUREOHP LV WR XVH FRKHVLRQ DV D PHDVXUH RI GLVWDQFH LQ

FRPSXWLQJ FOXVWHUV� 2XU SXUSRVH KHUH LV WR JURXS WKH �� 86 VWDWHV� DQG WKH �� (XURSHDQ

FRXQWULHV �FIU� $SSHQGL[ ,� DFFRUGLQJ WR WKH ZD\ WKDW WKHLU QDWLRQDO LQFRPHV FRPRYH WRJHWKHU

LQ WKH VKRUW UXQ DQG WKH ORQJ UXQ�

:H SURFHHG DV IROORZV� :H �UVW FRPSXWH G\QDPLF FRUUHODWLRQV �LM���� EHWZHHQ DOO SDLUV

RI FRXQWULHV�VWDWHV IRU D JLYHQ IUHTXHQF\ EDQG ���
� 7KHQ WKH �� E\ �� PDWUL[ RI �SRVLWLYH�

?GLVVLPLODULWLHV� '���� LV FRPSXWHG� 7KLV PDWUL[ KDV HOHPHQWV

'LM����  � � �LM����� ����

&RXQWULHV ZKLFK VWURQJO\ FRPRYH ZLWKLQ WKH JLYHQ IUHTXHQF\ EDQG� KDYH VPDOO ?GLVVLPLODUL�

WLHV��

�$ODVND ZDV H[FOXGHG IURP WKH FOXVWHU DQDO\VLV VLQFH LW DSSHDUHG WR EH� QRW VXUSULVLQJO\� D KXJH RXWOLHU�
�,Q SUDFWLFH� WKH LQWHJUDO DSSHDULQJ LQ GH�QLWLRQ �""� RI �LM���� ZDV FRPSXWHG E\ QXPHULFDO LQWHJUDWLRQ�

��



7R GLVWLQJXLVK EHWZHHQ VKRUW�UXQ DQG ORQJ�UXQ G\QDPLFV� ZH SHUIRUP FDOFXODWLRQV IRU WZR

GL�HUHQW IUHTXHQF\ UDQJHV� FRUUHVSRQGLQJ WR F\FOHV RI SHULRG RI HLJKW \HDUV RU ORQJHU �ORQJ�

UXQ G\QDPLFV� DQG F\FOHV RI SHULRG OHVV WKDQ HLJKW \HDUV� UHSUHVHQWLQJ VKRUW�UXQ �XFWXDWLRQV

DQG EXVLQHVV F\FOH G\QDPLFV�

2QFH WKH GLVVLPLODULW\ PDWUL[ KDV EHHQ FRPSXWHG� VWDQGDUG FOXVWHULQJ WHFKQLTXHV FDQ EH

DSSOLHG� :H FKRVH WR DSSO\ WKH PHWULFDO PXOWLGLPHQVLRQDO VFDOLQJ � WHFKQLTXH �&R[ DQG &R[�

����� ZKLFK UHSUHVHQWV WKH �� FRXQWULHV DQG VWDWHV LQ D � GLPHQVLRQDO SODQH� 7KH (XFOLGHDQ

GLVWDQFHV EHWZHHQ WKH SRLQWV LQ WKH SODQH DUH QRZ VXSSRVHG WR PLPLF WKH GLVVLPLODULWLHV

FRPSXWHG E\ ����� &RXQWULHV ZKLFK KDYH ELJ GLVVLPLODULWLHV� KDYH UHSUHVHQWDWLRQV LQ WKH

SODQH ZKLFK DUH IDU DZD\ IURP HDFK RWKHU� /RRNLQJ DW WKH REMHFWV LQ WKH WZR�GLPHQVLRQDO

SODQH� PDNHV LW SRVVLEOH WR GHWHFW SRVVLEOH FOXVWHUV DQG RXWOLHUV�

,Q )LJXUH � ZH LOOXVWUDWH UHVXOWV RI WKH DSSOLFDWLRQ RI PXOWLGLPHQVLRQDO VFDOLQJ EDVHG

RQ WKH FRKHVLRQ LQGLFHV IRU ORQJ UXQ FRPRYHPHQWV� DQG IRU EXVLQHVV F\FOH DQG VKRUW UXQ

FRPRYHPHQWV� (XURSHDQ FRXQWULHV DUH ODEHOHG LQ WKH VWDQGDUG ZD\ ZKLOH 86 VWDWHV DUH

ODEHOHG DFFRUGLQJ WR ZKHWKHU WKH\ EHORQJ WR UHJLRQ �� �� � � � � �� 7KH D[HV LQ WKH �JXUH FDQQRW

EH LQWHUSUHWHG� RQO\ WKH UHODWLYH GLVWDQFHV EHWZHHQ SDLUV RI VWDWHV DUH LPSRUWDQW�

7KH UHVXOW RI )LJXUH � DUH FRQ�UPHG� RQFH DJDLQ� G\QDPLFV PDWWHU� ,Q WKH VKRUW�UXQ�

(XURSHDQ FRXQWULHV DUH FOXVWHUHG RQ RQH VLGH RI WKH ER[ DQG 86 UHJLRQV RQ WKH RWKHU VLGH

ZLWK 8. DQG ,UHODQG EHLQJ WKH FORVHVW WR 86 VWDWHV �WKLV FRQ�UPV UHVXOWV IRXQG LQ )RUQL DQG

5HLFKOLQ� ������ ,Q WKH ORQJ�UXQ� KRZHYHU� QR FOHDU SDWWHUQ HPHUJHV DQG XQLWV EHORQJLQJ WR

WKH 86 DUH PL[HG WRJHWKHU ZLWK XQLWV EHORQJLQJ WR (XURSH� ,Q WKH ORQJ�UXQ� 86 VWDWHV DUH

DV FRUUHODWHG ZLWK HDFK RWKHU WKDQ DV ZLWK (XURSHDQ QDWLRQV� SUREDEO\ UH�HFWLQJ WKH H�HFW

RI D FRPPRQ SHUVLVWHQW VKRFN�

� 'RHV ERUGHU PDWWHU"

7KH TXHVWLRQ RI ZKHWKHU EXVLQHVV F\FOHV RI VWDWHV RU FRXQWULHV ZKLFK DUH FORVH IURP D JH�

RJUDSKLFDO SRLQW DUH PRUH FRUUHODWHG LV RI FUXFLDO LQWHUHVW WR XQGHUVWDQG WKH QDWXUH RI WKH

SURSDJDWLRQ PHFKDQLVP RI HFRQRPLF VKRFNV� $ UREXVW �QGLQJ LQ WKH OLWHUDWXUH LV WKDW JH�

RJUDSK\ PDWWHUV IRU WUDGH DQG UHFHQWO\ LW KDV EHHQ IRXQG WKDW LW DOVR PDWWHUV IRU RXWSXW

FRUUHODWLRQ �&ODUN DQG YDQ :LQFRRS� ������ 2XU SXUSRVH KHUH LV WR HYDOXDWH WKH ODWWHU FODLP

IRU RXU GDWD VHW WDNLQJ LQWR DFFRXQW G\QDPLFV� 7R WKLV SXUSRVH� ZH FRPSXWH� IRU HDFK VWDWH

�7KH SURFHGXUH FPGVFDOH RI WKH VWDWLVWLFDO VRIWZDUH SDFNDJH 6SOXV ZDV XVHG IRU WKLV�
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)LJXUH �� 5HSUHVHQWDWLRQ RI WKH �� 86�VWDWHV �$ODVND LV H[FOXGHG� DQG WKH �� :HVW�(XURSHDQ

