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ABSTRACT

Monetary Policy Misspecification in VAR Models*

We examine the effects of extracting monetary policy disturbances with semi-
structural and structural VARs, using data generated by a limited participation
model under partial accommodative and feedback rules. We find that, in
general, misspecification is substantial: short run coefficients often have
wrong signs; impulse responses and variance decompositions give misleading
representations of the dynamics. Explanations for the results and suggestions
for macroeconomic practice are provided.
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NON-TECHNICAL SUMMARY

The high correlation between monetary and real aggregates over the business
cycle has attracted the attention of macroeconomists for at least 40 years.
Friedman and Schwartz (1960) were among the first to provide a causal
interpretation of this relationship: they showed that the co-movements of
money with output were not due to the passive response of money to the
developments in the real and financial sides of the economy and argued that
rates of exchange in money were good approximations to policy disturbances.
Since their seminal work, several generations of macroeconomists have tried
either to empirically refute Friedman and Schwartz’s causal interpretation or to
provide theoretical models that can account for the relationship.

The most recent theoretical branch of this literature has developed models
where simple rules are used to characterize monetary policy and has focused
attention on the channels of transmission of policy disturbances and on the
persistence of the induced real effects.

In general, there has not been much discussion on whether the dynamics of
macroeconomic variables change in response to policy shocks when
alternative monetary rules are used.

The empirical side of the literature, on the other hand, has documented that
unforecastable movements in money produce responses in macroeconomic
variables, in particular interest rates that are difficult to interpret: i.e. they
generate the so-called liquidity puzzle. To remedy these problems some
authors suggested to use short-term interest rate innovations as indicators of
monetary policy disturbances. Also in this case, the responses of certain
macroeconomic variables to policy disturbances are difficult to justify (in
particular, the response of the price level). As a consequence of these
difficulties, the last ten years have witnessed a considerable effort in trying to
identify monetary policy disturbances in the data using parsimoniously
restricted multivariate time series models.

The methodology used in these exercises involves three steps: run
unrestricted VAR models; identify monetary policy shocks by imposing
exclusion restrictions on the matrix of contemporaneous impacts, typically
justified by economic theory or informational delays; and measure the
contribution of identified policy shocks to output fluctuations at different
horizons. This literature has stressed the pitfalls of an incorrect choice of
variables and identification schemes and carefully documented the type of
central bank reaction function in place in various historical episodes. However,
by concentrating on the issue of identification, this literature has disregarded
the question of what mechanism induces the observed dynamic money-output



correlation and has not paid much attention to possible feedbacks due to the
general equilibrium nature of shocks.

In this Paper we attempt to bridge these two branches of the literature by
asking the following three questions: how adequate are structural VARs in
capturing the dynamics generated by a monetary policy disturbance when the
underlying economy has general equilibrium features? Does the answer
change when the theoretical economy features different monetary policy rules
or, given one rule, different identification schemes are used? How confident
should we be that reported statistics correctly characterize the importance of
policy in producing real fluctuations?

To answer these questions we simulate a version of the limited participation
model under two different monetary policy rules (a partially accommodative
and a feedback one).

Using simulated data we then estimate a 4-variable VAR model for output,
inflation, interest rates and real balances and identify structural disturbances
by imposing exclusion restrictions on the contemporaneous impact of
innovations according to two different schemes: a triangular one, and a non-
recursive one. Both schemes impose stringent ‘inertial’ restrictions on the
data: policy disturbances are assumed not to affect output and inflation
contemporaneously and the static aggregate demand curve is assumed to
cross a vertical aggregate supply.

We compare the theoretical and the estimated structural VAR representations
using several statistics: impact coefficients, the impulse–response function,
the variance decomposition and the time path of structural shocks. We find
that VARs identified with inertial restrictions on the matrix of contemporaneous
impacts provide a poor characterization of the DGP of the actual data. Both
approaches fail to recover the features of our theoretical monetary policy
disturbances, regardless of the policy rule employed. Misspecifications occur
at all levels. Estimated short-run coefficients often have the wrong sign and, in
the case of triangular identification schemes, are estimated to be the same
regardless of the monetary rule generating the data. The sign and the
significance of impulse responses differ across policy rules and identification
schemes but there is a widespread tendency to misrepresent the true
dynamics. The variance decomposition typically underestimate the importance
of monetary policy shocks, as sources of variability for real variables  and, in
at least one case, attributes most of the fluctuations to the wrong source of
disturbance.

Why are structural VARs so bad? We argue that the results are obtained
because, in the theoretical economy, the effects of structural shocks on the
variables of interest are highly interrelated and this makes them



econometrically underidentified. That is, in the theoretical economy there is no
‘sluggish’ variable which can be used as instrument in policy and non-policy
equations. To restate this concept in a different way, the model economy
produces impact coefficients where there are not enough zeros to identify the
underlying structural disturbances.

Semi-structural or structural VAR analyses that employ exclusion restrictions
omit important variables from certain equations when estimating structural
shocks. This omission biases the coefficients of the included ones, whenever
included and excluded variables are correlated, which is precisely the case we
are considering. Economies where the responses to shocks fully take place
within one period are therefore not suited to be analysed with standard
identification procedures because there is no natural ‘inertial’ restriction one
can appeal to recover the disturbances. In models where price stickiness,
adjustment costs or implementation lags do provide natural exclusion
restrictions, it may still be impossible to identify structural disturbances
because such models restrict the impact of shocks on particular variables,
therefore leaving unresolved the inherent under-identification present in the
data.

Compared with the large body of empirical VAR literature that claimed
success in recovering structural disturbances, our exercise suggests that one
of the following two conclusions must hold. Either the class of models
considered in the theoretical literature provides such a poor characterization of
real data in terms of richness of the dynamics, sources of shocks and
contemporaneous impacts that our results, although interesting, represent a
cautionary footnote which sophisticated VAR users can neglect in their
analysis. While we have argued that the class of models considered here are
consistent with some important features of post-war data for the G7, it is
certainly the case that no one would hold them as a null hypothesis in a
statistical sense. Nevertheless, the fact that current theoretical models imply a
very small number of (intrinsically similar) contemporaneous exclusion
restrictions provides a great challenge to researchers engaged in integrating
identified VAR and dynamic general equilibrium analyses. The alternative
conclusion is more constructive. If the general equilibrium effects of shocks
kick-in much faster than one is led to expect; stickiness of prices and wages is
not useful to differentiate the impact of different types of shocks; and
informational delays are dubious or weak, our analysis suggests that great
care should be used in interpreting VAR identified with inertial restrictions and,
in general, the need to resort to identification schemes which more effectively
use theoretical information to identify shocks. In the latter part of the Paper,
we show that an approach which uses the sign of the conditional cross-
correlation function of selected variables to extract the informational content of
orthogonal shocks, does not face the problems that standard VAR analysis
encounters when there are no natural inertial restrictions to be used. In



particular, we show that the approach is able to identify structural shocks and
to provide a correct characterization of the relative importance of various
shocks to fluctuations in the variables of the system.



Prqhwdu| Srolf| Plvvshfl�fdwlrq lq YDU Prghov�

Idelr Fdqryd_dqg Mrdtxlp Sluhv Slqdh

Rfwrehu 4<<;/
Wklv Uhylvlrq/ Vhswhpehu 4<<<

Devwudfw

Zh h{dplqh wkh h�hfwv ri h{wudfwlqj prqhwdu| srolf| glvwxuedqfhv zlwk vhpl0
vwuxfwxudo dqg vwuxfwxudo YDUv/ xvlqj gdwd jhqhudwhg e| d olplwhg sduwlflsdwlrq
prgho xqghu sduwldo dffrpprgdwlyh dqg ihhgedfn uxohv1 Zh �qg wkdw/ lq jhqhudo/
plvvshfl�fdwlrq lv vxevwdqwldo= vkruw uxq frh!flhqwv riwhq kdyh zurqj vljqv>
lpsxovh uhvsrqvhv dqg yduldqfh ghfrpsrvlwlrqv jlyh plvohdglqj uhsuhvhqwdwlrqv
ri wkh g|qdplfv1 H{sodqdwlrqv iru wkh uhvxowv dqg vxjjhvwlrqv iru pdfurhfrqrplf
sudfwlfh duh surylghg1

Nh| Zrugv= Jhqhudo htxloleulxp/ Prqhwdu| Srolf|/ Lghqwl�fdwlrq/ Vwuxfwxudo YDUv

MHO Fodvvl�fdwlrq Qr= F65/ F9;/ H65/ H85

Shu txhvwr qrq deeldpr qlhqwh gd lqvhjqduh= vx flr* fkh slx* vrpljold dood qrvwud
hvshulhq}d qrq srvvlpdr lq xluh/ lq flr* fkh sruwd od qrvwud lpsurqwd qrq vdssldpr
ulfrqrvfhufl1 Pu1 Sdorpdu/ Lwdor Fdoylqr

41 Lqwurgxfwlrq

Wkh kljk fruuhodwlrq ehwzhhq prqhwdu| dqg uhdo djjuhjdwhv ryhu wkh exvlqhvv f|foh
kdv dwwudfwhg wkh dwwhqwlrq ri pdfurhfrqrplvwv iru dw ohdvw iruw| |hduv1 Iulhgpdq
dqg Vfkzduw} +4<93, zhuh dprqj wkh �uvwv wr surylgh d fdxvdo lqwhusuhwdwlrq ri wklv
uhodwlrqvkls= wkh| vkrzhg wkdw wkh frpryhphqwv ri prqh| zlwk rxwsxw zhuh qrw gxh

WZh zrxog olnh wr wkdqn Kdudog Xkolj/ Oxfuh}ld Uhlfkolq/ Mhurph G*Dggd/ Mrugl Jdoð/ Pruwhq
Udyq/ Ylqfhq}r Txdgulql dqg wkh sduwlflsdqwv ri vhplqduv dw Xqlyhulgdg Frpsoxwhqvh gh Pdgulg/
XSI/ FHPIL/ Xqlyhuvlw| ri Vrxwkdpswrq/ Xqlyhuvlw| ri Vdohuqr/ wkh frqihuhqfh �Qhz dssurdfkhv
wr wkh Vwxg| ri Exvlqhvv F|fohv�/ K|gud/ Juhhfh/ wkh 4<<< HGS Mdperuhh/ wkh 4<<< VHG Phhwlqjv/
wkh 4<<< VSlH Phhwlqjv/ wkh 4<<< Odwlq Dphulfdq Hfrqrphwulf Vrflhw| Phhwlqjv/ wkh 4<<< Vxpphu
Vfkrro �H{shfwdwlrqv/ Hfrqrplf Wkhru| dqg Hfrqrplf Srolf|�/ HXL/ Ioruhqfh/ Lwdo|1 Fdqryd df0
nqrzohgjhv wkh �qdqfldo vxssruw ri GJ\FLW dqg FUHL judqwv> Slqd dfnqrzohgjhv �qdqfldo vxssruw
iurp Vxe0Surjudpd Flíqfld h Whfqrorjld gr 5J Txdgur Frpxqlwäulr gh Dsrlr1

_Xqlyhuvlwdw Srpshx Ideud/ Xqlyhuvlw| ri Vrxwkdpswrq dqg FHSU1
hXqlyhuvlwdw Srpshx Ideud1



4 LQWURGXFWLRQ 5

wr wkh sdvvlyh uhvsrqvh ri prqh| wr wkh ghyhorsphqwv lq wkh uhdo dqg �qdqfldo vlghv ri
wkh hfrqrp| dqg dujxhg wkdw udwh ri fkdqjhv lq prqh| zhuh jrrg dssur{lpdwlrqv wr
srolf| glvwxuedqfhv1 Vlqfh wkhlu vhplqdo zrun/ vhyhudo jhqhudwlrqv ri pdfurhfrqrplvwv
kdyh wulhg hlwkhu wr hpslulfdoo| uhixwh Iulhgpdq dqg Vfkzduw}*v fdxvdo lqwhusuhwdwlrq
ru wr surylgh wkhruhwlfdo prghov zklfk fdq dffrxqw iru wkh uhodwlrqvkls1

Wkh prvw uhfhqw wkhruhwlfdo eudqfk ri wklv olwhudwxuh +vhh h1j1/ Oxfdv +4<<3,/ Fkulv0
wldqr +4<<4,/ Ixhuvw +4<<5,/ Frroh| dqg Txdgulql +4<<:,, kdv ghyhorshg prghov zkhuh
vlpsoh uxohv duh xvhg wr fkdudfwhul}h prqhwdu| srolf| dqg kdv irfxvhg dwwhqwlrq rq wkh
fkdqqhov ri wudqvplvvlrq ri srolf| glvwxuedqfhv dqg rq wkh shuvlvwhqfh ri wkh lqgxfhg
uhdo h�hfwv +vhh h1j1 Fkdul/ Nhkrh dqg PfJudwwdq +4<<9,,1 Lq jhqhudo/ wkhuh kdv qrw
ehhq pxfk glvfxvvlrq rq zkhwkhu wkh g|qdplfv ri pdfurhfrqrplf yduldeohv fkdqjh
lq uhvsrqvh wr srolf| vkrfnv zkhq dowhuqdwlyh prqhwdu| uxohv duh xvhg +rqh h{fhswlrq
lv Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<:d,,1

Wkh hpslulfdo vlgh ri wkh olwhudwxuh/ rq wkh rwkhu kdqg/ kdv grfxphqwhg wkdw
xqiruhfdvwdeoh pryhphqwv lq prqh| surgxfh uhvsrqvhv lq pdfurhfrqrplf yduldeohv/
lq sduwlfxodu lqwhuhvw udwhv/ wkdw duh gl!fxow wr lqwhusuhw 0 l1h1 wkh| jhqhudwh wkh
vr0fdoohg oltxlglw| sx}}oh +vhh Ohhshu dqg Jrugrq +4<<4,,1 Wr uhphg| wkhvh sure0
ohpv Vlpv +4<;3,/ Ehuqdqnh dqg Eolqghu +4<<5, vxjjhvwhg wr xvh vkruw whup lqwhuhvw
udwh lqqrydwlrqv dv lqglfdwruv ri prqhwdu| srolf| glvwxuedqfhv1 Dovr lq wklv fdvh/ wkh
uhvsrqvhv ri fhuwdlq pdfurhfrqrplf yduldeohv wr srolf| glvwxuedqfhv duh gl!fxow wr
mxvwli| +lq sduwlfxodu/ wkh uhvsrqvh ri wkh sulfh ohyho +Vlpv +4<<5,,1 Dv d frqvhtxhqfh
ri wkhvh gl!fxowlhv/ wkh odvw whq |hduv kdyh zlwqhvvhg d frqvlghudeoh h�ruw lq wu|lqj wr
lghqwli| prqhwdu| srolf| glvwxuedqfhv lq wkh gdwd xvlqj sduvlprqlrxvo| uhvwulfwhg pxo0
wlyduldwh wlph vhulhv prghov +vhh Jrugrq dqg Ohhshu +4<<7,/ Fkulvwldqr/ Hlfkhqedxp
dqg Hydqv +4<<9,/ Ehuqdqnh dqg Plkry +4<<;,/ Xkolj +4<<<,,1

Wkh phwkrgrorj| xvhg lq wkhvh h{huflvhv lqyroyhv wkuhh vwhsv= uxq xquhvwulfwhg
YDU prghov> lghqwli| prqhwdu| srolf| vkrfnv e| lpsrvlqj h{foxvlrq uhvwulfwlrqv rq
wkh pdwul{ ri frqwhpsrudqhrxv lpsdfwv/ w|slfdoo| mxvwl�hg e| hfrqrplf wkhru| ru lq0
irupdwlrqdo ghod|v> dqg phdvxuh wkh frqwulexwlrq ri lghqwl�hg srolf| vkrfnv wr rxwsxw
 xfwxdwlrqv dw gl�huhqw krul}rqv1 Wklv olwhudwxuh kdv vwuhvvhg wkh slwidoov ri dq lqfru0
uhfw fkrlfh ri yduldeohv dqg lghqwl�fdwlrq vfkhphv dqg fduhixoo| grfxphqwhg wkh w|sh
ri fhqwudo edqn uhdfwlrq ixqfwlrq lq sodfh lq ydulrxv klvwrulfdo hslvrghv 41 Krzhyhu/ e|
frqfhqwudwlqj rq wkh lvvxh ri lghqwl�fdwlrq/ wklv olwhudwxuh kdv glvuhjdughg wkh txhv0
wlrq ri zkdw phfkdqlvp lqgxfhv wkh revhuyhg g|qdplf prqh|0rxwsxw fruuhodwlrq dqg
kdv qrw sd|hg pxfk dwwhqwlrq wr srvvleoh ihhgedfnv gxh wr wkh jhqhudo htxloleulxp
qdwxuh ri vkrfnv +rqh h{fhswlrq lv Fdqryd dqg Gh Qlfroö +4<<;,,1

Lq wklv sdshu zh dwwhpsw wr eulgjh wkhvh wzr eudqfkhv ri wkh olwhudwxuh e| dvnlqj
wkh iroorzlqj wkuhh txhvwlrqv= krz dghtxdwh duh vwuxfwxudo YDUv lq fdswxulqj wkh
g|qdplfv jhqhudwhg e| d prqhwdu| srolf| glvwxuedqfh zkhq wkh xqghuo|lqj hfrqrp|
kdv jhqhudo htxloleulxp ihdwxuhvB Grhv wkh dqvzhu fkdqjh zkhq wkh wkhruhwlfdo hfrq0
rp| ihdwxuhv gl�huhqw prqhwdu| srolf| uxohv ru/ jlyhq rqh uxoh/ gl�huhqw lghqwl�fdwlrq
vfkhphv duh xvhgB Krz frq�ghqw vkrxog zh eh wkdw uhsruwhg vwdwlvwlfv fruuhfwo|
fkdudfwhul}h wkh lpsruwdqfh ri srolf| lq surgxflqj uhdo  xfwxdwlrqv B

4D uhodwhg olwhudwxuh/ dwwhpswlqj wr uhsuhvhqw wkh ehkdylru ri wkh prqhwdu| dxwkrulw|/ kdv ghyho0
rshg rq wkh vlgh lq wkh odvw �yh |hduv/ vhh h1j1 Fodulgd/ Jhuwohu dqg Jdoð +4<<<,1



4 LQWURGXFWLRQ 6

Wr dqvzhu wkhvh txhvwlrqv zh vlpxodwh d yhuvlrq ri wkh olplwhg sduwlflsdwlrq prgho
ri Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<:e, xqghu wzr gl�huhqw prqhwdu| srolf|
uxohv +d sduwldoo| dffrpprgdwlyh dqg d ihhgedfn rqh,1 Vxfk dq hfrqrp| glvsod|v
vhyhudo ghvludeoh ihdwxuhv +vhh Vlpv +4<<;,,= wkh oltxlglw| h�hfw surgxfhg e| d frq0
wudfwlrqdu| prqhwdu| vkrfn uhgxfhv rxwsxw e| phdqv ri lqfuhdvhv lq qrplqdo lqwhuhvw
udwhv> qrqsrolf| vkrfnv surgxflqj lq dwlrq lqgxfh pryhphqwv lq lqwhuhvw udwhv zklfk
duh odujhu wkdq wkrvh rewdlqdeoh xqghu d srolf| ri �{lqj wkh prqh| vwrfn> prvw ri
wkh yduldwlrqv lq wkh srolf| lqvwuxphqw duh dffrxqwhg iru e| uhvsrqvhv ri srolf| wr wkh
vwdwh ri wkh hfrqrp|/ qrw e| udqgrp glvwxuedqfhv wr wkh srolf| ehkdylru1 Lq dgglwlrq/
ghshqglqj rq wkh srolf| uxoh xvhg/ wkh uhvsrqvh ri uhdo yduldeohv wr prqhwdu| vkrfnv
fdq eh pdgh hlwkhu prghvw ru vl}deoh1

Xvlqj vlpxodwhg gdwd zh wkhq hvwlpdwh d 70yduldeoh YDU prgho iru rxwsxw/ lq d0
wlrq/ lqwhuhvw udwhv dqg uhdo edodqfhv dqg lghqwli| vwuxfwxudo glvwxuedqfhv e| lpsrvlqj
h{foxvlrq uhvwulfwlrqv rq wkh frqwhpsrudqhrxv lpsdfw ri lqqrydwlrqv dffruglqj wr wzr
gl�huhqw vfkhphv= d wuldqjxodu rqh/ dv lq Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<9,/
dqg d qrq0uhfxuvlyh rqh dv lq Vlpv dqg ]kd +4<<9, ru Ohhshu/ Vlpv dqg ]kd +4<<9,/
Erwk vfkhphv lpsrvh vwulqjhqw �lqhuwldo� uhvwulfwlrqv rq wkh gdwd= srolf| glvwxuedqfhv
duh dvvxphg qrw wr d�hfw rxwsxw dqg lq dwlrq frqwhpsrudqhrxvo| dqg wkh vwdwlf dj0
juhjdwh ghpdqg fxuyh lv dvvxphg wr furvv d yhuwlfdo djjuhjdwh vxsso|1

