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Devwudfw

Lq wklv sdshu zh vwxg| wkh uroh ri wkh vwrfn pdunhw lq wkh wudqvplvvlrq
phfkdqlvp lq wkh hxur duhd dqg hydoxdwh zkhwkhu sulfh vwdelolw| dqg �qdq0
fldo vwdelolw| duh pxwxdoo| frqvlvwhqw dqg frpsohphqwdu| remhfwlyhv1 Irxu
pdmru frqfoxvlrqv fdq eh gudzq iurp rxu zrun1 Iluvw/ vwrfn sulfhv dqg/
pruh jhqhudoo|/ uhodwlyh dvvhw sulfhv vhhp wr sod| dq lpsruwdqw uroh lq wkh
wudqvplvvlrq phfkdqlvp lq wkh hxur duhd1 Vhfrqg/ zh gr qrw �qg dq| vlj0
ql�fdqw/ gluhfw lpsdfw ri vwrfn sulfhv rq lq dwlrq1 Wkhvh wzr �qglqjv wdnhq
wrjhwkhu vxssruw wkh ylhz wkdw vwrfn pdunhw sulfhv pd| eh lpsruwdqw iru
prqhwdu| srolf|/ lqghshqghqwo| ri wkhlu gluhfw lpsdfw rq lq dwlrq1 Wklug/
shupdqhqw surgxfwlylw| vkrfnv duh wkh gulylqj irufh ri wkh vwrfn pdunhw lq
wkh orqj0uxq dqg frqwulexwh vljql�fdqwo| wr lwv f|folfdo ehkdylrxu1 Qhyhu0
wkhohvv/ wkh exon ri f|folfdo g|qdplfv lq wkh vwrfn pdunhw lv h{sodlqhg e|
wudqvlwru| vkrfnv1 Irxuwk/ d prqhwdu| srolf| irfxvhg rq pdlqwdlqlqj sulfh
vwdelolw| lq wkh orqj0uxq fdq frqwulexwh dovr wr vwrfn pdunhw vwdelolw|1

M1H1O1 fodvvl�fdwlrq= F65/ R441
Nh| zrugv= prqhwdu| srolf| wudqvplvvlrq phfkdqlvp/ sulfh vwdelolw|/ �0
qdqfldo vwdelolw|1

ECB •  Work ing  Pape r  No  119 •  J anua r y  20024



Non-technical summary 

We analyse within the framework of a small macro econometric model for the euro area, the 
interaction between nominal variables (nominal interest rates and inflation) and real variables 
(output, real M3 balances and real stock market prices). The purpose is to improve our 
understanding of the role of the stock market in the transmission mechanism of monetary 
policy in the euro area, and to evaluate its leading indicator properties for inflation and output 
growth. Furthermore, we assess empirically whether a medium- to long-term price stability 
objective is consistent with a smooth development of the stock market in the euro area. The 
dynamic behaviour of the economy is explained by six structural shocks: persistent supply-
side shock, persistent shock to the inflation objective of the monetary authority, temporary 
aggregate demand shock, temporary liquidity preference shock, temporary term structure 
shock, and temporary shock to the short-term real interest rate. 

We follow the structural vector error correction modelling (SVECM) approach where the 
economic variables are represented as the sum of a trend/permanent component and a cyclical 
component. The permanent shocks affect both the trend and the cyclical components whereas 
the temporary shocks affect only the cyclical component. We interpret monetary policy as 
involving two dimensions. The first dimension, medium- to long-term, is the setting of the 
inflation objective reflected in our model in the excess nominal M3 growth process (trend 
inflation which is equal to nominal M3 growth above what is needed to finance output trend 
growth). The second, short-term, is maintaining inflation on track by changing short-term 
interest rates, taking into account all shocks hitting the economy. A third component is added 
capturing non-systematic determinants of monetary policy. A crucial point in the 
identification of the latter component is that short-term real interest rates must (temporarily) 
increase in response to a (temporary) monetary policy tightening. 

The dynamic behaviour of the economy is summarised, in the paper, by forecast error 
variance decomposition exercises and impulse-response analysis. In the short- to medium-
term, aggregate demand shocks are the main source of output variability whilst supply-
side/productivity shocks are the main source of output variability in the long-term. Liquidity 
preference shocks are the most important determinant of real stock market price index 
volatility in the short-term, whilst productivity shocks are the main source of stock market 
variability in the medium- to long-term. In the short-term the supply-side/productivity shock 
is the main source of variability of the bond yield, whilst the persistent shock to the inflation 
objective of the monetary authority is the main source of variability in the medium- to long-
term. The positive productivity shock has a temporary deflationary impact on the economy. 
The permanent shock to the inflation objective of the monetary authority has a persistent 
impact on the bond yield, which increases due to the Fisher effect. 
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Historical decomposition of output and stock market cycles highlights its likely underlying 
determinants (structural shocks). The contribution of the aggregate demand shock is more 
important than supply-shocks in 1989-1991, around the timing of German unification. After 
1997 the supply-side shock played a greater role in explaining the output cycle. In short, the 
most important determinants of cyclical dynamics in the euro area were demand shocks in the 
late 1980s early 1990s and supply-side shocks at the turn of the century. The stock market 
cycle can be explained to a large extent by productivity shocks. However, productivity 
shocks do not fully account for the behaviour of the stock market over the cycle. In 1988-
1994 aggregate demand shocks played an important role in explaining the stock market cycle. 
Additionally, liquidity preference shocks played an important role in 1985-1988 which 
suggest that “pure” speculative behaviour may have been important in the period around the 
stock market crash of 1987. In 1999, monetary policy shocks (real short-term interest rate 
shocks) seem to have had an important role in explaining the stock market cycle. 

To investigate the consistency between price stability and the smooth development of the 
stock market we use the estimated SVAR to generate artificial euro area data under a price 
stability environment and compare it with the actual data. To carry out the policy simulations 
we derive a monetary policy rule for controlling trend inflation in the SVECM. The rule is 
very simple: at each period the interest rate is changed proportional to deviation of current 
trend inflation from desired trend inflation. In our model it turns out that this rule is 
equivalent to calculating the change in the rate of growth of nominal M3 needed to bring 
trend inflation in line with the aim. The policy is implemented in the model as a temporary 
shock to the short-term real interest rate sufficiently strong to correct inflation as desired. 

We start with an unconditional control exercise applied to the 1987-2000 period. As 
expected, the historical interest rate series is on average lower than the levels that would have 
been consistent with the aim of achieving inflation rates below 2%. However, according to 
our model, since mid-1996 the short-term interest rate has been set at a level that broadly 
aims at increases in the GDP deflator between 1.5% and 2% in the euro area. Next we 
simulate euro area data assuming that the control rule is actually implemented starting from 
1987. The euro area economy is exposed to historical shocks (except the short-term interest 
rate) to obtain the time path of the variables under the new regime. A successful inflation 
control policy would have smoothed, without avoiding, cyclical fluctuations. In addition, the 
initial output costs of disinflation, relative to the realised output cycle, tend to zero on 
average over the sample considered, since the initial negative impact of monetary policy 
tightening on the output gap in the late 1980s is followed by a positive impact in the 1990s. 
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41 Lqwurgxfwlrq

Uhfhqw zruog zlgh vwrfn pdunhw yrodwlolw| kdv uhylyhg lqwhuhvw lq xqghuvwdqglqj
wkh srvvleoh uroh ri fhqwudo edqnv lq suhyhqwlqj ru uhgxflqj wkh glvuxswlyh h�hfwv
ri �qdqfldo vkrfnv rq wkh hfrqrp|1 Lq idfw/ eh|rqg wkh qhhg wr ehwwhu xqghuvwdqg
wkh uroh ri vwrfn sulfhv lq wkh wudqvplvvlrq phfkdqlvp/ prqhwdu| srolf| vkrxog
wdnh vwrfn sulfhv lqwr dffrxqw dv odujh vzlqjv lq vwrfn sulfhv/ hlwkhu uhodwhg ru
xquhodwhg wr ixqgdphqwdov/ pd| kdyh d ghvwdelolvlqj lpsdfw rq wkh hfrqrp|1 Wklv
lghd dqg lwv lpsolfdwlrqv iru prqhwdu| srolf| kdv ehhq irupdolvhg dqg glvfxvvhg
lq d uhfhqw sdshu e| Ehuqdqnh dqg Jhuwohu +4<<<,/ zkr uhfrpphqg wkdw sulfh
vwdelolw| vkrxog eh wkh ryhuulglqj orqj0uxq jrdo ri prqhwdu| srolf|/ lq rughu wr
dyrlg vwrfn pdunhw yrodwlolw|1 Wklv frqfoxvlrq lv fkdoohqjhg e| Fhffkhwwl hw do1
+5333, zkr uhfrpphqg wkdw fhqwudo edqnv vkrxog uhdfw gluhfwo| wr htxlw| sulfh
pryhphqwv14 Lq idfw/ wkhvh dxwkruv vxjjhvw wkdw d fhqwudo edqn frqfhuqhg zlwk
sulfh vwdelolw| vkrxog eh suhhpswlyh dqg wdnh h{solflwo| lqwr dffrxqw dvvhw sulfhv/
dv zhoo dv rwkhu hfrqrplf lqglfdwruv/ zkhq pdnlqj prqhwdu| srolf| ghflvlrqv1
Wklv vwudwhj| vkrxog lpsuryh pdfurhfrqrplf shuirupdqfh +uhgxfh wkh yduldelolw|
ri rxwsxw dqg lq dwlrq,/ dyrlglqj odujh dvvhw sulfh plvdoljqphqwv/ errp dqg exvw
lqyhvwphqw f|fohv/ lq dwlrq dqg hpsor|phqw lqvwdelolw|1

Lq wklv sdshu zh pdnh d frqwulexwlrq wr wkh fxuuhqw ghedwh rq wkhvh srolf|
lvvxhv1 Ixuwkhupruh/ dv qrwhg e| Vhoolq +5334, hpslulfdo dqdo|vhv ri wkh uhodwlrq
ehwzhhq vwrfn pdunhw sulfhv dqg prqhwdu| srolf| duh qhhghg/ sduwlfxoduo| zlwk
fduhixoo| lghqwl�hg prqhwdu| srolf| dqg shuiruphg rq qrq0XV gdwd1 Wkxv/ zh
dqdo|vh zlwklq wkh iudphzrun ri d vpdoo pdfurhfrqrphwulf prgho iru wkh hxur
duhd/ wkh lqwhudfwlrqv ehwzhhq qrplqdo yduldeohv +qrplqdo lqwhuhvw udwhv dqg lq d0
wlrq, dqg uhdo yduldeohv +rxwsxw/ uhdo P6 edodqfhv dqg uhdo vwrfn pdunhw sulfhv,1
Wkh sxusrvh lv wzrirog1 Iluvw/ wr lpsuryh rxu xqghuvwdqglqj ri wkh prqhwdu|
wudqvplvvlrq phfkdqlvp lq wkh hxur duhd dqg/ lq sduwlfxodu/ wkh uroh ri wkh vwrfn
pdunhw1 Vhfrqg/ wr dvvhvv zkhwkhu phglxp0whup sulfh vwdelolw| lv frqvlvwhqw zlwk
d vprrwk ghyhorsphqw ri wkh vwrfn pdunhw lq wkh hxur duhd1

Irxu pdmru frqfoxvlrqv fdq eh gudzq iurp rxu zrun1 Iluvw/ vwrfn sulfhv dqg/
pruh jhqhudoo|/ uhodwlyh dvvhw sulfhv vhhp wr sod| dq lpsruwdqw uroh lq wkh wudqv0
plvvlrq phfkdqlvp lq wkh hxur duhd1 Lq idfw/ rxwsxw g|qdplfv ghshqgv rq wkh
vorsh ri wkh |lhog fxuyh dqg rq d phdvxuh ri ghyldwlrq ri vwrfn pdunhw sulfhv iurp

4Krzhyhu/ dffruglqj wr Fhffkhwwl hw do1 +5333,/ fhqwudo edqnv vkrxog qrw lqfoxgh dvvhw sulfhv
lq wkh remhfwlyh ri prqhwdu| srolf|1 Jrrgkduw +4<<<, frqvlghuv dvvhw sulfhv gluhfwo| lq d eurdghu
phdvxuh ri sulfh vwdelolw| dorqj wkh olqhv ri Dofkldq dqg Nohlq +4<:6,1
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htxloleulxp1 Vhfrqg/ zh gr qrw �qg dq| vljql�fdqw/ gluhfw lpsdfw ri vwrfn sulfhv
rq lq dwlrq1 Wkhvh wzr �qglqjv wdnhq wrjhwkhu vxssruw wkh ylhz wkdw vwrfn pdu0
nhw sulfhv pd| eh lpsruwdqw iru prqhwdu| srolf|/ lqghshqghqwo| ri wkhlu gluhfw
lpsdfw rq lq dwlrq1 Wklug/ shupdqhqw surgxfwlylw| vkrfnv duh wkh gulylqj irufh
ri wkh vwrfn pdunhw lq wkh orqj0uxq dqg frqwulexwh vljql�fdqwo| wr lwv f|folfdo
ehkdylrxu1 Qhyhuwkhohvv/ wkh exon ri f|folfdo g|qdplfv lq wkh vwrfn pdunhw lv h{0
sodlqhg e| wudqvlwru| vkrfnv1 Irxuwk/ d prqhwdu| srolf| irfxvhg rq pdlqwdlqlqj
sulfh vwdelolw| lq wkh orqj0uxq fdq frqwulexwh dovr wr vwrfn pdunhw vwdelolw|1

Wkh uhpdlqghu ri wkh sdshu lv rujdqlvhg dv iroorzv1 Lq vhfwlrqv 5 dqg 6 zh lq0
wurgxfh wkh wkhruhwlfdo iudphzrun dqg wkh hfrqrphwulf phwkrgrorj|/ uhvshfwlyho|1
Lq vhfwlrq 7 zh suhvhqw wkh gdwd dqg wkh hfrqrphwulf uhvxowv ri frlqwhjudwlrq dqg
frpprq wuhqgv dqdo|vlv1 Vhfwlrq 8 frqwdlqv wkh pdlq frqfoxvlrqv1

51 Wkhruhwlfdo iudphzrun

D errplqj vwrfn pdunhw pd| kdyh d srvlwlyh lpsdfw rq djjuhjdwh ghpdqg wkurxjk
irxu pdlq fkdqqhov1 Wkh �uvw fkdqqho kdv ehhq vxjjhvwhg e| Wrelq +4<9<,/ dqg
rshudwhv wkurxjk wkh lpsdfw wkdw ulvlqj vkduh sulfhv kdyh rq wkh frvw ri fdslwdo
errvwlqj �up*v lqyhvwphqw1 Lq idfw/ zkhq vkduh sulfhv duh kljk/ wkh ydoxh ri wkh
�up uhodwlyh wr wkh uhsodfhphqw frvw ri lwv vwrfn ri fdslwdo +Wrelq*v t, lv dovr
kljk1 Ilupv fdq wkhuhiruh hdvlo| �qdqfh lqyhvwphqwv zlwk uhodwlyh vpdoo lvvxhv
ri qhz vkduhv1 Wklv ohdgv wr lqfuhdvhg lqyhvwphqw vshqglqj/ djjuhjdwh ghpdqg
dqg rxwsxw1 Wkh vhfrqg fkdqqho kdv ehhq vxjjhvwhg e| Prgljoldql +4<:4, dqg
rshudwhv wkurxjk wkh lpsdfw ri zhdowk rq frqvxpswlrq1 D shupdqhqw lqfuhdvh
lq dvvhw sulfhv lpsolhv dq lqfuhdvh lq zhdowk dqg wkhuhiruh lq shupdqhqw lqfrph1
Lq dq lqwhuwhpsrudo iudphzrun zkhuh frqvxphuv vprrwk frqvxpswlrq ryhu wlph/
zhdowk h�hfwv ohdg wr kljkhu fxuuhqw dqg ixwxuh frqvxpswlrq/ vwlpxodwlqj djjuh0
jdwh ghpdqg dqg rxwsxw1 Wkh wklug fkdqqho vxjjhvwv wkdw dvvhw sulfhv fdq dovr
d�hfw frqvxpswlrq wkurxjk d fdvk  rz phfkdqlvp1 Dv dvvhw sulfhv lqfuhdvh/ frq0
vxphuv zloo uhjdug wkh srvvlelolw| ri �qglqj wkhpvhoyhv lq �qdqfldo glvwuhvv ohvv
olnho|1 Wkh| zloo wkhuhiruh krog ohvv oltxlg dvvhwv lqfuhdvlqj wkhlu h{shqglwxuh rq
gxudeohv dqg krxvlqj1 Ilqdoo|/ wkh irxuwk fkdqqho rshudwhv wkurxjk wkh lpsdfw
wkdw lpsuryhg �up*v edodqfh vkhhwv kdyh rq lqyhvwphqw1 Ehfdxvh ri dv|pphwulf
lqirupdwlrq lq fuhglw pdunhwv/ delolw| ri �upv wr eruurz ghshqgv rq wkh ydoxh ri
wkh froodwhudo wkh| fdq r�hu1 Dv wkh ydoxh ri wkh froodwhudo lqfuhdvhv/ wkh delolw| wr
eruurz dqg lqyhvw lqfuhdvhv1 D vhoi0uhlqiruflqj surfhvv fdq wkhq wdnh sodfh zkhq
sduw ri wkh dydlodeoh fuhglw lv hpsor|hg dovr wr sxufkdvh dvvhwv/ ohdglqj wr ixuwkhu
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sulfh lqfuhdvhv1 Wklv odwwhu surfhvv/ nqrzq dv �qdqfldo dffhohudwru/ kdv uhfhqwo|
ehhq glvfxvvhg lq d qxpehu ri wkhruhwlfdo sdshuv/ dv Ehuqdqnh dqg Jhuwohu +4<;<,/
N|rwdnl dqg Prruh +4<<:, dqg Ehuqdqnh hw do1 +4<<;,1

5141 Wkh wkhruhwlfdo prgho

Rxu prghoolqj vwudwhj| lv edvhg rq wkh lghd wkdw wkh ulfk dqg frpsoh{ lqwhudfwlrq
ehwzhhq wkh uhdo dqg wkh qrplqdo vlghv ri wkh hfrqrp| lpsolhg e| wkh ydulrxv
fkdqqhov ri wkh wudqvplvvlrq phfkdqlvp fdq eh fdswxuhg/ hpslulfdoo|/ zlwklq d
vwuxfwxudo yhfwru huuru fruuhfwlrq prgho +VYHFP,1 Lq ghvljqlqj vxfk d prgho
vshfldo dwwhqwlrq kdv wr eh sdlg wr orqj0uxq uhodwlrqv ehwzhhq hfrqrplf yduldeohv1
Wkhvh uhodwlrqv/ edvhg rq hfrqrplf wkhru|/ lpso| d qxpehu ri +whvwdeoh, ryhu0
lghqwli|lqj uhvwulfwlrqv rq dq rwkhuzlvh xquhvwulfwhg yhfwru dxwruhjuhvvlyh prgho
+YDU,1

Wkh hfrqrp| lv uhsuhvhqwhg e| vl{ hqgrjhqrxv yduldeohv phdvxuhg lq qdwxudo
orjdulwkpv= uhdo JGS ++|,/ lq dwlrq gh�qhg dv/ R| � R|3� ' Z| zkhuh R| lv wkh
JGS gh dwru/ uhdo P6 edodqfhv +6| � R| ' o6|,/ vkruw0whup lqwhuhvw udwh +�|,/
erqg |lhog +,|,/ dqg uhdo vwrfn pdunhw sulfh lqgh{ + s|, zklfk lv wkh orj ri wkh
vwrfn pdunhw sulfh lqgh{ gh dwhg e| wkh JGS gh dwru1 Ehorz zh surylgh wkh
edvlf vwuxfwxuh ri wkh prgho1 D ghwdlohg ghulydwlrq ri wkh htxdwlrqv fdq eh irxqg
lq wkh dsshqgl{1

514141 Wkh vwhdg|0vwdwh ri wkh prgho

Lq wklv vhfwlrq/ wkh orqj0uxq uhvwulfwlrqv xvhg dv exloglqj eorfnv lq vhwwlqj xs wkh
VYHFP duh h{sodlqhg1

Ixqgdphqwdo vwrfkdvwlf surfhvvhv Wzr xqghuo|lqj vwrfkdvwlf surfhvvhv
gulyh wkh hqgrjhqrxv yduldeohv lq wkh orqj0uxq/ qdpho| d whfkqrorj| yduldeoh +w|,
dqg d qrplqdo yduldeoh +q|, uhodwhg wr wkh orqj0uxq lq dwlrq remhfwlyh ri wkh
prqhwdu| dxwkrulwlhv1 Wkhvh yduldeohv hyroyh ryhu wlph dffruglqj wr wkh odzv ri
prwlrq

w| ' &w n w|3� n �wc| +514,

q| ' q|3� n �qc|c +515,

zkhuh �wc| dqg �qc| duh xqfruuhodwhg zklwh qrlvh surfhvvhv dqg &w : f lv d sdudph0
whu1 Wkxv/ w| dqg q| duh UE�� surfhvvhv1
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Djjuhjdwh vxsso| Wkh vxsso| vlgh ri wkh hfrqrp| +DV, lv ghvfulehg e|

Z| ' ZW| n k� E+| � +W| � c +516,

zkhuh h{shfwhg lq dwlrq +ZW| , dqg srwhqwldo rxwsxw ++
W

| ,/ gh�qhg dv *�4
�<"

.|EZ|n�� '

ZW| dqg *�4
�<"

.|E+|n�� ' +W| / hyroyh ryhu wlph dffruglqj wr

+W| ' ��w| +517,

ZW| ' �2q| n ��w|c +518,

dqg zkhuh k� � fc �� � fc �2 � fc �� � f duh sdudphwhuv1
Dsduw iurp wkh vxsso| htxdwlrq rxu prgho exlogv rq sruwirolr edodqfh dqg

duelwudjh uhodwlrqv1

Prqh| ghpdqg Edvhg rq sruwirolr wkhru|/ prqh| ghpdqg fdq eh vshfl�hg
dv d ixqfwlrq ri d vfdoh idfwru dqg d yhfwru ri uhodwlyh udwhv ri uhwxuq

o6| ' ��+| � !3t|c +519,

zkhuh t| lv d yhfwru ri vsuhdgv ri |lhogv rq dowhuqdwlyh dvvhwv zlwk wkh +rzq, udwh
ri uhwxuq rq uhdo edodqfhv dqg ! lv d yhfwru ri sdudphwhuv1 Dv wkh prgho lqfoxghv
irxu dvvhwv +P6/ vkruw0whup eloov/ orqj0whup erqgv dqg vwrfnv,/ zh dvvxph wkdw
wkhuh lv d vwdwlrqdu| frpelqdwlrq ri wkuhh |lhog vsuhdgv5 vxfk wkdw

!3t| ' 06c| q UEf�c

zkhuh
06c| ' 4�06c|3� n �rc| 4� 	 ��

dqg �rc| lv zklwh qrlvh1

Whup vwuxfwxuh Rqh duelwudjh uhodwlrqvkls olqnv wkh |lhogv rq vkruw0whup
eloov dqg orqj0whup erqgv

,| ' �| n �, n 0,c|c +51:,

zkhuh 0,c| iroorzv
0,c| ' 420,c|3� n �,c| 42 	 �

dqg �,c| lv zklwh qrlvh1
5Wkh ydolglw| ri wkh dvvxpswlrq rq wkh h{lvwhqfh ri d vwdwlrqdu| frpelqdwlrq ri wkuhh |lhog

vsuhdgv lv whvwhg djdlqvw wkh gdwd dv h{sodlqhg lq vhfwlrq 7141
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Ilvkhu sdulw| Dqrwkhu duelwudjh uhodwlrqvkls olqnv wkh udwh ri uhwxuq rq
fdslwdo zlwk wkh vkruw0whup lqwhuhvw udwh

�| ' �sR n ��Z| n 0�c|c +51;,

zkhuh �sR lv wkh vxp ri wkh uhdo vkruw0whup lqwhuhvw udwh dqg wkh lq dwlrq ulvn
suhplxp/ dqg 0�c| lv d vwdwlrqdu| glvwxuedqfh