FRXQWULHV LQ D SODQH DFFRUGLQJ WR WKHLU ORQJ UXQ FRPRYHPHQWV �XSSHU �JXUH� DQG VKRUW UXQ

FRPRYHPHQW �ORZHU �JXUH�� 7KH 86�VWDWHV DUH ODEHOHG E\ WKH UHJLRQV WR ZKLFK WKH\ EHORQJ�

��



�DQG FRXQWU\�� WKH UDWLR EHWZHHQ DYHUDJH FRKHVLRQ ZLWK QHLJKERUV VWDWHV �DQG FRXQWULHV� DQG

DYHUDJH FRKHVLRQ ZLWK DOO VWDWHV �DQG FRXQWULHV�� 7KLV FDQ EH WDNHQ DV D PHDVXUH RI WKH

H[WHQW WR ZKLFK ?ERUGHU PDWWHUV��

)RU HDFK 86 VWDWH DQG (XURSHDQ QDWLRQ ZH FRPSXWH WKH IROORZLQJ PHDVXUH

%0L����  
DYHUDJHM�1L

�LM����

DYHUDJHM � L�LM����
� ����

ZKHUH 1L LV WKH VHW RI LQGLFHV RI DOO QHLJKERU VWDWHV RI VWDWH L DQG �LM���� LV WKH G\QDPLF

FRUUHODWLRQ EHWZHHQ VWDWHV L DQG M DW WKH VHOHFWHG IUHTXHQF\ EDQG ���

)LJXUH � VKRZ UHVXOWV IRU 86 VWDWHV� 7KH UDWLR ���� KDV EHHQ FRPSXWHG IRU HYHU\ VWDWH

�ZLWK WKH H[FHSWLRQ RI $ODVND DQG +DZDLL� ZKLFK KDYH QR QHLJKERUV� DQG IRU ORQJ UXQ IUHTXHQ�

FLHV ���  >�� � �@� DQG VKRUW UXQ IUHTXHQFLHV ���  >� �� �@�� DV ZDV GRQH LQ WKH FOXVWHULQJ

H[DPSOH� 7KH PDSV WHOO XV WKDW LQ WKH VKRUW�UXQ PRVW VWDWHV DUH DV FRUUHODWHG ZLWK WKH

QHLJKERUV DV ZLWK DOO RWKHU VWDWHV� VLQFH WKHLU %0L LV FORVH WR �� 7KLV LV QRW VXUSULVLQJ�

JLYHQ WKH ODUJH FRKHVLRQ EHWZHHQ 86 VWDWHV WKDW ZH KDG IRXQG DW EXVLQHVV F\FOH IUHTXHQFLHV

�)LJXUH ��� 7KH UHVXOW FRQ�UPV� LQ D GL�HUHQW ZD\� WKDW WKHUH LV D ORW RI FRPPRQ G\QDPLFV

DW EXVLQHVV F\FOH IUHTXHQFLHV� ,Q WKH ORQJ�UXQ� KRZHYHU� WKHUH DUH VWDWHV ZKLFK FRPRYH PRUH

VWURQJO\ ZLWK WKH QHLJKERUV �WKLV GRHV QRW LPSO\ WKDW WKRVH VWDWHV FRPRYH VWURQJO\ ZLWK WKHLU

QHLJKERUV� LW MXVW VD\V WKDW WKH\ DUH FRPRYLQJ PRUH VWURQJO\ ZLWK WKHLU QHLJKERUV WKDQ ZLWK

WKH RWKHU VWDWHV�� 1RWLFH WKDW� LQ JHQHUDO� WKH UDWLRV DUH DERYH RQH� LQGLFDWLQJ WKDW ERUGHU

PDWWHUV�� +RZ PXFK ERUGHU PDWWHUV� KRZHYHU� GHSHQGV LQ WKH �UVW SODFH RQ WKH VL]H RI WKH

VWDWH� ZKLFK LV TXLWH QDWXUDO �

7DEOH � LOOXVWUDWHV UHVXOWV IRU (XURSH� 7KHVH UHVXOWV VKRXOG EH LQWHUSUHWHG ZLWK FDXWLRQ

VLQFH� GXH WR WKH VPDOO QXPEHU RI QHLJKERULQJ QDWLRQV� S�YDOXHV IURP WKH QRQ�SDUDPHWULF

