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Executive Summary

The so-called “asymmetric volatility” phenomenon is one of the empirical regularities
shown by (conditional) estimates of equity second moments. Typically, volatility
increases more after negative than positive return shocks of the same magnitude, and,
sometimes, it even falls subsequent to an increase in stock prices. Two explanations
have been put forth for this phenomenon: The leverage effect hypothesis, due to Black
(1976) and Christie (1982), and the volatility feedback effect proposed by Campbell
and Hentschell (1992) and extended by Wu (2000). Surprisingly, whereas there has
been a proliferation of conditional econometric models able to capture asymmetry in
volatility (see Hentscell, 1995, for a synthesis), there is a lack of conditional
econometric specifications able to explicitly model asymmetry in covariances.
However, as argued by Kroner and Ng (1998), if expected returns on one asset change
because an asymmetric volatility effect occurs, the covariance between returns on that
asset and returns on assets which have possibly not experienced such an effect should
also change. Kroner and Ng (1998) and Bekaert and Wu (2000) are the only two
pieces of research I am aware of where multivariate asymmetric models for
conditional variances as well as covariances are developed and tested.

The need to take into account the asymmetric effects on conditional second
moments has an appealing economic justification. Assume, for instance, that a
negative return shock generates more volatility than a positive return innovation of the
same magnitude. When a traditional Generalised Autoregressive Conditionally
Heteroskedastic (GARCH) process is used to model second moments, the conditional
volatility which occurs after a price drop will be underestimated. Similarly, the
conditional volatility which follows a price increase will be overestimated.
Consequences such as asset mis-pricing and poor in- and out-of-sample forecasts will
be, therefore, unavoidable. Accurate conditional (co)variance estimation of equities as
well as other typologies of assets, thus, is crucial for portfolio selection, risk
management, and pricing of primary and derivative securities.

While the asymmetric phenomenon in variances has been widely explored for
individual stocks, equity portfolios, and/or stock market indices, it has probably never
been tested for fixed income securities.

The main goal of this research is to consider a portfolio which includes not
only equities but also Treasury bills and government bonds, with the purpose of
documenting the asymmetry phenomenon for stocks and fixed income securities.
Moreover, including a variety of liquid investment opportunities makes the portfolio
more realistic and increases the power of the test (Cappiello, 1999).

Two multivariate GARCH processes able to capture the asymmetric effects for
both conditional variances and covariances are developed and tested. The first
parametrization, named “generalised Nelson model”, is an extension of the univariate

                                                                
∗  The Graduate Institute of International Studies - International Economic Section - Pavillon Rigot,
11A, Avenue de la Paix CH-1202 Geneva, Switzerland. Tel.: +41 (22) 734.89.50; fax: +41 (22)
733.30.49; e-mail: cappiel5@hei.unige.ch.



Exponential GARCH of Nelson (1991). As such, it is characterised by the fact that the
terms which capture asymmetry assign the same weight to both past positive and
negative innovations. The model, though, is discarded from the analysis since it does
not fit the data well. The second specification, baptised “generalised GJR model”, is
built on the univariate asymmetric GARCH of Glosten, Jagannathan, and Runkle
(1993) and Zakoian (1994). As such, the components which accommodate asymmetry
assign different weights to past positive and negative shocks. Contrary to the former
parameterisation, the latter seems to be well-specified. Conditional second moments
for equities as well as fixed income securities do respond asymmetrically to past
positive and/or negative shocks as evidenced by news impact curves and surfaces as
well as robust conditional moment tests (Engle and Ng, 1993, and Kroner and Ng,
1998). In particular, negative shocks have a significant larger impact on equity
volatility than positive shocks of the same magnitude, whereas the opposite occurs for
Treasury bills. As for government bonds, volatility reacts differently to past positive
and negative news.

GARCH processes are statistical models. The theoretical framework to which
the two asymmetric GARCH processes described above are applied to is the
Intertemporal Capital Asset Pricing Model (CAPM) of Merton (1973). The choice of
a dynamic rather than a static CAPM is motivated by the fact that multifactor models
seem to have supplanted single factor ones, which are usually mis-priced (see
Cochrane, 1999, and Cappiello, 1999, for further details on the topic). Typically,
single factor models link expected excess returns of an asset to the market risk
exposure. In addition to this, multifactor models consider other state variables
relevant to security performance, like oil prices, inflation, business cycle proxies,
interest rates, etc. Numerous studies have pointed out that returns and volatility of
stocks and bonds are linked to the business cycle. Most of this research finds that the
stock market falls before (or in concomitance of) economic recessions, anticipating
(or matching) a downturn in the business cycle, and rises before (or in concomitance
of) troughs, anticipating (or matching) a recovery in the economy (see Cappiello,
1999, for a survey). In the view of this relationship, the growth rate of industrial
production is chosen here as a second priced factor. While in the literature one can
find several empirical investigations of single-factor multi-asset CAPMs as well as of
multi-factor single-asset CAPMs, a conditional estimation of a multi-factor multi-
asset CAPM carried out with a GARCH-in-Mean (GARCH-M) technique represents a
novelty, attempted, until now, only by Cappiello (1999). The growth rate of industrial
production turns out to be significantly priced and relevant in the determination of the
total premia required to hold risky securities. Furthermore, major financial market
turmoil as well as spillovers from one market to another is reflected by the time
evolution of risk premia.

Testing a CAPM implies the estimation of the prices of risk it involves. Such
an estimation, though, is one of the “unsolved” issues in empirical finance. Since
prices of risk are related to the investors’ utility function, which is not observable per
se, their evolution over time is often based on some presumptions. Nevertheless, their
sign and magnitude are crucial, since they directly affect risk premia.

There is large consensus on the fact that both expected excess returns and
conditional (co)variances change through time (see the extensive surveys of
Bollerslev, Chou, and Kroner, 1992, Bera and Higgins, 1993, and Bollerslev, Engle,
and Nelson, 1994). However, first and second conditional moments do not move in a



one-to-one proportion. Therefore, in CAPM-type models the risk-return relationship
is not constant over time. With few exceptions (see, for instance, De Santis and
Gerard, 1998b, and Cappiello, 1999), the literature is silent about the possibility that
also prices of intertemporal risk vary over time. However, if it is true that the risk-
return relationship changes because both first and second moments vary over time not
in a one-to-one proportion, for the same reason intertemporal prices of risk have to be
time-varying.

Following Cappiello (1999), the prices of risk, first held constant, are next
allowed to vary according to the regime switching model of Hamilton (1988, 1989,
1990, 1994). The use of Hamilton’s filter, which represents a novelty in the estimation
of prices of risk, is combined only with the generalised GJR model, due to its better
performance. Two regimes are identified, one in which the price of market risk is high
and the price of intertemporal risk is low, and one in which the reverse occurs, i.e. the
first price is high and the second low. This can be interpreted as a switch in investors’
preferences whose degree of risk aversion increases in correspondence to or after
financial turmoil. However, if the specification where prices of risk can change
through time accommodates shifts in agents’ preferences, it sacrifices flexibility in
terms of GARCH specification. Thus, relevant phenomena, like the decrease in the
bond risk premia which occurred after some equity market falls, are not captured,
whereas they are when prices are held constant.
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Devwudfw

Wklv sdshu hvwlpdwhv d wulyduldwh wzr0idfwru frqglwlrqdo yhuvlrq ri wkh Lq0
whuwhpsrudo FDSP ri Phuwrq +4<:6,1 Wkh wkuhh frqvlghuhg dvvhwv duh= XV vwrfnv/
90prqwk W0eloov/ dqg 430|hdu jryhuqphqw erqgv1 Dv d vhfrqg idfwru wkh jurzwk
udwh ri lqgxvwuldo surgxfwlrq lv fkrvhq1 Wzr pxowlyduldwh JDUFK surfhvvhv deoh
wr fdswxuh wkh dv|pphwulf h>hfwv iru erwk frqglwlrqdo yduldqfhv dqg fryduldqfhv
duh ghyhorshg dqg whvwhg1 Qhzv lpsdfw fxuyhv dqg vxuidfhv dv zhoo dv urexvw frq0
glwlrqdo prphqw whvwv +Hqjoh dqg Qj/ 4<<6/ dqg Nurqhu dqg Qj/ 4<<;, lqglfdwh
wkdw frqglwlrqdo vhfrqg prphqwv iru htxlwlhv dv zhoo dv ?{hg lqfrph vhfxulwlhv gr
uhvsrqg dv|pphwulfdoo| wr sdvw srvlwlyh dqg2ru qhjdwlyh qhzv1 Ilqdoo|/ wkh sulfhv
ri pdunhw dqg lqwhuwhpsrudo ulvn/ ?uvw khog frqvwdqw/ duh qh{w doorzhg wr ydu|
ryhu wlph dffruglqj wr wkh uhjlph vzlwfklqj prgho ri Kdplowrq +4<;;/ 4<;</ 4<<3/
4<<7,1 Wkh wzr lghqwl?hg vwdwhv pljkw uh hfw d vzlwfk lq lqyhvwruv* suhihuhqfhv
zkrvh ghjuhh ri ulvn dyhuvlrq lqfuhdvhv lq fruuhvsrqghqfh wr ru diwhu ?qdqfldo
wxuprlo1

Nh|zrugv= Lqwhuwhpsrudo FDSP/ exvlqhvv f|foh/ dv|pphwulf pxowlyduldwh
JDUFK0lq0Phdq/ uhjlph vkliwv1

MHO fodvvl?fdwlrq= F65> H65> J451

úWkh Judgxdwh Lqvwlwxwh ri Lqwhuqdwlrqdo Vwxglhv/ Xqlyhuvlw| ri Jhqhyd 0 Sdyloorq
Uljrw/ 44D/ Dyhqxh gh od Sdl{ 4535 Jhqhyd/ Vzlw}huodqg1 Who1= .74 +55, :671;<183>
id{= .74 +55, :6616317<> h0pdlo= fdsslho8Ckhl1xqljh1fk1 L dp judwhixo wr Wrp Ihduqoh|/
Kdqv Jhqehuj/ Fkulvwldq Jrxulìurx{/ Fdpsehoo Kduyh|/ Dumdq Ndgduhmd/ Khqul Orxehujì/
Dodlq Prqiruw/ Ihghulfd Vehujdpl/ dqg Fkduohv Z|sorv} iru wkhlu ydoxdeoh frpphqwv
dqg glvfxvvlrqv1 D vshfldo wkdqn wr Xuv Oxwhuedfkhu iru ohwwlqj ph xvh klv zrunvwdwlrq1
Ilqdqfldo vxssruw iurp wkh Lqwhuqdwlrqdo Fhqwhu iru Ilqdqfldo Dvvhw Pdqdjhphqw dqg
Hqjlqhhulqj +IDPH, lv judwhixoo| dfnqrzohgjhg1 Ri frxuvh/ uhpdlqlqj huuruv duh plqh
dorqh1
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Frqwhqwv

4 Lqwurgxfwlrq= Hpslulfdo Uhjxodulwlhv dqg Uhvhdufk Jrdov 6
414 Wkh Dv|pphwulf Yrodwlolw| Skhqrphqrq 1 1 1 1 1 1 1 1 1 1 1 9

5 Wkh Lqwhuwhpsrudo Fdslwdo Dvvhw Sulflqj Prgho <

6 Gdwd Gldjqrvlv 45

7 Hpslulfdo Phwkrgv 55
714 Prgholqj wkh Dv|pphwulf H>hfwv lq Pxowlyduldwh JDUFK

Surfhvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
71414 Wkh Jhqhudol}hg Qhovrq Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 58
71415 Wkh Jhqhudol}hg JMU Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
71416 D Frpsdulvrq ehwzhhq wkh Jhqhudol}hg Qhovrq dqg

JMU Prghov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
715 Wkh Vzlwfklqj Sulfhv ri Ulvn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

8 Hpslulfdo Uhvxowv 68
814 Frqglwlrqdo Lqwhuwhpsrudo FDSP zlwk Frqvwdqw Sulfhv ri Ulvn 69

81414 Wkh Jhqhudol}hg Qhovrq Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
81415 Wkh Jhqhudol}hg JMU Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;
81416 Wkh Dv|pphwulf H>hfwv lq Frqglwlrqdo Vhfrqg Pr0

phqwv= Judsklfdo Hylghqfh dqg Urexvw Whvw Vwdwlvwlfv 78
815 Frqglwlrqdo Lqwhuwhpsrudo FDSP zlwk Wlph0Ydu|lqj Sulfhv

ri Ulvn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
81514 Wkh Jhqhudol}hg JMU Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

9 Vxppdu| ri Uhvxowv dqg Frqfoxvlrqv 96
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4 Lqwurgxfwlrq= Hpslulfdo Uhjxodulwlhv dqgUhvhdufk Jrdov
Wkh vr0fdoohg 3dv|pphwulf yrodwlolw|4 skhqrphqrq lv rqh ri wkh hpslulfdo
uhjxodulwlhv vkrzq e| +frqglwlrqdo, hvwlpdwhv ri htxlw| vhfrqg prphqwv1
W|slfdoo|/ yrodwlolw| lqfuhdvhv pruh diwhu qhjdwlyh wkdq srvlwlyh uhwxuq vkrfnv
ri wkh vdph pdjqlwxgh/ dqg/ vrphwlphv/ lw hyhq idoov vxevhtxhqw wr dq lq0
fuhdvh lq vwrfn sulfhv1 Wzr h{sodqdwlrqv kdyh ehhq sxw iruwk iru wklv skh0
qrphqrq= Wkh ohyhudjh h>hfw k|srwkhvlv/ gxh wr Eodfn +4<:9, dqg Fkulvwlh
+4<;5,/ dqg wkh yrodwlolw| ihhgedfn h>hfw sursrvhg e| Fdpsehoo dqg Khqwvfkhoo
+4<<5, dqg h{whqghg e| Zx +5333,41 Vxusulvlqjo|/ zkhuhdv wkhuh kdv ehhq d
surolihudwlrq ri frqglwlrqdo hfrqrphwulf prghov deoh wr fdswxuh dv|pphwu|
lq yrodwlolw| +vhh Khqwvfhoo/ 4<<8/ iru d v|qwkhvlv,/ wkhuh lv d odfn ri frq0
glwlrqdo hfrqrphwulf vshfl?fdwlrqv deoh wr h{solflwo| prgho dv|pphwu| lq
fryduldqfhv1 Krzhyhu/ dv dujxhg e| Nurqhu dqg Qj +4<<;,/ li h{shfwhg uh0
wxuqv rq rqh dvvhw fkdqjh ehfdxvh dq dv|pphwulf yrodwlolw| h>hfw rffxuv/
wkh fryduldqfh ehwzhhq uhwxuqv rq wkdw dvvhw dqg uhwxuqv rq dvvhwv zklfk
kdyh srvvleo| qrw h{shulhqfhg vxfk dq h>hfw vkrxog dovr fkdqjh1 Nurqhu dqg
Qj +4<<;, dqg Ehndhuw dqg Zx +5333, duh wkh rqo| wzr slhfhv ri uhvhdufk L
dp dzduh ri zkhuh pxowlyduldwh dv|pphwulf prghov iru yduldqfhv dv zhoo dv
fryduldqfhv duh ghyhorshg dqg whvwhg1

Wkh qhhg wr wdnh lqwr dffrxqw wkh dv|pphwulf h>hfwv rq frqglwlrqdo vhf0
rqg prphqwv kdv dq dsshdolqj hfrqrplf mxvwl?fdwlrq1 Dvvxph/ iru lqvwdqfh/
wkdw d qhjdwlyh uhwxuq vkrfn jhqhudwhv pruh yrodwlolw| wkdq d srvlwlyh uhwxuq
lqqrydwlrq ri wkh vdph pdjqlwxgh1 Zkhq d wudglwlrqdo Jhqhudol}hg Dxwruh0
juhvvlyh Frqglwlrqdoo| Khwhurvnhgdvwlf +JDUFK, surfhvv lv xvhg wr prgho
vhfrqg prphqwv/ wkh frqglwlrqdo yrodwlolw| zklfk rffxuv diwhu d sulfh gurs
zloo eh xqghuhvwlpdwhg1 Vlploduo|/ wkh frqglwlrqdo yrodwlolw| zklfk iroorzv d
sulfh lqfuhdvh zloo eh ryhuhvwlpdwhg1 Frqvhtxhqfhv vxfk dv dvvhw plv0sulflqj
dqg srru lq0 dqg rxw0ri0vdpsoh iruhfdvwv zloo eh/ wkhuhiruh/ xqdyrlgdeoh1
Dffxudwh +fr,yduldqfh hvwlpdwlrqv ri htxlwlhv dv zhoo dv rwkhu w|srorjlhv ri
dvvhwv/ wkxv/ lv fuxfldo iru sruwirolr vhohfwlrq/ ulvn pdqdjhphqw/ dqg sulflqj
ri sulpdu| dqg ghulydwlyh vhfxulwlhv1

Zkloh wkh dv|pphwulf skhqrphqrq lq yduldqfhv kdv ehhq zlgho| h{soruhg
iru lqglylgxdo vwrfnv/ htxlw| sruwirolrv/ dqg2ru vwrfn pdunhw lqglfhv/ lw kdv
suredeo| qhyhu ehhq whvwhg iru ?{hg lqfrph vhfxulwlhv1

Wkh pdlq jrdo ri wklv uhvhdufk lv wr frqvlghu d sruwirolr zklfk lqfoxghv
qrw rqo| htxlwlhv exw dovr Wuhdvxu| eloov dqg jryhuqphqw erqgv/ zlwk wkh
sxusrvh ri grfxphqwlqj wkh dv|pphwu| skhqrphqrq iru vwrfnv dqg ?{hg

4Fdpsehoo dqg Khqwvfkhoo +4<<5, suhvhqw iru wkh ?uvw wlph d ixoo| zrunhg rxw irupdo
prgho rq yrodwlolw| ihhgedfn1 Krzhyhu/ wklv k|srwkhvlv fdq dovr eh wudfnhg grzq lq/
dprqj rwkhuv/ Pdonlho +4<:<,/ Slqg|fn +4<;7,/ Srwhued dqg Vxpphuv +4<;9,/ dqg Iuhqfk/
Vfkzhuw/ dqg Vwdpedxjk +4<;:,1

6



lqfrph vhfxulwlhv1 Pruhryhu/ lqfoxglqj d ydulhw| ri oltxlg lqyhvwphqw rssru0
wxqlwlhv pdnhv wkh sruwirolr pruh uhdolvwlf dqg lqfuhdvhv wkh srzhu ri wkh
whvw +Fdsslhoor/ 4<<<,1

Wzr pxowlyduldwh JDUFK surfhvvhv deoh wr fdswxuh wkh dv|pphwulf
h>hfwv iru erwk frqglwlrqdo yduldqfhv dqg fryduldqfhv duh ghyhorshg dqg
whvwhg1 Wkh ?uvw prgho h{whqgv wkh zhoo0nqrzq xqlyduldwh H{srqhqwldo
JDUFK +HJDUFK, ri Qhovrq +4<<4,1 Dv vxfk/ lw lv fkdudfwhulvhg e| wkh
idfw wkdw wkh whupv zklfk fdswxuh dv|pphwu| dvvljq wkh vdph zhljkw wr
erwk sdvw srvlwlyh dqg qhjdwlyh lqqrydwlrqv1 Rqh fdq qdph wklv vshfl?fd0
wlrq 3jhqhudol}hg Qhovrq prgho41 Lq wkh vslulw ri Glqj dqg Hqjoh +4<<7,/ lw lv
dvvxphg wkdw wkh JDUFK surfhvv lv fryduldqfh vwdwlrqdu|1 Wklv k|srwkhvlv
uhgxfhv wkh qxpehu ri sdudphwhuv wr hvwlpdwh dqg idflolwdwhv frqyhujhqfh1

Wkh vhfrqg vshfl?fdwlrq sursrvhg khuh lv d prgl?hg yhuvlrq ri wkh pxo0
wlyduldwh dv|pphwulf EHNN JDUFK prgho vxjjhvwhg e| Nurqhu dqg Qj
+4<<;,51 Wklv odwwhu sdudphwul}dwlrq fdq eh ylhzhg dv dq h{whqvlrq wr d
pxowlyduldwh frqwh{w ri wkh srsxodu dv|pphwulf xqlyduldwh JDUFK surfhvv
ri Jorvwhq/ Mdjdqqdwkdq/ dqg Uxqnoh +4<<6,1 Dv vxfk/ wkh frpsrqhqwv
zklfk dffrpprgdwh dv|pphwu| dvvljq gl>huhqw zhljkwv wr sdvw srvlwlyh dqg
qhjdwlyh vkrfnv1 Wzr pdmru fkdqjhv wr Nurqhu dqg Qj*v +4<<;, prgho duh
vxjjhvwhg1 Dv ehiruh/ lw lv dvvxphg wkdw wkh surfhvv lv fryduldqfh vwdwlrqdu|/
zklfk shuplwv wr hfrqrpl}h frqvlghudeo| rq wkh qxpehu ri sdudphwhuv wr
hvwlpdwh1 Pruhryhu/ Nurqhu dqg Qj*v +4<<;, uhsuhvhqwdwlrq lv ghvljqhg iru
htxlw| sruwirolrv rqo|1 Krzhyhu/ Hqjoh dqg Qj*v +4<<6, whvwv iru dv|pph0
wu| vkrz wkdw ?{hg lqfrph vhfxulwlhv dovr h{klelw dv|pphwulf h>hfwv/ exw
ri d gl>huhqw w|sh wkdq wkrvh ri htxlwlhv +vhh Vhfwlrq 6 iru ixuwkhu ghwdlov,1
Wkhuhiruh/ lq wkh pxowlyduldwh JDUFK surfhvv ghyhorshg khuh/ wkh frpsr0
qhqw zklfk fdswxuhv dv|pphwu| zloo dffrxqw iru wkh vshfldo fkdudfwhulvwlfv
ri hdfk dvvhw1 Lq sduwlfxodu/ htxlwlhv vkrz wkdw qhjdwlyh vkrfnv kdyh d vljqli0
lfdqw odujhu lpsdfw rq yrodwlolw| wkdq srvlwlyh vkrfnv ri wkh vdph pdjqlwxgh/
zkhuhdv wkh rssrvlwh rffxuv iru W0eloov1 Dv iru jryhuqphqw erqgv/ yrodwlolw|
vhhpv wr uhdfw zlwk d gl>huhqw lqwhqvlw| wr sdvw srvlwlyh dqg qhjdwlyh vkrfnv1
Rqh fdq edswl}h wklv JDUFK uhsuhvhqwdwlrq 3jhqhudol}hg JMU prgho41

Wkh wzr JDUFK vshfl?fdwlrqv sursrvhg khuh duh hvwlpdwhg dqg frp0
sduhg1 Wkh urexvw frqglwlrqdo prphqw whvwv vxjjhvwhg e| Nurqhu dqg Qj
+4<<;, duh dssolhg wr wkh fkrvhq prgho wr fkhfn zkhwkhu lw dffrpprgdwhv
wkh vnhzqhvv vkrzq e| wkh gdwd1 Zkloh dv|pphwu| lq frqglwlrqdo yduldqfhv
lv uh hfwhg e| wkh 3qhzv lpsdfw fxuyhv4 ri Hqjoh dqg Qj +4<<6,/ dv|pphwu|
lq frqglwlrqdo fryduldqfhv zloo eh vkrzq e| wkh 3qhzv lpsdfw vxuidfhv4 ri

5EHNN lv dq dfurq|p iurp wkh lqlwldov ri wkh uhvhdufkhuv +Eded/ Hqjoh/ Nudiw/ dqg
Nurqhu, zkr ghyhorshg d pxowlyduldwh v|pphwulf JDUFK sdudphwul}dwlrq zlgho| xvhg
lq wkh olwhudwxuh +vhh Hqjoh dqg Nurqhu/ 4<<8/ iru ixuwkhu ghwdlov,1 Nurqhu dqg Qj +4<<;,
kdyh h{whqghg wklv prgho dqg uhqghuhg lw deoh wr fdswxuh dv|pphwu| h>hfwv1
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Nurqhu dqg Qj +4<<;,1

JDUFK surfhvvhv duh vwdwlvwlfdo prghov1 Wkh wkhruhwlfdo iudphzrun wr
zklfk wkh wzr dv|pphwulf JDUFK surfhvvhv ghvfulehg deryh duh dssolhg
wr lv wkh Lqwhuwhpsrudo Fdslwdo Dvvhw Sulflqj Prgho +FDSP, ri Phuwrq
+4<:6,1 Wkh fkrlfh ri d g|qdplf/ udwkhu wkdq d vwdwlf/ FDSP lv prwlydwhg
e| wkh idfw wkdw pxowlidfwru prghov vhhp wr kdyh vxssodqwhg vlqjoh idf0
wru rqhv/ zklfk duh xvxdoo| plv0sulfhg +vhh Frfkudqh/ 4<<</ dqg Fdsslhoor/
4<<</ iru ixuwkhu ghwdlov rq wkh wrslf,1 W|slfdoo|/ vlqjoh idfwru prghov olqn
h{shfwhg h{fhvv uhwxuqv ri dq dvvhw wr wkh pdunhw ulvn h{srvxuh1 Lq dgglwlrq
wr wklv/ pxowlidfwru prghov frqvlghu rwkhu vwdwh yduldeohv uhohydqw wr vhfx0
ulw| shuirupdqfh/ olnh rlo sulfhv/ lq dwlrq/ exvlqhvv f|foh sur{lhv/ lqwhuhvw
udwhv/ hwf1 Qxphurxv vwxglhv kdyh srlqwhg rxw wkdw uhwxuqv dqg yrodwlolw|
ri vwrfnv dqg erqgv duh olqnhg wr wkh exvlqhvv f|foh1 Prvw ri wklv uhvhdufk
?qgv wkdw wkh vwrfn pdunhw idoov ehiruh +ru lq frqfrplwdqfh ri, hfrqrplf
uhfhvvlrqv/ dqwlflsdwlqj +ru pdwfklqj, d grzqwxuq lq wkh exvlqhvv f|foh/ dqg
ulvhv ehiruh +ru lq frqfrplwdqfh ri, wurxjkv/ dqwlflsdwlqj +ru pdwfklqj, d
uhfryhu| lq wkh hfrqrp| +vhh Fdsslhoor/ 4<<</ iru d vxuyh|,1 Lq wkh ylhz
ri wklv uhodwlrqvkls/ wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq zloo eh fkrvhq
khuh dv d vhfrqg sulfhg idfwru1 Zkloh lq wkh olwhudwxuh rqh fdq ?qg vhyhudo
hpslulfdo lqyhvwljdwlrqv ri vlqjoh0idfwru pxowl0dvvhw FDSPv dv zhoo dv ri
pxowl0idfwru vlqjoh0dvvhw FDSPv/ d frqglwlrqdo hvwlpdwlrq ri d pxowl0idfwru
pxowl0dvvhw FDSP fduulhg rxw zlwk d JDUFK0lq0Phdq +JDUFK0P, whfk0
qltxh uhsuhvhqwv d qryhow|/ dwwhpswhg/ xqwlo qrz/ rqo| e| Fdsslhoor +4<<<,1
Ixuwkhupruh/ iroorzlqj Fdsslhoor +4<<<,/ wkh sulfhv ri ulvn lpsolhg e| Phu0
wrq*v +4<:6, dvvhw sulflqj wkhru| duh ?uvw nhsw frqvwdqw dqg wkhq doorzhg wr
ydu| dffruglqj wr wkh uhjlph vzlwfklqj prgho ri Kdplowrq +4<;;/ 4<;</ 4<<3/
4<<7,1 Wkh idfw wkdw wkh ulvn0uhwxuq uhodwlrqvkls lv wlph0ydu|lqj kdv ehhq
zhoo grfxphqwhg lq wkh olwhudwxuh +vhh Fdsslhoor/ 4<<</ iru d vxuyh|,/ krz0
hyhu lwv suhflvh g|qdplf lv xqnqrzq1 Wkh xvh ri Kdplowrq*v ?owhu uhsuhvhqwv
d qryhow| lq wkh hvwlpdwlrq ri sulfhv ri ulvn1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh qh{w vxe0Vhfwlrq wkh wzr h{0
sodqdwlrqv sxw iruwk wr mxvwli| wkh dv|pphwulf yrodwlolw| skhqrphqrq duh
glvfxvvhg dqg wkh olwhudwxuh rq wkh wrslf lv eulh | uhylhzhg1 D v|qwkhvlv
ri Phuwrq*v +4<:6, dvvhw sulflqj wkhru| lv suhvhqwhg lq Vhfwlrq 5/ zkhuhdv
Vhfwlrq 6 ghvfulehv wkh gdwd hpsor|hg lq wkh dqdo|vlv1 Vhfwlrq 7 glvfxvvhv
wkh hfrqrphwulf phwkrgrorj|/ zkloh wkh hpslulfdo uhvxowv duh suhvhqwhg lq
Vhfwlrq 81 Vhfwlrq 9 vxppdul}hv wkh pdlq uhvxowv rewdlqhg dqg frqfoxghv
wkh sdshu1
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414 Wkh Dv|pphwulf Yrodwlolw| Skhqrphqrq
Eodfn +4<:9, dqg Fkulvwlh +4<;5, zhuh dprqj wkh ?uvw wr grfxphqw wkdw
yrodwlolw| lqfuhdvhv pruh diwhu vwrfn pdunhw idoov wkdq ulvhv1 Wkh| h{sodlqhg
wklv uhjxodulw| wkurxjk wkh ?qdqfldo ohyhudjh h>hfw1 Pruh fohduo|/ vlqfh dq
xqh{shfwhg gurs lq d vwrfn ydoxh lqfuhdvhv wkh ghew0wr0htxlw| udwlr ri d
frpsdq|/ wkh ulvnlqhvv ri wkdw vwrfn zloo vxujh dv zhoo1 Wkh ohyhudjh h>hfw
dorqh/ krzhyhu/ vhhpv wr eh wrr vpdoo wr dffrxqw iru wkh zkroh dv|pphwulf
yrodwlolw| skhqrphqrq +Eodfn/ 4<:9/ Fkulvwlh/ 4<;5/ dqg Vfkzhuw/ 4<;<,/
khqfh wkh qhhg iru gl>huhqw wkhrulhv1

Fdpsehoo dqg Khqwvfkhoo*v +4<<5, h{sodqdwlrq lv pruh frpsolfdwhg dqg
lv edvhg rq d FDSP0w|sh vshfl?fdwlrq ri wkh phdq htxdwlrq1 Lwv ydolglw|
uhvwv rq wkh h{lvwhqfh ri wlph0ydu|lqj ulvn suhpld/ yrodwlolw| shuvlvwhqfh/ dqg
d srvlwlyh uhodwlrqvkls ehwzhhq h{shfwhg dvvhw uhwxuqv dqg ulvn h{srvxuh1
Wkh idfw wkdw ulvn suhpld duh wlph ydu|lqj lv zhoo grfxphqwhg lq wkh olwhu0
dwxuh/ dv vkrzq e| wkh h{whqvlyh vxuyh|v ri Eroohuvohy/ Fkrx/ dqg Nurqhu
+4<<5,/ Ehud dqg Kljjlqv +4<<6,/ dqg Eroohuvohy/ Hqjoh/ dqg Qhovrq +4<<7,1
Yrodwlolw| foxvwhulqj kdv dovr ehhq zhoo uhfrjql}hg dw ohdvw vlqfh wkh hduo|
*93v +vhh/ iru lqvwdqfh/ Pdqghoeurw/ 4<96/ ru Idpd/ 4<98, dqg odujho| whvwhg
e| wkh kxjh olwhudwxuh rq frqglwlrqdo vhfrqg prphqwv +vhh wkh deryh phq0
wlrqhg vxuyh|v,1 Dv iru wkh srvlwlyh ulvn0uhwxuq uhodwlrqvkls/ wkh hylghqfh lv
pl{hg1 Vrph uhvhdufk ?qgv d vljql?fdqw qhjdwlyh ru dq lqvljql?fdqw srvlwlyh
uhodwlrqvkls/ olnh/ iru lqvwdqfh/ lq Iuhqfk/ Vfkzhuw/ dqg Vwdpedxjk +4<;:,/
Fdpsehoo +4<;:,/ Wxuqhu/ Vwduw}/ dqg Qhovrq +4<;<,/ Edloolh dqg GhJhqqdur
+4<<3,/ Qhovrq +4<<4,/ Jorvwhq/ Mdjdqqdwkdq/ dqg Uxqnoh +4<<6,/ Gh Vdqwlv
dqg -Lpurkr+jox +4<<:,/ dqg Ehndhuw dqg Zx +5333,1 Rwkhuv/ olnh Eroohuvohy/
Hqjoh/ dqg Zrrogulgjh +4<;;,/ Kduyh| +4<;<,/ Fdpsehoo dqg Khqwvfkhoo
+4<<5,/ Iulhgpdq dqg Nxwwqhu +4<<5,/ Erqrpr dqg Jdufld +4<<:,/ Vfuxjjv
+4<<;,/ dqg Fdsslhoor +4<<<,/ ?qg/ lqvwhdg/ d srvlwlyh vljql?fdqw uhodwlrq0
vkls1 Zlwkrxw hqwhulqj wkh lvvxh ri wkh vljq ri wkh ulvn0uhwxuq uhodwlrqvkls
dqg lwv vwdwlvwlfdo vljql?fdqfh/ iru zklfk rqh fdq uhihu wr Fdsslhoor +4<<<,/
lw vhhpv wkdw wkh xvh ri pxowl0idfwru pxowl0dvvhw prghov lpsuryhv wkh h!0
flhqf| dqg wkh srzhu ri wkh whvw/ pdnlqj wkh sulfh ri pdunhw ulvn srvlwlyh
dqg vljql?fdqw1

Wkh yrodwlolw| ihhgedfn h>hfw glvwlqjxlvkhv ehwzhhq wzr fdvhv/ edg dqg
jrrg qhzv +ru vkrfnv,1 Iroorzlqj Hqjoh dqg Qj +4<<6,/ d slhfh ri qhzv/
0|/ lv gh?qhg dv wkh gl>huhqfh ehwzhhq wkh udwh ri uhwxuq rq dq dvvhw/ -|/
dqg lwv h{shfwhg ydoxh frqglwlrqdo rq wkh lqirupdwlrq vhw dydlodeoh dw wlph
| ý �/ @|3�/ l1h1 �| ì . E-| m@|3� ä> wkhuhiruh 0| ' -| ý�|1 D qhjdwlyh
vkrfn lqglfdwhv wkh duulydo ri edg qhzv/ zkloh d srvlwlyh vkrfn vljqdov wkdw
jrrg qhzv lv frplqj xs1 Frqvlghu/ ?uvw/ wkh edg qhzv fdvh1 Dvvxph wkdw
lqyhvwruv h{shfw dq lqfuhdvh lq ixwxuh vwrfn yrodwlolw|1 Wdnlqj Zx*v +5333,
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h{dpsoh/ wklv pljkw eh gxh wr iruhljq ?qdqfldo pdunhw wxuprlov/ zklfk/ lq
wxuq/ fdq vsloo ryhu lqwr grphvwlf pdunhwv1 Dv d frqvhtxhqfh/ lqyhvwruv zloo
eh zloolqj wr vhoo dqg uhoxfwdqw wr ex|/ fdxvlqj d gurs lq htxlw| sulfhv1 Lq
rwkhu zrugv/ li yrodwlolw| lv h{shfwhg wr ulvh dqg wkh FDSP krogv/ l1h1 yrodwlo0
lw| lv srvlwlyho| sulfhg/ wkhq lqyhvwruv zloo uhtxluh d frpshqvdwlrq lq whupv
ri kljkhu h{shfwhg uhwxuqv1 Wkh frqvhtxhqw idoo lq sulfhv dqg vwlfnlqhvv ri
yrodwlolw| ihhgedfn fdxvlqj ixuwkhu uhwxuq vkrfnv dqg yrodwlolw| ulvhv/ zklfk/
lq wxuq/ h{dfhuedwh wkh lqlwldo sulfh gurs1 Wkh surfhvv jrhv rq xqwlo wkh
h{shfwhg uhwxuqv duh vx!flhqwo| kljk1 Vxssrvh/ lq frqwudvw/ wkdw jrrg qhzv
duulyhv wr wkh pdunhw1 Lq rwkhu zrugv/ dvvxph wkdw lqyhvwruv h{shfw d gh0
fuhdvh lq yrodwlolw|1 Wklv pljkw djdlq eh gxh wr d ohdglqj ?qdqfldo pdunhw
zklfk vxujhv iru lqwhuqdo uhdvrqv= Sulfhv ulvh/ exw wkh dvvrfldwhg ulvn hlwkhu
jrhv xs ohvv wkdq sursruwlrqdwho| ru hyhq ghfuhdvhv1 Wudghuv/ wklv wlph/ zloo
eh zloolqj wr ex| udwkhu wkdq vhoo/ prylqj dvvhw sulfhv xs/ ru/ htxlydohqwo|/
h{shfwhg uhwxuqv grzq1 Wkh srvlwlyh vkrfn/ krzhyhu/ zloo wuljjhu dq lqfuhdvh
lq yrodwlolw|1 Djdlq/ li yrodwlolw| lv srvlwlyho| sulfhg dqg shuvlvwhqw +zklfk/
lq wxuq/ jhqhudwhv dq xszdug uhylvlrq ri ixwxuh yrodwlolw|,/ lqyhvwruv zloo uh0
txluh kljkhu h{shfwhg uhwxuqv/ zlwk d frqvhtxhqw gurs lq sulfhv1 Wklv sulfh
ghfolqh/ zklfk whqgv wr r>vhw wkh lqlwldo sulfh lqfuhdvh/ jhqhudwhv d qhjdwlyh
vkrfn dqg/ wkhuhiruh/ rqfh pruh dq lqfuhdvh lq yrodwlolw|1 Vxfk dq lqfuhdvh
lq yrodwlolw| diwhu wkh duulydo ri jrrg qhzv whqgv wr frxqwhuedodqfh lwv lqlwldo
dqwlflsdwhg ghfuhdvh1 Wkxv wkh ?qdo h>hfw rq dvvhw yrodwlolw| lv xqfhuwdlq1
Gh?qlwho|/ yrodwlolw| zloo lqfuhdvh ohvv wkdq lq wkh fdvh ri d qhjdwlyh vkrfn
ri wkh vdph pdjqlwxgh1 Ilqdoo|/ dvvxph wkdw qr qhzv duulyhv1 Xqghu wklv
h{wuhph fdvh/ 3wkh pdunhw ulvhv ehfdxvh cqr qhzv lv jrrg qhzv* derxw ixwxuh
yrodwlolw|14 +Fdpsehoo dqg Khqwvfkhoo/ 4<<5,1

Dv srlqwhg rxw e| Ehndhuw dqg Zx +5333,/ wkh ohyhudjh h>hfw dqg wkh
ihhgedfn yrodwlolw| k|srwkhvlv duh qrw lq frq lfw dqg fdq/ lq idfw/ eh ixqf0
wlrqlqj dw wkh vdph wlph1 Zkhq edg qhzv duulyhv lqwr wkh pdunhw/ wuljjhulqj
d ghfolqh lq vwrfn sulfhv/ wkh ohyhudjh h>hfw vwduwv wr sod| lwv uroh/ uhlqiruflqj
wkh yrodwlolw| ihhgedfn h>hfw1 Rq wkh rwkhu kdqg/ li jrrg qhzv duulyhv/ htxlw|
sulfhv ?uvw jr xs dqg wkhq grzq1 Zkhq wkh zkroh yrodwlolw| ihhgedfn phfk0
dqlvp kdv xqiroghg/ sulfhv fdq hlwkhu lqfuhdvh ru ghfuhdvh/ zlwk dpeljxrxv
frqvhtxhqfhv rq ?upv* ohyhudjh dv zhoo dv rq wkh ?qdo lpsdfw rq vwrfn uhwxuq
yrodwlolw|1 Pruh suhflvho|/ li sulfhv jr xs/ wkh ghew0wr0htxlw| udwlr ghfuhdvhv
dqg zlwk lw wkh dvvrfldwhg vwrfn ulvn> li sulfhv jr grzq/ wkh uhyhuvh rffxuv=
Ilupv* ohyhudjh ghwhulrudwhv dqg wkh ulvn ehfrphv kljkhu1 Reylrxvo|/ zkhq
dvvhwv olnh W0eloov dqg2ru jryhuqphqw erqgv duh frqvlghuhg/ wkh ohyhudjh hi0
ihfw grhv qrw sod| dq| uroh1 Rqfh djdlq/ wkrxjk/ wkh duulydo ri edg qhzv lv
h{shfwhg wr lqfuhdvh yrodwlolw| xqdpeljxrxvo|/ zkhuhdv wkh duulydo ri jrrg
qhzv vkrxog surgxfh dq xqfhuwdlq h>hfw rq yrodwlolw|1

Ilqdoo|/ qrwlfh wkh wzr wkhrulhv rq dv|pphwulf yrodwlolw| sursrvh d uh0
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yhuvhg fdxvdolw|1 Zkhuhdv xqghu wkh ohyhudjh h>hfw k|srwkhvlv dq xqh{0
shfwhg sulfh gurs wuljjhuv d yrodwlolw| vxujh/ xqghu wkh ihhgedfn h>hfw dv0
vxpswlrq dq dqwlflsdwhg fkdqjh lq yrodwlolw| fdxvhv d sulfh ghfolqh1 Pruh0
ryhu/ Fdpsehoo dqg Khqwvfkhoo*v +4<<5, h{sodqdwlrq lv pruh jhqhudo dqg fdq
wxuq rxw wr eh dssursuldwh qrw rqo| iru htxlwlhv exw dovr iru rwkhu fdwhjrulhv
ri dvvhwv/ olnh ?{hg lqfrph vhfxulwlhv1

Zx +5333, h{whqgv Fdpsehoo dqg Khqwvfkhoo*v +4<<5, dv|pphwulf yrodwlo0
lw| prgho1 Lq Fdpsehoo dqg Khqwvfkhoo vwrfn uhwxuqv duh uhodwhg wr glylghqg
yrodwlolw|/ udwkhu wkdq vwrfn yrodwlolw|/ dv lw rffxuv lq wkh fodvvlfdo FDSP1
Ixuwkhupruh/ h{fhvv uhwxuqv dovr ghshqg srvlwlyho| rq glylghqg vkrfnv dqg
qhjdwlyho| rq wkh vtxduh ri glylghqg vkrfnv1 Wkh odvw wzr yduldeohv/ zklfk lq
idfw vlpsoli| lqwr wkh vdph vwdwh yduldeoh vlqfh rqh lv wkh vtxduh ri wkh rwkhu/
sur{| qhzv derxw glylghqgv dqg wkhlu yrodwlolw|1 Wkh prgho fdswxuhv dv|p0
phwulf frqglwlrqdo yduldqfhv dqg dffrpprgdwhv wkh qhjdwlyh vnhzqhvv dqg
h{fhvv nxuwrvlv ri wkh gdwd1 Lq Zx qhzv derxw glylghqgv dqg wkhlu yrodwlolw|
duh h{sodlqhg e| wzr vwdwh yduldeohv lqvwhdg ri rqh1 Dv lq Fdpsehoo dqg
Khqwvfkhoo/ uhwxuqv duh srvlwlyho| olqnhg wr glylghqg yrodwlolw| dqg glylghqg
vkrfnv/ zkhuh wkh odwwhu duh dlphg dw fdswxulqj wkh lpsdfw ri glylghqg qhzv1
Wkh gl>huhqfh lv lq wkh yduldeoh wkdw ghvfulehv qhzv derxw glylghqg yrodwlo0
lw|1 Lq Zx wklv lv sur{|hg e| wkh vwrfkdvwlf frpsrqhqw ri wkh yduldqfh ri
wkh glylghqg jurzwk udwh/ zklfk lv dvvxphg wr iroorz d vwrfkdvwlf yrodwlolw|
surfhvv1 Hvwlpdwhv ri wkh prgho srlqw rxw wkdw erwk wkh ohyhudjh dqg wkh
yrodwlolw| ihhgedfn h>hfwv sod| d uroh lq h{sodlqlqj dv|pphwulf yrodwlolw|1 Il0
qdoo|/ qrwh wkdw wkh udwlrqdoh iru frqvlghulqj glylghqgv olhv lq wkh idfw wkdw
wkh suhvhqw ydoxh ri d ?up ghshqgv rq wkh vwuhdp ri lwv glylghqgv1

Lqghshqghqwo| ri wkh srvvleoh h{sodqdwlrqv/ wkhuh h{lvwv d ydvw hpslulfdo
olwhudwxuh wkdw vhhnv wr fdswxuh wkh dv|pphwulf yrodwlolw| skhqrphqrq1 Dq
lqfrpsohwh olvw lqfoxghv Eodfn +4<:9,/ Fkulvwlh +4<;5,/ Iuhqfk/ Vfkzhuw/ dqg
Vwdpedxjk +4<;:,/ Hqjoh +4<<3,/ Vfkzhuw +4<<3,/ Qhovrq +4<<4,/ Vhqwdqd
+4<<4,/ Fdpsehoo dqg Khqwvfkhoo +4<<5,/ Fkhxqj dqg Qj +4<<5,/ Jrxulìurx{
dqg Prqiruw +4<<5,/ Glqj/ Judqjhu/ dqg Hqjoh +4<<6,/ Hqjoh dqg Qj +4<<6,/
Jorvwhq/ Mdjdqqdwkdq/ dqg Uxqnoh +4<<6,/ Udehpdqdqmdud dqg ]dnrldq
+4<<6,/ Kdplowrq dqg Vxvpho +4<<7,/ ]dnrldq +4<<7,/ Errwk dqg Nrxwprv
+4<<8,/ Eudxq/ Qhovrq/ dqg Vxqlhu +4<<8,/ Gx>hh +4<<8,/ Khqwvfkhoo +4<<8,/
Kdplowrq dqg Olq +4<<9,/ Nrxwprv +4<<9,/ Ehndhuw dqg Kduyh| +4<<:,/
Errwk/ Pduwlndlqhq/ dqg Wvh +4<<:,/ Iruqdul dqg Phoh +4<<:,/ Nurqhu dqg
Qj +4<<;,/ Oxeudqr +4<<;,/ Vfuxjjv +4<<;,/ Vxvpho +4<<;,/ Ehndhuw dqg Zx
+5333,/ Zx +5333,/ dqg Zx dqg [ldr +5333,1 H{fhsw iru Nurqhu dqg Qj
dqg Ehndhuw dqg Zx/ qrqh ri wkhvh vwxglhv prgho dqg whvw iru dv|pphwu| lq
frqglwlrqdo fryduldqfhv1 Wklv lv ehfdxvh hlwkhu rqo| rqh dvvhw lv frqvlghuhg
dqg/ wkhuhiruh/ wkhuh duh qr fryduldqfhv wr hvwlpdwh/ ru ehfdxvh/ hyhq zkhq
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pxowl0dvvhw prghov duh dqdo|}hg/ fryduldqfhv gr qrw h{solflwo| dffrxqw iru
dq| dv|pphwulf h>hfw1

Nurqhu dqg Qj +4<<;, ghylvh d jhqhudo pxowlyduldwh JDUFKprgho zklfk
qhvwv irxu srsxodu JDUFK vshfl?fdwlrqv dqg lv deoh wr fdswxuh dv|pphwulf
h>hfwv lq yduldqfhv dqg fryduldqfhv61 Vxfk d prgho/ zkhq dssolhg wr odujh0
dqg vpdoo0?up sruwirolrv/ ghwhfwv vljql?fdqw dv|pphwulf h>hfwv lq erwk ydul0
dqfhv dqg fryduldqfhv1 Vshfl?fdoo|/ vpdoo0?up uhwxuq vkrfnv kdyh qhjoljleoh
h>hfwv rq yduldqfhv dqg fryduldqfhv1 Krzhyhu/ odujh0?up qhjdwlyh vkrfnv
d>hfw yrodwlolw| ri erwk vpdoo0 dqg odujh0?up uhwxuqv1 Pruhryhu/ edg qhzv
derxw odujh0?up uhwxuqv kdv d kljkhu lpsdfw rq frqglwlrqdo fryduldqfhv eh0
wzhhq vpdoo0 dqg odujh0?up uhwxuqv wkdq jrrg qhzv1

Ehndhuw dqg Zx +5333, ghyhors d prgho deoh wr glvhqwdqjoh wkh ohyhu0
djh h>hfw iurp wkh yrodwlolw| ihhgedfn k|srwkhvlv1 Wkhlu uhvxowv duh edvhg
rq d frqglwlrqdo vwdwlf FDSP hvwlpdwhg zlwk dq dv|pphwulf pxowlyduldwh
JDUFK vshfl?fdwlrq zklfk lv exlow xs lq wkh vslulw ri wkh EHNN prgho
vxjjhvwhg e| Nurqhu dqg Qj1 Wkh dqdo|vlv lv dssolhg wr irxu dvvhwv= Wkuhh
sruwirolrv ri 8 htxlwlhv hdfk +sxoohg iurp wkh Qlnnhl 558 vwrfnv,/ uhsuhvhqw0
lqj ?upv zlwk orz/ phglxp/ dqg kljk ohyhudjh udwlrv/ uhvshfwlyho|/ soxv d
pdunhw sruwirolr1 Wkh pdunhw/ wkh kljk dqg phglxp ohyhudjh sruwirolrv
vkrz d vwurqj dv|pphwulf h>hfw pdlqo| gxh wr pdunhw vkrfnv1 Dv|pphwu|
iru wkh orz ohyhudjh sruwirolr lv pruh prghvw dqg lv hvvhqwldoo| jhqhudwhg
e| ?up0vshfl?f vkrfnv1 Wkh dv|pphwulf h>hfw lq wkh pdunhw sruwirolr lv
xqfryhuhg zlwk dv|pphwu| lq frqglwlrqdo yrodwlolw|/ zkhuhdv iru wkh kljk/
phglxp/ dqg orz ohyhudjh sruwirolrv lw lv wkh frqglwlrqdo fryduldqfh dv|p0
phwu| zklfk jryhuqv wkh dv|pphwulf h>hfwv1 Lq sduwlfxodu/ zkloh edg qhzv
lqfuhdvhv frqglwlrqdo fryduldqfhv/ jrrg qhzv kdv d pl{hg lpsdfw rq wkhp1

5 Wkh Lqwhuwhpsrudo Fdslwdo Dvvhw Sulflqj Prgho
Wkh dvvhw sulflqj prgho wkdw gulyhv lqyhvwruv* rswlpdo sruwirolr fkrlfhv lv
dvvxphg wr eh wkh frqglwlrqdo yhuvlrq ri wkh Phuwrq*v +4<:6, frqwlqxrxv0
wlph Lqwhuwhpsrudo FDSP71 Wkh pdlq lqwxlwlrqv ehklqg wklv wkhru|/ wkh
dvvhw sulflqj uhvwulfwlrqv zklfk lw lpsolhv/ dqg wkh glvfxvvlrq rq wkh sulfhv
ri ulvn duh eulh | uhylhzhg khuh1 Iru ixuwkhu ghwdlov/ wkh uhdghu lv uhihuuhg
wr Fdsslhoor +4<<<,1

Zkloh wkh vwdwlf FDSP ri Vkdush +4<97,/ Olqwqhu +4<98,/ Prvvlq +4<99,/
dqg Eodfn +4<:5, lv ghulyhg xqghu wkh dvvxpswlrq wkdw lqyhvwruv olyh iru rqo|

6Wkh irxu JDUFK vshfl?fdwlrqv lqfoxghg dv vshfldo fdvhv duh wkh gldjrqdo YHFK
prgho ri Eroohuvohy/ Hqjoh/ dqg Zrrogulgjh +4<;;,/ wkh EHNN prgho ri Hqjoh dqg Nurqhu
+4<<8,/ wkh Idfwru DUFK prgho ri Hqjoh/ Qj/ dqg Urwkvfklog +4<<3,/ dqg wkh frqvwdqw
fruuhodwlrq prgho ri Eroohuvohy +4<<3,1

7Orqj +4<:7, dqg Idpd +4<<9, surylgh glvfuhwh0wlph yhuvlrqv ri wkh prgho1
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rqh shulrg/ lq wkh uhdo zruog frqvxpswlrq dqg lqyhvwphqw ghflvlrqv vsdq
orqjhu krul}rqv1 Lq vxfk d g|qdplf hfrqrp|/ wkh lqyhvwphqw rssruwxqlw| vhw
fkdqjhv ryhu wlph> wkhvh fkdqjhv duh jryhuqhg e| rqh ru pruh vwdwh yduldeohv/
f,/ , ' �c é é é c61 Ulvn0dyhuvh udwlrqdo djhqwv zloo wkxv dqwlflsdwh dqg khgjh
djdlqvw wkh srvvlelolw| wkdw lqyhvwphqw rssruwxqlwlhv pd| dgyhuvho| fkdqjh
lq wkh ixwxuh1 Ehfdxvh ri wklv khgjlqj qhhg/ wkh htxloleulxp h{shfwhg uhwxuqv
rq vhfxulwlhv zloo ghshqg qrw rqo| rq 3v|vwhpdwlf4 ru 3pdunhw4 ulvn +dv lq
wkh wudglwlrqdo FDSP,/ exw dovr rq 3lqwhuwhpsrudo4 ulvnv1 Dv lv zhoo nqrzq/
pdunhw ulvn lv phdvxuhg e| wkh fryduldqfh ri dvvhw uhwxuqv zlwk wkh pdunhw
uhwxuqv1 Vlploduo|/ lqwhuwhpsrudo ulvnv duh jlyhq e| wkh fryduldqfh ri vhfxulw|
uhwxuqv zlwk vwdwh yduldeohv1

Lq olqh zlwk Phuwrq +4<:6,/ lw lv dvvxphg wkdw erwk udwhv ri uhwxuqv rq
dvvhwv dqg vwdwh yduldeohv iroorz d vwdqgdug Eurzqldq prwlrq dqg wkdw wkh
ulvn0dyhuvh uhsuhvhqwdwlyh djhqw pd{lpl}hv klv h{shfwhg lqwhuwhpsrudo xwlolw|
ixqfwlrq vxemhfw wr d zhdowk frqvwudlqw=
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zkhuh äE|ä lv wkh lqvwdqwdqhrxv frqvxpswlrq  rz/ ` wkh zhdowk ydoxh/ çð
wkh iudfwlrq ri zhdowk lqyhvwhg lq vhfxulw| ð/ .Eoðä wkh lqvwdqwdqhrxv h{0
shfwhg uhwxuq rq dvvhw ð/ os wkh uhwxuq rq wkh ulvn0iuhh dvvhw/ jð wkh lqvwdqwd0
qhrxv vwdqgdug ghyldwlrq ri dvvhw uhwxuq ð/ dqg 5ð iroorzv d vwdqgdug Zlhqhu
surfhvv81

Ohw a E` E|äcfE|äc |ä eh wkh ghulyhg xwlolw| ixqfwlrq ri zhdowk/ l1h1 a E`cfc |ä ì
4@ .

U A
| L Eäc rä _r1 Wkh vroxwlrq ri wkh rswlpl}dwlrq sureohp |lhogv wkh

iroorzlqj ?n � ?uvw rughu frqglwlrqv=
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8Qrwh wkdw lq Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP/ ul/ ui dqg âl/ ;l/ duh wlph0
ydu|lqj1 Dv vxfk/ ?uvw dqg vhfrqg prphqwv duh frqglwlrqdo rq wkh lqirupdwlrq dydlodeoh
xs wr wkh wlph zkhuh h{shfwdwlrqv duh iruphg1 Khuh/ krzhyhu/ wr vlpsoli| wkh qrwdwlrq/ wkh
wlph ghshqghqfh ri dvvhw uhwxuqv dv zhoo dv wkdw ri ?uvw dqg vhfrqg prphqwv lv rplwwhg1
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iru ð ' �c é é é c ?é Htxdwlrq +5, lv wkh idploldu lqwhuwhpsrudo hqyhorsh frqgl0
wlrq/ zklfk htxdwhv wkh pdujlqdo xwlolw| ri fxuuhqw frqvxpswlrq wr wkh pdu0
jlqdo xwlolw| ri zhdowk1 Htxdwlrq +6, surylghv wkh vhw ri sulflqj uhvwulfwlrqv1
Doo uhwxuqv duh qrz lq h{fhvv ri wkh ulvnohvv lqwhuhvw udwh/ zklfk lv lqglfdwhg
e| wkh xvh ri xsshu fdvh 3-*v41 .Eüm@|ä lv wkh h{shfwdwlrq ri h{fhvv uh0
wxuqv rq vhfxulw| ð/ äJñ E-ðc|n�c -æc|n�c m@| ä dqg äJñ E-ðc|n�c f,c|n�c m@| ä duh/
uhvshfwlyho|/ wkh fryduldqfh ehwzhhq uhwxuqv rq dvvhw ð dqg æ/ dqg wkh frydul0
dqfh ehwzhhq uhwxuqv rq vhfxulw| ð dqg wkh vwdwh yduldeoh f,1 Erwk ?uvw dqg
vhfrqg prphqwv duh frqglwlrqdo rq wkh fxuuhqw lqirupdwlrq vhw @|1 çæc| lv
wkh rswlpdo zhdowk vkduh ri hdfk ulvn| dvvhw1 b�c| ì ýa``c|`|*a c̀| lv wkh
Duurz0Sudww frh!flhqw ri uhodwlyh ulvn dyhuvlrq +surylghg wkdw a``c| ÷ f,/
zkhuh a`c| dqg a` c̀| ghqrwh wkh ?uvw dqg vhfrqg ghulydwlyhv/ uhvshfwlyho|/ ri
a E`cfc |ä zlwk uhvshfw wr ` 1 Vlqfh b�c| phdvxuhv krz vhqvlwlyh h{shfwhg
h{fhvv uhwxuqv duh wr fkdqjhv lq wkh pdunhw ulvn/ lw lv lqwhusuhwhg dv wkh
sulfh ri pdunhw ulvn1 Vlploduo|/ vlqfh äJñ E-ðc|n�c f,c|n�c m@| ä phdvxuhv wkh
h{srvxuh ri dvvhw ð wr wkh ulvn vwhpplqj iurp fkdqjhv lq wkh lqyhvwphqw
rssruwxqlw| vhw/ b8,c| ì ýa`f,c|*a c̀|c , ' �c é é é c6/ fdq eh lqwhusuhwhg dv
wkh sulfh ri lqwhuwhpsrudo ulvn1 Dv ehiruh/ a`f,c| lv wkh ghulydwlyh ri wkh
pdujlqdo xwlolw| ri zhdowk zlwk uhvshfw wr wkh vwdwh yduldeoh f,1 Erwk b�c|
dqg b8 ,c| ;, duh djjuhjdwh phdvxuhv/ lq wkdw wkh| duh kduprqlf phdqv ri wkh
sulfhv ri ulvn ri hdfk lqyhvwru1

Qrwh wkdw wkh frqglwlrqdo pxowl0idfwru prgho qhvwv wkh wudglwlrqdo FDSP
dv d vshfldo fdvh= Li wkh pdujlqdo xwlolw| ri zhdowk lv vwdwh0lqghshqghqw/ l1h1
a`f,c| ' f/ zklfk kdsshqv iru djhqwv zlwk rqh shulrg olyhv/ wkhq Phuwrq*v
Lqwhuwhpsrudo FDSP uhgxfhv wr wkh fodvvlfdo FDSP1 Wkh vhfrqg whup lq
htxdwlrq +6, uh hfwv wkh qhhg wr khgjh djdlqvw dgyhuvh vkliwv lq wkh lqyhvw0
phqw rssruwxqlw| vhw1 D fkdqjh lq f, vxfk wkdw ixwxuh frqvxpswlrq gh0
fuhdvhv jlyhq ixwxuh zhdowk uhsuhvhqwv dq 3xqidyrudeoh4 vkliw lq lqyhvwphqw
rssruwxqlwlhv1

Dv orqj dv a`c| : f dqg lqyhvwruv duh ulvn0dyhuvh/ l1h1 a` c̀| ÷ f/ wkh
sulfh ri pdunhw ulvn pxvw dozd|v eh srvlwlyh1 Krzhyhu/ wkh prgho grhv qrw
lpsrvh dq| vljq uhvwulfwlrq rq wkh sulfhv ri lqwhuwhpsrudo ulvn1 Lq sduwlfx0
odu/ li a`f,c| : f +÷ f,/ wkhq b8 ,c| lv qhjdwlyh +srvlwlyh,1 Zkhq b8,c| dqg
äJñ E-ðc|n�c f,c|n�c m@| ä kdyh wkh vdph vljq/ wkh ulvn suhplxp uhtxluhg wr
krog dvvhw ð lqfuhdvhv> frqyhuvho|/ li wkh sulfh ri lqwhuwhpsrudo ulvn dqg wkh
fryduldqfh ehwzhhq wkh uhwxuq rq vhfxulw| ð dqg wkh vwdwh yduldeoh f, kdyh
gl>huhqw vljqv/ wkh uhtxluhg wrwdo ulvn suhplxp vkrxog ghfuhdvh1 Wkh uhvxow
lv lqwxlwlyh1 Ohw f, eh d exvlqhvv f|foh sur{|/ zlwk f, ghfuhdvlqj gxulqj
frqwudfwlrqv dqg lqfuhdvlqj gxulqj h{sdqvlrqv1 Zkhq wkh hfrqrp| jrhv
lqwr uhfhvvlrq/ vxssrvh wkdw wkh pdujlqdo xwlolw| ri zhdowk ghfuhdvhv/ dqg
wkhuhiruh b8,c| ÷ f1 Dvvxph dovr wkdw h{shfwhg uhwxuqv rq dvvhw ð duh srvl0
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wlyho| fruuhodwhg zlwk wkh vwdwh yduldeoh f,1 Lq wklv fdvh/ wkh lqwhuwhpsrudo
ulvn suhplxp zloo wxuq rxw wr eh qhjdwlyh= Lqyhvwruv zloo uhtxluh orzhu frp0
shqvdwlrq/ lq whupv ri h{shfwhg uhwxuqv/ wr krog wkdw vhfxulw|1 Li/ lqvwhdg/
dvvhw uhwxuqv dqg wkh vwdwh yduldeoh vkrz d qhjdwlyh fruuhodwlrq/ wkhq wkh
lqwhuwhpsrudo ulvn suhplxp zloo ehfrph srvlwlyh1 Wklv pljkw eh wkh fdvh/
dw ohdvw gxulqj vrph shulrgv/ li/ olnh lq wklv uhvhdufk/ f, lv wkh jurzwk udwh
ri lqgxvwuldo surgxfwlrq1 Vlqfh wkh odwwhu lv xvxdoo| qrw lq skdvh zlwk/ vd|/
htxlw| uhwxuqv +vhh/ iru lqvwdqfh/ Kdplowrq dqg Olq/ 4<<9/ Fkdxyhw dqg Srw0
whu/ 4<<;/ dqg Fkdxyhw/ 4<<<,/ lw fdq rffxu wkdw h{shfwhg dvvhw uhwxuqv jr
xs gxulqj exvlqhvv f|foh wurxjkv/ lq dqwlflsdwlrq ri d ixwxuh uhfryhu|1 Wklv
qhjdwlyh fruuhodwlrq pd| surgxfh d srvlwlyh lqwhuwhpsrudo ulvn suhplxp1

Dv zlwk wkh wudglwlrqdo FDSP/ Phuwrq*v Lqwhuwhpsrudo FDSP vx>huv
iurp wkh gudzedfn wkdw lw lv d sduwldo htxloleulxpprgho lq lwv qdwxuh1 Wkhuh0
iruh/ lw r>huv olwwoh jxlgdqfh lq wkh fkrlfh ri sulflqj idfwruv dqg lv vlohqw derxw
wkh irufhv wkdw ghwhuplqh idfwru ulvn sulfhv1 Wkh lghqwl?fdwlrq ri wkh sulfhg
vwdwh yduldeohv lv zruwk d vhsdudwh vwxg| +vhh/ iru lqvwdqfh/ Fkhq/ Uroo/ dqg
Urvv/ 4<;9/ dqg Idpd/ 4<<;,1 Krzhyhu/ Phuwrq*v prgho lwvhoi fdq jlyh vrph
lqglfdwlrq +Frfkudqh/ 4<<<,1 Lq d qxwvkhoo/ Phuwrq*v lqwhuwhpsrudo dvvhw
sulflqj wkhru| exlogv d eulgjh ehwzhhq frqvxpswlrq vprrwklqj dqg dvvhw
uhwxuqv= D vhfxulw| vkrxog sd| orz dyhudjh uhwxuqv li lw shuirupv ehwwhu
wkdq rwkhu dvvhwv gxulqj 3edg wlphv4 dqg uhodwlyho| zruvh gxulqj 3jrrg
wlphv41 3Edg wlphv4 duh shulrgv fkdudfwhul}hg e| d ghfolqh lq frqvxpswlrq1
Yduldeohv vxfk dv lqgxvwuldo surgxfwlrq/ rlo sulfhv/ lq dwlrq/ exvlqhvv f|foh
sur{lhv/ whup vwuxfwxuh ru lqwhuhvw udwhv duh uhodwhg wr frqvxpswlrq dqg/
wkhuhiruh/ duh jrrg fdqglgdwhv iru dgglwlrqdo sulfhg idfwruv1 Wr nhhs wkh
dqdo|vlv hpslulfdoo| wudfwdeoh/ rqo| wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq
zloo eh frqvlghuhg khuh1

6 Gdwd Gldjqrvlv
Wkh gdwd gldjqrvlv fduulhg rxw lq wklv vhfwlrq vhuyhv wzr sxusrvhv= Rq rqh
kdqg/ wkh yduldeohv hpsor|hg lq wkh hpslulfdo lqyhvwljdwlrq duh glvfxvvhg1
Exw/ pruh lpsruwdqwo|/ lw zloo eh vkrzq wkdw wkh frqvlghuhg wlph vhulhv
frqwdlq vrph ri wkh ihdwxuhv wkdw JDUFK surfhvvhv dqg uhjlph vzlwfklqj
prghov fdq fdswxuh/ pdnlqj wkhvh hfrqrphwulf whfkqltxhv zhoo0vxlwhg iru
wkh dqdo|vlv1 Uhwxuq vhulhv vkrz olwwoh ru qr dxwrfruuhodwlrq/ zkhuhdv wkhlu
vtxduhg ydoxhv duh qrw vhuldoo| lqghshqghqw/ d fohdu lqglfdwlrq ri yrodwlolw|
foxvwhulqj1 Ehvlghv/ xqfrqglwlrqdo glvwulexwlrqv duh qrq0qrupdo dqg/ lq sdu0
wlfxodu/ wkh| h{klelw wklfn wdlov dv zhoo dv vljql?fdqw vnhzqhvv1 Ixuwkhupruh/
doo yduldeohv duh vhhq wr eh vhqvlwlyh wr wkh vljq ri sdvw vkrfnv/ d fkdudfwhu0
lvwlf zklfk zloo eh wdnhq lqwr dffrxqw zkhq prghoolqj wkh JDUFK1
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Lq wkh vslulw ri Eroohuvohy hw do1 +4<;;,/ d sruwirolr frpsrvhg ri wkuhh
dvvhwv zloo eh frqvlghuhg= XV vwrfnv/ 90prqwk XV Wuhdvxu| eloov/ dqg 430
|hdu XV jryhuqphqw erqgv1 Wklv doorzv iru wkh lqfoxvlrq ri d odujh ydulhw|
ri oltxlg lqyhvwphqw rssruwxqlwlhv1 Doo revhuydwlrqv duh iurp wkh odvw wudglqj
gd| ri wkh prqwk/ dqg fryhu d shulrg iurp Mdqxdu| 5< 4<93 wr Ghfhpehu
64 4<<;/ iru d wrwdo vdpsoh vl}h ri 79;1 Doo uhwxuqv duh lq h{fhvv ri wkh
40prqwk ulvn0iuhh udwh dv frpsxwhg e| wkh Fhqwhu iru Uhvhdufk lq Vhfxulw|
Sulfhv +FUVS, dw wkh Xqlyhuvlw| ri Fklfdjr1 Wr phdvxuh wrwdo +h{fhvv, vwrfn
uhwxuqv/ -r|JS&| / wkh V)S 833 frpsrvlwh lqgh{ lv xvhg/ zklfk lv pdunhw0ydoxh0
zhljkwhg dqg lqfoxghv glylghqgv91 \lhogv wr pdwxulw| rq 90prqwk W0eloov
duh djdlq iurp FUVS1 Qh{w/ iroorzlqj Eroohuvohy hw do1 +4<;;,/ wkhvh |lhogv
duh xvhg wr frpsxwh wkh dvvrfldwhg +h{fhvv, kroglqj |lhogv/ -Kð,,| 1 Wkh rqh0
prqwk kroglqj shulrg uhwxuqv iru 430|hdu jryhuqphqw erqgv duh/ lqvwhdg/
surylghg gluhfwo| iurp FUVS/ zkloh wkh fruuhvsrqglqj h{fhvv uhwxuqv/ -KJ?_| /
duh frpsxwhg e| vxewudfwlqj iurp wkh iruphu wkh ulvn0iuhh udwh1

Wkh pdunhw ydoxhv ri frusrudwh htxlwlhv duh iurp wkh Iorzv ri Ixqgv
Dffrxqwv ri wkh Xqlwhg Vwdwhv +Ihghudo Uhvhuyh,/ zkloh wkh pdwxulw| glv0
wulexwlrq ri lqwhuhvw0ehdulqj sxeolf ghew khog e| sulydwh lqyhvwruv lv wdnhq
iurp wkh Ihghudo Uhvhuyh Exoohwlq dqg wkh Wuhdvxu| Exoohwlq1 Gdwd rq wkh
rxwvwdqglqj sxeolf ghew duh surylghg lq sdu ydoxhv dqg/ wkhuhiruh/ qhhg wr
eh frqyhuwhg lqwr pdunhw ydoxhv1 Wklv lv dffrpsolvkhg e| pxowlso|lqj wkh
gl>huhqw pdwxulw| fdwhjrulhv ri wkh ghew/ +l1h1 zlwklq 4 |hdu/ 4 wr 8 |hduv/ 8
wr 43 |hduv/ dqg 43 |hduv dqg ryhu,/ e| wkh sulfh lqglfhv frpsxwhg e| Fr{
+4<;8,:1

Wkh vhfrqg sulfhg idfwru xvhg khuh lv wkh XV jurzwk udwh ri lqgxvwuldo
surgxfwlrq +LS,/ frpsxwhg zlwk d wrwdo surgxfwlrq lqgh{ vhdvrqdoo| dgmxvwhg
+vrxufh= Ihghudo Uhvhuyh,1 Wkh vhulhv kdv wkh vkruwfrplqj wkdw lw lv odjjhg
e| derxw kdoi d prqwk zlwk uhvshfw wr wkh rwkhu vhulhv hpsor|hg lq wkh
dqdo|vlv1 Wklv/ krzhyhu/ vkrxog qrw frqvwlwxwh d sureohp gxh wr wkh orzhu
yrodwlolw| ri pdfur0yduldeohv zkhq frpsduhg wr ?qdqfldo gdwd1

Ghvfulswlyh vwdwlvwlfv iru wkh wkuhh dvvhwv dqg wkh lqgxvwuldo surgxfwlrq
jurzwk udwh duh jlyhq lq Wdeoh 41 Sdqho 4D vkrzv wkdw doo glvwulexwlrqv duh
vnhzhg dqg ohswrnxuwln dw wkh 4( vljql?fdqfh ohyho/ d fohdu lqglfdwlrq ri
qrq0qrupdolw|1 Wklv lv frq?uphg e| wkh Mdutxh0Ehud qrupdolw| whvw1 Vwrfn
h{fhvv uhwxuqv dqg h{fhvv kroglqj |lhogv rq 430|hdu jryhuqphqw erqgv h{klelw
qr dxwrfruuhodwlrq/ dv lqglfdwhg e| wkh Omxqj0Er{ vwdwlvwlfv1 Dv iru wkh
h{fhvv kroglqj |lhogv rq 90prqwk W0eloov dqg wkh jurzwk udwh ri lqgxvwuldo
surgxfwlrq wkh whvw vwdwlvwlfv lqglfdwh dxwrfruuhodwlrq dw wkh 4( vljql?fdqfh

9L wkdqn V)S 0 GUL lq Plodq/ dqg sduwlfxoduo| Loduld Eulrvfkl/ zkr nlqgo| surylghg
wkhvh gdwd1

:Wkh lqgh{ vhulhv sxeolvkhg lq Fr{ +4<;8, hqgv lq Ghfhpehu 4<;71 L wkdqn Zlooldp
Fr{ iurp wkh Ihghudo Uhvhuyh Edqn ri Gdoodv zkr surylghg ph zlwk wkh xsgdwhg lqglfhv1
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ohyho1 Ilqdoo|/ dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvwv rq wkh wkuhh dvvhwv
soxv wkh h{wud idfwru uhmhfw wkh qxoo ri qrq0vwdwlrqdulw| dw wkh 4( vljql?fdqfh
ohyho1

Lq Sdqho 4E dxwrfruuhodwlrq ixqfwlrqv duh uhsruwhg iru odjv iurp 4 wr
451 Wkh wkuhh dvvhwv vkrz olwwoh vhuldo dxwrfruuhodwlrq/ vlqfh rqo| 4D iru
vwrfnv dqg 4� iru W0eloov duh vljql?fdqwo| gl>huhqw iurp }hur1 Dv iru LS/
wkh dxwrfruuhodwlrq ixqfwlrqv iru odjv iurp 4 wr 45 frq?up wkh uhvxowv vhhq
zlwk wkh Omxqj0Er{ whvw vwdwlvwlfv1 Wkh vhulhv lv vhuldoo| dxwrfruuhodwhg xs
wr wkh rughu irxu/ d ihdwxuh wkdw zloo eh wdnhq lqwr dffrxqw zkhq prgholqj
lwv g|qdplf1

Xqfrqglwlrqdo fruuhodwlrqv dprqj dvvhwv +Sdqho 4F, duh dozd|v vljql?0
fdqw dw wkh 4( ohyho1 Dv h{shfwhg/ wkhuh lv d srvlwlyh fruuhodwlrq ehwzhhq
vwrfnv dqg erqgv/ rq rqh kdqg/ dqg eloov dqg erqgv/ rq wkh rwkhu1 Lqwhuhvw0
lqjo|/ wkh fruuhodwlrq ehwzhhq vwrfnv dqg eloov lv qhjdwlyh1 Wkh pdjqlwxgh
ri wkh dvvhw fruuhodwlrq frh!flhqwv +qhyhu deryh 316, vxjjhvw wkdw glyhuvl0
?fdwlrq dfurvv dvvhw fodvvhv lv ehqh?fldo1 Qrwh dovr wkdw doo vhfxulwlhv duh
lqyhuvho| fruuhodwhg zlwk wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq/ wkrxjk
wkh fruuhodwlrq frh!flhqw ehwzhhq htxlwlhv dqg LS lv qrw vljql?fdqw1 Dv iru
htxlwlhv wklv lv gxh wr wkh idfw wkdw wkh vhulhv/ wkrxjk olqnhg/ duh qrw lq skdvh
+vhh/ dprqj rwkhuv/ Kdplowrq dqg Olq/ 4<<9/ Fkdxyhw dqg Srwwhu/ 4<<;/ dqg
Fkdxyhw/ 4<<<,1 Rq wkh rwkhu kdqg/ wkh qhjdwlyh uhodwlrqvkls ehwzhhq W0eloo
|lhogv dqg LS ?qgv lwv mxvwl?fdwlrq lq vwdqgdug Nh|qhvldq prghov1

Furvv fruuhodwlrqv iru 9 odjv dqg ohdgv ehwzhhq hdfk sdlu ri dvvhwv dv
zhoo dv iru hdfk dvvhw dqg wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq jhqhudwh
d wrwdo ri :5 ?jxuhv1 Khuh/ rqo| furvv fruuhodwlrqv ehwzhhq h{fhvv vwrfn
pdunhw uhwxuqv dqg wkh rwkhu wzr dvvhwv soxv LS duh uhsruwhg/ qrw rqo| iru
9 odjv dqg ohdgv exw dovr frqwhpsrudqhrxvo|/ iru d wrwdo ri 6< ydoxhv1 Rxw
ri :5 qrq0v|qfkurqrxv furvv fruuhodwlrqv/ rqo| 54 +lqfoxglqj wkh 47 vkrzq
lq sdqho 4G, wxuq rxw wr eh vljql?fdqw1 Wklv phdqv wkdw ohdglqj ru odjjlqj
vslooryhuv lq h{fhvv uhwxuqv duh txlwh uduh/ dqg wkhuhiruh wkhuh lv qr qhhg wr
prgho wkhp lq wkh phdq htxdwlrq vshfl?fdwlrqv1

Zkloh h{fhvv dvvhw uhwxuqv dv zhoo dv wkh jurzwk udwh ri lqgxvwuldo sur0
gxfwlrq lq ohyhov vkrz olwwoh dxwrfruuhodwlrq/ h{fhvv vtxduhg dvvhw uhwxuqv dqg
LS h{klelw d vhfrqg rughu ghshqghqfh wkdw d JDUFK surfhvv dqg uhjlph
vzlwfklqj prghov vkrxog eh deoh wr fdswxuh1 Dv vkrzq lq Sdqho 4H/ vhuldo
fruuhodwlrq lv sduwlfxoduo| surqrxqfhg iru W0eloov dqg erqgv1

Rxw ri wkh 9 xqfrqglwlrqdo frqwhpsrudqhrxv fruuhodwlrqv ehwzhhq vtxduhg
wlph vhulhv/ 6 duh vljql?fdqw1 Sdqho 4I lqglfdwhv wkdw yrodwlolw| vslooryhuv
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Wdeoh 4
Ghvfulswlyh vwdwlvwlfv iru h{fhvv uhwxuqv rq wkh vwrfn pdunhw/

kroglqj |lhogv rq 90prqwk W0eloov dqg 430|hdu jryhuqphqw erqgv/
dqg wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq

Sdqho 4D= Glvwulexwlrqdo vwdwlvwlfv

-r|JS&| -Kð,,| -KJ?_| Uå
Phdq féDSS fée.b fé�Sb fé2.S
Plq1 ý2�éHb� ýSé2.2 ý.éS�D ýeé�DH
Pd{1 �Débbe �DéD�ô béô.S ôéef2
Vwg1 Ghy1 eé2D� �éSSe 2é2eH féH�H
Vnhz1 ýféôb2WW 2éeebWW féôôeWW ýféDô2WW
Nxuw1 Dé�e2WW 2�éHDSWW eéeeeWW Débb2WW

M0E �f�éebeWW .efféHebWW ebéôDfWW �bSéSDSWW

O0E45 HéH2ô .ôébf.WW �Sé�Sô �2béH.fWW

G0I ýHé.SSWW ýbéôe�WW ýbé.DSWW ý.éSbfWW

WW ghqrwhv 4( vljql?fdqfh ohyho1
-r|JS&| / -Kð,,| c -

KJ?_
| / dqg Uå uhsuhvhqw wkh h{fhvv uhwxuqv rq wkh vwrfn pdunhw/ wkh

kroglqj |lhogv rq 90prqwk W0eloov dqg 430|hdu jryhuqphqw erqgv/ dqg wkh jurzwk
udwh ri lqgxvwuldo surgxfwlrq1
Phdq/ plq1/ pd{1 dqg vwdqgdug ghyldwlrq duh lq (1
Wkh vljql?fdqfh ohyho iru vnhzqhvv +vnhz1, dqg h{fhvv nxuwrvlv +nxuw1, lv edvhg
rq whvw vwdwlvwlfv ghyhorshg e| G*Djrvwlqr/ Ehodqjhu dqg G*Djrvwlqr +4<<3,1 Wkh
Mdutxh0Ehud +M0E, whvw iru qrupdolw| frpelqhv h{fhvv vnhzqhvv dqg nxuwrvlv/ dqg lv
dv|pswrwlfdoo| glvwulexwhg dv ã24 zlwkp @ 5 ghjuhhv ri iuhhgrp1 Wkh Omxqj0Er{4
+O0E4, vwdwlvwlfv whvwv wkh qxoo k|srwkhvlv wkdw doo dxwrfruuhodwlrq frh!flhqwv duh
vlpxowdqhrxvo| htxdo wr }hur xs wr p odjv> lw lv dv|pswrwlfdoo| glvwulexwhg dv ã24 1
Lw kdv ehhq fkrvhq p @ 45 iru zklfk wkh fulwlfdo ydoxhv dw <8( dqg <<( frq?ghqfh
ohyho duh 541359 dqg 59154:/ uhvshfwlyho|1
G0I lv wkh dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvw vwdwlvwlfv> 8( dqg 4( PdfN0
lqqrq fulwlfdo ydoxhv duh 061754 dqg 061<;5/ uhvshfwlyho|1
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Sdqho 4E= Dxwrfruuhodwlrqv ri h{fhvv uhwxuqv dqg wkh jurzwk udwh ri
lqgxvwuldo surgxfwlrq

-r|JS&| -Kð,,| -KJ?_| Uå
4� féf2e fé2H2WW féfH. féôeeWW

42 ýféf2b féfe� ýféff� fé2DSWW

4ô féffe ýféffb ýféfS. fé2�DWW

4e ýféff2 féfSD féfe� fé�SSWW

4D féfbôW féffH ýféffb féfeH
4S ýféf.2 ýféfDb féfSe féfô�
4�2 féf22 ýféfHD féffb ýféfeb

W dqg WW ghqrwh 8( dqg 4( vljql?fdqfh ohyhov/ uhvshfwlyho|1
4& lv wkh dxwrfruuhodwlrq ixqfwlrq dw odj n1

Sdqho 4F= Xqfrqglwlrqdo fruuhodwlrqv ri h{fhvv uhwxuqv dqg wkh jurzwk udwh
ri lqgxvwuldo surgxfwlrq

-r|JS&| -Kð,,| -KJ?_| Uå
-r|JS&| �éfff ýfé�e�WW fé2b.WW ýféfee
-Kð,,| �éfff fé�SSWW ýfé�S.WW
-KJ?_| �éfff ýfé�SfWW
Uå �éfff

WW ghqrwh 4( vljql?fdqfh ohyho/ uhvshfwlyho|1
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Sdqho 4G= Furvv fruuhodwlrqv ri h{fhvv uhwxuqv ehwzhhq wkh vwrfn pdunhw
lqgh{/ wkh rwkhu wzr dvvhwv dqg wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq

-Kð,,| -KJ?_| Uå
|3S fé�ôSWW ýféfef fé�ô�WW

|3D féfDô ýféffS fé�eHWW

|3e féfef féfôD fé�DHWW

|3ô féfDe ýféfSH fé�ôDWW

|32 fé2ffWW ýféfeb féfeb
|3� fé�HôWW ýfé�fHW féf��
|f ýfé�e�WW fé2b.WW ýféfee
|� ýfé�DeWW fé�eDWW ýféfS2
|2 ýféfôH féfbôW ýféfbDW
|ô féf�S ýféff� ýféfeD
|e ýféfDS féfôe ýféfD�
|D ýféfHô fé��eWW ýféf.H
|S ýféf.b fé�f2W ýféf.b

W dqg WW ghqrwh 8( dqg 4( vljql?fdqfh ohyhov/ uhvshfwlyho|1
w34 uhsuhvhqwv wkh furvv fruuhodwlrq dw odj p/ zkloh w4 lv wkh furvv fruuhodwlrq dw
ohdg p1

Sdqho 4H= Dxwrfruuhodwlrqv ri vtxduhg h{fhvv uhwxuqv dqg jurzwk udwh ri
lqgxvwuldo surgxfwlrq

-r|JS&| -Kð,,| -KJ?_| Uå
4� féfbHW féôfeWW fé�.ôWW féô�.WW

42 féfH2 fé�f�W fé2HSWW fé�22WW

4ô féfb.W féfSH fé�bôWW féfSH
4e féfeD féfb2W fé�HSWW féfôb
4D féf�b féfSô féfH2 ýféf2�
4S féfeb fé�e.WW fé�ôDWW féfe�
4�2 féf22 fé�2fWW fé�HeWW féfS�

W dqg WW ghqrwh 8( dqg 4( vljql?fdqfh ohyhov/ uhvshfwlyho|1
4& lv wkh dxwrfruuhodwlrq ixqfwlrq dw odj n1
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Sdqho 4I= Xqfrqglwlrqdo fruuhodwlrqv ri vtxduhg h{fhvv uhwxuqv dqg jurzwk
udwh ri lqgxvwuldo surgxfwlrq

-r|JS&| -Kð,,| -KJ?_| Uå
-r|JS&| �éfff fé�22WW fé2ôbWW féfS2
-Kð,,| �éfff fé�.bWW féf�.
-KJ?_| �éfff ýféf2ô
Uå �éfff

WW ghqrwhv 4( vljql?fdqfh ohyho1

ehwzhhq gl>huhqw ?qdqfldo pdunhwv duh lpsruwdqw1 Wkhuhiruh/ d gldjrqdo
JDUFK sdudphwul}dwlrq lv qrw ixoo| dssursuldwh iru wklv vdpsoh1 Lw zloo
qhyhuwkhohvv eh xvhg wr hfrqrpl}h sdudphwhuv wr hvwlpdwh dqg idflolwdwh frq0
yhujhqfh1

Rqo| 48 rxw ri :5 qrq0frqwhpsrudqhrxv furvv fruuhodwlrqv ri wkh vtxduhg
wlph vhulhv xs wr 9 odjv dqg ohdgv wxuq rxw wr eh vljql?fdqw1 Wkxv/ yrodwlolw|
vslooryhuv dw gl>huhqw wlphv gr qrw qhhg wr eh prghoohg1 Qrwh wkdw sdqho 4J
vkrzv rqo| furvv fruuhodwlrqv ehwzhhq vtxduhg vwrfn pdunhw uhwxuqv dqg wkh
uhpdlqlqj yduldeohv1

Lq dgglwlrq wr ghvfulswlyh vwdwlvwlfv/ wkh gldjqrvwlf whvw vwdwlvwlfv sursrvhg
e| Hqjoh dqg Qj +4<<6, duh fduulhg rxw1 Wkhvh whvwv h{dplqh zkhwkhu wkh
udz gdwd yrodwlolw| uhvsrqgv dv|pphwulfdoo| wr wkh vljq ri sdvw xqfrqglwlrqdo
vkrfnv/ zlwkrxw lpsrvlqj dq| d sulrul yrodwlolw| prgho1 Vlqfh wkh jurzwk
udwh ri lqgxvwuldo surgxfwlrq dovr vkrzv vljql?fdqw vnhzqhvv/ lw lv qdwxudo
wr dsso| wkh Hqjoh dqg Qj +4<<6, whvw vwdwlvwlfv wr wkdw wlph vhulhv dv zhoo1
Gh?qh ñðc| ' -ðc|ý >ðc ð ' r|JS&c Kð,,c KJ?_/ zkhuh -ðc| lv wkh +h{fhvv, uhwxuq
rq dvvhw ð/ dqg >ð lwv xqfrqglwlrqdo phdq1 Zkhq wkh whvw lv frqgxfwhg
rq LS/ rqh kdv ñUåc| ' Uå| ý >Uå 1 Wkh vtxduh ri ñðc| fdq eh frqvlghuhg d
urxjk phdvxuh ri wkh xqfrqglwlrqdo yrodwlolw|1 Wkhuhdiwhu/ uxq wkh iroorzlqj
uhjuhvvlrq=

ñ2ðc| ' kðfnkð�U Eñðc|3� ÷ fänkð2U Eñðc|3� ÷ fä ñðc|3�nkðôU Eñðc|3� : fä ñðc|3�neðc|c ;ðc
+7,

zkhuh kðf/ kð�/ kð2/ dqg kðô/ duh frqvwdqw frh!flhqwv> U Eüä ghqrwhv wkh lqglfd0
wru ixqfwlrq zklfk lv htxdo wr rqh li wkh dujxphqw lv wuxh dqg }hur rwkhuzlvh>
dqg/ ?qdoo|/ eðc| lv wkh uhvlgxdo1 Wkh |0udwlrv iru kð�/ kð2/ dqg kðô duh wkh vljq
eldv/ wkh qhjdwlyh vl}h eldv/ dqg wkh srvlwlyh vl}h eldv whvw vwdwlvwlfv/ uhvshf0
wlyho|1 Wkh vljq eldv whvw ghwhfwv zkhwkhu srvlwlyh dqg qhjdwlyh +uhwxuq,
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Sdqho 4J= Furvv fruuhodwlrqv ri vtxduhg h{fhvv uhwxuqv ehwzhhq wkh vwrfn
pdunhw lqgh{/ wkh rwkhu wzr dvvhwv dqg wkh jurzwk udwh ri lqgxvwuldo

surgxfwlrq

-Kð,,| -KJ?_| Uå
|3S féff� féfDô féfe�
|3D féffH ýféf2H féfHS
|3e féfSH ýféf2. féfHf
|3ô féf�. féf.D fé�.SWW

|32 féfb. féfeH fé�bôWW

|3� féf.f féfôS féfHe
|f fé�22WW fé2ôbWW féfS2
|� féf2b féf.S féf�b
|2 féf2e féfe� ýféff2
|ô ýféff� féfô. ýféf2e
|e féf�2 féf2b ýféfee
|D féf2. féffH ýféfôf
|S ýféf�H féfD2 féf2�

WW ghqrwhv 4( vljql?fdqfh ohyho1
w34 uhsuhvhqwv wkh furvv fruuhodwlrq dw odj p/ zkloh w4 lv wkh furvv fruuhodwlrq dw
ohdg pé
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Wdeoh 5
Gldjqrvwlf whvwv iru yrodwlolw| dv|pphwu| ri h{fhvv uhwxuqv rq wkh

vwrfn pdunhw/ kroglqj |lhogv rq 90prqwk W0eloov/ 430|hdu
jryhuqphqw erqgv/ dqg wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq

Wkh hvwlpdwhg prgho lv=

ñ2ðc| ' kðfnkð�U Eñðc|3� ÷ fänkð2U Eñðc|3� ÷ fä ñðc|3�nkðôU Eñðc|3� : fä ñðc|3�neðc|c ;ðé

kðf kð� kð2 kðô OP s0ydoxh

-r|JS&c|
��éôôH
EôéDb2ä

.é.e.
EDé���ä

ý�éH.ô
EféHf2ä

féffô
Efébf.ä

22ée2H féfff

-Kð,,c|
ýféSôS
E�éf2Sä

�ébbf
E�ée2eä

ý�éeHS
Efé.H�ä

ôé�DS
Eféeb2ä

e�é2bS féfff

-KJ?_c|
ôéôS.
EfébHeä

ýféeH.
E�é2bbä

ýfébHe
Eféeôfä

�éôSf
EféôHDä

2féS2b féfff

Uå
fé22f
Efé��fä

ýféefD
Efé�.�ä

ý�éSHe
Efé�eôä

féefô
Efé�ôDä

�22éffb féfff

-r|JS&| / -Kð,,| c -
KJ?_
| / dqg Uå uhsuhvhqw wkh h{fhvv uhwxuqv rq wkh vwrfn pdunhw/

wkh kroglqj |lhogv rq 90prqwk W0eloov dqg 430|hdu jryhuqphqw erqgv/ dqg wkh
lqgxvwuldo surgxfwlrq jurzwk udwh1
Vwdqgdug huuruv duh vkrzq lq sduhqwkhvhv1
Wkh |0udwlrv iru kð�/ kð2/ dqg kðô duh wkh vljq eldv/ wkh qhjdwlyh vl}h eldv/ dqg wkh
srvlwlyh vl}h eldv whvw vwdwlvwlfv/ uhvshfwlyho| +Hqjoh dqg Qj/ 4<<6,1
Wkh Odjudqjh Pxowlsolhu vwdwlvwlf +OP, whvwv wkh qxoo Mf G kð� ' kð2 ' kðô '
f1 Lw lv dv|pswrwlfdoo| glvwulexwhg dv d ã24 zlwk p @ 6 ghjuhhv ri iuhhgrp iru
zklfk wkh fulwlfdo ydoxhv dw <8( dqg <<( frq?ghqfh ohyho duh :1;48 dqg 441678/
uhvshfwlyho|1

vkrfnv kdyh dq h>hfw rq ñ2ðc|1 Wkh qhjdwlyh vl}h eldv whvw lqyhvwljdwhv wkh hi0
ihfw ri odujh dqg vpdoo qhjdwlyh +uhwxuq, vkrfnv rq ñ2ðc|1 Ilqdoo|/ wkh srvlwlyh
vl}h eldv whvw irfxvhv rq wkh lpsdfwv wkdw odujh dqg vpdoo srvlwlyh +uhwxuq,
vkrfnv pd| kdyh rq ñ2ðc|1 D Odjudqjh Pxowlsolhu +OP, mrlqw whvw iru wkh qxoo
Mf G kð� ' kð2 ' kðô ' f fdq dovr eh frpsxwhg1 Vxfk whvw vwdwlvwlfv lv
htxdo wr A +wkh vdpsoh vl}h, wlphv wkh -0vtxduhg iurp wkh uhjuhvvlrq1 Wkh
OP whvw vwdwlvwlf kdv wkh vwdqgdug olplwlqj glvwulexwlrq dqg/ lq sduwlfxodu/
lv glvwulexwhg dv d fkl0vtxduh zlwk wkuhh ghjuhhv ri iuhhgrp1 Wdeoh 5 uhsruwv
sdudphwhu hvwlpdwhv iurp htxdwlrq +7, dv zhoo dv wkh OP whvw vwdwlvwlf iru
hdfk dvvhw dqg wkh dgglwlrqdo sulflqj idfwru1

Qrw vxusulvlqjo|/ zkhq dqdo|}lqj vwrfnv/ k2 lv wkh rqo| vljql?fdqw sdud0
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phwhu dw 8( ohyho/ vxjjhvwlqj wkdw wkh yrodwlolw| ri htxlw| uhwxuqv lv vhqvlwlyh
wr wkh qhjdwlyh udwkhu wkdq wkh srvlwlyh vljq ri sdvw vkrfnv1 Wkh rssrvlwh
rffxuv iru W0eloov= kô lv wkh rqo| vljql?fdqw sdudphwhu lq wkdw uhjuhvvlrq/ lq0
glfdwlqj wkh uhodwlyh lpsruwdqfh ri srvlwlyh udwkhu wkdq qhjdwlyh sdvw qhzv1
Dv iru jryhuqphqw erqgv/ erwk k2 dqg kô duh vljql?fdqw dw 8( ohyho/ vxj0
jhvwlqj wkdw qhjdwlyh dqg srvlwlyh lqqrydwlrqv kdyh d gl>huhqw lpsdfw rq wkh
yrodwlolw| ri wkdw dvvhw1

Wkh idfw wkdw srvlwlyh sdvw lqqrydwlrqv kdyh/ lq uhodwlyh whupv/ d qhjol0
jleoh lpsdfw rq htxlw| yrodwlolw|/ ehlqj wkh suredelolw| ri uhmhfwlqj wkh qxoo
Mf G kô ' f htxdo wr 3164(/ fdq eh h{sodlqhg e| wkh ihhgedfn yrodwlolw|
k|srwkhvlv wrjhwkhu zlwk wkh ohyhudjh h>hfw1 Wkh frpelqdwlrq ri wkh wzr
phfkdqlvpv dwwulexwhv pruh lpsruwdqfh wr qhjdwlyh wkdq wr srvlwlyh vkrfnv
ri wkh vdph pdjqlwxgh1 Hyhq wkrxjk wkh ihhgedfn yrodwlolw| k|srwkhvlv
suredeo| grhv qrw surylgh d vdwlvidfwru| h{sodqdwlrq iru wkh dv|pphwulf
yrodwlolw| skhqrphqrq ri W0eloov dqg jryhuqphqw erqgv/ lw r>huv/ qhyhuwkh0
ohvv/ d wkhruhwlfdo xqghuslqqlqj1 Dv iru W0eloov/ wkh suredelolw| ri uhmhfwlqj
wkh qxoo Mf G k2 ' f lv htxdo wr <7157(1 Wkhuhiruh/ hyhq wkrxjk k2 wxuqv
rxw wr eh frqvlvwhqw zlwk }hur dw vwdwlvwlfdo frqyhqwlrqdo ohyhov/ wkh yrodwlolw|
ihhgedfn k|srwkhvlv sod|v lwv uroh/ vlqfh W0eloo fxuuhqw yrodwlolw| h{klelwv d
fhuwdlq vhqvlwlylw| wr qhjdwlyh sdvw vkrfnv1 Zk| srvlwlyh lqqrydwlrqv duh
pruh lpsruwdqw wkdq qhjdwlyh uhpdlqv wr eh lqyhvwljdwhg dqg pruh vdwlv0
idfwru| wkhruhwlfdo irxqgdwlrqv duh fdoohg iru1 Dv iru jryhuqphqw erqgv/
vlqfh wkh qxoo k|srwkhvlv Mf G k2 ' f lv uhmhfwhg zlwk d suredelolw| htxdo wr
<:1:7(/ qhjdwlyh sdvw lqqrydwlrqv lqfuhdvh fxuuhqw yrodwlolw|1 Lq dgglwlrq wr
wkdw/ vlqfh qr ohyhudjh h>hfw fdq eh dgyrfdwhg iru wklv vhfxulw|/ dqwlflsdwhg
srvlwlyh vkrfnv udlvh yrodwlolw| dv zhoo/ exw zlwk d gl>huhqw zhljkw1

Wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq vkrzv d ehkdylru vlplodu wr
erqgv/ lq wkdw erwk k2 dqg kô duh vljql?fdqw dw 8( ohyho1 Wkh dv|pphwulf
yrodwlolw| h>hfw iru wklv vhulhv grhv qrw ?qg dq dssursuldwh mxvwl?fdwlrq lq
wkh wkhrulhv sxw iruwk e| Eodfn +4<:9, dqg Fkulvwlh +4<;5, dqg Fdpsehoo
dqg Khqwvfkhoo +4<<5, dqg/ iru wkh wlph ehlqj/ fdq eh frqvlghuhg d phuh
vwdwlvwlfdo skhqrphqrq1

Wkh OP whvw vwdwlvwlfv uhmhfwv wkh qxoo k|srwkhvlv Mf G kð� ' kð2 ' kðô '
f iru wkh wkuhh vhfxulwlhv dv zhoo dv wkh lqgxvwuldo surgxfwlrq jurzwk udwh
dw 4( vljql?fdqfh ohyho/ lqglfdwlqj wkdw yrodwlolw| uhvsrqgv dv|pphwulfdoo|
wr sdvw qhzv1 Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh idfw wkdw dvvhw uhwxuqv
dv zhoo dv wkh vwdwh yduldeoh duh vljql?fdqwo| vnhzhg= Wkh yduldqfh ri d glv0
wulexwlrq zklfk lv qrw fhqwhuhg lv gl>huhqw iurp wkh yduldqfh ri d v|pphw0
ulfdo glvwulexwlrq/ dqg/ lq sduwlfxodu/ fdq uhvsrqg gl>huhqwo| wr wkh vljq ri
sdvw lqqrydwlrqv1 Kduyh| dqg Vlggltxh +4<<<, hvwlpdwh d frqglwlrqdo phdq
htxdwlrq iru vwrfn uhwxuqv lqfoxglqj dq dxwruhjuhvvlyh frqglwlrqdo vnhzqhvv
ixqfwlrq wkurxjk d qrqfhqwudo |0glvwulexwlrq1 Lqwhuhvwlqjo|/ wkh lqfoxvlrq ri
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vnhzqhvv vxevwdqwldoo| uhgxfhv wkh dv|pphwu| lq frqglwlrqdo yduldqfh/ lqgl0
fdwlqj wkh h{lvwhqfh ri d olqn ehwzhhq vnhzqhvv dqg dv|pphwulf yrodwlolw|1
Pruh lpsruwdqwo|/ wkh Hqjoh dqg Qj +4<<6, whvw vwdwlvwlfv srlqw rxw wkdw wkh
dv|pphwulf h>hfw rq yrodwlolw| lv qrw wkh vdph iru hdfk dvvhw/ d ihdwxuh wkdw
kdv wr eh wdnhq lqwr dffrxqw zkhq prgholqj wkh wlph hyroxwlrq ri frqglwlrqdo
vhfrqg prphqwv1

7 Hpslulfdo Phwkrgv
Xqghu wkh dvvxpswlrq wkdw lqyhvwruv duh udwlrqdo/ wkh vhw ri sulflqj uhvwulf0
wlrqv +6, surylghv wkh iroorzlqj vwdwlvwlfdo prgho=

+|n� ' b�c|
?[
æ'�

üæc|n�çæc| n
6[
,'�

b8,c|ü?n,c|n� n 0�c|n�c +8,

zkhuh +|n� uhsuhvhqwv wkh ? û � yhfwru ri vhfxulw| h{fhvv uhwxuqv/ üæc|n�
wkh ? û � yhfwru ri frqglwlrqdo yduldqfh2fryduldqfhv ri hdfk dvvhw zlwk lw0
vhoi2rwkhuv/ ü?n,c|n� wkh ?û � yhfwru ri frqglwlrqdo fryduldqfhv ri hdfk vhfx0
ulw| zlwk wkh vwdwh yduldeohv/ dqg 0�c|n� wkh ?û� yhfwru ri frqglwlrqdo huuru
whupv1 Dv ehiruh/ b�c| dqg b8 ,c| duh/ uhvshfwlyho|/ wkh sulfhv ri pdunhw dqg
lqwhuwhpsrudo ulvn/ zkloh çæc| lv wkh rswlpdo zhdowk vkduh ri hdfk ulvn| dvvhw1

Wkh wkhruhwlfdo prgho grhv qrw lpsrvh dq| uhvwulfwlrq rq wkh sdudph0
wul}dwlrq ri wkh g|qdplf ri wkh dgglwlrqdo idfwruv1 Wkhuhiruh rqh fdq fkrrvh
d ixqfwlrqdo irup ri wkh nlqg=

6|n� ' k)| n 08c|n�c +9,

zkhuh 6|n� lv wkh 6 û � yhfwru ri sulfhg idfwruv/ )| lv d & û � yhfwru ri
suhghwhuplqhg yduldeohv zklfk kdyh suhglfwlyh srzhu zlwk uhvshfw wr idfwruv/
k lv wkh dvvrfldwhg6û& pdwul{ ri sdudphwhuv/ dqg 08c|n� lv wkh6û� yhfwru
ri frqglwlrqdo huuru whupv1

Wr dffrpprgdwh wkh qrq0qrupdolw| w|slfdo ri ?qdqfldo wlph vhulhv/ dqg
lq sduwlfxodu wkh ohswrnxuwrvlv/ wkh E?n6ä û � glvwxuedqfh yhfwru/ 0|n� '
d0�c|n� 08c|n�o

â c lv dvvxphg wr eh frqglwlrqdoo| Vwxghqw |0glvwulexwhg +Eroohu0
vohy/ 4<;:,

0|n� m@| å 7|ü_e?|ý | EfcO|n�c Dä c

zkhuh D lv wkh sdudphwhu lqglfdwlqj wkh ghjuhhv ri iuhhgrp1 O|n� lv wkh
E?n6ä û E?n6ä frqglwlrqdo fryduldqfh pdwul{ ri dvvhw uhwxuqv dqg sulfhg
idfwruv1 Qrwh wkdw üæc|n�/ æ ' �c é é é c ?/ dqg ü?n,c|n�/ , ' �c é é é c6/ duh/ uh0
vshfwlyho|/ wkh ?uvw ? dqg wkh odvw6 froxpqv riO|n�1 Hfrqrplf wkhru| grhv
qrw vxjjhvw dq| k|srwkhvlv derxw frqglwlrqdo vhfrqg prphqw hyroxwlrq/ qru
derxw wkhlu uhodwlrqvkls zlwk hfrqrplf ixqgdphqwdov1 Wkhuhiruh/ rqh kdv
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wr uho| rq dg krf dvvxpswlrqv dqg rq vshfl?f vwdwlvwlfdo prghov1 JDUFK
surfhvvhv duh dprqj wkh prvw zlgho| xvhg sdudphwul}dwlrqv wr prgho frqgl0
wlrqdo vhfrqg prphqwv1 Lw lv dvvxphg wkdw wkh frqglwlrqdo fryduldqfh pdwul{
iroorzv d pxowlyduldwh JDUFK+4/4, surfhvv/ dffruglqj wr Hqjoh dqg Nurqhu
+4<<8,=

O|n� ' V
âV núâ0|0â|únîâO|îc +:,

zkhuh V/ ú/ dqg î duh E?n6ä û E?n6ä pdwulfhv ri xqnqrzq sdudph0
whuv;1 Li/ iru vlpsolflw|/ ú dqg î duh dvvxphg wr eh gldjrqdo/ wkh surfhvv
+:, ehfrphv

O|n� ' V
âV n @@â ñ 0|0â| n MMâ ñO|c +;,

zkhuh @ dqg M duh E?n6ä û � yhfwruv ri sdudphwhuv zklfk lqfoxgh wkh
gldjrqdo hohphqwv ri ú dqg î/ uhvshfwlyho|/ zkloh ñ ghqrwhv wkh Kdgdpdug
+hohphqw e| hohphqw, pdwul{ surgxfw1 Wkh qxpehu ri xqnqrzq sdudphwhuv
lq htxdwlrq +;, lv E?n6ä dE?n6ä n Do *2/ zklfk fdq hdvlo| ehfrph sur0
klelwlyh gxulqj wkh hvwlpdwlrq surfhgxuh li wkh qxpehu ri dvvhwv dqg2ru idf0
wruv lv odujh1 Pruhryhu/ d vlpsohu JDUFK sdudphwul}dwlrq zrxog idflolwdwh
frqyhujhqfh1 Iroorzlqj Glqj dqg Hqjoh +4<<7,/ dq hyhq pruh sduvlprqlrxv
uhsuhvhqwdwlrq lv wkhuhiruh dgrswhg1 Xqghu wkh dvvxpswlrq ri fryduldqfh
vwdwlrqdulw|/ wkh xqfrqglwlrqdo fryduldqfh pdwul{ ri wkh uhvlgxdov lpsolhg e|
htxdwlrq +;, zloo eh Of ' VâV ñ E��â ý @@â ý MMâä3�1 Wkhuhiruh/ v|vwhp
+;, uhgxfhv wr

O|n� ' Of ñ E��â ý @@â ý MMâä n @@â ñ 0|0â| n MMâ ñO|c +<,

zkhuh � uhsuhvhqwv wkh xqlw yhfwru1 Of/ wkrxjk xqnqrzq/ fdq eh hydoxdwhg
uhfxuvlyho| gxulqj wkh rswlpl}dwlrq surfhgxuh/ dffruglqj wr wkh phwkrgrorj|
vxjjhvwhg e| Gh Vdqwlv dqg Jhudug +4<<:/ 4<<;d,<1 Zlwk wklv sdudphwul}d0
wlrq/ wkh qxpehu ri xqnqrzq sdudphwhuv uhgxfhv wr E?n6ä û 2/ juhdwo|
idflolwdwlqj wkh hvwlpdwlrq ri qrq0olqhdu prghov1

Wkh JDUFK surfhvv uhsuhvhqwhg lq htxdwlrq +<, lv v|pphwulf= Lw grhv
qrw dffrpprgdwh wkh idfw wkdw wkh yrodwlolw| ri dvvhw uhwxuqv dqg wkh jurzwk
udwh ri lqgxvwuldo surgxfwlrq lv vhqvlwlyh wr wkh vljq ri sdvw lqqrydwlrqv1 Krz0
hyhu/ dv uh hfwhg e| wkh Hqjoh dqg Qj*v +4<<6, whvwv vwdwlvwlfv +vhh Vhfwlrq
6,/ yrodwlolw| uhvsrqgv dv|pphwulfdoo| wr qhjdwlyh dqg2ru srvlwlyh vkrfnv1
Wkhuhiruh/ frqglwlrqdo vhfrqg prphqwv vkrxog eh prghohg lq vxfk d zd|

;Qrwh wkdw Y lv dq xsshu wuldqjxodu pdwul{1 Wkhuhiruh lw rqo| frqwdlqv
^+q.p, +q.p. 4,` @5 xqnqrzq sdudphwhuv1 Y3Y lv/ lq idfw/ d Fkrohvn| ghfrpsrvlwlrq
ri wkh JDUFK frqvwdqw whup/ zklfk hqvxuhv wkh srvlwlyh gh?qlwhqhvv ri wkh surfhvv1

<Dw wkh ?uvw lwhudwlrq K3 lv vhw htxdo wr wkh xqfrqglwlrqdo fryduldqfh pdwul{1 Wkhq lw
lv xsgdwhg dw wkh hqg ri hdfk lwhudwlrq1
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wkdw wdnhv lqwr dffrxqw wkh dv|pphwulf yrodwlolw| h>hfw1 Wkh qh{w Vhfwlrq
glvfxvvhv krz wr prgli| wkh pxowlyduldwh JDUFK surfhvv ghvfulehg e| htxd0
wlrq +<, lq rughu wr fdswxuh dv|pphwu| lq erwk frqglwlrqdo yduldqfhv dqg
fryduldqfhv1

714 Prgholqj wkh Dv|pphwulf H>hfwv lq Pxowlyduldwh JDUFK
Surfhvvhv

Dv srlqwhg rxw/ dprqj rwkhuv/ e| Qhovrq +4<<4,/ d JDUFK surfhvv ri wkh
nlqg uhsuhvhqwhg e| htxdwlrq +<, vx>huv iurp dq lpsruwdqw olplwdwlrq1 Do0
wkrxjk lw hohjdqwo| fdswxuhv yrodwlolw| foxvwhulqj/ lw grhv qrw doorz qhjdwlyh
dqg srvlwlyh sdvw vkrfnv wr kdyh d gl>huhqw h>hfw rq ixwxuh frqglwlrqdo vhf0
rqg prphqwv1 Lq rwkhu zrugv/ rqo| wkh pdjqlwxgh/ qrw wkh vljq ri odjjhg
lqqrydwlrqv ghwhuplqhv frqglwlrqdo yduldqfhv dqg fryduldqfhv1 Wkhuhiruh d
prgho wkdw fdswxuhv wkh dv|pphwulf uhvsrqvhv ri frqglwlrqdo vhfrqg pr0
phqwv vkrxog eh suhihudeoh iru dvvhw sulflqj dssolfdwlrqv1 Wr ehwwhu vhh
wklv/ frqvlghu/ iru d prphqw/ d sruwirolr pdgh ri htxlwlhv rqo| dqg wklqn/
iru lqvwdqfh/ ri d odujh sulfh gurs/ olnh wkh rqh wkdw kdsshqhg lq Rfwrehu
4<;:1 Li d qhjdwlyh uhwxuq lqqrydwlrq jhqhudwhv pruh yrodwlolw| wkdq d srvl0
wlyh uhwxuq lqqrydwlrq ri wkh vdph pdjqlwxgh/ d v|pphwulf JDUFK surfhvv
xqghuhvwlpdwhv wkh frqglwlrqdo yrodwlolw| zklfk rffxuv diwhu edg qhzv1 Vlp0
loduo|/ lw ryhuhvwlpdwhv wkh frqglwlrqdo yrodwlolw| zklfk iroorzv jrrg qhzv1
Lq FDSP0w|sh prghov/ frqglwlrqdo yrodwlolw| gluhfwo| d>hfwv ulvn suhpld
lqyhvwruv uhtxluh wr krog ulvn| dvvhwv1 Exw wkh suhpld iruhfdvw e| wkh wudgl0
wlrqdo JDUFK gl>hu iurp wkrvh lpsolhg e| dq dv|pphwulf JDUFK/ zlwk d
frqvhtxhqfh ri suredeoh dvvhw plv0sulflqj1

Wkh JDUFK olwhudwxuh kdv ghylvhg qxphurxv zd|v wr prgho dv|pph0
wu|/ sduwlfxoduo| lq xqlyduldwh frqwh{wv1 H{dpsohv duh jlyhq e| wkh txdgudwlf
JDUFK ri Hqjoh +4<<3, dqg Vhqwdqd +4<<4,/ wkh HJDUFK prgho lqwur0
gxfhg e| Qhovrq +4<<4,/ wkh txdolwdwlyh wkuhvkrog DUFK ri Jrxulìurx{ dqg
Prqiruw +4<<5,/ wkh dv|pphwulf srzhu DUFK ri Glqj/ Judqjhu/ dqg Hqjoh
+4<<6,/ wkh Jorvwhq0Mdjdqqdwkdq0Uxqnoh +4<<6, +JMU, JDUFK/ wkh qrq0
olqhdu dv|pphwulf JDUFK ri Hqjoh dqg Qj +4<<6,/ wkh wkuhvkrog JDUFK ri
]dnrldq +4<<7, wkhuhdiwhu h{whqghg e| Udehpdqdqmdud dqg ]dnrldq +4<<6,43/
wkh yrodwlolw|0vzlwfklqj DUFK sursrvhg e| Iruqdul dqg Phoh +4<<:,/ wkh
vprrwk wudqvlwlrq JDUFK ri Oxeudqr +4<<;,/ dqg wkh HJDUFK ri Zx
dqg [ldr +5333,/ zkhuh wkh lpsdfw ri uhwxuq vkrfnv rq frqglwlrqdo yrodwlo0
lw| lv hvwlpdwhg qrqsdudphwulfdoo|1 Suredeo|/ wkh prvw srsxodu dv|pphwulf

43Wkh ?uvw yhuvlrq ri ]dnrldq*v wkuhvkrog JDUFK dsshduhg lq d zrunlqj sdshu
+FUHVW/ LQVHH, gdwhg 4<<31 Wklv h{sodlqv zk| wkh h{whqvlrq ri wkh prgho gxh wr
Udehpdqdqmdud dqg ]dnrldq +4<<6, kdv dq hduolhu gdwh wkdq wkh ruljlqdo prgho sxeolvkhg
rqo| lq 4<<71
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xqlyduldwh JDUFK uhsuhvhqwdwlrqv duh wkh HJDUFK ri Qhovrq dqg wkh
JMU JDUFK ri Jorvwhq/ Mdjdqqdwkdq/ dqg Uxqnoh1 Wkhvh wzr JDUFK
surfhvvhv duh h{whqghg khuh wr d pxowlyduldwh frqwh{w vwduwlqj iurp wkh sdud0
phwul}dwlrq jlyhq e| +<,1 Krzhyhu/ wr ehjlq zlwk/ lw lv frqyhqlhqw wr ?uvw
eulh | glvfxvv wkh xqlyduldwh vshfl?fdwlrqv iru erwk wkh HJDUFK dqg wkh
JMU prghov1

71414 Wkh Jhqhudol}hg Qhovrq Prgho

Ohw ü|n� '
s
û|n�v|n� eh d prgho*v suhglfwlrq huuru/ zkhuh v|n� lv ðéðé_é zlwk

}hur phdq dqg xqlw yduldqfh1 Qhovrq*v +4<<4, xqlyduldwh HJDUFK surfhvv
iru wkh hyroxwlrq ri wkh frqglwlrqdo yduldqfh ri ü|n�/ û|n�/ lv dv iroorzv=

*?û|n� ' kfn
"[
ð'�

kð iò dmv|n�3ðm ý . mv|n�3ðmn lv|n�3ðojn
[̂
æ'�

qæ *?û|n�3æc k� ì �é

+43,
Qhovrq*v vshfl?fdwlrq kdv dw ohdvw wzr dgydqwdjhv ryhu d vwdqgdug JDUFK

prgho1 Iluvw/ vlqfh htxdwlrq +43, ghvfulehv wkh orj ri û|n�/ wkh yduldqfh lwvhoi
lv dozd|v srvlwlyh/ zlwkrxw lpsrvlqj dq| srvlwlylw| frqvwudlqw rq wkh sdudph0
whuv1 Vhfrqg/ wkh HJDUFK sdudphwul}dwlrq dffrpprgdwhv wkh dv|pphwulf
uhodwlrq ehwzhhq dvvhw uhwxuqv dqg yrodwlolw|/ vlqfh wkh frqglwlrqdo yduldqfh
ghshqgv rq erwk wkh vl}h dqg wkh vljq ri v|n�3ð1 Wr ehwwhu vhh wkdw/ dvvxph
wkdw wkh JDUFK surfhvv +43, lv ri rughu E�c �ä1 Vlploduo| wr wkh wudglwlrqdo
JDUFK uhsuhvhqwdwlrq/ wkh whup ò dmv|m ý . mv|mo fdswxuhv wkh pdjqlwxgh
h>hfw1 Wklv ehfrphv fohdu li rqh dvvxphv wkdw ò : f dqg l ' f1 Lq wklv fdvh
wkh ò dmv|m ý . mv|mo whup udlvhv *?û|n� zkhq wkh pdjqlwxgh ri pdunhw pryh0
phqwv lv odujh zkhuhdv orzhuv lw zkhq lw lv vpdoo1 Pruhryhu/ zkhq l ' f/ wkh
frqglwlrqdo yrodwlolw| uhvsrqgv v|pphwulfdoo| wr wkh odjjhg uhwxuq lqqryd0
wlrqv1 Lq sduwlfxodu/ d srvlwlyh vxusulvh +zklfk rffxuv zkhq wkh pdjqlwxgh
ri v|n� lv odujhu wkdq }hur, kdv wkh vdph h>hfw rq yrodwlolw| wkdq d qhjdwlyh
vxusulvh ri wkh vdph pdjqlwxgh +zklfk kdsshqv li wkh uhyhuvh rffxuv/ l1h1
v|n� lv vpdoohu wkdq }hur,1 Wkh whup lv| doorzv wkh frqglwlrqdo yduldqfh
wr uhvsrqg dv|pphwulfdoo| wr wkh vljq ri odjjhg uhwxuq lqqrydwlrqv1 Wr vhh
wkdw/ vxssrvh wkdw ò ' f dqg l ÷ f1 Lq wklv fdvh d srvlwlyh uhwxuq lqqrydwlrq
dfwxdoo| ghfuhdvhv yrodwlolw|/ zkloh d qhjdwlyh uhwxuq lqqrydwlrq lqfuhdvhv lw1

Wkh JDUFK prgho ghvfulehg lq +43, fdq eh h{whqghg wr d pxowlyduldwh
frqwh{w/ zkhq/ iru lqvwdqfh/ d v|vwhp ri phdq htxdwlrqv kdv wr eh hvwlpdwhg
dqg wkh frqglwlrqdo fryduldqfh pdwul{ ri wkh huuru whup yhfwru lv vxssrvhg
wr iroorz dq dv|pphwulf JDUFK surfhvv1 Lq wkh olwhudwxuh wkhuh h{lvw do0
uhdg| h{dpsohv ri HJDUFK dssolhg wr v|vwhpv ri htxdwlrqv= Vhh/ dprqj
wkh rwkhuv/ Eudxq/ Qhovrq/ dqg Vxqlhu +4<<8,/ Nrxwprv dqg Errwk +4<<8,/
Nrxwprv +4<<9,/ Errwk/ Pduwlndlqhq/ dqg Wvh +4<<:,/ dqg Vfuxjjv +4<<;,1
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Lq doo wkhvh vwxglhv wkh frqglwlrqdo yduldqfhv iroorz htxdwlrqv ri wkh w|sh
ghvfulehg lq +43,/ exw wkh frqglwlrqdo fryduldqfhv gr qrw h{solflwo| dffrxqw
iru dq| dv|pphwulf h>hfw1 Dsduw iurp wkh uhvhdufk ri Eudxq hw do1/ frq0
glwlrqdo fryduldqfhv/ ûðæc|n�/ duh prghohg lq wkh vslulw ri Eroohuvohy +4<<3,1
Wkdw lv/ ûðæc|n� ' 4ðæ

t
ûðc|n�

t
ûæc|n�/ ;ð dqg æ/ zkhuh 4ðæ lv wkh frqglwlrqdo

fruuhodwlrq frh!flhqw ehwzhhq dvvhw ð dqg æ dqg lw lv dvvxphg wr eh frqvwdqw
ryhu wkh vdpsoh shulrg/ zkloh

t
ûðc|n� dqg

t
ûæc|n� duh/ uhvshfwlyho|/ wkh frq0

glwlrqdo vwdqgdug ghyldwlrqv ri vhfxulw| ð dqg æ1 Eudxq hw do1/ zkr dqdo|}h
d sruwirolr ri wzr dvvhwv/ prgho wkh vhfrqg prphqw pdwul{ e| vsolwwlqj lw
lqwr wkuhh slhfhv= Wkh wzr frqglwlrqdo yduldqfhv dvvrfldwhg zlwk hdfk vhfx0
ulw| dqg wkh frqglwlrqdo ehwd1 Dovr lq wklv fdvh frqglwlrqdo fryduldqfhv gr
qrw h{klelw h{solflw dv|pphwulf h>hfwv1 Krzhyhu/ dv srlqwhg rxw e| Nurqhu
dqg Qj +4<<;,/ li/ gxh wr wkh dv|pphwulf yrodwlolw| h>hfw/ h{shfwhg uhwxuqv
rq rqh dvvhw fkdqjh/ wkh fryduldqfh ehwzhhq uhwxuqv rq wkdw dvvhw dqg uh0
wxuqv rq dvvhwv zklfk kdyh srvvleo| qrw h{shulhqfhg vxfk dq h>hfw vkrxog
dovr fkdqjh1 Wkhuhiruh/ wkh iroorzlqj pxowlyduldwh JDUFK vshfl?fdwlrq lv
sursrvhg/ zlwk wkh vfrsh ri h{solflwo| fdswxulqj dv|pphwulf frpryhphqwv
ri dvvhw uhwxuqv=

O|n� ' Ofñ E��â ý @@â ý MMâän@@âñ# Ev|ä # Ev|äânll âñv|vâ|nMMâñO|c
+44,

Wkh surfhvv ghvfulehg lq +44,/ zklfk rqh fdq qdph 3jhqhudol}hg Qhovrq prg0
ho4/ lv exlow rq wkh v|pphwulf JDUFK sdudphwul}dwlrq uhsuhvhqwhg lq +<,1
Olnh wkh whup ò dmv|m ý. mv|mo lq htxdwlrq +43,/ wkh whup @@â ñ # Ev|ä # Ev|äâ
dffrpprgdwhv wkh vl}h h>hfw1 Lq sduwlfxodu # Ev|ä ' mv|m ý . mv|m/ zkhuh v|
lv dq E?n6ä û � yhfwru/ zkrvh jhqhulf hohphqw lv vðc| ' 0ðc|*

t
ûðc| ;ð/ l1h1

wkh ðwk frqglwlrqdo vwdqgdugl}hg lqqrydwlrq1 Wkh whup llâ ñ v|vâ|/ zklfk lq
wkh xqlyduldwh uhsuhvhqwdwlrq vlpsol?hv wr lv|/ dffrpprgdwhv wkh vljq h>hfw
iru erwk frqglwlrqdo yduldqfhv dqg fryduldqfhv1 Wkh pdwul{ ll â ì

k
l ðæ
l
lv

gh?qhg dv iroorzv= l ðð ' l ð ;ð/ dqg l ðæ ' l ðlæ ;ð 9' æ1 Vlploduo|/ iru wkh
pdwul{ v|vâ| ì dvðæc|o wkh hohphqwv wkdw olh rq wkh pdlq gldjrqdo duh gh?qhg
dv vððc| ' vðc| ;ð/ zkloh wkh hohphqwv r> wkh pdlq gldjrqdo duh vðæc| ' vðc|væc|/
;ð 9' æ1 Wkh Eðc æäwk hohphqw ri wkh O|n� pdwul{ ghvfulehg lq +44, lv=

ûððc|n� ' ûððcf E�ý @ð@ð ý KðKðä n @ð@ð# Evðc|ä # Evðc|ä n l ðvðc| n KðKðûððc| ;ðc

ûðæc|n� ' ûðæcf E�ý @ð@æ ý KðKæän@ð@æ# Evðc|ä # Evæc|änl ðlævðc|væc|nKðKæûðæc| ;ð 9' æé
Wklv sdudphwul}dwlrq doorzv wr fdswxuh wkh dv|pphwulf h>hfw rq frqgl0

wlrqdo yduldqfhv dqg fryduldqfhv1 Dvvxph/ iru lqvwdqfh/ wkdw l ð ÷ f E: fä é Li/
fhwhulv sdulexv/ vðc| ÷ fc yrodwlolw| zloo lqfuhdvh +ghfuhdvh,/ zkloh li vðc| : fc
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yrodwlolw| zloo ghfuhdvh +lqfuhdvh,1 Wkh vljq h>hfw rq hdfk fryduldqfh zloo eh
jlyhq e| l ðlævðc|væc|/ ;ð 9' æ1

Wkh odvw lvvxh wr glvfxvv frqfhuqv wkh dvvxpswlrq derxw wkh glvwulexwlrq
wdnhq e| 0|n�/ vlqfh wkh ydoxh dvvxphg e| . mv|m zloo ghshqg rq wklv fkrlfh1
Qhovrq +4<<4, sursrvhg wkh xvh ri wkh Jhqhudol}hg Huuru Glvwulexwlrq +JHG,1
Dv phqwlrqhg deryh/ uhvlgxdov khuh duh dvvxphg wr eh frqglwlrqdoo| Vwxghqw
|0glvwulexwhg1 Wkhuhiruh . mvðc|m ' E2*Zä�*2 dK ED ý �ä *2o *K ED*2ä ;ð/ zkhuh/
dv ehiruh/ K Eüä lv wkh jdppd ixqfwlrq dqg D wkh ghjuhhv ri iuhhgrp sdudph0
whu441

71415 Wkh Jhqhudol}hg JMU Prgho

Wkh JMU xqlyduldwh dv|pphwulf JDUFKprgho kdv d vlpsohu vwuxfwxuh wkdq
Qhovrq uhsuhvhqwdwlrq1 Dv ehiruh/ ohw ü|n� '

s
û|n�v|n� eh d prgho*v suhglf0

wlrq huuru/ zkhuh v|n� lv ðéðé_é zlwk }hur phdq dqg xqlw yduldqfh1 Wkh JMU
sdudphwul}dwlrq/ ruljlqdoo| ghvljqhg wr hvwlpdwh wkh frqglwlrqdo yduldqfh ri
htxlwlhv/ lv irupxodwhg dv iroorzv=

û|n� ' kf n
R[
ð'�

k
kðü

2
|n�3ð n l ðU Eü|n�3ð ÷ fä ü2|n�3ð

l
n
[̂
æ'�

qæû|n�3æ c +45,

zkhuh/ dv ehiruh/ U Eüä lv wkh lqglfdwru ixqfwlrq1 Wkh rqo| gl>huhqfh zlwk
d wudglwlrqdo JDUFK lv wkh lqfoxvlrq ri wkh whup l ðU Eü|n�3ð ÷ fä ü2|n�3ðc
ð ' �c é é é c R1 Wklv whup dffrpprgdwhv wkh dv|pphwulf yrodwlolw| h>hfw1
Dvvxph wkdw l ð : f E÷ fä1 Zkhq ü|n�3ð ÷ fc U Eüä ' � dqg yrodwlolw|
dfwxdoo| jrhv xs +grzq,1 Frqglwlrqdo yrodwlolw|/ lqvwhdg/ grhv qrw fkdqjh
iru srvlwlyh lqqrydwlrqv/ vlqfh U Eüä ' f1 Lq d frpsdulvrq vwxg| iru gdlo|
Mdsdqhvh WRSL[ gdwd/ Hqjoh dqg Qj +4<<6, ?qg wkdw/ ri vhyhudo yduldqfh
sdudphwulf prghov zlwk wkh lqfoxvlrq ri wkh Qhovrq*v +4<<4, HJDUFK/ wkh
JMU lv wkh ehvw dw sduvlprqlrxvo| fdswxulqj wkh dv|pphwulf h>hfw1

D pxowlyduldwh yhuvlrq ri wkh xqlyduldwh JMU sdudphwul}dwlrq lv gxh wr
Nurqhu dqg Qj +4<<;,1 Lq wkh vslulw ri wkdw uhvhdufk/ wkh surfhvv +<, lv
prgl?hg lq rughu wr fdswxuh dv|pphwu| lq vhfrqg prphqwv dqg wkh iroorzlqj
uhsuhvhqwdwlrq lv vxjjhvwhg=

O|n� ' Of ñ E��â ý @@â ý MMâä n @@â ñ 0|0â| n llâ ñ #|#â| n MMâ ñO|c +46,

Wkh surfhvv ghvfulehg lq +46,/ zklfk rqh fdq edswl}h 3jhqhudol}hg JMU
prgho4/ suhvhqwv dq dgglwlrqdo whup/ llâ ñ #|#â|/ zlwk uhvshfw wr wkh uhsuh0
vhqwdwlrq jlyhq e| +<,1 E| frqvwuxfwlrq surfhvv +46, qhvwv +<, dv d vshfldo

44Qrwlfh wkdw dv wkh ghjuhhv ri iuhhgrp sdudphwhu æ jrhv wr lq?qlw|/ d Vwxghqw w0
glvwulexwlrq dssurdfkhv d vwdqgdug qrupdo glvwulexwlrq1 Lq wklv fdvh H m l>wm @ +5@ä,4@5
;l +Kdplowrq/ 4<<7,1
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fdvh= Zkhq doo hohphqwv ri wkh pdwul{ ll â duh vhw htxdo wr }hur/ htxdwlrq
+46, uhgxfhv wr +<,1 Wkh whup ll â ñ #|#â| dffrpprgdwhv wkh dv|pphwulf
uhvsrqvhv ri yduldqfhv dqg fryduldqfhv wr sdvw vkrfnv1 ll â ì

k
l ðæ
l
' l ðlæ ;ð

dqg æ lv d E?n6ä û E?n6ä pdwul{ ri sdudphwhuv451 #| lv d E?n6ä û �
yhfwru1 Lq wkh fdvh dqdo|}hg khuh lwv glphqvlrq uhgxfhv wr eû � dqg hdfk ri
wkh hohphqwv lw frqwdlqv lv prghohg dv iroorzv=

#r|JS&c| ' ýU E0r|JS&c| ÷ fä 0r|JS&c|c +47,

#Kð,,c| ' U E0Kð,,c| : fä 0Kð,,c|c +48,

#KJ?_c| '

+
lKJ?_� ü 0KJ?_c| li 0KJ?_c| : f
ýlKJ?_2 ü 0KJ?_c| li 0KJ?_c| é f

c +49,

#Uåc| '

+
lUå� ü 0Uåc| li 0Uåc| : f
ýlUå2 ü 0Uåc| li 0Uåc| é f

é +4:,

Wklv sdudphwul}dwlrq ?qgv lwv udwlrqdoh lq wkh Hqjoh dqg Qj +4<<6, whvwv
suhvhqwhg lq Vhfwlrq 6 dqg lq wkh ixqfwlrqdo irup ri wkh Eðc æäwk hohphqw ri
wkh O|n� pdwul{ ghvfulehg lq +46,=

ûðæc|n� ' ûðæcf E�ý @ð@æ ý KðKæä n @ð@æ0ðc|0æc| n l ðlæ#ðc|#æc| n KðKæûðæc| ;ð dqg æé
Lq sduwlfxodu/ zkhq prgholqj #ðc|c ;ð/ rqo| wkh h>hfwv ri sdvw srvlwlyh dqg

qhjdwlyh vkrfnv zklfk kdyh dq dvvrfldwhg sdudphwhu vljql?fdqw dw pd{lpxp
8( ohyho/ dv frpsxwhg zlwk wkh Hqjoh dqg Qj*v +4<<6, whvw vwdwlvwlfv/ duh
wdnhq lqwr dffrxqw1 Vwrfn yrodwlolw| vhhpv wr lqfuhdvh pruh diwhu qhjdwlyh
wkdq srvlwlyh sdvw vkrfnv1 Wkhuhiruh/ l2r|JS&#

2
r|JS&c| zloo eh srvlwlyh dq| wlph

0r|JS&c| ÷ f dqg }hur rwkhuzlvh/ lqghshqghqwo| ri wkh vljq dwwdfkhg wr lr|JS&1
Dv iru wkh W0eloo yrodwlolw|/ lw vhhpv wr uhdfw pruh diwhu srvlwlyh sdvw lqqr0
ydwlrqv= l2Kð,,#

2
Kð,,c| zloo eh srvlwlyh dq| wlph 0KJ?_c| : f dqg }hur rwkhuzlvh1

Jryhuqphqw erqg yrodwlolw|/ lqvwhdg/ vhhpv wr uhvsrqg gl>huhqwo| wr srvlwlyh
dqg qhjdwlyh sdvw vxusulvhv1 Wkh wzr sdudphwhuv lKJ?_� dqg lKJ?_2 fdswxuh
wkh gl>huhqw uhvsrqvhv wr srvlwlyh dqg qhjdwlyh sdvw lqqrydwlrqv1 Ilqdoo|/
wkh yrodwlolw| ri wkh lqgxvwuldo surgxfwlrq jurzwk udwh vkrzv wkh vdph ihd0
wxuh ri wkh yduldqfh ri jryhuqphqw erqgv/ wkxv lw kdv wkh vdph vshfl?fdwlrq1
Lq rughu wr dyrlg ryhusdudphwul}dwlrq/ lq wkh pdwul{ ll â/ l ð/ iru ð ' KJ?_
dqg Uå / lv vhw htxdo wr rqh dqg/ wkhuhiruh/ rqo| l� dqg l2 duh hvwlpdwhg

461
45Olnh pdwulfhv dd3 dqg ee3/ wkh pdwul{ ll3 fdq eh wkrxjkw ri dv wkh uhvxow ri wkh

surgxfw ri d froxpq wlphv d urz yhfwru l1 Vxfk d yhfwru lqfoxghv wkh gldjrqdo hohphqwv
ri dq xqghuo|lqj ] pdwul{ ri glphqvlrq +q.p, û +q.p,1 Dv vxfk wkh ll3 pdwul{
frqwdlqv rqo| q.p xqnqrzq sdudphwhuv1
46Wkh sdudphwul}dwlrq vxjjhvwhg lq htxdwlrqv +47, dqg +48, lv vlplodu wr wkdw ri Jorvwhq/

Mdjdqqdwkdq/ dqg Uxqnoh +4<<6,/ zkhuhdv htxdwlrqv +49, dqg +4:, fdq eh vhhq dv d
jhqhudol}dwlrq ri wkh Wkuhvkrog JDUFK sursrvhg e| ]dnrldq +4<<7,1
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71416 D Frpsdulvrq ehwzhhq wkh Jhqhudol}hg Qhovrq dqg JMU Prghov

Wkh jhqhudol}hg Qhovrq prgho kdv wkh dgydqwdjh wkdw lwv vwuxfwxuh grhv qrw
ghshqg rq wkh sduwlfxodu yduldeoh frqvlghuhg lq wkh dqdo|vlv1 Wkh jhqhudol}hg
JMU vshfl?fdwlrq/ lqvwhdg/ kdv wr wdnh lqwr dffrxqw krz yrodwlolw| ri d jlyhq
yduldeoh uhvsrqgv wr sdvw srvlwlyh ru qhjdwlyh vkrfnv/ dqg/ dv vxfk/ uholhv rq
whvw vwdwlvwlfv1 Li/ iru lqvwdqfh/ rqh lpsrvhg #r|JS&c| ' U E0r|JS&c| : fä 0r|JS&c|/
htxlw| frqglwlrqdo yrodwlolw| zrxog lqfuhdvh pruh wr sdvw srvlwlyh wkdq qhj0
dwlyh lqqrydwlrqv ri wkh vdph pdjqlwxgh/ d srvvlelolw| zklfk lv suredeo|
zurqj1 Wkhuhiruh/ wkh vwudwhj| vxjjhvwhg wr kdyh wkh ehvw ?w ri wkh gdwd lv
wr ?uvw fduu| rxw wkh Hqjoh dqg Qj +4<<6, whvwv rq hdfk ri wkh dqdo|}hg ydul0
deohv dqg wkhq wr prgho hdfk hohphqw ri wkh yhfwru #| dffruglqjo|1 Pruhryhu/
wkh jhqhudol}hg Qhovrq prgho grhv qrw lpsrvh wkh gluhfwlrq lq zklfk frqgl0
wlrqdo yrodwlolw| kdv wr jr diwhu d vkrfn/ zkhuhdv wkh jhqhudol}hg JMU prgho
grhv1 Vxssrvh l ð wxuqv rxw wr eh qhjdwlyh dqg/ iru wkh vdnh ri vlpsolflw|/
frqvlghu rqo| htxlwlhv1 Zkhq wkh jhqhudol}hg Qhovrq prgho lv hpsor|hg/ wkh
yduldqfh zloo lqfuhdvh diwhu d qhjdwlyh lqqrydwlrq dqg ghfuhdvh diwhu d srvl0
wlyh vkrfn1 Zkhq/ lqvwhdg/ wkh JMU prgho lv xvhg/ vlqfh wkh Hqjoh dqg Qj*v
+4<<6, whvw lqglfdwhv wkdw yrodwlolw| ulvhv vljql?fdqwo| diwhu edg qhzv exw lw
grhv qrw uhdfw zkhq jrrg qhzv rffxuv/ wkh srvvlelolw| wkdw srvlwlyh vkrfnv
fdq hyhq ghfuhdvh wkh frqglwlrqdo yduldqfh zloo eh h{foxghg1 Krzhyhu/ vxfk
d srvvlelolw| fdq dulvh dqg eh vljql?fdqw1 Lq rwkhu zrugv/ rqh frxog txhvwlrq
wkh srzhu ri Hqjoh dqg Qj*v +4<<6, whvw vwdwlvwlfv/ dq dqdo|vlv zklfk zrxog
jr eh|rqg wkh vfrsh ri wklv sdshu1 Wkh glvdgydqwdjh ri wkh jhqhudol}hg Qho0
vrq prgho lv wkdw lw grhv qrw dffrpprgdwh iru wkh idfw wkdw yrodwlolw| fdq
lqfuhdvh wr erwk srvlwlyh dqg qhjdwlyh sdvw vkrfnv/ wkrxjk zlwk gl>huhqw
lqwhqvlwlhv1 Wklv fdq eh fdswxuhg zlwk wkh jhqhudol}hg JMU prgho/ dv vkrzq
e| wkh sdudphwul}dwlrq sursrvhg lq htxdwlrqv +49, dqg +4:,1

Ilqdoo|/ qrwlfh wkdw/ lq jhqhudo/ xqlyduldwh JDUFK uhsuhvhqwdwlrqv qhhg
vrph qrq0qhjdwlylw| uhtxluhphqwv rq wkh sdudphwhuv ri wkh surfhvv wr hqvxuh
d srvlwlyh frqglwlrqdo yduldqfh1 Dv vhhq ehiruh/ Qhovrq*v +4<<4, vshfl?fdwlrq
grhv qrw uhtxluh wr lpsrvh dq| frqvwudlqw rq wkh JDUFK sdudphwhuv vlqfh
wkh yduldqfh lwvhoi zloo eh srvlwlyh uhjdugohvv ri wkh vljq ri wkh frh!flhqwv
lqyroyhg1 Lq d pxowlyduldwh frqwh{w/ lw lv uhtxluhg wkdw wkh frqglwlrqdo fr0
yduldqfh pdwul{ eh srvlwlyh gh?qlwh1 D vx!flhqw frqglwlrq wr hqvxuh srvl0
wlyh gh?qlwhqhvv iru wkh v|pphwulf Glqj0Hqjoh uhsuhvhqwdwlrq +<, lv wkdw wkh
wkuhh dgghqgd Ofñ E��â ý @@â ý MMâä c @@âñ0|0â|c dqg MMâñO| duh srvlwlyh
gh?qlwh1 Wkh odvw wzr frpsrqhqwv duh srvlwlyh gh?qlwh e| frqvwuxfwlrq +vhh
Glqj dqg Hqjoh/ 4<<7/ iru d surri,1 Dv iru wkh ?uvw rqh/ lw lv srvlwlyh gh?qlwh
li erwkOf dqg E��â ý @@â ý MMâä duh srvlwlyh gh?qlwh1 Of lv vr e| gh?qlwlrq/
vlqfh lw lv vhw htxdo wr wkh xqfrqglwlrqdo fryduldqfh pdwul{ dw wkh ehjlqqlqj
ri wkh hvwlpdwlrq surfhgxuh dqg wkhq xsgdwhg dw wkh hqg ri hdfk lwhudwlrq1
Wkh qrq0vlqjxodulw| ri E��â ý @@â ý MMâä/ lqvwhdg/ lv qrw jxdudqwhhg lq wkh
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hvwlpdwlrq surfhgxuh1 Erwk wkh jhqhudol}hg Qhovrq dqg JMU prghov/ zklfk
duh exlow rq wkh surfhvv +<,/ vkduh wkh vdph olplwdwlrq1 Lq sudfwlfh/ wkrxjk/
wkh frqglwlrqv xqghu zklfk wkh pdwul{ E��â ý @@â ý MMâä grhv qrw kdyh ixoo
udqn duh txlwh uhvwulfwlyh/ dqg wkhuhiruh/ rqh fdq xvh wkh Glqj0Hqjoh uhsuh0
vhqwdwlrq1 Lq dgglwlrq wr wkdw/ krzhyhu/ wkh jhqhudol}hg Qhovrq prgho pd|
vkrz dqrwkhu srwhqwldo sureohp1 Wkh zd| lq zklfk wkh whup ll â ñ v|vâ| lv
sdudphwul}hg pljkw eh d ixuwkhu vrxufh ri qrq0srvlwlyh gh?qlwhqhvv= Lwv r>0
gldjrqdo hohphqwv fdq wxuq rxw wr eh wrr elj uhodwlyh wr wkh gldjrqdo whupv/
wkxv fdxvlqj ll â ñ v|vâ| wr eh qrqsrvlwlyh gh?qlwh1 Lq wkh jhqhudol}hg JMU
prgho/ lqvwhdg/ wkh frpsrqhqw dlphg dw fdswxulqj wkh dv|pphwulf h>hfwv/
ll â ñ #|#â|/ lv djdlq srvlwlyh gh?qlwh e| frqvwuxfwlrq1 Ehfdxvh ri wkdw/ wkh
odwwhu vshfl?fdwlrq fdq wxuq rxw wr eh suhihuuhg wr wkh iruphu1

715 Wkh Vzlwfklqj Sulfhv ri Ulvn
Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP zloo ?uvw eh hvwlpdwhg dvvxplqj wkdw
wkh sulfhv ri pdunhw dqg lqwhuwhpsrudo ulvn duh frqvwdqw1 Qh{w/ sulfhv zloo
eh doorzhg wr ydu| ryhu wlph/ exw wdnh rq rqo| wzr ydoxhv1 Lq sduwlfxodu/
wkh frh!flhqw ri ulvn dyhuvlrq zloo eh htxdo wr hlwkhu b�� ru b�2/ zkloh wkh
sulfhv ri lqwhuwhpsrudo ulvn b8,� ru b8,2c ;,1 Ohw 7�| 5 i�c 2j dqg 78| 5 i�c 2j
uhsuhvhqw wkh vwdwh ri lqyhvwruv* suhihuhqfhv dw wlph |/ zlwk uhvshfw wr wkh
sulfh ri pdunhw dqg lqwhuwhpsrudo ulvn/ uhvshfwlyho|1 Dw hdfk srlqw lq wlph
wkh sulfh ri pdunhw ulvn lv

b�| '

+
b��c li 7�| ' �c
b�2c li 7�| ' 2c

c +4;,

zkloh wkh sulfhv ri lqwhuwhpsrudo ulvn duh

b8,| '

+
b8 ,�c li 78,| ' �c
b8 ,2c li 78,| ' 2c

;,é +4<,

Wkh wlph hyroxwlrq ri wkh xqrevhuyhg vwdwh yduldeoh 7ü| / ü ' �c8 ,/ ;,/
lv dvvxphg wr iroorz d ?uvw0rughu Pdunry fkdlq=

å E7ü| ' �
ñññ7ü|3� ' �ä ' Rü

å E7ü| ' 2
ñññ7ü|3� ' �ä ' �ý Rü

å E7ü| ' 2
ñññ7ü|3� ' 2ä ' ^ü

å E7ü| ' �
ñññ7ü|3� ' 2ä ' �ý ^ü

c ü '�c8 ,/ ;,é +53,

zkhuh Rü dqg ^ü uhsuhvhqw wkh frqglwlrqdo suredelolwlhv ri uhpdlqlqj lq wkh
sdvw vwdwh1 Wkhuhiruh/ �ý Rü dqg �ý ^ü duh wkh frqglwlrqdo suredelolwlhv ri
vzlwfklqj ehwzhhq vwdwhv1

Wr vlpsoli| wkh hvwlpdwlrq/ rqo| rqh sulfhg idfwru lv fkrvhq/ lq dgglwlrq
wr wkh pdunhw ulvn1 Wkhuhiruh/ wrjhwkhu zlwk wkh frh!flhqw ri ulvn dyhuvlrq/
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wkhuh lv rqo| rqh sulfh ri lqwhuwhpsrudo ulvn wr frqvlghu1 Dv d frqvhtxhqfh/
wkhuh zloo eh rqo| wzr xqrevhuyhg vwdwh yduldeohv/ 7�| dqg 78| / zklfk zloo
jryhuq wkh wlph hyroxwlrq ri b�| dqg b8|/ ;|/ uhvshfwlyho|1 Lq wkh vslulw ri
Kdplowrq dqg Olq +4<<9, dqg Vxvpho +4<<;,/ wkuhh srvvleoh fdvhv dulvh iurp
wkh frpelqdwlrq ri 7�| dqg 78| 1 Fdvh l,= Lqghshqghqw vwdwhv/ l1h1 vkliwv
lq wkh sulfh ri pdunhw ulvn duh frpsohwho| xquhodwhg wr wkh idfwruv gulylqj
wkh sulfh ri lqwhuwhpsrudo ulvn/ wkhuhiruh 7�| lv lqghshqghqw ri 78ô ;| dqg ô 1
Fdvh ll,= Frpprq vwdwhv/ l1h1 vkliwv lq wkh sulfh ri pdunhw dqg lqwhuwhpsrudo
ulvn duh ghwhuplqhg e| wkh vdph idfwruv/ wkxv 7�| ' 78| ' 7| ;|1 Fdvh lll,=
Uhodwhg Vwdwhv/ l1h1 irufhv wkdw jryhuq wkh pdunhw dqg lqwhuwhpsrudo ulvn
duh wkh vdph/ exw duh qrw lq skdvh1 Wzr vxe0fdvhv qhhg wr eh frqvlghuhg=
llld, Wkh frh!flhqw ri ulvn dyhuvlrq fkdqjhv ehiruh wkh lqwhuwhpsrudo sulfh
ri ulvn/ l1h1 wkh sulfh ri pdunhw ulvn ohdgv wkh rwkhu sulfh/ wkxv 78| ' 7�|3�
;|1 Dqg llle, Wkh fdxvdolw| lv uhyhuvhg/ qdpho| 7�| ' 78|3� ;|471

Fdsslhoor +4<<<, hvwlpdwhv d wzr0idfwru wulyduldwh Lqwhuwhpsrudo FDSP
xvlqj wkh vdph dvvhwv hpsor|hg khuh/ exw d gl>huhqw vwdwh yduldeoh wr khgjh
djdlqvw dgyhuvh fkdqjhv lq wkh lqyhvwphqw rssruwxqlw| vhw481 Wkdw uhvhdufk
?qgv wkdw wkh prgho zlwk frpprq vwdwhv rxwshuirupv wkh rwkhuv lq whupv
ri iruhfdvwlqj1 Rq wkh jurxqgv ri wkrvh uhvxowv/ hyhq li khuh wkh vhfrqg
sulfhg idfwru lv gl>huhqw/ rqo| wkh frpprq vwdwh fdvh lv frqvlghuhg1 Lqghhg/
vlqfh b� dqg b8 , ghshqg rq ?uvw dqg vhfrqg ghulydwlyhv ri wkh vdph ghulyhg
xwlolw| ixqfwlrq +vhh Vhfwlrq 5,/ lw lv sodxvleoh wkdw wkhlu hyroxwlrq ryhu wlph
lv jryhuqhg e| wkh vdph odwhqw yduldeoh1

Zkhq fdvh ll, lv dqdo|}hg/ wkh wudqvlwlrq suredelolwlhv duh jlyhq e| htxd0
wlrq +53,/ zkhuh/ vlqfh ü '� ' 8 / wkh vxshuvfulsw fdq eh gursshg rxw1 Wkh
dvvrfldwhg vzlwfklqj suredelolw| pdwul{ dqg phdq htxdwlrq duh/ uhvshfwlyho|/

è '

%
R �ý ^

�ý R ^

&
c +54,

dqg

+|n� ' b�c7|

?[
æ'�

üæc|n�çæc| n b8c7|ü?n�c|n� n 0�c|n�é +55,

Lq Kdplowrq*v +4<;;/ 4<;</ 4<<3/ 4<<7, ruljlqdo irupxodwlrq ri uhjlph
vzlwfklqj prghov wkh wudqvlwlrq suredelolwlhv duh frqvwdqw ryhu wlph1 Wklv

47Lq suhylrxv uhvhdufk p|vhoi dqg Wrp Ihduqoh| kdyh ghyhorshg d surjudp wr hvwlpdwh
d frqglwlrqdo vwdwlf +rqo| wkh pdunhw h{srvxuh lv frqvlghuhg, vlqjoh0dvvhw FDSP lq zklfk
wkh sulfh ri pdunhw ulvn lv prghoohg dffruglqj wr Kdplowrq*v +4<;;/ 4<;</ 4<<3/ 4<<7,
?owhu1 Jlyhq wkh vlpsoh qdwxuh ri wkdw sureohp/ rqo| rqh odwhqw yduldeoh lv dqdo|}hg dqg
qr qhhg iru vhyhudo prgho vshfl?fdwlrqv lv wkhuh uhtxluhg1
48Wkh vwdwh yduldeoh hpsor|hg e| Fdsslhoor +4<<<, lv wkh ghidxow suhplxp/ gh?qhg dv

wkh uhwxuq rq d sruwirolr ri orz0judgh frusrudwh erqgv ohvv wkh uhwxuq rq d sruwirolr ri
orqj0whup jryhuqphqw erqgv1
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dvvxpswlrq lv ?uvw uhwdlqhg dqg wkhq uhod{hg odwhu rq1 Uhfhqw vwxglhv vxj0
jhvw wkdw nhhslqj wkh vzlwfklqj suredelolwlhv frqvwdqw pd| eh dq ryhuvlp0
sol?fdwlrq dqg pdnh wkhp ghshqghqw xsrq vrph frqglwlrqlqj lqirupdwlrq
yduldeohv49=

R| ' xE~|3�ä
^| ' xE~|3�ä

c +56,

zkhuh ~|3� lv d yhfwru ri suhghwhuplqhg yduldeohv zklfk fdq d>hfw wkh vwdwh
wudqvlwlrq suredelolwlhv1 xEüä fdq eh dq| ixqfwlrq zkrvh ydoxhv olh ehwzhhq
}hur dqg rqh1 Wkh ixqfwlrqv w|slfdoo| xvhg lq wkh olwhudwxuh duh wkh orjlvwlf
ru wkh fxpxodwlyh qrupdo ghqvlw| ixqfwlrq1 Khuh lw lv frqvlghuhg wkh odwwhu
ehfdxvh lw pdnhv wkh suredelolwlhv prqrwrqlf lq wkh lqvwuxphqwv/ wkxv idflo0
lwdwlqj wkh lqwhusuhwdwlrq ri wkh sdudphwhuv1 Dv vkrzq lq Fdsslhoor +4<<<,/
lqyhvwruv h{klelw d kljkhu +orzhu, ghjuhh ri ulvn dyhuvlrq lq fruuhvsrqghqfh
ri ?qdqfldo wxuprlov +txlhw shulrgv,1 Wkhuhiruh/ lw lv suhihudeoh wr fkrrvh
suhghwhuplqhg yduldeohv zklfk fdq frqwdlq lqirupdwlrq rq wkh vwdwh ri ?0
qdqfldo pdunhwv1 Yduldeohv vxfk dv odjjhg lqwhuhvw udwhv/ whup suhplxp/ ru
glylghqg |lhogv fdq eh jrrg fdqglgdwhv1 D udlvh lq wkh lqwhuhvw udwh/ iru
lqvwdqfh/ xvxdoo| kdv d qhjdwlyh lpsdfw rq vwrfn pdunhwv1 Wkxv lw vkrxog
lqfuhdvh wkh olnholkrrg ri d vzlwfk wr wkh kljk0ulvn dyhuvlrq uhjlph1

Wkdqnv wr wkh wudqvlwlrq suredelolwlhv lw lv srvvleoh wr ghwhuplqh wkh h{
dqwh suredelolwlhv/ frqglwlrqdo rq lqirupdwlrq dydlodeoh xs wr wlph w =

å E7|n� ' & m@|(w ä '
2[
æ'�

å E7|n� ' &m7| ' æäå E7| ' æ m@|(w ä c & ' �c 2c

+57,
zkhuh w lv wkh yhfwru ri xqnqrzq sdudphwhuv dqg å E7| ' æ m@|(w ä uhsuhvhqwv
wkh ?owhu suredelolw|/ zklfk lqglfdwhv wkh vwdwh ri wkh hfrqrp| dw wlph |1 E|
Ed|hv* uxoh/ wkh odwwhu fdq eh zulwwhq dv

å E7| ' & m@|(w ä ' s EB| m7| ' &c@|3�(w äå E7| ' & m@|3�(w ä
2S
æ'�
s EB| m7| ' æc@|3�(w äå E7| ' æ m@|3�(w ä

c & ' �c 2é

+58,
zkhuh s EB| m7| ' &c@|3�(w ä lv wkh olnholkrrg ixqfwlrq iru wkh gdwd frqgl0
wlrqdo rq wkh lqirupdwlrq vhw dqg wkh odwhqw vwdwh yduldeoh/ dqgB| ' d+| 6|o

â

lv wkh yhfwru ri dvvhw uhwxuqv dqg idfwruv1 Zkloh h{ dqwh suredelolwlhv duh
frpprqo| xvhg iru iruhfdvwlqj/ ?owhu suredelolwlhv jlyh lqihuhqfh derxw wkh

49Vhh/ iru lqvwdqfh/ Jk|vhov +4<<6,/ Glherog/ Ohh dqg Zhlqedfk +4<<7,/ Ilodugr +4<<7,/
Gxuodqg dqg PfFxug| +4<<7,/ Ehndhuw dqg Kduyh| +4<<8,/ Jud| +4<<9,/ Gdkotxlvw dqg
Jud| +4<<;,/ dqg Shuh}0Txlurv dqg Wlpphupdq +4<<<,1
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uhjlph lq zklfk wkh hfrqrp| lv1 Jlyhq wkh frqglwlrqdo ghqvlw| ixqfwlrq
dqg lqlwldo vwduwlqj ydoxhv iru wkh h{ dqwh suredelolwlhv/ htxdwlrqv +57, dqg
+58, fdq eh lwhudwhg uhfxuvlyho| wr frpsxwh wkh vwdwh suredelolwlhv dqg wkh
sdudphwhuv ri wkh olnholkrrg ixqfwlrq1

Wkh frqglwlrqdo ghqvlw| ixqfwlrq lv dvvxphg wr iroorz d pxowlyduldwh qru0
pdol}hg Vwxghqw |0glvwulexwlrq zlwklq hdfk vwdwh +vhh Mrkqvrq dqg Nrw}/
4<:5/ ru Idqj/ Nrw}/ dqg Qj/ 4<<3,=

s EB| m7| ' &c@|3�(w ä '
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+59,

zkhuh } ' ? n 6 dqg K Eüä lv wkh jdppd glvwulexwlrq1 Wkh sdudphwhuv ri
wkh prgho/ lqfoxglqj D/ duh hvwlpdwhg e| pd{lpl}lqj wkh iroorzlqj olnholkrrg
ixqfwlrq zlwk uhvshfw wr w=

u EB| m@|3�(w ä '
A[
|'�

*?è EB| m@|3�(w ä c +5:,

zkhuh wkh ghqvlw| ixqfwlrq è Eüä lv d zhljkwhg dyhudjh ri wkh wzr vwdwh0
ghshqghqw ghqvlwlhv=

è EB| m@|3�(w ä '
2[
æ'�

s EB|m7| ' æc@|3�(wäå E7| ' æ m@|3�(w ä é +5;,

Wkh zhljkwv duh ghwhuplqhg e| wkh h{ dqwh suredelolwlhv +htxdwlrq +57,,1

Wkh odvw lvvxh wr glvfxvv frqfhuqv wkh suhvhqfh ri vzlwfklqj sdudphwhuv
lq wkh dvvhw phdq htxdwlrqv/ l1h1 b�c7| dqg b8c7| 1 Vlqfh wkh prgho lv hvwl0
pdwhg zlwk d JDUFK0lq0Phdq whfkqltxh/ vzlwfklqj sulfhv ri ulvn fdxvh wkh
JDUFK surfhvv wr eh d ixqfwlrq ri wkh hqwluh klvwru| ri wkh vwdwh yduldeohv1
Vshfl?fdoo|/ dv iru wkh jhqhudol}hg Qhovrq prgho/ dw wlph | wkh frqglwlrqdo
+fr,yduldqfhv ghshqg rq wkhpvhoyhv odjjhg rqfh dqg/ gluhfwo| dv zhoo dv
wkurxjk wkh # Eüä ixqfwlrq/ rq frqglwlrqdo vwdqgdugl}hg lqqrydwlrqv1 Wkhvh/
lq wxuq/ duh ixqfwlrq ri odjjhg huuru whupv/ zklfk ghshqg rq wkh odjjhg
vwdwh yduldeohv1 Wkhuhiruh wkh O| pdwul{ fdq eh ghvfulehg e| wkh iroorzlqj
ixqfwlrq=

Oùe,rJ?
| ' )

k
v|3� E7|32ä cOùe,rJ?

|3�
l
é +5<,
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Vlploduo|/ wkh frqglwlrqdo JMU fryduldqfh pdwul{ ghshqgv rq lwvhoi odjjhg
rqfh dqg/ gluhfwo| dv zhoo dv wkurxjk #|/ rq odjjhg huuru whupv/ zklfk duh d
ixqfwlrq ri odjjhg odwhqw yduldeohv1 Wkdw lv=

OCa-
| ' ò

k
0|3� E7|32ä cOCa-

|3�
l
é +63,

Vlqfh erwk JDUFK surfhvvhv +5<, dqg +63, duh v|vwhpv ri ?uvw rughu gli0
ihuhqfh htxdwlrqv/ wkh| kdyh dq lq?qlwh phpru|/ wkdw lvOæ

| ghshqgv rqO
æ
|3�

dqg wkurxjk wklv rq Oæ
|32c dqg vr rq/ edfn wr wkh ehjlqqlqj ri wkh surfhvv/

iru æ ' ùe,rJ?c Ca-1 Exw hdfk ri wkh odjjhgOæ
| whupv lv/ lq wxuq/ d ixqfwlrq

ri odjjhg huuru whupv 0| +hlwkhu vwdqgdugl}hg ru lq ohyho, dqg/ lqgluhfwo|/ ri
odjjhg vwdwh yduldeohv 7|1 Wkhuhiruh/ O

æ
| zloo ghshqg rq wkh hqwluh vhtxhqfh

ri vwdwh yduldeohv/ vwduwlqj zlwk 7|32/ l1h1 O
æ
| ' ú

æ E7|32c 7|3ôc é é é c 7fä é Wkh
dvvrfldwhg olnholkrrg ixqfwlrq kdv wr wdnh lqwr dffrxqw doo srvvleoh sdwkv ri
wkh odwhqw yduldeohv1 Dvvxph/ iru wkh vdnh ri vlpsolflw|/ wkdw wkhuh lv rqo|
rqh vwdwh yduldeoh dqg & ' 2 uhjlphv1 Dw wkh wwk revhuydwlrq/ wkh olnholkrrg
ixqfwlrq zloo kdyh 2| frpsrqhqwv/ uhqghulqj hvwlpdwlrq vrrq xqihdvleoh4:1
Ehndhuw dqg Kduyh| +4<<8,/ lq hvwlpdwlqj d FDSP prgho zlwk d uhjlph
vzlwfklqj DUFK0P whfkqltxh/ uhpryh wkh sdwk ghshqghqfh e| dyhudjlqj
rxw/ iru hdfk shulrg/ wkh huuru whupv frplqj iurp gl>huhqw uhjlphv1 Jud|
+4<<9, idfhv d vlplodu sureohp lq wkh frqwh{w ri d uhjlph vzlwfklqj xqlydul0
dwh JDUFK prgho1 Kh euhdnv grzq wkh sdwk ghshqghqfh ri wkh frqglwlrqdo
yduldqfh e| zhljkwlqj hdfk ri lwv vwdwh0ghshqghqw frpsrqhqwv zlwk h{ dqwh
suredelolwlhv1 Gxhnhu +4<<:, nhhsv wudfn ri rqo| wkh wzr prvw uhfhqw vwdwh0
ghshqghqw yduldqfhv/ zklfk duh djdlq dyhudjhg rxw1 Iroorzlqj Ehndhuw dqg
Kduyh| +4<<8,/ wkh huuru whupv frplqj iurp hdfk srvvleoh uhjlph duh dyhu0
djhg rxw1 Vshfl?fdoo|/ vlqfh rqo| wkh dvvhw uhwxuq htxdwlrqv vkrz vzlwfklqj
sdudphwhuv/ rqo| wkh dvvrfldwhg glvwxuedqfhv qhhg wr eh dyhudjhg rxw1 Khuh
lw lv dvvxphg wkdw wkh odwhqw yduldeoh 7| wdnhv rq wzr srvvleoh ydoxhv1 Wr hdfk
ri wkhvh ydoxhv lv dvvrfldwhg d vhw ri dvvhw uhwxuq htxdwlrqv/ zklfk/ lq wxuq/
zloo jhqhudwh wzr glvwxuedqfh yhfwruv/ 0�c| E7|3� ' &ä/ & ' �c 21 Zhljkwlqj
wkhp rxw zlwk wkh h{ dqwh suredelolwlhv zloo uhpryh wkh vwdwh0ghshqghqfh=

2
0�c|'

2[
æ'�

å E7|3� ' æ m@|32( wä 0�c| E7|3� ' æä é +64,

2
0�c| zloo wkhq eh xvhg lq hdfk ri wkh wzr JDUFK surfhvvhv dqg wkh

pdwul{ Oæ
| zloo qr orqjhu ghshqg rq dq| vwdwh yduldeoh1 Lq rwkhu zrugv/

htxdwlrq +5<, ehfrphv=

Oùe,rJ?
| ' s

í
v|3�cOùe,rJ?

|3�
ì
c +65,

4:Iru ixuwkhu ghwdlov rq uhjlph vzlwfklqj JDUFK prghov dqg wkh dvvrfldwhg hvwlpdwlrq
sureohpv vhh Fdl +4<<7, dqg Kdplowrq dqg Vxvpho +4<<7,1
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zkhuh v| '
k2
v�c| v8c|

lâ
1
2
v�c|'

2
0�c| E

u
u ä_ð@}

t
Oùe,rJ?
�c| / zkhuh E uu ä ghqrwhv

wkh Kdgdpdug +hohphqw e| hohphqw, pdwul{ glylvlrq/ zkloh _ð@}
t
Oùe,rJ?
�c| lv

d ?û � yhfwru zklfk lqfoxghv wkh vtxduh urrwv ri wkh ?uvw ? hohphqwv rq wkh
pdlq gldjrqdo ri wkhOùe,rJ?

| pdwul{> vlploduo|/ v8c| ' 08c|E uu ä_ð@}
t
Oùe,rJ?
8c| c

zkhuh _ð@}
t
Oùe,rJ?
8c| lv d 6û� yhfwru zklfk lqfoxghv wkh vtxduh urrwv ri wkh

odvw 6 hohphqwv rq wkh pdlq gldjrqdo ri wkh Oùe,rJ?
| pdwul{1 E| wkh vdph

wrnhq/ htxdwlrq +63, uhgxfhv wr=

OCa-
| ' }

í
0|3�cOCa-

|3�
ì
c +66,

zkhuh 0| '
k2
0�c| 08c|

lâ
1

Wkxv/ surfhvv +44, dqg +46, ehfrph/ uhvshfwlyho|=

O|n� ' Ofñ E��â ý @@â ý MMâän@@âñ# Ev|ä # Ev|äânll âñv|vâ|nMMâñO|c
+67,

O|n� ' Of ñ E��â ý @@â ý MMâä n @@â ñ 0|0â| n llâ ñ #|#â| n MMâ ñO|c +68,

zkhuh wkh hohphqwv frqwdlqhg lq #| duh prghohg dv lq +47,0+4:,/ exw wkh
uhvlgxdov iru wkh dvvhw phdq htxdwlrqv duh vhw htxdo wr

2
0�c|1 Wkxv/ iru

lqvwdqfh/ #r|JS&c| ' ýU
í2
0r|JS&c|÷ f

ì 2
0r|JS&c|1

Wkh yhfwru ri xqnqrzq sdudphwhuv w lv hvwlpdwhg e| frpelqlqj wzr
qxphulfdo dojrulwkpv ri rswlpl}dwlrq= Wkh Qhzwrq0Udskvrq dqg wkh EKKK
+Ehuqgw/ Kdoo/ Kdoo dqg Kdxvpdq/ 4<:7, phwkrgv1 Wkh iruphu/ wkrxjk
pruh sulplwlyh/ kdv suryhg xvhixo lq lghqwli|lqj wkh rswlpdo uhjlrq lq wkh
sdudphwhu vsdfh> wkh odwwhu lv d uh?qhphqw ri wkh ?uvw dqg lv zlgho| xvhg lq
wkh hpslulfdo JDUFK olwhudwxuh1 Wkh pd{lpl}dwlrq lv shuiruphg xvlqj wkh
Frqvwudlqhg PO prgxoh lq JDXVV vriwzduh1

8 Hpslulfdo Uhvxowv
Lq wklv Vhfwlrq Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP lv whvwhg1 Wkh sulfhv
ri ulvn duh ?uvw khog frqvwdqw dqg wkhq doorzhg wr ydu| ryhu wlph dffruglqj wr
wkh ?owhu sursrvhg e| Kdplowrq +4<;;/ 4<;</ 4<<3/ 4<<7,1 Zkhq sulfhv duh
frqvwdqw/ wkh frqglwlrqdo vhfrqg prphqwv lpsolhg e| Phuwrq*v +4<:6, dvvhw
sulflqj wkhru| duh dvvxphg wr iroorz ?uvw wkh jhqhudol}hg Qhovrq sdudph0
wul}dwlrq dqg wkhq wkh jhqhudol}hg JMU prgho1 Wkh iruphu uhsuhvhqwdwlrq
wxuqv rxw qrw wr eh urexvw wr gl>huhqw vhwv ri vwduwlqj ydoxhv dqg rswlpl}d0
wlrq dojrulwkpv1 Wkh jhqhudol}hg JMU prgho/ rq wkh rwkhu kdqg/ suryhv
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pruh vxlwhg iru wkh gdwd vhw hpsor|hg khuh1 Zkloh wkh pdunhw ulvn suhplxp
sod|v wkh pruh uhohydqw uroh lq wkh ghwhuplqdwlrq ri wkh wrwdo suhplxp iru
htxlwlhv/ wkh uhyhuvh rffxuv iru W0eloov/ zkhuh wkh pdunhw suhplxp lv qhjoljl0
eoh zkhq frpsduhg wr wkh lqwhuwhpsrudo suhplxp1 Erwk wkh lqwhuwhpsrudo
dqg wkh pdunhw suhpld duh/ lqvwhdg/ lpsruwdqw ghwhuplqdqwv ri wkh erqg
wrwdo suhplxp1 Pdmru ?qdqfldo wxuprlov fdxvh dq lqfuhdvh ri wkh suhpld
uhtxluhg wr krog ulvn| dvvhwv dqg vslooryhuv iurp rqh pdunhw wr dqrwkhu duh
dovr fdswxuhg1 Zkhq wkh sulfhv ri ulvn duh doorzhg wr eh wlph0ydu|lqj/ wkh
jhqhudol}hg Qhovrq prgho vx>huv iurp qxphulfdo sureohpv lq wkh rswlpl}d0
wlrq surfhgxuh1 Wkhuhiruh/ vhfrqg prphqwv duh hvwlpdwhg rqo| zlwk wkh
JMU sdudphwul}dwlrq1 Ilqdoo|/ wkh Pdunry wudqvlwlrq suredelolwlhv duh ?uvw
dvvxphg wr eh frqvwdqw/ dqg wkhq doorzhg wr hyroyh wkurxjk wlph zlwk wkh
xvh ri vrph lqirupdwlrq yduldeohv1 Wklv odwwhu h{whqvlrq/ krzhyhu/ grhv qrw
vhhp wr lpsuryh wkh ?qdo uhvxowv1

814 Frqglwlrqdo Lqwhuwhpsrudo FDSP zlwk Frqvwdqw Sulfhv ri
Ulvn

Phuwrq*v +4<:6, dvvhw sulflqj uhvwulfwlrqv duh whvwhg frqvlghulqj wkuhh dv0
vhwv/ +XV vwrfnv/ 90prqwk Wuhdvxu| eloov/ dqg 430|hdu jryhuqphqw erqgv,/
dqg rqh dgglwlrqdo sulflqj idfwru +wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq,1
Wkhuhiruh htxdwlrq +8, ehfrphv=

+|n� ' b�
ô[
æ'�

üæc|n�çæc| n b8üec|n� n 0�c|n�c +69,

zkhuh +|n� lqfoxghv h{fhvv uhwxuqv rq vwrfnv/ h{fhvv kroglqj |lhogv rq wkh
90prqwk W0eloov dqg wkh 430|hdu jryhuqphqw erqgv1 Wkh g|qdplf ri wkh
lqgxvwuldo surgxfwlrq jurzwk udwh +vhh htxdwlrq +9,, lv dvvxphg wr eh gulyhq
e| lwvhoi odjjhg rqfh dqg e| wkh wkuhh prqwk W0eloo uhwxuq odjjhg vl{ wlphv/
ô�A-|3D +vrxufh= FUVS,1 Wklv vshfl?fdwlrq lv prwlydwhg e| wkh idfw wkdw
wkh LS vhulhv lv vhuldoo| dxwrfruuhodwhg zkloh lqwhuhvw udwhv xvxdoo| vkrz wkhlu
h>hfwv rq lqyhvwphqwv rqo| diwhu vrph wlph=

Uå|n� ' &f n &�Uå| n &2ô�A-|3D n 0Uåc|n�é +6:,

Wkh glvwxuedqfh yhfwru/ 0|n� ' d0�c|n� 0Uåc|n�o
â c lv vxssrvhg wr eh frq0

glwlrqdoo| Vwxghqw |0glvwulexwhg=

0|n� m@| å 7|ü_e?|ý | EfcO|n�c Dä c

zkhuh O|n� lv d eû e dv|pphwulf JDUFK surfhvv1 Lw lv ?uvw dvvxphg wkdw
O|n� iroorzv wkh jhqhudol}hg Qhovrq sdudphwul}dwlrq ghvfulehg e| +44, dqg
qh{w wkh jhqhudol}hg JMU prgho ri htxdwlrq +46,1
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Wkh yhfwru ri sdudphwhuv w lv hvwlpdwhg zlwk wkh orj olnholkrrg ixqfwlrq
+5:,/ zkhuh wkh ghqvlw| ixqfwlrq è EB|n� m@|(w ä ehfrphv d vwdwh0lqghshqghqw
pxowlyduldwh Vwxghqw |0glvwulexwlrq=
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81414 Wkh Jhqhudol}hg Qhovrq Prgho

Lq wklv Vhfwlrq wkh frqglwlrqdo fryduldqfh pdwul{ ri wkh huuru whup yhfwru lv
dvvxphg wr iroorz wkh jhqhudol}hg Qhovrq prgho +44,1 Uhvxowv duh uhsruwhg
lq Wdeoh 61 Wkh sulfhv ri pdunhw dqg lqwhuwhpsrudo ulvn duh erwk vljql?fdqw
dqg ri wkh h{shfwhg vljq/ zkloh rqo| @� dqg @2 duh vljql?fdqwo| gl>huhqw iurp
}hur1 Ke lv odujhu wkdq rqh/ zklfk pdnhv wkh JDUFK surfhvv qrq0vwdwlrqdu|
+vhh ]dnrldq/ 4<<7,1 Krzhyhu/ hyhq li wkh pdwkhpdwlfdo surshuwlhv iru vwdelo0
lw| duh qrw ixo?oohg/ ghsulylqj wkh prgho ri d orqj0whup vroxwlrq/ hvwlpdwlrqv
vwloo eulqj vrph hfrqrplf lqwxlwlrq1 Lqwhuhvwlqjo|/ l� lv qhjdwlyh dqg vlj0
ql?fdqw/ vkrzlqj wkdw qhjdwlyh sdvw lqqrydwlrqv kdyh d odujhu lpsdfw wkdq
srvlwlyh vkrfnv ri wkh vdph pdjqlwxgh rq wkh frqglwlrqdo vwrfn yduldqfh1
Wkh rssrvlwh rffxuv iru W0eloov/ zlwk l2 odujhu wkdq }hur +dowkrxjk qrw vlj0
ql?fdqw,1 Qrwlfh wkdw wkh vljqv irxqg iru l� dqg l2 duh frqvlvwhqw zlwk zkdw
lv h{shfwhg rq wkh jurxqgv ri wkh Hqjoh dqg Qj*v +4<<6, whvwv +vhh Vhfwlrq 6,1
Wkh lqwxlwlrq lv wkhuhiruh wkh vdph1 Wkh idfw wkdw l� ÷ f lqglfdwhv wkdw erwk
wkh ohyhudjh h>hfw dqg wkh ihhgedfn yrodwlolw| k|srwkhvlv duh dw zrun= Zkhq
dq xqdqwlflsdwhg qhjdwlyh vkrfn rffxuv/ wkh ghew0wr0htxlw| udwlr lqfuhdvhv/
pdnlqj vwrfnv d ulvnlhu dvvhw1 Li wkh ulvh lq yrodwlolw| lv dqwlflsdwhg/ lqyhvwruv
zloo uhtxluh kljkhu uhwxuqv/ jhqhudwlqj d idoo lq htxlw| sulfhv zklfk fdxvhv uh0
wxuq vkrfnv1 Wkhvh qhjdwlyh lqqrydwlrqv frxsohg zlwk yrodwlolw| shuvlvwhqfh
h{sodlq zk| wkh frqglwlrqdo yduldqfh lqfuhdvhv1 Wkh ohyhudjh h>hfw grhv qrw
sod| dq| uroh iru wkh W0eloov1 Frqwudu| wr Fdpsehoo dqg Khqwvfkhoo*v +4<<5,
wkhru|/ exw frqvlvwhqw zlwk wkh Hqjoh dqg Qj*v +4<<6, whvw/ pruh zhljkw lv
dwwdfkhg wr sdvw srvlwlyh wkdq wr qhjdwlyh lqqrydwlrqv1 Dv iru jryhuqphqw

4;Hvwlpdwlrqv kdyh ?uvw ehhq fduulhg rxw dvvxplqj wkdw frqglwlrqdo uhvlgxdov duh qru0
pdoo| glvwulexwhg1 Zkhq wkh Vwxghqw wýglvwulexwlrq lv frqvlghuhg/ sdudphwhuv h{klelw
wkh vdph vljq dqg derxw wkh vdph vl}h dv wkrvh rewdlqhg xqghu qrupdolw|1 Wkh xvh ri d
Vwxghqwýw glvwulexwlrq kdv/ wkhuhiruh/ jlyhq ulvh wr h!flhqf| jdlqv +vhh Jrxulìurx{ dqg
Prqiruw/ 4<<8/ iru ixuwkhu ghwdlov,1
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erqgv dqg wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq/ wkh jhqhudol}hg Qhovrq
prgho fdqqrw dffrpprgdwh iru wkh idfw wkdw wkhlu yrodwlolw| lqfuhdvhv zkhq
erwk srvlwlyh dqg qhjdwlyh sdvw lqqrydwlrqv rffxu1 Wkhuhiruh wkh vljq dw0
wdfkhg wr lô dqg le +zklfk wxuq rxw wr qrw hyhq eh vljql?fdqw, grhv qrw
eulqj pxfk lqwxlwlrq1 Ryhudoo/ wkh jhqhudol}hg Qhovrq prgho vhhpv wr eh
vxlwhg iru sruwirolrv ri dvvhwv dqg idfwruv zkrvh frqglwlrqdo yrodwlolw|/ vd|/
hlwkhu jrhv xs ru grzq diwhu/ uhvshfwlyho|/ d qhjdwlyh ru srvlwlyh sdvw vkrfn1
Sruwirolrv ri htxlwlhv rqo|/ iru lqvwdqfh/ pljkw eh jrrg fdqglgdwhv iru wklv
pxowlyduldwh dv|pphwulf JDUFK sdudphwul}dwlrq1

Wkh sdudphwhuv lqyroyhg lq wkh vshfl?fdwlrq ri wkh vwdwh yduldeoh duh doo
vljql?fdqw dqg ri wkh h{shfwhg vljq1 Lq sduwlfxodu/ &� lv srvlwlyh/ vkrzlqj
wkdw wkh vhulhv kdv d fhuwdlq phpru|/ zkloh &2 lv qhjdwlyh/ lqglfdwlqj wkdw d
fkdqjh lq lqwhuhvw udwhv kdv dq rssrvlwh h>hfw rq wkh lqgxvwuldo surgxfwlrq
jurzwk udwh1

Xqiruwxqdwho|/ wkh rswlpxp wkdw kdv ehhq uhdfkhg/ ehvlghv ehlqj qrq0
vwdwlrqdu|/ lv qrw urexvw wr gl>huhqw vhwv ri vwduwlqj ydoxhv ru dojrulwkpv
rwkhu wkdq Qhzwrq0Udsvrq/ zklfk txhvwlrqv wkh uholdelolw| ri wkh sdudphwhuv
wkdw kdyh ehhq irxqg1

81415 Wkh Jhqhudol}hg JMU Prgho

Lq wklv Vhfwlrq wkh frqglwlrqdo vhfrqg prphqwv ri Phuwrq*v +4<:6, dvvhw
sulflqj prgho duh dvvxphg wr iroorz wkh dv|pphwulf JDUFK surfhvv jlyhq
e| +46,/ zkhuh wkh irxu hohphqwv lqfoxghg lq #| duh ghvfulehg e| htxdwlrqv
+47, wr +4:,1 Uhvxowv duh vkrzq lq Wdeoh 7/ Sdqho D1 Wkh wzr sulfhv ri ulvn/
b� dqg b8 / duh/ uhvshfwlyho|/ srvlwlyh dqg qhjdwlyh/ lq olqh zlwk wkh wkhru|/
dv zhoo dv vljql?fdqwo| gl>huhqw iurp }hur1 Doo wkh sdudphwhuv lpsolhg e|
wkh JDUFK surfhvv +46,/ dsduw iurp lUå�/ dv zhoo dv wkrvh jryhuqlqj wkh
g|qdplf ri wkh vwdwh yduldeoh/ duh vljql?fdqw1 Wr whvw wkh dv|pphwulf djdlqvw
wkh v|pphwulf JDUFK surfhvv dv zhoo dv zkhwkhu vrph ri wkh l*v sdudphwhuv
duh htxdo/ vhyhudo Zdog whvwv kdyh ehhq fduulhg rxw +Vhh Wdeoh 7/ Sdqho E,1
Wkh wzr qxoo k|srwkhvhv wkdw lKJ?_� ' lKJ?_2 dqg lUå� ' lUå2 duh uhmhfwhg dw
dq| frqyhqwlrqdo ohyho/ dv zhoo dv wkh qxoo wkdw doo wkh vl{ l*v duh mrlqwo| htxdo
wr }hur1 Ixuwkhupruh/ wkh rswlpxp wkdw kdv ehhq uhdfkhg lv qrz urexvw wr
gl>huhqw vhwv ri vwduwlqj ydoxhv dqg wr wzr rswlpl}dwlrq dojrulwkpv +Qhzwrq0
Udsvrq dqg EKKK,1

Lq Iljxuh 4 wkh pdunhw +PUS,/ lqwhuwhpsrudo +LUS,/ dqg wrwdo +WUS,
ulvn suhpld iru hdfk dvvhw duh sorwwhg1 Wkh irupxodh wr frpsxwh hdfk suh0
plxp duh jlyhq e| htxdwlrq +6<,/ +73,/ dqg +74,/ uhvshfwlyho|=
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Wdeoh 6
Hvwlpdwlrq uhvxowv iru wkh Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP

zlwk frqvwdqw sulfhv ri ulvn
Frqglwlrqdo vhfrqg prphqwv vshfl?fdwlrq= Jhqhudol}hg Qhovrq

prgho

Wkh hvwlpdwhg prgho lv=

+|n� ' b�
ô[
æ'�

üæc|n�çæc| n b8üec|n� n 0�c|n�c

Uå|n� ' &f n &�Uå| n &2ô�A-|3D n 0Uåc|n�c

Wkh huuru whupv duh frqglwlrqdoo| Vwxghqw w0glvwulexwhg/ l1h1 0|n� m@| å
5|ý_i?| ý | EfcO|n�c Dä é Wkh frqglwlrqdo fryduldqfh pdwul{ iroorzv wkh jhq0
hudol}hg Qhovrq surfhvv ghvfulehg e| htxdwlrq +44,=
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Kdgdpdug +hohphqw e| hohphqw, pdwul{ glylvlrq/ zkloh _ð@}
s
O| lv d yhfwru

zklfk lqfoxghv wkh vtxduh urrwv ri wkh hohphqwv rq wkh pdlq gldjrqdo ri wkh
O| pdwul{1 Vlqfh wkh huuru whupv duh dvvxphg wr eh Vwxghqw w0glvwulexwhg/
. mv|m '

q
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Vwdqgdug huuruv/ edvhg rq wkh pdwul{ ri vhfrqg ghulydwlyhv ri wkh orj olnholkrrg
ixqfwlrq/ duh vkrzq lq sduhqwkhvhv1
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Wdeoh 7
Hvwlpdwlrq uhvxowv iru wkh Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP

zlwk frqvwdqw sulfhv ri ulvn
Frqglwlrqdo vhfrqg prphqwv vshfl?fdwlrq= Jhqhudol}hg JMU

prgho

Wkh hvwlpdwhg prgho lv=

+|n� ' b�
ô[
æ'�

üæc|n�çæc| n b8üec|n� n 0�c|n�c

Uå|n� ' &f n &�Uå| n &2ô�A-|3D n 0Uåc|n�c

Wkh huuru whupv duh frqglwlrqdoo| Vwxghqw w0glvwulexwhg/ l1h1 0|n� m@| å
5|ý_i?| ý | EfcO|n�c Dä é Wkh frqglwlrqdo fryduldqfh pdwul{ iroorzv wkh jhq0
hudol}hg JMU surfhvv ghvfulehg e| htxdwlrq +46,=
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Sdqho 7D= Hvwlpdwlrq uhvxowv
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ixqfwlrq/ duh vkrzq lq sduhqwkhvhv1 73



Sdqho 7E= Vshfl?fdwlrq whvwv iru wkh sdudphwhuv jryhuqlqj wkh dv|pphwulf
h>hfwv

Qxoo K|srwkhvlv G1 ri I1 ã26 s0ydoxh
Gr srvlwlyh dqg qhjdwlyh sdvw vkrfnv kdyh wkh vdph
h>hfw rq jryhuqphqw erqg yrodwlolw|B
Mf G lKJ?_� ' lKJ?_2

4 7:1796 31333

Gr srvlwlyh dqg qhjdwlyh sdvw vkrfnv kdyh wkh vdph
h>hfw rq lqgxvwuldo surgxfwlrq jurzwk udwh yrodwlolw|B
Mf G lUå� ' lUå2

4 541593 31333

Duh doo wkh sdudphwhuv jryhuqlqj wkh dv|pphwulf
h>hfw lq frqglwlrqdo vhfrqg prphqwv vljql?fdqwB
Mf G lr|JS& ' lKð,, ' lKJ?_� ' lKJ?_2 ' lUå� ' lUå2 ' f

9 <31::8 31333

Wkh Zdog whvw vwdwlvwlfv lv dv|pswrwlfdoo| glvwulexwhg dv ã24 / zlwk p lqglfdwlqj
wkh ghjuhhv ri iuhhgrp1

�-åðc|n� ' b�
ô[
æ'�

äJñ E-ðc|n�c -æc|n� m@| äçæc|c ð ' r|JS&c Kð,,c KJ?_é

+6<,

U-åðc|n� ' b8 EäJñ-ðc|n�c Uå|n� m@| ä c ð ' r|JS&c Kð,,c KJ?_é +73,

A-åðc|n� '�-åðc|n� n U-åðc|n�c ð ' r|JS&c Kð,,c KJ?_é +74,

Iluvw/ qrwlfh wkdw wkh sulfh ri lqwhuwhpsrudo ulvn lv qhjdwlyh1 Wklv phdqv
wkdw wkh hodvwlflw| ri pdujlqdo xwlolw| ri zhdowk zlwk uhvshfw wr wkh jurzwk
udwh ri lqgxvwuldo surgxfwlrq lv srvlwlyh/ l1h1 a`Uå : f1 Zkhq Uå jrhv
xs/ vljqdolqj dq h{sdqvlrq lq wkh hfrqrp|/ wkh pdujlqdo xwlolw| ri zhdowk
lqfuhdvhv dv zhoo1 Wkhuhiruh/ wkh vljq ri wkh lqwhuwhpsrudo suhplxp zloo
ghshqg rq wkh vljq ri wkh fryduldqfh ehwzhhq hdfk dvvhw dqg wkh jurzwk
udwh ri lqgxvwuldo surgxfwlrq1 Li wklv fryduldqfh lv srvlwlyh/ wkh wrwdo suh0
plxp lqyhvwruv uhtxluh iru hdfk vhfxulw| zloo ghfuhdvh> frqyhuvho|/ zkhq wkh
fryduldqfh lv qhjdwlyh/ wkh wrwdo suhplxp zloo lqfuhdvh1

Dv idu dv vwrfnv duh frqfhuqhg/ pdunhw suhpld duh vhhq wr lqfuhdvh lq
wzr uhfhvvlrqdo shulrgv dv uhsruwhg e| QEHU/ qdpho| lq wkh hduo| *:3v/ dqg
gxulqj wkh frqwudfwlrq fdxvhg e| wkh ?uvw rlo vkrfn1 Wkh udlvh lq suhpld lv
pxfk pruh prghvw lq wkh ?uvw kdoi ri wkh *;3v/ dqg lq wkh hduo| *<3v/ djdlq
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Iljxuh 4= Frpsrqhqwv ri h{fhvv uhwxuqv

Frqglwlrqdo Lqwhuwhpsrudo FDSP zlwk frqvwdqw sulfhv ri ulvn1 Frqglwlrqdo
vhfrqg prphqw vshfl?fdwlrq= Jhqhudol}hg JMU prgho1 Wkh vfdoh dorqj wkh

yhuwlfdo d{hv lv lq xqlwv ri shufhqw1

Iljxuh 4D= Vwrfn h{fhvv uhwxuqv
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Iljxuh 4E= H{fhvv kroglqj |lhogv rq 90prqwk W0eloov
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Iljxuh 4F= H{fhvv kroglqj |lhogv rq 430|hdu jryhuqphqw erqgv
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shulrgv ri frqwudfwlrq dffruglqj wr wkh QEHU1 Ixuwkhupruh/ pdunhw suhpld
vxujh gxulqj wkh 4<;: vwrfn pdunhw fudvk/ dqg ?qdoo| gxulqj wkh 4<<:2<;
Dvldq0Uxvvldq0Odwlq Dphulfdq fulvhv1 Wkh lqwhuwhpsrudo ulvn suhplxp lv
doprvw dozd|v qhjdwlyh xqwlo wkh plggoh ri wkh *:3v dqg wkhuhdiwhu doprvw
dozd|v srvlwlyh/ zlwk wkh h{fhswlrq ri wkh shulrg iroorzlqj wkh ?uvw rlo vkrfn1
Vxfk d wlph hyroxwlrq fdq kdyh dq dsshdolqj lqwhusuhwdwlrq= Lq wkh plggoh ri
wkh *:3v/ zkhq wkh frqvhtxhqfhv ri wkh rlo vkrfn klw wkh Dphulfdq hfrqrp|
khdylo|/ wkh lqwhuwhpsrudo ulvn suhplxp vkrzv lwv kljkhvw shdn/ lqfuhdvlqj
wkh wrwdo suhplxp lqyhvwruv uhtxluh wr krog htxlwlhv1 Lq vxfk d frqwudfwlrq
skdvh/ vwrfnv zhuh qrw jrrg khgjhv djdlqvw exvlqhvv f|foh grzqwxuqv1 Rq
wkh frqwudu|/ wkh ghhshvw wkurxjk zklfk rffxuuhg lq wkh vhfrqg kdoi ri wkh
*:3v pljkw lqglfdwh wkh zloolqjqhvv wr krog vwrfnv/ gxh wr wkh uhfryhu| ri wkh
hfrqrp|1 Ryhudoo/ iurp wkh *;3v rq/ wkh lqwhuwhpsrudo ulvn suhplxp lv srvl0
wlyh/ uh hfwlqj d qhjdwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg wkh jurzwk
udwh ri lqgxvwuldo surgxfwlrq1 Vxfk d qhjdwlyh frqglwlrqdo fryduldqfh fdq eh
h{sodlqhg frqvlghulqj wkdw wkh vwrfn pdunhw dqg jurzwk udwh ri lqgxvwuldo
surgxfwlrq duh olqnhg exw duh qrw lq skdvh +vhh/ iru lqvwdqfh/ Kdplowrq dqg
Olq/ 4<<9/ Fkdxyhw dqg Srwwhu/ 4<<;/ dqg Fkdxyhw/ 4<<<,4<1 Lq wklv fdvh/
wkh wrwdo suhplxp lqyhvwruv uhtxluh wr krog htxlwlhv lqfuhdvhv1 Ilqdoo|/ qr0
wlfh wkdw wkh pdunhw suhplxp frqvwlwxwhv wkh pdlq frpsrqhqw ri wkh wrwdo
suhplxp1

Wkh odujhvw pryhphqwv lq wkh W0eloo pdunhw ulvn suhpld rffxuuh diwhu
wkh ?uvw rlo vkrfn dqg ehwzhhq 4<:< dqg 4<;51 Gxulqj wklv odwwhu shulrg wkh

4<Lqwhuhvwlqjo|/ dovr wkh xqfrqglwlrqdo fryduldqfh ehwzhhq wkh wzr wlph vhulhv lv qhjdwlyh
dqg htxdo wr ý3=4871

76



Ihghudo Uhvhuyh +Ihg, fkdqjhg lwv prqhwdu| srolf| lq wkdw/ lqvwhdg ri wdu0
jhwlqj lqwhuhvw udwhv/ lw suhihuuhg wr frqwuro qrqeruurzhg uhvhuyhv1 Lqwhuhvw
udwhv zhqw xs/ qh{w grzq/ dqg lqfuhdvhg djdlq diwhuzdugv1 Yrodwlolw|/ wkxv/
vxujhg iru jryhuqphqw ?{hg lqfrph vhfxulwlhv1 Dv d frqvhtxhqfh wkh pdunhw
suhplxp lv vhhq ?uvw wr ghfuhdvh dqg wkhq wr ulvh1 Wkh prqh| pdunhw dovr
vx>huhg iurp wkh vwrfn pdunhw fudvk/ dv hylghqfhg e| wkh shdn dw wkh hqg
ri 4<;:1 Wkh lqwhuwhpsrudo ulvn suhplxp lv srvlwlyh prvw ri wkh wlph/ lqgl0
fdwlqj wkdw wkh fryduldqfh ehwzhhq uhwxuqv rq W0eloov dqg wkh jurzwk udwh
ri lqgxvwuldo surgxfwlrq lv doprvw dozd|v qhjdwlyh/ zklfk ?qgv lwv udwlrqdoh
lq wkh qhjdwlyh fruuhodwlrq ehwzhhq lqwhuhvw udwhv dqg lqyhvwphqwv1 Lqghhg/
lw uhdfkhv lwv kljkhvw shdnv dw wkh ehjlqqlqj dqg lq wkh plggoh ri wkh *:3v
dqg lq wkh ?uvw kdoi ri wkh *;3v1 Wklv pd| uh hfw wkh idfw wkdw W0eloov duh qrw
frqvlghuhg d jrrg khgjh djdlqvw 3edg wlphv41 D uhvxow zklfk lv lqwxlwlyh/
li rqh frqvlghuv wkdw uhwxuqv rq W0eloov vkrz d vruw ri sur0f|folfdo sdwwhuq=
Xvxdoo| fhqwudo edqnv orzhu +lqfuhdvh, lqwhuhvw udwhv dw exvlqhvv f|foh wurxjkv
+shdnv,/ lq dq dwwhpsw wr vwlpxodwh +frro grzq, wkh hfrqrp|1 Ryhudoo/ wkh
wrwdo suhplxp wkdw frphv rxw lv pxfk odujhu wkdq wkh pdunhw ulvn suhplxp=
Zkhq wkh wzr suhpld duh sorwwhg rq wkh vdph judsk/ wkh odwwhu lv qhjoljleoh
zkhq frpsduhg wr wkh iruphu/ lqglfdwlqj wkdw wkh wrwdo suhplxp lv doprvw
hqwluho| gulyhq e| wkh lqwhuwhpsrudo suhplxp1

Dv idu dv jryhuqphqw erqgv duh frqfhuqhg/ wkh pdunhw ulvn suhplxp lq0
fuhdvhv lq wkh hduo| dqg plggoh *:3v/ shulrgv ri exvlqhvv f|foh grzqwxuqv/ dv
zhoo dv ehwzhhq 4<:< dqg 4<;5/ djdlq gxh wr wkh fkdqjh lq wkh Ihg*v prq0
hwdu| srolf|1 Wkh pdunhw ulvn suhplxp soxqjhv lq fruuhvsrqghqfh ri wkh
Rfwrehu 4<;: vwrfn pdunhw fudvk= Suredeo| lqyhvwruv ihduhg d zhdnhqlqj lq
wkh hfrqrp| dqg h{shfwhg wkdw erqgv zrxog kdyh shuiruphg ehwwhu wkdq
vkduhv531 Lqghhg/ jurzlqj qxpehuv ri lqvwlwxwlrqdo lqyhvwruv/ zkr wudglwlrq0
doo| xvhg wr krog pdlqo| htxlwlhv/ vzlwfkhg wr erqgv1 Wkh ghfuhdvh lq wkh
erqg pdunhw suhplxp uh hfwv wklv srvw0fudvk 3 ljkw wr txdolw|41 D vlplodu
skhqrphqrq rffxuuhg dw wkh hqg ri 4<<;/ zkhq wkh pdunhw suhplxp lv djdlq
qhjdwlyh1 Wkh lqwhuwhpsrudo ulvn suhplxp lv srvlwlyh prvw ri wkh wlph/ lq0
glfdwlqj wkdw wkh frqglwlrqdo fryduldqfh ehwzhhq uhwxuqv rq erqgv dqg wkh
jurzwk udwh ri lqgxvwuldo surgxfwlrq lv doprvw dozd|v qhjdwlyh1 Jryhuqphqw
erqgv/ wkhuhiruh/ fdqqrw eh frqvlghuhg jrrg khgjhv djdlqvw exvlqhvv f|foh
grzqwxuqv1 Ilqdoo|/ rqfh pruh/ wkh lqwhuwhpsrudo suhplxp frqvwlwxwhv dq
lpsruwdqw sruwlrq ri wkh wrwdo1

Doo lq doo/ li wkh 3wuxh4 prgho lv Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP
exw dvvhw sulflqj dqg sruwirolr pdqdjhphqw duh fduulhg rxw zlwk wkh wudgl0

53Lq dqrwkhu yhuvlrq ri wkh jhqhudol}hg JMU prgho/ zkhuh wkh vdph zhljkw lv dwwdfkhg
wr erwk srvlwlyh dqg qhjdwlyh sdvw erqg dqg LS vkrfnv/ wkh erqg pdunhw ulvn suhplxp lv
vhhq wr lqfuhdvh diwhu Rfwrehu 4<;:1 Wklv lqglfdwhv wkdw wkh vshfl?fdwlrq sursrvhg khuh
lv suhihudeoh1
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wlrqdo vwdwlf FDSP/ zkhuh wkh wrwdo dqg wkh pdunhw suhpld frlqflgh/ wkhq
lqyhvwruv pljkw eh vhulrxvo| plvwdnhq1 Krzhyhu/ wkhvh uhvxowv pxvw eh lqwhu0
suhwhg zlwk fdxwlrq1 Hyhq li Phuwrq*v prgho lv pruh vdwlvidfwru| wkdq wkh
wudglwlrqdo rqh/ lw surylghv olwwoh jxlgdqfh iru wkh fkrlfh ri wkh dgglwlrqdo
sulflqj idfwruv dv zhoo dv wkhlu qxpehu/ d wrslf zruwk d vhsdudwh vwxg| +vhh/
iru lqvwdqfh/ Fkhq/ Uroo/ dqg Urvv/ 4<;9/ dqg Idpd/ 4<<;,1

81416 Wkh Dv|pphwulf H>hfwv lq Frqglwlrqdo Vhfrqg Prphqwv= Judsklfdo Hy0
lghqfh dqg Urexvw Whvw Vwdwlvwlfv

Wklv Vhfwlrq surylghv judsklfdo hylghqfh dqg gldjqrvwlf urexvw whvw vwdwlv0
wlfv wr vkrz wkdw wkh jhqhudol}hg JMU prgho +46, 0 +4:, lv deoh wr fdswxuh
wkh dv|pphwulf uhvsrqvhv ri yduldqfhv dqg fryduldqfhv wr sdvw vkrfnv1 Lq
sduwlfxodu/ qhzv lpsdfw ixqfwlrqv dqg vxuidfhv +vhh Hqjoh dqg Qj/ 4<<6/
dqg Nurqhu dqg Qj/ 4<<; iru ghwdlov, duh sorwwhg1 Ixuwkhupruh/ wkh urexvw
frqglwlrqdo prphqw whvw vwdwlvwlfv sursrvhg e| Nurqhu dqg Qj +4<<;, duh
frpsxwhg1

Qrwlfh wkdw/ gxh wr wkh xvh ri d gldjrqdo JDUFK surfhvv/ e| frqvwuxf0
wlrq/ wkh Eðc æäwk hohphqw ri wkh fryduldqfh pdwul{ rqo| ghshqgv rq wkh fru0
uhvsrqglqj sdvw Eðc æäwk lqqrydwlrq/ zkloh sdvw furvv surgxfwv ri wkh 0|*v gr
qrw hqwhu lqwr vhfrqg prphqw vshfl?fdwlrq1 Wkhuhiruh/ khuh qhzv lpsdfw
fxuyhv hvwdeolvk d uhodwlrqvkls ehwzhhq wkh fxuuhqw frqglwlrqdo yrodwlolw| ri
wkh yduldeoh ð dqg lwv rzq odvw shulrg vkrfnv +qhzv, 0ðc|/ hydoxdwlqj odjjhg
frqglwlrqdo yduldqfhv dw wkhlu xqfrqglwlrqdo vdpsoh phdq ohyho1 Vlploduo|/
qhzv lpsdfw vxuidfhv sorw frqglwlrqdo fryduldqfhv ehwzhhq yduldeohv ð dqg æ
djdlqvw sdvw lqqrydwlrqv 0ðc|0æc|/ kroglqj odjjhg frqglwlrqdo fryduldqfhv frq0
vwdqw dw wkhlu xqfrqglwlrqdo ydoxh1 Lq Iljxuh 5/ vxfk fxuyhv dqg vxuidfhv duh
uhsuhvhqwhg iru h{fhvv uhwxuqv rq vwrfnv/ W0eloov/ dqg jryhuqphqw erqgv/ dv
zhoo dv iru wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq1

Dv idu dv htxlwlhv duh frqfhuqhg/ qhjdwlyh vkrfnv lqfuhdvh wkh frqglwlrqdo
yduldqfh pxfk pruh wkdq srvlwlyh lqqrydwlrqv ri wkh vdph pdjqlwxgh/ zkloh
wkh rssrvlwh rffxuv iru W0eloov1 Olnh htxlw| yduldqfh/ frqglwlrqdo yrodwlolw|
ri erqgv dv zhoo dv wkdw ri wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq uhvsrqg
pruh wr sdvw qhjdwlyh wkdq srvlwlyh vkrfnv/ wkrxjk wkh gl>huhqfh lv qrw wkdw
odujh1

Wr ehwwhu vhh wkh h>hfw ri wkh dv|pphwulf frpsrqhqw lq wkh jhqhudol}hg
JMU prgho/ Iljxuh 5E sorwv wkh frqglwlrqdo fryduldqfh ehwzhhq wzr jhqhulf
yduldeohv ð dqg æ zkhq wkh whup ll â ñ #|#â| lv vhw htxdo wr }hur dqg wkh
dv|pphwulf JDUFK surfhvv +46, uhgxfhv wr wkh v|pphwulf vshfl?fdwlrq
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Iljxuh 5= Qhzv lpsdfw fxuyhv dqg vxuidfhv ri wkh jhqhudol}hg
JMU prgho

Wkh vfdoh dorqj wkh yhuwlfdo d{hv lv lq xqlwv ri shufhqw1

Iljxuh 5D= Qhzv lpsdfw fxuyhv
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Iljxuh 5E= Qhzv lpsdfw vxuidfhv= V|pphwulf vshfl?fdwlrq

79



Iljxuh 5F= Qhzv lpsdfw vxuidfhv= Dv|pphwulf vshfl?fdwlrq
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Iljxuh 5F +frqwg1,= Qhzv lpsdfw vxuidfhv= Dv|pphwulf vshfl?fdwlrq
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jlyhq e| htxdwlrq +<,541 Lq wklv fdvh/ zkhq sdvw vkrfnv vkrz wkh vdph
vljq dqg erwk wdnh rq h{wuhph ydoxhv/ wkh frqglwlrqdo fryduldqfh uhdfkhv
lwv kljkhvw +vdph, shdnv1 Frqyhuvho|/ zkhq h{wuhph sdvw lqqrydwlrq ydoxhv
ri gl>huhqw vljqv duh frpelqhg/ wkh frqglwlrqdo fryduldqfh lv vhhq wr eh dw
lwv orzhvw +vdph, ohyhov1 Vxfk d uhsuhvhqwdwlrq lv xvhg dv d ehqfkpdun1 Lq
Iljxuhv 5F/ lqvwhdg/ vhfrqg prphqwv rewdlqhg iurp hvwlpdwlqj prgho +46,
duh sorwwhg1 Odujh srvlwlyh htxlw| vkrfnv wrjhwkhu zlwk vpdoo qhjdwlyh W0eloo
lqqrydwlrqv lqfuhdvh wkh frqglwlrqdo fryduldqfh/ zkhuhdv wkh uhpdlqlqj sduw
ri wkh vxuidfh grhv qrw fkdqjh pxfk li frpsduhg wr Iljxuh 5E1 Vlploduo|/ wkh
frqglwlrqdo fryduldqfh ehwzhhq vwrfnv dqg erqgv uhvsrqgv dv|pphwulfdoo|
wr odujh srvlwlyh htxlw| vkrfnv dqg vpdoo erqg lqqrydwlrqv1 Wkh frqglwlrqdo
fryduldqfh ehwzhhq htxlwlhv dqg LS lv vhhq wr ghfuhdvh zkhq edg qhzv klwv
wkh vwrfn pdunhw zkloh wkhuh duh qhjdwlyh lqqrydwlrqv iru wkh vwdwh yduldeoh1
Jrrg qhzv wr wkh erqg pdunhw dqg edg qhzv wr wkh W0eloo pdunhw eulqj
wkh frqglwlrqdo fryduldqfh xs1 Zkhq qhjdwlyh W0eloo vkrfnv duh dvvrfldwhg
zlwk srvlwlyh LS vkrfnv/ wkh fruuhvsrqghqw frqglwlrqdo fryduldqfh ghfuhdvhv1
Ilqdoo|/ wkh vxuidfh uhsuhvhqwlqj wkh frqglwlrqdo fryduldqfh ehwzhhq erqgv
dqg LS h{klelw d vkdsh vlplodu wr wkdw ri vwrfnv dqg wkh lqgxvwuldo surgxfwlrq
jurzwk udwh1

Gldjqrvwlf vwdwlvwlfv iru wkh vwdqgdugl}hg uhvlgxdov lq ohyho/ l1h1 0Wðc|n� '
0ðc|n�û

3�*2
ððc|n�/ dqg vtxduhg/ l1h1 0W

2

ðc|n� ' 02ðc|n�û
3�
ððc|n�/ ri wkh jhqhudol}hg JMU

prgho duh suhvhqwhg lq Wdeoh 81 Wkh Omxqj0Er{ sruwpdqwhdx vwdwlvwlfv grhv
qrw uhmhfw wkh qxoo ri qr vlpxowdqhrxv dxwrfruuhodwlrq iru vwrfnv/ erqgv/ dqg
wkh lqgxvwuldo surgxfwlrq jurzwk udwh/ exw lw grhv iru W0eloov/ lqglfdwlqj wkdw
dq dxwruhjuhvvlyh whup lq wkh W0eloo phdq htxdwlrq pljkw surylgh d ehwwhu
?w1

Wkh Omxqj0Er{ whvwv/ krzhyhu/ duh qrw vxlwhg wr fkhfn zkhwkhu d JDUFK
surfhvv lv deoh wr fdswxuh wkh dv|pphwulf uhvsrqvhv ri frqglwlrqdo vhfrqg
prphqwv wr sdvw lqqrydwlrqv1 Wkhuhiruh/ wr fkhfn li wkh jhqhudol}hg JMU
prgho lv plv0vshfl?hg/ wkh urexvw frqglwlrqdo prphqw whvwv ri Nurqhu dqg
Qj +4<<;, duh dssolhg +vhh wkh dxwkruv iru ixuwkhu ghwdlov,1 Wkhvh whvwv duh
edvhg rq plv0vshfl?fdwlrq lqglfdwruv/ %}1 Lq sduwlfxodu/ rqh kdv wr frp0
sxwh %, ' U E0ðc| ÷ fä c , ' ð ' �c é é é c e> %�6 ' U E0ðc| ÷ f( 0æc| ÷ fä/ %26 '
U E0ðc| ÷ f( 0æc| : fä/ %ô6 ' U E0ðc| : f( 0æc| ÷ fä/ %e6 ' U E0ðc| : f( 0æc| : fä/
ðc æ ' �c é é é c e/ iru d wrwdo ri 57 frpelqdwlrqv> %? ' 02ðc|U E0æc| ÷ fä c ðc æ '
�c é é é c ec iru d wrwdo ri 49 frpelqdwlrqv1 Ilqdoo|/ iru wkh vdnh ri frpsohwh0
qhvv/ dqrwkhu vhw ri plv0vshfl?fdwlrq lqglfdwruv fdq eh sursrvhg/ qdpho|
%R ' 0

2
ðc|U E0æc| : fä c ðc æ ' �c é é é c ec iru d wrwdo ri 49 frpelqdwlrqv1 Wkh odvw

vhw ri lqglfdwruv fdq eh vhhq dv dq h{whqvlrq wr d pxowlyduldwh frqwh{w ri wkh
54Zkhq sorwwlqj qhzv lpsdfw fxuyhv dqg vxuidfhv/ vlqfh odjjhg frqglwlrqdo +fr,yduldqfhv

duh hydoxdwhg dw wkhlu xqfrqglwlrqdo vdpsoh phdq ohyho/ wkh| duh phuh vfdolqj idfwruv1 Iru
wkh vdnh ri vlpsolflw|/ zkhq ll3 ñ #w#3w @ 3/ wkh| duh vhw htxdo wr rqh1
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Wdeoh 8
Gldjqrvwlf whvwv iru wkh vwdqgdugl}hg uhvlgxdov ri wkh jhqhudol}hg

JMU prgho
-r|JS& -Kð,, -KJ?_ Uå

Phdq ýféfeH fé2ôô ýféfH2 ýfé�fb
Vwg1 Ghy1 féHbe féb2� féH22 féH22

O0E45
í
0Wðc|n�

ì
.é.�b 2béfe.WW �Dé.ôe �ôéeSf

O0E45
í
0W

2

ðc|n�

ì
SéD2e ôHéôbeWW �fée2e �eébHb

WW ghqrwhv 4( vljql?fdqfh ohyho1
Wkh Omxqj0Er{4 +O0E4, vwdwlvwlfv whvwv wkh qxoo k|srwkhvlv wkdw doo dxwrfruuhod0
wlrq frh!flhqwv duh vlpxowdqhrxvo| htxdo wr }hur xs wr p odjv> lw lv dv|pswrwlfdoo|
glvwulexwhg dv ã24 1 Lw kdv ehhq fkrvhq p @ 45 iru zklfk wkh fulwlfdo ydoxhv dw <8(
dqg <<( frq?ghqfh ohyho duh 541359 dqg 59154:/ uhvshfwlyho|1

srvlwlyh vl}h0eldv whvwv lqwurgxfhg e| Hqjoh dqg Qj +4<<6,1 Dv ehiruh/ U Eüä
uhsuhvhqwv wkh lqglfdwru ixqfwlrq1 Vlqfh doo wkh srvvleoh frpelqdwlrqv jlyh
ulvh wr 93 ?jxuhv/ wkh whvw vwdwlvwlfv duh qrw uhsruwhg khuh551 Lpsruwdqwo|/
wkh jhqhudol}hg JMU prgho lv uhmhfwhg rqo| wkuhh wlphv rxw ri vl{w| dw 4(
vljql?fdqfh ohyho/ zklfk lqglfdwhv wkdw wkh uhsuhvhqwdwlrq lv zhoo vshfl?hg1

815 Frqglwlrqdo Lqwhuwhpsrudo FDSP zlwk Wlph0Ydu|lqj Sulfhv
ri Ulvn

Wkhuh lv odujh frqvhqvxv rq wkh idfw wkdw erwk h{shfwhg h{fhvv uhwxuqv dqg
frqglwlrqdo +fr,yduldqfhv fkdqjh wkurxjk wlph +vhh wkh h{whqvlyh vxuyh|v ri
Eroohuvohy/ Fkrx/ dqg Nurqhu/ 4<<5/ Ehud dqg Kljjlqv/ 4<<6/ dqg Eroohuvohy/
Hqjoh/ dqg Qhovrq/ 4<<7,1 Krzhyhu/ ?uvw dqg vhfrqg frqglwlrqdo prphqwv
gr qrw pryh lq d rqh0wr0rqh sursruwlrq1 Wkhuhiruh/ lq FDSP0w|sh prghov
wkh ulvn0uhwxuq uhodwlrqvkls lv qrw frqvwdqw ryhu wlph1 Wkh hvwlpdwlrq ri
wkh frh!flhqw ri ulvn dyhuvlrq/ wkrxjk/ lv rqh ri wkh 3xqvroyhg4 lvvxhv lq
hpslulfdo ?qdqfh1 Ehlqj uhodwhg wr wkh lqyhvwruv* xwlolw| ixqfwlrq +vhh Vhfwlrq
5,/ zklfk lv qrw revhuydeoh shu vh/ lwv hyroxwlrq ryhu wlph lv riwhq edvhg rq
vrph suhvxpswlrqv1 Qhyhuwkhohvv/ lwv vljq dqg pdjqlwxgh duh fuxfldo/ vlqfh
wkh| gluhfwo| d>hfw ulvn suhpld1

Dowkrxjk lq Iuhqfk/ Vfkzhuw/ dqg Vwdpedxjk +4<;:, wkh frh!flhqw ri
ulvn dyhuvlrq lv srvlwlyh exw qrw vljql?fdqw/ lqwhuhvwlqjo|/ lw wxuqv rxw wr eh
yhu| xqvwdeoh dfurvv vdpsoh shulrgv1 Lq wkhlu hvwlpdwlrqv/ wkh ulvn0uhwxuq uh0
odwlrq udqjhv iurp 41843 wr :1553/ zkhq wkh Q\VH prqwko| ydoxh0zhljkwhg

55Iljxuhv uhodwlyh wr wkh urexvw frqglwlrqdo prphqw whvwv duh dydlodeoh iurp wkh dxwkru
xsrq uhtxhvw1
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lqgh{ lv xvhg/ dqg iurp 318<; wr :1;3</ zkhq wkh V)S*v gdlo| frpsrvlwh lq0
gh{ lv dgrswhg1 Wkh wzr vxeshulrgv frqvlghuhg duh 4<5;04<85 dqg 4<8604<;7/
uhvshfwlyho|1 Wkhuhdiwhu/ hpslulfdo uhvhdufk kdv frqwlqxhg wr ?qg vxssruw
iru d wlph0ydu|lqj sulfh ri pdunhw ulvn= Vhh/ iru lqvwdqfh/ Kduyh| +4<;</
4<<4,/ Fkrx/ Hqjoh dqg Ndqh +4<<5,/ Ehndhuw dqg Kduyh| +4<<8,/ Gxpdv
dqg Vroqln +4<<8,/ Fdsslhoor +4<<;,/ Gh Vdqwlv dqg Jhudug +4<<:/ 4<<;d/
4<<;e,/ Fkdxyhw dqg Srwwhu +4<<;,/ Gh Vdqwlv/ Jhudug/ dqg Kloolrq +4<<;,/
Fdsslhoor +4<<<,/ dqg Ehndhuw dqg Zx +5333,1 Doo wkhvh vwxglhv/ dsduw iurp
Fkrx hw do1/ Fdsslhoor +4<<<,/ dqg Fkdxyhw dqg Srwwhu/ prgho wkh frh!flhqw
ri ulvn dyhuvlrq dv d ixqfwlrq ri d fhuwdlq qxpehu ri lqvwuxphqwv/ zklfk duh
ghvljqhg wr fdswxuh h{shfwdwlrqv lq exvlqhvv f|foh  xfwxdwlrqv561 Wklv uh0
vhdufk grfxphqwv wkdw wkh sulfh ri ulvn lqfuhdvhv gxulqj hfrqrplf wurxjkv
zkloh ghfuhdvhv gxulqj h{sdqvlrqdu| skdvhv ri wkh exvlqhvv f|foh +d sdwwhuq
sduwlfxoduo| fohdu lq Kduyh|/ 4<;</ dqg Ehndhuw dqg Kduyh|/ 4<<8,1 D ful0
wltxh wkdw qdwxudoo| dulvhv lv wkdw wkh frh!flhqw ri ulvn dyhuvlrq pljkw iroorz
d frxqwhu0f|folfdo sdwk ehfdxvh wkh lqvwuxphqwv wkurxjk zklfk lw lv prghohg
plplf wkh exvlqhvv f|foh skdvhv1 Lw lv wuxh wkdw vlqfh wkh sdudphwhuv ri wkh
ulvn0uhwxuq ixqfwlrq frph iurp dq hvwlpdwlrq surfhgxuh/ wkh frh!flhqw ri
ulvn dyhuvlrq frxog/ lqvwhdg/ zhoo glvsod| d sur0f|folfdo sdwwhuq ru hyhq eh
frqvwdqw ryhu wlph1 Krzhyhu/ rqh fdq xqgrxewhgo| dujxh wkdw wkh uhodwlrq0
vkls ehwzhhq wkh sulfh ri ulvn dqg hfrqrplf  xfwxdwlrqv lv vxshulpsrvhg e|
wkh hfrqrphwulfldq e| klv sduwlfxodu fkrlfh ri lqirupdwlrq yduldeohv1 Fkrx
hw do1 hvwlpdwh d wlph0ydu|lqj frh!flhqw ri ulvn dyhuvlrq ?uvw zlwk uroolqj
uhjuhvvlrqv dqg wkhq zlwk d Ndopdq ?owhu frqglwlrqdo rq wkh sdudphwhu ydo0
xhv1 Lqwhuhvwlqjo|/ zlwk Fkrx hw do1*v dssurdfk wkh wlph0ydu|lqj ulvn0uhwxuq
uhodwlrqvkls grhv qrw vhhp wr eh uhodwhg wr wkh exvlqhvv f|foh1 Lq sduwlfxodu/
wkh sulfh ri pdunhw ulvn lv kljk iru wkh plg0*83v wkurxjk wkh hduo| *:3v dqg
orz lq wkh ghsuhvvlrq dqg zdu |hduv dv zhoo dv lq wkh *;3v1 D qrq0olqhdu
ulvn0uhwxuq uhodwlrqvkls lv hvwlpdwhg e| Fkdxyhw dqg Srwwhu e| frpelqlqj d
qrq0olqhdu glvfuhwh yhuvlrq ri wkh Ndopdq ?owhu zlwk Kdplowrq*v +4<;;/ 4<;</
4<<3/ 4<<7, uhjlph vzlwfklqj prgho1 Wkh ulvn0uhwxuq uhodwlrqvkls wxuqv rxw
wr eh srvlwlyh durxqg exvlqhvv f|foh wurxjkv dqg qhjdwlyh durxqg hfrqrplf
shdnv1 Fdsslhoor/ zkr hpsor|v Kdplowrq*v ?owhu wr hvwlpdwh wkh sulfh ri
pdunhw +dqg lqwhuwhpsrudo, ulvn/ lghqwl?hv wzr vwdwhv zklfk pd| uh hfw d
vzlwfk lq lqyhvwruv* suhihuhqfhv zkrvh ghjuhh ri ulvn dyhuvlrq lqfuhdvhv lq
fruuhvsrqghqfh wr ?qdqfldo wxuprlo1

Zlwk ihz h{fhswlrqv +vhh/ iru lqvwdqfh/ Gh Vdqwlv dqg Jhudug/ 4<<;e/ dqg

56Wkh lqirupdwlrq yduldeohv zlgho| xvhg zkhq prghoolqj wkh sulfh ri pdunhw ulvn duh= l,
d frqvwdqw whup> ll, wkh glylghqg |lhog rq wkh qdwlrqdo htxlw| lqgh{ lq h{fhvv ri wkh ulvn0iuhh
udwh> lll, wkh fkdqjh lq wkh 40 ru 60prqwk W0eloo udwh> ly, wkh ghidxow suhplxp +Prrg|*v
Edd plqxv Ddd erqg |lhogv,> dqg y, wkh whup vwuxfwxuh vsuhdg +430|hdu jryhuqphqw erqg
plqxv 60prqwk W0eloo |lhog,1 Vrphwlphv d Mdqxdu| gxpp| lv dovr lqfoxghg1
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Fdsslhoor/ 4<<<,/ wkh olwhudwxuh lv vlohqw derxw wkh srvvlelolw| wkdw dovr wkh
sulfh ri lqwhuwhpsrudo ulvn ydulhv ryhu wlph1 Krzhyhu/ li lw lv wuxh wkdw wkh
ulvn0uhwxuq uhodwlrq fkdqjhv ehfdxvh erwk ?uvw dqg vhfrqg prphqwv ydu|
ryhu wlph qrw lq d rqh0wr0rqh sursruwlrq/ wkhq iru wkh vdph uhdvrq wkh
lqwhuwhpsrudo sulfh ri ulvn kdv wr eh wlph0ydu|lqj1

Dv vhhq lq Vhfwlrq 5/ erwk b� dqg b8 ghshqg rq ?uvw dqg vhfrqg ghuly0
dwlyhv ri wkh ghulyhg xwlolw| ixqfwlrq ri zhdowk/ zklfk uhsuhvhqwv lqyhvwruv*
suhihuhqfhv dqg/ dv vxfk/ kdv dq xqnqrzq ixqfwlrqdo irup1 b� lv dovr ixqf0
wlrq ri wkh zhdowk ydoxh/ ` 1 b� dqg b8 duh kduprqlf phdqv ri wkh sulfhv
ri ulvn ri hdfk lqyhvwru1 Lq wklv sdshu/ iroorzlqj Fdsslhoor +4<<<,/ dq| d
sulrul dvvxpswlrq derxw wkh ixqfwlrqdo irup ri wkh sulfhv ri ulvn lv dyrlghg
dqg erwk b� dqg b8 duh hvwlpdwhg wkurxjk wkh uhjlph vzlwfklqj prgho ri
Kdplowrq +4<;;/ 4<;</ 4<<3/ 4<<7,1 Wklv phwkrgrorj| kdv wkh dgydqwdjh
ri pdnlqj erwk b� dqg b8 wlph0ydu|lqj dqg ohwwlqj wkh gdwd 3vshdn iru
wkhpvhoyhv41 Dv glvfxvvhg lq Vhfwlrq 7/ lw lv dvvxphg wkdw wkh sulfhv ri ulvn
duh gulyhq e| wkh vdph wzr0vwdwh Pdunry odwhqw yduldeoh1

Zkhq b� dqg b8 duh wlph0ydu|lqj/ wkh dvvhw sulflqj uhvwulfwlrqv duh
ghvfulehg e| htxdwlrq +55,/ zkhuh qrz ? ' ô1

Wkh g|qdplf ri wkh dgglwlrqdo sulflqj idfwru/ wkh jurzwk udwh ri lqgxvwuldo
surgxfwlrq/ lv djdlq jlyhq e| htxdwlrq +6:,1 Dv ehiruh/ wkh glvwxuedqfh
yhfwru/ 0|n� ' d0�c|n� 0Uåc|n�o

â c lv dvvxphg wr eh frqglwlrqdoo| Vwxghqw |0
glvwulexwhg

0|n� m@| å 7|ü_e?|ý | EfcO|n�c Dä c

zkhuh O|n� lv d e û e dv|pphwulf JDUFK surfhvv1 Rqfh pruh/ wkh frq0
glwlrqdo vhfrqg prphqwv lpsolhg e| Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP
duh hvwlpdwhg ?uvw zlwk wkh jhqhudol}hg Qhovrq sdudphwul}dwlrq dqg qh{w
zlwk wkh jhqhudol}hg JMU prgho1 Wkh yhfwru ri xqnqrzq sdudphwhuv/ w/
lv hvwlpdwhg e| pd{lpl}lqj wkh olnholkrrg ixqfwlrq +5:,/ zkhuh wkh vwdwh0
ghshqghqw frqglwlrqdo ghqvlw| ixqfwlrqv duh jlyhq e| htxdwlrq +59,/ zlwk
B| ' d+| Uå|o

â dqg } ' e571 Zkhq wkh jhqhudol}hg Qhovrq surfhvv lv hp0
sor|hg/ krzhyhu/ wkh fryduldqfh pdwul{ ri wkh sdudphwhuv idlov wr lqyhuw/ zlwk
wkh frqvhtxhqfh wkdw wkh vwdqgdug huuruv duh qrw dydlodeoh1 Vlqfh wklv fdq
eh lqwhusuhwhg dv d plv0vshfl?fdwlrq ri wkh prgho/ wkh jhqhudol}hg Qhovrq
surfhvv lv glvfdughg iurp wkh dqdo|vlv1 Rqfh sulfhv duh doorzhg wr vzlwfk/
wkrxjk/ wkh jhqhudol}hg JMU prgho dovr vkrzv gl!fxowlhv lq frqyhujhqfh1
Wkhuhiruh/ wr uhgxfh wkh qxpehu ri xqnqrzq sdudphwhuv/ d vlpsol?hg yhu0
vlrq ri wkh odwwhu lv hvwlpdwhg1 Lq sduwlfxodu/ wkh wklug dqg irxuwk hohphqwv
ri wkh yhfwru #| lq htxdwlrq +46, duh prghohg dv iroorzv=

57Vhh irrwqrwh qr1 491
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ru/ lq whupv ri wkh lqglfdwru ixqfwlrq=

#ðc| ' d2 ü U E0ðc| : fäý �o 0ðc| iru ð ' KJ?_c Uåé

Dv d frqvhtxhqfh/ wkh wklug dqg irxuwk hohphqwv ri wkh yhfwru l lq htxd0
wlrq +46, duh qr orqjhu frqvwudlqhg wr eh htxdo wr rqh dqg duh hvwlpdwhg dv
iuhh sdudphwhuv1 Wklv uhsuhvhqwdwlrq dvvxphv wkdw wkh frqglwlrqdo yrodwlolw|
ri jryhuqphqw erqgv dqg lqgxvwuldo surgxfwlrq grhv qrw uhvsrqg gl>huhqwo|
wr srvlwlyh dqg qhjdwlyh sdvw vkrfnv1 Lqghhg/ wkh sdudphwul}dwlrq lq +49*,
dqg +4:*, dprxqwv wr mxvw frqvlghulqj wkh devroxwh ydoxh ri 0KJ?_c| dqg 0Uåc|/
zlwk zhljkwv lKJ?_ dqg lUå / uhvshfwlyho|1

Ixuwkhupruh/ wkh Pdunry wudqvlwlrq suredelolwlhv lpsolhg e| wkh xvh ri
wkh uhjlph vzlwfklqj prgho duh ?uvw khog frqvwdqw/ dqg wkhq doorzhg wr ydu|
ryhu wlph1

Qh{w vxevhfwlrq uhsruwv wkh uhvxowv wkdw duh rewdlqhg1

81514 Wkh Jhqhudol}hg JMU Prgho

Wkh hvwlpdwlrq uhvxowv iru wkh jhqhudol}hg JMU prgho duh uhsruwhg lq Wdeoh
91 Wkh sulfh ri pdunhw ulvn lv vhhq wr vzlwfk iurp d orz wr d kljk uhjlph/
hyhq wkrxjk zkhq lw wdnhv rq wkh orz ydoxh wkh suredelolw| ri uhmhfwlqj wkh
qxoo Mf G b�� ' f lv htxdo wr <31:;(1 Wkh sulfh ri lqwhuwhpsrudo ulvn dovr
vkrz hylghqfh ri wzr vwdwhv/ erwk vljql?fdqwo| gl>huhqw iurp }hur1 Vlqfh
wkh Pdunry wudqvlwlrq suredelolwlhv R dqg ^ duh vljql?fdqw dv zhoo/ rqh fdq
dsshdo wr wkh hfrqrplf vljql?fdqfh ri d vhfrqg uhjlph/ lqwhusuhwhg dv d
fkdqjh lq lqyhvwruv* suhihuhqfhv581 Lqwhuhvwlqjo|/ doo wkh l*v/ dsduw iurp l2/
duh vljql?fdqw/ vkrzlqj/ rqfh pruh/ wkdw wkh prgho sursrvhg wr fdswxuh
dv|pphwu| lq vhfrqg prphqwv/ wkrxjk vlpsol?hg/ lv vwloo ydolg1 Pruhryhu/
d Zdog vwdwlvwlfv zklfk whvwv wkh qxoo Mf G l� ' é é é ' le ' f uhmhfwv lw
dw dq| frqyhqwlrqdo ohyho1 Wkh Zdog vwdwlvwlfv lv htxdo wr 8519;9 dqg lw lv

58Hyhq wkrxjk wkh prgho zlwk vzlwfklqj sulfhv ri ulvn qhvwv wkdw zlwk frqvwdqw sulfhv
dv d vshfldo fdvh/ wr whvw iru wkh vwdwlvwlfdo vljql?fdqfh ri wkh vhfrqg uhjlph/ rqh fdqqrw
xvh d Olnholkrrg Udwlr +OU, whvw1 Wklv lv gxh wr wkh suhvhqfh ri qxlvdqfh sdudphwhuv/
l1h1 wkrvh wkdw duh qrw lghqwl?hg xqghu wkh qxoo ri d vlqjoh uhjlph1 Lq wklv fdvh wkh xvxdo
uhjxodulw| frqglwlrqv zklfk mxvwli| wkh "5 dssur{lpdwlrq wr wkh OU whvw qr orqjhu krog1
Kdqvhq +4<<5/ 4<<9, kdv vxjjhvwhg dv|pswrwlfdoo| ydolg whvwv wkdw ryhufrph wklv gl!fxow|1
Wkh surfhgxuh/ krzhyhu/ lv frpsxwdwlrqdoo| exughqvrph dqg lw lv xvxdoo| dssolhg wr txlwh
vlpsoh prghov1 Wkhuhiruh lw zloo qrw eh dgrswhg lq wklv uhvhdufk1
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dv|pswrwlfdoo| glvwulexwhg dv d ã26c zlwk 6 ' e ghjuhhv ri iuhhgrp1 Lwv
fulwlfdo ydoxh dw <<( frq?ghqfh ohyho lv 4615::1 Ilqdoo|/ doo wkh &*v wxuq rxw
wr eh vljql?fdqw1

Dv iru wkh vzlwfkhv lq wkh sulfhv ri ulvn/ wzr uhohydqw lvvxhv fdq eh glv0
fxvvhg1 Wkh ?uvw lv wr xqfryhu zkhwkhu wkhvh fkdqjhv duh fdxvhg e| pryh0
phqwv lq vrph pdfurhfrqrplf ixqgdphqwdov/ olnh exvlqhvv f|foh skdvhv/ ru
li wkh| duh jhqhudwhg e| rwkhu idfwruv/ olnh fkdqjhv lq wkh vwdwhv ri ?qdqfldo
pdunhw yrodwlolwlhv/ zklfk duh qrw qhfhvvdulo| pdwfkhg e| frqwudfwlrqv ru
h{sdqvlrqv1 Wkh vhfrqg lv wr fkhfn zkhwkhu lqyhvwruv whqg wr ehfrph pruh
ulvn dyhuvh ehiruh d ?qdqfldo wxuprlo/ dqwlflsdwlqj d ixwxuh vxujh lq yrodwlolw|1
Wr dgguhvv wkhvh txhvwlrqv wkh vprrwkhg suredelolwlhv ehfrph ri lqwhuhvw1 Lq
hvwlpdwlqj uhjlph vzlwfklqj prghov/ dsduw iurp wkh Pdunry wudqvlwlrq sure0
delolwlhv/ wkuhh frqglwlrqdo suredelolwlhv duh xvxdoo| frpsxwhg= Wkh h{ dqwh
suredelolw|/ å E7|n� ' & m@|(w ä/ & ' �c é é é c g/ zklfk lv ri lqwhuhvw lq iruh0
fdvwlqj dqg lv edvhg rq dq hyroylqj lqirupdwlrq vhw> wkh ?owhu suredelolw|/
å E7| ' & m@|(w ä/ zklfk vhuyhv wr ?owhu wkh gdwd dqg lqihu wkh olnholkrrg
ri wkh fxuuhqw uhjlph> ?qdoo|/ wkh vprrwkhg suredelolw|/ å E7| ' & m@A (w ä/
zklfk lv edvhg rq wkh hqwluh lqirupdwlrq vhw dydlodeoh dqg lv ghvljqhg wr gh0
whuplqh li dqg zkhq wkh uhjlph vzlwfkhv kdyh rffxuuhg1 Lq wkh wrs sdqho ri
Iljxuh 6 wkh vprrwkhg suredelolwlhv ri wkh vwdwh lq zklfk wkh sulfh ri pdunhw
ulvn lv kljk zkloh wkh sulfh ri lqwhuwhpsrudo ulvn lv orz +vwdwh 5, duh sorwwhg1
Wkhvh duh fdofxodwhg zlwk wkh dojrulwkp ghyhorshg e| Nlp +4<<7,1 Lq wkh
erwwrp sdqho vtxduhg pdunhw h{fhvv uhwxuqv +VPHU, duh uhsuhvhqwhg1 Wkh
odwwhu lv d urxjk lqglfdwru ri wkh xqfrqglwlrqdo pdunhw yrodwlolw| +Phuwrq/
4<;3, dqg lv frpsxwhg dv iroorzv=

7�.-|n� '
í
êâ
|n�+|n�

ì2
c

zkhuh ê|n� lv wkh yhfwru ri ydoxh zhljkwv dqg +|n� wkh yhfwru ri dvvhw h{0
fhvv uhwxuqv1 Yhuwlfdo olqhv lqglfdwh wkh QEHU exvlqhvv f|foh shdn dqg
wurxjk gdwhv1 Frqwudu| wr suhylrxv uhvhdufk +vhh/ iru lqvwdqfh/ Kduyh|/ 4<;</
Ehndhuw dqg Kduyh|/ 4<<8/ Fkdxyhw dqg Srwwhu/ 4<<;,/ khuh lw lv qrw srvvleoh
wr ghwhfw d fohdu fruuhvsrqghqfh ehwzhhq exvlqhvv f|foh frqwudfwlrqv/ rq rqh
kdqg/ dqg lqfuhdvhv lq wkh frh!flhqw ri ulvn dyhuvlrq/ rq wkh rwkhu kdqg1 Wkh
suredelolw| ri d kljk sulfh ri pdunhw ulvn/ lqvwhdg/ vhhpv wr pdwfk shulrgv ri
kljk pdunhw yrodwlolw|/ wkrxjk/ dovr lq wklv fdvh/ wkh fruuhodwlrq lv qrw wkdw
vwurqj1 Zlwkrxw frqvlghulqj wkh hvwlpdwhv rewdlqhg gxulqj hduolhu shulrgv ri
wkh vdpsoh zklfk duh lpsuhflvh vlqfh olwwoh lqirupdwlrq iurp wkh gdwd lv xvhg/
wkh iroorzlqj uhjxodulwlhv fdq eh revhuyhg= Wkh pdmru vslnhv zklfk klw ?qdq0
fldo pdunhwv lq Rfwrehu 4<:7 dqg Rfwrehu 4<;: duh fdswxuhg e| wkh prgho
exw zlwk vrph odjv1 Wkh wxuexohqfh wkdw rffxuuhg ehwzhhq 4<:< dqg 4<;5/
zkhq wkh Ihg fhdvhg wr wdujhw lqwhuhvw udwhv/ lv dovr qrw ixoo| uh hfwhg e| wkh
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Wdeoh 9
Hvwlpdwlrq uhvxowv iru wkh Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP

zlwk wlph0ydu|lqj sulfhv ri ulvn
Frqglwlrqdo vhfrqg prphqw vshfl?fdwlrq= Jhqhudol}hg JMU

prgho

Wkh hvwlpdwhg prgho lv=

+|n� ' b�c7|

ô[
æ'�

üæc|n�çæc| n b8c7|üec|n� n 0�c|n�c

Uå|n� ' &f n &�Uå| n &2ô�A-|3D n 0Uåc|n�c

Wkh huuru whupv duh frqglwlrqdoo| Vwxghqw w0glvwulexwhg/ l1h1 0|n� m@| å
5|ý_i?| ý | EfcO|n�c Dä é Wkh frqglwlrqdo fryduldqfh pdwul{ iroorzv wkh jhq0
hudol}hg JMU surfhvv ghvfulehg e| htxdwlrq +68,=
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Orj0olnholkrrg ixqfwlrq ý .éôff

Vwdqgdug huuruv/ edvhg rq wkh pdwul{ ri vhfrqg ghulydwlyhv ri wkh orj olnholkrrg
ixqfwlrq/ duh vkrzq lq sduhqwkhvhv1
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vprrwkhg suredelolwlhv/ zklfk lqfuhdvhg rqo| lq wkh 4<;5 vsulqj2vxpphu1
Wklv pljkw eh gxh wr wkh frpsrvlwlrq ri wkh sruwirolr dqdo|}hg khuh1 Vlqfh/
ryhu wkh zkroh vdpsoh/ wkh pdunhw sruwirolr qhyhu kdv ohvv wkdq 93( ht0
xlw|/ wkh zhljkw dvvljqhg wr wkh frqglwlrqdo vwrfn yrodwlolw| grplqdwhv wkh
fryduldqfhv ehwzhhq vwrfnv dqg wkh rwkhu wzr dvvhwv1 Wkhuhiruh/ vprrwkhg
suredelolwlhv duh pdlqo| d>hfwhg e| vwrfn pdunhw wxuprlov1 Dq dowhuqdwlyh
lqwhusuhwdwlrq lv wkdw lqyhvwruv ehfrph pruh ulvn dyhuvh diwhu ?qdqfldo fulvhv
kdyh xqiroghg1 Dsduw iurp wkhvh hyhqwv/ dq| wlph vtxduhg pdunhw h{fhvv
uhwxuqv jr xs wkh suredelolw| ri kljk ulvn dyhuvlrq dovr lqfuhdvhv1 Vxfk d uh0
vxow lv lq olqh zlwk Fdpsehoo dqg Frfkudqh +4<<<,/ zkhuh ulvn dyhuvlrq ulvhv
zkhq dvvhw sulfhv idoo1 Wkh idfw wkdw d kljk sulfh ri pdunhw ulvn lv pdwfkhg
e| d orz sulfh ri lqwhuwhpsrudo ulvn kdv dq dsshdolqj lqwxlwlrq= Wkh kljkhu
wkh ulvn dyhuvlrq/ wkh orzhu wkh iudfwlrq ri zhdowk lqyhvwhg lq ulvn| dvvhwv/
dqg/ wkhuhiruh/ wkh ohvv wkh lpsruwdqfh dwwdfkhg wr wkh lqwhuwhpsrudo ulvn1
Ixuwkhupruh/ hyhq iru wkh shulrgv iru zklfk lw lv srvvleoh wr hvwdeolvk d vl0
pxowdqhrxv olqn ehwzhhq dq lqfuhdvh lq ?qdqfldo pdunhw yrodwlolw| dqg lq wkh
vprrwkhg suredelolwlhv/ lw vhhpv wkdw wkhvh odwwhu gr qrw dqwlflsdwh ?qdqfldo
wxuprlo1

Wkdqnv wr wkh vprrwkhg suredelolwlhv lw lv dovr srvvleoh wr frpsxwh wkh
uhodwlyh olnholkrrg ri hdfk uhjlph zlwk wkh irupxod sursrvhg e| Gdkotxlvw
dqg Jud| +5333,=

2
7|'@h}4@ 

&Mt�c2å
å E7| ' & m@A (w ä é +75,

Htxdwlrq +75,/ zklfk dvvljqv revhuydwlrqv wr d sduwlfxodu uhjlph rq wkh
jurxqgv ri wkh uhodwlyh suredelolwlhv ri ehlqj lq hdfk uhjlph/ dovr doorzv
rqh wr hvwlpdwh wkh qxpehu ri vzlwfkhv1 Wkh revhuydwlrqv zklfk idoo lq wkh
orz ulvn dyhuvlrq0kljk sulfh ri lqwhuwhpsrudo ulvn vwdwh lv htxdo wr 633 +l1h1
lqyhvwruv duh lq vwdwh 4 derxw 97( ri wkh wlph,/ zkloh wkhuh duh 4: vzlwfkhv
iurp rqh uhjlph wr wkh rwkhu1 Dv uh hfwhg e| wkh Pdunry suredelolwlhv/ hdfk
uhjlph lv txlwh shuvlvwhqw1 Frqglwlrqdo rq ehlqj lq vwdwh 4/ wkh h{shfwhg
gxudwlrq +lq prqwkv, ri orz ulvn dyhuvlrq0kljk sulfh ri lqwhuwhpsrudo ulvn lv
+vhh Kdplowrq/ 4<;<,=
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Vlploduo|/ wkh h{shfwhg gxudwlrq ri kljk ulvn dyhuvlrq0orz sulfh ri lq0
whuwhpsrudo ulvn/ frqglwlrqdo rq vwdwh 5/ lv
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Iljxuh 6= Vprrwkhg suredelolwlhv dqg vtxduhg pdunhw h{fhvv
uhwxuqv
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Yhuwlfdo olqhv lqglfdwh wkh QEHU exvlqhvv f|foh shdn dqg wurxjk gdwhv1
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Zkloh iru wkh Lqwhuwhpsrudo FDSP zlwk frqvwdqw sulfhv ri ulvn doo wkh
ulvn suhpld fdq eh frpsxwhg lq d ghwhuplqlvwlf idvklrq/ zkhq d uhjlph
vzlwfklqj prgho lv lqwurgxfhg/ wkh suhpld kdyh d vwrfkdvwlf frpsrqhqw/
jlyhq e| wkh vzlwfklqj sulfhv1 H{shfwhg pdunhw/ lqwhuwhpsrudo/ dqg wrwdo
suhpld +HPUS/ HLUS/ dqg HWUS/ uhvshfwlyho|, iru hdfk dvvhw duh sorwwhg
lq Iljxuh 7 dffruglqj wr wkh iroorzlqj irupxodh=
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iru ð ' r|JS&c Kð,,c KJ?_1 å E7| ' & m@|3�(w ä uhsuhvhqw wkh h{ dqwh suredelo0
lwlhv glvfxvvhg lq Vhfwlrq 71 Iru hdfk dvvhw/ wkh wlph hyroxwlrq ri wkh wkuhh
suhpld duh txlwh vlplodu wr wkh sdwk vhhq zkhq sulfhv ri ulvn zhuh khog frq0
vwdqw1 Lw lv wkh pdjqlwxgh/ udwkhu wkh sdwwhuq ri wkh suhpld/ zklfk ydulhv/
gxh wr wkh fkdqjh lq wkh sursruwlrqdolw| idfwruv +l1h1 wkh sulfhv ri ulvn,1
Wkhuhiruh/ wkh uhdghu lv uhihuuhg wr Vhfwlrq 81415 iru wkh lqwhusuhwdwlrq ri wkh
uhvxowv1 Khuh/ rqo| wkh pdlq gl>huhqfhv duh kljkoljkwhg1

Dv idu dv vwrfnv duh frqfhuqhg/ pdunhw suhpld vkrzpxfk ohvv surqrxqfhg
vslnhv wkdq lq wkh fdvh ri frqvwdqw sulfhv ri ulvn1 Wkh rqo| h{fhswlrq rffxuv
dw wkh hqg ri 4<<;/ zkhuh wkh pdunhw suhplxp lqfuhdvhv pxfk pruh zkhq
Kdplowrq*v +4<;;/ 4<;</ 4<<3/ 4<<7, ?owhu lv hpsor|hg1 Dv h{shfwhg/ wkh
gl>huhqfhv lq wkh lqwhuwhpsrudo ulvn suhplxp duh pruh uhohydqw gxh wr wkh
frqvwudlqw lUå� ' lUå2 ' � dqg jr eh|rqg d sxuh vfdoh h>hfw1 Khuh/ d kxjh
wurxjk rffxuv lq wkh ?uvw kdoi ri wkh *:3v/ pdlqo| gxh wr d vzlwfk lq wkh sulfh
ri lqwhuwhpsrudo ulvn/ zklfk pryhv iurp d kljk wr d orz vwdwh1 Zkloh lq
wkh plggoh ri wkh *:3v wkh suhplxp ehfrphv srvlwlyh zkhq sulfhv ri ulvn duh
frqvwdqw/ lw lv qhjdwlyh zkhq wkh| duh doorzhg wr ydu| ryhu wlph/ d sdwwhuq
zklfk fdq eh dwwulexwhg wr wkh gl>huhqw JDUFK sdudphwul}dwlrqv1 Wkh
uhpdlqlqj gl>huhqfhv duh pruh prghvw dqg fdq eh hvvhqwldoo| h{sodlqhg e|
wkh xvh ri wlph ydu|lqj sulfhv ri ulvn1 Ilqdoo|/ qrwlfh wkdw/ dovr lq wklv fdvh/
wkh pdunhw suhplxp lv wkh pdlq frpsrqhqw ri wkh wrwdo suhplxp1

Wkh W0eloo pdunhw dqg lqwhuwhpsrudo ulvn suhpld iroorz dssur{lpdwho|
wkh vdph wlph sdwk erwk zkhq sulfhv duh nhsw frqvwdqw dqg zkhq wkh| duh
doorzhg wr ydu|1 Wkh vfdoh h>hfw vhhpv wr sod| wkh pdmru uroh lq h{sodlqlqj
wkh gl>huhqfhv ehwzhhq wkh wzr prghov1
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Dv iru wkh erqg pdunhw ulvn suhplxp/ wkh prvw vwulnlqj gl>huhqfhv ds0
shdu diwhu wkh vwrfn pdunhw fudvk lq Rfwrehu 4<;: dqg gxulqj wkh 4<<:2<;
Dvldq0Uxvvldq0Odwlq Dphulfdq fulvhv1 Wkh prgho zkhuh wkh frqvwudlqw lKJ?_� '
lKJ?_2 ' � lv lpsrvhg lv qrw deoh wr fdswxuh wkh 3 ljkw wr txdolw|4 iurp
vwrfnv wr erqgv zklfk rffxuuhg dw wkrvh wlphv1 Zkhuhdv wkh lqwhuwhpsrudo
ulvn suhplxp soxqjhv dw wkh ehjlqqlqj ri wkh *:3v lq wkh vshfl?fdwlrq zlwk
wlph ydu|lqj sulfhv ri ulvn/ lw lv srvlwlyh lq wkh fdvh zkhuh wkh frqvwudlqw
lUå� ' lUå2 ' � lv uhod{hg1

Doo lq doo/ li wkh vshfl?fdwlrq zkhuh sulfhv ri ulvn fdq fkdqjh wkurxjk wlph
doorzv wr dffrpprgdwh vkliwv lq lqyhvwruv* suhihuhqfhv/ lw vdful?fhv  h{lelolw|
lq whupv ri wkh JDUFK sdudphwul}dwlrq1 Uhohydqw skhqrphqd/ olnh wkh
ghfuhdvh lq wkh erqg ulvn suhpld zklfk rffxuuhg diwhu vrph htxlw| pdunhw
idoov/ duh qrw fdswxuhg1

Gxh wr wkh ohvv vdwlvidfwru| JDUFK prgho dv idu dv dv|pphwu| lv frq0
fhuqhg/ qhzv lpsdfw fxuyhv dqg vxuidfhv duh qrw sorwwhg khuh dqg wkh urexvw
frqglwlrqdo prphqw whvw vwdwlvwlfv ri Nurqhu dqg Qj +4<<;, duh qrw frp0
sxwhg1 Wkh xvxdo Omxqj0Er{ sruwpdqwhdx vwdwlvwlfv iru wkh vwdqgdugl}hg

uhvlgxdov lq ohyho/ l1h1
2
0
W
ðc|n�'

2
0ðc|n� û

3�*2
ððc|n�/ dqg vtxduhg/ l1h1

2
0
W2
ðc|n�'

2
0
2

ðc|n�

û3�ððc|n�/ duh/ lqvwhdg/ sursrvhg dqg uhsruwhg lq Wdeoh 9591 Dv lq wkh fdvh
zkhuh sulfhv ri ulvn duh khog frqvwdqw/ qr vlpxowdqhrxv dxwrfruuhodwlrq iru
vwrfnv dqg erqgv lv ghwhfwhg iru uhvlgxdov hlwkhu lq ohyho ru vtxduhg1 Wkh
qxoo k|srwkhvlv lv/ lqvwhdg/ uhmhfwhg iru W0eloo huuru whupv/ vxjjhvwlqj wkdw
dq dxwruhjuhvvlyh whup lq wkh W0eloo phdq htxdwlrq pljkw surylgh d ehw0
whu ?w1 H{wud h{sodqdwru| yduldeohv duh suredeo| fdoohg iru zlwk uhjdugv wr
wkh vhfrqg prphqw vshfl?fdwlrq ri wkh lqgxvwuldo surgxfwlrq jurzwk udwh
dv zhoo/ vlqfh wkh Omxqj0Er{ sruwpdqwhdx vwdwlvwlfv iru vtxduhg uhvlgxdov lv
vljql?fdqw dw 4( ohyho1 Qrwlfh wkdw/ zkhq wkh frqvwudlqw lUå� ' lUå2 ' � lv
uhod{hg/ LS vtxduhg uhvlgxdov gr qrw vkrz dq| dxwrfruuhodwlrq +vhh Vhfwlrq
81416,1

Wkh prgho zlwk wlph0ydu|lqj sulfhv ri ulvn kdv dovr ehhq h{whqghg e|
doorzlqj wkh Pdunry vzlwfklqj suredelolwlhv wr eh vwdwh0ghshqghqw1 Lq sdu0
wlfxodu htxdwlrq +56, kdv ehhq vshfl?hg dv iroorzv=

R| ' x
í
qRf n qR�~|3�

ì
^| ' x

í
q^f n q^�~|3�

ì c +79,

zkhuh xEüä lv wkh fxpxodwlyh qrupdo glvwulexwlrq dqg ~|3� lv dq lqirupdwlrq
59Qrwlfh wkdw zkhq l @ LS / uhvlgxdov gr qrw qhhg wr eh dyhudjhg rxw +Vhh Vhfwlrq 715

iru ixuwkhu ghwdlov,1
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Iljxuh 7= Frpsrqhqwv ri h{fhvv uhwxuqv

Frqglwlrqdo Lqwhuwhpsrudo FDSP zlwk wlph0ydu|lqj sulfhv ri ulvn1 Frqglwlrqdo
vhfrqg prphqw vshfl?fdwlrq= Jhqhudol}hg JMU prgho1 Wkh vfdoh dorqj wkh

yhuwlfdo d{hv lv lq xqlwv ri shufhqw1

Iljxuh 7D= Vwrfn h{fhvv uhwxuqv
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Iljxuh 7E= H{fhvv kroglqj |lhogv rq 90prqwk W0eloov
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Iljxuh 7F= H{fhvv kroglqj |lhogv rq 430|hdu jryhuqphqw erqgv
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Wdeoh 9
Gldjqrvwlf whvwv iru wkh vwdqgdugl}hg uhvlgxdov ri wkh jhqhudol}hg

JMU prgho
-r|JS& -Kð,, -KJ?_ Uå

Phdq ýféfD� féfHf ýféfb. ýféf2ô
Vwg1 Ghy1 féHeS féb.b féH22 féH.f
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WW ghqrwhv 4( vljql?fdqfh ohyho1
Wkh Omxqj0Er{4 +O0E4, vwdwlvwlfv whvwv wkh qxoo k|srwkhvlv wkdw doo dxwrfruuhod0
wlrq frh!flhqwv duh vlpxowdqhrxvo| htxdo wr }hur xs wr p odjv> lw lv dv|pswrwlfdoo|
glvwulexwhg dv ã24 1 Lw kdv ehhq fkrvhq p @ 45 iru zklfk wkh fulwlfdo ydoxhv dw <8(
dqg <<( frq?ghqfh ohyho duh 541359 dqg 59154:/ uhvshfwlyho|1
Qrwlfh wkdw zkhq ð ' Uå / uhvlgxdov gr qrw qhhg wr eh dyhudjhg rxw +vhh Vhfwlrq
715 iru ixuwkhu ghwdlov,1
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yduldeoh1 D odujh vhw ri lqvwuxphqwv kdv ehhq h{shulphqwhg5:1 Wkh rqh wkdw
kdv surylghg zlwk wkh prvw vhqvleoh uhvxowv lv wkh rqh0|hdu Wuhdvxu| eloo |lhog/
�t -|3� +vrxufh= Ihghudo Uhvhuyh,1 Wkh fkrlfh ri �t -|3� lv prwlydwhg e|
wkh idfw wkdw wkh vzlwfk wr wkh kljk0ulvn dyhuvlrq2orz0sulfh ri lqwhuwhpsrudo
ulvn uhjlph pd| eh pruh olnho| zkhq/ iru lqvwdqfh/ wkdw lqwhuhvw udwh ehfrphv
kljk1 Lq wkhvh wlphv/ w|slfdoo|/ vwrfn pdunhwv whqg wr idoo/ lqgxvwuldo surgxf0
wlrq xvxdoo| ghfuhdvhv dqg djhqwv ehfrph pruh ulvn0dyhuvh1 Krzhyhu/ vlqfh
d Olnholkrrg Udwlr +OU, whvw fohduo| uhmhfwv wkh prgho zlwk vwdwh0ghshqghqw
wudqvlwlrq suredelolwlhv/ sdudphwhu hvwlpdwhv iru wklv vshfl?fdwlrq duh qrw
uhsruwhg1 Wkh OU vwdwlvwlfv lv htxdo wr 31353 dqg lv dv|pswrwlfdoo| glvwule0
xwhg dv d ã26c zlwk 6 ' 2 ghjuhhv ri iuhhgrp1 Lwv fulwlfdo ydoxh dw wkh <8(
frq?ghqfh ohyho lv 81<<41 Qhyhuwkhohvv/ wkh vprrwkhg suredelolwlhv uhodwlyh
wr wkh uhjlph zkhuh wkh frh!flhqw ri ulvn dyhuvlrq lv kljk dqg wkh sulfh
ri lqwhuwhpsrudo ulvn lv orz duh uhsruwhg dqg frpsduhg zlwk wkh vprrwkhg
suredelolwlhv ri wkh vdph vwdwh rewdlqhg lpsrvlqj frqvwdqw Pdunry wudqvl0
wlrq suredelolwlhv1 Dv hylghqw iurp Iljxuh 8/ wkh pruh lpsruwdqw gl>huhqfh
ehwzhhq wkh wlph hyroxwlrq ri wkh wzr vprrwkhg suredelolwlhv rffxuv lq wkh
?uvw kdoi ri wkh *;3v= Zkhq wkh Pdunry vzlwfklqj suredelolwlhv duh doorzhg
wr ydu| ryhu wlph/ wkh fruuhvsrqghqw vprrwkhg suredelolwlhv duh txlwh  dw1
Wklv prgho/ wkxv/ idlov wr fdswxuh wkh wxuexohqfh lq wkh jryhuqphqw ?{hg
lqfrph vhfxulw| pdunhw gxh wr wkh fkdqjh lq wkh Ihg*v prqhwdu| srolf|1

9 Vxppdu| ri Uhvxowv dqg Frqfoxvlrqv
Wklv sdshu hvwlpdwhv d wulyduldwh wzr0idfwru frqglwlrqdo yhuvlrq ri wkh Lq0
whuwhpsrudo FDSP ri Phuwrq +4<:6,1 Wkh dqdo|vlv frqvlghuv wkuhh dvvhwv=
XV vwrfnv/ 90prqwk W0eloov/ dqg 430|hdu jryhuqphqw erqgv/ zlwk wkh sxusrvh
ri grfxphqwlqj dv|pphwu| lq frqglwlrqdo vhfrqg prphqwv dovr iru ?{hg lq0
frph vhfxulwlhv1 Dv d vhfrqg idfwru wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq
lv fkrvhq1 Wkh dssurdfk iroorzhg khuh doorzv wr glvwlqjxlvk ehwzhhq pdunhw
dqg lqwhuwhpsrudo suhpld iru hdfk dvvhw1 Wkh vhfrqg idfwru wxuqv rxw wr

5:Wkh lqirupdwlrq yduldeohv xvhg duh= 4, Wkh glylghqg |lhog rq wkh V)S 833 frpsrvlwh
htxlw| lqgh{ +vrxufh= V)S 0 GUL,1 5, Wkh vwrfn pdunhw uhwxuqv frpsxwhg rq wkh V)S
frpsrvlwh htxlw| lqgh{ +vrxufh= V)S 0 GUL,1 6, Wkh fkdqjh lq wkh ghidxow vsuhdg/ gh?qhg
dv Prrg|*v Edd plqxv Ddd orqj0whup erqg udwh +vrxufh= Ihghudo Uhvhuyh,1 7, Wkh whup
suhplxp/ gh?qhg dv wkh uhwxuq rq 430|hdu jryhuqphqw erqgv plqxv wkh 60prqwk W0
eloo udwh +vrxufh= FUVS,1 8, Wkh ghidxow suhplxp/ gh?qhg dv wkh uhwxuq rq d sruwirolr
ri orz0judgh frusrudwh erqgv ohvv wkh uhwxuq rq d sruwirolr ri orqj0whup jryhuqphqw
erqgv +vrxufh iru wkh orz0judgh frusrudwh erqg vhulhv= Leerwvrq Frusrudwh Erqg Prgxoh
sruwirolr ri erqgv udwhg Edd ru ohvv e| Prrg|*v Lqyhvwru Vhuylfhv> Eoxph/ Nhlp/ dqg
Sdwho +4<<4,> dqg Vdorprq Eurwkhuv1 Vrxufh iru orqj0whup jryhuqphqw erqgv= Vdorprq
Eurwkhuv wrwdo uhwxuq Wuhdvxu| lqgh{,1 9, dqg :, Wkh uhwxuq rq wkh 40260prqwk W0eloo
+vrxufh= FUVS,1 ;, Wkh 40|hdu Wuhdvxu| eloo |lhog +vrxufh= Ihghudo Uhvhuyh,1
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Iljxuh 8= Vprrwkhg suredelolwlhv zlwk dqg zlwkrxw wlph0ydu|lqj
Pdunry wudqvlwlrq suredelolwlhv
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3fw1 wu1 su14 vwdqgv iru frqvwdqw wudqvlwlrq suredelolwlhv> 3wy1 wu1 su14 vwdqgv iru
wlph0ydu|lqj wudqvlwlrq suredelolwlhv1

eh vljql?fdqwo| sulfhg dqg uhohydqw lq wkh ghwhuplqdwlrq ri wkh wrwdo suhpld
uhtxluhg wr krog ulvn| vhfxulwlhv1

Hqjoh dqg Qj +4<<6, whvwv iru dv|pphwu| vkrz wkdw wkh yrodwlolw| ri
wkh wkuhh dvvhwv dv zhoo dv wkdw ri wkh vhfrqg sulfhg idfwru duh vhqvlwlyh
wr wkh vljq ri sdvw lqqrydwlrqv1 Pruhryhu/ wkh yrodwlolw| ri hdfk yduldeoh
uhvsrqgv gl>huhqwo| wr sdvw srvlwlyh dqg2ru qhjdwlyh vkrfnv1 Wkhuhiruh wzr
pxowlyduldwh JDUFK surfhvvhv deoh wr fdswxuh wkh dv|pphwulf h>hfwv iru
erwk frqglwlrqdo yduldqfhv dqg fryduldqfhv duh ghyhorshg dqg whvwhg1 Zkloh
wkh jhqhudol}hg Qhovrq prgho lv qrw urexvw wr gl>huhqw vhwv ri vwduwlqj ydoxhv
dqg qxphulfdo dojrulwkpv ri rswlpl}dwlrq/ wkh jhqhudol}hg JMU prgho vhhpv
wr ?w wkh gdwd zhoo1

Pdmru ?qdqfldo pdunhw wxuprlo dv zhoo dv vslooryhuv iurp rqh pdunhw wr
dqrwkhu duh uh hfwhg e| wkh wlph sdwk ri ulvn suhpld1 Pruh lpsruwdqwo|/ dv
hylghqfhg e| sorwv ri wkh qhzv lpsdfw fxuyhv dqg vxuidfhv dqg frq?uphg
e| urexvw frqglwlrqdo prphqw whvwv +Hqjoh dqg Qj/ 4<<6/ dqg Nurqhu dqg
Qj/ 4<<;,/ frqglwlrqdo vhfrqg prphqwv gr uhvsrqg dv|pphwulfdoo| wr sdvw
srvlwlyh dqg2ru qhjdwlyh qhzv1 Wudglwlrqdo JDUFK prghov gr qrw wdnh
lqwr dffrxqw vxfk dv|pphwulf h>hfwv1 Wkhuhiruh/ srru lq0 dqg rxw0ri0vdpsoh
iruhfdvwv dv zhoo dv plvohdglqj lqglfdwlrqv iru sruwirolr vhohfwlrq/ ulvn pdq0
djhphqw/ dqg sulflqj ri sulpdu| dqg ghulydwlyh vhfxulwlhv fdq eh wkh frqvh0
txhqfh ri wklv rplvvlrq1
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Iroorzlqj Fdsslhoor +4<<<,/ wkh sulfhv ri ulvn duh ?uvw khog frqvwdqw dqg
qh{w doorzhg wr ydu| ryhu wlph dffruglqj wr wkh uhjlph vzlwfklqj prgho ri
Kdplowrq +4<;;/ 4<;</ 4<<3/ 4<<7,1 Gxh wr lwv ehwwhu shuirupdqfh/ wkh xvh
ri Kdplowrq*v ?owhu lv frpelqhg rqo| zlwk wkh jhqhudol}hg JMU prgho1 Wzr
uhjlphv duh lghqwl?hg/ rqh lq zklfk wkh sulfh ri pdunhw ulvn lv kljk dqg
wkh sulfh ri lqwhuwhpsrudo ulvn lv orz/ dqg rqh lq zklfk wkh uhyhuvh rffxuv/
l1h1 wkh ?uvw sulfh lv kljk dqg wkh vhfrqg orz1 Wklv fdq eh lqwhusuhwhg dv
d vzlwfk lq lqyhvwruv* suhihuhqfhv zkrvh ghjuhh ri ulvn dyhuvlrq lqfuhdvhv lq
fruuhvsrqghqfh wr ru diwhu ?qdqfldo wxuprlo1 Wkh vkliw lq djhqwv* suhihuhqfhv/
wkrxjk/ lv dffrpprgdwhg dw wkh frvw ri vdful?flqj  h{lelolw| lq whupv ri wkh
JDUFK vshfl?fdwlrq1 Wkxv/ uhohydqw skhqrphqd/ olnh wkh ghfuhdvh lq wkh
erqg ulvn suhpld/ zklfk rffxuuhg diwhu vrph htxlw| pdunhw idoov/ duh qrw
fdswxuhg/ zkhuhdv wkh| duh zkhq sulfhv duh khog frqvwdqw1

Vhyhudo gluhfwlrqv iru ixwxuh uhvhdufk fdq eh sxuvxhg1
Gxh wr wkh sduwldo htxloleulxp qdwxuh ri Phuwrq*v +4<:6, Lqwhuwhpsrudo

FDSP/ zkdw sulflqj idfwruv vkrxog eh frqvlghuhg uhpdlq dq rshq txhvwlrq
dqg ixuwkhu lqyhvwljdwlrq lv fdoohg iru1 Wkhuhiruh/ wkh uhvxowv rewdlqhg khuh
fkrrvlqj wkh jurzwk udwh ri lqgxvwuldo surgxfwlrq dv vhfrqg sulfhg idfwru/
pxvw eh lqwhusuhwhg zlwk fdxwlrq1

Lq jhqhudo/ JDUFK prghov/ erwk v|pphwulf dqg dv|pphwulf/ duh vwd0
wlvwlfdo vshfl?fdwlrqv ghvljqhg wr fdswxuh vrph hpslulfdo uhjxodulwlhv w|slfdo
ri ?qdqfldo wlph vhulhv1 Krzhyhu/ wkh| odfn hfrqrplf frqwhqw1 D vdwlvidf0
wru| g|qdplf wkhruhwlfdo prgho deoh wr h{sodlq wkh dv|pphwulf uhvsrqvhv ri
d odujh vshfwuxp ri dvvhwv wr sdvw lqqrydwlrqv lv gh?qlwho| fdoohg iru1 Wkh
wkhrulhv sursrvhg e| Eodfn +4<:9, dqg Fkulvwlh +4<;5,/ rq rqh kdqg/ dqg
Fdpsehoo dqg Khqwvfkhoo +4<<5,/ rq wkh rwkhu/ wkrxjk dssursuldwh iru htxl0
wlhv/ gr qrw surylgh h{kdxvwlyh h{sodqdwlrqv iru +jryhuqphqw, ?{hg lqfrph
vhfxulwlhv1

Ehwzhhq wkh wzr pxowlyduldwh JDUFK surfhvvhv ghyhorshg lq wklv uh0
vhdufk/ wkh jhqhudol}hg Qhovrq prgho grhv qrw vhhp wr eh vxlwhg iru ?{hg
lqfrph vhfxulwlhv1 Wkhuhiruh/ lw fdq eh whvwhg djdlq zlwk sruwirolrv pdgh ri
htxlwlhv rqo|1 Wklv zrxog doorz wr fkhfn zkhwkhu/ frqwudu| wr wkh uhvxowv
uhdfkhg lq wklv sdshu/ lw lv urexvw wr gl>huhqw vhwv ri vwduwlqj ydoxhv dqg
qxphulfdo dojrulwkpv ri rswlpl}dwlrq dqg li lw lv vwdwlrqdu|1

Lq wkh jhqhudol}hg JMU prgho wkh frpsrqhqw zklfk fdswxuhv dv|pphwu|
lq vhfrqg prphqwv vkrzv dq deuxsw wudqvlwlrq iurp rqh yrodwlolw| uhjlph
wr dqrwkhu1 Lqvwhdg ri xvlqj wkh lqglfdwru ixqfwlrq/ d vprrwk wudqvlwlrq
ixqfwlrq frxog eh hpsor|hg lq wkh vslulw ri Oxeudqr +4<<;,/ zkhuh wkh vprrwk
wudqvlwlrq suryhg wr eh uhohydqw lq wkh hpslulfdo dqdo|vlv1

Dv vkrzq e| Hqjoh dqg Qj +4<<6,/ zkhq sruwirolrv ri rqo| htxlwlhv duh
frqvlghuhg/ diwhu d sulfh gurs/ zklfk wuljjhuv dq lqfuhdvh lq yrodwlolw|/ wud0
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glwlrqdo JDUFK prghov xqghuhvwlpdwh wkh frqglwlrqdo yduldqfh1 Vlploduo|/
diwhu d vwrfn sulfh ulvh/ v|pphwulf JDUFK ryhuhvwlpdwh wkh frqglwlrqdo
yrodwlolw|1 Khqfh wkh srru iruhfdvwlqj shuirupdqfh ri v|pphwulf JDUFK
surfhvvhv dqg wkh qhhg ri dv|pphwulf JDUFK vshfl?fdwlrqv1 Wkh sureohp
ri srru lq0 dqg rxw0ri0vdpsoh iruhfdvwlqj ri wudglwlrqdo JDUFK surfhvvhv
kdv dovr ehhq dgguhvvhg lq dq dowhuqdwlyh zd|1 Wkh hvwlpdwlrq ri frq0
yhqwlrqdo JDUFK prghov w|slfdoo| vkrz yhu| kljk shuvlvwhqfh sdudphwhuv
+forvh wr rqh,1 Vxfk d shuvlvwhqfh kdv ehhq mxgjhg vsxulrxv dqg fdxvhg e|
vwuxfwxudo vkliwv lq wkh ohyho ri wkh frqglwlrqdo fryduldqfh qrw dffrxqwhg iru
e| wkh hfrqrphwulfldq +vhh Glherog/ 4<;9/ dqg Odprxuhx{ dqg Odvwudshv/
4<<3,1 Wkh idfw wkdw wudglwlrqdo JDUFK prghov ryhusuhglfw wkh frqglwlrqdo
yrodwlolw| dw wkh wlph zkhq lw jrhv iurp d kljk vwdwh edfn wr d orz +ru qrupdo,
vwdwh/ dqg vlploduo| xqghusuhglfw lw zkhq yrodwlolw| fkdqjhv iurp orz wr kljk
+ru qrupdo, vwdwhv kdv ehhq dwwulexwhg wr wklv kljk vsxulrxv shuvlvwhqfh1
Dprqj rwkhuv/ Fdl +4<<7,/ Kdplowrq dqg Vxvpho +4<<7,/ Gxhnhu +4<<:,/
dqg Vxvpho +4<<;, fdswxuh wkh vkliwv lq wkh frqglwlrqdo yduldqfh wkurxjk
wkh uhjlph vzlwfklqj prgho ri Kdplowrq +4<;;/ 4<;</ 4<<3/ 4<<7,1 Zkhq
vxfk vkliwv duh wdnhq lqwr dffrxqw/ wkh shuvlvwhqfh ghfuhdvhv dqg wkh iruh0
fdvwlqj shuirupdqfh lpsuryhv1 Dq lqwhuhvwlqj ixwxuh surmhfw zrxog frpsduh
wkh wzr dssurdfkhv/ l1h1 pxowlyduldwh dv|pphwulf yhuvxv vzlwfklqj JDUFK
prghov dqg whvw zklfk r>huv wkh ehvw uhvxowv lq whupv ri iruhfdvwlqj1

Ilqdoo|/ qrwh wkdw Phuwrq*v +4<:6, Lqwhuwhpsrudo FDSP fdq eh xvhg dv d
wrro iru dvvhw doorfdwlrq1 Wkh pd{lpl}dwlrq surfhvv ri dq| FDSP surgxfhv
rswlpdo zhljkwv iru wkh doorfdwlrq ri zhdowk dprqj gl>huhqw dvvhw fodvvhv1
Wkh zhljkwv duh d ixqfwlrq ri wkh odjjhg fryduldqfh pdwul{/ sulfhv ri ulvn/
dqg h{shfwhg h{fhvv uhwxuqv1 Wkhvh wkuhh whupv fdq eh hvwlpdwhg wkurxjk
Phuwrq*v dvvhw sulflqj wkhru|1 Lq dgglwlrq/ vlqfh d frqglwlrqdo yhuvlrq ri
wkh prgho lv frqvlghuhg/ erwk ?uvw dqg vhfrqg prphqwv ydu| ryhu wlph1 Dv
d frqvhtxhqfh/ lqyhvwruv* sruwirolrv fdq eh uhedodqfhg dv qhz lqirupdwlrq
ehfrphv dydlodeoh1
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Uhihuhqfhv

Edloolh/ U1 W1/ dqg U1 S1 GhJhqqdur/ 4<<3/ 3Vwrfn Uhwxuqv dqg Yrodwlolw|/4
Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 58/ ss1 53605471

Ehndhuw/ J1/ dqg F1 U1 Kduyh|/ 4<<8/ 3Wlph0Ydu|lqj Zruog Pdunhw Lqwhjud0
wlrq/4 Mrxuqdo ri Ilqdqfh/ 83/ ss1 73607771

Ehndhuw/ J1/ dqg F1 U1 Kduyh|/ 4<<:/ 3Hphujlqj Htxlw| Pdunhw Yrodwlolw|/4
Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 76/ ss1 5<0::1

Ehndhuw/ J1/ dqg J1 Zx/ 5333/ 3Dv|pphwulf Yrodwlolw| dqg Ulvn lq Htxlw|
Pdunhwv/4 Uhylhz ri Ilqdqfldo Vwxglhv/ 46/ ss1 40751

Ehud/ D1 N1/ dqg P1 O1 Kljjlqv/ 4<<6/ 3DUFK Prghov= Surshuwlhv/ Hvwlpd0
wlrq/ dqg Whvwlqj/4 Mrxuqdo ri Hfrqrplf Vxuyh|v/ :/ ss1 63806991

Ehuqgw/ H1 N1/ E1 K1 Kdoo/ U1 H1 Kdoo/ dqg M1 D1 Kdxvpdq/ 4<:7/ 3Hvwlpdwlrq
dqg Lqihuhqfh lq Qrq0Olqhdu Vwuxfwxudo Prghov/4 Dqqdov ri Hfrqrplf dqg
Vrfldo Phdvxuhphqw 6/ ss1 98609981

Eodfn/ I1/ 4<:9/ 3Vwxglhv ri Vwrfn Sulfh Yrodwlolw| Fkdqjhv/4 Surfhhglqjv
iurp wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv
Vhfwlrq/ ss1 4::04;41

Eroohuvohy/ W1/ 4<;9/ 3Jhqhudol}hg Dxwruuhjuhvvlyh Frqglwlrqdo Khwhurvnhgdv0
wlflw|/4 Mrxuqdo ri Hfrqrphwulfv/ 64/ ss1 63:065:1

Eroohuvohy/ W1/ 4<;:/ 3D Frqglwlrqdo Khwhurvnhgdvwlf Wlph Vhulhv Prgho iru
Vshfxodwlyh Sulfhv dqg Udwhv ri Uhwxuq/4 Uhylhz ri Hfrqrplfv dqg Vwdwlv0
wlfv/ 9</ ss1 875087:1

Eroohuvohy/ W1/ 4<<3/ 3Prgholqj wkh Frkhuhqfh lq Vkruw0Uxq Qrplqdo H{0
fkdqjh Udwhv= D Pxowlyduldwh Jhqhudol}hg DUFK Dssurdfk/4 Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv/ :5/ ss1 7<;08381

Eroohuvohy/ W1/ U1 \1 Fkrx/ dqg N1 I1 Nurqhu/ 4<<5/ 3DUFK Prgholqj lq
Ilqdqfh= D Uhylhz ri wkh Wkhru| dqg Hpslulfdo Hylghqfh/4 Mrxuqdo ri
Hfrqrphwulfv/ 85/ ss1 808<1

Eroohuvohy/ W1/ U1 I1 Hqjoh/ dqg G1 E1 Qhovrq/ 4<<7/ 3DUFK Prghov/4 lq=
U1 I1 Hqjoh/ dqg G1 O1 PfIdgghq +hgv1,/ Kdqgerrn ri Hfrqrphwulfv/ yro17/
Hovhylhu/ ss1 5<8<0636;1

9:



Eroohuvohy/ W1/ U1 I1 Hqjoh/ dqg M1 P1 Zrrogulgjh/ 4<;;/ 3D Fdslwdo Dvvhw
Sulflqj Prgho zlwk Wlph Ydu|lqj Fryduldqfhv/4 Mrxuqdo ri Srolwlfdo Hfrq0
rp|/ <9/ ss1 44904641

Erqrpr/ P1/ dqg U1 Jdufld/ 4<<:/ 3Whvwv ri Frqglwlrqdo Dvvhw Sulflqj Prg0
hov lq wkh Eud}loldq Vwrfn Pdunhw/4 FLUDQR zrunlqj sdshu/ & <:v0531

Errwk/ J1 J1/ dqg J1 Nrxwprv/ 4<<8/ 3Dv|pphwulf Yrodwlolw| Wudqvplvvlrq
lq Lqwhuqdwlrqdo Vwrfn Pdunhwv/4 Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 54/ ss1
;440;561

Errwk/ J1 J1/ W1 Pduwlndlqhq/ dqg \1 Wvh/ 4<<:/ 3Sulfh dqg Yrodwlolw|
Vslooryhuv lq Vfdqglqdyldq Vwrfn Pdunhwv/4 Mrxuqdo ri Lqwhuqdwlrqdo Prqh|
dqg Ilqdqfh/ 47/ ss1 :7:0:951

Eudxq/ S1 D1/ G1 E1 Qhovrq/ dqg D1 P1 Vxqlhu/ 4<<8/ 3Jrrg Qhzv/ Edg
Qhzv/ Yrodwlolw|/ dqg Ehwdv/4 Mrxuqdo ri Ilqdqfh/ 83/ ss1 48:8049361

Fdl/ M1/ 4<<7/ 3DPdunry Prgho ri Xqfrqglwlrqdo Yduldqfh lq DUFK/4 Mrxu0
qdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 45/ ss1 63<06491

Fdpsehoo/ M1 \1/ 4<;:/ 3Vwrfn Uhwxuqv dqg wkh Whup Vwuxfwxuh/4 Mrxuqdo ri
Ilqdqfldo Hfrqrplfv/ 4;/ ss1 6:606<<1

Fdpsehoo/ M1 \1/ dqg M1 K1 Frfkudqh/ 4<<</ 3E| Irufh ri Kdelw= D Frqvxpswlrq0
Edvhg H{sodqdwlrq ri Djjuhjdwh Vwrfn Pdunhw Ehkdylru/4 Mrxuqdo ri Srolw0
lfdo Hfrqrp|/ 43:/ ss1 53805841

Fdpsehoo/ M1 \1/ dqg O1 Khqwvfkhoo/ 4<<5/ 3Qr Qhzv Lv Jrrg Qhzv/4 Mrxuqdo
ri Ilqdqfldo Hfrqrplfv/ 64/ ss1 5;4064;1

Fdsslhoor/ O1/ 4<<;/ 3Phdvxulqj H{fkdqjh Udwh Ulvn Suhpld= wkh Fdvh ri
wkh XVD dqg Lwdo|/4 zrunlqj sdshu/ Lqwhuqdwlrqdo Hfrqrplfv Vhfwlrq/ Wkh
Judgxdwh Lqvwlwxwh ri Lqwhuqdwlrqdo Vwxglhv/ Xqlyhuvlw| ri Jhqhyd1

Fdsslhoor/ O1/ 4<<</ 3D Frqglwlrqdo Pxowl0dvvhw Lqwhuwhpsrudo FDSP zlwk
Vzlwfklqj Sulfhv ri Ulvn/4 sdshu lqfoxghg lq wkh Sk1G1 Glvvhuwdwlrq/ Lqwhuqd0
wlrqdo Hfrqrplfv Vhfwlrq/ Wkh Judgxdwh Lqvwlwxwh ri Lqwhuqdwlrqdo Vwxglhv/
Xqlyhuvlw| ri Jhqhyd1

Fkdxyhw/ P1/ 4<<</ 3Vwrfn Pdunhw Ioxfwxdwlrqv dqg wkh Exvlqhvv F|foh/4
zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ulyhu0
vlgh1
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Fkdxyhw/ P1/ dqg V1 Srwwhu/ 4<<;/ 3Qrq0Olqhdu Ulvn/4 zrunlqj sdshu/ Gh0
sduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ulyhuvlgh1

Fkhq/ Q10I1/ U1 Uroo/ dqg V1 D1 Urvv/ 4<;9/ 3Hfrqrplf Irufhv dqg Vwrfn
Pdunhw/4 Mrxuqdo ri Exvlqhvv/ 8</ ss1 6;607361

Fkhxqj/ \0Z1/ dqg O1 N1 Qj/ 4<<5/ 3Vwrfn Sulfh G|qdplfv dqg Ilup Vl}h=
Dq Hpslulfdo Lqyhvwljdwlrq/4 Mrxuqdo ri Ilqdqfh/ 7:/ ss1 4<;804<<:1

Fkrx/ U1/ U1 I1 Hqjoh/ dqg D1 Ndqh/ 4<<5/ 3Phdvxulqj Ulvn Dyhuvlrq iurp
H{fhvv Uhwxuqv rq d Vwrfn Lqgh{/4 Mrxuqdo ri Hfrqrphwulfv/ 85/ ss1 5340
5571

Fkulvwlh/ D1 D1/ 4<;5/ 3Wkh Vwrfkdvwlf Ehkdylrxu ri Frpprq Vwrfn Ydul0
dqfhv= Ydoxh/ Ohyhudjh/ dqg Lqwhuhvw Udwh H>hfwv/4 Mrxuqdo ri Ilqdqfldo
Hfrqrplfv/ 43/ ss1 73:07651

Frfkudqh/ M1 K1/ 4<<</ 3Qhz Idfwv lq Ilqdqfh/4 QEHU zrunlqj sdshu/ &
:49<1

G*Djrvwlqr/ U1 E1/ D1 Ehodqjhu/ dqg U1 E1 G*Djrvwlqr Mu1/ 4<<3/ 3D Vxjjhv0
wlrq iru Xvlqj Srzhuixo dqg Lqirupdwlyh Whvwv ri Qrupdolw|/4 Wkh Dphulfdq
Vwdwlvwlfldq/ 77/ ss1 64906541

Gdkotxlvw/ P1/ dqg V1 I1 Jud|/ 5333/ 3Uhjlph0Vzlwfklqj dqg Lqwhuhvw Udwhv
lq wkh Hxurshdq Prqhwdu| V|vwhp/4 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/
iruwkfrplqj1

Gh Vdqwlv/ J1/ dqg E1 Jhudug/ 4<<:/ 3Lqwhuqdwlrqdo Dvvhw Sulflqj dqg Sruw0
irolr Glyhuvl?fdwlrq zlwk Wlph0Ydu|lqj Ulvn/4 Mrxuqdo ri Ilqdqfh/ 85/ ss1
4;;404<451

Gh Vdqwlv/ J1/ dqg E1 Jhudug/ 4<<;d/ 3Krz Elj lv wkh Suhplxp iru Fxuuhqf|
UlvnB/4 Mrxuqdo ri Ilqdqfldo Hfrqrplfv 7</ ss1 6:807451

Gh Vdqwlv/ J1/ dqg E1 Jhudug/ 4<<;e/ 3Frqglwlrqdo Dvvhw Sulflqj zlwk Pdu0
nhw dqg Lq dwlrq Ulvn/4 zrunlqj sdshu/ Pduvkdoo Vfkrro ri Exvlqhvv/ Xqlyhu0
vlw| ri Vrxwkhuq Fdoliruqld1

Gh Vdqwlv/ J1/ E1 Jhudug/ dqg S1 Kloolrq/ 4<<;/ 3Wkh Uhohydqfh ri Fxuuhqf|
Ulvn lq wkh HPX/4 zrunlqj sdshu/ Pduvkdoo Vfkrro ri Exvlqhvv/ Xqlyhuvlw|
ri Vrxwkhuq Fdoliruqld1

Gh Vdqwlv/ J1/ dqg V1 -Lpurkr+jox/ 4<<:/ 3Vwrfn Uhwxuqv dqg Yrodwlolw| lq
Hphujlqj Ilqdqfldo Pdunhwv/4 Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/
49/ ss1 89408:<1
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Glherog/ I1 [1/ 4<;9/ 3Frpphqw rq Prghoolqj wkh Shuvlvwhqfh ri Frqglwlrqdo
Yduldqfh/4 Hfrqrphwulf Uhylhzv/ 8/ ss1 840891

Glherog/ I1 [1/ M1 K1 Ohh/ dqg J1 F1 Zhlqedfk/ 4<<7/ 3Uhjlph Vzlwfklqj
zlwk Wlph0Ydu|lqj Wudqvlwlrq Suredelolwlhv/4 lq= F1 Kdujuhdyhv +hg1,/ Qrq0
vwdwlrqdu| Wlph Vhulhv Dqdo|vlv dqg Frlqwhjudwlrq/ R{irug Xqlyhuvlw| Suhvv/
ss1 5;606351

Glqj/ ]1/ dqg U1 I1 Hqjoh/ 4<<7/ 3Odujh Vfdoh Frqglwlrqdo Fryduldqfh Pdwul{
Prghoolqj/ Hvwlpdwlrq dqg Whvwlqj/4 zrunlqj sdshu/ Xqlyhuvlw| ri Fdoliruqld/
Vdq Glhjr1

Glqj/ ]1/ F1 Judqjhu/ dqg U1 I1 Hqjoh/ 4<<6/ 3D Orqj Phpru| Surshuw| ri
Vwrfn Pdunhw Uhwxuqv dqg d Qhz Prgho/4 Mrxuqdo ri Hpslulfdo Ilqdqfh/ 4/
ss1 ;604391

Gxpdv/ E1/ dqg E1 Vroqln/ 4<<8/ 3Wkh Zruog Sulfh ri Iruhljq H{fkdqjh
Ulvn/4 Mrxuqdo ri Ilqdqfh/ 83/ ss1 77807:<1

Gxhnhu/ P1 M1/ 4<<:/ 3Pdunry Vzlwfklqj lq JDUFK Surfhvvhv dqg Phdq0
Uhyhuwlqj Vwrfn0Pdunhw Yrodwlolw|/4 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwd0
wlvwlfv/ 48/ ss1 590671

Gx>hh/ J1 U1/ 4<<8/ 3Vwrfn Uhwxuqv dqg Yrodwlolw|= D Ilup Ohyho Dqdo|vlv/4
Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6:/ ss1 6<<07531

Gxuodqg/ M1 P1/ dqg W1 K1 PfFxug|/ 4<<7/ 3Gxudwlrq Ghshqghqw Wudqvlwlrqv
lq d Pdunhw Prgho ri XV JQS Jurzwk/4 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf
Vwdwlvwlfv/ 45/ ss1 5:<05;;1

Hqjoh/ U1 I1/ 4<<3/ 3Glvfxvvlrq= Vwrfn Yrodwlolw| dqg wkh Fudvk ri *;:/4
Uhylhz ri Ilqdqfldo Vwxglhv/ 6/ ss1 43604391

Hqjoh/ U1 I1/ dqg N1 I1 Nurqhu/ 4<<8/ 3Pxowlyduldwh Vlpxowdqhrxv Jhqhudo0
l}hg DUFK/4 Hfrqrphwulf Wkhru|/ 44/ ss1 45504831

Hqjoh/ U1 I1/ dqg Y1 N1 Qj/ 4<<6/ 3Phdvxulqj dqg Whvwlqj wkh Lpsdfw ri
Qhzv rq Yrodwlolw|/4 Mrxuqdo ri Ilqdqfh/ 7;/ ss1 4:7<04::;1

Hqjoh/ U1 I1/ Y1 N1 Qj/ dqg P1 Urwkvfklog/ 4<<3/ 3Dvvhw Sulflqj zlwk d Idf0
wru DUFK Fryduldqfh Vwuxfwxuh= Hpslulfdo Hvwlpdwhv iru Wuhdvxu| Eloov/4
Mrxuqdo ri Hfrqrphwulfv/ 78/ ss1 546056;1

Idpd/ H1 I1/ 4<98/ 3Wkh Ehkdylrxu ri Vwrfn Sulfhv/4 Mrxuqdo ri Exvlqhvv/
6;/ ss1 6704381
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Idpd/ H1 I1/ 4<<;/ 3Ghwhuplqlqj wkh Qxpehu ri Sulfhg Vwdwh Yduldeohv lq wkh
LFDSP/4 Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 66/ ss1 54:05641

Idqj/ N10W1/ V1 Nrw}/ dqg N1 Z1 Qj/ 4<<3/ V|pphwulf Pxowlyduldwh dqg
Uhodwhg Glvwulexwlrqv/ Fkdspdq dqg Kdoo1

Ilodugr/ D1M1/ 4<<7/ 3Exvlqhvv F|foh Skdvhv dqg wkhlu Wudqvlwlrqdo G|qdp0
lfv/4 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 45/ ss1 5<<063;1

Iruqdul/ I1/ dqg D1 Phoh/ 4<<:/ 3Vljq0 dqg Yrodwlolw| Vzlwfklqj DUFKPrg0
hov= Wkhru| dqg Dssolfdwlrqv wr Lqwhuqdwlrqdo Vwrfn Pdunhwv/4 Mrxuqdo ri
Dssolhg Hfrqrphwulfv/ 45/ ss1 7<0981

Iuhqfk/ N1 U1/ Z1 Vfkzhuw/ dqg U1 I1 Vwdpedxjk/ 4<;:/ 3H{shfwhg Vwrfn
Uhwxuqv dqg Yduldqfh/4 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4</ ss1 605<1

Iulhgpdq/ E1 P1/ dqg N1 Q1 Nxwwqhu/ 4<<5/ 3Wlph0Ydu|lqj Ulvn Shufhswlrqv
dqg wkh Sulflqj ri Ulvn| Dvvhwv/4 R{irug Hfrqrplf Sdshuv/ 77/ ss1 89908<;1

Jk|vhov/ H1/ 4<<6/ 3Rq Shulrglf Vwrfkdvwlf Uhjlph Vzlwfklqj lq Wlph Vhulhv
Prghov/4 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 45/ ss1 5;<05<;1

Jorvwhq/ O1 U1/ U1 Mdjdqqdwkdq/ dqg G1 H1 Uxqnoh/ 4<<6/ 3Rq wkh Uhodwlrq
ehwzhhq wkh H{shfwhg Ydoxh dqg wkh Yduldqfh ri wkh Qrplqdo H{fhvv Uhwxuq
rq Vwrfnv/4 Mrxuqdo ri Ilqdqfh/ 7;/ ss1 4::<04;341

Jrxulìurx{/ F1/ dqg D1 Prqiruw/ 4<<5/ 3Txdolwdwlyh Wkuhvkrog DUFK Prg0
hov/4 Mrxuqdo ri Hfrqrphwulfv/ 85/ ss1 48<04<<1

Jrxulìurx{/ F1 dqg D1 Prqiruw/ 4<<8/ Vwdwlvwlfv dqg Hfrqrphwulf Prghov/
Fdpeulgjh Xqlyhuvlw| Suhvv1

Jud|/ V1 I1/ 4<<9/ 3Prghoolqj wkh Frqglwlrqdo Glvwulexwlrq ri Lqwhuhvw Udwhv
dv d Uhjlph Vzlwfklqj Surfhvv/4 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 75/ ss1
5:0951

Kdplowrq/ M1 G1/ 4<;;/ 3Udwlrqdo0H{shfwdwlrq Hfrqrphwulf Dqdo|vlv ri Fkdqjhv
lq Uhjlphv 0 Dq Lqyhvwljdwlrq ri wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv4/ Mrxu0
qdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 45/ ss1 6;807561

Kdplowrq/ M1 G1/ 4<;</ 3D Qhz Dssurdfk wr wkh Hfrqrplf Dqdo|vlv ri Qrq0
Vwdwlrqdu| Wlph Vhulhv dqg wkh Exvlqhvv F|foh/4 Hfrqrphwulfd/ 8:/ ss1 68:0
6;71

Kdplowrq/ M1 G1/ 4<<3/ 3Dqdo|vlv ri Wlph Vhulhv Vxemhfw wr Fkdqjhv lq
Uhjlph/4 Mrxuqdo ri Hfrqrphwulfv/ 7/ ss1 6<0:31
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Kdplowrq/ M1 G1/ 4<<7/ Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw| Suhvv1

Kdplowrq/ M1 G1/ dqg J1 Olq/ 4<<9/ 3Vwrfn Pdunhw Yrodwlolw| dqg wkh Exvlqhvv
F|foh/4 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 44/ ss1 8:608<61

Kdplowrq/ M1 G1/ dqg U1 Vxvpho/ 4<<7/ 3Dxwruhjuhvvlyh Frqglwlrqdo Khw0
hurvnhgdvwlflw| dqg Fkdqjhv lq Uhjlph/4 Mrxuqdo ri Hfrqrphwulfv/ 97/ ss1
63:06661

Kdqvhq/ E1 H1/ 4<<5/ 3Wkh Olnholkrrg Udwlr Whvw xqghu Qrq0Vwdqgdug Frqgl0
wlrqv= Whvwlqj wkh Pdunry Wuhqg Prgho ri JQS/4 Mrxuqdo ri Dssolhg Hfrqr0
phwulfv/ :/ ss1 V940V;51

Kdqvhq/ E1 H1/ 4<<9/ 3Huudwxp= Wkh Olnholkrrg Udwlr Whvw xqghu Qrq0
Vwdqgdug Frqglwlrqv= Whvwlqj wkh Pdunry Vzlwfklqj Prgho ri JQS/4 Mrxu0
qdo ri Dssolhg Hfrqrphwulfv/ 44/ ss1 4<804<;1

Kduyh|/ F1 U1/ 4<;</ 3Wlph0Ydu|lqj Frqglwlrqdo Fryduldqfhv lq Whvwv ri
Dvvhw Sulflqj Prghov/4 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 57/ ss1 5;<064:1

Kduyh|/ F1 U1/ 4<<4/ 3Wkh Zruog Sulfh ri Fryduldqfh Ulvn/4 Mrxuqdo ri
Ilqdqfh/ 79/ ss1 444048:1

Kduyh|/ F1 U1/ dqg D1 Vlggltxh/ 4<<</ 3Dxwruhjuhvvlyh Frqglwlrqdo Vnhz0
qhvv/4 Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 67/ ss1 79807;;1

Khqwvfkhoo/ O1/ 4<<8/ 3Doo lq wkh Idplo|= Qhvwlqj V|pphwulf dqg Dv|pphwulf
JDUFK Prghov/4 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6</ ss1 :404371

Mrkqvrq/ Q1 O1/ dqg V1 Nrw}/ 4<:5/ Glvwulexwlrqv lq Vwdwlvwlfv= Frqwlqxrxv
Pxowlyduldwh Glvwulexwlrqv/ Mrkq Zloh| ) Vrqv1

Nlp/ F1 M1/ 4<<7/ 3G|qdplf Olqhdu Prghov zlwk Pdunry Vzlwfklqj/4 Mrxuqdo
ri Hfrqrphwulfv/ 97/ ss1 40551

Nrxwprv/ J1/ 4<<9/ 3Prgholqj wkh G|qdplf Lqwhughshqghqfh ri Pdmru Hx0
urshdq Vwrfn Pdunhwv/4 Mrxuqdo ri Exvlqhvv/ Ilqdqfh/ dqg Dffrxqwlqj/ 56/
ss1 <:80<;;1

Nrxwprv/ J1/ dqg J1 J1 Errwk/ 4<<8/ 3Dv|pphwulf Yrodwlolw| Wudqvplv0
vlrq lq Lqwhuqdwlrqdo Vwrfn Pdunhwv/4 Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg
Ilqdqfh/ 47/ ss1 :7:0:951

Nurqhu/ N1 I1/ dqg Y1 N1 Qj/ 4<<;/ 3Prgholqj Dv|pphwulf Frpryhphqwv
ri Dvvhw Uhwxuqv/4 Uhylhz ri Ilqdqfldo Vwxglhv/ 44/ ss1 ;4:0;771
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Odprxuhx{/ F1 J1 dqg Z1 G1 Odvwudshv/ 4<<3/ 3Shuvlvwhqfh lq Yduldqfh/
Vwuxfwxudo Fkdqjh/ dqg wkh JDUFK Prgho/4 Mrxuqdo ri Exvlqhvv ) Hfr0
qrplf Vwdwlvwlfv/ ;/ ss1 55805671

Oxeudqr/ P1/ 4<<;/ 3Vprrwk Wudqvlwlrq JDUFK Prghov= D Ed|hvldq Shu0
vshfwlyh/4 zrunlqj sdshu/ JUHTDP0FQUV/ Pduvhlooh1

Pdonlho/ E1 J1/ 4<:</ 3Wkh Fdslwdo Irupdwlrq Sureohp lq wkh Xqlwhg Vwdwhv/4
Mrxuqdo ri Ilqdqfh/ 73/ ss1 9::09;:1

Pdqghoeurw/ E1/ 4<96/ 3Wkh Yduldwlrq ri Fhuwdlq Vshfxodwlyh Sulfhv/4 Mrxu0
qdo ri Exvlqhvv/ 69/ ss1 6<7074<1

Phuwrq/ U1 F1/ 4<:6/ 3Dq Lqwhuwhpsrudo Fdslwdo Dvvhw Sulflqj Prgho/4
Hfrqrphwulfd/ 74/ ss1 ;9:0;;:1

Phuwrq/ U1 F1/ 4<;3/ 3Rq Hvwlpdwlqj wkh H{shfwhg Uhwxuq rq wkh Pdunhw=
Dq H{sorudwru| Lqyhvwljdwlrq/4 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ ;/ ss1 6560
6941

Qhovrq/ G1 E1/ 4<<4/ 3Frqglwlrqdo Khwhurvnhgdvwlflw| lq Dvvhw Uhwxuqv= D
Qhz Dssurdfk/4 Hfrqrphwulfd/ 8</ ss1 67:06:31

Shuh}0Txlurv/ J1/ dqg D1 Wlpphupdqq/ 4<<</ 3Ilup Vl}h dqg F|folfdo Yduld0
wlrq lq Vwrfn Uhwxuqv/4 zrunlqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw|
ri Fdoliruqld/ Vdq Glhjr1

Slqg|fn/ U1 V1/ 4<;7/ 3Ulvn/ Lq dwlrq/ dqg wkh Vwrfn Pdunhw/4 Dphulfdq
Hfrqrplf Uhylhz/ :7/ ss1 66806841

Srwhued/ W1 P1/ dqg O1 K1 Vxpphuv/ 4<;9/ 3Wkh Shuvlvwhqfh ri Yrodwlolw|
dqg Vwrfn Pdunhw Ioxfwxdwlrqv/4 Dphulfdq Hfrqrplf Uhylhz/ :9/ ss1 44750
44841

Udehpdqdqmdud/ U1/ dqg M1 P1 ]dnrldq/ 4<<6/ 3Wkuhvkrog DUFK Prghov
dqg Dv|pphwulhv lq Yrodwlolw|/4 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ ;/ ss1
6407<1

Vfkzhuw/ J1 Z1/ 4<<3/ 3Vwrfn Yrodwlolw| dqg wkh Fudvk ri *;:/4 Uhylhz ri
Ilqdqfldo Vwxglhv/ 6/ ss1 ::04351

Vfuxjjv/ M1 W1/ 4<<;/ 3Uhvroylqj wkh Sx}}olqj Lqwhuwhpsrudo Uhodwlrq eh0
wzhhq wkh Pdunhw Ulvn Suhplxp dqg Frqglwlrqdo Pdunhw Yduldqfh= D Wzr0
Idfwru Dssurdfk/4 Mrxuqdo ri Ilqdqfh/ 8;/ ss1 8:809361
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Vhqwdqd/ H1/ 4<<4/ 3Txdgudwlf DUFK Prghov= D Srwhqwldo Uhlqwhusuhwdwlrq
ri DUFK Prghov dv Vhfrqg0Rughu Wd|oru Dssur{lpdwlrqv/4 zrunlqj sdshu/
Orqgrq Vfkrro ri Hfrqrplfv dqg Srolwlfdo Vflhqfh/ Orqgrq1

Vxvpho/ U1/ 4<<;/ 3Vzlwfklqj Yrodwlolwlhv lq Lqwhuqdwlrqdo Htxlw| Pdunhwv/4
zrunlqj sdshu/ Ghsduwphqw ri Ilqdqfh/ Xqlyhuvlw| ri Krxvwrq1

Wxuqhu/ F1 P1/ U1 Vwduw}/ dqg F1 U1 Qhovrq/ 4<;</ 3D Pdunry Prgho ri
Khwhurvnhgdvwlflw| Ulvn/ dqg Ohduqlqj lq wkh Vwrfn Pdunhw/4 Mrxuqdo ri
Ilqdqfldo Hfrqrplfv/ 58/ ss1 60551

Zx/ J1/ 5333/ 3Wkh Ghwhuplqdqwv ri Dv|pphwulf Yrodwlolw|/4 Uhylhz ri Il0
qdqfldo Vwxglhv/ iruwkfrplqj1

Zx/ J1/ dqg ]1 [ldr/ 5333/ 3D Jhqhudol}hg Sduwldo Olqhdu Prgho ri Dv|p0
phwulf Yrodwlolw|/4 zrunlqj sdshu/ Xqlyhuvlw| ri Plfkljdq Exvlqhvv Vfkrro/
Dqq Dueru1

]dnrldq/ M1 P1/ 4<<7/ 3Wkuhvkrog Khwhurvnhgdvwlf Prghov/4 Mrxuqdo ri Hfr0
qrplf G|qdplfv dqg Frqwuro/ 4;/ ss1 <640<881
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