0�c| ' 4�0�c|3� n ��c| 4� 	 ��

Vwrfn pdunhw Wkh wklug duelwudjh uhodwlrq/ edvhg rq wkh suhvhqw0ydoxh prgho/
olqnv wkh vwrfn pdunhw dqg rxwsxw

s| ' �s n �e+| n 0sc|c +51<,

zkhuh s| lv wkh orj uhdo vwrfn pdunhw lqgh{ dqg 0sc| lv d vwdwlrqdu| glvwxuedqfh

0sc| ' 4D0sc|3� n �sc| 4D 	 �c

dqg �sc| lv zklwh qrlvh1

Vwhdg|0vwdwh ri wkh prgho Wr �qg wkh vwhdg|0vwdwh ri wkh prgho/ wkh
lqlwldo ydoxhv ri wkh h{rjhqrxv yduldeohv duh vhw htxdo wr }hur1 Jlyhq wkdw ��c|
� ' wc qc ZWc sc ,c oRc6c �c _c r duh l1l1g1 zlwk }hur phdq/ frqvwdqw yduldqfhv dqg }hur
fryduldqfhv/ lq wkh vwhdg| vwdwh +| ' +W| / s| ' s W| c Z| ' ZW| / ��c| ' 0�c| ' f1 Wkxv/
ljqrulqj frqvwdqwv/ wkh vwhdg|0vwdwh lv dv iroorzv5

9999997

+|
s|
o6|

�|
,|
Z|

6
::::::8
'

5
9999997

�� f
�e�� f
���� f
���� ���2
���� ���2
�� �2

6
::::::8
�
w|
q|

�
� +5143,

Wkh vwhdg|0vwdwh glvsod|v prqhwdu| qhxwudolw| dv wkh qrplqdo wuhqg +q|� grhv qrw
kdyh dq lpsdfw rq uhdo yduldeohv ++|c s|c o6|, lq wkh orqj0uxq1

514151 Vkruw0uxq suhglfwlrqv ri wkh prgho

Wr lqyhvwljdwh wkh vkruw0uxq ehkdylrxu ri wkh hqgrjhqrxv yduldeohv lw lv qhfhvvdu|
wr vshfli| dq dgglwlrqdo htxdwlrq iru wkh ghwhuplqdwlrq ri rxwsxw lq wkh vkruw0uxq1
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LV htxdwlrq Zh dvvxph wkdw wkh jrrgv pdunhw htxloleulxp/ lq ghyldwlrqv
iurp wkh vwhdg| vwdwh/ lv ghvfulehg e| wkh iroorzlqj htxdwlrq

+| � +W| ' �k2 dE,| � ,W| �� EZ| � ZW| �o n k� Es| � s W| � n 0�(c| c +5144,

0�(c| ' 4.0�(c|3� n ��(c| 4. 	 �c

zklfk lv dq dxjphqwhg LV htxdwlrq zkhuh rxwsxw lv qhjdwlyho| uhodwhg wr wkh
orqj0whup uhdo lqwhuhvw udwh +lqyhvwphqw frpsrqhqw,/ srvlwlyho| uhodwhg wr wkh uhdo
vwrfn pdunhw sulfh lqgh{ +Wrelq*v t 2 edodqfh vkhhwv frpsrqhqw,/ dqg ghshqgv rq
d wudqvlwru| vkrfn/ srvvleo| uhodwhg wr �vfdo srolf|1

Djjuhjdwh ghpdqg Wkh mrlqw htxloleulxp lq �qdqfldo dqg jrrgv pdunhwv
ghwhuplqhv djjuhjdwh ghpdqg +DG,1 Dvvxplqj wkdw wkh vkruw0whup lqwhuhvw udwh
lv wkh srolf| yduldeoh/ wkh vkruw0whup Ilvkhu sdulw| htxdwlrq fdq eh frqvlghug dv
wkh uxoh iru vhwwlqj wkh vkruw0whup udwh e| wkh prqhwdu| dxwkrulw|1 Wr ghulyh
wkh djjuhjdwh ghpdqg ixqfwlrq zh xvh wkh whup vwuxfwxuh uhodwlrq/ wkh vkruw0whup
Ilvkhu sdulw| dqg wkh vwrfn pdunhw htxloleulxp frqglwlrq lq htxdwlrq +5144,1 Wkh
djjuhjdwh ghpdqg lq ghyldwlrq iurp wkh vwhdg| vwdwh/ lv

+| � +W| ' ��2EZ| � ZW| �� �D0�c| n �.0�(c| n �S0sc| � �D0,c|c

zkhuh �. '
�

�� k��e
c ��2 ' �k2 E�� � ���.c �D ' k2�.c �S ' k��.� Li �. : f

+k��e 	 �,/ wkhq �D dqg �S duh srvlwlyh1 Lq dgglwlrq/ li �� : �/ wkhq dovr �2 lv
srvlwlyh1 Zh dvvxph wkdw wkhvh +vwdelolw|, frqglwlrqv duh phw1 Wkh hfrqrplf lq0
whusuhwdwlrq ri wkhvh dvvxpswlrqv lv wkdw wkh djjuhjdwh ghpdqg fxuyh lv qhjdwlyho|
vorshg lq wkh E+|c Z|� vsdfh1

Vkruw0whup pdfurhfrqrplf htxloleulxp Wkh DG2DV prgho lq ghyld0
wlrqv iurp wkh vwhdg| vwdwh fdq eh zulwwhq dv iroorzv

+| � +W| ' ��2EZ| � ZW| �� �D0�c| n �.0�(c| n �S0sc| � �D0,c|c

Z| � ZW| ' k� E+| � +W| � c

dqg vroyhg iru wkh rxwsxw dqg lq dwlrq jdsv1 Wkh uhgxfhg irup ri wkh prgho lv
wkhuhiruh

�
+| � +W|
Z| � ZW|

�
'

�

�b

�
�D ��. ��S �D

k��D �k��. �k��S k��D

�5997
0�c|
0�(c|

0sc|
0,c|

6
::8 c +5145,
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zkhuh �b ' �� � k��2� Dvvxplqj �� : � dqg k��e 	 �/ b lv srvlwlyh Eb '

� n
k�k2 E�� � ��

�� k��e
: f�1

Wkh prgho suhglfwv wkdw vkruw0 dqg orqj0whup lqwhuhvw udwh lqqrydwlrqv kdyh
d qhjdwlyh lpsdfw rq lq dwlrq dqg rxwsxw/ zkloh ghpdqg dqg �qdqfldo vkrfnv
kdyh srvlwlyh lpsdfwv rq erwk yduldeohv1 Lq dgglwlrq/ li k� 	 � wkh lpsdfw rq wkh
lq dwlrq f|foh zloo eh vpdoohu wkdq wkh lpsdfw rq wkh rxwsxw f|foh1 Jlyhq wkh
uhfxuvlyh vwuxfwxuh ri wkh hfrqrp|/ wkh uhgxfhg irup iru wkh rwkhu yduldeohv fdq
eh hdvlo| ghulyhg +vhh Dsshqgl{,1

5151 Prqhwdu| srolf|

Wkhuh duh wzr srvvleoh zd|v ri wklqnlqj derxw prqhwdu| srolf| lq wkh prgho1
Rqh lv wr frqvlghu wkdw wkhuh lv dq xqghuo|lqj lqwhuhvw udwh/ gluhfwo| +ru forvho|,
frqwuroohg e| wkh fhqwudo edqn/ �SK| / zklfk lv vhw wdnlqj lqwr dffrxqw doo fxuuhqw
dydlodeoh lqirupdwlrq6

�SK| ' �SK|3� n[E�SKW| c Z|c Z
W

| c +|c s|c o6|c ,|c �|� n 0SKc|c +5146,

zkhuh E�SKW| �ZW| � ghqrwhv wkh htxloleulxp uhdo fhqwudo edqn udwh/ dqg [E�� ghvfulehv
wkh v|vwhpdwlf ehkdylrxu ri wkh prqhwdu| dxwkrulw|/ diwhu wdnlqj lqwr dffrxqw wkh
ghvluh wr vprrwk wkh sdwk ri lqwhuhvw udwhv +�SK|3�,1 Dq xqh{sodlqhg frpsrqhqw lq
wkh ehkdylrxu ri wkh fhqwudo edqn +0SKc|, lv dovr dgghg1 Wkh lqfoxvlrq ri ZW| uh hfwv
wkh lghd wkdw wkh fhqwudo edqn sxuvxhv d phglxp0 wr orqj0uxq lq dwlrq remhfwlyh/
zklfk fdq ydu| ryhu wlph71 Krzhyhu/ wkhuh pxvw eh d phfkdqlvp olqnlqj fkdqjhv
lq �SK| wr fkdqjhv lq pdunhw lqwhuhvw udwhv dorqj wkh |lhog fxuyh

{�SK| $ {�| $ {,|c

zklfk lv qrw h{solflwo| prghoohg jlyhq wkdw �SK| lv qrw lqfoxghg lq wkh gdwd vhw1
Dq dowhuqdwlyh zd| ri wklqnlqj derxw prqhwdu| srolf| lv wr vshfli| d jurzwk

udwh iru qrplqdo P61 Iurp wkh vwhdg|0vwdwh uhodwlrqv lw lv srvvleoh wr ghulyh dq
h{suhvvlrq iru wkh htxloleulxp udwh ri jurzwk iru qrplqdo edodqfhv +{6W

?,1 Lq idfw

{6W

?c| ' {o6W

| n ZW| ' ����{w| n �2q| n ��w| +5147,

' �2q| n ��w| n ����&wc
6Iru vlpsolflw| zh frqvlghu khuh wkdw wkh lqirupdwlrq vhw ri prqhwdu| dxwkrulwlhv lqfoxghv

rqo| fxuuhqw ydoxhv ri hfrqrplf yduldeohv1 Lq rxu dssolfdwlrq odjjhg ydoxhv duh dovr frqvlghuhg1
7Wkh lqfoxvlrq ri d wlph0ydu|lqj orqj0uxq lq dwlrq remhfwlyh ri wkh prqhwdu| dxwkrulw| lv

qhfhvvdu| wr prgho wkh judgxdo glvlq dwlrq surfhvv wkdw lv fkdudfwhulvwlf ri wkh hxur duhd lq wkh
4<;304<<3 shulrg1
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vr wkdw orqj0uxq lq dwlrq fdq eh lqwhusuhwhg dv wkh h{fhvv ri qrplqdo prqh|
jurzwk uhodwlyh wr zkdw lv qhfhvvdu| wr �qdqfh wuhqg rxwsxw jurzwk

ZW| ' {6W

?c| � ����&w ' �2q| n ��w|�

Wkxv/ li �� ' f/ wkh qrplqdo wuhqg fdq eh lqwhusuhwhg dv wkh h{fhvv qrplqdo prqh|
jurzwk surfhvv1 Lq wklv fdvh/ jlyhq wkdw{q| ' �qc|/ dqg{26W

?c| ' �2{q| ' �2�qc|/
wkh whup �qc| fdq eh lqwhusuhwhg dv uh hfwlqj fkdqjhv lq wkh orqj0uxq lq dwlrq
remhfwlyh1

Wkh wzr zd|v ri wklqnlqj derxw prqhwdu| srolf| duh qhlwkhu lqfrpsdwleoh qru
h{foxvlyh1 Lq idfw/ zh lqwhusuhw prqhwdu| srolf| dv lqyroylqj wzr glphqvlrqv= rqh/
phglxp0 wr orqj0whup/ lv wkh vhwwlqj ri wkh lq dwlrq remhfwlyh uh hfwhg lq h{fhvv
qrplqdo jurzwk ri prqh| EZW| �> dqrwkhu/ vkruw0whup/ lv pdlqwdlqlqj lq dwlrq rq
wudfn e| fkdqjlqj vkruw0whup lqwhuhvw udwhv wdnlqj lqwr dffrxqw doo vkrfnv klw0
wlqj wkh hfrqrp| E[E���1 Wkh wklug frpsrqhqw E0SKc|� fdswxuhv qrq0v|vwhpdwlf
ghwhuplqdqwv ri prqhwdu| srolf|1

61 Hfrqrphwulf phwkrgrorj|

Lq wklv vhfwlrq zh vnhwfk wkh hpslulfdo prghoolqj vwudwhj|/ zklfk lv edvhg rq VYDU
dqdo|vlv1 Jlyhq d yhfwru ri ? UE�� frlqwhjudwhg yduldeohv ri lqwhuhvw  |c wkh yhfwru
huuru fruuhfwlrq uhsuhvhqwdwlrq +YHFP, fdq eh zulwwhq dv=

�WEu�{ | ' � n� |3� n %|c +614,

zkhuh %| q �U( EfcP�/ � Eu� ' W? �
SR

�'���u
�/ � ' � �E��/ �W Eu� ' W? �SR3�

�'� �
W

�u
� dqg �W

� ' � SR
�'�n��� +� ' �c ���c R� �,1

Li wkhuh duh f 	 o 	 ? frlqwhjudwlrq uhodwlrqvklsv dprqj wkh yduldeohv/ �E��
lv ri uhgxfhg udqn o dqg fdq eh h{suhvvhg dv wkh surgxfw ri wzr E?� o� pdwulfhv=
�E�� ' ���/ zkhuh � frqwdlqv wkh frlqwhjudwlqj yhfwruv/ vxfk wkdw �� | duh
vwdwlrqdu| olqhdu frpelqdwlrqv ri wkh UE�� yduldeohv/ dqg � lv wkh pdwul{ ri idfwru
ordglqjv1

Wkh uhvwulfwhg yhfwru dxwruhjuhvvlyh uhsuhvhqwdwlrq +UYDU, +Phoodqghu/ Yuhglq
dqg Zduqh/ 4<<5> Zduqh/ 4<<6, fdq eh zulwwhq dv

� Eu�)| ' � n �| +615,

zkhuh � Eu� ' A d�W Eu�A3�# Eu� n�Wuo/ )| ' #z Eu�A |/ � ' A�c �| ' A%|c

A '
�
��
z

�
��
/ �W '

�
f �

�
/ # Eu� dqg #z Eu� duh sro|qrpldo pdwulfhv
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gh�qhg e|

# Eu� '

�
W& f
f E�� u� Wo

�
c#z Eu� '

�
E�� u� W& f

f Wo

�
�

Iroorzlqj Phoodqghu/ Yuhglq dqg Zduqh +4<<5, dqg Zduqh +4<<6,/ wkh UYDU fdq
eh lqyhuwhg wr rewdlq wkh frpprq wuhqgv uhsuhvhqwdwlrq ri Vwrfn dqg Zdwvrq
+4<;;,/ zklfk/ lq vwuxfwxudo irup/ fdq eh zulwwhq dv

 | '  f n �| n KE��
|3�[
�'f

*|3� n KWEu�*|

'  f n �| n K}

|3�[
�'f

#|3� n KWEu�*|c +616,

zkhuh *| � �
#|  |

�� � U�U�(�Efc W?�c zlwk #| dqg  | vxeyhfwruv ri vwuxf0
wxudo vkrfnv ri & dqg o hohphqwv uhvshfwlyho|/ %| ' Kf*|c dqg KE�� '

S
"

�'fK�c

KWEu� '
S

"

�'fK
W

�u
�/ KW� ' � S

"

�'�n�K�/ zkhuh K� duh pdwulfhv ri sdudphwhuv lq
wkh vwuxfwxudo Zrog yhfwru prylqj dyhudjh +YPD, uhsuhvhqwdwlrq1 Wkh h{lvwhqfh
ri o frlqwhjudwlqj yhfwruv lpsolhv wkdw wkh orqj0uxq pdwul{ KE�� kdv udqn ?�o � &
dqg ��KE�� ' f1

Lq rughu wr lghqwli| wkh hohphqwv ri #| dv wkh shupdqhqw vkrfnv dqg wkh ho0
hphqwv ri  | dv wudqvlwru| glvwxuedqfhv/ rqo| wkh glvwxuedqfhv lq #| vkrxog eh
doorzhg wr kdyh orqj0uxq h�hfwv rq +dw ohdvw vrph ri, wkh yduldeohv lq  |1 Khqfh/
KE�� '

�
K} f

�
c ehlqj K} d vxepdwul{ ri glphqvlrq ?� &1

Lq wkh vwuxfwxudo frpprq wuhqgv uhsuhvhqwdwlrq rqo| & vkrfnv +wkh shupdqhqw
vkrfnv #|, duh fxpxodwhg lq wkh wuhqg frpsrqhqw1 Wkh ehkdylrxu ri wkh yduldeohv
lq  | lqgxfhg e| shupdqhqw glvwxuedqfhv pd| wkhq eh frpsxwhg dv

 R| '  f n �|n K}

|3�[
�'f

#|3�c +617,

zkloh wkh f|folfdo frpsrqhqwv lv

 S| ' KWEu�*|� +618,

Wklv lv wkh Ehyhulgjh0Qhovrq0Vwrfn0Zdwvrq wuhqg0f|foh ghfrpsrvlwlrq ri  | '  R|n
 S| 1 Qrwh wkdw wkh f|folfdo frpsrqhqw lv ghwhuplqhg e| doo wkh lqqrydwlrqv lq wkh
v|vwhp/ erwk shupdqhqw dqg wudqvlwru|1 Wklv lpsolhv wkdw shupdqhqw lqqrydwlrqv
dovr lqgxfh wudqvlwru| g|qdplfv1
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Lghqwl�fdwlrq ri wkh vkrfnv Wr lghqwli| wkh frpprq wuhqgv prgho lw lv
qhfhvvdu| wr �qg d pdwul{ Kfc vxfk wkdw lw fdq eh xqltxho| ghwhuplqhg iurp wkh
sdudphwhuv ri wkh YHFP prgho lq +614,/ zkhuh wkh yduldqfh fryduldqfh pdwul{ ri
K3�f %| ' *| lv gldjrqdo zlwk qrq }hur hqwulhv/ dqg wkh orqj0uxq lpsdfw pdwul{ lv
KE�� '

�
K} f

�
�

E| uhzulwlqj wkh pdsslqj iurp wkh uhgxfhg irup glvwxuedqfhv wr wkh vwuxfwxudo
glvwxuedqfhv dv

K3�f %| ' *| /
�
B
O

�
%| '

�
#|

 |

�
c

lw fdq eh qrwlfhg wkdw wkurxjk wkh +&�?, pdwul{B wkh uhgxfhg irup glvwxuedqfhv
duh pdsshg lqwr shupdqhqw glvwxuedqfhv/ dqg wkurxjk wkh +o � ?, pdwul{ O wkh
uhgxfhg irup glvwxuedqfhv duh pdsshg lqwr wudqvlwru| glvwxuedqfhv1

Iroorzlqj Zduqh +4<<6,/ wkh pdwul{ B fdq eh hvwlpdwhg dv

B ' EK
�

}K}�
3�K�}�E��c +619,

zkhuh �E�� lv wkh orqj0uxq lpsdfw pdwul{ lq wkh uhgxfhg irup Zrog YPD uhsuh0
vhqwdwlrq1

Wr hvwlpdwh wkh +? � &� pdwul{ K}/ zh qhhg +dw ohdvw, ?& uhvwulfwlrqv rq lwv
hohphqwv1 Frlqwhjudwlrq lpsolhv

��K}' fc +61:,

|lhoglqj &o olqhdu uhvwulfwlrqv1 Dgglwlrqdo &E& n ��*2 uhvwulfwlrqv rq wkh hohphqwv
ri K} duh surylghg e| dvvxplqj .E#|#

�

|� ' .EC P B
�

� ' W&� Wkdw lv/ &E& n ��*2
uhvwulfwlrqv duh jlyhq e|

�E��P�E��� ' K}K
�

}c +61;,

vlqfh �E�� dqg K} kdyh uhgxfhg udqn &1 Wkh uhpdlqlqj &E& � ��*2 uhvwulfwlrqv
qhhghg iru +h{dfw, lghqwl�fdwlrq ri K} kdyh wr eh ghulyhg iurp hfrqrplf wkhru|1

Wr hvwlpdwh wkh +o � ?, pdwul{ Oc zh qhhg +dw ohdvw, ?o uhvwulfwlrqv rq lwv
hohphqwv1 Lw fdq eh qrwlfhg wkdw iurp wkh ruwkrjrqdolw| frqglwlrq . d#| 

�

|o ' f
zh kdyh

, EB%|%
�

|O
�� ' BPO� ' fc +61<,

wkdw lv
EK�}K}�

3�K�}�E��PO
�

' f�

Khqfh/ uhplqglqj wkdw �E��� ' f/ d srvvleoh vroxwlrq iru O wdnhv wkh irup

O ' "3��
�

P3�c +6143,

ECB •  Work ing  Pape r  No  119 •  J anua r y  200216



zkhuh � ' �EN��3�c N lv d pdwul{ fkrvhq lq vxfk d zd| wkdw N� lv qrq vlqjxodu/
dqg wkh Eo � o� pdwul{ " lv vxfk wkdw . d | 

�

|o ' Wo1 Lq sudfwlfh wkh pdwul{" fdq
eh rewdlqhg iurp wkh Fkrohvnl ghfrpsrvlwlrq ri E� �P3���

3�
� Wkh hvwlpdwlrq riO

uhtxluhv wkh lpsrvlwlrq ri oEo� ��*2 dgglwlrqdo uhvwulfwlrqv rq wkh Eo � o� pdwul{
�/ vlqfh wkh uhpdlqlqj &onoEon��*2 uhvwulfwlrqv qhfhvvdu| iru h{dfw lghqwl�fdwlrq
duh surylghg e| wkh ruwkrjrqdolw| frqglwlrqv . d#| 

�

|o ' f dqg . d | 
�

|o ' Wo1
E| qrwlqj wkdw P ' KfK

�

f/ zh kdyh wkdw Kf ' PEK
�

f�
3� '

�
PB

�

PO
�
�
1

Wkxv/ wkh frqwhpsrudqhrxv lpsdfw pdwul{ fdq eh zulwwhq dv

Kf '
�
P�E���K}EK

�

}K}�
3� � E"3��

�
�
� +6144,

Zkhq wkhuh h{lvwv d frpsohwh vhw ri frpprq f|fohv ri rughu }hur +�7�� � f,
+Hqjoh dqg Ydklg/ 4<<6,/ wkh frqwhpsrudqhrxv lpsdfw pdwul{ fdq eh zulwwhq dv

Kf '
�
P��EK

�

}���
3� ��z5

�
�
c +6145,

zkhuh 5 lv d +?�&��E?�o� qrupdol}dwlrq pdwul{ vxfk wkdw . d | 
�

|o ' Wo/ dqg wkh
?�& pdwul{ �� +wkh frihdwxuh pdwul{, lv vxfk wkdw ���KW� ' f ;� � fc ���KE�� ' ����
Wkhuhiruh/ dv vkrzq e| Jdoor dqg Nhpsi +4<<8,/ wkh oEo���*2 dgglwlrqdo d sulrul
uhvwulfwlrqv qhfhvvdu| wr lghqwli| wkh wudqvlwru| glvwxuedqfhv duh qrw qhhghg1 Wklv
uhvxow lpsolhv wkdw zkhq frpprq f|fohv fkdudfwhul}h wkh gdwd wkhvh uhvwulfwlrqv
pxvw eh wdnhq lqwr dffrxqw zkhq ghulylqj wkh lpsxovh uhvsrqvh ixqfwlrqv1 D
whvw iru frpprq f|fohv fdq eh fduulhg rxw iroorzlqj Hqjoh dqg Ydklg +4<<6,/ dqg
vkrxog eh shuiruphg ehiruh lghqwli|lqj wkh vwuxfwxudo glvwxuedqfhv1

Lpsxovh uhvsrqvh ixqfwlrqv IroorzlqjZduqh +4<<6,/ wkh lpsxovh uhvsrqvh
ixqfwlrqv iru { | dqg )| fdq eh frpsxwhg/ uhvshfwlyho|/ iurp

+Eu� ' �Eu�Kf +6146,

dqg
BEu� ' 6Eu�\c +6147,

zkhuh �Eu� ' W? n
"[
�'�

A3� E6� �#6�3��Au�c # ' #zE��c �Eu�3� ' 6Eu� '

W? n
"[
�'�

6�u
�c \ ' AKf1
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F|folfdo g|qdplfv D nh| ihdwxuh ri wkh Ehyhulgjh0Qhovrq0Vwrfn0Zdwvrq
ghfrpsrvlwlrq lv wkdw wkh f|folfdo frpsrqhqw  S| lv h{sodlqhg qrw rqo| e| wudqvlwru|
vkrfnv/ exw dovr e| shupdqhqw vkrfnv1 Surlhwwl +4<<:, kdv sursrvhg d phwkrgrorj|
wr glvhqwdqjoh lq f|folfdo  xfwxdwlrqv wkh frqwulexwlrq ri shupdqhqw vkrfnv iurp
wkh h�hfw ri wudqvlwru| glvwxuedqfhv1 Wkh Surlhwwl ghfrpsrvlwlrq ri wkh f|folfdo
frpsrqhqw fdq eh uhvwdwhg dv

 S| ' KWEu�*| ' 6�U�c| n 62U2c|c +6148,

zkhuh

6�'ExE�� n��
�

�3��

�
�

�

�
xE�� n��

�

�3�
�

�3�
lv wkh ?�o idfwru ordglqj pdwul{ ri wkh o�� phdq dgmxvwhg huuru fruuhfwlrq whupv
yhfwru

U�c| ' �� | �. d�� |o c

dqg
62 ' �EW? � 6��

��ExE�� n��
�

�3�

lv wkh ?� ? idfwru ordglqj pdwul{ ri wkh ?� � phdq dgmxvwhg yhfwru ri fkdqjhv

S2c| ' xWEu�E{ | � . d{ |o�c

zkhuh xWEu� '
SR32

�'f x
Wu�c xW

� '
SR3�

�'�n�x�/ xEu� ' W? �
SR3�

�'� x�u
�c dqg x� '

�W? n
S�

�'��� E� ' �c ���c R� ���
Wkh sursrvhg uhvwdwhphqw ri wkh Surlhwwl ghfrpsrvlwlrq doorzv ghwhuplqlqj wkh

frqwulexwlrq ri hdfk sulplwlyh f|foh jhqhudwru frpsrqhqw wr wkh ryhudoo f|foh1 Wkh
yhfwru 6�U�c| lv wkh yhfwru ri g|qdplfv wrzdugv wkh dwwudfwru vhw/ zkloh wkh yhfwru
62U2c| lv wkh yhfwru ri g|qdplfv dorqj wkh dwwudfwru vhw1 Wkh g|qdplfv wrzdugv
wkh dwwudfwru vhw/ e| uh hfwlqj wkh zrunlqj ri wkh huuru fruuhfwlrq phfkdqlvp/ duh
rxw ri htxloleulxp  xfwxdwlrqv1 Lq sduwlfxodu/ wkh| duh uhodwhg wr wkdw sruwlrq
ri wkh f|foh lqqrydwlrq wkdw lv ruwkrjrqdo wr wkh wuhqg lqqrydwlrq1 Rq wkh rwkhu
kdqg/ wkh g|qdplfv dorqj wkh dwwudfwru duh  xfwxdwlrqv jhqhudwhg e| wkdw sruwlrq
ri wkh f|foh lqqrydwlrq zklfk lv fruuhodwhg zlwk +dqg h{sodlqhg e|, wkh wuhqg
lqqrydwlrq1 Lq rwkhu zrugv/ wkh g|qdplfv dorqj wkh dwwudfwru pd| eh wkrxjkw
ri dv wkh wudqvlwlrqdo g|qdplfv zklfk wdnh sodfh diwhu d vkrfn wr wkh frpprq
wuhqg klwv wkh hfrqrp|1 Vlqfh dorqj wkh dwwudfwru wkh frlqwhjudwlrq uhodwlrqvklsv
duh vdwlv�hg/ wkh g|qdplfv dorqj wkh dwwudfwru duh htxloleulxp  xfwxdwlrqv1 Qrwh
wkdw wkh h{lvwhqfh ri d �7�� � f lpsolhv wkdw

EW? � 6��
��ExE�� n��

�

�3�x� ' f � ' �c ���c R� �c
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vr wkdw 62U2c| ' f dqg wkh f|folfdo g|qdplfv duh ixoo| h{sodlqhg e| wkh huuru
fruuhfwlrq surfhvvhv1

D vlplodu ghfrpsrvlwlrq ri wkh f|fohv fdq eh rewdlqhg e| uhzulwlqj wkh yhfwru
ri f|folfdo frpsrqhqwv dv

 S| ' KWEu�*| ' KW�Eu�#| n KW2Eu� |� +6149,

Wkh yhfwru KW�Eu�#| jlyhv wkh frqwulexwlrq ri shupdqhqw lqqrydwlrqv wr wkh ryhu0
doo f|foh +g|qdplfv dorqj wkh dwwudfwru,/ zkloh wkh yhfwru KW2Eu� | phdvxuhv wkh
frqwulexwlrq ri wkh wudqvlwru| lqqrydwlrqv wr wkh ryhudoo f|foh +g|qdplfv wrzdugv
wkh dwwudfwru,1 Qrwh wkdw wkh h{lvwhqfh ri d �7�� � f lpsolhv wkdw

KW�Eu�#| ' fc

lq zklfk fdvh wkh f|folfdo g|qdplfv duh ixoo| h{sodlqhg e| wkh wudqvlwru| lqqryd0
wlrqv1

Gl�huhqwo| iurp wkh Surlhwwl ghfrpsrvlwlrq/ wkh odwwhu dssurdfk doorzv dvvhvv0
lqj wkh frqwulexwlrq ri hdfk vwuxfwxudo vkrfn wr f|folfdo  xfwxdwlrqv vhsdudwho|/
dqg lv/ wkhuhiruh/ pruh lqirupdwlyh iurp dq hfrqrplf srlqw ri ylhz1

Ixuwkhu ghwdlov rq wkh hvwlpdwlrq/ lghqwl�fdwlrq dqg vlpxodwlrq ri wkh frpprq
wuhqgv prgho duh glvfxvvhg lq Zduqh +4<<6, dqg Jdoor dqg Nhpsi +4<<8,1

71 Hpslulfdo uhvxowv

Lq wklv vwxg| txduwhuo| gdwd iurp 4<;3=T4 wkurxjk 5333=T7 duh xvhg18 Dv d
phdvxuh ri P6 txduwhuo| dyhudjhv ri wkh prqwk0hqg vwrfnv ri P6 duh xvhg +Vrxufh=
HFE gdwdedvh/ lq ploolrqv ri hxur/ vhdvrqdoo| dgmxvwhg e| G0Vwdwlvwlfv,1 Xqwlo
4<<:T6 P6 gdwd duh edvhg rq vwrfnv> iurp 4<<:T7 rq  rz vwdwlvwlfv1 Qrplqdo dqg
uhdo JGS xqwlo 4<<7T7 lv fdofxodwhg edvhg rq HVD:< v|vwhp ri qdwlrqdo dffrxqwv1
Iurp 4<<8T4 wkh vhulhv lv h{whqghg xvlqj HVD<8 txduwhu0ryhu0txduwhu jurzwk
udwhv1 Qrplqdo JGS lv lq ploolrqv ri hxur dqg kdv ehhq vhdvrqdoo| dgmxvwhg dqg
frqyhuwhg wr hxur yld wkh luuhyrfdeoh �{hg frqyhuvlrq udwhv ri 64 Ghfhpehu 4<<;1
Wkh uhdo dqg qrplqdo JGS vhulhv duh xvhg wr frqvwuxfw wkh JGS gh dwru1 Vkruw0
whup udwhv duh 60prqwk prqh| pdunhw lqwhuhvw udwhv dqg orqj0whup lqwhuhvw udwhv
duh 43 |hdu jryhuqphqw erqg |lhogv ru forvh vxevwlwxwhv1 Iurp 4<<< rqzdugv wkh
HXULERU lv xvhg dv 60prqwk prqh| pdunhw udwh1 Lqwhuhvw udwhv duh phdvxuhg dv

8Juhhfh lv qrw lqfoxghg lq wkh gdwd vhw gxh wr odfn ri gdwd dw wkh wlph ri zulwlqj1
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dyhudjhv ri wkh uhvshfwlyh hxur044 lqwhuhvw udwhv xvlqj JGS zhljkwv dw sxufkdvlqj
srzhu h{fkdqjh udwhv lq 4<<81 H{fhsw lqwhuhvw udwhv/ doo gdwd duh lq orjv1 Wkh
xqghuo|lqj qdwlrqdo vhulhv duh wdnhq iurp wkh pdfurhfrqrplf gdwdedvh surylghg
e| wkh ELV1 Wkh vwrfn pdunhw lqgh{ lv wdnhq iurp Gdwdvwuhdp +WRWPNHP,1 Zh
wrrn wkh ehqfkpdun vhulhv h{suhvvhg lq XVG dqg frqyhuwhg lw lqwr HXU xvlqj d
v|qwkhwlf XVG2HXU h{fkdqjh udwh vhulhv1 Dv d fdyhdw/ lw vkrxog eh qrwhg wkdw
wkh uhvxowlqj vwrfn pdunhw vhulhv grhv qrw kdyh wkh vdph djjuhjdwlrq vfkhph xvhg
wr frqvwuxfw hxur duhd rxwsxw/ lq dwlrq dqg prqhwdu| vhulhv1

7141 Frlqwhjudwlrq dqdo|vlv

DGI xqlw urrw whvwv fduulhg rxw rq wkh ohyhov ri wkh yduldeohv vxjjhvw wkdw doo
yduldeohv vkrxog eh prghoohg dv lqwhjudwhg +UE��, surfhvvhv1 Wzr odjv kdyh ehhq
vhohfwhg iru wkh YDU lq ohyhov iroorzlqj d jhqhudo wr vshfl�f uhgxfwlrq dssurdfk1
Wkh sduvlprqlrxv vshfl�fdwlrq fdq eh uhjdughg dv d ydolg dssur{lpdwlrq ri wkh
GJS rq wkh edvlv ri vwdqgdug gldjqrvwlf whvwv fduulhg rxw rq wkh hvwlpdwhg uhvlg0
xdov1 Dv lqglfdwhg lq Wdeoh 4/ wkh qxoo ri qr frlqwhjudwlrq fdq eh uhmhfwhg/ dw wkh
8( vljql�fdqfh ohyho/ lq idyrxu ri wkh dowhuqdwlyh k|srwkhvlv ri irxu frlqwhjudwlqj
yhfwruv1 Wkh lghqwl�fdwlrq vwuxfwxuh vhohfwhg lv qrw uhmhfwhg e| wkh gdwd1

Dffruglqj wr wkh wkhruhwlfdo prgho/ wkh lghqwl�hg orqj0uxq uhodwlrqvklsv fdq
eh lqwhusuhwhg dv d orqj0uxq prqh| ghpdqg htxdwlrq/ d whup vwuxfwxuh uhodwlrq/ d
Ilvkhu sdulw| uhodwlrq dqg d orqj uxq uhodwlrqvkls ehwzhhq wkh uhdo vwrfn pdunhw
lqgh{ dqg uhdo rxwsxw1 Wkhvh uhvxowv duh eurdgo| lq olqh zlwk suhylrxv zrun vxfk
dv/ Frhqhq dqg Yhjd +4<<<,/ Eudqg dqg Fdvvrod +5333,/ Edjoldqr hw do1 +5334d/e,/
Jrolqhool dqg Sdvwruhoor +5333,/ zkr irxqg hylghqfh ri vwdeoh orqj0uxq uhodwlrqv
ehwzhhq wkh orqj0whup lqwhuhvw udwh dqg lq dwlrq/ orqj0 dqg vkruw0whup lqwhuhvw
udwhv/ dqg uhdo prqh| edodqfhv/ uhdo JGS dqg vrph phdvxuh ri wkh rssruwxqlw|
frvw ri kroglqj P61

Luuhgxfleoh frlqwhjudwlqj yhfwruv Wkh lghqwl�hg frlqwhjudwlqj yhfwruv duh
luuhgxfleoh +LF, dffruglqj wr wkh whuplqrorj| sursrvhg e| Gdylgvrq +4<<;,/ wkdw
lv/ frqwdlq wkh vpdoohvw qxpehu ri yduldeohv wkdw hqvxuhv d vwdwlrqdu| olqhdu frp0
elqdwlrq +h1j1 wzr yduldeohv,1 Wkh yhfwruv fdq dovr eh frqvlghuhg dv vwuxfwxudo/
vlqfh wkh| fdq eh gluhfwo| uhodwhg wr wkh wkhruhwlfdo orqj0uxq uhodwlrqv1

Iru wkh vhw ri yduldeohv lq wkh prgho/ i+|c o6|c s|c Z|c �|c ,|j/ zh �qg irxu frlqwh0
judwlrq vhwv i+|c o6|j/ i+|c s|j/ i�|c ,|j dqg iZ|c �|j1 Lw iroorzv wkdw io6|c s|c j dqg
i,|c Z|j duh dovr luuhgxfleoh frlqwhjudwlqj yhfwruv rewdlqhg e| olqhdu frpelqdwlrqv
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ri wkh dssursuldwh yhfwruv/ zkhuh wkh frpprq yduldeohv duh holplqdwhg +rxwsxw
dqg wkh vkruw0whup lqwhuhvw udwh,1 Wkh dgglwlrqdo frlqwhjudwlqj yhfwruv uhodwh wkh
uhdo vwrfn pdunhw lqgh{ dqg uhdo edodqfhv/ dqg wkh orqj0whup udwh dqg wkh lq0
 dwlrq udwh/ uhvshfwlyho|1 Wkhvh uhodwlrqv duh qrw vwuxfwxudo lq rxu wkhruhwlfdo
iudphzrun dqg/ wkhuhiruh/ vkrxog eh frqvlghuhg dv vroyhg yhfwruv1 Ixuwkhupruh/
gluhfw frlqwhjudwlrq ehwzhhq rxwsxw dqg uhdo edodqfhv vxjjhvwhg e| LF dqdo|vlv fdq
eh lqwhusuhwhg dv hylghqfh lq idyrxu ri wkh h{lvwhqfh ri d vwdwlrqdu| frpelqdwlrq
ri udwhv ri uhwxuq ri wkh irxu dvvhwv +lpsolflwo|, lqfoxghg lq rxu dqdo|vlv1

Wklv khosv lq xqghuvwdqglqj gl�huhqw �qglqjv uhjduglqj wkh vshfl�fdwlrq ri
prqh| ghpdqg lq wkh hxur duhd1 Iru lqvwdqfh/ Eudqg dqg Fdvvrod +5333,/ lqfoxgh
wkh orqj0whup lqwhuhvw udwh lq wkh prqh| ghpdqg ixqfwlrq/ zklfk lv d uhgxqgdqw
yduldeoh lq wkh prqh| ghpdqg htxdwlrq rqfh wkh vwrfn pdunhw yduldeoh lv dgghg
wr wkh v|vwhp dqg dffruglqj wr LF dqdo|vlv1

Vhsdudwlrq Dq dgglwlrqdo dqg lpsruwdqw ihdwxuh ri wkh lghqwl�hg frlqwhjud0
wlrq vsdfh lv orqj0uxq vhsdudwlrq dv gh�qhg e| Nrqlvkl dqg Judqjhu +4<<5, dqg
Judqjhu dqg Kdoguxs +4<<:,1 Lq idfw zh fdq vhsdudwh wkh frlqwhjudwlrq vsdfh lqwr
wzr eorfnv/ rqh lqyroylqj rqo| uhdo yduldeohv i+|c o6|j dqg i+|c s|j/ dqg wkh rwkhu
lqfoxglqj rqo| qrplqdo yduldeohv/ i�|c ,|j dqg iZ|c �|j/ hdfk eorfn ri yduldeohv ehlqj
gulyhq e| d gl�huhqw frpprq vwrfkdvwlf wuhqg1 Wklv lv dq lpsruwdqw uhvxow wkdw
fdq eh wdnhq dv hylghqfh ri orqj0uxq prqhwdu| qhxwudolw|1 Vhsdudwlrq lv/ krzhyhu/
qrw frpsohwh/ vlqfh qrplqdo dqg uhdo yduldeohv lqwhudfw lq wkh vkruw0uxq dv zloo eh
vkrzq lq vhfwlrq 7151

Zhdn h{rjhqhlw| dqg lpsolfdwlrqv iru wuhqg lqfrph yhorflw| ri P6
Zhdn h{rjhqhlw| whvwv vkrz wkdw erwk h{fhvv uhdo edodqfhv dqg vwrfn pdunhw
glvhtxloleulxp hqwhu wkh g|qdplf htxdwlrq iru uhdo prqh| edodqfhv +vhh Wdeoh
4,/ |lhoglqj wkh iroorzlqj vroyhg orqj0uxq prqh| ghpdqg ixqfwlrq

o6| ' o6f n ��e+| n f�fSEs| � e�.+|�

ru
o6| ' o6f n ���+| n f�fSs|c

zklfk fdq eh lqwhusuhwhg dv d orqj0uxq uhodwlrqvkls iru lqfrph yhorflw| ri prqh|

+| � o6| ' �o6f � f��+| � f�fSs|� +714,
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Wkh qhjdwlyh uhodwlrq ehwzhhq yhorflw| dqg wkh uhdo vwrfn pdunhw sulfh lqgh{ fdq
eh mxvwl�hg/ dprqj rwkhu idfwruv/ e| d zhdowk h�hfw= d ulvh lq uhdo htxlw| sulfhv
lpsolhv kljkhu uhdo zhdowk/ zklfk lq wxuq ohdgv wr d kljkhu zhdowk wr lqfrph
udwlr1 Wklv whqgv wr lqfuhdvh wkh ghpdqg iru prqh| uhodwlyh wr lqfrph +vhh Vhoolq
+5334,,1 Wklv hpslulfdo uhjxodulw|/ �uvw qrwlfhg e| Iulhgpdq +4<;;,/ lv frqvlvwhqw
zlwk wkh uhvxowv ri Erulr hw do1 +4<<7,/ zkr irxqg wkdw dvvhw sulfhv pd| dffrxqw iru
wkh vwurqj ghfolqh ri lqfrph yhorflw| ri prqh|/ vlqfh wkh 4<:3v/ lq lqgxvwuldolvhg
frxqwulhv1 Rxu hvwlpdwh ri wkh orqj0uxq lpsdfw ri uhdo vwrfn sulfhv rq uhdo prqh|
edodqfhv vxjjhvwv d zhdnhu uhvsrqvh wkdq zkdw zdv irxqg e| Erulr hw do1 +4<<7,
iru vrph pdmru lqgxvwuldolvhg frxqwulhv +Dxvwudold +3183,/ Fdqdgd +3147,/ Mdsdq
+314<,/ Juhdw Eulwdlq +314<,, dqg d vlplodu wr wkh uhvsrqvh iru Qruzd| +3138, dqg
Ilqodqg +3143,1

7151 Vkruw uxq g|qdplfv

Dv vkrzq lq Wdeoh 4/ wkh uhdo vwrfn pdunhw sulfh lqgh{ lv wkh rqo| yduldeoh wkdw
fdq eh frqvlghuhg zhdno| h{rjhqrxv1 Uhdo rxwsxw uhdfwv erwk wr wkh lqwhuhvw udwh
vsuhdg dqg vwrfn pdunhw glvhtxloleulxp/ lqfuhdvlqj zkhq wkh vkruw0whup lqwhuhvw
udwh lv ehorz wkh orqj0whup udwh dqg zkhq wkh uhdo vwrfn pdunhw lqgh{ lv deryh
lwv orqj0uxq ydoxh ghwhuplqhg e| uhdo JGS1 Wkhvh uhvxowv vxssruw wkh ylhz wkdw
dvvhw sulfhv duh lpsruwdqw lq wkh wudqvplvvlrq phfkdqlvp lq wkh hxur duhd1

Erwk lq dwlrq dqg wkh orqj0whup lqwhuhvw udwh fruuhfw uhodwlyh wr ghyldwlrq iurp
wkh Ilvkhu sdulw| uhodwlrqv/ zlwk lq dwlrq fruuhfwlqj dw d kljkhu vshhg1

Wkh vkruw0whup lqwhuhvw udwh fruuhfwv uhodwlyh wr wkh vorsh ri wkh |lhog fxuyh dqg
h{fhvv uhdo edodqfhv1 Wkh vkruw0whup lqwhuhvw udwh idoov zkhq h{fhvv uhdo edodqfhv
lqfuhdvhv1 Rq wkh rwkhu kdqg/ d vwhhshqlqj ri wkh |lhog fxuyh ohdgv dq lqfuhdvh lq
wkh vkruw0whup lqwhuhvw udwh dqg dq lqfuhdvh lq lq dwlrq1

Frlqwhjudwlrq ehwzhhq lqwhuhvw udwhv dqg lq dwlrq vxjjhvwv wkdw d vlqjoh qrp0
lqdo shupdqhqw wuhqg gulyhv wkh wkuhh surfhvvhv1 Pruhryhu/ frqwudu| wr zkdw zdv
irxqg e| Yoddu dqg Vfkxehuwk +4<<;, dqg Edjoldqr hw do1 +5334e,/ zh gr qrw �qg
hylghqfh ri vkruw0uxq h�hfwv ri h{fhvv uhdo edodqfhv ru vwrfn pdunhw glvhtxloleulxp
rq lq dwlrq/ dw ohdvw zkhq lq dwlrq lv phdvxuhg e| fkdqjhv lq wkh +orj, JGS gh0
 dwru1 Wkh odwwhu uhvxow lv frkhuhqw zlwk wkh jhqhudo �qglqj wkdw vwrfn pdunhw
sulfhv kdyh olwwoh iruhfdvwlqj srzhu iru lq dwlrq +Jrrgkduw dqg Kripdq/ 5333e>
Ilodugr/ 5333,1

Ilqdoo|/ dv vkrzq lq Wdeoh 4 dqg lq Wdeoh 5/ wkh uhmhfwlrq ri frpsohwh vhsdudwlrq
ehwzhhq qrplqdo dqg uhdo yduldeohv lv gxh qrw rqo| wr zhdn h{rjhqhlw| idloxuh/ exw
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dovr wr wkh suhvhqfh ri el0gluhfwlrqdo Judqjhu fdxvdolw| ehwzhhq qrplqdo dqg uhdo
yduldeohv1 Wkh fuxfldo olqnv vhhp wr frph wkurxjk wkh uhdo edodqfhv h�hfw rq
wkh vkruw0whup lqwhuhvw udwh dqg wkh whup vwuxfwxuh h�hfw rq rxwsxw1 Dqrwkhu
lqwhuhvwlqj �qglqj lv wkh ghshqghqfh ri wkh vwrfn pdunhw lqgh{ rq fkdqjhv lq wkh
orqj0whup lqwhuhvw udwh +qhjdwlyh lpsdfw,1 Wkh g|qdplf htxdwlrqv iru wkh rwkhu
yduldeohv duh ohvv lqirupdwlyh1

Frpprq f|fohv whvw Jlyhq wkh odj rughu ri rxu prgho/ }hur lv wkh rqo|
srvvleoh rughu iru wkh frpsohwh vhw ri frpprq f|fohv +�7��,1 Dv vxjjhvwhg e|
Hqjoh dqg Ydklg +4<<6,/ wkh qxoo ri �7���f +vhuldo fruuhodwlrq frpprq ihdwxuh/
lq wkhlu whuplqrorj|, fdq eh whvwhg e| fkhfnlqj zkhwkhu d svhxgr vwuxfwxudo irup
ri wkh YHFP hqfrpsdvvhv wkh xquhvwulfwhg uhgxfhg irup ri wkh YHFP1 Wkh
svhxgr vwuxfwxudo irup lv rewdlqhg e| lqfoxglqj/ lq wkh �uvw & htxdwlrqv/ rqo| wkh
frqwhpsrudqhrxv ydoxhv ri ?� & yduldeohv/ ohdylqj wkh uhpdlqlqj ?� & htxdwlrqv
dv lq wkh xquhvwulfwhg uhgxfhg irup1 Wkh olnholkrrg udwlr whvw iru wkh ydolglw| ri
wkh ryhu0lghqwli|lqj uhvwulfwlrqv lv �2E�2� ' �S��Dc zlwk d s0ydoxh ri df�fff�o1 Wklv
vxjjhvwv wkdw wkh qxoo ri �7�� � f fdq eh uhmhfwhg dqg wkdw wkh lghqwl�fdwlrq ri
wkh vwuxfwxudo lqqrydwlrqv fdq eh shuiruphg iroorzlqj wkh dssurdfk glvfxvvhg lq
Zduqh +4<<6,1

7161 Frpprq wuhqgv dqdo|vlv

Dv phqwlrqhg lq vhfwlrq 6/ wkh suhvhqfh ri irxu frlqwhjudwlrq uhodwlrqv ehwzhhq
wkh vl{ yduldeohv lq wkh v|vwhp lpsolhv wkdw wkhuh duh wzr glvwlqfw vrxufhv ri vkrfnv
kdylqj shupdqhqw h�hfwv rq vrph hohphqwv ri  |1 Edvhg rq wkh wkhruhwlfdo iudph0
zrun zh lqwhusuhw wkh shupdqhqw vkrfnv dv ehlqj d surgxfwlylw| vkrfn +� w, dqg d
qrplqdo vkrfn +� q,1 Rqh lghqwli|lqj uhvwulfwlrq lpsrvhg lv d orqj0uxq prqhwdu|
qhxwudolw| frqglwlrq/ l1h1 zh dvvxph wkdw wkh shupdqhqw qrplqdo vkrfn grhv qrw
kdyh d orqj0uxq lpsdfw rq uhdo JGS1 Vlqfh wklv uhvwulfwlrq hqvxuhv h{dfw lghqwl0
�fdwlrq/ lw fdqqrw eh whvwhg1 Krzhyhu/ �qglqj orqj0uxq vhsdudwlrq ehwzhhq uhdo
dqg qrplqdo yduldeohv surylghv hylghqfh lq idyrxu ri lwv ydolglw|1 Jlyhq wkh lghqwl0
�fdwlrq uhvwulfwlrqv lpsolhg e| wkh frlqwhjudwlrq yhfwruv/ wkh iruphu uhvwulfwlrq lv
vx!flhqw wr hqvxuh wkdw wkh qrplqdo shupdqhqw vkrfn grhv qrw kdyh d orqj0whup
lpsdfw rq uhdo prqh| edodqfhv dqg wkh uhdo vwrfn pdunhw sulfh lqgh{1

Wkh frpprq wuhqgv uhsuhvhqwdwlrq ri wkh yduldeohv lq ohyhov lv wkhuhiruh wkh
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Wkhvh uhvwulfwlrqv phdq wkdw= +l, wkh vkrfn wr wkh whup vwuxfwxuh grhv qrw kdyh d
frqwhpsrudqhrxv lpsdfw rq rxwsxw/ lq dwlrq dqg uhdo edodqfhv> +ll, wkh oltxlglw|
suhihuhqfh vkrfn grhv qrw kdyh d frqwhpsrudqhrxv lpsdfw rq rxwsxw dqg lq dwlrq>
+lll, wkhuh lv dq xqghuo|lqj whpsrudu| vkrfn wr rxwsxw +lqwhusuhwdeoh dv d ghpdqg
vkrfn, wkdw grhv qrw kdyh d frqwhpsrudqhrxv lpsdfw rq lq dwlrq> +ly, wkh vkrfn wr
wkh Ilvkhu uhodwlrq kdv d frqwhpsrudqhrxv lpsdfw rq doo yduldeohv1 Wkh phdqlqj
ri wkhvh lghqwli|lqj dvvxpswlrqv zloo eh ixuwkhu glvfxvvhg ehorz1
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716141 Iruhfdvw huuru yduldqfh ghfrpsrvlwlrq

Wkh hvwlpdwhg idfwru ordglqj pdwul{ K} dqg wkh iruhfdvw huuru yduldqfh ghfrpsr0
vlwlrq duh uhsruwhg lq Wdeoh 7 dqg lq Wdeoh 8 uhvshfwlyho|19 Qrwlfh wkdw wkh uhdo
shupdqhqw vkrfn kdv d qhjdwlyh/ exw qrw vwdwlvwlfdoo| vljql�fdqw/ orqj0uxq lpsdfw
rq wkh qrplqdo yduldeohv/ h{sodlqlqj rqo| 4( ri wkh uhvlgxdo orqj0uxq yduldelolw|
+vhh Wdeoh 7/ Sdqho D dqg Wdeoh 8/ Sdqho F,1 Lw lv wkhuhiruh srvvleoh wr lqwhu0
suhw wkh qrplqdo shupdqhqw vkrfn dv h{fhvv qrplqdo prqh| jurzwk/ e| vhwwlqj
�e� ' �D� ' �S� ' fc dv h{sodlqhg lq wkh wkhruhwlfdo vhfwlrq1

Frqvlghu/ iru wkh vdnh ri h{srvlwlrq/ wkuhh glphqvlrqv ri wkh iruhfdvw krul}rq=
vkruw0whup +ehorz rqh |hdu,/ phglxp whup +wkuhh |hduv,/ dqg orqj0uxq +deryh �yh
|hduv,1 Iurp wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv wkh iroorzlqj idfwv duh
zruwk qrwlqj1

Iluvw/ ghshqglqj rq wkh iruhfdvw krul}rq wkhuh lv d pdunhg gl�huhqfh ehwzhhq
wkh idfwruv wkdw h{sodlq yduldelolw|1 Lq wkh vkruw0 wr phglxp0whup/ djjuhjdwh
ghpdqg vkrfnv duh wkh pdlq vrxufh ri rxwsxw yduldelolw| +;;( dw 4 |hdu> 86(
dw 6 |hduv, zklovw surgxfwlylw| vkrfnv duh wkh pdlq vrxufh ri rxwsxw yduldelolw|
lq wkh orqj0uxq +derxw :3( douhdg| dw 8 |hduv,1 Lq wkh vkruw0whup/ vkrfnv wr
wkh Ilvkhu uhodwlrq duh wkh pdlq vrxufh ri lq dwlrq yduldelolw| +:7( dw 4 txduwhu,
zkloh wkh qrplqdo shupdqhqw vkrfn lv wkh pdlq vrxufh ri lq dwlrq yduldelolw| lq
wkh phglxp0 wr orqj0whup +98( dw 6 |hduv> :8( dw 8 |hduv,1 Wkxv/ wkh iruhfdvw
huuru yduldqfh ghfrpsrvlwlrqv ri rxwsxw dqg lq dwlrq looxvwudwh vrph �wh{werrn�
ihdwxuhv ri rxu prgho= surgxfwlylw| gulylqj wuhqg rxwsxw dqg djjuhjdwh ghpdqg
vkrfnv ghyldwlqj rxwsxw iurp wkh wuhqg> lq dwlrq uh hfwlqj erwk glphqvlrqv ri
prqhwdu| srolf| +lqwhuhvw udwhv lq wkh vkruw0whup> h{fhvv prqh| jurzwk lq wkh
orqj0whup,1 Oltxlglw| suhihuhqfh vkrfnv duh wkh prvw lpsruwdqw ghwhuplqdqw ri
uhdo vwrfn pdunhw sulfh lqgh{ yrodwlolw| lq wkh vkruw0whup +77( dw 4 txduwhu,/
zklovw surgxfwlylw| vkrfnv duh wkh pdlq vrxufh ri vwrfn pdunhw yduldelolw| lq wkh
phglxp0 wr orqj0whup +:5( dw 6 |hduv> :;( dw 8 |hduv,1 Lq wkh vkruw0whup/
vkrfnv wr wkh Ilvkhu uhodwlrq duh wkh pdlq vrxufh ri uhdo P6 yduldelolw| +7<( dw
4 txduwhu,/ zkloh wkh surgxfwlylw| vkrfn lv wkh pdlq vrxufh ri uhdo P6 yduldelolw|
lq wkh phglxp0 wr orqj0whup +76( dw 6 |hduv> :6( dw 8 |hduv,1 Krzhyhu/ lq
wkh vkruw0 wr phglxp0whup/ djjuhjdwh ghpdqg dqg oltxlglw| suhihuhqfh vkrfnv duh
dovr lpsruwdqw h{sodqdwru| idfwruv iru uhdo P6 yduldelolw|1 Vkruw0 dqg orqj0whup

9Wkh hvwlpdwlrq zdv fduulhg rxw xvlqj d Jdxvv frgh/ zklfk zdv zulwwhq edvhg rq wkh FW
urxwlqh lq Udwv e| D1 Zduqh dqg K1 Kdqvhq1 Uhsruwhg vwdqgdug huuruv dqg frq�ghqfh edqgv
zhuh surgxfhg e| Prqwh Fduor vlpxodwlrq1

ECB •  Work ing  Pape r  No  119 •  J anua r y  2002 25



lqwhuhvw udwhv vhhp wr vkduh wkh vdph xqghuo|lqj idfwruv ri yduldelolw| glvsod|lqj
dq lqwhuhvwlqj �uhyhuvdo� lq fdxvdo idfwruv= lq wkh vkruw0whup wkh surgxfwlylw|
vkrfn lv wkh pdlq vrxufh ri yduldelolw| +75( dqg 66( dw 4 txduwhu> vkruw0 dqg
orqj0whup lqwhuhvw udwhv uhvshfwlyho|,/ zklovw wkh qrplqdo shupdqhqw vkrfn lv wkh
pdlq vrxufh ri yduldelolw| lq wkh phglxp0 wr orqj0whup +93( dqg :7( dw 6 |hduv/
iru vkruw0 dqg orqj0whup lqwhuhvw udwhv/ uhvshfwlyho|,1 Wkxv/ wkh iruhfdvw huuru
yduldqfh ghfrpsrvlwlrqv ri lqwhuhvw udwhv looxvwudwh dqrwkhu �wh{werrn� ihdwxuh ri
rxu prgho= gxh wr �sulfh0vwlfn|qhvv� vkruw0whup fkdqjhv lq lqwhuhvw udwhv duh dovr
fkdqjhv lq uhdo lqwhuhvw udwhv dqg wkxv duh wr vrph h{whqw uhodwhg wr surgxfwlylw|
fkdqjhv1 Lq wkh orqj0uxq/ qrplqdo lqwhuhvw udwhv ixoo| uh hfw dqwlflsdwhg lq dwlrq1

Vhfrqg/ ghshqglqj rq wkh w|sh ri yduldeohv wkhuh lv d pdunhg gl�huhqfh eh0
wzhhq wkh idfwruv wkdw h{sodlq yduldelolw|= lq wkh vkruw0whup wkh ehkdylrxu ri uhdo
yduldeohv lv pruh khwhurjhqhrxv wkdq wkh ehkdylrxu ri qrplqdo yduldeohv1 Lq whupv
ri iruhfdvw huuru yduldqfh ghfrpsrvlwlrq wkh vhsdudwlrq ehwzhhq wkh uhdo dqg wkh
qrplqdo vlghv ri wkh hfrqrp| lv dssduhqw douhdg| dw wkh 8 |hduv krul}rq1 Lq idfw/
dw wkdw krul}rq/ wkh surgxfwlylw| vkrfn lv wkh pdlq idfwru h{sodlqlqj yduldelolw|
ri rxwsxw/ uhdo vwrfn sulfhv dqg uhdo P6 +9<(/ :;( dqg :6(/ uhvshfwlyho|,> lq
frqwudvw/ dw wkdw krul}rq/ wkh shupdqhqw qrplqdo vkrfn lv wkh pdlq idfwru h{0
sodlqlqj yduldelolw| ri vkruw0 dqg orqj0whup lqwhuhvw udwhv dqg lq dwlrq +:6(/ ;5(
dqg :8(/ uhvshfwlyho|,1 Krzhyhu/ lq wkh vkruw0whup/ yduldelolw| ri uhdo yduldeohv lv
h{sodlqhg e| gl�huhqw idfwruv= rxwsxw e| djjuhjdwh ghpdqg vkrfnv/ vwrfn pdunhw
e| oltxlglw| suhihuhqfh vkrfnv/ dqg uhdo edodqfhv e| Ilvkhu htxdwlrq vkrfnv1 Rq
wkh qrplqdo vlgh/ yrodwlolw| ri lqwhuhvw udwhv lv h{sodlqhg pdlqo| e| wkh vdph vkrfn
+surgxfwlylw|,1 Krzhyhu/ lq wkh vkruw0whup/ lq dwlrq yduldelolw| lv h{sodlqhg e| d
gl�huhqw idfwru +Ilvkhu htxdwlrq vkrfn,1

Rxu uhvxowv duh lq olqh zlwk suhylrxv �qglqjv ri Udsdfk +5334,/ Gkdu hw do1
+5333, dqg Odvwudshv +4<<;,1 Udsdfk +5334, �qgv wkdw surgxfwlylw| vkrfnv duh wkh
pdlq ghwhuplqdqw ri uhdo XV vwrfn sulfhv lq wkh orqj0uxq dqg wkdw qrplqdo vkrfnv
+prqh| vxsso| vkrfnv, h{sodlq derxw rqh wklug ri uhdo vwrfn sulfhv yduldqfh lq wkh
vkruw uxq> Odvwudshv +4<<;, dqg Gkdu hw do1 +5333, �qg wkdw prqh| vxsso| vkrfnv
duh dq lpsruwdqw ghwhuplqdqw ri uhdo vwrfn sulfhv lq wkh vkruw0 dqg phglxp0whup
dovr iru rwkhu pdmru lqgxvwuldolvhg frxqwulhv +J0: dqg Kroodqg,1 Ixuwkhupruh/
rxu uhvxowv duh frkhuhqw zlwk wkh suhylrxv �qglqjv ri Nlqj hw do1 +4<<4, dqg
GhOrdfk dqg Udvfkh +4<<;, iru wkh XV hfrqrp|/ dqg Gkdu hw do1 +5333, iru wkh
XN hfrqrp|/ vxjjhvwlqj wkdw rxwsxw  xfwxdwlrqv lq wkh vkruw whup duh h{sodlqhg
qhlwkhu e| wkh +grphvwlf, surgxfwlylw| wuhqg qru e| wkh +grphvwlf, qrplqdo wuhqg1
Wkh uhvxowv duh dovr lq olqh zlwk wkh �qglqjv ri Ohh +4<<5, dqg Gkdu hw do1 +5333,/
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vkrzlqj wkdw surgxfwlylw| vkrfnv h{sodlq olwwoh yduldwlrq lq XV dqg XN lq dwlrq/
dqg wkdw lq dwlrq vkrfnv kdyh olwwoh h{sodqdwru| srzhu iru uhdo yduldeohv lq wkh
phglxp0 wr orqj0whup1

716151 Lpsxovh0uhvsrqvh dqdo|vlv

Surgxfwlylw| dqg djjuhjdwh ghpdqg vkrfnv Wkh uhvsrqvh ri wkh hfrq0
rp| wr surgxfwlylw| dqg djjuhjdwh ghpdqg vkrfnv/ sorwwhg djdlqvw wkh iruhfdvw
krul}rq/ lv looxvwudwhg lq Iljxuh 4 dqg Iljxuh 8 uhvshfwlyho|1 Rqh vwdqgdug huuru
+9;(, frq�ghqfh lqwhuydov duh dovr vkrzq1

Wkh uhdo shupdqhqw vkrfn +Iljxuh 4, kdv shupdqhqw srvlwlyh h�hfwv rq uhdo
yduldeohv +rxwsxw/ wkh vwrfn pdunhw/ dqg uhdo edodqfhv, dqg qr orqj0uxq h�hfwv rq
qrplqdo yduldeohv +lqwhuhvw udwhv dqg lq dwlrq,1

Wkh lpsdfw rq uhdo yduldeohv gl�huv lq wkhlu g|qdplfv= wkh h�hfw rq wkh vwrfn
pdunhw shdnv zlwklq irxu txduwhuv +.818(,/ zkhuhdv wkh lpsdfw rq rxwsxw shdnv
ehwzhhq �yh wr vl{ |hduv +.3188(, dqg rq uhdo edodqfhv vrphzkdw odwhu +vhyhq
|hduv> .31:;(,1 Ixuwkhupruh/ zkloh wkh vwrfn pdunhw glvsod|v ryhuvkrrwlqj/ uhdo
edodqfhv dqg rxwsxw judgxdoo| dssurdfk wkhlu uhvshfwlyh qhz htxloleulxp ydoxhv1

Wkh srvlwlyh surgxfwlylw| vkrfn kdv d whpsrudu| gh dwlrqdu| lpsdfw rq wkh
hfrqrp| dqg qrplqdo lqwhuhvw udwhv dqg lq dwlrq whpsrudulo| idoo ehorz wkhlu
htxloleulxp ydoxhv1

Wkh lpsdfw ri wkh djjuhjdwh ghpdqg vkrfn lv looxvwudwhg lq Iljxuh 81 Wklv
vkrfn fdq eh lqwhusuhwhg dv uhvxowlqj/ iru h{dpsoh/ iurp d �vfdo h{sdqvlrq1 Rxw0
sxw/ uhdo P6/ wkh vwrfn pdunhw dqg erwk vkruw0whup dqg orqj0whup lqwhuhvw udwhv
lqfuhdvh vkrzlqj d frqwhpsrudqhrxv uhdfwlrq wr wkh djjuhjdwh ghpdqg vkrfn> lq0
 dwlrq vwduwv lqfuhdvlqj diwhu wzr txduwhuv1 Wkh lpsdfw ri wkh vkrfn rq rxwsxw/
wkh vwrfn pdunhw dqg wkh orqj whup lqwhuhvw udwh shdnv zlwklq wkh txduwhu/ dqg lq
rqh dqg wzr txduwhuv uhvshfwlyho| +.317(/ .516(/ .4: es,/ zkloh wkh lpsdfw rq
lq dwlrq shdnv zlwklq irxu txduwhuv +.314(,/ dqg wkh lpsdfw rq wkh vkruw whup
udwh zlwklq wkuhh txduwhuv +.66 es,1

Prqhwdu| srolf| dqg �qdqfldo vkrfnv Dv h{sodlqhg lq vhfwlrq 5 zh lqwhu0
suhw prqhwdu| srolf| dv lqyroylqj wzr glphqvlrqv= rqh/ phglxp0 wr orqj0whup/ lv
wkh vhwwlqj ri wkh lq dwlrq remhfwlyh uh hfwhg lq wkh h{fhvv qrplqdo prqh| jurzwk
surfhvv EZW| / {26W

?c| ' �2{q| ' �2�qc|�> dqrwkhu/ vkruw0whup/ lv pdlqwdlqlqj
lq dwlrq rq wudfn e| fkdqjlqj vkruw0whup lqwhuhvw udwhv/ wdnlqj lqwr dffrxqw doo
vkrfnv klwwlqj wkh hfrqrp| E[E���1 D wklug frpsrqhqw lv dgghg E0SKc|� fdswxulqj
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qrq0v|vwhpdwlf ghwhuplqdqwv ri prqhwdu| srolf|1 D fuxfldo srlqw lq wkh lghqwl�fd0
wlrq ri wkh odwwhu frpsrqhqw lv wkdw vkruw0whup uhdo lqwhuhvw udwhv pxvw +whpsrudu0
lo|, lqfuhdvh lq uhvsrqvh wr d +whpsrudu|, prqhwdu| srolf| wljkwhqlqj Wkxv/ zh
lqwhusuhw whpsrudu| ghyldwlrqv iurp wkh Ilvkhu uhodwlrq dv fdswxulqj xqh{shfwhg
fkdqjhv lq wkh vwdqfh ri prqhwdu| srolf|1 Wkh fdyhdw lv wkdw wkh uhdfwlrq ri wkh
hfrqrp| wr wkh Ilvkhu htxdwlrq vkrfn pd| dovr fdswxuh rwkhu vkrfnv1

Wkh uhvsrqvh ri wkh hfrqrp| wr wkh shupdqhqw qrplqdo vkrfn +dq lqfuhdvh lq
wkh orqj0uxq lq dwlrq remhfwlyh ri wkh prqhwdu| dxwkrulwlhv, lv looxvwudwhg lq Iljxuh
5= lw kdv whpsrudu| h�hfwv rq uhdo yduldeohv +lqfuhdvlqj rxwsxw/ wkh vwrfn pdunhw/
dqg uhdo edodqfhv, dqg shupdqhqw h�hfwv rq wkh qrplqdo yduldeohv +lqfuhdvlqj lq0
whuhvw udwhv dqg lq dwlrq,1 Wklv vkrfn kdv d srvlwlyh lpsdfw rq uhdo rxwsxw wkdw
shdnv zlwklq vl{ txduwhuv +.3146(, h{kdxvwlqj lwv h{sdqvlrqdu| lpsdfw zlwklq
wzhqw| vl{ txduwhuv> wkh vkrfn kdv lwv odujhvw lpsdfw rq wkh vwrfn pdunhw dw wkh
wzr txduwhuv krul}rq +.518(,/ kdylqj h{kdxvwhg kdoi ri lwv h�hfwv ehwzhhq �yh
dqg vl{ txduwhuv1 Lwv srvlwlyh lpsdfw rq wkh vwrfn pdunhw lv frpsohwho| h{kdxvwhg
zlwklq whq txduwhuv1 Wkh shupdqhqw srvlwlyh qrplqdo vkrfn kdv d orqj0uxq lq d0
wlrqdu| lpsdfw rq wkh hfrqrp| +.317(, dqg qrplqdo lqwhuhvw udwhv lqfuhdvh gxh
wr wkh Ilvkhu h�hfw +.8; es,1 Krzhyhu/ uhdo lqwhuhvw udwhv idoo ehorz htxloleulxp
rq lpsdfw1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh �qglqjv ri Odvwudshv +5334,/
zkr �qgv wkdw/ iru vrph pdmru lqgxvwuldolvhg frxqwulhv/ uhdo oltxlglw| h�hfwv duh
vwurqjhu wkdq qrplqdo oltxlglw| h�hfwv1:

Wkh uhdfwlrq ri wkh hfrqrp| wr wkh Ilvkhu htxdwlrq vkrfn lv vkrzq lq Iljxuh
91 Zh lqwhusuhw wkh uhvsrqvh ri wkh hfrqrp| wr wklv vkrfn dv wkh uhdfwlrq wr
d vxusulvh ghfolqh lq wkh +uhdo, vkruw0whup lqwhuhvw udwh gxh wr dq xqh{shfwhg
+whpsrudu|, prqhwdu| srolf| orrvhqlqj1 Lq uhvsrqvh wr wkh fxw lq wkh vkruw0whup
lqwhuhvw udwh +047 e1s1, wkhuh lv d srvlwlyh lpsdfw rq rxwsxw +.313<(> shdnlqj dw
: txduwhuv,> wkhuh lv d vkruw0whup �udoo|� lq wkh erqg dqg vwrfn pdunhwv zlwk d
srvlwlyh lpsdfw rq uhdo vwrfn pdunhw sulfhv +.514<(, dqg rq erqg sulfhv +053 e1s1
lq |lhogv, shdnlqj dw wzr txduwhuv1

Ilqdoo|/ qrwh wkh vlplolwxgh ehwzhhq wkh uhvsrqvhv ri wkh vwrfn pdunhw/ rxwsxw
:Wkhvh g|qdplf h�hfwv fdq eh h{sodlqhg zlwklq d eurdg udqjh ri wkhruhwlfdo prghov1 Lq

sduwlfxodu/ wkh| duh yhu| vlplodu wr wkrvh lpsolhg e| Eodqfkdug +4<;4,1 Zkhq sulfhv duh vwlfn|/
dq lqfuhdvh lq wkh qrplqdo prqh| vxsso| ohdgv wr dq lqfuhdvh lq uhdo prqh| edodqfhv1 Wkh
lqfuhdvh lq uhdo edodqfhv dqg wkh h{shfwdwlrq ri kljkhu ixwxuh lq dwlrq ohdg wr d whpsrudu| idoo
lq uhdo lqwhuhvw udwhv dqg wr d vwrfn pdunhw h{sdqvlrq1 Krzhyhu/ dv vrrq dv rxwsxw uhvsrqgv wr
kljkhu uhdo vwrfn sulfhv/ uhdo lqwhuhvw udwhv vwduw wr lqfuhdvh/ eulqjlqj edfn vwrfn pdunhw sulfhv
wr htxloleulxp1 Iurp wkh lpsxovh uhvsrqvh ixqfwlrq lw dsshduv wkdw wkh uhdo oltxlglw| h�hfw odvwv
iru mxvw rqh txduwhu dqg rxwsxw uhvsrqgv txlfno| wr uhdo vwrfn pdunhw sulfhv1
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dqg lq dwlrq wr prqhwdu| srolf| orrvhqlqj/ luuhvshfwlyh ri zkhwkhu wklv lv lghqwl�hg
e| wkh lqfuhdvh lq wkh orqj0uxq lq dwlrq remhfwlyh ri wkh dxwkrulwlhv ru e| wkh
�vxusulvh� uhgxfwlrq lq wkh vkruw0whup lqwhuhvw udwh +vkrfn wr wkh Ilvkhu htxdwlrq,1
Wkxv/ lq sudfwlfh/ hfrqrplf djhqwv pd| qrw eh deoh wr glvwlqjxlvk rqh vkrfn iurp
wkh rwkhu/ l1h1 glvwlqjxlvk whpsrudu| iurp shupdqhqw prqhwdu| srolf| wljkwhqlqj
ru orrvhqlqj1 Wklv uhvxow looxvwudwhv wkh lghd wkdw fhqwudo edqn fuhglelolw| lv ri
xwprvw lpsruwdqfh lq xqghuvwdqglqj wkh uhvsrqvh ri wkh hfrqrp| wr prqhwdu|
srolf| dfwlrqv1

V|vwhpdwlf prqhwdu| srolf| uhvsrqvh wr vkrfnv Iurp d srolf| srlqw
ri ylhz dqrwkhu lqwhuhvwlqj h{huflvh lv wr vhh krz prqhwdu| srolf| uhdfwv wr wkh
gl�huhqw vwuxfwxudo vkrfnv +g|qdplf uhdfwlrq ixqfwlrq,/ l1h1 wkh [E�� frpsrqhqw
lq rxu wkhruhwlfdo iudphzrun1 Diwhu doo/ wkhuh lv d uhvshfwhg wudglwlrq lq pdfur0
hfrqrplfv/ vwduwlqj zlwk Srroh +4<:3,/ olqnlqj wkh rswlpdolw| ri prqhwdu| srolf|
uxohv +h1j1 lqwhuhvw udwh shjjlqj yhuvxv  h{leoh lqwhuhvw udwhv, zlwk wkh w|sh ri
vkrfnv wkdw klw wkh hfrqrp| +�qdqfldo yhuvxv uhdo> whpsrudu| yhuvxv shupdqhqw,
+vhh dovr Luhodqg +5333,,1 Wkh uhvsrqvh ri wkh vkruw0whup lqwhuhvw udwh +lqwhusuhwhg
khuh dv d g|qdplf uhdfwlrq ixqfwlrq, wr wkh vwuxfwxudo vkrfnv fdq eh dqdo|vhg e|
orrnlqj dw lwv uhvsrqvh wr wkh ydulrxv vkrfnv glvsod|hg lq Iljxuhv 4/ 6/ 7 dqg 81

Iluvwo|/ ghshqglqj rq wkh w|sh ri vkrfn wkh g|qdplfv ri wkh vkruw0whup lqwhuhvw
udwh gl�huv vljql�fdqwo|1 Frqvlghu �uvw wkh vxsso| dqg ghpdqg vkrfnv +Iljxuh 4
dqg Iljxuh 8 uhvshfwlyho|,1 Lq erwk fdvhv wkh vkruw0whup lqwhuhvw udwh ghyldwhv
whpsrudulo| iurp wkh edvholqh +vwrfkdvwlf, wuhqg1 Krzhyhu/ wkh gluhfwlrq ri wkh
uhdfwlrq gl�huv/ ghfolqlqj lq wkh fdvh ri wkh vxsso| vkrfn dqg lqfuhdvlqj lq wkh
fdvh ri wkh ghpdqg vkrfn1 Erwk uhdfwlrqv duh wudqvlwru| hyhq wkrxjk rqh vkrfn lv
shupdqhqw dqg wkh rwkhu lv wudqvlwru|1 Dw wkh urrw ri wklv uhvxow olhv wkh idfw wkdw lq
erwk fdvhv lq dwlrq ghyldwhv iurp wkh edvholqh +vwrfkdvwlf, wuhqg rqo| whpsrudulo|/
ghfuhdvlqj lq wkh �uvw fdvh dqg lqfuhdvlqj lq wkh vhfrqg fdvh +vhh Iljxuh 4 dqg
Iljxuh 8,1 Wkhvh uhdfwlrqv frqwudvw zlwk wkh fdvh ri wkh shupdqhqw qrplqdo
vkrfn/ zkhuh wkh vkruw0whup lqwhuhvw udwh lqfuhdvhv shupdqhqwo| +Iljxuh 5,1 Wkxv/
wkh uhdfwlrq ri wkh vkruw0whup lqwhuhvw udwh vhhpv wr frqwulexwh wr vwdelol}lqj wkh
hfrqrp|= doohyldwlqj wkh whpsrudu| gh dwlrqdu| suhvvxuhv dvvrfldwhg zlwk srvlwlyh
surgxfwlylw| vkrfnv dqg frxqwhudfwlqj wkh lq dwlrqdu| suhvvxuhv lq wkh rwkhu wzr
fdvhv1

Vhfrqgo|/ qrwh wkh uhdfwlrq ri wkh vkruw0whup lqwhuhvw udwh zkhq wkh hfrqrp|
idfhv d whup vwuxfwxuh vkrfn +Iljxuh 6,1 Wklv vkrfn fdq eh lqwhusuhwhg dv d
��qdqfldo glvwxuedqfh� d�hfwlqj wkh vwrfn dqg erqg pdunhwv qhjdwlyho|= wkh +uhdo,
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orqj0whup lqwhuhvw udwh lqfuhdvhv dqg wkh vwrfn pdunhw �fudvkhv�1 Wkh vkruw0whup
lqwhuhvw udwh ghfolqhv whpsrudulo| doohyldwlqj wkh gh dwlrqdu| lpsdfw ri wkh vkrfn1
Lq idfw/ rxwsxw grhv qrw vhhp wr eh vljql�fdqwo| d�hfwhg e| wkh glvwxuedqfh1

Wklugo|/ qrwh wkh +qr, uhdfwlrq ri wkh vkruw0whup lqwhuhvw udwh zkhq wkh hfrq0
rp| idfhv d oltxlglw| suhihuhqfh vkrfn +Iljxuh 7,1 Wklv vkrfn fdq eh lqwhusuhwhg dv
d �oltxlglw|� suhihuhqfh vkrfn d�hfwlqj wkh vwrfn pdunhw qhjdwlyho| exw zlwkrxw
d�hfwlqj wkh erqg pdunhw vljql�fdqwo| +Iljxuh 7,1 Wkhuh vhhpv wr eh vxevwdqwldo
lqwhuhvw udwh vprrwklqj e| wkh prqhwdu| dxwkrulwlhv1 Wklv lv uhplqlvfhqw ri wkh
idprxv Srroh +4<:3, uhfrpphqgdwlrq ri lqwhuhvw udwh shjjlqj wr vwdelol}h rxw0
sxw zkhq idflqj vkrfnv wr wkh OP fxuyh= lq idfw/ rxwsxw grhv qrw vhhp wr eh
vljql�fdqwo| d�hfwhg1

7171 D forvhu orrn dw f|folfdo g|qdplfv

Lq wklv vhfwlrq zh frqfhqwudwh rxu dwwhqwlrq rq f|folfdo g|qdplfv/ zklfk fdq eh
mxvwl�hg rq wkh jurxqgv wkdw lw lv forvhu wr wkh wudglwlrqdo remhfw ri exvlqhvv f|foh
lqtxlu|/ l1h1 prghoolqj �ghwuhqghg� hfrqrplf yduldeohv1 Diwhu orrnlqj dw wkh pdlq
fkdudfwhulvwlfv ri wkh ryhudoo f|foh/ wzr klvwrulfdo ghfrpsrvlwlrqv h{huflvhv duh
fduulhg rxw lq rughu wr lghqwli| wkh olnho| idfwruv xqghuo|lqj wkh f|folfdo g|qdplfv ri
wkh hxur duhd hfrqrp| lq wkh 4<;9=T405333=T7 shulrg1; Rqh h{huflvh ghfrpsrvhv
wkh f|foh lqwr htxloleulxp dqg glvhtxloleulxp g|qdplfv> dqrwkhu ghfrpsrvhv wkh
f|foh lqwr wkh frqwulexwlrqv ri lwv xqghuo|lqj ghwhuplqdqwv +vwuxfwxudo vkrfnv,1

Wkh hvwlpdwhg f|folfdo frpsrqhqwv iru wkh vl{ yduldeohv lq wkh v|vwhp duh
vkrzq lq Iljxuh :1 Wkh f|folfdo frpsrqhqw ri wkh vkruw0whup lqwhuhvw udwh lv
sorwwhg mrlqwo| zlwk doo wkh rwkhu f|folfdo frpsrqhqwv1 Dgglwlrqdoo|/ wkh odvw sdqho
+rq wkh uljkw kdqg vlgh dw wkh erwwrp, vkrzv wkh f|folfdo frpsrqhqwv ri wkh vwrfn
pdunhw dqg lq dwlrq sorwwhg mrlqwo|1 Wdeoh 9 uhsruwv wkh fruuhodwlrq pdwul{ ri wkh
ryhudoo f|folfdo frpsrqhqwv1

Wkh f|folfdo frpsrqhqwv duh doo srvlwlyho| fruuhodwhg h{fhsw wkh vwrfn pdunhw
f|foh zklfk lv qhjdwlyho| fruuhodwhg zlwk wkh rwkhu f|fohv1 Wkh kljkhvw frqwhpsr0
udqhrxv fruuhodwlrq lv ehwzhhq wkh f|folfdo frpsrqhqwv ri rxwsxw dqg uhdo edodqfhv/
iroorzhg e| wkh uhodwlyho| kljk fruuhodwlrqv +lq devroxwh ydoxh, ehwzhhq vwrfn pdu0
nhw dqg uhdo edodqfhv f|folfdo frpsrqhqwv dqg ehwzhhq wkh vwrfn pdunhw f|foh dqg
wkh orqj0whup lqwhuhvw udwh f|foh1 Dovr qrwlfhdeoh lv wkh kljk srvlwlyh fruuhodwlrq
ehwzhhq wkh vkruw0whup lqwhuhvw udwh f|foh dqg wkh rxwsxw f|foh1 Wkh fruuhodwlrqv

;Vrph h{shulphqwdwlrq vkrzhg wkdw xvlqj wzhqw| odjv lq wkh klvwrulfdo ghfrpsrvlwlrq zdv
vx!flhqwv wr dfklhyh d ixoo uhfrqvwuxfwlrq ri wkh f|folfdo frpsrqhqwv1
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vhhp wr kdyh ehhq vwdeoh lq wkh vdpsoh shulrg1

717141 Klvwrulfdo ghfrpsrvlwlrqv

Htxloleulxp dqg glvhtxloleulxp g|qdplfv Klvwrulfdo ghfrpsrvlwlrqv lqwr
g|qdplfv wrzdugv wkh dwwudfwru +GWD> glvhtxloleulxp g|qdplfv, dqg g|qdplfv
dorqj wkh dwwudfwru +GDD> htxloleulxp g|qdplfv, duh vkrzq lq Iljxuh ;1 Wdeoh 9
+Sdqho E, dqg Wdeoh : +Sdqho D, uhsruw/ uhvshfwlyho|/ wkh fruuhodwlrq pdwulfhv dqg
wkh sursruwlrq ri wkh yduldqfh ri hdfk f|foh h{sodlqhg e| wkh wzr frpsrqhqwv1

Dq lqwhuhvwlqj uhvxow lv wkh fkdqjh lq wkh pdjqlwxgh ri wkh fruuhodwlrq ehwzhhq
wkh f|folfdo frpsrqhqwv ri wkh vkruw0whup lqwhuhvw udwh dqg lq dwlrq= wkh fruuh0
odwlrq ri wkh GDD lv pxfk vwurqjhu wkdq wkdw ri wkh GWD1 Wr xqghuvwdqg wklv
uhvxow uhfdoo wkdw erwk shupdqhqw vkrfnv lpso| d vkruw0uxq srvlwlyh fruuhodwlrq
ehwzhhq lq dwlrq dqg +qrplqdo, lqwhuhvw udwhv +Iljxuh 4 dqg Iljxuh 5,1 Krzhyhu/
wkh wudqvlwru| Ilvkhu htxdwlrq vkrfn/ zklfk zh lqwhusuhw dv fdswxulqj prqhwdu|
srolf| �vxusulvhv�/ lpsolhv d qhjdwlyh vkruw0uxq fruuhodwlrq ehwzhhq lq dwlrq dqg
wkh vkruw0whup lqwhuhvw udwh +Iljxuh 9,1 Lw lv wklv h�hfw wkdw h{sodlqv wkh orzhu
fruuhodwlrq lq wkh GWD/ zklfk qhyhuwkhohvv uhpdlqv srvlwlyh gxh wr wkh h�hfw ri
djjuhjdwh ghpdqg vkrfnv rq erwk yduldeohv +Iljxuh 8,1 Qrwh wkdw wkh fruuhodwlrq
ri lq dwlrq dqg orqj0whup lqwhuhvw udwh fkdqjhv vljq ehfdxvh wkh lpsdfw ri djjuh0
jdwh ghpdqg vkrfnv lv ohvv lpsruwdqw wr h{sodlq wkh yduldelolw| ri wkh orqj0whup
lqwhuhvw udwh wkdq ri wkh vkruw0whup lqwhuhvw udwh +Wdeoh 8/ Sdqhov D dqg E,1

Rqh frqfoxvlrq wkdw fdq eh gudzq lv wkdw prqhwdu| srolf| zdv frxqwhuf|folfdo/
dovr jlyhq wkh kljk srvlwlyh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq wkh GWD ri
vkruw0whup lqwhuhvw udwh dqg rxwsxw +dqg uhdo P6 edodqfhv,1 Lq wklv vhqvh wkh
qhjdwlyh fruuhodwlrq ehwzhhq wkh lq dwlrq dqg wkh vwrfn pdunhw f|fohv +Iljxuh :>
uljkw kdqg vlgh sdqho dw wkh erwwrp, fdq dovr eh h{sodlqhg e| wkh frxqwhuf|folfdo
qdwxuh ri prqhwdu| srolf|1

Wkhuh duh wzr glvwlqfw skdvhv ri wkh rxwsxw f|foh lq 4<;9=T405333=T7= dq h{0
sdqvlrqdu| skdvh/ iurp 4<;9 xqwlo 4<<5/ dqg d frqwudfwlrqdu| skdvh/ iurp 4<<6
xqwlo 53331 Jlyhq wkh kljk frqwhpsrudqhrxv fruuhodwlrqv ri doo f|folfdo frpsr0
qhqwv wkh vdph fodvvl�fdwlrq dssolhv wr wkh rwkhu yduldeohv +wkh vwrfn pdunhw f|foh
kdv dq rssrvlwh vljq,1 Dv looxvwudwhg lq Iljxuh ; erwk wkh GDD dqg wkh GWD
zhuh lpsruwdqw idfwruv lq h{sodlqlqj f|folfdo g|qdplfv ri doo yduldeohv +vhh dovr
Wdeoh :/ Sdqho D,1 Krzhyhu/ wkh GWD sod|hg d pruh lpsruwdqw uroh lq wkh h{0
sdqvlrqdu| skdvh/ sduwlfxoduo| lq 4<;<04<<4/ zkhuhdv wkh GDD sdo|hg d juhdwhu
uroh lq wkh frqwudfwlrqdu| skdvh/ hvshfldoo| lq 4<<<053331 Wkxv/ rqh fdq frqfoxgh
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wkdw glvhtxloleulxp idfwruv +whpsrudu| vkrfnv, zhuh wkh prvw lpsruwdqw ghwhupl0
qdqwv ri f|folfdo g|qdplfv lq wkh hxur duhd lq wkh odwh 4<;3v hduo| 4<<3v/ zkhuhdv
htxloleulxp idfwruv +shupdqhqw vkrfnv, zhuh wkh prvw lpsruwdqw ghwhuplqdqwv ri
f|folfdo g|qdplfv lq wkh hxur duhd lq wkh odwh 4<<3v dqg 53331

Xqghuo|lqj vwuxfwxudo vkrfnv Wkh klvwrulfdo ghfrpsrvlwlrqv ri wkh f|fol0
fdo g|qdplfv ri wkh hxur duhd hfrqrp| lqwr wkhlu xqghuo|lqj ghwhuplqdqwv +vwuxf0
wxudo vkrfnv, duh vkrzq lq Iljxuhv < wr 471 Wdeoh : +Sdqho E, uhsruwv wkh sur0
sruwlrq ri wkh yduldqfh ri hdfk frpsrqhqw +GDD dqg GWD, h{sodlqhg e| hdfk
vwuxfwxudo vkrfn1 Wkh iroorzlqj uhpdunv fdq eh pdgh iru wkh 4<;9=T405333=T7
shulrg1

Iluvwo|/ wkh surgxfwlylw| vkrfn h{sodlqv wkh exon ri wkh GDD iru doo yduldeohv1
Qhyhuwkhohvv/ wkh qrplqdo shupdqhqw vkrfn frqwulexwhg wr wkh g|qdplfv ri lqwhu0
hvw udwhv dqg wkh vwrfn pdunhw/ dv zhoo1 Vhfrqgo|/ wkh djjuhjdwh ghpdqg vkrfn
h{sodlqv wkh exon ri wkh GWD iru doo yduldeohv h{fhsw lq dwlrq/ zklfk zdv odujho|
h{sodlqhg e| wkh Ilvkhu sdulw| vkrfn1 Wklv vkrfn zdv lpsruwdqw dovr iru wkh rwkhu
yduldeohv/ h{fhsw rxwsxw1 Wklugo|/ doo wudqvlwru| vkrfnv zhuh uhohydqw iru wkh GWD
ri wkh vwrfn pdunhw1 Irxuwko|/ wkh whup vwuxfwxuh vkrfn zdv dq lpsruwdqw idfwru
iru wkh GWD ri lqwhuhvw udwhv dqg wkh vwrfn pdunhw exw qrw iru rwkhu yduldeohv1
Ryhudoo/ wkh �qglqjv duh odujho| frkhuhqw zlwk wkh vkruw0uxq suhglfwlrqv ri wkh
prgho1

Wdnhq wrjhwkhu wkhvh uhvxowv vxjjhvw wkdw wkh whup vwuxfwxuh vkrfn/ wkh dj0
juhjdwh ghpdqg vkrfn/ dqg wkh Ilvkhu sdulw| vkrfn zhuh lpsruwdqw vrxufhv ri
qrq0vhsdudelolw| lq wkh vkruw0uxq1

Frq�uplqj wkh uhvxowv iurp wkh ghfrpsrvlwlrq lqwr GDD dqg GWD wkh dj0
juhjdwh ghpdqg vkrfn sod|hg d pruh lpsruwdqw uroh lq wkh h{sdqvlrqdu| skdvh/
sduwlfxoduo| lq 4<;<04<<4/ zkhuhdv wkh surgxfwlylw| vkrfn sod|hg d juhdwhu uroh lq
wkh frqwudfwlrqdu| skdvh/ hvshfldoo| lq 4<<<05333 +vhh Iljxuhv < wr 47,1 Wkxv/ rqh
fdq frqfoxgh wkdw wkh prvw lpsruwdqw ghwhuplqdqwv ri f|folfdo g|qdplfv lq wkh
hxur duhd zhuh ghpdqg vkrfnv lq wkh odwh 4<;3v hduo| 4<<3v/ dqg vxsso| vkrfnv lq
wkh odwh 4<<3v dqg 53331

7181 D forvhu orrn dw wkh vwrfn pdunhw

Lq wklv vhfwlrq zh wdnh d forvhu orrn dw wkh g|qdplfv ri wkh vwrfn pdunhw1 Iluvwo|/
zh glvfxvv zkhwkhu dqg krz rxu iudphzrun khosv lq xqghuvwdqglqj wkh lq dwlrq
khgjlqj sursulhwlhv ri wkh vwrfn pdunhw/ zklfk lv d pxfk glvfxvvhg wrslf lq wkh
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�qdqfh olwhudwxuh1 Vhfrqgo|/ zh glvfxvv wkh lvvxh ri phdvxulqj vwrfn pdunhw sulfh
plvdoljqphqw dqg lwv olnho| xqghuo|lqj ghwhuplqdqwv/ zklfk kdv ehhq wkh uhfhqw
irfxv ri dwwhqwlrq erwk lq dfdghplf dqg sxeolf glvfxvvlrqv1

Lq dwlrq dqg vwrfn pdunhw uhwxuqv Rxu wkhruhwlfdo iudphzrun vxjjhvwv
wkdw wkh vwrfn pdunhw surylghv/ lq wkh orqj0uxq/ d jrrg khgjh djdlqvw lq dwlrq= wkh
frlqwhjudwlrq uhodwlrqvkls ehwzhhq rxwsxw dqg wkh vwrfn pdunhw sulfh lqgh{ vxj0
jhvwv wkdw vwrfn pdunhw uhwxuqv duh olqnhg wr wkh xqghuo|lqj surgxfwlylw| jurzwk
ri wkh hfrqrp|/ hqvxulqj d srvlwlyh +ulvn dgmxvwhg, uhdo uhwxuq lq wkh orqj0uxq1
Wklv sursrvlwlrq lv ehvw looxvwudwhg lq Iljxuh 4= lq uhvsrqvh wr wkh surgxfwlylw|
vkrfn wkh uhdo vwrfn pdunhw sulfh lqgh{ lqfuhdvhv shupdqhqwo| zkhuhdv lq dwlrq
grhv qrw fkdqjh1 Krzhyhu/ wkh vkruw0uxq g|qdplfv ri lq dwlrq dqg vwrfn pdunhw
uhwxuqv pljkw vxjjhvw gl�huhqw khgjlqj sursulhwlhv= lq wkh �uvw irxu txduwhuv diwhu
wkh surgxfwlylw| vkrfn lq dwlrq lv ghfhohudwlqj/ d pryhphqw wkdw lv dffrpsdqlhg
e| dq lqfuhdvlqj uhdo vwrfn pdunhw sulfh lqgh{1 Wklv lpsolhv d +vkruw0uxq, qhjdwlyh
fruuhodwlrq ehwzhhq lq dwlrq dqg vwrfn pdunhw uhwxuqv fuhdwlqj wkh looxvlrq wkdw
wkh vwrfn pdunhw kdv srru khgjlqj sursulhwlhv djdlqvw lq dwlrq1

Frqvlghu wkh uhvsrqvh wr wkh shupdqhqw qrplqdo vkrfn= lq wkh orqj0uxq wkh uhdo
vwrfn pdunhw sulfh lqgh{ grhv qrw fkdqjh/ zkhuhdv lq dwlrq lqfuhdvhv shupdqhqwo|1
Wklv vxjjhvwv qr orqj0uxq fruuhodwlrq ehwzhhq lq dwlrq dqg vwrfn pdunhw uhwxuqv1
Krzhyhu/ wkh vkruw0uxq g|qdplfv ri lq dwlrq dqg vwrfn pdunhw uhwxuqv pljkw
vxjjhvw jrrg khgjlqj sursulhwlhv= lq wkh �uvw wzr txduwhuv diwhu wkh qrplqdo vkrfn/
erwk lq dwlrq dqg wkh uhdo vwrfn pdunhw sulfh lqgh{ duh lqfuhdvlqj lpso|lqj d
+vkruw0uxq, srvlwlyh fruuhodwlrq1

Wkh frqfoxvlrqv duh wkdw wkh khgjlqj sursulhwlhv ri wkh vwrfn pdunhw djdlqvw
lq dwlrq ghshqg rq wkh krul}rq frqvlghuhg dqg duh gl!fxow wr ghwhuplqh h{0dqwh/
jlyhq wkdw wkh| ghshqg rq wkh w|sh ri vkrfnv klwwlqj wkh hfrqrp|1 Iruhfdvw huuru
yduldqfh ghfrpsrvlwlrq vxjjhvwv wkdw lw lv wkh shupdqhqw uhdo vkrfn +vhh Wdeoh
8, dqg wkh whpsrudu| oltxlglw| suhihuhqfh vkrfn wkdw h{sodlq wkh vwrfn pdunhw lq
wkh vkruw0uxq1 Wkhvh vkrfnv whqg wr surgxfh d +vkruw0uxq, qhjdwlyh fruuhodwlrq
ehwzhhq lq dwlrq dqg vwrfn pdunhw uhwxuqv/ fuhdwlqj wkh looxvlrq wkdw wkh vwrfn
pdunhw kdv srru khgjlqj sursulhwlhv djdlqvw lq dwlrq lq wkh hxur duhd +vhh Iljxuh
4 dqg Iljxuh 7,1 Wkxv/ rxu dqdo|vlv surylghv dq dowhuqdwlyh lqwhusuhwdwlrq iru wklv
hpslulfdo uhjxodulw|/ zklfk fdq dovr eh h{sodlqhg/ lq wkhru|/ e| d frxqwhuf|folfdo
prqhwdu| srolf| +vhh Ednvkl dqg Fkhq +4<<9,,1
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Wkh vwrfn pdunhw f|foh= wkh uroh ri �qdqfldo dqg surgxfwlylw| vkrfnv
Hyhq wkrxjk vwrfn sulfh plvdoljqphqwv duh wudqvlwru| skhqrphqd/ wkh| pd| lp0
srvh odujh frvwv rq wkh hfrqrp|1 Wkhuhiruh/ lw vhhpv ghvludeoh wr nqrz zkhwkhu/
dw d jlyhq srlqw lq wlph/ vwrfn pdunhw sulfhv duh frqvlvwhqw zlwk wkhlu htxloleulxp
ydoxhv1 Wkh idfw wkdw vwrfn sulfhv pd| iroorz g|qdplfv wkdw lpso| xquhdolvwlf
h{shfwdwlrqv frqfhuqlqj ixwxuh glylghqgv kdv ehhq udwlrqdolvhg lq wkh olwhudwxuh
e| wkh frqfhsw ri udwlrqdo exeeohv +Gled dqg Jurvvpdq/ 4<;6> Iorrg dqg Jdu0
ehu/ 4<;3> Eodqfkdug/ 4<:<,1 Ixuwkhupruh/ Iurrw dqg Revwihog +4<<4, dqg Lnhgd
dqg Vkledwd +4<<5, ghyhorshg prghov lq zklfk vwrfn pdunhw sulfh exeeohv duh
ghwhuplqhg sduwldoo| ru frpsohwho| e| ixqgdphqwdov +lqwulqvlf exeeoh,1 Wkxv/
gl�huhqwo| iurp wkh frqfhsw ri h{wulqvlf exeeohv/ wkh exeeoh surfhvv fdq eh h{0
sodlqhg e| vhoi0ixo�oolqj h{shfwdwlrqv derxw ixqgdphqwdov/ dv zhoo1 Lq wklv iudph0
zrun/ wkh glvwlqfwlrq ehwzhhq ixqgdphqwdo dqg qrq0ixqgdphqwdo sulfh g|qdplfv
lv qrw phdqlqjixo1 Udwkhu/ lw lv wkh glvwlqfwlrq ehwzhhq shupdqhqw dqg wudqvlwru|
ixqgdphqwdo g|qdplfv wkdw pd| surylgh lqirupdwlrq frqfhuqlqj wkh ghjuhh ri
plvdoljqphqw lq vwrfn pdunhw sulfhv1 Wkh f|folfdo uhdo dvvhw sulfh frpsrqhqw/ wr0
jhwkhu zlwk rwkhu wudglwlrqdo lqglfdwruv/ frxog/ lq idfw/ surylgh xvhixo lqirupdwlrq
iru pdfurhfrqrplf srolf|1

Dffruglqj wr wkh wkhruhwlfdo prgho/ lw lv srvvleoh wr uhodwh wkh orqj0uxq hyrox0
wlrq ri glylghqgv wr surgxfwlylw|/ vr wkdw wkh ghfrpsrvlwlrq ri wkh vwrfn pdunhw
lqgh{ lqwr wuhqg dqg f|folfdo frpsrqhqwv lv vxlwdeoh ri hfrqrplf lqwhusuhwdwlrq1
Wkh vwurqj fruuhodwlrq ri wkh GWD dqg GDD ri wkh vwrfn pdunhw lqgh{ zlwk wkh
f|folfdo g|qdplfv ri doo ri wkh rwkhu vhulhv vxjjhvwv wkdw wudqvlwru|  xfwxdwlrqv
lq vwrfn pdunhw sulfhv dqg pdfurhfrqrplf yduldeohv duh uhodwhg1 Wkh klvwrulfdo
ghfrpsrvlwlrq ri wkh vwrfn pdunhw f|foh lq wkh hxur duhd lq wkh 4<;9=T405333=T7
shulrg/ loxvwudwhg lq Iljxuh 43/ doorzv d qxpehu ri lqwhuhvwlqj frqfoxvlrqv1

Iluvwo|/ wkh vwrfn pdunhw f|foh fdq eh h{sodlqhg wr d odujh h{whqw e| surgxf0
wlylw| vkrfnv1 Wklv uhvxow lv frqvlvwhqw zlwk lqwulqvlf exeeoh wkhru| vlqfh vwrfn
pdunhw sulfhv zhuh uhodwhg wr lwv ixqgdphqwdo ghwhuplqdqwv dovr ryhu wkh f|foh1

Vhfrqgo|/ surgxfwlylw| vkrfnv gr qrw ixoo| dffrxqw iru wkh ehkdylrxu ri wkh
vwrfn pdunhw ryhu wkh f|foh1 Ri sduwlfxodu lqwhuhvw lv wkh frpsdulvrq ehwzhhq wkh
ghwhuplqdqwv ri wkh vwrfn pdunhw f|foh dw wkh hqg ri wkh 4<;3v dqg wkh hqg ri
wkh 4<<3v1 Lq erwk fdvhv ryhuvkrrwlqj iroorzlqj surgxfwlylw| vkrfnv sod|hg d uroh1
Krzhyhu/ oltxlglw| suhihuhqfh vkrfnv sod|hg d grplqdqw uroh lq wkh 4<;3v1 Lq wkh
4<<3v/ prqhwdu| srolf| vkrfnv vhhp wr kdyh kdg dq lpsruwdqw uroh lq h{sodlqlqj
wkh vwrfn pdunhw f|foh1

Ilqdoo|/ djjuhjdwh ghpdqg vkrfnv/ zklfk sod|hg dq lpsruwdqw uroh xqwlo wkh
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plg04<<3v/ glg qrw frqwulexwh wr wkh pruh uhfhqw g|qdplfv ri wkh vwrfn pdunhw lq
wkh hxur duhd1

81 Lpsolfdwlrqv iru prqhwdu| srolf|

Lq wklv vhfwlrq zh wu| wr dqvzhu wkh txhvwlrq ri zkhwkhu sulfh vwdelolw| rulhqwhg
prqhwdu| srolf| lv frqvlvwhqw zlwk �qdqfldo vwdelolw| lq wkh hxur duhd1 Zh frqvlghu
wkdw sulfh vwdelolw| dqg �qdqfldo vwdelolw| duh pxwxdoo| frqvlvwhqw +phglxp0 wr
orqj0uxq, remhfwlyhv li wkh iruphu dlp lv dfklhyhg zlwkrxw d�hfwlqj wkh +vwrfkdvwlf,
wuhqg lq wkh uhdo vwrfn pdunhw sulfh lqgh{ dqg li lwv f|folfdo ghyhorsphqwv duh qrw
dpsol�hg1 Zh �uvw uhylhz wkh hpslulfdo hylghqfh suhvhqwhg lq vhfwlrq 7 gudzlqj
khuh wkh uhohydqw srolf| frqfoxvlrqv1 Qh{w/ xvlqj wkh VYDU/ zh jhqhudwh duwl�fldo
hxur duhd gdwd xqghu d sulfh vwdelolw| hqylurqphqw dqg frpsduh lw zlwk wkh dfwxdo
gdwd1 Wkh odwwhu h{huflvh doorzv frpsxwlqj wkh frvwv dqg ehqh�wv ri vxfk uhjlph
hydoxdwlqj wkh frqvlvwhqf| ehwzhhq sulfh vwdelolw| dqg �qdqfldo vwdelolw|1

8141 Sulfh vwdelolw| dqg �qdqfldo vwdelolw|= frqvlvwhqf| vxjjhvwhg e| hp0
slulfdo hylghqfh

Wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv dqg lpsxovh0uhvsrqvh dqdo|vlv suh0
vhqwhg lq vhfwlrq 7 vxjjhvw wkdw sulfh vwdelolw| dqg �qdqfldo vwdelolw| duh pxwxdoo|
frqvlvwhqw remhfwlyhv lq wkh hxur duhd1 Lq idfw/ dffruglqj wr rxu hpslulfdo dqdo|vlv/
orqj0uxq vhsdudwlrq ehwzhhq wkh uhdo dqg wkh qrplqdo vlghv ri wkh hfrqrp| vhhpv
wr suhydlo lq wkh hxur duhd1 Dgglwlrqdoo| wkhuh lv hpslulfdo vxssruw iru lqwhusuhw0
lqj wkh qrplqdo wuhqg dv h{fhvv qrplqdo jurzwk ri prqh| surfhvv/ uh hfwlqj wkh
phglxp0 wr orqj0uxq lq dwlrq remhfwlyh ri wkh prqhwdu| dxwkrulwlhv1 Wkxv/ wkhvh
idfwv vxjjhvw wkdw/ rq wkh rqh kdqg/ wkh +vwrfkdvwlf, wuhqg lq wkh uhdo vwrfn pdunhw
sulfh lqgh{ lv qrw d�hfwhg e| fkdqjlqj wr d sulfh vwdelolw| hqylurqphqw +Iljxuh
5> Wdeoh 8, dqg/ rq wkh rwkhu kdqg/ vxffhvvixoo| lpsohphqwlqj vxfk srolf| zrxog
vkxw0r� rqh vrxufh ri vkruw0whup yrodwlolw| lq wkh vwrfn pdunhw1

D uhodwhg exw vrphzkdw gl�huhqw txhvwlrq lv zkhwkhu prqhwdu| srolf| vkrxog
irfxv gluhfwo| rq/ ru jlyh pruh surplqhqfh wr/ vwrfn pdunhw ghyhorsphqwv1 Wkh
dqdo|vlv suhvhqwhg lq vhfwlrq 7 vxjjhvw wkdw wklv pljkw eh xqghvludeoh dqg gl!fxow
ru hyhq lpsrvvleoh wr dfklhyh lq wkh hxur duhd1 Iluvwo|/ iruhfdvw huuru yduldqfh gh0
frpsrvlwlrqv dqg lpsxovh0uhvsrqvh dqdo|vlv vxjjhvw wkdw wkh exon ri vwrfn pdunhw
yrodwlolw| +yduldqfh, lv gxh wr ryhuvkrrwlqj lq uhvsrqvh wr shupdqhqw surgxfwlylw|
vkrfnv dqg dovr wr whpsrudu| oltxlglw| suhihuhqfh vkrfnv +Iljxuh 4 dqg Iljxuh 7/
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uhvshfwlyho|> Wdeoh 8,1 Wkxv/ prqhwdu| srolf| fdqqrw suhyhqw prvw vkruw0whup
uhdo vwrfn pdunhw sulfh yrodwlolw|1 Vhfrqgo|/ gluhfw uhdfwlrq wr vwrfn pdunhw sulfh
ghyhorsphqwv pd| ohdg wr xqghvludeoh uhvxowv1 Frqvlghu/ iru h{dpsoh/ d vfhqdulr
lq zklfk lpsuryhphqwv lq surgxfwlylw| jhqhudwh d ulvh lq vwrfn pdunhw ixqgdphq0
wdov/ dv zhoo dv dq lqfuhdvh lq srwhqwldo rxwsxw1 Uhvsrqglqj wr wkh ulvh lq htxlw|
sulfhv zlwk d prqhwdu| srolf| wljkwhqlqj kdv wkh xqghvludeoh h�hfw ri whpsrudu0
lo| vwl lqj wkh ehqh�fldo lpsdfw ri wkh whfkqrorj| errp xqohvv wkh surgxfwlylw|
vkrfn lv lq dwlrqdu|/ zklfk vhhpv xqolnho| iurp d wkhruhwlfdo srlqw ri ylhz dqg lv
djdlqvw rxu hpslulfdo �qglqjv +vhh dovr Vphwv/ 4<<:,1

8151 Sulfh vwdelolw| dqg �qdqfldo vwdelolw|= frqvlvwhqf| vxjjhvwhg e| d
vlpxodwlrq h{huflvh

Wr ixuwkhu lqyhvwljdwh wkh frqvlvwhqf| ehwzhhq sulfh vwdelolw| dqg �qdqfldo vwd0
elolw| zh xvh wkh hvwlpdwhg VYDU wr jhqhudwh duwl�fldo hxur duhd gdwd xqghu d
sulfh vwdelolw| hqylurqphqw dqg frpsduh lw zlwk wkh dfwxdo gdwd1 Dv vxjjhvwhg
e| Edjoldqr dqg Prudqd +4<<<d/e/f/, dqg Edjoldqr hw do1 +5334d/e, zh frqvlghu
wkh Ehyhulgjh0Qhovrq0Vwrfn0Zdwvrq shupdqhqw frpsrqhqw ri lq dwlrq dv wkh fruh
lq dwlrq surfhvv1 Wklv gh�qlwlrq kdv dovr ehhq uhfhqwo| dgyrfdwhg e| Frjoh| dqg
Vdujhqw +5334,1< Wkh vlpxodwlrq h{huflvh lv shuiruphg xqghu wkh vlpsoli|lqj dv0
vxpswlrq wkdw wkh prqhwdu| dxwkrulw| dlpv dw nhhslqj fruh lq dwlrq dw d ohyho
frqvlvwhqw zlwk sulfh vwdelolw|1 Wklv dvvxpswlrq fdswxuhv wkh lghd wkdw qrw doo
sulfh ghyhorsphqwv fdq eh dyrlghg e| wkh prqhwdu| dxwkrulwlhv/ qdpho| whpsr0
udu| sulfh ghyhorsphqwv uhvxowlqj iurp surgxfwlylw| vkrfnv1 Lq rxu prgho/ jlyhq
orqj0uxq vhsdudwlrq ehwzhhq wkh uhdo dqg wkh qrplqdo vlghv ri wkh hfrqrp|/ wkh
fruh lq dwlrq surfhvv +ZS|, lv gh�qhg dv

ZS| ' Zf n >Z| n �Sc2

|3�[
�'f

�qc|3�c +814,

zkhuh= ZS| c Zfc >Zc �Sc2c dqg �qc|3� duh wkh uhohydqw hohphqwv lq wkh pdwulfhv gh�qhg
lq htxdwlrq +617,1

<Rwkhu zrunv lq zklfk wklv gh�qlwlrq ri fruh lq dwlrq kdv ehhq vxjjhvwhg duh Eol{ +4<<:,
dqg Gkdu hw do1 +5333,1 Edjoldqr dqg Prudqd +4<<<d/e, surylgh hylghqfh wkdw doorzlqj iru
frlqwhjudwlrq uhvwulfwlrqv dqg d odujhu lqirupdwlrq vhw pd| ohdg wr fruh lq dwlrq hvwlpdwhv zklfk
duh pruh lq olqh zlwk wkh h{shfwhg wkhruhwlfdo surshuwlhv ri d fruh lq dwlrq surfhvv1
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Frqwuroolqj lq dwlrq lq wkh VYDU Wr fduu| rxw wkh srolf| vlpxodwlrqv
zh pxvw �uvw ghulyh d prqhwdu| srolf| uxoh iru frqwuroolqj lq dwlrq lq wkh VYHFP143

Frqvlghu wkdw dw d fhuwdlq srlqw lq wlph E|� wkhuh lv d srvlwlyh ghyldwlrq ri fruh
lq dwlrq iurp wkh sulfh vwdelolw| remhfwlyh EZS| � ZW : f�1 Zlwkrxw odfn ri jhqhu0
dolw|/ vxssrvh wkdw wkh prqhwdu| dxwrulw| zdqwv wr eulqj wkh hfrqrp| rqwr wkh
dlphg sulfh sdwk qh{w shulrg/ l1h1 dw wlph E| n ��� Wkh qhfhvvdu| lqqrydwlrq lq
fruh lq dwlrq lv jlyhq e|

�qc|n� '

#
ZW � Zf � >Z E| n ��� �Sc2

|3�[
�'f

�qc|3�

$
*�Sc2

' EZW � ZS| � >Z� *�Sc2� +815,

Iurp htxdwlrq +615, dqg wdnlqj htxdwlrq +6147, lqwr dffrxqw lw fdq eh vkrzq wkdw
wkh vkruw0whup lqwhuhvw udwh lqqrydwlrq qhfhvvdu| wr hqvxulqj wkh fruuhfwlrq lq fruh
lq dwlrq lv jlyhq e|

K8M Eu� +8Mc|n� ' w8M n\8M*|n�c +816,

zkhuh= K8M Eu� c +8Mc|n�c w8M c\8M c*|n� duh wkh uhohydqw hqwulhv lq wkh Ilvkhu sdu0
lw| htxdwlrq lq wkh UYDU uhsuhvhqwdwlrq ri wkh prgho1 Wkh ihdvlelolw| frqglwlrq iru
frqwuroolqj lq dwlrq lq wkh VYDU ghshqgv rq wkh lpsdfw ri wkh srolf| lqqrydwlrq
rq wkh Ilvkhu sdulw| glvhtxloleulxp jlyhq e|

Y+8Mc|n�
Y�qc|n�

' \8M cq c

zklfk pxvw kdyh wkh �uljkw� vljq dqg eh vwdwlvwlfdoo| vljql�fdqw144

43Mrkdqvhq dqg Mxvholxv +5334, ghulyhg d frqwuro uxoh iru wkh YHFP uhsuhvhqwdwlrq wkdw frxog/
lq sulqflsoh/ eh xvhg iru vlpxodwlqj hxur duhd gdwd xqghu d uhjlph ri sulfh vwdelolw|1 Krzhyhu/
wkh ihdvlelolw| frqglwlrq iru frqwuroolqj lq dwlrq lq wkh YHFP uhsuhvhqwdwlrq lv edvhg rq wkh
orqj0uxq uhvsrqvh ri lq dwlrq wr lqwhuhvw udwh lqqrydwlrqv jlyhq e| wkh uhohydqw hqwu| lq wkh orqj0
uxq lpsdfw pdwul{ lq wkh Zrog YPD uhsuhvhqwdwlrq +F+4, pdwul{,1 Vlqfh wkh odwwhu/ lq jhqhudo/
fdqqrw eh lghqwl�hg zlwk ruwkrjrqdo lqqrydwlrqv wr wkh lqwhuhvw udwh htxdwlrq/ lwv vljq dqg
vljql�fdqfh uh hfw erwk hqgrjhqrxv dqg h{rjhqrxv uhvsrqvhv ri lqwhuhvw udwhv wr pdfurhfrqrplf
ghyhorsphqwv dqg/ wkxv/ lwv xvh lv qrw dssursuldwh iru srolf| vlpxodwlrq h{huflvhv1 Krzhyhu/ wkh
dowhuqdwlyh phwkrgrorj| wkdw zh sursrvh lv qrw lppxqh wr wkh Oxfdv fulwltxh= rxu vwuxfwxudo
sdudphwhuv pd| qrw eh srolf| lqyduldqw1

44E| �uljkw� vljq zh phdq wkdw wkh uhdo vkruw0whup lqwhuhvw udwh pxvw lqfuhdvh iru d prqhwdu|
srolf| lqqrydwlrq wr wuljjhu d glvlq dwlrqdu| surfhvv1
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Wkh uhtxluhg vkruw0whup lqwhuhvw udwh ohyho qhfhvvdu| wr dfklhyh sulfh vwdelolw|
lq wkh qh{w shulrg +qhz srolf| uxoh, lv jlyhq e|

�|n� ' �| n\8Mcq �qc|n�� +817,

Li ghvludeoh/ fruh lq dwlrq fruuhfwlrq fdq eh dfklhyhg dw d orqjhu krul}rq e| dg0
mxvwlqj wkh vkruw0whup lqwhuhvw udwh lq vpdoohu vxffhvvlyh vwhsv1

Srolf| vlpxodwlrqv Zh vwduw zlwk dq xqfrqglwlrqdo frqwuro h{huflvh dssolhg
wr wkh 4<;:=T405333=T7 shulrg1 Lq Iljxuh 48 +xsshu sdqho, wkh revhuyhg vkruw0
whup lqwhuhvw udwh sdwk lv frpsduhg zlwk vlpxodwhg vhulhv wkdw fruuhvsrqg wr wkh
vkruw0whup lqwhuhvw udwh ohyhov wkdw zrxog kdyh kdg wr eh lpsohphqwhg dw hdfk
srlqw lq wlph wr dfklhyh uhvshfwlyho| 5(/ 418( dqg 4( lq dwlrq/ exw dvvxplqj
wkdw wkh uxoh zdv qhyhu iroorzhg1 Wkh orzhu sdqho vkrzv wkh xqghuo|lqj vlpxodwhg
fruh lq dwlrq surfhvvhv1

Dv h{shfwhg/ wkh revhuyhg lqwhuhvw udwh vhulhv lv/ rq dyhudjh/ orzhu wkdq wkh
ohyhov wkdw zrxog kdyh ehhq frqvlvwhqw zlwk wkh dlp ri dfklhylqj lq dwlrq udwhv
ehorz 5(1 Qrwh wkdw vlqfh plg04<<9/ wkh vkruw0whup lqwhuhvw udwh kdv ehhq vhw dw
d ohyho wkdw eurdgo| dlpv dw lqfuhdvhv lq wkh JGS gh dwru ehwzhhq 418( dqg 5(
lq wkh hxur duhd1

Wkh vlpxodwlrq dovr vxjjhvwv wkdw wkh uhfhqw ghyldwlrq ri lq dwlrq iurp wkh
gh�qlwlrq ri sulfh vwdelolw| +Iljxuh 48> orzhu sdqho, lv qrw uhodwhg wr wkh lqwhuhvw
udwh vhwwlqj exw lqvwhdg pljkw eh gxh wr wkh whpsrudu| lpsdfw rq lq dwlrq ri
surgxfwlylw| vkrfnv +vxssruwhg e| wkh klvwrulfdo ghfrpsrvlwlrqv lq Iljxuh 47,1

Qh{w zh vlpxodwh hxur duhd gdwd dvvxplqj wkdw wkh frqwuro uxoh lv dfwxdoo| lp0
sohphqwhg vwduwlqj iurp 4<;:=T41 Wkh hxur duhd hfrqrp| lv h{srvhg wr klvwrulfdo
vkrfnv +h{fhsw wkh vkruw0whup lqwhuhvw udwh, wr rewdlq wkh wlph sdwk ri wkh ydul0
deohv xqghu wkh qhz uhjlph1 Zh frqvlghuhg 5(/ 418( dqg 4( lq dwlrq remhfwlyhv1
Lq Iljxuh 49 zh sorw wkh vlpxodwhg dqg hvwlpdwhg f|folfdo frpsrqhqwv iru rxwsxw
dqg wkh vwrfn pdunhw/ xqghu wkh gl�huhqw sulfh vwdelolw| vfhqdulrv1 Iurp wkh sorwv
lw fdq eh qrwlfhg wkdw d vxffhvvixo lq dwlrq frqwuro srolf| zrxog kdyh jhqhudwhg d
uhdo vwrfn pdunhw sulfh lqgh{ forvhu wr wkhlu wuhqg ydoxh/ zlwkrxw dyrlglqj f|folfdo
 xfwxdwlrqv1 Lq dgglwlrq/ wkh rxwsxw frvwv ri sulfh vwdelolw|/ uhodwlyh wr wkh uhdolvhg
rxwsxw f|foh/ whqg wr }hur rq dyhudjh ryhu wkh vdpsoh frqvlghuhg/ vlqfh wkh lqlwldo
qhjdwlyh lpsdfw rq wkh rxwsxw jds lq wkh odwh 4<;3v lv frpshqvdwhg e| d srvlwlyh
lpsdfw lq wkh 4<<3v1 Wkh uhvxowv duh urexvw wr wkh wkuhh ohyhov ri wkh lq dwlrq
remhfwlyh frqvlghuhg1
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Lq vxppdu|/ wkh frqwuro h{huflvh frq�upv wkh pdlq uhvxowv ri wkh hpslulfdo
dqdo|vlv= d prqhwdu| srolf| frpplwwhg wr sulfh vwdelolw| kdv d ehqh�fldo lpsdfw
rq �qdqfldo vwdelolw| exw fdqqrw dyrlg wkh odujh vwrfn pdunhw  xfwxdwlrqv revhuyhg
hpslulfdoo|1