:LO[RFRQ�UDQN WHVW LQGLFDWH WKDW WKH GL�HUHQFH RI FRUUHODWLRQ ZLWK QHLJKERUV DQG FRUUHODWLRQ

ZLWK DOO QDWLRQV LV JHQHUDOO\ VWDWLVWLFDOO\ QRW VLJQL�FDQW� 4XDOLWDWLYHO\� ZH FDQ REVHUYH�

KRZHYHU� WKDW ERUGHU LQ (XURSH PDWWHUV D OLWWOH �WKH UDWLRV DUH JHQHUDOO\ ODUJHU WKDQ RQH��

EXW OHVV WKDQ LQ WKH 86� 0RUHRYHU� QR GL�HUHQFH LQ SDWWHUQV HPHUJHV EHWZHHQ VKRUW�UXQ DQG

ORQJ�UXQ UDWLRV� 7KH ZHDN H�HFW RI WKH ERUGHU IRU QDWLRQV FRQWUDVWV ZLWK ZKDW IRXQG DW WKH

UHJLRQDO OHYHO �4XDK� ������ $Q LQWHUSUHWDWLRQ� DOVR VXJJHVWHG E\ ZKDW IRXQG E\ )RUQL DQG

�7KH QRQ�SDUDPHWULF :LO[RFRQ�UDQN WHVW LQGLFDWHG WKDW DYHUDJH ORQJ�UXQ FRPRYHPHQWV ZLWK QHLJKERUV

DUH VLJQL�FDQWO\ GL�HUHQW �DW WKH �� OHYHO� IURP WKH DYHUDJH ORQJ�UXQ FRPRYHPHQWV ZLWK DOO VWDWHV IRU PRUH

WKDQ ��� RI WKH VWDWHV� 5HVXOWV DUH DYDLODEOH XSRQ UHTXHVW�

��



long run

0.9-1.2
1.2-1.4
1.4-1.6
1.6-1.8
1.8-2.0

short run

0.9-1.2
1.2-1.4
1.4-1.6
1.6-1.8
1.8-2.0

)LJXUH �� 7KH �� 86�VWDWHV �$ODVND DQG +DZLL DUH H[FOXGHG� FRORUHG DFFRUGLQJ WR WKH YDOXH

RI WKHLU ERUGHU�FRUUHODWLRQ�PHDVXUH %0L IRU WKH ORQJ UXQ �XSSHU �JXUH� DQG WKH VKRUW UXQ

�ORZHU �JXUH��

��



&RXQWU\ /RQJ UXQ %0 6KRUW UXQ %0 1HLJKERUV

$X ���� ������ ���� ������ �

%H ���� ������ ���� ������ �

'N ���� � ���� � �

)L ���� ������ ���� ������ �

)U ���� ������ ���� ������ �

:* ���� ������ ���� ������ �

,W ���� ������ ���� ������ �

/[ ���� ������ ���� ������ �

1O ���� ������ ���� ������ �

3R ���� � ���� � �

( ���� ������ ���� ������ �

6Z ���� ������ ���� ������ �

&+ ���� ������ ���� ������ �

1R ���� ������ ���� ������ �

7DEOH �� %RUGHUV 0HDVXUH %0L IRU WKH ORQJ UXQ DQG WKH VKRUW UXQ FRPSXWHG IRU �� (XURSHDQ

FRXQWULHV� 3�YDOXHV DUH JLYHQ EHWZHHQ SDUHQWKHVLV DQG WKH QXPEHU RI QHLJKERUV LV LQ WKH ODVW

FROXPQ�

5HLFKOLQ ������� LV WKDW (XURSHDQ QDWLRQV FRQWDLQ FOXVWHUV RI UHJLRQV ZLWK GL�HUHQW GHJUHH RI

V\QFKURQL]DWLRQ DQG WKDW JHRJUDSKLFDO H�HFWV DUH QRW GH�QHG E\ SROLWLFDO ERXQGDULHV�

� 6XPPDU\ DQG FRQFOXVLRQ

7KLV SDSHU KDV SURSRVHG D PHDVXUH RI G\QDPLF FRPRYHPHQW EHWZHHQ �SRVVLEO\ PDQ\� WLPH

VHULHV DQG QDPHG LW FRKHVLRQ� 7KH PHDVXUH LV GH�QHG LQ WKH IUHTXHQF\ GRPDLQ DQG LW LV

DSSURSULDWH IRU FRVWDWLRQDU\ SURFHVVHV RU� DV LW LV RIWHQ WKH FDVH ZLWK PDFURHFRQRPLF WLPH

VHULHV� SURFHVVHV ZKLFK DUH FRVWDWLRQDU\ LQ �UVW GL�HUHQFHV� ,Q WKH ELYDULDWH FDVH� WKH PHD�

VXUH LV VKRZQ WR FRUUHVSRQG WR G\QDPLF FRUUHODWLRQ DQG LW LV UHODWHG� EXW QRW HTXDO� WR WKH

ZHOO NQRZQ TXDQWLWLHV ?FRKHUHQFH� DQG ?FRKHUHQF\�� 7KH PXOWLYDULDWH PHDVXUH LV WKH FRUUH�

VSRQGLQJ ZHLJKWHG DYHUDJH� :H VKRZ WKDW FRKHVLRQ UHODWHV LQ D VLPSOH ZD\ WR FRLQWHJUDWLRQ�

&RKHVLRQ LV XVHIXO WR VWXG\ SUREOHPV RI EXVLQHVV F\FOH V\QFKURQL]DWLRQ� WR LQYHVWLJDWH

��



VKRUW�UXQ DQG ORQJ�UXQ G\QDPLF SURSHUWLHV RI PXOWLSOH WLPH VHULHV� WR LGHQWLI\ G\QDPLF FOXV�

WHUV� ,W LV DOVR WKH DSSURSULDWH WRRO WR HVWDEOLVK VW\OL]HG IDFWV RQ FRPRYHPHQWV RI PDFURHFR�

QRPLF YDULDEOHV DW VSHFL�F IUHTXHQF\ EDQGV RI LQWHUHVW�

2XU HPSLULFDO DQDO\VLV RQ FRKHVLRQ RI RXWSXW �XFWXDWLRQV ZLWKLQ WKH 86� ZLWKLQ (XURSH

DQG EHWZHHQ 86 DQG (XURSH LOOXVWUDWHV WKH LPSRUWDQFH RI WKH G\QDPLF GHFRPSRVLWLRQ RI

FRPRYHPHQWV� 5HVXOWV VKRZ WKDW� LQ WKH ORQJ UXQ �F\FOHV ORQJHU WKDQ IRXU \HDUV�� FRKHVLRQ RI

RXSXW �XFWXDWLRQV ZLWKLQ WKH 86 LV QRW VLJQL�FDQWO\ GL�HUHQW WKDQ FRKHVLRQ ZLWKLQ (XURSH

DQG WKDW 86 VWDWHV DUH DV FRUUHODWHG ZLWK HDFKRWKHU WKDQ DV ZLWK (XURSHDQ QDWLRQV� SUREDEO\

UH�HFWLQJ WKH H�HFW RI D FRPPRQ SHUVLVWHQW VKRFN� ,Q DGGLWLRQ� ZH SURYLGH UHVXOWV RQ WKH

JHRJUDSKLFDO VWUXFWXUH RI FRKHVLRQ� :H VKRZ WKDW� LQ JHQHUDO� VWDWHV �RU QDWLRQV� DUH PRUH

VWURQJO\ FRKHVLYH ZLWK QHLJKERUV VWDWHV WKDQ ZLWK RWKHU VWDWHV �RU QDWLRQV�� ,Q WKH 86� WKLV

H�HFW LV VWURQJHU LQ WKH ORQJ�UXQ WKDQ LQ WKH VKRUW�UXQ�

5()(5(1&(6

$KQ� 6�.� DQG 5HLQVHO� *�&� ������ ?1HVWHG UHGXFHG�UDQN DXWRUHJUHVVLYH PRGHOV IRU PXOWLSOH

WLPH VHULHV� -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� ��� ��������

%HUNRZLW]� -� DQG .LOLDQ� /�� ������� ?5HFHQW 'HYHORSPHQWV LQ %RRWVWUDSSLQJ 7LPH 6HULHV��

)LQDQFH DQG (FRQRPLFV 'LVFXVVLRQ 6HULHV� )HGHUDO UHVHUYH %RDUG� :DVKLQJWRQ� '�&��

�������

%HUNRZLW]� -� DQG 'LHEROG� )�;�� ������� ?%RRWVWUDSSLQJ 0XOWLYDULDWH 6SHFWUD��� 5HYLHZ RI

(FRQRPLFV DQG 6WDWLVWLFV�� ��� �������

&ODUN� 7� DQG 6KLQ� .� ������� ?7KH VRXUFHV RI �XFWXDWLRQV ZLWKLQ DQG DFURVV FRXQWULHV�� LQ

*�'�+HVV DQG (� YDQ :LQFRRS� HGV�� ,QWUDQDWLRQDO 0DFURHFRRQRPLFV� &DPEULGJH 8QLYHU�

VLW\ 3UHVV� IRUWKFRPLQJ�

&ODUN� 7� DQG YDQ :LQFRRS� (� ������ ?%RUGHUV DQG EXVLQHVV F\FOHV�� SDSHU SUHVHQWHG DW

WKH FRQIHUHQFH ?/HVVRQV IURP LQWUDQDWLRQDO HFRQRPLFV IRU LQWHUQDWLRQDO HFRQRPLFV� -XQH

����� DW 6WXGLHQ]HQWUXP *HU]HQVHH� 6ZLW]HUODQG�

&R[� 7� )�� DQG &R[� $�$� ������� 0XOWLGLPHQVLRQDO VFDOLQJ � /RQGRQ� &KDSPDQ 	 +DOO�

��



(QJOH� 5�)� DQG *UDQJHU� &�:� -� ������� ?&RLQWHJUDWLRQ DQG HUURU FRUUHFWLRQ� UHSUHVHQWD�

WLRQ� HVWLPDWLRQ DQG WHVWLQJ�� (FRQRPHWULFD� ��� ��������

(QJOH� 5�)� DQG .R]LFNL� 6� ������ ?7HVWLQJ IRU FRPPRQ IHDWXUHV�� -RXUQDO RI %XVLQHVV 	

(FRQRPLF 6WDWLVWLFV� YRO� ��� Q� ��

)RUQL� 0� DQG 5HLFKOLQ� /�� ������ ?'\QDPLF FRPPRQ IDFWRUV LQ ODUJH FURVV�VHFWLRQV�� (P�

SLULFDO (FRQRPLFV ��� SS� ������

___� ������ ?)HGHUDO SROLFLHV DQG ORFDO HFRQRPLHV� (XURSH DQG WKH 86�� (XURSHDQ (FR�

QRPLF 5HYLHZ� IRUWKFRPLQJ�

___� ������ ?/HW
V JHW UHDO� D IDFWRU DQDO\WLFDO DSSURDFK WR GLVDJJUHJDWHG EXVLQHVV F\FOH

G\QDPLFV�� -XO\� 5HYLHZ RI (FRQRPLF 6WXGLHV�

*RXULHURX[� &�� DQG 3HDXFHOOH� ,� ������� ?6HULHV FRG�HSHQGDQWHV� $SSOLFDWLRQ D O
K\SRWK�HVH

GH SDULW�H GX SRXYRLU G
DFKDW�� O
$FWXDOLW�H (FRQRPLTXH ��� SS ���^����

/LOLHQ� '� 0� ������ ?6HFWRUDO VKLIWV DQG F\FOLFDO XQHPSOR\PHQW�� -RXUQDO RI 3ROLWLFDO (FRQ�

RP\� $XJXVW� SS� �������

4XDK� '� ������ ?&RPPHQW�� -RXUQDO RI %XVLQHVV 	 (FRQRPLFV DQG 6WDWLVWLFV� YRO� ��� 1R�

��

4XDK� '� ������ ?5HJLRQDO FRQYHUJHQFH FOXVWHUV DFURVV (XURSH�� (XURSHDQ (FRQRPLF 5HYLHZ�

YRO� ��� QR����

6DUJHQW� 7� ������� 0DFURHFRQRPLF 7KHRU\� �QG HGLWLRQ� $FDGHPLF 3UHVV� 2UODQGR�

9DKLG� )� DQG (QJOH� 5�)� ������� ?&RPPRQ WUHQGV DQG FRPPRQ F\FOHV�� -RXUQDO RI $SSOLHG

(FRQRPHWULFV� �� �������

��



$33(1',; ��

'DWD VRXUFHV DQG GDWD WUHDWPHQW

$� 86 VWDWHV SHUVRQDO LQFRPH� 7KH GDWD DUH �3HUVRQDO LQFRPH �86'�� IURP 5(,6� GDWDEDVH

SURYLGHG E\ WKH %XUHDX RI (FRQRPLF $QDO\VLV� (FRQRPLFV DQG 6WDWLVWLFV $GPLQLVWUDWLRQ RI