Zh frpsduh wkh wkhruhwlfdo dqg wkh hvwlpdwhg vwuxfwxudo YDU uhsuhvhqwdwlrqv xv0
lqj vhyhudo vwdwlvwlfv= lpsdfw frh!flhqwv/ wkh lpsxovh uhvsrqvh ixqfwlrq/ wkh yduldqfh
ghfrpsrvlwlrq dqg wkh wlph sdwk ri vwuxfwxudo vkrfnv1 Zh �qg wkdw YDUv lghqwl�hg
zlwk lqhuwldo uhvwulfwlrqv rq wkh pdwul{ ri frqwhpsrudqhrxv lpsdfwv surylgh d srru
fkdudfwhul}dwlrq ri wkh GJS ri wkh dfwxdo gdwd1 Erwk dssurdfkhv idlo wr uhfryhu wkh
ihdwxuhv ri rxu wkhruhwlfdo prqhwdu| srolf| glvwxuedqfhv/ uhjdugohvv ri wkh srolf| uxoh
hpsor|hg1 Plvvshfl�fdwlrqv rffxu dw doo ohyhov1 Hvwlpdwhg vkruw uxq frh!flhqwv riwhq
kdyh wkh zurqj vljq dqg/ lq wkh fdvh ri wuldqjxodu lghqwl�fdwlrq vfkhphv/ duh hvwl0
pdwhg wr eh wkh vdph uhjdugohvv ri wkh prqhwdu| uxoh jhqhudwlqj wkh gdwd1 Wkh vljq
dqg wkh vljql�fdqfh ri lpsxovh uhvsrqvhv gl�hu dfurvv srolf| uxohv dqg lghqwl�fdwlrq
vfkhphv exw wkhuh lv d zlghvsuhdg whqghqf| wr plvuhsuhvhqw wkh wuxh g|qdplfv1 Wkh
yduldqfh ghfrpsrvlwlrq w|slfdoo| xqghuhvwlpdwh wkh lpsruwdqfh ri prqhwdu| srolf|
vkrfnv/ dv vrxufhv ri yduldelolw| iru uhdo yduldeohv dqg/ lq dw ohdvw rqh fdvh/ dwwulexwhv
prvw ri wkh  xfwxdwlrqv wr wkh zurqj vrxufh ri glvwxuedqfh1

Zk| duh vwuxfwxudo YDUv vr edgB Zh vkrz wkdw wkh h{dfw ihdwxuhv ri wkh wkhr0
uhwlfdo hfrqrp|/ lqfoxglqj wkh vshfl�fdwlrq ri wkh srolf| uxoh/ gr qrw pdwwhu iru wkh
uhvxowv1 Zh dovr vkrz wkdw vpdoo vdpsoh vl}hv/ wkh idloxuh wr lqfoxgh d vwdwh yduldeoh
lq wkh YDU uhsuhvhqwdwlrq ri wkh v|vwhp dqg wkh vwdwlvwlfdo ihdwxuhv ri wkh vkrfnv fdq
qrw dffrxqw iru wkh srru ehkdylru ri vwuxfwxudo YDU dqdo|vhv1 Zh dujxh wkdw wkh
uhvxowv rewdlq ehfdxvh/ lq wkh wkhruhwlfdo hfrqrp|/ wkh h�hfwv ri vwuxfwxudo vkrfnv rq
wkh yduldeohv ri lqwhuhvw duh kljko| lqwhuuhodwhg dqg wklv pdnhv wkhp hfrqrphwulfdoo|
xqghulghqwl�hg1 Wkdw lv/ lq wkh wkhruhwlfdo hfrqrp| wkhuh lv qr �voxjjlvk� yduldeoh
zklfk fdq eh xvhg dv lqvwuxphqw lq srolf| dqg qrqsrolf| htxdwlrqv1 Wr uhvwdwh wklv
frqfhsw lq d gl�huhqw zd|/ wkh prgho hfrqrp| surgxfhv lpsdfw frh!flhqwv zkhuh
wkhuh duh qrw hqrxjk }hurv wr lghqwli| wkh xqghuo|lqj vwuxfwxudo glvwxuedqfhv1

Vhpl0vwuxfwxudo ru vwuxfwxudo YDU dqdo|vhv zklfk hpsor| h{foxvlrq uhvwulfwlrqv
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rplw lpsruwdqw yduldeohv iurp fhuwdlq htxdwlrqv zkhq hvwlpdwlqj vwuxfwxudo vkrfnv1
Wklv rplvvlrq eldvhv wkh frh!flhqwv ri wkh lqfoxghg rqhv/ zkhqhyhu lqfoxghg dqg
h{foxghg yduldeohv duh fruuhodwhg/ zklfk lv suhflvho| wkh fdvh zh duh frqvlghulqj1
Hfrqrplhv zkhuh wkh uhvsrqvhv wr vkrfnv ixoo| wdnh sodfh zlwklq rqh shulrg duh wkhuh0
iruh qrw vxlwhg wr eh dqdo|}hg zlwk vwdqgdug lghqwl�fdwlrq surfhgxuhv ehfdxvh wkhuh
lv qr qdwxudo �lqhuwldo� uhvwulfwlrq rqh fdq dsshdo wr uhfryhu wkh glvwxuedqfhv1 Lq
prghov zkhuh sulfh vwlfnlqhvv/ dgmxvwphqw frvwv ru lpsohphqwdwlrq odjv gr surylgh
qdwxudo h{foxvlrq uhvwulfwlrqv/ lw pd| vwloo eh lpsrvvleoh wr lghqwli| vwuxfwxudo glvwxu0
edqfhv ehfdxvh vxfk prghov uhvwulfw wkh lpsdfw ri doo vkrfnv rq sduwlfxodu yduldeohv/
wkhuhiruh ohdylqj xquhvroyhg wkh lqkhuhqw xqghulghqwl�fdwlrq suhvhqw lq wkh gdwd1

Frpsduhg zlwk wkh odujh erg| ri hpslulfdo YDU olwhudwxuh zklfk fodlphg vxffhvv
lq uhfryhulqj vwuxfwxudo glvwxuedqfhv/ rxu h{huflvh vxjjhvwv wkdw rqh ri wkh iroorzlqj
wzr frqfoxvlrqv pxvw krog1 Hlwkhu wkh fodvv ri prghov frqvlghuhg lq wkh wkhruhwlfdo
olwhudwxuh surylghv vxfk d srru fkdudfwhul}dwlrq ri uhdo gdwd lq whupv ri ulfkqhvv ri
wkh g|qdplfv/ vrxufhv ri vkrfnv dqg frqwhpsrudqhrxv lpsdfwv wkdw rxu uhvxowv/ do0
wkrxjk lqwhuhvwlqj/ uhsuhvhqw d fdxwlrqdu| irrwqrwh zklfk vrsklvwlfdwhg YDU xvhuv
fdq qhjohfw lq wkhlu dqdo|vlv1 Zkloh zh kdyh dujxhg wkdw wkh fodvv ri prghov frqvlg0
huhg khuh duh frqvlvwhqw zlwk vrph lpsruwdqw ihdwxuhv ri srvwzdu gdwd iru wkh J:/ lw
lv fhuwdlqo| wkh fdvh wkdw qr rqh zrxog krog wkhp dv d qxoo k|srwkhvlv lq d vwdwlvwl0
fdo vhqvh1 Qhyhuwkhohvv/ wkh idfw wkdw fxuuhqw wkhruhwlfdo prghov lpso| d yhu| vpdoo
qxpehu ri +lqwulqvlfdoo| vlplodu, frqwhpsrudqhrxv h{foxvlrq uhvwulfwlrqv surylghv d
juhdw fkdoohqjh wr uhvhdufkhuv hqjdjhg lq lqwhjudwlqj lghqwl�hg YDU dqg g|qdplf
jhqhudo htxloleulxp dqdo|vhv1 Wkh dowhuqdwlyh frqfoxvlrq lv pruh frqvwuxfwlyh1 Li wkh
jhqhudo htxloleulxp h�hfwv ri vkrfnv nlfn0lq pxfk idvwhu wkdq rqh lv ohg wr h{shfw>
vwlfnlqhvv ri sulfhv dqg zdjhv lv qrw xvhixo wr gl�huhqwldwh wkh lpsdfw ri gl�huhqw
w|shv ri vkrfnv> dqg lqirupdwlrqdo ghod|v duh gxelrxv ru zhdn/ rxu dqdo|vlv vxjjhvwv
wkdw juhdw fduh vkrxog eh xvhg lq lqwhusuhwlqj YDU lghqwl�hg zlwk lqhuwldo uhvwulfwlrqv
dqg/ lq jhqhudo/ wkh qhhg wr uhvruw wr lghqwl�fdwlrq vfkhphv zklfk pruh h�hfwlyho|
xvh wkhruhwlfdo lqirupdwlrq wr lghqwli| vkrfnv1 Lq wkh odwwhu sduw ri wkh sdshu/ zh
vkrz wkdw wkh dssurdfk vxjjhvwhg e| Fdqryd dqg Gh Qlfroö +4<<;,/ zklfk xvhv wkh
vljq ri wkh frqglwlrqdo furvv fruuhodwlrq ixqfwlrq ri vhohfwhg yduldeohv wr h{wudfw wkh
lqirupdwlrqdo frqwhqw ri ruwkrjrqdo vkrfnv/ grhv qrw idfh wkh sureohpv wkdw vwdqgdug
YDU dqdo|vlv hqfrxqwhuv zkhq wkhuh duh qr qdwxudo lqhuwldo uhvwulfwlrqv wr eh xvhg1
Lq sduwlfxodu/ zh vkrz wkdw wkh dssurdfk lv deoh wr lghqwli| vwuxfwxudo vkrfnv dqg
wr surylgh d fruuhfw fkdudfwhul}dwlrq ri wkh uhodwlyh lpsruwdqfh ri ydulrxv vkrfnv wr
 xfwxdwlrqv lq wkh yduldeohv ri wkh v|vwhp1

Vhyhudo zrunv kdyh h{dplqhg plvvshfl�fdwlrq sureohpv lq lghqwl�hg YDUv +vhh
h1j1 Vdujhqw +4<;7,/ Frroh| dqg OhUr| +4<;8,/ Vdujhqw dqg Kdqvhq +4<<4,,1 Uh0
fhqwo| Uxghexvfk +4<<;, kdv surylghg d qxpehu ri uhdvrqv iru zk| vwuxfwxudo YDUv
duh lqdghtxdwh iru prqhwdu| srolf| dqdo|vhv1 Rxu zrun orrnv dw plvvshfl�fdwlrq iurp
d gl�huhqw shuvshfwlyh1 Zkloh Uxghexvk fodlpv wkdw wkh hvwlpdwhg srolf| uhdfwlrq
ixqfwlrq dqg wkh hvwlpdwhg vwuxfwxudo vkrfnv kdyh olwwoh wr gr zlwk wkh srolf| uhdf0
wlrq ixqfwlrq xvhg e| Ihg dqg wkh vwuxfwxudo vkrfnv shufhlyhg e| �qdqfldo pdunhw
sduwlflsdqwv/ zh vkrz wkdw vwdqgdug lghqwli|lqj dvvxpswlrqv duh lqfrqvlvwhqw zlwk
wkh uhvwulfwlrqv lpsolhg e| d odujh fodvv ri jhqhudo htxloleulxp prqhwdu| prghov1 Lq
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rwkhu zrugv/ rxu fulwltxh lv qrw gluhfwhg wr wkh YDU phwkrgrorj| shu0vh exw rq d
sduwlfxodu w|sh ri lghqwli|lqj uhvwulfwlrqv urxwlqho| xvhg lq dssolhg zrun1 Lq idfw/
zh ghprqvwudwh wkdw zkhq wkhru| lv xvhg wr surylgh uhvwulfwlrqv rq wkh vljq ri wkh
sdluzlvh furvv fruuhodwlrq ixqfwlrq ri yduldeohv lq uhvsrqvh wr vkrfnv/ lghqwl�hg YDUv
fruuhfwo| uhfryhu vwuxfwxudo vkrfnv dqg wkh g|qdplfv ri wkh prgho zlwkrxw h{solflwo|
hvwlpdwlqj wkh srolf| uhdfwlrq ixqfwlrq1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Qh{w vhfwlrq suhvhqwv wkh prgho/ lwv
fdoleudwlrq dqg glvfxvvhv wkh surshuwlhv ri wkh wkhruhwlfdo hfrqrp|1 Vhfwlrq 6 ghvfulehv
wkh uhvxowv rewdlqhg xvlqj lghqwl�hg YDU dqdo|vhv rq gdwd vlpxodwhg iurp wkh duwl�fldo
hfrqrp|1 Vhfwlrq 7 h{dplqhv vrph h{sodqdwlrqv iru wkh uhvxowv1 Vhfwlrq 8 surylghv dq
dowhuqdwlyh lghqwl�fdwlrq dssurdfk zklfk frshv zlwk wkh lqkhuhqw xqghulghqwl�fdwlrq
ri wkh gdwd1 Vhfwlrq 9 frqfoxghv1

51 Prgho

Wkh duwl�fldo hfrqrp| zh xvh lv d yhuvlrq ri wkh olplwhg sduwlflsdwlrq prgho xvhg e|
Fkulvwldqr/ Hlfkhqedxp dqg Hydqv+4<<:e,1 Zh fkrvh wklv prgho dv rxu zrunkruvh
ehfdxvh lw glvsod|v ghvludeoh wkhruhwlfdo ihdwxuhv dqg vhhpv wr eh deoh wr txdqwlwdwlyho|
uhsurgxfh lpsruwdqw dvshfwv ri djjuhjdwh XV wlph vhulhv +vhh Nlqj dqgZdwvrq +4<<9,>
Fkdul/ Nhkrh dqg PfJudwwdq +4<<9,> Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<:e,,1

Rxu vhwxs kdv irxu w|shv ri vkrfnv= whfkqrorj|/ prqhwdu| srolf|/ jryhuqphqw
h{shqglwxuh dqg suhihuhqfh vkrfnv1 Zh xvh d ulfkhu vwrfkdvwlf vwuxfwxuh wkdq lw lv
w|slfdoo| dvvxphg wr kdyh d gdwd jhqhudwlqj surfhvv zlwk pruh uhdolvwlf ihdwxuhv dqg
dq hfrqrp| zklfk kdv wkh vdph qxpehu ri vkrfnv dv wkh yduldeohv zh zloo frqvlghu
odwhu rq lq wkh YDU1 Dovr/ wkhuh duh �yh gl�huhqw w|shv ri djhqwv +krxvhkrogv/ �upv/
d edqn/ d jryhuqphqw dqg wkh prqhwdu| dxwkrulw|, dqg zh dvvxph wkdw doo pdunhwv
duh frpshwlwlyh1

5141 Krxvhkrogv

Wkh hfrqrp| lv srsxodwhg e| d frqwlqxxp ri krprjhqhrxv lq�qlwho| olyhg krxvh0
krogv1 Wkh uhsuhvhqwdwlyh krxvhkrog pd{lpl}hv wkh h{shfwhg glvfrxqwhg vxp ri lq0
vwdqwdqhrxv xwlolwlhv +zlwk glvfrxqw idfwru � 5 +3> 4,, ghulyhg iurp frqvxplqj dq
krprjhqrxv jrrg/ Fw dqg iurp hqmr|lqj ohlvxuh1 Wkh wlplqj ri wkh ghflvlrq lv wkh
iroorzlqj= djhqwv fkrrvh ghsrvlwv/ Lw/ dw wkh ehjlqqlqj ri wkh shulrg rxw ri prqh|
khog/ Pw�4 ehiruh revhuylqj wkh vkrfnv > wkhq doo wkh vkrfnv duh uhdol}hg/ dqg wkh
prqhwdu| lqmhfwlrq/ [D

w / lv ihg lqwr wkh edqn1 Dw wklv srlqw krxvhkrogv fkrrvh wkh
qxpehu ri krxuv wr zrun/ dqg krz pxfk fdslwdo wr uhqw wr �upv1 Wkh wlph hqgrz0
phqw lv qrupdol}hg wr rqh> fdslwdo lv lq �{hg vxsso| dqg qrupdol}hg wr rqh1 Dw wkh
hqg ri surgxfwlrq wlph/ krxvhkrogv froohfw wkh zdjh sd|phqw/ ZwQw/ dqg xvhv lw zlwk
wkh prqh| ohiw/ Pw�4 � Lw/ wr ex| jrrgv1 Diwhu jrrgv duh sxufkdvhg djhqwv uhfhlyh
lqfrph iurp kroglqj rqh0shulrg jryhuqphqw erqgv/ Ue

wEw�4/ iurp uhqwlqj fdslwdo wr
wkh �up/ uwNw�4/ iurp rzqlqj vkduhv lq wkh �upv dqg lq wkh edqn/ dqg iurp ghsrvlwv/
UP
w Lw dqg sd| wd{hv/ zkhuh UPw lv jurvv uhwxuq rq prqh| ghsrvlwv +dqg fuhglw, dqg

Ue
w lv jurvv qrplqdo uhwxuq rq erqgv1 Rxw ri glvsrvdeoh lqfrph wkh krxvhkrog ghflghv
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wkh frpsrvlwlrq ri lwv sruwirolr +prqh|/ fdslwdo dqg erqgv, wr eh fduulhg ryhu qh{w
shulrg1 Wkh surjudp vroyhg lv

Pd{iFw>Lw>Qw>Nw>Pw>EwjH3

4[
3

�w^�w+oq+Fw,, . � oq+4�Qw,` +514,

vxemhfw wr

SwFw � Pw�4 � Lw .ZwQw +515,

Pw . SwNw .Ew � ZwQw . SwuwNw�4 .UPw +Lw .[w, .Ue
wEw�4 .Pw�4

� Lw � Sw+Fw . Ww, +516,

zkhuh oq+�w, @ +4�#, oq+�,.# oq+�w�4,.xw/ zlwk xw � llg+3> �5x,/ m#m ? 4/ P�4> E�4>N�4

duh jlyhq dqg H3 lv wkh h{shfwdwlrq frqglwlrqdo rq lqirupdwlrq dw wlph 31 Htxdwlrq
+515, lv wkh fdvk0lq0dgydqfh frqvwudlqw dqg htxdwlrq +516, lv wkh exgjhw frqvwudlqw
idfhg e| krxvhkrogv1 Jlyhq orfdo qrqvdwldwlrq/ erwk frqvwudlqwv duh dvvxphg wr krog
zlwk htxdolw|1

5151 Ilupv

Wkhuh h{lvwv d frqwlqxxp ri lghqwlfdo �upv/ idflqj d frqvwdqw uhwxuqv wr vfdoh whfk0
qrorj| shuwxuehg e| dq h{rjhqrxv whfkqrorj| vkrfn yw1 Hdfk �up pd{lpl}hv sur�wv
vxemhfw wr wkh jlyhq whfkqrorj| dqg wr d fdvk0lq0dgydqfh frqvwudlqw/ vlqfh zdjhv duh
sdlg ehiruh wkh �up froohfwv uhyhqxhv iurp wkh vdohv ri wkh surgxfw1 Sur�wv dw hdfk
w duh phdvxuhg e| wkh gl�huhqfh ehwzhhq wkh uhfhlswv iurp vhoolqj wkh jrrg/ \w/ dw
sulfh Sw/ dqg wkh frvwv dvvrfldwhg zlwk uhqwlqj fdslwdo/ SwuwNw/ dqg sd|lqj zdjhv/
+4 .UP

w ,ZwQw1 Wkh sureohp vroyhg e| wkh �up lv

Pd{iQw>NwjSur�wvw @ Sw\w � +4 .UP
w ,ZwQw � SwuwNw +517,

vxemhfw wr

ZwQw � Lw .[w +518,

\w � ywQ
�
w N

4��
w +519,

Zh dvvxph oq+yw, @ +4 � �, oq+y, . � oq+yw�4, . &w/ zlwk &w � llg+3> �5&,/ m�m ? 4/
� 5 ^3> 4`1 Dovr khuh zh dvvxph wkdw wkh frqvwudlqwv +518,0+519, krog zlwk htxdolw|1

5161 Ilqdqfldo lqwhuphgldu|

Zh devwudfw iurp �qdqfldo lqwhuphgldwlrq lvvxhv/ vlqfh wkhvh duh ri pdujlqdo lpsru0
wdqfh iru wkh wrslf ri wkh sdshu/ dqg jlyh wkh �qdqfldo lqwhuphgldu| d wulyldo sureohp1
Lw froohfwv prqh| iurp wkh krxvhkrogv lq wkh irup ri ghsrvlwv/ LDw dqg sd| UP

w ri
jurvv lqwhuhvw1 Lw dovr uhfhlyhv [D

w iurp wkh prqhwdu| dxwkrulw|/ lvvxhg dw }hur frvw
dqg vxssolhg dw }hur sulfh1 Lw wkhq uhqwv wkhvh ixqgv wr �upv dw wkh sulfh UP

w 1 Wkh
sur�wv iurp �qdqfldo lqwhuphgldwlrq/ UP

w [D
w / duh sdlg0rxw wr wkh krxvhkrog lq wkh

irup ri glylghqgv1 +Wkh vxshuvfulsw D lqglfdwhv djjuhjdwh yduldeohv,1
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5171 Jryhuqphqw

Wkh jryhuqphqw lq wklv hfrqrp| sod|v d vlpsoh uroh1 Jryhuqphqw frqvxpswlrq JD
w / lv

�qdqfhg e| lvvxlqj rqh0shulrg erqgv/ ED
w / diwhu uhsd|lqj rxwvwdqglqj ghew/ U

e
wE

D
w�4/

dqg oxps vxp wd{hv1 Wkdw lv/ Sw+JD
w � Ww, @ ED

w � Ue
wE

D
w�41 Zh dvvxph oq+JD

w , @
+4� �, oq+JD, . � oq+JD

w�4, . *w/ zlwk *w � llg+3> �5*,/ m�m ? 41

5181 Prqhwdu| dxwkrulw|

Wkh prqhwdu| dxwkrulw| lvvxhv fdvk dw qr frvwv hyhu| shulrg dqg wudqvihuv wr wkh
edqn duh lq wkh irup ri dq �kholfrswhu gurs� ri prqh|1 Lq ghflglqj krz pxfk wr lvvxh
lw iroorzv rqh ri wzr srvvleoh prqhwdu| srolf| uxohv= d sduwldo dffrpprgdwlrq uxoh
ru d ihhgedfn uxoh1 Dw wklv vwdjh/ zh vshfli| wkh srolf| uxoh lq dq lpsolflw irup dv
i+U>P>S> \> %, @ 3 dqg prqhwdu| lqmhfwlrqv duh gh�qhg dv [D

w @ PD
w �PD

w�4 zkhuh
oq+%w, @ +4� !, oq+%, . ! oq+%w�4, . $w/ zlwk $w � llg+3> �5$,/ m!m ? 41

5191 Htxloleulxp

Wkh frpshwlwlyh htxloleulxp iru wklv hfrqrp| lv gh�qhg e| wkh iroorzlqj frqglwlrqv=

Fw @ FD
w > Qw @ QD

w dqg ND
w @ 4> \w @ \ D

w +51:,

\ D
w @ FD

w .JD
w @ }wQ

D�
w N

D+4��,
w�4 +51;,

LDw .[D
w @ ZwQ

D
w +51<,

PD
w�4 .[D

w @ SwF
D
w +5143,

[D
w @ PD

w �PD
w�4 +5144,

i+Uw>Pw> Sw> \w> %w, @ 3 +5145,

Sw+J
D
w � Ww, @ ED

w �Ue
wE

D
w�4 +5146,

Ue
w @ UPw @ uw

sw.4
sw

+5147,

wrjhwkhu zlwk wkh irxu odzv ri prwlrqv iru wkh vkrfnv

oq+�w, @ +4� #, oq+�, . # oq+�w�4, . xw> zlwk xw � llg+3> �5x,> m#m ? 4

oq+yw, @ +4� �, oq+y, . � oq+yw�4, . &w> zlwk &w � llg+3> �5&,> m�m ? 4

oq+%w, @ +4� !, oq+%, . ! oq+%w�4, . $w> zlwk $w � llg+3> �5$,> m!m ? 4

oq+Jw, @ +4� �, oq+J, . � oq+Jw�4, . *w> zlwk *w � llg+3> �5*,> m�m ? 4

wkh wkuhh lqwudwhpsrudo frqglwlrqv dqg wkh Hxohu htxdwlrq

uw @ +4� �,
\w

Nw�4
+5148,

Zw

Sw
@

�Fw
+4�Qw,�w

+5149,
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UwZw

Sw
@ �

\w
Qw

+514:,

�w
Fw

@ Hw

�
�Uw

+Sw.4@Sw,

�w.4
Fw.4

�
+514;,

51:1 D Prqhwdu| Vkrfn= Lpsdfw Uhvsrqvhv

Lw lv xvhixo wr surylgh vrph lqwxlwlrq rq krz wkh hqgrjhqrxv yduldeohv lqvwdqwdqhrxvo|
uhvsrqg wr d prqhwdu| srolf| vkrfn1 Xvlqj wkh frqvwudlqwv +515,0 +518, zh rewdlq

ZwQ
D
w

SwFD
w

@ �w @
LDw .[D

w

PD
w�4 .[D

w

+514<,

Li ghsrvlwv duh vpdoohu wkdq prqh| khog/ l1h1 LDw ? PD
w�4/ d prqhwdu| lqmhfwlrq

lqfuhdvhv �w1 Fohduo|/ wklv lv odujhu wkh vpdoohu lv LDw uhodwlyh wr PD
w�41 Frpelqlqj wkh

oderu vxsso| htxdwlrq +5149, zlwk wkh ohiw0kdqg vlgh ri +514<, zh kdyh

�w @
QD
w

+4�QD
w ,�w

� +5153,

Lq htxdwlrq +5153, krxuv zrunhg duh srvlwlyho| uhodwhg wr prqhwdu| lqmhfwlrqv1 Khqfh
dovr rxwsxw dqg frqvxpswlrq zloo eh srvlwlyho| fruuhodwhg zlwk [D

w 1 Iurp wkh oderu
ghpdqg htxdwlrq +514:, zh kdyh

Uw @
�

�w

4

4� JD
w

ywQ
D�

w
ND4��

w�4

+5154,

vr wkdw wkh qrplqdo lqwhuhvw udwh ghfuhdvhv iroorzlqj d prqhwdu| lqmhfwlrq +wkhuhiruh
jhqhudwlqj d oltxlglw| h�hfw,1 Vlqfh d prqhwdu| lqmhfwlrq uhgxfhv wkh frvwv ri eruurz0
lqj ixqgv/ lw zloo lqgxfh �upv wr kluh pruh zrunhuv1 Wkh pdjqlwxgh ri wkh lqfuhdvh lq
krxuv zrunhg ghshqgv rq wkh vkduh ri oderu/ �/ dqg wkh oderu vxsso| hodvwlflw| +zklfk
lv qhjdwlyho| uhodwhg wr �,1 Wkh uhvsrqvh ri sulfhv wr d prqhwdu| lqmhfwlrq lv

Sw @
PD

w�4 .[D
w

ywQD�
w ND4��

w�4
�JD

w

+5155,

Khqfh/ wkh h{whqw ri wkh sulfh lqfuhdvh ghshqgv rq krz wrwdo krxuv uhvsrqg wr wkh
vkrfnv1 Li wkh vkduh � lv odujh dqg2ru oderu vxsso| lv yhu| hodvwlf/ sulfhv zloo hqgrjh0
qrxvo| eh vwlfn|1 Iurp wkh oderu vxsso| htxdwlrq +5149, wkh uhdo zdjh

Zw

Sw
@ �

ywQ
D�
w ND4��

w�4
�JD

w

+4�QD
w ,�w

+5156,

lv olnho| wr ulvh zlwk [D
w dqg wklv lpsolhv wkdw wkh qrplqdo zdjh zloo ulvh dv zhoo1

Wr vxppdul}h/ d frqwudfwlrqdu| prqhwdu| glvwxuedqfh lqfuhdvhv qrplqdo lqwhuhvw
udwhv/ frqwudfwv hpsor|phqw/ rxwsxw dqg frqvxpswlrq/ ghfuhdvhv uhdo dqg qrplqdo
zdjhv dqg sulfhv1 Wkh h{whqw dqg wkh wlplqj ri wkh ghfolqh lq sulfhv ghshqgv rq wkh
sdudphwhu frq�jxudwlrqv xvhg1 Zh wdnh wklv frpelqhg vhw ri flufxpvwdqfhv wr eh d
glvwlqfwlyh ihdwxuh ri prqhwdu| srolf| glvwxuedqfhv lq wklv w|sh ri hfrqrp|1
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51;1 Fdoleudwlrq dqg Frpsxwdwlrq ri Htxloleulxp

Wr jhqhudwh wlph vhulhv rxw ri wkh prgho/ zh fkrrvh d vwdqgdug sdudphwul}dwlrq1 Wkh
wlph xqlw ri wkh prgho wr eh d txduwhu1 Wkh �yh iuhh sdudphwhuv duh �{hg dv iroorzv=

�Q � � � f@|
3163 3198 4133 31<< 31;3

zkhuh f@| lv wkh vkduh ri frqvxpswlrq lq rxwsxw/ �Q lv krxuv zrunhg dqg � lv jurvv
lq dwlrq lq wkh vwhdg| vwdwhv/ � lv h{srqhqw ri oderu lq wkh surgxfwlrq ixqfwlrq/ �
lv wkh glvfrxqw idfwru1 Wkhvh sdudphwhuv lpso| wkdw lq vwhdg|0vwdwh wkh jurvv uhdo
lqwhuhvw udwh lv 4134/ rxwsxw lv 3179/ ghsrvlwv duh 315</ uhdo edodqfhv 316:/ wkh uhdo zdjh
31;;/ wkh vkduh ri ohlvxuh lq xwlolw| lv 3198/ dqg � @ 4=;9/ zklfk duh lq olqh zlwk wkrvh
xvhg lq wkh olwhudwxuh1

Zh sdudphwul}h wkh vwrfkdvwlf surfhvvhv iru wkh irxu vkrfnv wr doo kdyh wkh vdph
shuvlvwhqfh dqg wkh vdph vwdqgdug ghyldwlrq1 Zh vkrz odwhu wkdw rxu txdolwdwlyh frq0
foxvlrqv duh urexvw wr h{dfw fkrlfh ri wkhvh sdudphwhuv1 Lq wkh ehqfkpdun fdvh zh vhw=

y % � � ! # � �& �$ �x
413 413 413 31<8 31<8 31<8 31<8 31:4 31:4 31:4

zkhuh y> %> � duh wkh vwhdg| vwdwh ydoxh ri wkh vkrfnv/ �> !> #> � duh wkh DU sdudp0
hwhuv dqg �&> �$> �x duh wkh vwdqgdug ghyldwlrqv iru wkh vkrfnv1 Xvlqj wkh uhvrxufh
frqvwudlqw lq wkh vwhdg|0vwdwh zh kdyh wkdw �JD @ �| � �p @ 3=3<1 Zh fkrrvh wkh
vwdqgdug ghyldwlrq ri J vkrfnv vr wkdw wkh frh!flhqw ri yduldwlrq lv wkh vdph dv iru
rwkhu surfhvvhv/ l1h1/ �* @ JD � 3=:4 @ 3=391 Qrwh wkdw wklv sduvlprqlrxv vhohfwlrq
wlhv rxu kdqgv vlqfh lw uhgxfhv wkh qxpehu ri ghjuhhv ri iuhhgrp zh kdyh wr �qh wxqh
wkh gdwd wr wkh lglrv|qfudflhv ri wkh ydulrxv lghqwl�fdwlrq vfkhphv1

Wr vroyh wkh prgho zh wudqvirup wkh yduldeohv lq uhdo whupv +zlwk orzhu fdvh ohw0
whuv ghqrwlqj uhdo yduldeohv,1 Wklv hqvxuhv/ dorqj zlwk wkh dvvxphg sdudphwul}dwlrq/
vwdwlrqdulw| ri vlpxodwhg gdwd1 Zh vshfli| wkh srolf| uxoh wr eh ri wkh irup

p�3
w @ ���4

w U�5
w |�6w %w +5157,

zkhuh � lv d frqvwdqw1 Lq shufhqwdjh ghyldwlrq iurp vwhdg| vwdwh/ d sduwldo dffrp0
prgdwlrq uxoh lv rewdlqhg vhwwlqj �5 @ �4> �3 @ �3=6> �4 @ �6 @ 3> dqg d ihhgedfn
+Wd|oru, uxoh lv rewdlqhg e| vhwwlqj �5 @ �4=3> �4 @ 3=8> �6 @ 3=4> �3 @ 31 Qrwh wkdw
lq erwk fdvhv wkh vxsso| ri uhdo edodqfhv lv xszdug vorslqj lq wkh +p>U, vsdfh1

D vroxwlrq wr wkh prgho lv rewdlqhg e| orj0olqhdul}lqj wkh htxloleulxp frqglwlrqv
durxqg wkh vwhdg| vwdwh xvlqj wkh dssurdfk ri Xkolj +4<<:,1
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51<1 Srolf| uxohv dqg wkh g|qdplfv ri wkh prgho

Lqvshfwlrq ri wkh htxloleulxp srolf| ixqfwlrqv dorqj zlwk wkh g|qdplfv jhqhudwhg e|
wkh prgho surylghv xvhixo lqirupdwlrq rq wkh fkdudfwhulvwlfv ri rxu hfrqrp| xqghu
wkh wzr prqhwdu| srolf| uxohv1 Zh suhvhqw wkh htxloleulxp srolf| ixqfwlrqv lq wdeoh 41
Iljxuh 4 sorwv wkh lpsxovh uhvsrqvhv wr wkh irxu vkrfnv lq dq hfrqrp| zlwk d sduwldo
dffrpprgdwlyh uxoh dqg �jxuh 5 suhvhqwv wkh uhvsrqvhv ri wkh hqgrjhqrxv yduldeohv
iroorzlqj d shuvlvwhqw prqhwdu| srolf| vkrfn xqghu wkh wzr gl�huhqw srolf| uxohv1
Wdeoh 5 uhsruwv wkh wkhruhwlfdo yduldqfh ghfrpsrvlwlrq dw wkh 490shulrgv krul}rq iru
rxwsxw/ lq dwlrq/ qrplqdo lqwhuhvw udwh dqg uhdo edodqfhv iru hdfk ri wkh wzr uxohv1

Wdeoh 4 suhvhqwv vrph lqwhuhvwlqj ihdwxuhv1 Iluvw ri doo/ wkh g|qdplfv jhqhudwhg
zlwk d ihhgedfn +IE, uxoh duh ulfkhu wkdq wkrvh rewdlqhg zlwk d sduwldo dffrpprgd0
wlyh +SD, uxoh1 Lq sduwlfxodu/ lq wkh IE hfrqrp|/ uhdo edodqfhv/ uhdo ghsrvlwv/ rxwsxw/
hpsor|phqw dqg uhdo zdjhv duh qhjdwlyho| uhodwhg wr odvw shulrg uhdo edodqfhv 0 kljkhu
uhdo edodqfhv odvw shulrg lpso| wkdw fxuuhqw lqwhuhvw udwhv dqg lq dwlrq zloo eh kljkhu0
zkloh wklv lv qrw wkh fdvh lq wkh SD hfrqrp|1 Vhfrqg/ wkh vljq ri fhuwdlq lpsdfw
frh!flhqwv lv gl�huhqw lq wkh wzr hfrqrplhv1 Lq sduwlfxodu/ lq wkh SD uxoh d whfkqro0
rj| glvwxuedqfh ghfuhdvhv krxuv rq lpsdfw/ zkloh lq wkh IE uxoh wkh lqvwdqwdqhrxv
uhvsrqvh ri krxuv lv srvlwlyh dowkrxjk vpdoo1 Wklv gl�huhqwldo ehkdylru ri htxloleulxp
hpsor|phqw fdq eh hdvlo| h{sodlqhg e| h{dplqlqj wkh uhdfwlrq ri qrplqdo lqwhuhvw
udwhv wr whfkqrorj| vkrfnv1 Zkhq lqwhuhvw udwhv uhdfw srvlwlyho| wr wkh vkrfn/ djhqwv
duh ulfkhu dqg wkh zhdowk h�hfw ri wkh vkrfn/ wrjhwkhu zlwk wkh kljkhu zdjh frvwv iru
wkh �upv/ pdnh hpsor|phqw ghfolqh1 Zkhq wkh lqwhuhvw udwh ghfuhdvhv lq uhvsrqvh wr
wkh vkrfn/ wkh h{sdqvlrqdu| h�hfw jhqhudwhg e| orzhu frvwv ri surgxfwlrq grplqdwhv
wkh qhjdwlyh zhdowk h�hfw ri wkh vkrfn1 Wklug/ lq wkh IE uxoh/ wkh lqvwdqwdqhrxv
uhvsrqvh ri wkh qrplqdo lqwhuhvw udwh wr d prqhwdu| srolf| vkrfn lv pxfk vpdoohu
lq pdjqlwxgh1 Wkdw lv/ qrplqdo lqwhuhvw udwhv duh zruvh lqglfdwruv ri wkh vwdqfh ri
prqhwdu| srolf| zlwk d IE uxoh wkdq zlwk d SD uxoh +vhh dovr Ehuqdqnh dqg Eolq0
ghu +4<<5,,1 Ilqdoo|/ qrwh wkdw doo glvwxuedqfhv surgxfh frqwhpsrudqhrxv lpsdfwv
rq doo wkh yduldeohv ri wkh v|vwhp zlwk erwk uxohv1 Wklv ihdwxuh vkrxog eh nhsw lq
plqg zkhq glvfxvvlqj wkh uhvxowv rewdlqhg iurp lghqwl�fdwlrq vfkhphv zklfk lpsrvh
�lqhuwldo� uhvwulfwlrqv rq wkh frqwhpsrudqhrxv h�hfw ri fhuwdlq vkrfnv1

Iurp �jxuh 4 zh vhh wkdw d whfkqrorj| vkrfn kdv wkh vwdqgdug h�hfwv rq rxwsxw/
lq dwlrq/ uhdo zdjh/ uhdo edodqfhv dqg uhdo ghsrvlwv zkloh wkh g|qdplfv ri krxuv duh
grplqdwhg e| wkh zhdowk h�hfw 5 1 D srvlwlyh suhihuhqfh vkrfn uhsuhvhqwv dq rxwzdug
vkliw lq wkh oderu vxsso|= lw lqfuhdvhv doo yduldeohv exw lq dwlrq dqg wkh uhdo zdjh zklfk
ghfolqh iru d ihz shulrgv diwhu wkh glvwxuedqfhv1 D +frqwudfwlrqdu|, prqhwdu| vkrfn
jhqhudwhv d shuvlvwhqw lqfuhdvh lq wkh qrplqdo lqwhuhvw udwh dqg surgxfhv orqj odvwlqj
ghsuhvvlyh h�hfwv rq rxwsxw/ krxuv zrunhg/ uhdo zdjh/ lq dwlrq/ uhdo edodqfhv dqg

5Zh kdyh dovr h{shulphqwhg zlwk dq hfrqrp| zkhuh fdslwdo dffxpxodwlrq lv doorzhg1 Lq wklv
hfrqrp| krxuv lqfuhdvh e| dssur{lpdwho| wkh vdph dprxqw dv rxwsxw1 Ehfdxvh qrqh ri wkh rwkhu
g|qdplfv duh dowhuhg/ dqg wkh lqwurgxfwlrq ri d wklug vwdwh frqvlghudeo| frpsolfdwhv wkh frpsxwdwlrq
ri wkh vroxwlrq ri wkh prgho zlwkrxw lpsurylqj rxu xqghuvwdqglqj ri wkh lvvxhv ri lqwhuhvw/ zh rqo|
suhvhqw uhvxowv rewdlqhg iurp d prgho zlwk �{hg fdslwdo1 Wkh lqwhuhvwhg uhdghu lv lqylwhg wr frqvxow
Slqd +4<<<,1
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uhdo ghsrvlwv 6 1 Ilqdoo|/ dq xqh{shfwhg lqfuhdvh lq jryhuqphqw h{shqglwxuh lqfuhdvhv
rxwsxw dqg lq dwlrq +wklv odwwhu yduldeoh rqo| iru rqh txduwhu,/ pdnhv djhqwv zrun
kdughu dqg ghsrvlw pruh dqg wklv ghfuhdvhv uhdo zdjh dqg uhdo edodqfhv khog1

Iljxuh 5 lqglfdwhv wkdw wkh uhvsrqvhv wr d prqhwdu| srolf| glvwxuedqfh lv txdo0
lwdwlyho| vlplodu lq wkh wzr hfrqrplhv1 Wkh g|qdplfv lq wkh SD hfrqrp| duh zhoo
fkdudfwhul}hg e| d olqhdu DU+4, surfhvv/ zkloh lq wkh IE hfrqrp| shdnv ru wkurxjk
uhvsrqvhv rffxu zlwk d odj ri wzr txduwhuv1 Qrwh dovr wkdw wkh pdjqlwxgh ri wkh
uhvsrqvhv lv pruh surqrxqfhg lq wkh IE hfrqrp|/ lq sduwlfxodu iru lq dwlrq dqg wkh
qrplqdo lqwhuhvw udwh1

Prvw ri wkh g|qdplfv dw wkh 70|hduv krul}rqv duh gxh wr whfkqrorj| dqg prqhwdu|
vkrfnv/ uhjdugohvv ri wkh srolf| uxoh xvhg1 Suhihuhqfh glvwxuedqfhv dffrxqw iru d vpdoo
sruwlrq ri wkh yduldqfh ri rxwsxw dqg uhdo edodqfhv/ exw wkh| kdyh qr phdvxudeoh
lpsdfw rq lqwhuhvw udwhv1 Jryhuqphqw h{shqglwxuh vkrfnv h{sodlq d vpdoo shufhqwdjh
ri lq dwlrq yduldqfh lq d SD hfrqrp|/ exw rwkhuzlvh wkh| kdyh qhjoljleoh h�hfwv lq wkh
v|vwhp1 Ilqdoo|/ qrwh wkdw prqhwdu| vkrfnv h{sodlq d odujhu sruwlrq ri wkh yduldelolw|
ri rxwsxw lq wkh IE hfrqrp| wkhq lq wkh SD hfrqrp| +68( yv1 47(, dqg wkdw lqwhuhvw
udwh pryhphqwv duh odujho| gulyhq e| prqhwdu| glvwxuedqfhv lq erwk hfrqrplhv1

Wr vxppdul}h/ wkh g|qdplfv jhqhudwhg e| prqhwdu| srolf| glvwxuedqfhv duh txdo0
lwdwlyho| lqghshqghqw ri wkh srolf| uxoh1 D frqwudfwlrqdu| glvwxuedqfh/ shuvlvwhqwo|
lqfuhdvhv qrplqdo lqwhuhvw udwhv/ kdv frqwhpsrudqhrxv dqg orqj odvwlqj qhjdwlyh hi0
ihfwv rq rxwsxw dqg pdnhv lq dwlrq �uvw ghfolqh dqg wkhq lqfuhdvh1 Prqhwdu| vkrfnv
dffrxqw iru d vxevwdqwldo sruwlrq ri wkh yduldqfh ri qrplqdo udwhv dw orqj krul}rqv/ dqg
ydu|lqj dprxqw ri lq dwlrq yduldqfh1 Frqvlvwhqw zlwk wkh fkdudfwhul}dwlrq r�huhg e|
Vlpv dqg ]kd +4<<9, dqg Xkolj +4<<<,/ wkh shufhqwdjh ri wkh yduldqfh ri uhdo yduldeohv
h{sodlqhg e| srolf| glvwxuedqfhv lq wkh SD hfrqrp| lv prghvw1 Lq wkh IE hfrqrp|
prqhwdu| glvwxuedqfhv dffrxqw iru rqh0wklug ri wkh yduldqfh ri uhdo yduldeohv1

Zkloh wkh prgho vshfl�fdwlrq lv idu iurp ehlqj d jrrg qxoo k|srwkhvlv dv idu
dv �wwlqj dfwxdo gdwd/ lw lv deoh wr txdolwdwlyho| surgxfh wkrvh ihdwxuhv zklfk wkh
hpslulfdo olwhudwxuh kdv xqfrqwuryhuvldoo| irxqg lq wkh gdwd +vhh h1j1 Jrugrq dqg
Ohhshu +4<<7, dqg Vlpv +4<<;,,1 Rxu wdvn lq wkh qh{w ihz vhfwlrqv lv wr h{dplqh
zkhwkhu lghqwl�hg YDU prghov duh deoh wr uhfryhu wklv vhw ri ixqgdphqwdo ihdwxuhv1

61 YDU Prghov

6141 Vshfl�fdwlrq

Zh uhsuhvhqw wkh vlpxodwhg hfrqrp| ri vhfwlrq 5 zlwk d vhw ri olqhdu g|qdplf htxdwlrqv
ri wkh irup

D3}w @ D+O,}w�4 . hw +614,

zkhuh O lv wkh odj rshudwru/ D+O, lv d pdwul{ sro|qrpldo lq O/ hw @ ^yw> �w> %w>Jw` lv
dvvxphg wr kdyh d phdq ri }hur dqg d gldjrqdo fryduldqfh pdwul{ 	h1 Zh dvvxph
wkdw D3 lv lqyhuwleoh vr wkdw wkh YDU uhsuhvhqwdwlrq ri wkh v|vwhp lv

}w @ E+O,}w�4 . �w +615,

6Wkh shuvlvwhqfh ri wkhvh h�hfwv lv gxh wr wkh DU+4, qdwxuh ri wkh vkrfnv1
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zkhuh �w @ D�4

3
hw kdv fryduldqfh pdwul{ 	� 1

Rxu wdvn zloo eh wr hvwlpdwh YDU prgho olnh +615, xvlqj gdwd vlpxodwhg zlwk wkh
wzr gl�huhqw prqhwdu| srolf| uxohv/ xvh wkh idfw wkdw D�4

3
	hD

�4
3

3
@ 	� dqg h{foxvlrq

uhvwulfwlrqv rq D3 wr surylgh wkh plqlpdo vhw ri frqvwudlqwv qhhghg wr lghqwli| wkh
ydulrxv vrxufhv ri vwuxfwxudo glvwxuedqfhv1 Wkhq zh h{dplqh +l, zkhwkhu wkh vljq
dqg wkh pdjqlwxgh ri wkh frh!flhqwv ri wkh hvwlpdwhg prqhwdu| srolf| uxoh uhsolfdwh
wkrvh ri wkh jhqhudwlqj hfrqrp|/ +ll, zkhwkhu wkh hvwlpdwhg g|qdplfv lq uhvsrqvh
wr d srolf| vkrfn plplf wkrvh ri wkh jhqhudwlqj hfrqrp|/ +lll, zkhwkhu wkh yduldqfh
ghfrpsrvlwlrq ri d yhfwru ri yduldeohv pdwfkhv wkh rqh ri wkh wkhruhwlfdo hfrqrp|1

Vlqfh rxu prgho kdv irxu vwuxfwxudo vkrfnv/ zh xvh d irxu yduldeoh YDU prgho
zlwk rxwsxw/ lq dwlrq/ uhdo edodqfhv dqg qrplqdo lqwhuhvw udwhv dv rxu edvlf vwuxfwxuh1
Wkh fkrlfh ri wkhvh yduldeohv/ dv rssrvhg wr wkhlu qrplqdo frxqwhusduw/ lv glfwdwhg
e| wkh idfw wkdw wkhlu wuxh g|qdplfv duh vwdwlrqdu| dqg wklv pdnhv rxu frpsdulvrq
h{huflvh phdqlqjixo1 Ehfdxvh wkh wkhruhwlfdo g|qdplfv ri wkh gdwd duh gl�huhqw xqghu
wkh wzr gl�huhqw uxohv/ zh hvwlpdwh d YDU+4, prgho zlwk gdwd iurp wkh SD hfrqrp|
dqg d YDU+5, prgho zlwk gdwd iurp d IE hfrqrp|7 1

Dv lq wkh olwhudwxuh/ zh dvvxph wkdw wkh prqhwdu| srolf| uxoh lv ri wkh irup

Uw @ i+�w, . tw +616,

zkhuh i lv d olqhdu ixqfwlrq ri �w/ wkh dydlodeoh lqirupdwlrq vhw/ dqg tw lv wkh prqhwdu|
srolf| lqqrydwlrq1 Zh frqvlghu wzr gl�huhqw vshfl�fdwlrqv iru �w1 Wkh �uvw/ lq wkh
vslulw ri Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<9, +FHH, dvvxphv wkdw �w lqfoxghv
fxuuhqw dqg odjjhg ydoxhv ri rxwsxw dqg lq dwlrq/ lq dgglwlrq wr odjjhg ydoxhv ri uhdo
edodqfhv dqg lqwhuhvw udwhv1 Lq rwkhu zrugv/ zh dvvxph d frqwhpsrudqhrxv uhodwlrq0
vkls ehwzhhq prqhwdu| srolf| vkrfn dqg vkrfnv wr lq dwlrq dqg surgxfwlrq ri wkh
vdph w|sh dv wkh rqh ghvfulehg e| wkh IE uxoh1 Wr frpsohwh wkh lghqwl�fdwlrq ri wkh
rwkhu glvwxuedqfhv +zklfk zh fdoo iru vlpsolflw|/ djjuhjdwh vxsso|/ djjuhjdwh ghpdqg
dqg prqh| ghpdqg, zh dvvxph wkdw rxwsxw frqwhpsrudqhrxvo| uhdfwv rqo| wr lwv
rzq lqqrydwlrqv/ wkdw lq dwlrq uhvsrqgv frqwhpsrudqhrxvo| wr rxwsxw dqg lq dwlrq
lqqrydwlrqv dqg wkdw uhdo edodqfhv duh frqwhpsrudqhrxvo| d�hfwhg e| lqqrydwlrqv lq
doo wkh yduldeohv1 Wkhvh uhvwulfwlrqv lpso| d uhfxuvlyh vwuxfwxuh rq wkh pdwul{ D3

zlwk wkh yduldeohv lq wkh YDU rughuhg dv rxwsxw/ lq dwlrq/ lqwhuhvw udwhv dqg uhdo
edodqfhv1 Wkh vhfrqg lghqwl�fdwlrq vfkhph lv lq wkh vslulw ri Vlpv dqg ]kd +4<<9,
+V], dqg Ohhshu/ Vlpv dqg ]kd +4<<9,1 Lw dvvxphv wkdw � lqfoxghv fxuuhqw dqg odjjhg
ydoxhv ri uhdo edodqfhv/ lq dgglwlrq wr odjjhg ydoxhv ri wkh lqwhuhvw udwh/ ri lq dwlrq
dqg ri rxwsxw1 Khqfh wkh srolf| htxdwlrq uhfryhuhg zlwk wklv vfkhph lv fkdudfwhul}hg
e| wkh vdph w|sh ri frqwhpsrudqhrxv ihhgedfnv zh rewdlq zlwk d SD uxoh1 Wr frp0
sohwh wkh lghqwl�fdwlrq ri wkh rwkhu vwuxfwxudo glvwxuedqfhv zh dvvxph dv ehiruh wkdw
rxwsxw dqg lq dwlrq duh qrw frqwhpsrudqhrxvo| d�hfwhg e| prqhwdu| srolf| vkrfnv/
wkdw lq dwlrq uhdfwv wr rxwsxw dqg lq dwlrq lqqrydwlrqv frqwhpsrudqhrxvo| dqg wkdw
uhdo edodqfhv uhvsrqg frqwhpsrudqhrxvo| wr lqqrydwlrqv lq wkh rwkhu wkuhh yduldeohv1

7DLF dqg VLF fulwhuld dovr slfn rqh dqg wzr odjv iru wkh wzr gdwd vhwv1 Lqfuhdvlqj wkh odj ohqjwk
ri wkh hvwlpdwhg YDU grhv qrw fkdqjh wkh hvvhqfh ri wkh uhvxowv zh suhvhqw1
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6151 Wkh Uhvxowv

Zh jhqhudwh 583 gdwd srlqwv iru wkh yduldeohv iru hdfk ri wkh wzr hfrqrplhv dqg xvh wkh
odvw 483 dv rxu gdwd vhw1 YDUprghov duh hvwlpdwhg e| ROV/ htxdwlrq e| htxdwlrq/ dqg
iru hdfk gdwd vhw zh dsso| wkh wzr lghqwl�fdwlrq vfkhphv/ iru d wrwdo ri 7 frpelqdwlrqv1
Frqwhpsrudqhrxv lpsdfw frh!flhqwv duh hvwlpdwhg zlwk wkh Ehuqdqnh surfhgxuh lq
ZlqUDWV diwhu d suholplqdu| vhdufk iru lqlwldo frqglwlrqv kdv ehhq frqgxfwhg zlwk d
vlpsoh{ dojrulwkp1 Wdeoh 6 suhvhqwv hvwlpdwhv ri wkh qrq0}hur frh!flhqwv rewdlqhg1
Lq sduhqwkhvlv/ zh uhsruw dv|pswrwlfdoo| qrupdo vwdqgdug huuruv1

Lw lv zruwk frqfhqwudwlqj rxu glvfxvvlrq �uvw rq wkh hvwlpdwhv ri wkh srolf| htxdwlrq
zlwk wkh wzr lghqwl�fdwlrq vfkhphv1 Uhfdoo wkdw lq wkh SD hfrqrp|/ wkh lqwhuhvw udwh
uhvsrqgv wr uhdo edodqfhv dqg wkh frqwhpsrudqhrxv frh!flhqw lv 3161 Wkh V] vfkhph
fruuhfwo| fdswxuhv wkh vljq ri wklv frh!flhqw exw wkh srlqw hvwlpdwh lv lqvljql�fdqwo|
gl�huhqw iurp }hur1 Zlwk wkh FHH vfkhph hvwlpdwhv ri wkh frh!flhqwv rq rxwsxw dqg
lq dwlrq/ zklfk vkrxog eh wkhruhwlfdoo| htxdo wr }hur/ duh qhjdwlyh dqg vljql�fdqw1
Wkdw lv/ hvwlpdwhv rewdlqhg zlwk wkh FHH vfkhph lpso| wkdw prqhwdu| srolf| lv
ohdqlqj djdlqvw rxwsxw dqg lq dwlrq lqqrydwlrqv zkloh wklv lv qrw wkh fdvh lq wkh prgho
hfrqrp|1 Lq wkh IE hfrqrp|/ wkh frh!flhqwv rq rxwsxw dqg lq dwlrq lqqrydwlrqv
lq wkh srolf| htxdwlrq duh htxdo wr 314 dqg 318/ uhvshfwlyho|1 Rxu hvwlpdwhv zlwk
wkh FHH vfkhph lqvwhdg vxjjhvw wkdw wkhvh frh!flhqwv duh qhjdwlyh dqg vljql�fdqw1
Lqwhuhvwlqjo|/ vkruw uxq hvwlpdwhv ri wkh srolf| sdudphwhuv duh yhu| vlplodu dfurvv gdwd
vhwv zlwk wkh FHH lghqwl�fdwlrq vfkhph1 Zlwk wkh V] lghqwl�fdwlrq vfkhph wkh vljq
ri wkh frh!flhqw rq lqwhuhvw udwh lqqrydwlrqv lv qhjdwlyh dqg vljql�fdqw vr wkdw/ lq
wklv fdvh/ wklv vfkhph idlov wr uhfryhu d +srvlwlyho| vorshg, vxsso| ixqfwlrq iru uhdo
edodqfhv1

Wkhuh duh vhyhudo rwkhu lqwhuhvwlqj dvshfwv ri wdeoh 61 Iluvw/ uhjdugohvv ri wkh
lghqwl�fdwlrq vfkhph xvhg/ wkh sdudphwhuv ri wkh prqh| ghpdqg ixqfwlrq duh vlplodu
dfurvv gdwd vhwv zlwk wkh FHH vfkhph1 Vhfrqg/ wkh pdjqlwxgh ri wkh sdudphwhu lq
wkh djjuhjdwh ghpdqg htxdwlrq fkdqjhv zlwk wkh gdwd vhw dqg lw lv odujhu zlwk gdwd
jhqhudwhg e| SD uxoh zlwk erwk lghqwl�fdwlrq vfkhphv1 Ilqdoo|/ lq doo exw rqh fdvh
hvwlpdwhg frh!flhqwv duh vljql�fdqw erwk vwdwlvwlfdoo| dqg hfrqrplfdoo|1

Wr vxppdul}h/ lq 6 rxw ri wkh 7 h{shulphqwv/ lghqwl�fdwlrq rewdlqhg e| lpsrvlqj
lqhuwldo uhvwulfwlrqv rq wkh frqwhpsrudqhrxv h�hfwv ri wkh vkrfnv idlov wr fdswxuh wkh
wuxh prqhwdu| srolf| uxoh dqg surylghv d glvwruwhg slfwxuh ri wkh lpsdfw frh!flhqwv
lq doo wkh htxdwlrqv1 Lq wkh uhpdlqlqj fdvh/ wkh hvwlpdwhg frh!flhqw lq wkh srolf| uxoh
kdv wkh uljkw vljq exw lw lv lqvljql�fdqw1

Iljxuh 6 suhvhqwv wkh hvwlpdwhg g|qdplfv lq uhvsrqvh wr lqwhuhvw udwh vkrfnv xqghu
wkh FHH vfkhph dqg lq uhvsrqvh wr d prqhwdu| srolf| vkrfn xqghu wkh V] vfkhph
iru wkh wzr gdwd vhwv1 Hdfk �jxuh suhvhqwv 9;( frq�ghqfh edqgv rewdlqhg e| Prqwh
Fduor phwkrgv wrjhwkhu zlwk wkh wkhruhwlfdo uhvsrqvhv zh kdyh suhvhqwhg lq �jxuh
5/ vfdohg vr wkdw vkrfnv lq wkh wkhruhwlfdo hfrqrp| dqg lq wkh YDU kdyh wkh vdph
yduldqfh1 Iru wkh mxvw0lghqwl�hg FHH v|vwhp/ Prqwh Fduor edqgv duh frqvwuxfwhg
xvlqj wkh vwdqgdug ZlqUDWV surfhgxuh1 Iru ryhu0lghqwl�hg V] v|vwhp zh iroorz
Vlpv dqg ]kd +4<<;,/ gudz uhsolfdwlrqv iurp wkh mrlqw srvwhulru glvwulexwlrq ri wkh
dxwruhjuhvvlyh sdudphwhuv/ wkh yduldqfh0fryduldqfh pdwul{ ri wkh uhvlgxdov dqg ri wkh



6 YDU PRGHOV 47

pdwul{ ri wkh vwuxfwxudo sdudphwhuv> xvh lpsruwdqfh vdpsolqj wr zhljkw gudzv zlwk
gl�huhqw lqirupdwlrq dqg dqwlwkhwlf phwkrgv wr vshhg xs wkh fdofxodwlrqv1 Zh uhsruw
vpdoo vdpsoh frq�ghqfh edqgv rewdlqhg e| gudzlqj 4333 uhsolfdwlrqv iru hdfk gdwd
vhw/ dv rssrvhg wr wkhlu dv|pswrwlf dssur{lpdwlrqv/ wr doorz iru dv|pphwulhv lq wkh
glvwulexwlrq ri lpsxovh uhvsrqvhv/ li wkh| h{lvw1

Frqvlghu �uvw wkh uhvsrqvhv rewdlqhg zlwk wkh FHH vfkhph1 Wkh uhvsrqvhv ri
lq dwlrq dqg lqwhuhvw udwhv wr zkdw zh kdyh lghqwl�hg dv prqhwdu| srolf| +lqwhuhvw
udwh, vkrfn duh vlplodu dfurvv gdwd vhwv1 Khqfh/ qrw rqo| hvwlpdwhv ri wkh frqwhpsr0
udqhrxv sdudphwhuv duh lqvhqvlwlyh wr wkh xqghuo|lqj prqhwdu| srolf| uxoh zlwk wklv
lghqwl�fdwlrq vfkhph/ exw dovr wkh g|qdplfv dsshdu wr lqkhulw wklv ihdwxuh1 Wkhuh duh
qrwdeoh gl�huhqfhv lq wkh uhvsrqvh ri rxwsxw dqg uhdo edodqfhv lq wkh wzr hfrqrplhv= d
frqwudfwlrqdu| prqhwdu| srolf| vkrfn +dq lqfuhdvh lq lqwhuhvw udwh, jhqhudwhv phgldq
uhvsrqvhv wkdw duh vljql�fdqw dqg srvlwlyh lq wkh SD hfrqrp|/ dqg vljql�fdqw dqg qhj0
dwlyh +diwhu wzr vwhsv, zkhq zh xvh gdwd jhqhudwhg e| d IE hfrqrp|1 Txdqwlwdwlyho|/
wuxh uhvsrqvhv gl�hu iurp wkh hvwlpdwhg rqhv dqg iru lqwhuhvw udwhv dqg lq dwlrq wkh|
duh w|slfdoo| rxwvlgh wkh hvwlpdwhg vwdqgdug huuru edqgv1 Qrwh dovr/ wkdw zlwk erwk
gdwd vhwv/ wkh hvwlpdwhg wlph wkdw wkh hfrqrp| qhhgv wr dgmxvw wr wkh srolf| vkrfn lv
orqj dqg wkh g|qdplfv kdyh qrw |hw frpsohwho| vhwwohg 49 shulrgv diwhu wkh vkrfn1

Zlwk d uhfxuvlyh lghqwl�fdwlrq vfkhph/ lw lv srvvleoh wkdw glvwxuedqfhv wr uhdo
edodqfhv dovr fdswxuh lpsruwdqw dvshfwv ri prqhwdu| srolf| vkrfnv1 Zh gr qrw uhsruw
wkhvh uhvsrqvhv khuh ehfdxvh wkhuh lv yhu| olwwoh gl�huhqfh lq krz wkh v|vwhp uhdfw wr
lqwhuhvw udwhv dqg uhdo edodqfhv vkrfnv1 Lq wkh SD hfrqrp|/ wkh| duh h{dfwo| lghqwlfdo
dsduw iurp d vljq fkdqjh lq doo wkh uhvsrqvhv1 Lq wkh IE hfrqrp| rxwsxw dqg uhdo
edodqfhv phgldq uhvsrqvhv duh vljql�fdqwo| srvlwlyh zkloh lq dwlrq dqg lqwhuhvw udwhv
phgldq uhvsrqvhv duh lqvljql�fdqw1 Lq jhqhudo/ wuxh uhvsrqvhv idoo rxwvlgh wkh edqgv
h{fhsw lq wkh IE hfrqrp|/ exw rqo| iru d ihz shulrgv1

Wkh phgldq uhvsrqvhv rewdlqhg zlwk V] lghqwl�fdwlrq vfkhph duh txdolwdwlyh vlp0
lodu wr wkrvh rewdlqhg zlwk wkh FHH vfkhph/ uhjdugohvv ri wkh prqhwdu| srolf| uxoh1
Wkh edqgv/ krzhyhu/ duh yhu| odujh dqg w|slfdoo| dv|pphwulf uh hfwlqj wkh qrq0
qrupdolw| ri hvwlpdwhg sdudphwhuv lq vpdoo vdpsohv1 Ryhudoo/ zh �qg wkdw lq wkh
SD hfrqrp|/ rxwsxw dqg uhdo edodqfhv uhvsrqvhv duh zurqj dqg wkh hqwluh edqg olhv
rq wkh rwkhu vlgh ri }hur> wkh rqh ri lq dwlrq lv vrphzkdw plvvshfl�hg/ dv wkh qhjdwlyh
lpsdfw rq lq dwlrq lv plvvlqj1 Ilqdoo|/ wkh edqgv iru lqwhuhvw udwhv wxuqv shuvlvwhqwo|
qhjdwlyh diwhu wzr txduwhuv zkloh lq wkh prgho hfrqrp| wklv lv qhyhu wkh fdvh1 Lq wkh
IE hfrqrp| wkh pdmru plvvshfl�fdwlrq frqfhuqv wkh lqlwldoo| srvlwlyh uhvsrqvhv ri
lq dwlrq 0 d uhplqlvfhqw ri wkh �sulfh sx}}oh� +vhh Vlpv +4<<5,, 0 dqg wkh idfw wkdw
lqwhuhvw udwh uhvsrqvhv wxuq qhjdwlyh diwhu 6 txduwhuv1 Qrwlfh wkdw lq wklv fdvh/ rxw0
sxw dqg uhdo edodqfhv uhvsrqvhv gr kdyh wkh fruuhfw vljq1 Txdqwlwdwlyho| vshdnlqj/
wuxh uhvsrqvhv duh rffdvlrqdoo| lqvlgh wkh hvwlpdwhg edqgv exw wkhuh lv qr vxevwdqwldo
lpsuryhphqw uhodwlyh wr wkh FHH vfkhph1

Lq frqfoxvlrq/ erwk lghqwl�fdwlrq vfkhphv idlo wr fdswxuh wkh frqwudfwlrqdu| frq0
vhtxhqfhv rq rxwsxw dqg wkh g|qdplfv ri lq dwlrq iroorzlqj d wljkwhqlqj ri prqhwdu|
srolf| lq wkh SD hfrqrp|1 Lq wkh IE hfrqrp| erwk vfkhphv duh ehwwhu exw dovr lq
wklv fdvh wkh| idlo wr uhsurgxfh wkh shuvlvwhqfh ri lq dwlrq dqg lqwhuhvw udwh uhvsrqvhv
lq wkh phglxp uxq1
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Zh qh{w wxuq wr wkh yduldqfh ghfrpsrvlwlrq +vhh wdeoh 7,1 Uhfdoo wkdw lq wkh
wkhruhwlfdo hfrqrp| prqhwdu| vkrfnv sod| dq lpsruwdqw uroh dv vrxufhv ri  xfwxdwlrqv
lq wkh hfrqrp| dqg h{sodlq/ ghshqglqj rq wkh gdwd vhw/ ehwzhhq 47 dqg 68( ri wkh
yduldqfh ri rxwsxw dqg uhdo edodqfhv/ ehwzhhq 83 dqg <6( ri wkh yduldqfh ri lq dwlrq
dqg ehwzhhq ;: dqg <:( ri wkh yduldqfh ri lqwhuhvw udwhv1

Zlwk wkh FHH lghqwl�fdwlrq vfkhph/ lqwhuhvw udwh lqqrydwlrqv h{sodlq qhjoljleoh
sruwlrqv ri wkh yduldqfh ri doo irxu yduldeohv dw wkh 49 shulrgv krul}rq iru erwk gdwd
vhwv1 Lqwhuhvwlqjo|/ dqg frqwudu| wr zkdw wkh wkhruhwlfdo ghfrpsrvlwlrq vxjjhvwhg/ lq0
 dwlrq lqqrydwlrqv duh wkh rqo| vljql�fdqw vrxufh ri yduldwlrqv lq lqwhuhvw udwhv dw wkh
49 shulrgv krul}rq zlwk erwk gdwd vhwv1 Khqfh/ wklv lghqwl�fdwlrq vfkhph surgxfhv
wkh huurqhrxv lpsuhvvlrq wkdw wkh oltxlglw| h�hfw ri prqhwdu| srolf| vkrfnv duh vkruw
olyhg dqg wkh h{shfwhg lq dwlrq h�hfwv grplqdwh wkh yduldelolw| ri lqwhuhvw udwhv lq
wkh orqj uxq1 Lq jhqhudo/ wklv vfkhph surgxfhv prqhwdu| srolf| vkrfnv zklfk juhdwo|
xqghuhvwlpdwh wkh wuxh frqwulexwlrq ri wkhvh glvwxuedqfhv wr wkh yduldqfh ri uhdo dqg
prqhwdu| yduldeohv/ uhjdugohvv ri wkh gdwd vhw xvhg1 Qrwh dovr wkdw frqwudu| wr zkdw
rffxuuhg lq wkh prgho/ zlwk d IE uxoh djjuhjdwh vxsso| +rxwsxw, lqqrydwlrqv idlo wr
h{sodlq d vljql�fdqw sruwlrq ri lq dwlrq yduldelolw| dqg zlwk wkh SD uxoh djjuhjdwh
ghpdqg +lq dwlrq, lqqrydwlrqv idlo wr jhqhudwh vljql�fdqw orqj uxq yduldwlrqv lq rxw0
sxw dqg uhdo edodqfhv1 Txdqwlwdwlyho|/ wkh wuxh ydoxhv duh rxwvlgh wkh huuru edqgv
dsshdulqj lq wdeoh 71

Zlwk V] lghqwl�fdwlrq vfkhph prqhwdu| srolf| lqqrydwlrqv h{sodlq odujh dqg vlj0
ql�fdqw sruwlrqv ri wkh yduldelolw| ri uhdo yduldeohv lq erwk hfrqrplhv1 Zlwk wklv
lghqwl�fdwlrq vfkhph orqj uxq yduldwlrqv lq lqwhuhvw udwhv dsshdu wr eh gulyhq/ dw ohdvw
sduwldoo|/ e| prqhwdu| srolf| lqqrydwlrqv vxjjhvwlqj wkdw wkh oltxlglw| h�hfw ri d sro0
lf| vkrfn lv pxfk pruh orqj olyhg wkdq zlwk wkh FHH vfkhph1 Dv zlwk FHH vfkhph/
djjuhjdwh ghpdqg +lq dwlrq, lqqrydwlrqv h{sodlq vpdoo exw vljql�fdqw sruwlrqv ri wkh
yduldelolw| ri doo yduldeohv zkloh prqh| ghpdqg +uhdo edodqfhv, lqqrydwlrqv sod| d
qhjoljleoh uroh zlwk doo gdwd vhwv1 Frqwudu| wr zkdw zdv rewdlqhg lq wkh wkhruhwlfdo
hfrqrp|/ djjuhjdwh vxsso| +rxwsxw, lqqrydwlrqv dffrxqw iru dq lqvljql�fdqw sruwlrq
ri wkh yduldelolw| ri uhdo yduldeohv zklfk duh qrz gulyhq e| djjuhjdwh ghpdqg dqg sro0
lf| vkrfnv1 Ilqdoo|/ txdqwlwdwlyho| vshdnlqj/ wkh 9;( edqgv gr qrw lq jhqhudo lqfoxgh
wkh wuxh ydoxhv suhvhqwhg lq wdeoh 51

Lq frqfoxvlrq/ zlwk wkh FHH vfkhph wkh oltxlglw| h�hfwv ri d prqhwdu| srolf|
vkrfn duh hvwlpdwhg wr eh vkruw olyhg dqg wklv w|sh ri glvwxuedqfhv lv hvwlpdwhg wr
kdyh qhjoljleoh lpsruwdqfh lq h{sodlqlqj uhdo  xfwxdwlrqv uhjdugohvv ri wkh gdwd xvhg1
Zlwk wkh V] vfkhph wkh rssrvlwh rffxuv1 Wkh oltxlglw| h�hfwv ri prqhwdu| vkrfnv
kdyh orqjhu odvwlqj uhshufxvvlrqv rq lqwhuhvw udwhv dqg wklv w|sh ri glvwxuedqfhv h{sodlq
vl}hdeoh sruwlrq ri wkh yduldqfh ri rxwsxw +ehwzhhq 4: dqg 85( lq wkh SD hfrqrp|
dqg ehwzhhq 55( dqg 88( lq wkh IE hfrqrp|,1

Zh kdyh frqgxfwhg vhyhudo h{shulphqwv wr h{dplqh wkh vhqvlwlylw| ri wkh uhvxowv
wr sdudphwhu fkrlfhv lq wkh wkhruhwlfdo hfrqrp|1 Lq sduwlfxodu/ zh kdyh fkdqjh wkh
yduldqfhv dqg wkh shuvlvwhqfh ri wkh vwuxfwxudo vkrfnv= zh fxw e| kdoi wkh yduldqfh
ri prqhwdu| lqqrydwlrqv/ zh kdyh fdoleudwhg wkhlu shuvlvwhqfh wr XV gdwd ru pdgh
wkhp llg1 Zh kdyh dovr ydulhg wkh frh!flhqw lq sduwldo dffrpprgdwlrq uxoh iurp 313
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+zklfk fruuhvsrqg wr d lqwhuhvw udwh uxoh, 8 wr 31; dqg fkdqjhg wkh sdudphwhu rq
lq dwlrq lq wkh ihhgedfn uxoh iurp 318 wr 4151 +vhh Vlpv dqg ]kd +4<<;, dqg Wd|oru
+4<<6, iru dq hpslulfdo mxvwl�fdwlrq ri wkhvh udqjhv,1 Zh irxqg wkdw wkh h{whqw ri
wkh plvvshfl�fdwlrq lv urexvw wr yduldwlrqv ri wkh sdudphwhuv zlwklq wkhvh udqjhv hyhq
wkrxjk/ dv zh dssurdfk dq lqwhuhvw udwh uxoh/ wkh uhvxowv rewdlqhg zlwk wkh V] vfkhph
zruvhq1 Zh kdyh dovr h{dplqhg dq lghqwl�fdwlrq vfkhph lq wkh vslulw ri Vlpv +4<<5,
zkhuh wkh hvwlpdwhg srolf| uxoh lv fkdudfwhul}hg dv d lqwhuhvw udwh uxoh/ l1h1 zkhuh wkh
qrplqdo lqwhuhvw udwh lv dvvxphg wr uhvsrqg rqo| wr lwv rzq lqqrydwlrqv> uhdo edodqfhv
uhvsrqg wr lqqrydwlrqv lq wkh qrplqdo udwh> lq dwlrq lv uhvsrqglqj wr lqqrydwlrqv
lq wkh qrplqdo udwh dqg lq uhdo edodqfhv dqg rxwsxw uhvsrqgv wr lqqrydwlrqv lq doo
yduldeohv1 Wkh h{whqw ri wkh plvvshfl�fdwlrq lv uhgxfhg e| wklv dowhuqdwlyh rughulqj
ri wkh yduldeohv exw wkh txdolwdwlyh h�hfwv zh uhsruw duh vwloo suhvhqw 9 1

71 H{sodqdwlrqv

Wkh uhvxowv zh kdyh suhvhqwhg duh vrphzkdw vxusulvlqj dqg frqwudglfw wkh frqyhq0
wlrqdo zlvgrp wkdw +vhpl,0vwuxfwxudo lghqwl�fdwlrq lq YDU prghov fdq uhfryhu/ zkhq
dssursuldwho| shuiruphg/ wkh wuxh g|qdplfv ri wkh gdwd1 Lw lv wkhuhiruh zruwk lqyhvwl0
jdwlqj zk| wkh uhvxowv ri rxu h{shulphqwv jr djdlqvw wklv frpprqo| khog shufhswlrq1

Rqh srvvleoh uhdvrq iru zk| erwk lghqwl�fdwlrq vfkhphv idlo wr fdswxuh wkh ihdwxuhv
ri wkh prqhwdu| srolf| uxoh lq wkh jhqhudwlqj hfrqrp| lv wkh vpdoo vdpsoh ri wkh gdwd1
Wkdw lv/ vwuxfwxudo YDU hvwlpdwhv duh vr idu dzd| iurp wkh wuxwk ehfdxvh wkh vdpsoh
lv wrr vkruw iru dq| dv|pswrwlf dssur{lpdwlrq wr krog1 Zkloh wklv h{sodqdwlrq kdv
wkh srwhqwldo wr uhfrqfloh rxu uhvxowv zlwk wkh h{lvwlqj YDU hylghqfh/ zh �qg lw kdug
wr eholhyh wkdw vpdoo vdpsohv pd| eh wkh uhdvrq iru wkh rxwfrphv1 Diwhu doo/ vpdoo
vdpsohv w|slfdoo| lpso| wkdw hvwlpdwhg frqwhpsrudqhrxv sdudphwhuv duh lqvljql�fdqw
dqg huuru edqgv lqfoxgh }hurv/ zklfk lv qrw qhfhvvdulo| wkh fdvh lq rxu h{shulphqwv1
Pruhryhu/ rxu vdpsoh vl}h fruuhvsrqgv dssur{lpdwho| wr wkh vl}h ri txduwhuo| XV gdwd
xvhg lq doprvw doo hpslulfdo h{huflvhv1 Ghvslwh wklv d0sulrul vnhswlflvpv/ zh frqgxfwhg
wzr h{shulphqwv wr ghwhfw krz lpsruwdqw wkh sureohp lv1 Lq wkh �uvw rqh/ zh jhqhudwhg
:33 gdwd srlqwv dqg nhsw wkh odvw 933 iru hvwlpdwlrq1 Wkh txdolwdwlyh ihdwxuhv ri wkh
uhvxowv duh xqfkdqjhg1 Wkh frh!flhqwv ri wkh srolf| ixqfwlrq hvwlpdwhg xqghu wkh FHH
vfkhph duh zurqj dqg wkhlu pdjqlwxgh lv lqghshqghqw ri wkh gdwd jhqhudwlqj surfhvv1
Zlwk wkh V] lghqwl�fdwlrq vfkhph wkh vljq ri wkh frh!flhqw rq uhdo edodqfhv lq wkh
srolf| ixqfwlrq lv vwloo zurqj lq wkh IE hfrqrp| zkloh wkh frh!flhqw rewdlqhg zlwk
gdwd jhqhudwhg lq wkh SD hfrqrp| lv srvlwlyh dqg qrz vljql�fdqwo| gl�huhqw iurp
}hur1 Wkh uhpdlqlqj ihdwxuhv ri wkh lpsdfw frh!flhqwv uhpdlq dqg wkh txdolwdwlyh
ihdwxuhv ri wkh yduldqfh ghfrpsrvlwlrq duh dovr yhu| vlplodu wr wkrvh ri wdeoh 71

Lq wkh vhfrqg h{shulphqw/ zh duwl�fldoo| jdyh wr wkh YDU hfrqrphwulfldq wkh
h{dfw vshfl�fdwlrq ri wkh yduldqfh fryduldqfh pdwul{ ri uhgxfhg irup YDU uhvlgxdov
+frpsxwhg dqdo|wlfdoo| iurp wkh wkhruhwlfdo YDU uhsuhvhqwdwlrq, dqg dvn klp2khu

8Qrwh wkdw wkh sulfh ohyho lv ghwhuplqhg hyhq zkhq Bf ' f�f ehfdxvh lq wkh prgho wkh �vfdo dqg
prqhwdu| dxwkrulwlhv duh vhsdudwhg1

9Dq dsshqgl{/ dydlodeoh rq uhtxhvw/ frqwdlqv wkh uhvxowv ri wkhvh dqg rwkhu h{shulphqwv phqwlrqhg
lq wkh sdshu1
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wr hvwlpdwh wkh iuhh sdudphwhuv zlwk wkh wzr lghqwl�fdwlrq vfkhphv1 Zh suhvhqw
wkh hvwlpdwhg uhgxfhg irup dqg wkh wuxh fryduldqfh pdwulfhv lq wdeoh 81 Lw lv fohdu
wkdw wkh hvwlpdwhg fryduldqfh pdwul{ dssur{lpdwhv txlwh zhoo wkh wuxh rqh hyhq zlwk
rqo| 483 gdwd srlqwv1 Zkhq zh lqsxw wkh wuxh fryduldqfh pdwul{ lq wkh urxwlqh wr
hvwlpdwh lpsdfw frh!flhqwv/ zh �qg qr fkdqjhv zlwk wkh FHH vfkhph zkloh zlwk
wkh V] vfkhph wkh frh!flhqw rq uhdo edodqfhv lq wkh prqhwdu| srolf| uxoh iru wkh
SD hfrqrp| lv srvlwlyh dqg vljql�fdqw1 Dovr/ wkh txdolwdwlyh ihdwxuhv ri wkh yduldqfh
ghfrpsrvlwlrq duh xqfkdqjhg1 Khqfh/ wkh holplqdwlrq ri hvwlpdwlrq dqg2ru vpdoo
vdpsoh sureohpv khosv wr jhw pruh suhflvh hvwlpdwhv ri wkh frh!flhqw ri wkh srolf|
uxoh lq wkh SD hfrqrp| zlwk wkh V] lghqwl�fdwlrq vfkhph exw kdv qr h�hfw zlwk
wkh FHH vfkhph1 Hyhq lq wkhvh lghdo frqglwlrqv/ erwk vfkhphv idlo wr fdswxuh wkh
wuxh frqwhpsrudqhrxv lqwhughshqghqflhv dprqj wkh yduldeohv lq wkh IE hfrqrp| dqg
plvuhsuhvhqw wkh g|qdplfv iroorzlqj d prqhwdu| srolf| glvwxuedqfh lq doo fdvhv : 1

Zh kdyh frqgxfwhg d qxpehu ri rwkhu urexvwqhvv fkhfnv wr h{dplqh zkhwkhu wkh
uhvxowv duh gxh wr srvvleo| lpsurshu dvvxpswlrqv zh kdyh pdgh dw wkh hvwlpdwlrq
vwdjh1 Lq sduwlfxodu/ zh kdyh uhhvwlpdwhg wkh YDU xvlqj prqh|/ sulfhv lq sodfh ri
uhdo edodqfhv/ lq dwlrq dqg zh kdyh wdnhq lqwr dffrxqw wkdw/ edvhg rq wkh srolf| uxohv
suhvhqwhg lq wdeoh 4/ wkh lq dwlrq htxdwlrq lq wkh YDU lv plvvshfl�hg 0 wkhuh lv d vwdwh
yduldeoh +odjjhg ghsrvlwv, zklfk lv rplwwhg1 Lq erwk fdvhv/ qr vljql�fdqw fkdqjhv lq
wkh txdolwdwlyh ihdwxuhv ri wkh uhvxowv duh rewdlqhg1 Khqfh/ zkdw lv wkh uhdvrq iru wkh
srru shuirupdqfh ri lghqwl�hg YDUvB

Wr xqghuvwdqg zk| YDUv kdyh kdug wlph wr fdswxuh wkh wuxh g|qdplfv ri wkh
gdwd lv zruwk wxuqlqj edfn wr wkh htxloleulxp srolf| ixqfwlrqv dqg frqvlghu rqo|
wkh vxevhw ri wkh lpsdfw frh!flhqwv zklfk fruuhvsrqg wr wkh irxu yduldeohv xvhg
lq wkh YDU1 Lw lv hdv| wr fkhfn wkdw lq erwk fdvhv wkh v|vwhp lv hfrqrphwulfdoo|
xqghulghqwl�hg1 Wkdw lv/ wkh prgho surgxfhv lpsdfw uhvsrqvhv zklfk duh lqfrqvlvwhqw
zlwk wkh lqhuwldo uhvwulfwlrqv lpsrvhg e| wkh wzr lghqwl�fdwlrq vfkhphv1 Lpsrvlqj idovh
}hur uhvwulfwlrqv lpsolhv dq rplwwhg yduldeoh eldv dqg/ ehfdxvh ri wkh fruuhodwlrqv
suhvhqw lq wkh wkhruhwlfdo prgho/ wkh qrq0}hur frh!flhqwv zloo fdswxuh/ wr d odujh
h{whqw/ wkh h�hfw ri rplwwhg lqqrydwlrqv1 Khqfh/ iru h{dpsoh/ wkh qhjdwlyh frh!flhqwv
rq lq dwlrq dqg rxwsxw lq wkh srolf| uxoh rewdlqhg zlwk wkh FHH vfkhph uhvxow iurp
wkh rplvvlrq ri prqhwdu| srolf| vkrfnv iurp wkh djjuhjdwh vxsso| dqg wkh djjuhjdwh
ghpdqg htxdwlrqv1

Plvvshfl�fdwlrq +erwk lq whupv ri vljq dqg pdjqlwxgh, ri wkh lpsdfw frh!flhqwv
pd| wudqvodwh lq glvwruwhg hvwlpdwhv ri wkh g|qdplfv/ vlqfh wkh pdwul{ ri frqwhpsr0
udqhrxv h�hfwv hqwhuv wkh pdwulfhv ri hvwlpdwhg vwuxfwxudo odjjhg frh!flhqwv1 Wklv
pd| h{sodlq zk| erwk wkh yduldqfh ghfrpsrvlwlrq dqg wkh lpsxovh uhvsrqvhv duh idu
iurp wkh wuxh rqhv dqg/ iru h{dpsoh/ zk| hvwlpdwhv ri wkh frqwulexwlrq ri prqhwdu|
srolf| vkrfnv wr wkh yduldqfh ri rxwsxw lv vr gl�huhqw iurp wkh wkhruhwlfdo rqh1

: Lq sulydwh frqyhuvdwlrq Wdr ]kd srlqwhg rxw wr xv wkdw wkh Ehuqdqnh surfhgxuh lq UDWV pd|
riwhq ohdg wr zurqj PO hvwlpdwhv lq ryhulghqwl�hg prghov1 Zkloh wklv lv fohduo| d frqfhuq/ zh gr
qrw eholhyh wkdw wklv lv wkh uhdvrq iru wkh srru shuirupdqfh ri wkh V] vfkhph zlwk wkh IE hfrqrp|1
Hvwlpdwlrq zlwk rwkhu sdfndjhv jdyh vlplodu uhvxowv1
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81 Dq dowhuqdwlyh lghqwl�fdwlrq dssurdfk

Wkh wdvn ri wklv vhfwlrq lv wr vkrz wkdw lq hfrqrplhv olnh wkh rqh suhvhqwhg lq vhfwlrq
5/ zkhuh wkh pdwul{ ri lpsdfw frh!flhqwv lv hfrqrphwulfdoo| xqghulghqwl�hg/ YDU
dqdo|vlv fdq fruuhfwo| uhfryhu vwuxfwxudo glvwxuedqfhv1 Exw iru wklv wr kdsshq rqh
vkrxog xvh lghqwl�fdwlrq vfkhphv zklfk gr qrw uhtxluh lqhuwldo uhvwulfwlrqv rq wkh
frqwhpsrudqhrxv lpsdfw frh!flhqwv1 Lq wkh odvw ihz |hduv wkhuh kdv ehhq d qxpehu
ri sdshuv surylglqj phwkrgv wr lghqwli| YDU xvlqj vljq dqg vkdsh uhvwulfwlrqv +vhh
Fdqryd dqg Gh Qlfroö +4<<;,/ Xkolj +4<<<, dqg Idxvw +4<<;,, dqg vxfk phwkrgv zrun
lq hfrqrplhv olnh rxuv1 Wr vkrz wkdw wklv lv wkh fdvh zh hpsor| d yduldqw ri wkh sur0
fhgxuh vxjjhvwhg e| Fdqryd dqg Gh Qlfroö1 Wkh edvlf lghd ri wkh phwkrg lv vlpsoh1
Hfrqrplf wkhru| grhv qrw w|slfdoo| surylgh lqirupdwlrq rq wkh wlplqj ri wkh uhdfwlrq
ri yduldeohv wr vkrfnv 0 zklfk duh wkh edvlv iru wkh lqhuwldo0w|sh uhvwulfwlrqv dsshdulqj
lq wkh FHH ru V] vfkhphv 0 exw kdv vrphwklqj wr vd| derxw wkh vljq ri wkh furvv
fruuhodwlrq ixqfwlrq ri YDU yduldeohv/ lq uhvsrqvh wr vshfl�f vkrfnv1 Khuh wr lghqwli|
vwuxfwxudo glvwxuedqfhv zh xvh wkh plqlpdo vhw ri uhvwulfwlrqv vkduhg e| d odujh fodvv
ri g|qdplf prghov +lqfoxglqj  h{leoh sulfhv/ vwlfn| sulfhv dqg lqghwhuplqdf|0w|sh
prghov, zklfk dfklhyhv wkh sxusrvh1 Iru h{dpsoh/ zh kdyh vhhq wkdw uhjdugohvv ri
wkh h{dfw vshfl�fdwlrq ri wkh srolf| uxoh/ wkh wkhruhwlfdo hfrqrp| +dqg pdq| rwkhu
vshfl�fdwlrqv, lpsolhv wkdw d frqwudfwlrqdu| prqhwdu| srolf| vkrfn surgxfhv dq lq0
fuhdvh lq lqwhuhvw udwhv/ d ghfuhdvh lq uhdo edodqfhv dqg rxwsxw dqg fdxvhv lq dwlrq
wr �uvw ghfolqh dqg wkhq lqfuhdvh +vhh �jxuh 5,1 Wkdw lv/ dq ruwkrjrqdo vkrfn fdq eh
whuphg �d prqhwdu| srolf| glvwxuedqfh�/ li lw jhqhudwhv d furvv fruuhodwlrq ixqfwlrq
iru lqwhuhvw udwhv dqg uhdo edodqfhv dqg iru lqwhuhvw udwhv dqg rxwsxw wkdw lv qhjdwlyh
iru ohdgv dqg odjv dqg d furvv fruuhodwlrq ixqfwlrq iru lqwhuhvw udwhv dqg lq dwlrq zklfk
lv qhjdwlyh iru ohdgv dqg srvlwlyh iru odjv ri wkh lqwhuhvw udwh1

Wr pdnh wklv lghd rshudwlyh/ zh �uvw �qg dq ruwkrjrqdo ghfrpsrvlwlrq ri wkh
fryduldqfh pdwul{ ri wkh uhgxfhg irup vkrfnv/ iru h{dpsoh/ ri wkh w|sh 	� @ SGS 3

zkhuh S lv d pdwul{ ri hljhqyhfwruv dqg G d gldjrqdo pdwul{ ri hljhqydoxhv/ dqg wkhq
xvh wkh wkhruhwlfdo lqirupdwlrq derxw wkh mrlqw uhvsrqvh ri wkh yduldeohv ri wkh v|vwhp
lq uhvsrqvh wr d prqhwdu| srolf| glvwxuedqfh wr vhh zkhwkhu dq| ri wkh irxu ruwkrjrqdo
vkrfnv surgxfhv wkh uhtxluhg furvv0fruuhodwlrq sdwwhuq1 Vlqfh wkh pdwul{ S grhv qrw
kdyh dq| }hurv dqg lv qrw vxemhfw wr wkh plvvshfl�fdwlrqv zh kdyh phqwlrqhg lq wkh
suhylrxv vhfwlrq1 Li zlwk wkh sursrvhg ghfrpsrvlwlrq wkhuh lv qr vkrfn zklfk �wv wkh
wkhruhwlfdo sdwwhuq/ rqh fdq wu| dq dowhuqdwlyh ruwkrjrqdo ghfrpsrvlwlrq dqg uhshdw
wkh h{huflvh1 Vlqfh wkhuh lv dq lq�qlwh qxpehu ri ruwkrjrqdo ghfrpsrvlwlrqv zklfk fdq
eh rewdlqhg iurp d v|pphwulf pdwul{ 	� / doo gl�hulqj e| dq +ruwkrqrupdo, urwdwlrq
pdwul{ T/ lw pd| eh wkh fdvh wkdw pdq| ruwkrjrqdol}dwlrqv surgxfh wkh uhtxluhg
sdwwhuq1 Zkhq wklv lv wkh fdvh/ zh vhohfw wkh ghfrpsrvlwlrq zklfk frph forvhvw wr
uhsurgxfh wkh vljq dqg wkh pdjqlwxgh ri d vhohfwhg qxpehu ri whupv ri wkh yhfwru ri
wkhruhwlfdo sdluzlvh furvv fruuhodwlrq ixqfwlrqv ; 1

Wr looxvwudwh wkh dssurdfk zh suhvhqw lq wkh wrs sdqho ri wdeoh 9 ihz whupv ri wkh
wkhruhwlfdo furvv fruuhodwlrq ixqfwlrq ri lqwhuhvw udwhv zlwk lq dwlrq dqg uhdo edodqfhv

;Wkh uhdghu lqwhuhvwhg lq wkh whfkqlfdo ghwdlov frqfhuqlqj wkhvh dowhuqdwlyh ghfrpsrvlwlrqv pd|
frqvxow Fdqryd dqg Gh Qlfroö +4<<;,1
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lq wkh wzr hfrqrplhv iroorzlqj d prqhwdu| srolf| glvwxuedqfh1 Lq wkh erwwrp sdqho
zh uhsruw wkh furvv fruuhodwlrq ixqfwlrq ri wkh vdph yduldeohv iroorzlqj wkh vkrfn zh
kdyh lghqwl�hg wr eh wkh prqhwdu| srolf| glvwxuedqfh1 Lw lv hdv| wr fkhfn wkdw wkh
furvv fruuhodwlrqv iru wkh wzr sdlu yduldeohv kdyh wkh uljkw vljq> duh dssur{lpdwho| ri
wkh vdph pdjqlwxgh ri wkh wkhruhwlfdo rqhv dqg ohdgv dqg odjv fruuhodwlrqv ghfd| wr
}hur/ urxjko|/ dw wkh uljkw vshhg1

Lq �jxuh 7 zh suhvhqw lpsxovh uhvsrqvhv wr wkh ruwkrjrqdol}hg vkrfn zklfk zh kdyh
whuphg prqhwdu| srolf| glvwxuedqfh lq wkh wzr hfrqrplhv1 Wkh vdpsoh vl}h xvhg wr
hvwlpdwhv wkh sdudphwhuv lv 483 dqg wkh YDU lv hvwlpdwhg dv lq vhfwlrq 61 Lq erwk
fdvhv vxfk d vkrfn uhsuhvhqwv dq h{sdqvlrqdu| prqhwdu| srolf| vkrfn vlqfh lw ghfuhdvhv
lqwhuhvw udwhv/ lqfuhdvhv uhdo edodqfhv dqg rxwsxw dqg pdnhv lq dwlrq �uvw lqfuhdvh
dqg wkhq ghfolqh1 Qrqh ri wkh rwkhu vkrfnv jhqhudwh wklv vshfldo vhw ri flufxpvwdqfhv1
Qrwh wkdw wkh uhvsrqvh ri rxwsxw wr prqhwdu| glvwxuedqfhv zdv qrw xvhg wr h{wudfw
wkh srolf| vkrfn iurp wkh gdwd dqg wkhuhiruh fdq eh xvhg wr lqghshqghqwo| fkhfn wkh
rxwfrphv ri wkh lghqwl�fdwlrq dssurdfk1 Lw lv wkhuhiruh uhpdundeoh wkdw wkh phwkrg
surgxfhv rxwsxw uhvsrqvhv zlwk shuvlvwhqfh zklfk pdwfk wkh wkhruhwlfdo rqh +9;(
edqgv lqfoxgh wkhruhwlfdo uhvsrqvhv dw doprvw doo vwhsv,1

Lq �jxuh 8 zh suhvhqw wkhruhwlfdo dqg hvwlpdwhg prqhwdu| srolf| vkrfnv h{wudfwhg
zlwk FHH/ V] dqg wkh dowhuqdwlyh lghqwl�fdwlrq vfkhph iru wkh wzr gdwd vhwv1 Zkloh
lqqrydwlrqv rewdlqhg zlwk wkh FHH vfkhph iru wkh SD hfrqrp| kdyh riwhq wkh zurqj
vljq dqg voljkwo| gl�huhqw g|qdplfv +frqwhpsrudqhrxv fruuhodwlrq lv 3138,/ wkh| duh
pxfk pruh frqjuxhqw zlwk wkh wuxh rqhv zlwk wkh V] vfkhph dqg wkh dowhuqdwlyh lghq0
wl�fdwlrq vfkhph +frqwhpsrudqhrxv fruuhodwlrqv 31<9 dqg 31<;,1 Iru wkh IE hfrqrp|
wkh qxpehuv duh yhu| vlplodu hyhq wkrxjk hvwlpdwhg vkrfnv ohdg dfwxdo rqhv1

Krz pxfk ri wkh yduldqfh ri rxwsxw/ lq dwlrq/ lqwhuhvw udwhv dqg uhdo edodqfhv duh
h{sodlqhg e| lghqwl�hg srolf| glvwxuedqfhvB Wdeoh : suhvhqwv wklv lqirupdwlrq1 Iru
uhihuhqfh/ zh dovr uhshdw wkrvh ri wkh wkhruhwlfdo hfrqrp|1 Dowkrxjk wkh lpsruwdqfh
ri srolf| glvwxuedqfhv lq h{sodlqlqj rxwsxw dqg uhdo edodqfhv lv voljkwo| ryhuvwdwhg dqg
wkhlu lpsruwdqfh iru lq dwlrq dqg lqwhuhvw udwhv voljkwo| xqghuvwdwhg/ 9;( edqgv duh
qrw wkdw idu iurp wkh fruuhfw shufhqwdjhv1 Pruhryhu/ txdolwdwlyho|/ lghqwl�hg vkrfnv
uhsurgxfh wkh edvlf ihdwxuhv ri wkhruhwlfdo prqhwdu| srolf| vkrfnv1 Iru h{dpsoh/ lq
wkh SD hfrqrp|/ ruwkrjrqdol}hg vkrfnv wr lq dwlrq h{sodlq lq wkh phgldq 57( ri wkh
yduldqfh ri rxwsxw/ 96( ri wkh yduldqfh ri lq dwlrq/ <8( ri wkh yduldqfh ri lqwhuhvw
udwhv dqg 56( ri wkh yduldqfh ri uhdo edodqfhv/ zkloh lq wkh wkhruhwlfdo hfrqrp| wkhvh
shufhqwdjhv zhuh 47(/ 83(/ ;;(/ dqg 47( uhvshfwlyho|1

Lq frqfoxvlrq/ dq dssurdfk zklfk xvhv wkh vljq ri wkh frqglwlrqdo furvv fruuhodwlrq
ixqfwlrq ri d vhw ri yduldeohv wr lghqwli| vwuxfwxudo glvwxuedqfhv grhv qrw vx�hu iurp wkh
vkruwfrplqjv d�hfwlqj FHH dqg V] dssurdfkhv1 Frqwudu| wr lghqwl�fdwlrq surfhgxuhv
wkdw +zurqjo|, lpsrvh lqhuwldo uhvwulfwlrqv rq wkh frqwhpsrudqhrxv lpsdfw ri vkrfnv/
vxfk dq dssurdfk lv deoh wr surshuo| lghqwli| wkh prqhwdu| srolf| glvwxuedqfh zlwkrxw
h{solflwo| hvwlpdwlqj dq| srolf| uxoh/ plplfv wkhlu g|qdplf h�hfwv rq uhdo yduldeohv
dqg fruuhfwo| phdvxuh wkhlu lpsruwdqfh dv vrxufh ri  xfwxdwlrqv lq wkh hfrqrp|1 Lw
lv lpsruwdqw wr vwuhvv wkdw wkhvh uhvxowv duh rewdlqhg xvlqj wkh vdph vdpsoh vl}h/
wkh vdph yduldeohv/ wkh vdph YDU vshfl�fdwlrq dqg dsso|lqj wkh vdph hvwlpdwlrq
dssurdfk hpsor|hg lq vhfwlrq 61 Khqfh/ zh frq�up wkdw vpdoo vdpsohv/ wkh rplvvlrq ri
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d vwdwh yduldeoh/ wkh qdwxuh ri wkh yduldeohv xvhg lq wkh YDU duh qrw fuxfldo lqjuhglhqwv
wr h{sodlq zk| vwdqgdug dssurdfkhv idlo1 Zkdw pdwwhuv lv krz frpsolfdwhg wkh pdwul{
ri lpsdfw pxowlsolhuv lv1 Zkhq wkh xqghuo|lqj hfrqrp| lv ri d g|qdplf jhqhudo
htxloleulxp w|sh lw lv uduho| wkh fdvh wkh lqhuwldo uhvwulfwlrqv lpsrvhg e| vwuxfwxudo
YDU hfrqrphwulfldqv kdyh dsshdolqj wkhruhwlfdo frqwhqw1

91 Frqfoxvlrqv

Wklv sdshu h{dplqhg zkhwkhu lghqwl�hg YDU prghov duh deoh wr fdswxuh fuxfldo ihd0
wxuhv ri wkhruhwlfdo prqhwdu| srolf| glvwxuedqfhv1 Zh kdyh vhhq wkdw/ zkhqhyhu d
jhqhudo htxloleulxp hfrqrp| ri wkh olplwhg sduwlflsdwlrq w|sh lv xvhg wr jhqhudwh
wkh gdwd/ lghqwl�fdwlrq dssurdfkhv zklfk hpsor| lqhuwldo uhvwulfwlrqv rq wkh frqwhp0
srudqhrxv h�hfwv ri fhuwdlq vwuxfwxudo vkrfnv/ surgxfh plvohdglqj dqvzhuv1 Lpsdfw
frh!flhqwv duh plvphdvxuhg> wkh vljq dqg wkh vkdsh ri lpsxovh uhvsrqvh ixqfwlrq
plvvshfl�hg> wkh frqwulexwlrq ri prqhwdu| vkrfnv wr wkh yduldelolw| ri uhdo yduldeohv
glvwruwhg> dqg wkhvh rxwfrphv rewdlq hyhq zkhq wkh hvwlpdwhg srolf| uxoh fruuhfwo|
uhfrjql}hv wkh yduldeohv hqwhulqj lq wkh wkhruhwlfdo srolf| uxoh1

Zh kdyh vhhq wkdw wkh uhdvrq iru wkhvh rxwfrphv lv wkdw wkh v|vwhp ri frqwhp0
srudqhrxv htxdwlrqv xvhg wr hvwlpdwh lpsdfw frh!flhqwv lv hfrqrphwulfdoo| xqghul0
ghqwl�hg1 Wkh lpsrvlwlrq ri }hur uhvwulfwlrqv rq dq xqghulghqwl�hg v|vwhp fdxvhv dq
rplwwhg yduldeoh sureohp zklfk eldvhv hvwlpdwhv ri lpsdfw frh!flhqwv dqg wkh plv0
uhsuhvhqw wkh g|qdplfv lq uhvsrqvh wr vwuxfwxudo vkrfnv1 Zh kdyh dovr vkrzq wkdw lq
vlwxdwlrqv olnh wkhvh/ YDU dqdo|vhv frqgxfwhg zlwk d gl�huhqw vw|oh ri lghqwl�fdwlrq
pd| vwloo eh xvhixo1 Zkhq lghqwl�fdwlrq lv rewdlqhg e| phdqv ri vljq uhvwulfwlrqv rq
wkh furvv fruuhodwlrq ixqfwlrq ri fhuwdlq yduldeohv lq uhvsrqvh wr vkrfnv/ dv ghvfulehg
lq Fdqryd dqg Gh Qlfroö +4<<;,/ hvwlpdwhg srolf| vkrfnv surgxfh g|qdplfv zklfk
plplf wkh wkhruhwlfdo rqhv dqg fruuhfwo| fkdudfwhul}h wkhlu lpsruwdqfh iru pryhphqwv
lq uhdo yduldeohv uhjdugohvv ri wkh srolf| uxoh hpsor|hg1

Zh kdyh dujxhg wkdw wkh uhvxowv duh hvvhqwldoo| urexvw wr wkh fkrlfh ri srolf| uxohv
dqg/ wr d odujh h{whqw/ lghqwl�fdwlrq vfkhphv1 Lq sduwlfxodu/ wkh suhvhqfh ri pruh
ru ohvv ulfk g|qdplfv lq wkh gdwd jhqhudwlqj surfhvv lv qrw fuxfldo dqg vwuxfwxudo
lghqwl�fdwlrq vfkhphv d0od Vlpv dqg ]kd +4<<9, duh qrw qhfhvvdulo| ehwwhu wkdq vhpl0
vwuxfwxudo rqhv d0od Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<:,/ h{fhsw iru hvwlpdwlqj
lpsdfw frh!flhqwv1

Vwdqgdug vwdwlvwlfv phdvxulqj wkh frqwulexwlrq ri vkrfnv wr wkh g|qdplfv ri wkh
hqgrjhqrxv yduldeohv pd| jlyh dq huurqhrxv uhsuhvhqwdwlrq ri uhdolw| zkhq lqdssur0
suldwh lghqwl�fdwlrq vfkhphv duh xvhg1 Rxu uhvxowv vkrz wkdq hyhq zkhq hvwlpdwhg
lpsdfw frh!flhqwv duh dssur{lpdwho| fruuhfw/ wkh g|qdplfv lq uhvsrqvh wr prqhwdu|
srolf| vkrfnv pd| eh iduihwfkhg1 Khqfh/ fuxfldo hfrqrplf txhvwlrqv 0 krz orqj olyhg
duh wkh oltxlglw| h�hfwv ri prqhwdu| srolf|B krz lpsruwdqw duh prqhwdu| srolf| lq0
qrydwlrqv lq h{sodlqlqj wkh yduldelolw| ri uhdo yduldeohv 0 pd| uhfhlyh wkh lqfruuhfw
dqvzhuv1 Lq rxu h{dpsoh/ zh kdyh irxqg wkdw erwk w|shv ri plvvshfl�fdwlrqv rffxu1
Lq sduwlfxodu/ wkh lpsruwdqfh ri prqhwdu| srolf| vkrfnv iru wkh yduldelolw| ri uhdo ydul0
deohv pd| eh xqghuhvwlpdwhg/ dqg wklv pd| h{sodlq zk| pdq| dxwkruv +h1j1 Xkolj
+4<<<,, kdyh txhvwlrqhg wkh lpsruwdqfh ri prqhwdu| srolf| glvwxuedqfhv dv vrxufhv
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ri rxwsxw  xfwxdwlrqv1 Zkhq dq dowhuqdwlyh lghqwl�fdwlrq surfhgxuh dorqj wkh olqhv
ri Fdqryd dqg Gh Qlfroö +4<<;, lv xvhg wkhvh sureohpv ydqlvk1 Wkh frqwulexwlrq ri
ydulrxv vkrfnv wr wkh yduldelolw| ri wkh irxu yduldeohv lv fruuhfwo| udqnhg/ wkh g|qdplfv
lq uhvsrqvh wr wkh vwuxfwxudo vkrfnv kdyh wkh uljkw txdolwdwlyh ihdwxuhv dqg/ wr d odujh
h{whqw/ wkh fruuhfw pdjqlwxgh1

Prvw ri wkhvh frqfoxvlrqv vkrxog qrw vxusulvh vrsklvwlfdwhg xvhuv ri vwuxfwxudo
YDU prghov1 Wkh lghd wkdw wkh rplvvlrq ri yduldeohv fruuhodwhg zlwk wkrvh lqfoxghg
lq d uhjuhvvlrq fdxvhv eldvhv dqg glvwruwlrqv lv dv rog dv hfrqrphwulfv/ dv lv wkh vwdwh0
phqw wkdw hfrqrplf v|vwhpv zklfk duh xqghulghqwl�hg fdq qrw eh hvwlpdwhg xvlqj
h{foxvlrq uhvwulfwlrqv1 Zkdw zh kdyh vkrzq khuh lv dq h{dpsoh lq zklfk wkhuh lv qr
yduldeoh uhdfwlqj �voxjjlvko|� wr vkrfnv zklfk fdq eh xvhg dv lqvwuxphqw lq hvwlpdwlqj
frqwhpsrudqhrxv h�hfwv1 Rqh pd| eh whpswhg wr dujxh wkdw wkh uhvxow lv vshfl�f wr
wkh prgho zh xvh dqg gr qrw fduu| ryhu wr vshfl�fdwlrqv zkhuh vwlfn| sulfhv/ dgmxvw0
phqw frvwv ru lpsohphqwdwlrq odjv pd| surgxfh vrph }hurv lq wkh pdwul{ ri lpsdfw
frh!flhqwv1 Zkloh lw lv wuxh wkdw vxfk vshfl�fdwlrqv gr surgxfh voxjjlvk uhvsrqvhv ri
fhuwdlq yduldeohv wr vkrfnv/ lw lv dovr wkh fdvh wkdw wkh| duh qrw khosixo iru lghqwl�fd0
wlrq1 Wklv lv ehfdxvh/ iru h{dpsoh/ vwlfn| sulfhv lpso| wkdw lq dwlrq zloo eh voxjjlvk
lq uhvsrqvh wr doo vkrfnv +qrw rqo| prqhwdu| srolf| vkrfnv, dqg wklv zloo wudqvodwh lq
d froxpq ri }hurv lq wkh pdwul{ ri frqwhpsrudqhrxv lpsdfwv1 Fohduo| wklv vhw ri }hurv
lv qrw xvhixo wr lghqwli| ydulrxv vkrfnv1 Zh kdyh h{shulphqwhg zlwk vhyhudo yduldwlrqv
ri wkh wkhruhwlfdo hfrqrp| dqg zh kdyh qrw ehhq deoh wr surgxfh dq h{dpsoh lq zklfk
doo irxu htxdwlrqv ri rxu YDU zrxog eh vlpxowdqhrxvo| lghqwl�deoh xvlqj lqhuwldo uh0
vwulfwlrqv rq frqwhpsrudqhrxv frh!flhqwv +vhh dovr Vlpv dqg ]kd +4<<9,,1 Wkdw lv
wr vd|/ wkh fodvv ri prghov zklfk pd| surgxfh dq xqghulghqwl�hg pdwul{ ri lpsdfw
frh!flhqwv lv suredeo| odujhu zh rxuvhoyhv ruljlqdoo| wkrxjkw1 Fohduo|/ wklv grhv qrw
phdq wkdw wkh lqirupdwlrq dftxluhg lq wkh odvw 43 |hduv ri YDU dqdo|vhv rq wkh hi0
ihfwv ri prqhwdu| srolf| vkrxog eh h{sxujdwhg iurp wkh erg| ri nqrzohgjh dydlodeoh
wr dssolhg pdfurhfrqrphwulfldqv1 Li wkh fodvv ri wkhruhwlfdo prghov fxuuhqwo| xvhg lq
prqhwdu| hfrqrplfv kdv olwwoh ehdulqj zlwk wkh uhdo zruog/ suhflvho| lq ghwhuplqlqj
wkh wlplqj ri wkh uhvsrqvhv ri yduldeohv wr vkrfnv/ rxu h{huflvh surylghv dq lpsru0
wdqw fdxwlrqdu| zduqlqj iru wkrvh hqjdjhg lq dssolhg zrun lq wkh �hog1 Krzhyhu/
zkhqhyhu wkhuh duh grxewv derxw wkh h{whqw ri voxjjlvkqhvv ri yduldeohv lq uhdfwlrq wr
glvwxuedqfhv/ rxu dowhuqdwlyh lghqwl�fdwlrq dssurdfk r�huv d vdih ehw djdlqvw srvvleoh
plvuhsuhvhqwdwlrqv1 Wkh vxjjhvwlrq ri prylqj dzd| iurp xvlqj YDU lghqwl�hg xvlqj
uhvwulfwlrqv rq frqwhpsrudqhrxv frh!flhqwv lv suhvhqw lq d odwhqw irup lq wkh prvw
uhfhqw olwhudwxuh +vhh h1j1 Vlpv +4<<;,, dqg uhfhqw frqwulexwlrqv e| Fdqryd dqg Gh
Qlfroö +4<<;,/ Idxvw +4<<;, dqg Xkolj +4<<<, pdnh wkh wdvn srvvleoh1
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whu iru Rxwsxw dqg Lq dwlrq F|fohvB Hylghqfh irup wkh J0:�/ FHSU zrunlqj
sdshu 535;1

^7` Fkdul/ Y1 Y1/ Nhkrh/ S1 dqg PfJudwwdq/ H1/ 4<<9/ �Vwlfn| Sulfh Prghov ri wkh
Exvlqhvv F|foh= Fdq wkh Frqwudfw Pxowlsolhu Vroyh wkh Shuvlvwhqfh SureohpB�/
Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Vwd� Uhsruw 54:/ iruwkfrplqj/ Hfrqrphw0
ulfd1

^8` Fkulvwldqr/ O1/ 4<<4/ Prghoolqj wkh Oltxlglw| H�hfw ri d Prqhwdu| Vkrfn/ Ihghudo
Uhvhuyh Edqn ri Plqqhdsrolv/ Txduwhuo| Uhylhz/ Zlqwhu/ 40571

^9` Fkulvwldqr/ O1/ Hlfkhqedxp/ P1 dqg Hydqv/ F1/ 4<<9/ �Wkh H�hfwv ri Prqhwdu|
Srolf| Vkrfnv= Vrph Hylghqfh iurp wkh Iorz ri Ixqgv�/ Uhylhz ri Hfrqrplfv
dqg Vwdwlvwlfv O[[YLLL/ ss1 490671

^:` Fkulvwldqr/ O1/ Hlfkhqedxp/ P1 dqg Hydqv/ F1/ 4<<:d/ �Prgholqj Prqh|�/
Qruwkzhvwhuq Xqlyhuvlw|/ pdqxvfulsw1

^;` Fkulvwldqr/ Odzuhqfh M1/ Hlfkhqedxp/ P1 dqg Hydqv/ Fkduohv/ O1/ 4<<:e/ �Vwlfn|
Sulfh dqg Olplwhg Sduwlflsdwlrq Prghov ri Prqh|= D Frpsdulvrq�/ Hxurshdq
Hfrqrplf Uhylhz/ 74/ 45340457<1

^<` Fodulgd/ U1/ Jdoð/ M1 dqg Jhuwohu/ P1/ 4<<</ �Wkh Vflhqfh ri Prqhwdu| Srolf|= D
Qhz Nh|qhvldq Shuvshfwlyh� iruwkfrplqj Mrxuqdo ri Hfrqrplf Olwhudwxuh1

^43` Frroh|/ W1 dqg Ohur|/ V1 / 4<;8/ �Dwkhruhwlfdo Pdfurhfrqrplfv= D Fulwltxh �/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 49/ 5;6063;1

^44` Frroh|/ Wkrpdv I1 dqg Txdgulql/ Y1/ 4<<:/ �Prqhwdu| Srolf| dqg Ilqdqfldo
Ghflvlrq ri wkh Ilupv�/ XSI pdqxvfulsw1

^45` Idxvw/ M1 / 4<<;/ �Wkh Urexvwqhvv ri lghqwl�hg YDU frqfoxvlrqv derxw prqh|�/
iruwkfrplqj/ Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv1

^46` Kdqvhq/ O1 dqg Vdujhqw/ W1/ 4<<4/ �Wzr gl!fxowlhv lq Lqwhusuhwlqj Yhfwru Dxwruh0
juhvvlrqv � lq Kdqvhq/ O1 dqg Vdujhqw/ W1 Udwlrqdo H{shfwdwlrqv Hfrqrphwulfv/
Erxoghu Suhvv

^47` Iulhgpdq/ P1 dqg Vfkzduw}/ D1/ 4<93/ D Prqhwdu| Klvwru| ri Xqlwhg Vwdwhv/
Sulqfhwrq Xqlyhuvlw| Suhvv1



UHIHUHQFHV 56

^48` Ixhuvw/ W1/ 4<<5/ �Oltxlglw|/ Ordqdeoh Ixqgv dqg Uhdo Dfwlylw|�/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ 5</ 60571

^49` Jrugrq/ U1 dqg Ohhshu/ H1/ 4<<7/ �Wkh G|qdplf Lpsdfw ri Prqhwdu| Srolf|= Dq
H{huflvh lq Whqwdwlyh Lghqwl�fdwlrq�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 435/ 455;0
457:1

^4:` Nlqj/ U1 dqg Zdwvrq/ P1/ 4<<9/ �Prqh|/ Sulfhv/ Lqwhuhvw Udwhv dqg wkh Exvlqhvv
F|foh�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ O[[YLLL/ 68087

^4;` Ohhshu/ H1/ Vlpv/ F1 dqg ]kd/ W1/ 4<<9/ �Zkdw Grhv Prqhwdu| Srolf|
GrB�/Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 5/ 40:;

^4<` Oxfdv/ U1/ 4<<3/ �Oltxlglw| dqg Lqwhuhvw Udwhv�/ Mrxuqdo ri Hfrqrplf Wkhru|/
83/ 56:05971

^53` Slqd/ M1 S1/ 4<<< �Hvvd|v rq Prqhwdu| Srolf| lq YDUv�/ Sk1G1 glvvhuwdwlrq/ lq
surjuhvv1

^54` Uxghexvfk/ J1/ 4<<;/ �Gr Phdvxuhv ri Prqhwdu| Srolf| lq d YDU pdnh vhqvhB�/
Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6</ <3:0<7; +zlwk glvfxvvlrq dqg uhso|,1

^55` Vdujhqw/ W1/ 4<;7/ � Dxwruhjuhvvlrq/ H{shfwdwlrqv/ Dgylfh � Dphulfdq Hfrqrplf
Uhylhz/ :7/ 73;07481

^56` Vlpv/ F1/ 4<;3/ � D Frpsdulvrq ri Lqwhuzdu dqg Srvwzdu Exvlqhvv F|fohv= Prq0
hwdulvp Uhfrqvlghuhg�/ Dphulfdq Hfrqrplf Uhylhz/ :3/ 583058:1

^57` Vlpv/ F1/ 4<<5/ �Lqwhusuhwlqj wkh Pdfurhfrqrplf Wlph Vhulhv Idfwv= wkh H�hfwv
ri Prqhwdu| Srolf|�/ Hxurshdq Hfrqrplf Uhylhz/ 69/ <:8043331

^58` Vlpv/ F1/ 4<<;/ Frpphqw rq J1 Uxghexvfk*v �Gr phdvxuhv ri Prqhwdu| Srolf|
lq d YDU pdnh vhqvhB�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6</ <660<741

^59` Vlpv/ F1 dqg ]kd/ W1/ 4<<;/ � Huuru Edqgv iru Lpsxovh Uhvsrqvhv�/ \doh Xqlyhu0
vlw|/ pdqxvfulsw/ iruwkfrplqj/ Hfrqrphwulfd1

^5:` Vlpv/ F1 dqg ]kd/ W1/ 4<<9/ � Grhv Prqhwdu| Srolf| Jhqhudwh UhfhvvlrqvB�/ \doh
Xqlyhuvlw|/ pdqxvfulsw1

^5;` Wd|oru/ M1/ 4<<6/ � Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh�/ Fduqhjlh Urfkhvwhu
Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 6</ 4<805471

^5<` Xkolj/ K1/ 4<<:/ �D Wrronlw iru Dqdo|}lqj Qrqolqhdu G|qdplf Vwrfkdvwlf Prghov
Hdvlo|�/ Wloexuj Xqlyhuvlw|/ kwws=22fhqwhu1nxe1qo2vwd�2xkolj1

^63` Xkolj/ K1/ 4<<</ �Zkdw duh wkh H�hfwv ri Prqhwdu| Srolf| rq RxwsxwB Uhvxowv
iurp dq Djqrvwlf Lghqwl�fdwlrq Surfhgxuh�/ Wloexuj Xqlyhuvlw|/ FhqwHU zrunlqj
sdshu <<5;1



Wdeohv 57

Wdeoh 4 0 Htxloleulxp Srolf| Ixqfwlrqv
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Wdeoh 5 0 Yduldqfh Ghfrpsrvlwlrq dw wkh 490shulrg krul}rq

D, Sduwldo dffrpprgdwlrq hfrqrp|

Rxwsxw Lq dwlrq Lqwhuhvw udwh Uhdo edodqfhv
Whfkqrorj| vkrfnv 9<=: 6:=4 43=3 :3=5
Suhihuhqfh vkrfnv 47=7 :=6 5=4 47=8
Prqhwdu| vkrfnv 47=7 83=9 ;:=; 47=8

Jryhuqphqw vkrfnv 4=8 8=3 3=4 3=;

E, Ihhgedfn hfrqrp|

Rxwsxw Lq dwlrq Lqwhuhvw udwh Uhdo edodqfhv
Whfkqrorj| vkrfnv 85=7 8=3 4=: 85=5
Suhihuhqfh vkrfnv 44=; 3=: 3=5 44=:
Prqhwdu| vkrfnv 68=5 <6=9 <:=< 68=4

Jryhuqphqw vkrfnv 3=9 3=: 3=5 4=3
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Wdeoh 6 0 Hvwlpdwhg vkruw uxq frh!flhqwv

D, FHH lghqwl�fdwlrq vfkhph

e|w @ h4we�w @ d54 � e|w . h5weUw @ d64 � e|w . d65 � e�w . h6wepw @ d74 � e|w . d75 � e�w . d76 � eUw . h7w

SD Hfrqrp| IE Hfrqrp|

d54
�4=:5455
+3=64;:9,

�3=979<4
+3=3<769,

d64
�3=88:76
+3=33786,

�3=88834
+3=33695,

d65
�3=57453
+3=33439,

�3=5745<
+3=335:8,

d74
4=36;;5
+3=34:<:,

4=39343
+3=34:5<,

d75
�3=3<493
+3=33::8,

�3=3;63:
+3=33:8:,

d76
�3=6:88;
+3=3653<,

�3=675<:
+3=36439,

E, V] lghqwl�fdwlrq vfkhph

e|w @ h4we�w @ d54 � e|w . h5weUw @ d67 � epw . h6wepw @ d74 � e|w . d75 � e�w . d76 � eUw . h7w

SD hfrqrp| IE hfrqrp|

d54
�4=:5455
+3=64;:9,

�3=979<4
+3=3<769,

d67
3=45399
+3=3:398,

�3=635<6
+3=34;88,

d74
4=35;<8
+3=34;;7,

4=3;9;<
+3=34:9:,

d75
�3=3<8;:
+3=33;46,

�3=3:475
+3=33::6,

d76
�3=6<65<
+3=36698,

�3=5<7:3
+3=364:7,
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Wdeoh 7 0 Hvwlpdwhg Yduldqfh Ghfrpsrvlwlrq dw wkh 490shulrg krul}rq

4, FHH lghqwl�fdwlrq vfkhph

D, Sduwldo dffrpprgdwlrq hfrqrp|

Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,
Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^9<=8> <6=:`
^3=<> 48=3`
^3=9> <=8`
^3=:> 43=3`

^;=:> 4:=4`
^;4=;> <3=6`
^3=4> 3=<`
^3=4> 4=4`

^4=8> 4:=4`
^:7=:> <8=;`
^3=6> 8=5`
^3=5> 9=8`

^:3=7> <7=4`
^3=<> 47=9`
^3=9> <=5`
^3=:> <=8`

E, Ihhgedfn hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^65=7> 8<=:`
^48=:> 6;=3`
^3=:> 45=5`
^:=5> 68=8`

^5=<> :=8`
^:6=<> <4=6`
^4=8> 46=6`
^3=8> <=5`

^4=9> :=8`
^9;=6> <4=5`
^4=9> 4:=<`
^3=8> 44=6`

^64=;> 8<=5`
^48=:> 6:=;`
^3=:> 45=9`
^3=;> 69=5`

5, V] lghqwl�fdwlrq vfkhph

D, Sduwldo dffrpprgdwlrq hfrqrp|

Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,
Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^6=7> 87=4`
^57=4> 83=4`
^4:=3> 84=;`
^3=4> 3=5`

^6=7> 45=<`
^75=<> :<=;`
^<=5> 84=3`
^3=4> 3=4`

^4=:> 45=<`
^6<=3> 9:=9`
^57=<> 86=<`
^3=4> 3=5`

^6=7> 83=5`
^57=<> 83=3`
^4;=:> 84=;`
^3=4> 3=5`

E, Ihhgedfn hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^4=3> 69=3`
^45=:> 83=8`
^55=3> 88=3`
^3=7> 55=4`

^3=7> 7=5`
^78=9> :6=6`
^54=4> 84=6`
^3=5> 6=6`

^3=6> 7=7`
^79=7> ::=5`
^48=<> 83=<`
^3=5> 7=6`

^4=3> 68=:`
^45=6> 83=8`
^55=5> 88=4`
^3=7> 55=7`

Qrwh= DV vwdqgv iru djjuhjdwh vxsso|/ DG iru djjuhjdwh ghpdqg/ PS iru prqhwdu| srolf|
dqg PG iru prqh| ghpdqg1
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Wdeoh 8 0 Wuxh2Hvwlpdwhg Fryduldqfh0Fruuhodwlrq Pdwul{

D, Sduwldo dffrpprgdwlrq hfrqrp|

Wuxh Hvwlpdwhge|w e�w
eUw epwe|w 3=7655 �3=78;: �3=36;8 3=<<<:e�w <=556; �3=;:33 �3=78<4eUw 3=763< �3=36;7epw 3=9:86

e|w e�w
eUw epw

3=757< �3=7378 �3=47<: 3=<<<;
:=9<4< �3=;757 �3=73:6

3=6;73 �3=47:6
3=9975

E, Ihhgedfn hfrqrp|

Wuxh Hvwlpdwhge|w e�w
eUw epwe|w 3=9:6: �3=8646 �3=;357 3=<<<;e�w 4=57<: �3=3::4 �3=8649eUw 3=47<7 �3=;363epw 4=385;

e|w e�w
eUw epw

3=9494 �3=7<43 �3=;4;< 3=<<<<
4=39<: �3=3<66 �3=7<44

3=4795 �3=;4<7
3=<973

Qrwh= Lq wkh xsshu sduw duh fruuhodwlrqv dqg rq wkh pdlq gldjrqdo duh wkh yduldqfhv1
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Wdeoh 9 0 G|qdplf Furvv Fruuhodwlrqv

4, Wkhruhwlfdo Prgho

D, Sduwldo dffrpprgdwlrq hfrqrp|
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Lq dwlrq0Lqwhuhvw udwh
Uhdo edodqfhv0Lqwhuhvw udwh
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E, Ihhgedfn hfrqrp|
Odjv

Lq dwlrq0Lqwhuhvw Udwh
Uhdo edodqfhv0Lqwhuhvw Udwh

3e 3� 32 3� f � 2 � e
32S�� 32e�. 3�.�b H�S HS�S ���. �D�H .�H 2�D
D�. 3e�e 3�.�D 3e��e 3�ff�f 3e��� 3�.�S 3e�. D�b

5, YDU Prghov

D, Sduwldo dffrpprgdwlrq hfrqrp|
Odjv

Lq dwlrq0Lqwhuhvw Udwh
Uhdo edodqfhv0Lqwhuhvw Udwh

3e 3� 32 3� f � 2 � e
3�.�2 3�b�f 32f�b 32��2 32S�� ���2 2D�2 2f�� �D�b
3���� 32b�S 3eH�D 3Sb�. 3b��S 3bf�S 3.2�� 3De�H 3�H��
E, Ihhgedfn hfrqrp|

Lqwhuhvw udwh
Odjv

Lq dwlrq0Lqwhuhvw Udwh
Uhdo edodqfhv0Lqwhuhvw Udwh

3e 3� 32 3� f � 2 � e
32D�b 3���D b�2 �S�D Hf�b S��b Df�� �e�. �b�H
32��� 3e2�S 3Se�� 3H��2 3bH�H 3.H�e 3D2�H 32b�D 3.�H

Wdeoh : 0 Yduldqfh Ghfrpsrvlwlrq= Dowhuqdwlyh Lghqwl�fdwlrq

D, Sduwldo dffrpprgdwlrq hfrqrp|

Rxwsxw Lq dwlrq Lqwhuhvw udwh Uhdo edodqfhv
Wkhruhwlfdo PS vkrfnv 47=7 83=9 ;:=; 47=8
Lghqwl�hg PS vkrfnv ^49=4> 65=3` ^94=8> 97=5` ^<4=5> <9=6` ^48=;> 64=9`

E, Ihhgedfn hfrqrp|

Rxwsxw Lq dwlrq Lqwhuhvw udwh Uhdo edodqfhv
Wkhruhwlfdo PS vkrfnv 68=5 <6=9 <:=< 68=4
Lghqwl�hg PS vkrfnv ^6:=3> 86=4` ^:7=4> ;9=5` ^:9=9> ;:=;` ^69=;> 85=;`



Wdeohv 5<

Dsshqgl{

Wklv dsshqgl{ frqwdlqv wkh uhvxowv ri wkh h{shulphqwv zh phqwlrqhg lq wkh wh{w1

Edvlf Vhwxs/ 933 gdwd srlqwv

Wdeoh D14 0 Hvwlpdwhg Vkruw uxq frh!flhqwv

D, FHH lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d64 � e|w . d65 � e�wepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo Ihhgedfn
dffrpprgdwlrq

d54
�5=35:35
+3=4:579,

�3=:4554
+3=37799,

d64
�3=87;8:
+3=33547,

�3=8858:
+3=334;<,

d65
�3=5754<
+3=33379,

�3=5739<
+3=33478,

d74
4=39884
+3=34335,

4=3:939
+3=33;96,

d75
�3=3;46;
+3=33774,

�3=3:97<
+3=336:<,

d76
�3=66789
+3=34;4;,

�3=644:9
+3=34889,

E, V] lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d67 � epwepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo Ihhgedfn
dffrpprgdwlrq

d54
�5=35:35
+3=4:579,

�3=:4554
+3=37799,

d67
3=53;;;
+3=36<43,

�3=5<4<;
+3=33;::,

d74
4=3775<
+3=343:9,

4=434::
+3=33;;3,

d75
�3=3<3:8
+3=337:6,

�3=3985<
+3=336;9,

d76
�3=6:656
+3=34<86,

�3=59858
+3=348;:,



Wdeohv 63

Wdeoh D15 0 Hvwlpdwhg Yduldqfh Ghfrpsrvlwlrq dw wkh 70|hdu krul}rq

4, FHH lghqwl�fdwlrq
D, Sduwldo dffrpprgdwlrq hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^<6=7> <<=3`
^3=5> 5=9`
^3=3> 4=9`
^3=4> 6=3`

^44=:> 49=3`
^;6=<> ;;=4`
^3=3> 3=4`
^3=3> 3=5`

^3=6> 6=7`
^<8=4> <<=4`
^3=4> 3=:`
^3=3> 4=7`

^<7=3> <<=4`
^3=6> 5=9`
^3=3> 4=7`
^3=4> 5=9`

E, Ihhgedfn hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^9;=3> ;6=;`
^46=5> 5;=8`
^3=5> 6=;`
^3=4> 5=6`

^7=3> :=9`
^<3=5> <7=:`
^3=5> 4=7`
^3=5> 4=7`

^4=:> ;=3`
^;<=<> <9=;`
^3=4> 4=9`
^3=5> 4=9`

^9;=6> ;7=4`
^46=4> 5;=7`
^3=5> 6=9`
^3=4> 5=4`

5, V] lghqwl�fdwlrq
D, Sduwldo dffrpprgdwlrq hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^9=7> ;4=<`
^<=7> 78=6`
^;=5> 7;=<`
^3=3> 3=4`

^:=4> 48=7`
^7:=:> ;7=3`
^5=4> 79=5`
^3=3> 3=4`

^4=;> 9=5`
^;=9> 99=7`
^63=5> ;8=9`
^3=3> 3=5`

^9=;> ;3=7`
^<=:> 77=<`
^<=4> 7;=8`
^3=3> 3=4`

E, Ihhgedfn hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^8=<> 9:=7`
^58=<> 88=3`
^7=6> 73=;`
^3=4> 4=9`

^5=<> ;=9`
^5<=9> ;3=5`
^46=6> 98=8`
^3=5> 4=5`

^4=5> :=:`
^69=3> ;:=6`
^:=9> 8;=7`
^3=4> 4=8`

^9=9> :3=3`
^56=;> 87=;`
^7=3> 73=5`
^3=4> 4=8`



Wdeohv 64

Edvlf Vhwxs/ Wuxh YFY

Wdeoh D16 0 Vkruw uxq frh!flhqwv

D, FHH lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d64 � e|w . d65 � e�wepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo Ihhgedfn
dffrpprgdwlrq

d54
�5=44;<6
+3=66963,

�3=:5684
+3=3<7;7,

d64
�3=88656
+3=33584,

�3=88663
+3=33585,

d65
�3=575<9
+3=33387,

�3=5757;
+3=334;8,

d74
3=:3<7:
+3=34:79,

3=:5379
+3=34769,

d75
�3=56:58
+3=33:99,

�3=5656;
+3=33964,

d76
�3=<:898
+3=36484,

�3=<88;<
+3=358<4,

E, V] lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d67 � epwepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo Ihhgedfn
dffrpprgdwlrq

d54
�5=44;<6
+3=66963,

�3=:5684
+3=3<7;7,

d67
3=9833:
+3=44847,

�3=56::8
+3=35348,

d74
3=9:9<4
+3=34;54,

3=:6:6;
+3=34794,

d75
�3=58488
+3=33:<<,

�3=557<:
+3=33975,

d76
�4=3677<
+3=365;:,

�3=<5864
+3=3596:,



Wdeohv 65

Wdeoh D17 0 Yduldqfh Ghfrpsrvlwlrq dw wkh 70|hdu krul}rq

4, FHH lghqwl�fdwlrq
D, Sduwldo dffrpprgdwlrq hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^9;=6> <6=6`
^3=<> 48=5`
^4=7> 4;=8`
^3=5> 5=;`

^44=9> 54=6`
^::=8> ;:=7`
^3=4> 4=:`
^3=3> 3=6`

^3=:> 44=9`
^:;=8> <:=3`
^3=7> 44=4`
^3=4> 4=;`

^9<=5> <6=:`
^3=<> 47=<`
^4=6> 4:=:`
^3=5> 5=9`

E, Ihhgedfn hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^56=3> 85=;`
^45=7> 69=6`
^47=6> 83=8`
^5=4> <=6`

^6=4> ;=3`
^;3=4> <6=8`
^4=3> 43=9`
^3=5> 6=8`

^4=8> :=5`
^:;=7> <8=3`
^4=4> 45=8`
^3=5> 7=7`

^55=6> 85=7`
^45=6> 69=3`
^47=;> 84=5`
^5=5> <=8`

5, V] lghqwl�fdwlrq
D, Sduwldo dffrpprgdwlrq hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^4:=3> 76=6`
^4<=8> 68=9`
^64=:> 85=4`
^3=3> 3=3`

^47=8> 59=;`
^56=<> 7;=8`
^66=7> 84=<`
^3=3> 3=3`

^45=;> 5:=;`
^55=<> 7<=3`
^65=3> 85=9`
^3=3> 3=3`

^49=<> 73=8`
^53=3> 68=9`
^67=5> 85=5`
^3=3> 3=3`

E, Ihhgedfn hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^4=6> ;=4`
^73=6> 83=3`
^78=;> 87=8`
^3=3> 3=4`

^4=7> ;=5`
^73=:> 83=6`
^77=;> 86=6`
^3=3> 3=5`

^4=5> ;=4`
^74=4> 84=9`
^77=8> 86=5`
^3=3> 3=5`

^4=6> ;=4`
^73=5> 83=3`
^78=<> 87=:`
^3=3> 3=4`



Wdeohv 66

aUw @ 3=4 � apw .a%w

Wdeoh D8 0 Hvwlpdwhg Vkruw uxq frh!flhqwv

D, FHH lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d64 � e|w . d65 � e�wepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo
dffrpprgdwlrq

d54
�3=;;345
+3=5<34;,

d64
�3=88;95
+3=336;<,

d65
�3=57458
+3=33439,

d74
4=36<89
+3=4:<:,

d75
�3=3<47:
+3=33::8,

d76
�3=6:846
+3=36539,

E, V] lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d67 � epwepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo
dffrpprgdwlrq

d54
�3=;;345
+3=5<34;,

d67
�3=3;:56
+3=39677,

d74
4=37:5;
+3=34;<4,

d75
�3=3;;47
+3=33;48,

d76
�3=69465
+3=366:7,



Wdeohv 67

Wdeoh D9 0 Yduldqfh Ghfrpsrvlwlrq dw wkh 70|hdu krul}rq

4, Wkhruhwlfdo Prgho
Sduwldo dffrpprgdwlrq hfrqrp|

Rxwsxw Lq dwlrq Lqwhuhvw udwh Uhdo edodqfhv
Whfkqrorj| vkrfnv 9<=< 57=5 4=5 :3=4
Suhihuhqfh vkrfnv 47=8 7=< 3=6 47=8
Prqhwdu| vkrfnv 47=8 99=4 <;=8 47=8

Jryhuqphqw vkrfnv 4=4 7=; 3=3 3=<

5, YDU Prghov

D, FHH lghqwl�fdwlrq
Sduwldo dffrpprgdwlrq hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^9<=5> <6=8`
^4=3> 47=<`
^3=9> <=:`
^3=;> 43=5`

^7=:> <=8`
^;;=5> <7=5`
^3=4> 4=8`
^3=5> 4=:`

^:=6> 65=5`
^8<=3> ;:=7`
^3=6> 9=<`
^3=6> ;=5`

^:3=4> <6=7`
^3=<> 47=;`
^3=9> <=7`
^3=:> <=;`

E, V] lghqwl�fdwlrq
Sduwldo dffrpprgdwlrq hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^5=:> 85=7`
^58=7> 83=<`
^49=<> 84=;`
^3=4> 3=5`

^5=7> <=5`
^76=6> ;6=4`
^43=3> 84=4`
^3=4> 3=5`

^5=3> 49=9`
^73=6> 98=5`
^55=8> 85=6`
^3=4> 3=5`

^5=:> 7;=;`
^59=8> 83=;`
^4;=;> 84=;`
^3=4> 3=5`



Wdeohv 68

aUw @ 3=; � apw .a%w

Wdeoh D: 0 Hvwlpdwhg Vkruw uxq frh!flhqwv

D, FHH lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d64 � e|w . d65 � e�wepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo
dffrpprgdwlrq

d54
�6=;5639
+3=6<34;,

d64
�3=88739
+3=3397<,

d65
�3=57443
+3=33439,

d74
4=36:4:
+3=34;33,

d75
�3=3<4:8
+3=33:::,

d76
�3=6:935
+3=3654:,

E, V] lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d67 � epwepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo
dffrpprgdwlrq

d54
�6=;5639
+3=6<34;,

d67
3=9687<
+3=3;;79,

d74
3=<<668
+3=34<69,

d75
�3=443;4
+3=33;69,

d76
�3=78844
+3=36796,



Wdeohv 69

Wdeoh D; 0 Yduldqfh Ghfrpsrvlwlrq dw wkh 70|hdu krul}rq

4, Wkhruhwlfdo Prgho
Sduwldo dffrpprgdwlrq hfrqrp|

Rxwsxw Lq dwlrq Lqwhuhvw udwh Uhdo edodqfhv
Whfkqrorj| vkrfnv 9;=: 8;=5 73=: :3=4
Suhihuhqfh vkrfnv 47=5 44=7 ;=7 47=8
Prqhwdu| vkrfnv 47=5 58=: 83=7 47=8

Jryhuqphqw vkrfnv 5=< 7=: 3=8 3=<

5, YDU Prghov

D, FHH lghqwl�fdwlrq
Sduwldo dffrpprgdwlrq hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^9<=<> <7=3`
^3=<> 48=8`
^3=8> <=3`
^3=9> <=9`

^5:=6> 6<=8`
^8<=;> :5=6`
^3=3> 3=7`
^3=4> 3=8`

^7=8> 4:=<`
^:9=<> <6=8`
^3=5> 6=4`
^3=4> 6=9`

^:4=4> <7=8`
^3=<> 48=3`
^3=7> ;=8`
^3=9> <=4`

E, V] lghqwl�fdwlrq
Sduwldo dffrpprgdwlrq hfrqrp|
Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,

Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^7=;> 8;=:`
^54=8> 7;=9`
^48=:> 84=;`
^3=3> 3=4`

^8=9> 5;=:`
^74=3> 96=:`
^:=4> 83=:`
^3=3> 3=4`

^7=5> 58=3`
^4<=;> 94=5`
^58=;> 89=:`
^3=3> 3=4`

^7=<> 88=;`
^55=9> 7;=8`
^4:=7> 84=9`
^3=3> 3=4`



Wdeohv 6:

aUw @ 3=88 � a|w . 4=5 � a�w . a%w

Wdeoh D< 0 Hvwlpdwhg Vkruw uxq frh!flhqwv

D, FHH lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d64 � e|w . d65 � e�wepw @ d74 � e|w . d75 � e�w . d76 � eUw

Ihhgedfn

d54
�3=98:::
+3=38549,

d64
�3=86<66
+3=343:6,

d65
�3=5573<
+3=344:7,

d74
4=5377;
+3=3443:,

d75
�3=355;5
+3=33863,

d76
�3=3:<69
+3=34<<9,

E, V] lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d67 � epwepw @ d74 � e|w . d75 � e�w . d76 � eUw

Ihhgedfn

d54
�3=98:::
+3=38549,

d67
�3=6455<
+3=3443;,

d74
4=54799
+3=34448,

d75
�3=34;8<
+3=33866,

d76
�3=3937<
+3=3533<,



Wdeohv 6;

Wdeoh D43 0 Yduldqfh Ghfrpsrvlwlrq dw wkh 70|hdu krul}rq

4, Wkhruhwlfdo Prgho
Ihhgedfn hfrqrp|

Rxwsxw Lq dwlrq Lqwhuhvw udwh Uhdo edodqfhv
Whfkqrorj| vkrfnv 47=5 54=8 54=6 47=5
Suhihuhqfh vkrfnv 4=7 5=7 5=7 4=7
Prqhwdu| vkrfnv ;7=4 :8=; :8=< ;6=;

Jryhuqphqw vkrfnv 3=5 3=6 3=7 3=9

5, YDU Prghov

D, FHH lghqwl�fdwlrq
Ihhgedfn hfrqrp|

Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,
Lqqrydwlrqv lq e|w
Lqqrydwlrqv lq e�w

Lqqrydwlrqv lq eUw

Lqqrydwlrqv lq epw

^4=<> 44=9`
^:9=;> <6=;`
^3=;> 9=4`
^3=9> <=;`

^4=7> 47=6`
^::=4> <7=;`
^3=9> 8=5`
^3=5> :=4`

^4=6> 47=6`
^::=3> <7=<`
^3=8> 8=5`
^3=6> :=7`

^4=<> 44=:`
^:9=:> <6=;`
^3=;> 9=4`
^3=9> <=:`

E, V] lghqwl�fdwlrq
Ihhgedfn hfrqrp|

Y du+e|w, Y du+e�w, Y du+ eUw, Y du+epw,
Lqqrydwlrqv lq DV
Lqqrydwlrqv lq DG
Lqqrydwlrqv lq PS
Lqqrydwlrqv lq PG

^5=7> 46=6`
^85=8> ;:=<`
^6=8> 63=3`
^3=;> 43=5`

^5=4> 49=:`
^8<=;> <3=6`
^5=6> 56=8`
^3=6> :=5`

^4=<> 49=7`
^93=6> <3=9`
^5=3> 56=7`
^3=6> :=8`

^5=7> 46=5`
^85=4> ;:=;`
^6=9> 63=5`
^3=;> 43=4`



Wdeohv 6<

�5� @ 3=8 � �5&

Wdeoh D44 0 Hvwlpdwhg Vkruw uxq frh!flhqwv

D, FHH lghqwl�fdwlrq vfkhph

e�w @ d54 � e|weUw @ d64 � e|w . d65 � e�wepw @ d74 � e|w . d75 � e�w . d76 � eUw

Sduwldo Ihhgedfn
dffrpprgdwlrq

d54
�5=8:69:
+3=57<9<,

�3=:64:3
+3=39;83,

d64
�3=88783
+3=3389<,

�3=89458
+3=34457,

d65
�3=57374
+3=33476,

�3=54<;6
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Figure 1
Theoretical Responses, Partial Accommodation Economy
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Figure 2
Responses to a Monetary Shock
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Figure 3
Estimated Impulse Response Bands
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Figure 4
Estimated Impulse Response Bands with Alternative Identification, Policy shock
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Figure 5
Theoretical and Estimated Monetary Policy Shocks
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