91 Frqfoxvlrqv

Wkh lqwhuhvw udwh dqg wkh dvvhw sulfh fkdqqhov vhhp wr sod| dq lpsruwdqw uroh lq
wkh wudqvplvvlrq phfkdqlvp lq wkh hxur duhd dv uhdo rxwsxw fruuhfwv uhodwlyh wr
wkh vorsh ri wkh |lhog fxuyh dqg vwrfn pdunhw glvhtxloleulxp1

Shupdqhqw surgxfwlylw| vkrfnv gulyh wkh vwrfn pdunhw lq wkh orqj0uxq dqg
h{sodlq wkh whqghqwldo ehkdylrxu ri vwrfn pdunhw sulfh ryhu wkh f|foh1 Krzhyhu/
wkh f|folfdo g|qdplfv lq wkh vwrfn pdunhw duh dovr h{sodlqhg e| wudqvlwru| vkrfnv/
sduwlfxoduo| suhihuhqfh wr oltxlglw| vkrfnv +zklfk fdswxuh wkh vshfxodwlyh qdwxuh
ri wkh pdunhw,/ djjuhjdwh ghpdqg vkrfnv/ dqg prqhwdu| srolf| vkrfnv1

Shupdqhqw prqhwdu| vxusulvhv kdyh d vwurqj/ |hw whpsrudu|/ lpsdfw rq wkh
vwrfn pdunhw dqg d shupdqhqw lpsdfw rq lq dwlrq1 Wklv vxjjhvwv wkdw d prqhwdu|
srolf| irfxvhg rq wkh vwrfn pdunhw frxog hdvlo| ehfrph lqfrpsdwleoh zlwk wkh
sulfh vwdelolw| remhfwlyh1 Rq wkh frqwudu|/ d sulfh vwdelolw| rulhqwhg prqhwdu|
srolf| pd| kdyh d ehqh�fldo lpsdfw dovr rq wkh vwrfn pdunhw1 Qhyhuwkhohvv/ lw lv
xqolnho| wkdw vwrfn pdunhw sulfh  xfwxdwlrqv fdq eh frqwuroohg ru dyrlghg wkurxjk
prqhwdu| srolf| dfwlrqv1

Uhihuhqfhv

^4` Dofkldq/ D1D1 dqg E1 Nohlq/ 4<:6/ Rq d Fruuhfw Phdvxuh ri Lq dwlrq/ Mrxuqdo
ri Prqh| Fuhglw dqg Edqnlqj/ 8+4,/ 4:60<41

^5` Edjoldqr/ I1F1 dqg F1 Prudqd/ 4<<<d/ D Frpprq Wuhqgv Prgho ri XN Fruh
Lq dwlrq/ Hpslulfdo Hfrqrplfv/ iruwkfrplqj1

^6` Edjoldqr/ I1F1 dqg F1 Prudqd/ 4<<<e/ Phdvxulqj XV Fruh Lq dwlrq/ Mrxuqdo
ri Pdfurhfrqrplfv/ iruwkfrplqj1

^7` Edjoldqr/ I1F1 dqg F1 Prudqd/ 4<<<f/ Phdvxulqj Fruh Lq dwlrq lq Lwdo|/
Jlruqdoh ghjol Hfrqrplvwl h Dqqdol gl Hfrqrpld/ 8;+607,/ 63405;1
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^8` Edjoldqr/ I1F1/ U1 Jrolqhool dqg F1 Prudqd/ 5334d/ Fruh Lq dwlrq lq wkh Hxur
Duhd/ Dssolhg Hfrqrplfv Ohwwhuv/ iruwkfrplqj1

^9` Edjoldqr/ I1F1/ U1 Jrolqhool dqg F1 Prudqd/ 5334e/ Lq dwlrq Prghoolqj lq
wkh Hxur Duhd/ plphr1

^:` Ednvkl/ J1 V1 dqg ]1 Fkhq/ 4<<9/ Lq dwlrq/ Dvvhw Sulfhv/ dqg wkh Whup Vwuxf0
wxuh ri Lqwhuhvw Udwhv lq Prqhwdu| Hfrqrplhv/ Uhylhz ri Ilqdqfldo Vwxglhv/
</ 57405:81

^;` Ehuqdqnh/ E1 dqg P1 Jhuwohu/ 4<;</ Djhqf| Frvwv/ Qhw Zruwk/ dqg Exvlqhvv
Ioxfwxdwlrqv/ Wkh Dphulfdq Hfrqrplf Uhylhz/ :<+4,/ 470641

^<` Ehuqdqnh/ E1 dqg P1 Jhuwohu/ 4<<</ Prqhwdu| Srolf| dqg Dvvhw Sulfh Yrodwlo0
lw|/ Qhz Fkdoohqjhv iru Prqhwdu| Srolf|/ Ihghudo Uhvhuyh ri Ndqvdv Flw|/
4:0841

^43` Ehuqdqnh/ E1/ P1 Jhuwohu dqg V1 Jlofkulvw/ 4<<;/ Wkh Ilqdqfldo Dffhohudwru
lq d Txdqwlwdwlyh Exvlqhvv F|foh Iudphzrun/ QEHU 97881

^44` Eodqfkdug/ R1M1/ 4<:</ Vshfxodwlyh Exeeohv/ Fudvkhv dqg Udwlrqdo H{shfwd0
wlrqv/ Hfrqrplfv Ohwwhuv/ 6/ 6;:0;<1

^45` Eodqfkdug/ R1M1/ 4<;4/ Rxwsxw/ wkh Vwrfn Pdunhw/ dqg Lqwhuhvw Udwhv/ Dphu0
lfdq Hfrqrplf Uhylhz/ :4/ 46504761

^46` Eol{/ P1/ 4<<:/ Xqghuo|lqj Lq dwlrq= D Frpprq Wuhqgv Dssurdfk/ Vyhuljh
UlnvEdqn Zrunlqj Sdshu Vhulhv/ qr1 561

^47` Erqgw gh/ J1/ 4<<</ Fuhglw Fkdqqhov dqg Frqvxpswlrq lq Hxursh= Hpslulfdo
Hylghqfh/ ELV Zrunlqj Sdshuv/ qr1 9<1

^48` Errqh/ O1/ F1 Jlruqr dqg S1 Ulfkdugvrq/ 4<<;/ Vwrfn Pdunhw Ioxfwxdwlrqv
dqg Frqvxpswlrq Ehkdylrxu= Vrph Uhfhqw Hylghqfh/ RHFG/ Hfrqrplfv
Ghsduwphqw/ Zrunlqj Sdshuv/ qr1 53;1

^49` Erulr F1H1Y1/ Q1 Nhqqhg| dqg V1G1 Surzvh/ 4<<7/ H{sorulqj Djjuhjdwh Dv0
vhw Sulfh Ioxfwxdwlrqv Dfurvv Frxqwulhv1 Phdvxuhphqw/ Ghwhuplqdqwv dqg
Prqhwdu| Srolf| Lpsolfdwlrqv/ ELV Hfrqrplf Sdshuv/ qr1 731

^4:` Eudqg/ F1 dqg Q1 Fdvvrod/ 5333/ D Prqh| Ghpdqg V|vwhp iru Hxur Duhd
P6/ Hxurshdq Fhqwudo Edqn Zrunlqj Sdshuv Vhulhv/ qr16<1
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^4;` Fhffkhwwl V1J1/ K1 Jhqehuj/ M1 Olsvn|/ dqg V1 Zdgkzdql/ 5333/ Dvvhw Sulfhv
dqg Fhqwudo Edqn Srolf|/ Jhqhyd Uhsruwv rq wkh Zruog Hfrqrp|/ qr1 51

^4<` Frhqhq J1 dqg M1O1Yhjd/ 4<<</ Wkh Ghpdqg iru P6 lq wkh Hxur Duhd/ Hx0
urshdq Fhqwudo Edqn Zrunlqj Sdshuv Vhulhv/ qr191

^53` Frjoh|/ W1/ 4<<</ Vkrxog wkh Ihg Wdnh Gholehudwh Vwhsv wr Gh dwh Dvvhw Sulfh
ExeeohvB/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr Hfrqrplf Uhylhz/ 4/ 750841

^54` Frjoh|/ W1 dqg W1M1 Vdujhqw/ 5333/ Hyroylqj Srvw0Zruog LL X1V1 Lq dwlrq
G|qdplfv/ plphr/ Vwdqirug Xqlyhuvlw|1

^55` Gdylgvrq/ M1/ 4<<;/ Vwuxfwxudo Uhodwlrqv/ Frlqwhjudwlrq dqg Lghqwl�fdwlrq=
Vrph Vlpsoh Uhvxowv dqg wkhlu Dssolfdwlrq/ Mrxuqdo ri Hfrqrphwulfv/ ;:/
;:04461

^56` Gkdu/ V1/ G1 Sdlq dqg U1 Wkrpdv/ 5333/ D Vpdoo Vwuxfwxudo Hpslulfdo Prgho
ri wkh XN Prqhwdu| Wudqvplvvlrq Phfkdqlvp/ Edqn ri Hqjodqg Zrunlqj
Sdshu Vhulhv/ qr1 4461

^57` Gled/ E1W1 dqg K1L1 Jurvvpdq/ 4<;6/ Udwlrqdo Dvvhw Sulfh Exeeohv/ QEHU
zrunlqj sdshu qr1438<1

^58` GhOrdfk/ V1E1 dqg Udvfkh/ U1E1/ 4<<;/ Vwrfkdvwlf Wuhqgv dqg Hfrqrplf
Ioxfwxdwlrqv lq d Odujh Rshq Hfrqrp|/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg
Ilqdqfh/ 4:/ 8980<91

^59` Hqjoh/ U1I1 dqg I1 Ydklg/ 4<<6/ Frpprq Wuhqgv dqg Frpprq F|fohv/ Mrxu0
qdo ri Dssolhg Hfrqrphwulfv/ ;/ 6740931

^5:` Ilodugr D1M1/ 5333/ Prqhwdu| Srolf| dqg Dvvhw Sulfhv/ Ihghudo Uhvhuyh ri
Ndqvdv Flw| Hfrqrplf Uhylhz/ 6/ 4406:1

^5;` Iorrg/ U1S1 dqg S1 Jduehu/ 4<;3/ Pdunhw Ixqgdphqwdov Yhuvxv Sulfh Ohyho
Exeeohv= Wkh Iluvw Whvwv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;;/ :780:31

^5<` Iulhgpdq/ Plowrq/ 4<;;/ Prqh| dqg wkh Vwrfn Pdunhw/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <9/ 55405781

^63` Iurrw/ N1 dqg P1 Revwhihog/ 4<<4/ Lqwulqvlf Exeeohv= wkh Fdvh ri Vwrfn Sulfhv/
Wkh Dphulfdq Hfrqrplf Uhylhz/ ;4+8,/ 44;<045471
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^64` Jdoor/ J1P1 dqg K1 Nhpsi/ 4<<8/ Frlqwhjudwlrq/ Frghshqghqfh dqg Hfr0
qrplf Ioxfwxdwlrqv/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh/ Zrunlqj Sdshu lq Hfr0
qrplfv/ qr1 <825:1

^65` Jrrgkduw/ F1D1/ 4<<</ Wlph/ Lq dwlrq dqg Dvvhw Sulfhv/ plphr/ Orqgrq
Vfkrro ri Hfrqrplfv1

^66` Jrrgkduw/ F1D1 dqg E1 Kripdqq/ 5333d/ Ilqdqfldo Yduldeohv dqg wkh Frqgxfw
ri Prqhwdu| Srolf|/ Vyhuljh Ulnvedqn/ Zrunlqj Sdshu Vhulhv/ qr14451

^67` Jrrgkduw/ F1D1 dqg E1 Kripdqq/ 5333e/ Gr Dvvhw Sulfhv Khos wr Suhglfw
Frqvxphu Sulfh Lq dwlrq/ Wkh Pdqfkhvwhu Vfkrro/ 9;/ Vxssohphqw/ 45504731

^68` Jrolqhool/ U1 dqg V1 Sdvwruhoor/ 5333/ Prghoolqj wkh Ghpdqg iru P6 lq wkh
Hxur Duhd/ pdqxvfulsw/ Xqlyhuvlw| ri Erorjqd1

^69` Jrugrq/ P1M1/ 4<95/ Wkh Lqyhvwphqw/ Ilqdqflqj dqg Ydoxdwlrq ri wkh Frusr0
udwlrq/ Krphzrrg/ Ulfkdug G1 Luzlq1

^6:` Judqjhu/ F1Z1M1 dqg Q1 Kdoguxs/ 4<<:/ Vhsdudwlrq lq Frlqwhjudwhg V|vwhpv
dqg Shuvlvwhqw0Wudqvlwru| Ghfrpsrvlwlrqv/ R{irug Exoohwlq ri Hfrqrplfv dqg
Vwdwlvwlfv/ 8<+7,/ 77<0961

^6;` Kdplowrq/ M1G1 dqg F1K1 Zklwhpdq/ 4<;8/ Wkh Revhuydeoh Lpsolfdwlrqv ri
Vhoi Ixo�oolqj H{shfwdwlrqv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4</ 47809<1

^6<` Lnhgd/ V1 dqg D1 Vkledwd/ 4<<5/ Ixqgdphqwdov0Ghshqghqw Exeeohv lq Vwrfn
Sulfhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 63/ 47609;1

^73` Luhodqg/ Shwhu Q1/ 5333/ Lqwhuhvw Udwhv/ Lq dwlrq/ dqg Ihghudo Uhvhuyh Srolf|
vlqfh 4<;3/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 65/ 6+4,/ 74:07671

^74` Mrkdqvhq/ V1/ 4<;;/ Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlqj Yhfwruv/ Mrxuqdo ri
Hfrqrplf G|qdplfv dqg Frqwuro/ 45/ 5640871

^75` Mrkdqvhq/ V1 dqg N1 Mxvholxv/ 5334/ Frqwuroolqj Lq dwlrq lq d Frlqwhjudwhg
Yhfwru Dxwruhjuhvvlyh Prgho zlwk Dssolfdwlrq wr XV Gdwd/ Hxurshdq Xql0
yhuvlw| Lqvwlwxwh/ plphr1

^76` Nlqj U1J1/ Sorvvhu F1L1/ Vwrfn M1K1/ dqg Zdwvrq P1Z1/ 4<<4/ Vwrfkdvwlf
Wuhqgv dqg Hfrqrplf Ioxfwxdwlrqv/ Wkh Dphulfdq Hfrqrplf Uhylhz/ ;4+7,/
;4<0731
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^77` Nl|rwdnl Q1/ dqg M1 Prruh/ 4<<:/ Fuhglw F|fohv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/
438/ 54407;1

^78` Nrqlvkl/ W1 dqg F1Z1M1 Judqjhu/ 4<<5/ Vhsdudwlrq lq Frlqwhjudwhg V|vwhpv/
plphr/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

^79` Odvwudshv/ Z1G1/ 4<<;/ Lqwhuqdwlrqdo Hylghqfh rq Htxlw| Sulfhv/ Lqwhuhvw
Udwhv dqg Prqh|/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 4:/ 6::07391

^7:` Ohh/ E10V1/ 4<<5/ Fdxvdo Uhodwlrq Dprqj Vwrfn Uhwxuqv/ Lqwhuhvw Udwhv/ Uhdo
Dfwlylw|/ dqg Lq dwlrq/ Wkh Mrxuqdo ri Ilqdqfh/ [OYLL +7,/ 48<4049361

^7;` Oxgyljvrq/ V1 dqg F1 Vwhlqgho/ 4<<</ Ihghudo Uhvhuyh Edqn ri Qhz \run/ Mxo|/
5<0841

^7<` Phoodqghu/ H1/ D1 Yuhglq dqg D1 Zduqh/ 4<<5/ Vwrfkdvwlf Wuhqgv dqg Hfr0
qrplf Ioxfwxdwlrqv lq d Vpdoo Rshq Hfrqrp|/ Mrxuqdo ri Dssolhg Hfrqr0
phwulfv/ :/ 69<0<71

^83` Prgljoldql/ I1/ 4<:4/ Prqhwdu| Srolf| dqg Frqvxpswlrq/ lq Ihghudo Uhvhuyh
Edqn ri Ervwrq/ Frqvxphu Vshqglqj dqg Prqhwdu| Srolf|= wkh Olqndjhv1

^84` Shhuvpdq/ J1 dqg I1 Vphwv/ 5333/ Wkh Lqgxvwu| H�hfwv ri Prqhwdu| Srolf|
lq wkh Hxur Duhd/ plphr/ Hxurshdq Fhqwudo Edqn1

^85` Srroh/ Zlooldp/ 4<:3/ Rswlpdo Fkrlfh ri Prqhwdu| Srolf| Lqvwuxphqwv lq d
Vlpsoh Vwrfkdvwlf Pdfur Prgho/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ ;7/ 4<:0
5491

^86` Srwhued/ M1P1/ 5333/ Vwrfn Pdunhw Zhdowk dqg Frqvxpswlrq/ Mrxuqdo ri
Hfrqrplf Shuvshfwlyhv/ 47+5,/ <<044;1

^87` Surlhwwl/ W1 / 4<<:/ Vkruw0Uxq G|qdplfv lq Frlqwhjudwhg V|vwhpv/ R{irug
Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 8</ 6/ 73607551

^88` Udsdfk/ G1H1/ 5334/ Pdfur Vkrfnv dqg Uhdo Vwrfn Sulfhv/ Mrxuqdo ri Hfr0
qrplfv dqg Exvlqhvv/ 86/ 80591

^89` Vhoolq/ S1/ 5334/ Prqhwdu| Srolf| dqg wkh Vwrfn Pdunhw= Wkhru| dqg Hpslu0
lfdo Hylghqfh/ Mrxuqdo ri Hfrqrplf Vxuyh|v/ 48/ 7/ 7<408741
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^8:` Vphwv/ I1/ 4<<:/ Ilqdqfldo Dvvhw Sulfhv dqg Prqhwdu| Srolf|= Wkhru| dqg
Hylghqfh/ FHSU Zrunlqj Sdshu/ qr1 4:841

^8;` Vwrfn/ M1K1 dqg P1Z1 Zdwvrq/ 4<;;/ Whvwlqj iru Frpprq Wuhqgv/ Mrxuqdo
ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;6/ 43<:043:1

^8<` Wrelq/ M1/ 4<9</ D Jhqhudo Htxloleulxp Dssurdfk wr Prqhwdu| Wkhru|/ Mrxu0
qdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 4/ 4805<1

^93` Yhuphxohq/ S1/ Exvlqhvv Il{hg Lqyhvwphqw= Hylghqfh ri Ilqdqfldo Dffhohudwru
lq Hxursh/ Hxurshdq Fhqwudo Edqn Zrunlqj Sdshu Vhulhv/ qr1 6:1

^94` Yoddu/ S1M1J dqg K1 Vfkxehuwk/ 4<<;/ Prqhwdu| Wudqvplvvlrq dqg Frqwuro0
odelolw| ri Prqh| lq Hxursh= d Vwuxfwxudo Yhfwru Huuru Fruuhfwlrq Dssurdfk/
Gh Qhghuodqgvfkh Edqn Vwd� Uhsruwv/ qr1691

^95` Zduqh/ D1/ 4<<6/ D Frpprq Wuhqgv Prgho= Lghqwl�fdwlrq/ Hvwlpdwlrq dqg
Lqihuhqfh/ Vhplqdu Sdshu Qr1 888/ LLHV/ Vwrfnkrop Xqlyhuvlw|1
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:1 Dsshqgl{= wkh wkhruhwlfdo prgho

Wkh hfrqrp| lv uhsuhvhqwhg e| vl{ hqgrjhqrxv yduldeohv phdvxuhg lq qdwxudo orj0
dulwkpv= uhdo JGS ++|,/ lq dwlrq gh�qhg dv/ R| � R|3� ' Z| zkhuh R| lv wkh JGS
gh dwru/ uhdo P6 edodqfhv +6| � R| ' o6|,/ vkruw0whup lqwhuhvw udwh +�|,/ erqg
|lhog +,|,/ dqg uhdo vwrfn pdunhw sulfh lqgh{ + s|, zklfk lv wkh orj ri wkh vwrfn
pdunhw sulfh lqgh{ gh dwhg e| wkh JGS gh dwru1

:141 Wkh vwhdg|0vwdwh ri wkh prgho

Ixqgdphqwdo vwrfkdvwlf surfhvvhv Wzr xqghuo|lqj vwrfkdvwlf surfhvvhv
gulyh wkh hqgrjhqrxv yduldeohv lq wkh orqj0uxq/ qdpho| d whfkqrorj| yduldeoh +w|,
dqg d qrplqdo yduldeoh +q|, uhodwhg wr wkh orqj0uxq lq dwlrq remhfwlyh ri wkh
prqhwdu| dxwkrulwlhv1 Wkhvh yduldeohv hyroyh ryhu wlph dffruglqj wr wkh odzv ri
prwlrq

w| ' &w n w|3� n �wc| +:14,

q| ' q|3� n �qc|c +:15,

zkhuh �wc| dqg �qc| duh xqfruuhodwhg zklwh qrlvh surfhvvhv dqg &w : f lv d sdudph0
whu1 Wkxv/ w| dqg q| duh UE�� surfhvvhv1

Djjuhjdwh vxsso| Wkh vxsso| vlgh ri wkh hfrqrp| +DV, lv ghvfulehg e|

Z| ' ZW| n k� E+| � +W| � c +:16,

zkhuh h{shfwhg lq dwlrq +ZW| , dqg srwhqwldo rxwsxw ++
W

| ,/ gh�qhg dv *�4
�<"

.|EZ|n�� '

ZW| dqg *�4
�<"

.|E+|n�� ' +W| / hyroyh ryhu wlph dffruglqj wr

+W| ' ��w| +:17,

ZW| ' �2q| n ��w|c +:18,

dqg zkhuh k� � fc �� � fc �2 � fc �� � f duh sdudphwhuv1
Dsduw iurp wkh vxsso| htxdwlrq rxu prgho exlogv rq sruwirolr edodqfh dqg

duelwudjh uhodwlrqv1

ECB •  Work ing  Pape r  No  119 •  J anua r y  2002 45



Prqh| ghpdqg Edvhg rq sruwirolr wkhru|/ prqh| ghpdqg fdq eh vshfl�hg
dv d ixqfwlrq ri d vfdoh idfwru dqg d yhfwru ri uhodwlyh udwhv ri uhwxuq

o6| ' ��+| � !3t|c +:19,

zkhuh t| lv d yhfwru ri vsuhdgv ri |lhogv rq dowhuqdwlyh dvvhwv zlwk wkh +rzq, udwh
ri uhwxuq rq uhdo edodqfhv dqg ! lv d yhfwru ri sdudphwhuv1 Dv wkh prgho lqfoxghv
irxu dvvhwv +P6/ vkruw0whup eloov/ orqj0whup erqgv dqg vwrfnv,/ zh dvvxph wkdw
wkhuh lv d vwdwlrqdu| frpelqdwlrq ri wkuhh |lhog vsuhdgv45 vxfk wkdw

!3t| ' 06c| q UEf�c

zkhuh
06c| ' 4�06c|3� n �rc| 4� 	 ��

dqg �rc| lv zklwh qrlvh1

Whup vwuxfwxuh Rqh duelwudjh uhodwlrqvkls olqnv wkh |lhogv rq vkruw0whup
eloov dqg orqj0whup erqgv

,| ' �| n �, n 0,c|c +:1:,

zkhuh 0,c| iroorzv
0,c| ' 420,c|3� n �,c| 42 	 �

dqg �,c| lv zklwh qrlvh1
Wkh h{shfwdwlrqv wkhru| ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv fdq eh h{suhvvhg

lq orjdulwkplf irup dv

,| '
�

?

?3�[
�'f

.| d�|n�o n �,c

zkhuh ,| lv h{suhvvhg dv dq dyhudjh ri h{shfwhg rqh shulrg orj |lhogvc .| d�|n�o/ �,
lv d whup suhplxp dqg ? lv wkh pdwxulw| ri wkh erqg1 Vxewudfwlqj �| iurp erwk
vlghv zh kdyh wkh uhodwlrqvkls lq +:1:,

,| � �| ' �, n
�

?

?3�[
�'f

.| d�|n� � �|o c

zlwk �
?

?3�[
�'f

.| d�|n� � �| o ' 0,c|�

45Wkh ydolglw| ri wkh dvvxpswlrq rq wkh h{lvwhqfh ri d vwdwlrqdu| frpelqdwlrq ri wkuhh |lhog
vsuhdgv lv whvwhg djdlqvw wkh gdwd dv h{sodlqhg lq vhfwlrq 7141
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Ilvkhu sdulw| Dqrwkhu duelwudjh uhodwlrqvkls olqnv wkh udwh ri uhwxuq rq
fdslwdo zlwk wkh vkruw0whup lqwhuhvw udwh

�| ' �sR n ��Z| n 0�c|c +:1;,

zkhuh �sR lv wkh vxp ri wkh uhdo vkruw0whup lqwhuhvw udwh dqg wkh lq dwlrq ulvn
suhplxp/ dqg 0�c| lv d vwdwlrqdu| glvwxuedqfh

0�c| ' 4�0�c|3� n ��c| 4� 	 ��

E| zulwlqj wkh uhdo udwh ri uhwxuq rq fdslwdo dv

� n 4| ' E� n 4� i T E04c|� c

wkh Ilvkhu k|srwkhvlv iru wkh vkruw0whup lqwhuhvw udwh fdq eh h{suhvvhg dv

� n-| ' E� n 4|n��
�
� n ZW|n�

�
i T E0oRc|n�� c

zkhuh -| lv wkh jurvv qrplqdo uhwxuq rq d vkruw0whup lqyhvwphqw/ iurp | wr |n �/
0oRc| lv d vwdwlrqdu| ulvn suhplxp

0oRc| ' 4e0oRc|3� n �oRc| 4e 	 ��

H{shfwhg lq dwlrq lv jlyhq e|

E� n ZW| � ' E� n Z|� i T E�ZWc|� c

zkhuh �ZWc| lv d vwdwlrqdu| surfhvv1 E| frpelqlqj wkh deryh htxdwlrqv rqh rewdlqv

� n-| ' E� n 4� E� n Z|n�� i T E0oRc|n� n 04c|n� n �ZWc|n�� c

zklfk |lhogv wkh orj olqhdu dssur{lpdwlrq

�| ' E4n 0oRc|n�� n Z|n� n E04c|n� n �ZWc|n�� c

ohdglqj wr +:1;, diwhu uhod{lqj wkh xqlw| frh!flhqw rq dfwxdo lq dwlrq1
Qrwh wkdw xvlqj +:1;, lq +:1:, zh jhw

,| ' E�sR n �,� n ��Z| n E0�c| n 0,c|�c +:1<,

zklfk lv wkh orqj0uxq Ilvkhu sdulw| uhodwlrq1
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Vwrfn pdunhw Wkh wklug duelwudjh uhodwlrq olqnv wkh vwrfn pdunhw dqg rxw0
sxw

s| ' �s n �e+| n 0sc|c +:143,

zkhuh s| lv wkh orj uhdo vwrfn pdunhw lqgh{ dqg 0sc| lv d vwdwlrqdu| glvwxuedqfh

0sc| ' 4D0sc|3� n �sc| 4D 	 �c

dqg �sc| lv zklwh qrlvh1
Iurp wkh suhvhqw0ydoxh prgho

8| ' .|

%
"[
�'�

E� n i�3� (|n�

&
c

zkhuh 8| lv wkh uhdo vwrfn pdunhw lqgh{/ i lv wkh +uhdo/ ulvn dgmxvwhg, glvfrxqw udwh
dqg (| lv wkh uhdo glylghqg sdlg dw wlph |1 Dvvxplqj d frqvwdqw udwh ri jurzwk
iru glylghqgv E}� c rqh rewdlqv wkh Jrugrq +4<95, jurzwk prgho

8| '
� n }

i� }
(|�

Li glylghqgv duh frqvwdqw wkh irupxod vlpsol�hv wr

(|

8|

' ic

zkhuh wkh glylghqg |lhog +(|

8|

, htxdov wkh uhdo ulvn0dgmxvwhg udwh ri uhwxuq rq fds0
lwdo1

Dvvxplqj d sursruwlrqdo uhodwlrqvkls ehwzhhq uhdo glylghqgv dqg rxwsxw

(| ' &t
�
e

| i T E0_c|�

0_c| ' 4S0_c|3� n �_c| 4S 	 �c

zh rewdlq htxdwlrq +:143,

s| ' *?

�
� n }

i� }

�
n *? & n �e+| n 0_c|�
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Duelwudjh ehwzhhq wkh erqg dqg wkh vwrfn pdunhwv Htxdwlrqv +:1<,
dqg +:143, kdyh lpsolfdwlrqv iru wkh g|qdplfv ri wkh erqg dqg wkh vwrfn pdunhw1
Frqvlghu wkdw glylghqgv duh frqvwdqw1 Lq wklv fdvh/ lq htxdwlrq +:143,/ �s '
E� *?in *? &�1 Lw iroorzv wkdw

s| � �e+| ' � *?in *? & n 0_c|(

jlyhq wkdw ,| � ��Z| ' E4 n 0oRc| n 04c|� n E�, n �ZWc| n 0,c|� d vxjjhvwhg uhodwlrq lv
E� *?in *? & n 0_c|� r E4n 0oRc| n 04c|�1

Wkxv/ hyhq wkrxjk ,| dqg Z| duh wlhg lq wkh orqj0uxq dqg dovr s| dqg +|/ lq wkh
vkruw0uxq wkhuh pxvw eh d +forvh, qhjdwlyh uhodwlrqvkls ehwzhhq ghyldwlrqv iurp
wkh orqj0uxq Ilvkhu uhodwlrq dqg ghyldwlrqv iurp wkh vwrfn pdunhw uhodwlrq li/ �ZWc|
dqg 0,c|/ duh qrw wrr yrodwloh1 Lq rwkhu zrugv/ wkh ghyldwlrq iurp wkh +orqj0uxq,
Ilvkhu uhodwlrq lv uhodwhg wr wkh yduldwlrq lq wkh uhdo udwh ri uhwxuq rq fdslwdo soxv
wkh yduldwlrq lq wkh ulvn suhplxp/ hvvhqwldoo| wkh vdph idfwruv wkdw vkrxog h{sodlq
wkh ghyldwlrq iurp wkh vwrfn pdunhw htxloleulxp uhodwlrq1

Vwhdg|0vwdwh ri wkh prgho Wr �qg wkh vwhdg|0vwdwh ri wkh prgho/ wkh
lqlwldo ydoxhv ri wkh h{rjhqrxv yduldeohv duh vhw htxdo wr }hur1 Jlyhq wkdw ��c|
� ' wc qc ZWc sc ,c oRc6c �c _c r duh l1l1g1 zlwk }hur phdq/ frqvwdqw yduldqfhv dqg }hur
fryduldqfhv/ lq wkh vwhdg| vwdwh +| ' +W| / s| ' s W| c Z| ' ZW| / ��c| ' 0�c| ' f1 Wkxv/
ljqrulqj frqvwdqwv/ wkh vwhdg|0vwdwh lv dv iroorzv

Z| ' ZW| ' �2q| n ��w|c +:144,

+| ' +W| ' ��w|c +:145,

o6| ' o6W

| ' ��+
W

| ' ����w|c +:146,

,| ' ,W| ' ��Z
W

| ' ���2q| n ����w|c +:147,

�| ' �W| ' ��Z
W

| ' ���2q| n ����w|c +:148,

s| ' sW| ' �e+
W

| ' �e��w|c +:149,

ru/ pruh frpsdfwo|/ 5
9999997

+|
s|
o6|

�|
,|
Z|

6
::::::8
'

5
9999997

�� f
�e�� f
���� f
���� ���2
���� ���2
�� �2

6
::::::8
�
w|
q|

�
� +:14:,
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Wkh vwhdg|0vwdwh glvsod|v prqhwdu| qhxwudolw| dv wkh qrplqdo wuhqg +q|� grhv qrw
kdyh dq lpsdfw rq uhdo yduldeohv ++|c s|c o6|, lq wkh orqj0uxq1

:151 Vkruw0uxq suhglfwlrqv ri wkh prgho

Wr lqyhvwljdwh wkh vkruw0uxq ehkdylrxu ri wkh hqgrjhqrxv yduldeohv lqfoxghg lq
wkh v|vwhp lw lv qhfhvvdu| wr vshfli| dq dgglwlrqdo htxdwlrq iru wkh ghwhuplqdwlrq
ri rxwsxw lq wkh vkruw0uxq1

LV htxdwlrq Zh dvvxph wkdw wkh jrrgv pdunhw htxloleulxp/ lq ghyldwlrqv
iurp wkh vwhdg| vwdwh/ lv ghvfulehg e| wkh iroorzlqj htxdwlrq

+| � +W| ' �k2 dE,| � ,W| �� EZ| � ZW| �o n k� Es| � s W| � n 0�(c| c +:14;,

0�(c| ' 4.0�(c|3� n ��(c| 4. 	 �c

Wklv lv dq dxjphqwhg LV htxdwlrq zkhuh rxwsxw lv qhjdwlyho| uhodwhg wr wkh orqj0
whup uhdo lqwhuhvw udwh +lqyhvwphqw frpsrqhqw,/ srvlwlyho| uhodwhg wr wkh uhdo vwrfn
pdunhw sulfh lqgh{ +Wrelq*v t 2 edodqfh vkhhwv frpsrqhqw,/ dqg ghshqgv rq d
wudqvlwru| vkrfn/ srvvleo| uhodwhg wr �vfdo srolf|1

Djjuhjdwh ghpdqg Wkh mrlqw htxloleulxp lq �qdqfldo dqg jrrgv pdunhwv
ghwhuplqhv djjuhjdwh ghpdqg +DG,1 Dvvxplqj wkdw wkh vkruw0whup lqwhuhvw udwh
lv wkh srolf| yduldeoh/ wkh vkruw0whup Ilvkhu sdulw| htxdwlrq fdq eh frqvlghug dv
wkh uxoh iru vhwwlqj wkh vkruw0whup udwh e| wkh prqhwdu| dxwkrulw|1 Wr ghulyh
wkh djjuhjdwh ghpdqg ixqfwlrq zh xvh wkh whup vwuxfwxuh uhodwlrq/ wkh vkruw0whup
Ilvkhu sdulw| dqg wkh vwrfn pdunhw htxloleulxp frqglwlrq lq htxdwlrq +5144,1 Wkh
djjuhjdwh ghpdqg lq ghyldwlrq iurp wkh vwhdg| vwdwh/ lv

+| � +W| ' ��2EZ| � ZW| �� �D0�c| n �.0�(c| n �S0sc| � �D0,c|c

zkhuh �. '
�

�� k��e
c ��2 ' �k2 E�� � ���.c �D ' k2�.c �S ' k��.� Li �. : f

+k��e 	 �,/ wkhq �D dqg �S duh srvlwlyh1 Lq dgglwlrq/ li �� : �/ wkhq dovr �2 lv
srvlwlyh1 Zh dvvxph wkdw wkhvh +vwdelolw|, frqglwlrqv duh phw1 Wkh hfrqrplf lq0
whusuhwdwlrq ri wkhvh dvvxpswlrqv lv wkdw wkh djjuhjdwh ghpdqg fxuyh lv qhjdwlyho|
vorshg lq wkh E+|c Z|� vsdfh1
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Vkruw0whup pdfurhfrqrplf htxloleulxp Wkh DG2DV prgho lq ghyld0
wlrqv iurp wkh vwhdg| vwdwh fdq eh zulwwhq dv iroorzv

+| � +W| ' ��2EZ| � ZW| �� �D0�c| n �.0�(c| n �S0sc| � �D0,c|c

Z| � ZW| ' k� E+| � +W| � c

dqg vroyhg iru wkh rxwsxw dqg lq dwlrq jdsv1 Wkh uhgxfhg irup ri wkh prgho lv
wkhuhiruh

�
+| � +W|
Z| � ZW|

�
'

�

�b

�
�D ��. ��S �D

k��D �k��. �k��S k��D

�5997
0�c|
0�(c|

0sc|
0,c|

6
::8 c +:14<,

zkhuh �b ' �� � k��2� Dvvxplqj �� : � dqg k��e 	 �/ b lv srvlwlyh Eb '

� n
k�k2 E�� � ��

�� k��e
: f�1

Wkh prgho suhglfwv wkdw vkruw0 dqg orqj0whup lqwhuhvw udwh lqqrydwlrqv kdyh
d qhjdwlyh lpsdfw rq lq dwlrq dqg rxwsxw/ zkloh ghpdqg dqg �qdqfldo vkrfnv
kdyh srvlwlyh lpsdfwv rq erwk yduldeohv1 Lq dgglwlrq/ li k� 	 � wkh lpsdfw rq wkh
lq dwlrq f|foh zloo eh vpdoohu wkdq wkh lpsdfw rq wkh rxwsxw f|foh1 Ilqdoo|/ jlyhq
wkh uhfxuvlyh vwuxfwxuh ri wkh hfrqrp|/ wkh uhgxfhg irup ri wkh rwkhu vkruw0whup
htxdwlrqv lv jlyhq e| 5

997
s| � s W|

o6| � o6W

|

�| � �W|
,| � ,W|

6
::8 ' +:153,

'
�

�b

5
997

�e�D ��e�. �e�S � b �e�D f
���D ����. ����S ���D ��

��k��D � b ���k��. ���k��S ��k��D f
��k��D � b ���k��. ���k��S ��k��D � b f

6
::8
5
99997

0�c|
0�(c|
0sc|
0,c|
06c|

6
::::8 c

Wkh prgho suhglfwv wkdw d vkruw0whup lqwhuhvw udwh lqqrydwlrq kdv d qhjdwlyh lp0
sdfw rq wkh vwrfn pdunhw f|foh dqg wkh uhdo prqh| edodqfhv jds/ dqg d srvlwlyh
lpsdfw rq wkh vkruw0 dqg orqj0whup lqwhuhvw udwh f|fohv li b : ��k��D +l1h1 li
k��e n k�k2 	 �,1 Rq wkh rwkhu kdqg/ d orqj0whup udwh lqqrydwlrq zloo kdyh d
qhjdwlyh lpsdfw rq wkh vwrfn pdunhw/ uhdo prqh| edodqfhv dqg vkruw whup udwh
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f|fohv/ dqg d srvlwlyh lpsdfw rq wkh orqj0whup lqwhuhvw udwh f|foh1 Ilqdoo|/ wkh
djjuhjdwh ghpdqg dqg �qdqfldo vkrfnv kdyh d srvlwlyh lpsdfw rq doo wkh ydul0
deohv1 D prqh| ghpdqg vkrfn fdq eh dgghg +wkh vwdwlrqdu| olqhdu frpelqdwlrq
ri vsuhdgv, d�hfwlqj rqo| wkh uhdo edodqfhv jds1 Qrwh wkdw wkh odwwhu vkrfn lv qrw
vwuxfwxudo lq rxu iudphzrun/ vlqfh lw fdq eh uhodwhg wr wkh vkruw0 dqg orqj0whup
lqwhuhvw udwh vkrfnv/ dqg wr �qdqfldo lqqrydwlrqv1
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Wdeoh 4
Frlqwhjudwlrq dqdo|vlv

Frlqwhjudwlrq whvwv
Hljhqydoxh= 316;48 315;<9 3158;4 314;75 314866 313333
K|srwkhvlv= o ' f o � � o � 2 o � � o � e o � D
bA-��. 4531;WW ;41;8WW 87148W 5<1<:W 4617; 313399

<8( fulw1 ydoxh <715 9;18 7:15 5<1: 4817 61;
o ghqrwhv wkh qxpehu ri ydolg frlqwhjudwlqj yhfwruv>

WW ghqrwhv vljql�fdqfh dw wkh 4( ohyho1

Hvwlpdwhg frlqwhjudwlqj yhfwruv
+q � pdwul{> vwdqgdug huuruv lq sduhqwkhvhv,

+ s o6 � , Z

���e2.�
E313539�

�
E0�

��
E0�

�
E0�

�
E0�

���Db�.
E314585�

�e�SHHe
E316:45�

�
E0�
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Hvwlpdwhg idfwru ordglqjv pdwul{
+k pdwul{> vwdqgdug huuruv lq sduhqwkhvhv,

{+ 0
f�efHS
Ef�2�D��

0
f�ffHf
Ef�ff2S�

{s 0 0 0 0

{o6
�f��f�b
Ef�f2�b�

0 0
f�ffDD
Ef�ff�S�

{�
�f�f�2.
Ef�ff.D�

f��efS
Ef�fD2.�

0 0

{, 0
�f�f.e
Ef�fefH�

�f�fS2H
Ef�f�fD�

0

{Z 0
f��HHf
Ef�fH.2�

f��f�b
Ef�f.�b�

0

Olnholkrrg0udwlr whvwv= �2E�b� ' 2S�De +R0ydoxh= 31448<,
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Wdeoh 5
Wkh vkruw0uxq prgho

+ vwdqgdug huuruv lq sduhqwkhvhv,

{+| {s| {o6| {�| {,| {Z|

{+|3�
f�fefH
+314484,

2�H22�
+419468,

�f����.
+313<34,

�f�f�e2
+3135<3,

f�f�SS
+313558,

�f�f2.S
+313859,

{s|3�
�f�f��2
+3133;6,

f�fSSb
+314495,

�f�ffb�
+313398,

f�ffe2
+313354,

f�ff�H
+313349,

f�ff�S
+31336;,

{o6|3�
f��2eH
+314756,

���DSf
+41<<7:,

f�D��2
+314447,

f�fH�H
+31368<,

f�f2..
+3135:;,

�f�f�S2
+313984,

{�|3�
f�SeDH
+318357,

���efD
+:136<8,

�f�2�b�
+316<66,

f�2SeD
+31459:,

�f�f2bH
+313<;4,

f�eDH�
+3155<:,

{,|3�
f��Sff
+318<::,

�2b�bS2
+;16:87,

�f�HbHb
+3179:<,

f��HDH
+31483:,

f�Se��
+31449:,

f��22�
E315:66�

{Z|3�
f���H�
+315844,

���ffDS
+6184;4,

�f��D2f
+314<98,

f�f��e
+313966,

�f�f�f�
+3137<3,

�f�2H�2
+31447;,

.-�|3�
f�f.ee
+3136;6,

���H��
+3186:5,

�f�fbeH
+313633,

�f�f2D.
+3133<:,

f�ffe2
+3133:8,

f�f�Sb
+3134:8,

A7|3�
f�2HSS
+3157<;,

f�DD�.
+618336,

�f�fb�b
+314<88,

f�fbbb
+313963,

�f���.2
+3137;;,

f��beH
+314475,

8M|3�
�f��.fD
+31548<,

�S�b.De
+613586,

�f��bfD
+3149<3,

�f�fSfe
+313877,

�f�fb�H
+313755,

f�2b�S
+313<;:,

7�|3�
f�ffSb
+31335:,

�f�fH�.
+3136;8,

f�ffeH
+313355,

�f�fff�
+31333:,

f�fff2
+313338,

�f�fff�
+313346,

SJ?r|@?|
f�bHeH
+316438,

2�.�bH
+716838,

�f��ef�
+315763,

�f��HDH
+313:;6,

f�fef�
+313939,

f����D
+314753,

+HUE= h{fhvv uhdo edodqfh> WV= whup vwuxfwxuh> IK= Ilvkhu k|srwkhvlv> VP= Jrugrq
jurzwk prgho,
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Wdeoh 6
Vshfl�fdwlrq whvwv

+ S0ydoxhv lq sduhqwkhvhv,

�- 408 �Jo6@,�|+ �-�M 7 `��|e

{+|
��e�e.
+31556:,

H�HD22
+313453,

f�b�2D
+317844,

f�2e�b
+31<<85,

{s|
2�2fDS
+313976,

e�ef.2
+314437,

f���DH
+31;85;,

f����b
+31<:85,

{o6|
���.eD
+315787,

f�feSD
+31<::3,

2��DeD
+313;79,

��HSb�
+315;<8,

{�|
f�DHeD
+31:44:,

S�e�b.
+313737,

2�22eD
+313:98,

���Hf�
+317<<9,

{,|
��DH�.
+314::4,

��eDbb
+314::6,

f�eDfb
+31::47,

��f2
+318:88,

{Z|
f�D2�f
+31:8;3,

��2SSb
+314<86,

f�fDf2
+31<<84,

f�2eH.
+31<<77,

DU 408= I+8/98,> Qrupdolw|= �2
E2�> DUFK 7= I+7/95,> Zklwh= I+98/7,1
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Wdeoh 7
Wkh hvwlpdwhg frpprq wuhqgv prgho

Sdqho D= Orqj0uxq h�hfwv ri shupdqhqw vkrfnv +(, +pdwul{ K},
+vlpxodwhg vwdqgdug huuruv lq sduhqwkhvhv/ dqqxdolvhg ydoxhv,

Yduldeoh Vkrfn
� w �q

+
f�DeD
E31593�

0

s
2�DD�
E��2�.�

0

o6
f�...
Ef��.f�

0

�
�f�fSS
Ef��S��

f�DHD
Ef��eS�

,
�f�fSS
Ef��S��

f�DHD
Ef��eS�

Z
�f�fe�
Ef�22H�

f��S.
Ef�fb��

Sdqho E= Frqwhpsrudqhrxv lpsdfw ri vwuxfwxudo vkrfnv +(, +pdwul{
Kf,

+vlpxodwhg vwdqgdug huuruv lq sduhqwkhvhv/ dqqxdolvhg ydoxhv,

Yduldeoh Vkrfn
� w � q �A7 �7� ��( �8M

+
�f�fb.
E31438�

�f�fbf
E313<9�

f�f
E0�

f�f
E0�

f��bD
E31374�

f�fHb
E31389�

s
2�b�2
E4146:�

2��fb
E416:3�

�����.
E41879�

���HS2
E41335�

��H.b
E41535�

f�Df.
E31<6�

o6
f��f2
E313;4�

f�fH2
E313;8�

f�f
E0�

f��Sf
E31374�

f���.
E31385�

�f�2�e
E31375�

�
�f�2..
E31444�

f��.b
E313;9�

�f�2�H
E314<7�

f�ffb
E313::�

f�f.e
E313:8�

�f��e2
E3138;�

,
�f��HD
E313;9�

f��S�
E313:4�

f��2.
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Wdeoh 8
Wkh hvwlpdwhg frpprq wuhqgv prgho

Sdqho D= Iruhfdvw huuru yduldqfh ghfrpsrvlwlrq +vkruw whup,
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Wdeoh 9
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Wdeoh :
F|folfdo frpsrqhqwv +4<;9=4 0 5333=7,= ghfrpsrvlwlrq

+Sursruwlrq ri wrwdo yduldqfh h{sodlqhg e| hdfk idfwru=
sursruwlrqv pd| qrw vxp wr rqh gxh wr vdpsoh h�hfwv,
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Wkh froxpqv lq Sdqho D uhsruw wkh sursruwlrq ri wrwdo f|foh yduldqfh h{0
sodlqhg e| wkh g|qdplfv wrzdugv wkh dwwudfwru +(A�, dqg wkh g|qdplfv dorqj
wkh dwwudfwru +(��,1 Wkh �uvw wzr froxpqv lq Sdqho E uhsruw wkh sursruwlrq ri
wkh g|qdplfv dorqj wkh dwwudfwru yduldqfh h{sodlqhg e| hdfk shupdqhqw vkrfn>
wkh odvw irxu froxpqv lq Sdqho E uhsruw wkh sursruwlrq ri wkh g|qdplfv wrzdugv
wkh dwwudfwru yduldqfh h{sodlqhg e| hdfk wudqvlwru| vkrfn1
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