WKH 86 GHSDUWPHQW RI &RPPHUFH� 7KH GDWD ZHUH GH�DWHG E\ D FXUUHQW SULFH LQGH[ �DQQXDO�

DOO XUEDQ FRQVXPHUV�� 7KH %($�UHJLRQV DUH ODEHOHG DV 1HZ (QJODQG ���� 0LGHDVW ���� *UHDW

/DNHV ���� 3ODLQV ���� 6RXWKHDVW ���� 6RXWKZHVW ���� 5RFN\ 0RXQWDLQ ���� DQG WKH )DU :HVW

����

%� (XURSHDQ QDWLRQV *'3� 7KH GDWD DUH *'3 DW ���� PDUNHW SULFHV GH�DWHG E\ WKH *'3

GH�DWRU �0UG 86' ������ 7KH VRXUFH LV (XURVWDW� &RXQWULHV FRQVLGHUHG DUH $XVWULD �$X��

%HOJLXP �%H�� :HVW *HUPDQ\ �:*�� 6SDLQ �(�� )UDQFH �)U�� ,UHODQG �,U�� ,WDO\ �,W�� /X[HP�

ERXUJ �/[�� 1HWKHUODQGV �1O�� 3RUWXJDO �3R�� )LQODQG �)L� ZKLFK IRUP WKH �� (08�PHPEHUV�

)XUWKHUPRUH� � RWKHU FRXQWULHV ZHUH DGGHG WR FRQVWLWXWH WKH VHW RI �� ?:HVW�(XURSHDQ� FRXQ�

WULHV� 6ZLW]HUODQG �&K�� 1RUZD\ �1R�� 6ZHGHQ �6Z�� *UHHFH �*U�� 'HQPDUN �'N��

$33(1',; ��

%RRWVWUDSSLQJ WHFKQLTXH

&RQ�GHQFH OLPLWV DURXQG WKH HVWLPDWHG FRKHVLRQ FRH�FLHQWV ZHUH FRPSXWHG XVLQJ ERRWVWUDS

WHFKQLTXHV� $Q RYHUYLHZ RI PHWKRGV IRU ERRWVWUDSSLQJ WLPH VHULHV LV JLYHQ LQ %HUNRZLW]

DQG .LOLDQ ������� :H DSSOLHG D VWDQGDUG EORFN ERRWVWUDS IRU WKH FRKHVLRQ RI UHDO SHUVRQDO

LQFRPH ZLWKLQ 86 DQG *'3 ZLWKLQ WKH (08�FRXQWULHV� UHVSHFWLYHO\ �FIU� 6HFWLRQ ��� 7KH

QXPEHU RI UHSOLFDWHV ZDV ��� DQG WKH OHQJWK RI WKH EORFNV ZDV FKRVHQ WR EH HTXDO WR �� ODUJH

HQRXJK WR UHWDLQ WKH F\FOLFDO LQIRUPDWLRQ LQ WKH VHULHV�

7KH GLVWULEXWLRQ RI WKH ERRWVWUDS UHSOLFDWHV ZDV UHODWLYHO\ FORVH WR D QRUPDO RQH� 7R JHW

HYHQ PRUH FORVH WR D QRUPDO GLVWULEXWLRQ� WKH )LVKHU ]�WUDQVIRUPDWLRQ KDV EHHQ DSSOLHG WR WKH

VLPXODWHG G\QDPLF FRUUHODWLRQV� 7KH )LVKHU ]�WUDQVIRUPDWLRQV WUDQIHUV FRUUHODWLRQV � LQWR

�

�
OQ ��� � �� �� � ���� ZKHUH WKH ODWWHU PD\ WDNH RQ YDOXHV RQ WKH ZKROH UHDO OLQH� &RQ�GHQFH

OLPLWV ZHUH WKHQ FRPSXWHG RQ WKH WUDQVIRUPHG GDWD E\ WKH �  �UXOH� DQG UHWUDQVIRUPHG� E\

DSSO\LQJ WKH LQYHUVH RI WKH )LVKHU ]�WUDQVIRUPDWLRQ� LQWR D FRQ�GHQFH LQWHUYDO IRU WKH DFWXDO

FRKHVLRQ &RK����

��



6LQFH FRKHVLRQ LV GH�QHG LQ WKH IUHTXHQF\ GRPDLQ� LW LV YHU\ DSSHDOLQJ WR XVH WKH VSHFWUDO

DSSURDFK RI %HUNRZLW] DQG 'LHEROG ������� %\ ERRWVWUDSSLQJ WKH �PXOWLYDULDWH� VSHFWUXP

LQVWHDG RI WKH WLPH VHULHV LWVHOI� ZH FDQ VDYH FRPSXWDWLRQ WLPH� VLQFH WKH VSHFWUXP GRHV

QRW QHHG WR EH UHFRPSXWHG IRU HDFK ERRWVWUDS UHSOLFDWH� 3UHOLPLQDU\ H[SHULPHQWV LQ WKLV

GLUHFWLRQ ZHUH QRW VR VXFFHVVIXO� SUREDEO\ GXH WR WKH IDFW WKDW WKH WLPH VSDQ LQ WKH WUHDWHG

H[DPSOHV LV UDWKHU VPDOO� 5HVHDUFK RQ WKLV WRSLF LV RQJRLQJ�

��


