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ABSTRACT

The Forward Premium Puzzle: Different Tales from Developed and
Emerging Economies*

In this paper we document new results regarding the forward premium puzzle.
The often found negative correlation between the expected currency
depreciation and interest rate differential is, contrary to popular belief, not a
pervasive phenomenon. It is confined to developed economies and here only
to states where the US interest rate exceeds foreign interest rates.
Furthermore, we find that differences across economies are systematically
related to per capita GNP, average inflation rates and inflation volatility. Our
empirical work suggests that it is hard to justify the cross-sectional differences
in the risk premia as compensation for systematic risk. Instead, country-
specific attributes seem to be important in characterizing the cross-sectional
dispersion in the risk premia.
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NON-TECHNICAL SUMMARY

An implication of many economic models is that the domestic currency is
expected to depreciate when domestic nominal interest rates exceed foreign
interest rates. Empirical evidence, however, suggests the opposite: future
exchange rate changes and current interest rate differentials are negatively
correlated. That is, relatively high domestic nominal interest rates predict an
appreciation of the domestic currency. This empirical finding and its
implications for returns on international currency deposits, as presented in
Fama (1984), is referred to as the ‘forward premium puzzle’.

There are two motivations for writing this article concerning the forward
premium puzzle. First, much of the empirical wisdom regarding this puzzle is
based on the evidence obtained from developed economies, such as the G-7.
In contrast to the G-7, emerging economies have lower per capita income, on
average higher inflation and inflation uncertainty, and higher nominal interest
rates. It seems quite likely that these economic differences have a direct
bearing on the correlation between exchange rate change and interest rate
differential. If so, additional evidence from emerging economies may provide
valuable lessons in understanding the economic sources of the forward
premium puzzle. Second, it is well known that the negative correlation
between exchange rate changes and interest differentials also has direct
implications for the expected excess return from holding foreign deposits.
Given the aforementioned economic differences, the risk return trade-off
offered by currency deposits in emerging economies is bound to be different
from currency deposits in the G-7. These cross-sectional differences across
developed and emerging economies should pose special challenges to asset
pricing models where compensation for bearing risk is only related to world-
wide systematic risk.

Using pooled time-series information from 28 emerging and developed
economies, we present new evidence which suggests that the forward
premium puzzle is not a pervasive phenomenon, at best, it seems to be
confined to high GNP per capita economies (developed economies). The
evidence from emerging and lower-income developed economies is consistent
with economic intuition: a positive domestic interest rate differential predicts a
depreciation of the domestic currency. Additionally, we find a state-
dependence in the relation between the expected depreciations and interest
rate differentials in developed economies. The forward premium puzzle is
present only when US interest rates exceed foreign interest rates. When
foreign interest rates exceed US interest rates, the expected depreciation and
interest rate differentials are positively related. There seems to be little
evidence in favour of this state-dependence in emerging economies. Our
investigation shows that the relation between the expected change in



exchange rates and interest rate differentials is systematically related to
macroeconomic fundamentals. Interest rate differentials are an increasingly
biased predictor of currency depreciation as per capita GNP rises and as
average inflation and inflation volatility drop: features mostly found in the
developed economies. In all, there seem to be significant differences in the
relation between the expected depreciation and interest differentials across
developed and emerging economies.

As stated earlier, the forward premium puzzle has direct implications for
expected returns from international currency deposits. For a given positive
interest differential, higher negative correlations between exchange rate
change and interest rate differential implies a higher expected excess return.
Hansen and Hodrick (1983) develop a latent factor asset pricing model to
inquire if the risk premia from investing in foreign currency deposits can be
rationalized by a model of friction-less markets. We use the latent factor model
to ask if the conditional risk premia across currencies can be accounted for in
the time-series. Furthermore, we also use the cross-sectional method to ask if
the cross-sectional heterogeneity in the risk premia across currencies can be
explained as compensation for systematic risk. Our evidence from both the
time-series and the cross-section suggests that a variety of models of
systematic risk cannot explain the cross-section of risk premia. In particular,
we find that a portfolio of low income developed economies (such as Spain,
Italy and Portugal) offer an abnormal risk premium. The risk premia on newly
emerging economies are also difficult to justify. In the cross-section of all
countries we find that the relative contributions of systematic risk in explaining
the risk premia are small: country specific attributes such as per capita GNP,
sovereign ratings and interest rate differentials seem to be more important in
characterizing the cross-section of risk premia. This evidence thus suggests a
rejection of the latent factor model, which differ from earlier results.

Our results have important implications for models that attempt to explain the
forward premium puzzle. The negative relation between the expected
depreciation and the interest rate differential implies that the risk premium and
expected depreciation are negatively related and that the risk premium is
more volatile than the expected depreciation. As has been pointed out, the
negative correlation between the risk premium and expected depreciation can
be qualitatively rationalized by simple asset pricing models. Accounting for the
higher relative volatility of the risk premium is, however, more difficult. For
example, versions of monetary models of Lucas (1982) and models that
incorporate trading frictions in goods markets fail to account for the forward
premium puzzle. Eichenbaum and Evans (1995) and Yaron (1996) argue that
general equilibrium models which incorporate participation constraints and
nominal price rigidities may potentially account for the forward premium
puzzle. Our evidence discussed above suggests that there are additional
important dimensions in the relation between expected depreciation rates and



forward premia which need to be explained. In particular, a credible
explanation also needs to address the differences between emerging and
developed economies, and the apparent differences across high and low
interest rate differentials states in developed economies.



4 Lqwurgxfwlrq

Dq lpsolfdwlrq ri pdq| hfrqrplf prghov lv wkdw wkh grphvwlf fxuuhqf| lv h{shfwhg wr ghsuh0

fldwh zkhq grphvwlf qrplqdo lqwhuhvw udwhv h{fhhg iruhljq lqwhuhvw udwhv14 Hpslulfdo hylghqfh/

krzhyhu/ vxjjhvwv wkh rssrvlwh�ixwxuh h{fkdqjh udwh fkdqjhv dqg fxuuhqw lqwhuhvw udwh gli0

ihuhqwldov duh qhjdwlyho| fruuhodwhg1 Wkdw lv/ uhodwlyho| kljk grphvwlf qrplqdo lqwhuhvw udwhv

suhglfw dq dssuhfldwlrq ri wkh grphvwlf fxuuhqf|1 Wklv hpslulfdo �qglqj dqg lwv lpsolfdwlrqv

iru uhwxuqv rq lqwhuqdwlrqdo fxuuhqf| ghsrvlwv/ dv suhvhqwhg lq Idpd +4<;7,/ lv uhihuuhg wr dv

wkh �iruzdug suhplxp sx}}oh1�

Wkhuh duh wzr prwlydwlrqv iru zulwlqj wklv duwlfoh frqfhuqlqj wkh iruzdug suhplxp sx}}oh1

Iluvw/ pxfk ri wkh hpslulfdo zlvgrp uhjduglqj wklv sx}}oh lv edvhg rq wkh hylghqfh rewdlqhg

iurp ghyhorshg hfrqrplhv/ vxfk dv wkh J0:15 Lq frqwudvw wr wkh J0:/ hphujlqj hfrqrplhv

kdyh orzhu shu fdslwd lqfrph/ rq dyhudjh kljkhu lq dwlrq dqg lq dwlrq xqfhuwdlqw|/ dqg

kljkhu qrplqdo lqwhuhvw udwhv1 Lw vhhpv txlwh olnho| wkdw wkhvh hfrqrplf gl�huhqfhv kdyh

d gluhfw ehdulqj rq wkh h{fkdqjh udwh fkdqjh�lqwhuhvw udwh gl�huhqwldo fruuhodwlrq1 Li vr/

dgglwlrqdo hylghqfh iurp hphujlqj hfrqrplhv pd| surylgh ydoxdeoh ohvvrqv lq xqghuvwdqg0

lqj wkh hfrqrplf vrxufhv ri wkh iruzdug suhplxp sx}}oh1 Vhfrqg/ lw lv zhoo nqrzq wkdw

wkh qhjdwlyh fruuhodwlrq ehwzhhq h{fkdqjh udwhv fkdqjhv dqg lqwhuhvw gl�huhqwldov dovr kdv

gluhfw lpsolfdwlrqv iru wkh h{shfwhg h{fhvv uhwxuq iurp kroglqj iruhljq ghsrvlwv1 Jlyhq wkh

diruhphqwlrqhg hfrqrplf gl�huhqfhv/ wkh ulvn uhwxuq wudgh0r� r�huhg e| fxuuhqf| ghsrvlwv lq

hphujlqj hfrqrplhv duh erxqg wr eh gl�huhqw iurp fxuuhqf| ghsrvlwv lq wkh J0:1 Wkhvh furvv0

vhfwlrqdo gl�huhqfhv dfurvv ghyhorshg dqg hphujlqj hfrqrplhv vkrxog srvh vshfldo fkdoohqjhv

wr dvvhw sulflqj prghov zkhuh frpshqvdwlrq iru ehdulqj ulvn lv rqo| uhodwhg wr zruog0zlgh

v|vwhpdwlf ulvn1

Xvlqj srrohg wlph0vhulhv lqirupdwlrq iurp 2H hphujlqj dqg ghyhorshg hfrqrplhv/ zh

suhvhqw qhz hylghqfh zklfk vxjjhvwv wkdw wkh iruzdug suhplxp sx}}oh lv qrw d shuydvlyh

skhqrphqrq�dw ehvw/ lw vhhpv wr eh frq�qhg wr kljk JQS shu fdslwd hfrqrplhv +ghyhorshg

hfrqrplhv,1 Wkh hylghqfh iurp hphujlqj dqg wkh orzhu0lqfrph ghyhorshg hfrqrplhv lv frq0

vlvwhqw zlwk hfrqrplf lqwxlwlrq�d srvlwlyh grphvwlf lqwhuhvw udwh gl�huhqwldo suhglfwv d gh0

4 Vhh/ iru lqvwdqfh/ wkh txdqwlwdwlyh lpsolfdwlrqv ri Oxfdv +4<;5, lq Edqvdo/ Jdoodqw/ Kxvvh|/ dqg Wdxfkhq
+4<<8,/ dqg Ehndhuw +4<<9,1

5 Wklv lvvxh kdv ehhq vwxglhg e| Kdqvhq dqg Krgulfn +4<;6,/ Kvlhk +4<;7,/ Idpd +4<;7,/ Krgulfn +4<;:,/
dqg pruh uhfhqwo| e| Edfnxv/ Iruhvl/ dqg Whophu +4<<9,/ dqg Edqvdo +4<<:,1
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suhfldwlrq ri wkh grphvwlf fxuuhqf|1 Dgglwlrqdoo|/ zh �qg d vwdwh0ghshqghqfh lq wkh uhodwlrq

ehwzhhq wkh h{shfwhg ghsuhfldwlrqv dqg lqwhuhvw udwh gl�huhqwldov lq ghyhorshg hfrqrplhv1

Wkh iruzdug suhplxp sx}}oh lv suhvhqw rqo| zkhq X1V1 lqwhuhvw udwhv h{fhhg iruhljq lqwhuhvw

udwhv1 Zkhq iruhljq lqwhuhvw udwhv h{fhhg X1V1 lqwhuhvw udwhv/ wkh h{shfwhg ghsuhfldwlrq dqg

lqwhuhvw udwh gl�huhqwldov duh srvlwlyho| uhodwhg1 Wkhuh vhhpv wr eh olwwoh hylghqfh lq idyru ri

wklv vwdwh0ghshqghqfh lq hphujlqj hfrqrplhv1 Rxu lqyhvwljdwlrq vkrzv wkdw wkh uhodwlrq eh0

wzhhq wkh h{shfwhg fkdqjh lq h{fkdqjh udwhv dqg lqwhuhvw udwh gl�huhqwldov lv v|vwhpdwlfdoo|

uhodwhg wr pdfurhfrqrplf ixqgdphqwdov1 Lqwhuhvw udwh gl�huhqwldov duh dq lqfuhdvlqjo| eldvhg

suhglfwru ri fxuuhqf| ghsuhfldwlrq dv shu fdslwd JQS ulvhv/ dqg dv dyhudjh lq dwlrq dqg lq0

 dwlrq yrodwlolw| gurs�ihdwxuhv prvwo| irxqg lq wkh ghyhorshg hfrqrplhv1 Lq doo/ wkhuh vhhpv

wr eh vljql�fdqw gl�huhqfhv lq wkh uhodwlrq ehwzhhq wkh h{shfwhg ghsuhfldwlrq dqg lqwhuhvw

gl�huhqwldov dfurvv ghyhorshg dqg hphujlqj hfrqrplhv1

Dv vwdwhg hduolhu/ wkh iruzdug suhplxp sx}}oh kdv gluhfw lpsolfdwlrqv iru h{shfwhg uh0

wxuqv iurp lqwhuqdwlrqdo fxuuhqf| ghsrvlwv1 Iru d jlyhq srvlwlyh lqwhuhvw gl�huhqwldo/ kljkhu

qhjdwlyh fruuhodwlrqv ehwzhhq h{fkdqjh udwh fkdqjh dqg lqwhuhvw udwh gl�huhqwldo lpsolhv d

kljkhu h{shfwhg h{fhvv uhwxuq1 Kdqvhq dqg Krgulfn +4<;6, ghyhors d odwhqw idfwru dvvhw

sulflqj prgho wr lqtxluh li wkh ulvn suhpld iurp lqyhvwlqj lq iruhljq fxuuhqf| ghsrvlwv fdq

eh udwlrqdol}hg e| d prgho ri iulfwlrq0ohvv pdunhwv1 Zh xvh wkh odwhqw idfwru prgho wr dvn li

wkh frqglwlrqdo ulvn suhpld dfurvv fxuuhqflhv fdq eh dffrxqwhg iru lq wkh wlph0vhulhv1 Ixu0

wkhupruh/ zh dovr xvh wkh furvv0vhfwlrqdo phwkrg xvhg lq Idpd dqg PdfEhwk +4<:6, dqg

Mdjdqqdwkdq dqg Zdqj +4<<9, wr dvn li wkh furvv0vhfwlrqdo khwhurjhqhlw| lq wkh ulvn suhpld

dfurvv fxuuhqflhv fdq eh h{sodlqhg dv frpshqvdwlrq iru v|vwhpdwlf ulvn1 Rxu hylghqfh iurp

erwk wkh wlph0vhulhv dqg wkh furvv0vhfwlrq vxjjhvwv wkdw d ydulhw| ri prghov ri v|vwhpdwlf

ulvn fdqqrw h{sodlq wkh furvv0vhfwlrq ri ulvn suhpld1 Lq sduwlfxodu/ zh �qg wkdw d sruwirolr

ri orz lqfrph ghyhorshg hfrqrplhv +vxfk dv Vsdlq/ Lwdo|/ dqg Sruwxjdo, r�hu dq deqrupdo

ulvn suhplxp1 Wkh ulvn suhpld rq qhzo| hphujlqj hfrqrplhv duh dovr gl!fxow wr mxvwli|1 Lq

wkh furvv0vhfwlrq ri doo frxqwulhv zh �qg wkdw wkh uhodwlyh frqwulexwlrqv ri v|vwhpdwlf ulvn lq

h{sodlqlqj wkh ulvn suhpld duh vpdoo�frxqwu| vshfl�f dwwulexwhv vxfk dv shu fdslwd JQS/

vryhuhljq udwlqjv dqg lqwhuhvw udwh gl�huhqwldov vhhp wr eh pruh lpsruwdqw lq fkdudfwhul}lqj

wkh furvv0vhfwlrq ri ulvn suhpld1 Wklv hylghqfh wkxv vxjjhvwv d uhmhfwlrq ri wkh odwhqw idfwru

prgho/ zklfk gl�hu iurp wkh uhvxowv lq Fdpsehoo dqg Fodulgd +4<;:,/ Jlrydqqlql dqg Mrulrq
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+4<;:,/ dqg Kxdqj +4<;<,1

Rxu uhvxowv kdyh lpsruwdqw lpsolfdwlrqv iru prghov wkdw dwwhpsw wr h{sodlq wkh iru0

zdug suhplxp sx}}oh1 Idpd +4<;7, vkrzhg wkdw wkh qhjdwlyh uhodwlrq ehwzhhq wkh h{shfwhg

ghsuhfldwlrq dqg wkh lqwhuhvw udwh gl�huhqwldo lpsolhv wkdw wkh ulvn suhplxp dqg h{shfwhg

ghsuhfldwlrq duh qhjdwlyho| uhodwhg/ dqg wkdw wkh ulvn suhplxp lv pruh yrodwloh wkdq wkh h{0

shfwhg ghsuhfldwlrq1 Dv srlqwhg rxw e| Krgulfn dqg Vulydvwdyd +4<;9,/ dqg Edfnxv/ Iruhvl/

dqg Whophu +4<<9,/ wkh qhjdwlyh fruuhodwlrq ehwzhhq wkh ulvn suhplxp dqg h{shfwhg gh0

suhfldwlrq fdq eh txdolwdwlyho| udwlrqdol}hg e| vlpsoh dvvhw sulflqj prghov1 Dffrxqwlqj iru

wkh kljkhu uhodwlyh yrodwlolw| ri wkh ulvn suhplxp lv/ krzhyhu/ pruh gl!fxow1 Iru h{dpsoh/

yhuvlrqv ri prqhwdu| prghov ri Oxfdv +4<;5,/ dqg prghov wkdw lqfrusrudwh wudglqj iulfwlrqv

lq jrrgv pdunhwv +vhh Kroolh�hog dqg Xssdo +4<<:,, idlo wr dffrxqw iru wkh iruzdug suhplxp

sx}}oh1 Hlfkhqedxp dqg Hydqv +4<<8,/ dqg \durq +4<<9, dujxh wkdw jhqhudo htxloleulxp

prghov zklfk lqfrusrudwh sduwlflsdwlrq frqvwudlqwv dqg qrplqdo sulfh uljlglwlhv pd| srwhq0

wldoo| dffrxqw iru wkh iruzdug suhplxp sx}}oh1 Rxu hylghqfh glvfxvvhg deryh vxjjhvwv wkdw

wkhuh duh dgglwlrqdo lpsruwdqw glphqvlrqv lq wkh uhodwlrq ehwzhhq h{shfwhg ghsuhfldwlrq

udwhv dqg iruzdug suhpld zklfk qhhg wr eh h{sodlqhg1 Lq sduwlfxodu/ d fuhgleoh h{sodqd0

wlrq dovr qhhgv wr dgguhvv wkh gl�huhqfhv ehwzhhq hphujlqj dqg ghyhorshg hfrqrplhv/ dqg

wkh dssduhqw gl�huhqfhv dfurvv kljk dqg orz lqwhuhvw udwh gl�huhqwldov vwdwhv lq ghyhorshg

hfrqrplhv1

Wkh uhvw ri wkh sdshu lv rujdql}hg lq wkuhh vhfwlrqv1 Vhfwlrq 5 suhvhqwv rxu hpslulfdo

hylghqfh uhjduglqj wkh ehkdylru ri wkh iruzdug ulvn suhplxp lq ghyhorshg dqg hphujlqj

hfrqrplhv1 Lq wklv vhfwlrq zh dovr surylgh dq hfrqrplf lqwhusuhwdwlrq ri rxu �qglqjv1 Vhfwlrq

6 hydoxdwhv wkh delolw| ri wkh odwhqw idfwru dvvhw sulflqj prgho lq h{sodlqlqj wkh gl�huhqfhv

lq wkh iruzdug ulvn suhplxp dfurvv wkhvh hfrqrplhv1 Zh dovr xqghuwdnh d furvv0vhfwlrqdo

dssurdfk wr dgguhvv wklv lvvxh1 Ilqdoo|/ frqfoxglqj frpphqwv duh r�huhg lq Vhfwlrq 71

5 H{shfwhg Ghsuhfldwlrqv dqg Iruzdug Suhpld

514 Gdwd Ghvfulswlrq

Zh froohfw zhhno| gdwd rq vsrw h{fkdqjh udwhv/ iruzdug udwhv/ dqg lqwhuhvw udwhv iru 2H

hfrqrplhv iurp Gdwdvwuhdp1 Dffruglqj wr wkh Lqwhuqdwlrqdo Ilqdqfh Frusrudwlrq +LIF ,
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ri wkh Zruog Edqn/ �S ri wkh hfrqrplhv duh fodvvl�hg dv ghyhorshg dqg �2 dv hphujlqj

hfrqrplhv1 Wkh vdpsoh shulrg fryhuhg lv iurp Mdqxdu| �b.S wr Pd| �bbH1 Lw lv/ krzhyhu/

zhoo nqrzq wkdw pdq| hphujlqj hfrqrplhv rqo| zhuh dffhvvleoh iru lqwhuqdwlrqdo lqyhvwruv

ehjlqqlqj lq wkh hduo| �bbf*v1 Wklv lv uh hfwhg lq rxu gdwd edvh/ dqg wkh lqfoxvlrq gdwh iru

hdfk hfrqrp| lv vkrzq lq Wdeoh �1 Dv fdq dovr eh vhhq lq wkh wdeoh/ zh kdyh d frpsohwh

gdwd vhw iurp �b.S wr �bbH iru �e hfrqrplhv +doo ghyhorshg h{fhsw iru Sruwxjdo,1 Gdwd iru

hphujlqj hfrqrplhv duh lqfoxghg dv dqg zkhq wkh| ehfrph dydlodeoh/ zklfk w|slfdoo| lv diwhu

wkh gdwh zklfk LIF uhjdugv dv wkh �qdqfldo pdunhw olehudol}dwlrq gdwh1

Wkh pdlq hpslulfdo zrun lv xqghuwdnhq rq rqh0prqwk iruzdug udwhv/ exw wkuhh0prqwk

iruzdug frqwudfwv zhuh dovr xvhg iru wkh ghyhorshg hfrqrplhv1 Dv rxu nh| uhvxowv duh qrw

yhu| gl�huhqw iurp xvlqj rqh ru wkuhh0prqwk iruzdug udwhv/ zh uhsruw rqo| wkh hylghqfh iru

rqh0prqwk iruzdugv1 Iru prvw ri wkh hphujlqj hfrqrplhv zh xvh rqh0prqwk lqwhuhvw udwhv wr

dvvhvv wkh iruzdug suhplxp sx}}oh1 Wr nhhs wkh frpsdudelolw| zlwk wkh iruzdug udwhv iru wkh

ghyhorshg hfrqrplhv/ zh xvh lqwhuedqn udwhv iru wkh hphujlqj hfrqrplhv1 Lq vrph fdvhv vxfk

lqwhuhvw udwhv duh qrw dydlodeoh +Dujhqwlqd/ Lqgld/ Pdod|vld/ Sklolsslqhv/ dqg Yhqh}xhod,/ dqg

zh xvh edqn ghsrvlw udwhv lqvwhdg1 Iru wkh hphujlqj hfrqrplhv/ zh frqvwuxfw lqwhuhvw udwh

gl�huhqwldov +l1h1/ iruzdug suhpld, e| vxewudfwlqj hdfk frxqwulhv lqwhuhvw udwh iurp wkh X1V1

Hxurgroodu udwh1 Lq wkh �uvw sduw ri wkh sdshu lqwhuhvw udwh gl�huhqwldov duh rqo| xvhg dv

suhghwhuplqhg lqirupdwlrq yduldeohv wr suhglfw ixwxuh h{fkdqjh udwh fkdqjhv1 Lq wklv fdvh/ lw

lv ohvv ri dq lvvxh zkhwkhu wkhvh lqwhuqdwlrqdo vhfxulwlhv +l1h1/ hphujlqj pdunhw ghsrvlw udwhv,

duh hdvlo| dffhvvleoh wr lqwhuqdwlrqdo lqyhvwruv1 Lq wkh vhfrqg sduw ri wkh sdshu zkhuh wkh

irfxv lv rq wkh furvv0vhfwlrq ri ulvn suhpld wklv frxog eh dq lvvxh1 Lq wklv dqdo|vlv zh hydoxdwh

dvvhw sulflqj prghov dvvxplqj wkdw wkhvh vhfxulwlhv duh dydlodeoh wr lqwhuqdwlrqdo lqyhvwruv1

Krzhyhu/ hyhq lq wklv fdvh/ rxu pdlq uhvxowv duh urexvw wr wkh lqfoxvlrq/ ru h{foxvlrq/ ri

lqyhvwphqwv lq hphujlqj pdunhwv16

Lq Wdeoh � zh uhsruw vxppdu| vwdwlvwlfv rq prqwko| vsrw h{fkdqjh fkdqjhv +ghqrplqdwhg

lq X1V1 groodu shu xqlw ri iruhljq fxuuhqf|,/ dqg wkh lqwhuhvw udwh gl�huhqwldo gh�qhg dv wkh

X1V1 lqwhuhvw udwh plqxv wkh iruhljq lqwhuhvw udwh +l1h1/ wkh qrupdol}hg iruzdug suhplxp,1 Lw

lv hylghqw iurp wkh wdeoh wkdw ryhu wkh vdpsoh shulrg wkh X1V1 groodu kdv dssuhfldwhg djdlqvw

6 Iru pdq| ri wkh hphujlqj hfrqrplhv zh zhuh dovr deoh wr jhw lqirupdwlrq rq wudghg iruzdugv iurp odwh
4<<91 Zh furvv0fkhfnhg rxu lpsolflw iruzdug suhpld edvhg rq wkh lqwhuhvw udwh gl�huhqwldo iru wkh shulrg
zkhuh erwk duh dydlodeoh/ dqg wkh gl�huhqfhv ehwzhhq wkh wzr zhuh plqru1
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prvw ri wkh hfrqrplhv/ dqg wkh h{fkdqjh udwh fkdqjhv duh pruh yrodwloh iru pdq| hphujlqj

hfrqrplhv1 Lw dovr vhhpv wr eh juhdwhu glvshuvlrq lq wkh h{fkdqjh udwh yrodwlolw| ri hphujlqj

hfrqrplhv1

Wdeoh 2 suhvhqwv lqirupdwlrq uhjduglqj pdfur0hfrqrplf dwwulexwhv ri gl�huhqw frxqwulhv1

Wklv lqirupdwlrq lv xvhg wr frqvwuxfw sruwirolrv dqg lv dovr xvhg lq rxu furvv0vhfwlrqdo dqdo|vlv1

Wkh frxqwulhv duh udqnhg e| wkhlu uhodwlyh JQS shu fdslwd iru �bbD +SSS dgmxvwhg dqg lq

X1V1 groodu whupv,1 Wkh dyhudjh lq dwlrq/ dqg lq dwlrq yrodwlolw| dv phdvxuhg e| wkh dyhudjh

dqg vwdqgdug ghyldwlrq ri lq dwlrq iurp �b.S +ru lqfoxvlrq gdwh, wr �bbD duh dovr uhsruwhg1

Wkh rshqqhvv dwwulexwh lv wkh vxp ri h{sruwv dqg lpsruwv glylghg e| JGS lq 4<<81 Wkhvh

dwwulexwhv duh frqvwuxfwhg iurp gdwd surylghg e| wkh Zruog Edqn1 Lw lv hylghqw iurp wkh

wdeoh wkdw pdq| ri wkh hphujlqj hfrqrplhv duh dovr hfrqrplhv zlwk uhodwlyho| orz JQS shu

fdslwd1 Ixuwkhu/ dyhudjh lq dwlrq dqg lq dwlrq yrodwlolw| iru wkhvh hfrqrplhv vhhp wr eh

kljkhu wkdq iru wkh ghyhorshg hfrqrplhv1 Wkh �qdo yduldeoh/ LFUJ/ eurdgo| uh hfwv wkh

frxqwu|*v fuhglw ulvn udwlqj lq Ghfhpehu 4<<8/ dqg lv uhsruwhg e| wkh Lqwhuqdwlrqdo Frxqwu|

Ulvn Jxlgh +vhh Hue/ Kduyh|/ dqg Ylvndqwd +4<<9, iru d pruh ghwdlohg ghvfulswlrq ri wkh

fuhglw ulvn dwwulexwh,1 Iurp wkh wdeoh lw lv dovr fohdu wkdw wkh hphujlqj hfrqrplhv kdyh odujhu

frxqwu| ulvn1

Rxu vdpsoh ehjlqv lq �b.S iru ghyhorshg hfrqrplhv/ dqg lq wkh hduo| �bbf*v iru hphujlqj

hfrqrplhv1 Frqvhtxhqwo|/ rqo| eulhi gdwd klvwrulhv duh dydlodeoh�sduwlfxoduo| iru hphujlqj

hfrqrplhv1 Wklv pdnhv lw gl!fxow wr vroho| uho| rq wlph0vhulhv phwkrgv iru phdvxuhphqw

dqg vwdwlvwlfdo lqihuhqfh1 Wr ghdo zlwk wklv lvvxh zh h{whqvlyho| xvh srrohg furvv0vhfwlrqdo

phwkrgv wr hvwlpdwh ydulrxv txdqwlwlhv ri lqwhuhvw1 Zh uhsruw uhvxowv iurp erwk xvlqj wlph0

vhulhv dqg srrohg phwkrgv1 Wkh vlqjoh frxqwu| wlph0vhulhv hylghqfh iru hphujlqj hfrqrplhv

vkrxog eh lqwhusuhwhg zlwk fdxwlrq dv/ lq vrph fdvhv/ wkh gdwd pd| qrw uh hfw wkh wkhlu ixoo

klvwru| ri h{fkdqjh udwhv dqg lqwhuhvw udwhv1 Krzhyhu/ e| srrolqj wkh gdwd zh frpelqh wkh

lqirupdwlrq e| xvlqj wkh furvv0vhfwlrq ri hfrqrplhv1 Wklv vkrxog srwhqwldoo| plwljdwh wkh

eldvhv lqgxfhg iurp vkruw wlph0vhulhv klvwrulhv iru pdq| hphujlqj hfrqrplhv1

Zh frqvlghu wzr vdpsohv ri frxqwulhv1 Vdpsoh L frqvlvwv ri wkh �e frxqwulhv iru zklfk zh

kdyh d frpsohwh gdwd vhw ehjlqqlqj iurp �b.S dqg hqglqj lq �bbH1 Vdpsoh LL lv pruh frp0

suhkhqvlyh dqg lqfoxghv doo frxqwulhv dv wkh| ehfrph dydlodeoh1 Wr frqgxfw furvv0vhfwlrqdo

dqdo|vlv zh fdwhjrul}h frxqwulhv lqwr lqfrph edvhg jurxsv wr fdswxuh wkh gl�huhqfhv eh0
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wzhhq ghyhorshg dqg hphujlqj hfrqrplhv1 Wklv lv frqvlvwhqw zlwk wkhZruog Edqn dqg LIF

fodvvl�fdwlrqv ri hfrqrplhv1 Wklv fdwhjrul}dwlrq lv dovr prwlydwhg e| dgglwlrqdo hfrqrplf

frqvlghudwlrqv�wkh lqfrph edvhg fodvvl�fdwlrq e| dqg odujh dovr frlqflghv zlwk dq lq dwlrq

edvhg fdwhjrul}dwlrq zklfk doorzv wkh uhvxowv wr eh lqwhusuhwhg lq whupv ri wkh hfrqrplf

ixqgdphqwdov1 Lq Vdpsoh L/ wkh frxqwulhv duh fodvvl�hg dv Kljk +K,/ Plggoh +P,/ ru Orz +O,

lqfrph frxqwulhv +edvhg rq wkhlu JQS dwwulexwh,1 Lq Vdpsoh LL/ wkh frxqwulhv duh glylghg

lqwr Ghyhorshg +G, dqg Hphujlqj +H, hfrqrplhv1 Lqirupdwlrq uhjduglqj wklv fodvvl�fdwlrq lv

suhvhqwhg lq Wdeoh 21 Dv fdq eh vhhq iurp wkh wdeoh/ wkh ghyhorshg yhuvxv hphujlqj fodvvl�fd0

wlrq dovr frlqflghv zlwk d fodvvl�fdwlrq edvhg rq orz dqg kljk dyhudjh lq dwlrq1 Hvvhqwldoo|

wkh vdph krogv wuxh iru wkh lqfrph edvhg fodvvl�fdwlrq iru ghyhorshg hfrqrplhv�wkh orz

lqfrph jurxs zklfk lqfoxghv Vsdlq/ Sruwxjdo/ dqg Lwdo|/ kdv kljkhu dyhudjh lq dwlrq wkdq

wkh kljk dqg plggoh lqfrph hfrqrplhv1 Uhvxowv edvhg rq wkh lqfrph fdwhjrul}dwlrq vkrxog

dovr fduu| ryhu wr dq lq dwlrq edvhg fdwhjrul}dwlrq1 Dv vwdwhg deryh/ rxu uhvxowv duh urexvw

wr wkh xvh ri doo frxqwulhv/ Vdpsoh LL/ ru rqo| xvlqj wkh vhw ri ghyhorshg hfrqrplhv +soxv

Sruwxjdo, lq Vdpsoh L1

515 Wkh Iruzdug Suhplxp Sx}}oh

Lq wklv vhfwlrq zh suhvhqw wkh sx}}ohv dvvrfldwhg zlwk wkh guliw lq wkh h{fkdqjh udwh1 Zh

dovr grfxphqw qhz hylghqfh uhjduglqj wklv sx}}oh/ dqg wkhq glvfxvv wkh lpsolfdwlrqv iru wkh

iruzdug ulvn suhplxp1 Zh �uvw suhvhqw wkh ydulrxv wlph0vhulhv dqg srrohg uhjuhvvlrqv dqg

wkhq lqwhusuhw wkh hylghqfh1 Wkh irfxv zloo eh rq srrohg wlph0vhulhv furvv0vhfwlrqdo hylghqfh/

vlqfh wklv dssurdfk surylghv d pruh urexvw hvwlpdwh ri wkh ydulrxv sdudphwhuv dqg lv ohvv

vxemhfw wr vpdoo vdpsoh eldvhv zklfk pd| ylwldwh wkh hpslulfdo hylghqfh1

Ohw 7�| eh wkh h{fkdqjh udwh lq grooduv shu xqlw ri wkh iruhljq fxuuhqf| � dw wlph |1 Wkh

shufhqwdjh fkdqjh lq wkh vsrw h{fkdqjh udwh lv ghqrwhg e| E7�|n� � 7�|� *7�|1 Dvvrfldwhg zlwk

hdfk vsrw sulfh lv wkh iruzdug sulfh 8�| iru gholyhu| lq wkh qh{w shulrg1 Ohw wkh qrupdol}hg

iruzdug suhplxp/ E8�| � 7�|� *7�|/ eh ghqrwhg e| %�|1 Vlqfh wkh qrupdol}hg iruzdug suhplxp

lv dssur{lpdwho| htxdo wr wkh lqwhuhvw udwh gl�huhqwldo/ zh zloo xvh wkhp lqwhufkdqjhdeo|1 Lq

wkh hpslulfdo sduw ri wkh sdshu/ zh zloo pdlqo| frqvlghu fkdqjhv lq vsrw udwhv dqg lqwhuhvw

udwh gl�huhqwldov gh�qhg ryhu irxu zhhnv/ exw vdpsohg dw d zhhno| iuhtxhqf| +dv lq Kdqvhq

dqg Krgulfn +4<;3,,1 Wr nhhs wkh qrwdwlrq vlpsoh/ krzhyhu/ d irxu0zhhn fkdqjh lq d yduldeoh
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lv vwdwhg dv d fkdqjh iurp | wr |n �1

Wkh h{shfwhg ghsuhfldwlrq ri wkh fxuuhqf|/ wkh ulvn suhplxp rq wkh iruzdug frqwudfw/

dqg wkh iruzdug suhplxp duh forvho| uhodwhg1 Dgglqj dqg vxewudfwlqj 7�|n�*7�| iurp wkh

iruzdug suhplxp dqg wdnlqj frqglwlrqdo h{shfwdwlrqv lpsolhv wkdw

8�| � 7�|

7�|

' H

�
7�|n� � 7�|

7�|

mI|

�
n H

�
8�| � 7�|n�

7�|

mI|

�
c +4,

zkhuh I| ghqrwhv doo wkh lqirupdwlrq dydlodeoh wr djhqwv vxfk dv wkh lqwhuhvw udwh gl�huhqwldov

ri doo fxuuhqflhv1 Wkh iruzdug suhplxp/ %�|/ lv htxdo wr wkh h{shfwhg fxuuhqf| ghsuhfldwlrq/

_�|/ soxv wkh iruzdug ulvn suhplxp/ R�|1 Wklv uhodwlrq hqvxuhv wkdw jlyhq wkh iruzdug suhplxp/

nqrzohgjh uhjduglqj wkh h{shfwhg ghsuhfldwlrq +iruzdug ulvn suhpld, lv vx!flhqw wr uhvwulfw

wkh iruzdug ulvn suhpld +h{shfwhg ghsuhfldwlrq,1 Dovr qrwh wkdw wkh uhodwlrq lq +4, dssolhv

iru dq| krul}rq ri d iruzdug frqwudfw1 Wkh h{shfwhg ghsuhfldwlrq lv frpprqo| phdvxuhg e|

uhjuhvvlqj wkh fkdqjh lq vsrw sulfhv rq wkh iruzdug suhplxp/ wkdw lv/

7�|n� � 7�|

7�|

' k�f n k��%�| n "�|n�c +5,

zkhuh "�|n� lv d surmhfwlrq huuru1 Wklv uhjuhvvlrq lv h{whqvlyho| xvhg wr grfxphqw wkh iruzdug

suhplxp sx}}oh/ dqg ylrodwlrqv ri xqfryhuhg lqwhuhvw udwh sdulw|1

D zhoo nqrzq hpslulfdo uhjxodulw| edvhg rq +5, lv wkdw k�� lv vljql�fdqwo| ohvv wkdq rqh/

dqg lq idfw riwhq qhjdwlyh +vhh Idpd +4<;7,/ dqg Krgulfn dqg Vulydvwdyd +4<;9,,1 Xqfryhuhg

lqwhuhvw udwh sdulw| krogv zkhq wkh vorsh0frh!flhqw lv rqh1 Ghsduwxuhv iurp wklv ehqfkpdun

k|srwkhvlv pd| eh h{sodlqhg dv dq rxwfrph ri wlph0yduldwlrq lq wkh ulvn suhplxp1 Idpd

+4<;7, vkrzv wkdw wkh �qglqj ri d qhjdwlyh vorsh frh!flhqw/ uhihuuhg wr dv wkh iruzdug

suhplxp sx}}oh/ kdv sduwlfxoduo| frxqwhu0lqwxlwlyh lpsolfdwlrqv zklfk duh glvfxvvhg ehorz1

Lw lv zruwk qrwlqj wkdw jlyhq uhodwlrq +4,/ wkh surmhfwlrq lq +5, dovr fkdudfwhul}hv wkh ulvn

suhplxp ri dq xqfryhuhg srvlwlrq iurp vhoolqj wkh groodu iruzdug1 Wklv olqn ehwzhhq h{shfwhg

ghsuhfldwlrq dqg wkh ulvn suhplxp lv odwhu xvhg wr h{soruh wkh lpsolfdwlrqv ri ydulrxv dvvhw

sulflqj prghov iru wkh uhodwlrq ehwzhhq wkh h{shfwhg ghsuhfldwlrq dqg wkh ulvn suhplxp1

Lq d srrohg uhjuhvvlrq zh fdq lpsrvhv wkh dgglwlrqdo uhvwulfwlrq wkdw k�f dqg k�� duh

wkh vdph dfurvv doo �1 Pruhryhu/ wr vkrz krz gl�huhqw hfrqrplf ixqgdphqwdov d�hfw wkh

hylghqfh uhjduglqj wkh sx}}oh zh doorz wkh k�� wr ghshqg rq wkh hfrqrplf ixqgdphqwdov

lq wkh furvv0vhfwlrqdo uhjuhvvlrq1 Pruh vshfl�fdoo|/ zh pdnh wkh vorsh0frh!flhqw d olqhdu

:



ixqfwlrq ri dq dwwulexwh/ wkdw lv/

k�� ' k�f n k�����c +6,

zkhuh ��� lv wkh hfrqrplf dwwulexwh � iru frxqwu| �/ dqg k�f dqg k�� duh wkh frh!flhqwv

hvwlpdwhg lq wkh furvv0vhfwlrqdo dqg wlph0vhulhv uhjuhvvlrq1 Wkh dwwulexwhv zh uho| rq duh

yduldeohv wkdw duh dphqdeoh wr hfrqrplf lqwhusuhwdwlrq�zh xvh JQS shu fdslwd/ lq dwlrq/

lq dwlrq yrodwlolw|/ dqg frxqwu| fuhglw udwlqj dv wkh dwwulexwhv1 Lq Dsshqgl{ D/ zh ghvfuleh

lq pruh ghwdlo wkh hvwlpdwlrq ri wkh srrohg prghov1

Wr ixuwkhu fkdudfwhul}h zkhq wkh iruzdug suhplxp sx}}oh lv suhvhqw/ zh dovr frqvlghu d

vwdwh0ghshqghqw uhjuhvvlrq dv lq Edqvdo +4<<:,1 Frqvlghu wkh olqhdu surmhfwlrq

7�|n� � 7�|

7�|

' k�f n kn��%
n

�| n k3��%
3

�| n "�|n�c +7,

zkhuh "�|n� djdlq lv d surmhfwlrq huuru/ dqg %n�| dqg %3�| duh gh�qhg dffruglqj wr

%n�| '

;?
= %�| li %�| : f

f li %�| � f
c +8,

%3�| '

;?
= %�| li %�| � f

f li %�| : f
� +9,

Wkh yduldeohv %n�| dqg %3�| vhsdudwh wkh iruzdug suhplxp lqwr uhjlphv +ru vwdwhv, zkhuh wkh

iruzdug suhplxp lv srvlwlyh ru qhjdwlyh1 Dv wkh uhjlphv duh gh�qhg uhodwlyho| wr dq duelwudu|

fkrlfh ri d }hur iruzdug suhplxp/ lw pdnhv vhqvh wr dovr frqvlghu d uhjuhvvlrq urexvw wr wklv

fkrlfh1 Zh wkhuhiruh xvh d fxelf guliw wr holflw dq| vwdwh0ghshqghqfh lq wkh sx}}oh/ wkdw lv/

7�|n� � 7�|

7�|

' k�f n k��%�| n k�2%
2

�| n k��%
�

�| n "�|n�� +:,

Dv lw wxuqv rxw/ wkh uhvxowv iurp xvlqj +:, duh doprvw lghqwlfdo wr wkrvh iurp wkh vwdwh0

ghshqghqw uhjuhvvlrq ri +7,/ dqg dgglqj dgglwlrqdo sro|qrpldov grhv qrw dowhu wkh pdlq

uhvxowv1 Lq wkh srrohg uhjuhvvlrqv zh lpsrvh wkh furvv0vhfwlrqdo uhvwulfwlrqv wkdw wkh sur0

mhfwlrq frh!flhqwv lq wkh ydulrxv uhjuhvvlrqv duh wkh vdph dfurvv doo hfrqrplhv ru jurxsv ri

hfrqrplhv1

;



516 Hfrqrplf Lpsolfdwlrqv dqg Hpslulfdo Hylghqfh

51614 Hfrqrplf Lpsolfdwlrqv

Wkh dvvxpswlrq ri udwlrqdo h{shfwdwlrqv/ dorqj zlwk %�| ' _�| n R�| lpsolhv wkdw wkh vorsh0

frh!flhqw lq +5,/ wkh k��/ lv htxdo wr FryE_�|c _�| n R�|�*YduE_�| n R�|�1 Wdeoh 6 vkrzv wkh

hfrqrplf lpsolfdwlrqv iru gl�huhqw ydoxhv ri k��1 Wkh iruzdug suhplxp sx}}oh lv wkh �qglqj

ri d qhjdwlyh vorsh frh!flhqw zklfk lpsolhv wkdw wkh ulvn suhplxp lv pruh yrodwloh wkdq

wkh h{shfwhg ghsuhfldwlrq1 D vorsh frh!flhqw eljjhu wkdq rqh lpsolhv wkh rssrvlwh1 Dq

lqwhuhvwlqj vshfldo fdvh lv zkhq wkh vorsh frh!flhqw lv qrw gl�huhqw iurp f�D/ dqg wkh yduldqfh

ri _�| lv htxdo wr wkdw ri R�| lqghshqghqw ri wkh fryduldqfh ehwzhhq _�| dqg R�|1

Wkh iruzdug suhplxp sx}}oh kdv frqvlghudeoh hfrqrplf vljql�fdqfh1 D qhjdwlyh vorsh0

frh!flhqw lpsolhv wkdw wkhuh lv udwkhu odujh wlph0yduldwlrq lq wkh ulvn suhplxp1 Lq idfw/ wkh

ulvn suhplxp ydulhv wr vxfk dq h{whqw wkdw lw ohdgv uhodwlyho| kljk grphvwlf qrplqdo lqwhuhvw

udwhv wr suhglfw dq dssuhfldwlrq ri wkh grphvwlf fxuuhqf|1 Pdq| hfrqrplf prghov fdq mxvwli|

d srvlwlyh vorsh0frh!flhqw zklfk lv ohvv rqh +vhh/ iru h{dpsoh/ Krgulfn dqg Vulydvwdyd +4<;9,/

Edqvdo/ Jdoodqw/ Kxvvh|/ dqg Wdxfkhq +4<<8,/ Ehndhuw +4<<9,/ dqg \durq +4<<9,,1 Krzhyhu/

wkh lpsolfdwlrq wkdw YduER�|� : YduE_�|� lv gl!fxow wr vdwlvi| lq prghov zlwk iulfwlrqohvv dvvhw

pdunhwv dv vkrzq lq Edfnxv/ Iruhvl/ dqg Whophu +4<<9,/ dqg Edqvdo +4<<:,1 Vdwlvi|lqj wklv

frqglwlrq uhtxluhv wkdw wkh djjuhjdwh pdunhw sulfh ri ulvn +wkh yrodwlolw| ri wkh lqwhuwhpsrudo

pdujlqdo udwh ri vxevwlwxwlrq, frqglwlrqdo rq nqrzlqj wkh lqwhuhvw udwh pxvw eh ghfuhdvlqj

lq wkh ohyho ri wkh lqwhuhvw udwh dw d vx!flhqwo| kljk udwh1 Sxw gl�huhqwo|/ wkh djjuhjdwh ulvn

lq wkh hfrqrp| pxvw eh orzhu zkhq wkh ohyho ri lqwhuhvw udwhv lq kljk�d ihdwxuh wkdw prvw

sdudphwulf prghov �qg gl!fxow wr fdswxuh1 Wkh lpsolfdwlrqv ri d vorsh0frh!flhqw deryh rqh

iru wkh fryduldqfh ehwzhhq _�| dqg R�|/ dqg wkhlu uhodwlyh yduldqfhv wkxv vhhp hfrqrplfdoo|

pruh uhdvrqdeoh1

51615 Hylghqfh iurp wkh Wlph0Vhulhv

Wdeoh e suhvhqwv wlph0vhulhv hylghqfh iurp uhjuhvvlrq +5, iru hdfk frxqwu|1 Lq doo uhjuhvvlrqv

zh xvh wkh jhqhudol}hg phwkrg ri prphqw ri Kdqvhq +4<;5, wr hvwlpdwh d fryduldqfh pdwul{

zklfk wdnhv lqwr dffrxqw srvvleoh khwhurvnhgdvwlflw| dv lq Zklwh +4<;3,/ dqg vhuldo fruuhodwlrq

dv lq Qhzh| dqg Zhvw +4<;:,1 Wr irfxv rq wkh gl�huhqfhv dfurvv hfrqrplhv/ zh suhvhqw doo

<



uhvxowv zlwk wkh frxqwulhv ehlqj vruwhg iurp kljk lqfrph wr orz lqfrph1 Rxu hylghqfh fohduo|

vkrzv wkdw wkh vorsh0frh!flhqw lv vljql�fdqwo| qhjdwlyh dqg ohvv wkdq rqh iru kljk lqfrph

hfrqrplhv1 Iru orzhu lqfrph hfrqrplhv wkh wlph0vhulhv uhjuhvvlrq lv xqdeoh wr vd| pxfk

vlqfh wkh vwdqgdug huuruv duh txlwh odujh gxh wr wkhlu eulhi gdwd klvwrulhv1 Krzhyhu/ wdnhq

dw idfh ydoxh/ wkh frh!flhqwv duh qrw vljql�fdqwo| gl�huhqw iurp rqh1 Wdeoh 7 dovr suhvhqwv

uhvxowv iurp wkh glvfuhwh0vwdwh gxpp| uhjuhvvlrq +7,1 Wkh vorshv dfurvv wkh wzr uhjlphv

duh rssrvlwh lq vljq dqg vljql�fdqwo| gl�huhqw iru prvw ghyhorshg frxqwulhv1 Wkh Zdogd

vwdwlvwlf iru wkh htxdolw| ri wkh vorsh frh!flhqwv dfurvv wkh wzr vwdwhv lv vkduso| uhmhfwhg dqg

frq�upv wkh hylghqfh surylghg e| Edqvdo +4<<:,1 Wklv hylghqfh vxjjhvwv wkdw prvw ri wkh

uhmhfwlrqv ri xqfryhuhg lqwhuhvw udwh sdulw| rffxu zkhq %�| : f1 Zkhq %�| � f/ wkh hylghqfh

lv eurdgo| frqvlvwhqw zlwk wkh xqfryhuhg lqwhuhvw udwh sdulw| k|srwkhvlv1 Ilqdoo|/ zh uhsruw

wkh uhvxowv iurp wkh fxelf vshfl�fdwlrq lq +:,1 Wkh hylghqfh lv hvvhqwldoo| wkh vdph dv iru

wkh glvfuhwh0vwdwh uhjuhvvlrq1 Frxqwulhv iru zklfk wkh qrq0olqhdu whupv duh qrw }hur +vhh wkh

Zdoge vwdwlvwlf, frlqflgh zlwk wkh uhmhfwlrq ri htxdolw| ri wkh vorsh0frh!flhqwv lq wkh glvfuhwh0

vwdwh surmhfwlrq glvfxvvhg deryh1 Iru pdq| ri wkh hphujlqj pdunhwv wkhuh lv qr hylghqfh

ri qrq0olqhdulwlhv�wklv skhqrphqrq vhhpv wr eh frq�qhg wr kljkhu lqfrph hfrqrplhv1 Dovr

qrwh wkdw lqfrusrudwlqj wkh vwdwh0ghshqghqfh lpsuryhv wkh dgmxvwhg U0vtxduhv frqvlghudeo|1

Odwwhu lq wkh sdshu zh dovr surylgh hylghqfh uhjduglqj furvv0h{fkdqjh udwhv zklfk doorzv wr

hydoxdwh wkh urexvwqhvv ri wkh ydulrxv uhvxowv1

Uhfhqw uhvxowv surylghg e| Edloolh dqg Eroohuvohy +4<<:, vkrz wkdw juhdw fdxwlrq vkrxog

eh h{huflvhg lq lqwhusuhwlqj wkh xqlyduldwh uhvxowv dv grfxphqwhg lq Wdeoh e1 Wkh| dujxh wkdw

dv wkh lqwhuhvw udwh gl�huhqwldo lv yhu| shuvlvwhqw/ wkh vwdqgdug dv|pswrwlf glvwulexwlrq iru

wkh vorsh frh!flhqw lv d yhu| srru dssur{lpdwlrq ri lwv vpdoo vdpsoh vpdoo frxqwhusduw1 Iru

wklv/ dqg dgglwlrqdo uhdvrqv glvfxvvhg ehorz/ rxu pdlq irfxv zloo eh rq uhvxowv ghulyhg xvlqj

srrohg wlph0vhulhv dqg furvv0vhfwlrqdo hylghqfh1 Srrolqj wkh gdwd lq gl�huhqw zd|v plwljdwhv

wkh lpsruwdqw lqihuhqfh sureohpv wkdw Edloolh dqg Eroohuvohy +4<<:, grfxphqw1

51616 Hylghqfh Iurp wkh Furvv0Vhfwlrq

Sdudphwhuv hvwlpdwhg lq wkh wlph0vhulhv iru pdq| ri wkh hfrqrplhv/ hvshfldoo| hphujlqj pdu0

nhwv/ duh hvwlpdwhg zlwk lpsuhflvlrq1 Wklv pdnhv lw gl!fxow wr lqwhusuhw wkh srlqw hvwlpdwhv

lq d uholdeoh pdqqhu1 Wr surylgh pruh urexvw hvwlpdwhv ri wkh uhodwlrq ehwzhhq wkh h{shfwhg
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ghsuhfldwlrq dqg lqwhuhvw udwh gl�huhqwldov/ zh dovr frqvlghu srrohg wlph0vhulhv furvv0vhfwlrqdo

hylghqfh1 Zh glylgh wkh frxqwulhv lqwr wzr vdpsohv1 Vdpsoh L lqfoxghv wkh �e frxqwulhv iru

zklfk zh kdyh frpsohwh gdwd iurp �b.S wr �bbH1 Pruhryhu/ zh vruw wkh frxqwulhv lq Vdpsoh

L lqwr wkuhh lqfrph jurxsv> kljk/ phglxp/ dqg orz/ zkhuh hdfk jurxs kdv derxw D frxqwulhv1

Vdpsoh LL lv pruh frpsuhkhqvlyh wkdq Vdpsoh L dqg lqfoxghv doo wlph vhulhv revhuydwlrqv iru

2H frxqwulhv1 Wklv vdpsoh lv ixuwkhu glylghg lqwr ghyhorshg dqg hphujlqj hfrqrplhv1 Wkh

uhdvrq iru frqvlghulqj wkhvh wzr vdpsohv lv wr kljkoljkw wkh idfw wkdw pxfk ri zkdw lv wuxh

iru wkh orzhu lqfrph ghyhorshg hfrqrplhv/ iru zkrp zh d uhodwlyho| odujh wlph0vhulhv gdwd/

lv dovr wuxh iru wkh qhzo| hphujlqj hfrqrplhv zkr kdyh gdwd klvwrulhv ehjlqqlqj lq wkh hduo|

bf*v1 Pruhryhu/ iru doo Vdpsoh L hfrqrplhv zh kdyh d frqwlqxrxv uhfrug iru derxw 22 |hduv/

iru pdq| ri wkh hfrqrplhv lq Vdpsoh LL zh kdyh d pxfk vpdoohu klvwrulhv zklfk ehjlq dw

gl�huhqw gdwhv1

Wkh deryh lpsolfdwlrqv surylgh d edvlv iru dq hfrqrplf lqwhusuhwdwlrq ri wkh uhvxowv lq

Wdeoh D1 Lq Vdpsoh L/ wkh srlqw hvwlpdwh ri wkh vorsh0frh!flhqw lv derxwf�2S +zlwk d vwdqgdug

huuru ri f��e, iru doo frxqwulhv1 Zkhq �{hg h�hfwv duh lqfoxghg lq wkh uhjuhvvlrq +wkdw lv/

d frxqwu|0vshfl�f lqwhufhsw lv dgghg wr wkh uhjuhvvlrq,/ wkh vorsh0frh!flhqw lv derxw }hur

zlwk d vwdqgdug huuru ri f�2f1 Wklv vxjjhvwv wkdw/ rq dyhudjh/ wkh iruzdug suhplxp lv d

eldvhg suhglfwru ri wkh h{shfwhg fxuuhqf| ghsuhfldwlrq/ wkrxjk wkh hylghqfh lq idyru ri wkh

iruzdug suhplxp sx}}oh +l1h1/ qhjdwlyh vorsh0frh!flhqwv, lv qrw ryhuzkhoplqj1 Krzhyhu/ iru

hphujlqj hfrqrplhv wkh vorsh0frh!flhqw lv srvlwlyh dqg derxw f��b +vwdqgdug huuru ri f��b,1

Zkloh xqfryhuhg lqwhuhvw udwh sdulw| lv uhmhfwhg lq doo fdvhv/ wkhuh lv olwwoh hylghqfh lq idyru

ri wkh iruzdug suhplxp sx}}oh1 Xqolnh wkh fdvh ri kljk dqg plggoh lqfrph hfrqrplhv/ wkh

k|srwkhvlv wkdw wkh vorsh lv f�D fdqqrw eh uhmhfwhg iru hphujlqj hfrqrplhv1

Dvvxplqj wkdw wkh vorsh0frh!flhqwv duh wkh vdph dfurvv doo hfrqrplhv pd| eh d wrr vwurqj

dvvxpswlrq/ dqg zh uhod{ wklv dvvxpswlrq e| ohwwlqj wkh vorsh wr eh gl�huhqw dfurvv gl�huhqw

lqfrph fdwhjrulhv exw doorz iru frxqwu|0vshfl�f lqwhufhswv1 Dfurvv lqfrph fdwhjrulhv/ wkh

vorsh0frh!flhqw lv rq dyhudjh vljql�fdqwo| qhjdwlyh iru wkh kljk dqg plggoh lqfrph frxqwulhv/

����e +vwdqgdug huuru ri f�e�, dqg �f�Sf +vwdqgdug huuru ri f��H,/ uhvshfwlyho|1 Dv lv wkh

fdvh zlwk hphujlqj hfrqrplhv/ zh dovr �qg wkdw lq orzhu lqfrph ghyhorshg hfrqrplhv wkh

vorsh lv srvlwlyh dw f��H +vwdqgdug huuru ri f��H,1 Lq orzhu lqfrph ghyhorshg hfrqrplhv dqg

hphujlqj hfrqrplhv +zklfk e| dqg odujh dovr kdyh orz shu fdslwd lqfrph,/ wkh hylghqfh grhv
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qrw vxjjhvw wkh suhvhqfh ri wkh iruzdug suhplxp sx}}oh/ zklfk lv frq�qhg wr kljk lqfrph

hfrqrplhv1 Wklv hylghqfh dovr vxjjhvwv wkdw wkhuh lv rqo| zhdn hylghqfh lq idyru ri d wlph0

ydu|lqj ulvn suhplxp lq hphujlqj hfrqrplhv dqg orzhu lqfrph ghyhorshg hfrqrplhv1 Edvhg

rq wkhvh pdjqlwxghv lw ixuwkhu dsshduv wkdw kljk lqfrph hfrqrplhv kdyh d ulvn suhplxp

yrodwlolw| wkdw h{fhhgv wkdw ri wkh h{shfwhg ghsuhfldwlrq +Fdvh LL/ Wdeoh �,/ dqg orzhu lqfrph

ghyhorshg dqg hphujlqj hfrqrplhv srwhqwldoo| vdwlvi| wkh rssrvlwh +wkdw lv/ Fdvh LY lq Wdeoh

�,1

Wkhuh duh rwkhu lpsruwdqw gl�huhqfhv dfurvv wkhvh hfrqrplhv zkhq wkh uhodwlrq ehwzhhq

wkh h{shfwhg ghsuhfldwlrq dqg lqwhuhvw udwh gl�huhqwldo lv phdvxuhg frqglwlrqdo rq wkh vljq

ri wkh lqwhuhvw udwh gl�huhqwldo1 Hfrqrplhv lq Vdpsoh L/ dqg Ghyhorshg hfrqrplhv lq Vdpsoh

LL/ vkrz frqvlghudeoh hylghqfh ri vwdwh0ghshqghqfh1 Zkhq X1V1 udwhv duh frqvlghudeo| kljk/

wkh vorsh lv vljql�fdqwo| qhjdwlyh/ lpso|lqj wkdw wkh yduldqfh ri R�| h{fhhgv wkh yduldqfh ri

_�| +vhh Fdvh LL/ Wdeoh �,1 Rq wkh rwkhu kdqg/ zkhq wkh lqwhuhvw udwh gl�huhqwldo lv qhjdwlyh

wkh uhjuhvvlrq frh!flhqw lv qrw vljql�fdqwo| gl�huhqw iurp rqh/ dqg xqfryhuhg lqwhuhvw udwh

sdulw| lv qrw uhmhfwhg lq wklv vwdwh +vhh Fdvh L/ Wdeoh �,1 Lq wklv fdvh/ wkh lpsolfdwlrq iru

wkh uhodwlyh yduldqfh ri _�| dqg R�| lv rssrvlwh wr wkrvh lq wkh vwdwh zkhuh wkh lqwhuhvw udwh

gl�huhqwldo lv srvlwlyh1 Qrwh wkdw wkh Zdogd vwdwlvwlf ri htxdolw| ri wkh wzr vorsh0frh!flhqwv

vkduso| uhmhfwv wkh htxdolw| k|srwkhvlv +s0ydoxhv forvh wr }hur,1 D whvw iru qrq0olqhdulw| edvhg

rq wkh fxelf uhjuhvvlrq frq�upv wklv ixuwkhu +vhh wkh Zdoge vwdwlvwlf,1 Wkh deryh uhvxowv iru

gl�huhqw lqfrph fdwhjrulhv duh yhu| vlplodu zkhwkhu zh lqfoxgh ru h{foxgh frxqwu|0vshfl�f

�{hg h�hfwv1 Lq wkh fdvh ri hphujlqj hfrqrplhv/ wkh k|srwkhvlv wkdw wkh vorsh0frh!flhqw

lv wkh vdph dfurvv wkh srvlwlyh dqg qhjdwlyh lqwhuhvw udwh gl�huhqwldov fdqqrw eh uhmhfwhg/

vxjjhvwlqj wkdw wkhvh hfrqrplhv vkrz olwwoh vwdwh0ghshqghqfh +vhh Hphujlqj lq Vdpsoh LL/

Wdeoh D,1 Wklv uhvxow iru hphujlqj hfrqrplhv lv frqvlvwhqw zlwk wkh hylghqfh irxqg lq wkh

wlph0vhulhv uhsruwhg lq Wdeoh e zkhuh wkhuh lv olwwoh hylghqfh lq idyru ri qrq0olqhdulwlhv17

Wkh uhvxowv fdq dovr eh vhhq lq Iljxuhv �1d0e1 Lq Iljxuh �1d wkh ghsuhfldwlrq udwhv iru

doo fxuuhqflhv duh ghslfwhg yhuvxv wkh dvvrfldwhg iruzdug suhpld +lqwhuhvw udwh gl�huhqwldov,/

zkhuhdv Iljxuh �1e vkrzv wkh hvwlpdwhg uhodwlrq lq wkh fxelf uhjuhvvlrq1 Lw lv hylghqw wkdw

iru ghyhorshg hfrqrplhv/ wkhuh lv d qrq0olqhdu uhodwlrq�zkhq wkh X1V1 lqwhuhvw udwh h{fhhgv

7 Wzr dgglwlrqdo revhuydwlrqv duh zruwk qrwlqj1 Iluvw/ zh kdyh dovr grqh wkh deryh hpslulfdo dqdo|vlv
iru Vdpsoh L xvlqj wkuhh0prqwk � lq dgglwlrq wr rqh0prqwk � iruzdug frqwudfwv dqg h{fkdqjh udwh fkdqjhv/
dqg rxu uhvxowv duh yhu| vlplodu dqg khqfh qrw uhsruwhg1 Vhfrqg/ doo uhvxowv glvfxvvhg lq wklv vhfwlrq duh
hvvhqwldoo| wkh vdph zkhwkhu zh xvh orjjhg yduldeohv ru dulwkphwlf rqhv1
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wkh iruhljq lqwhuhvw udwh wkh uhodwlrq lv qhjdwlyh/ zkhuhdv lw lv srvlwlyh iru wkh vwdwh zkhq

wkh lqwhuhvw udwh gl�huhqwldo lv qhjdwlyh +iurp��DI shu |hdu,1 Iru hphujlqj hfrqrplhv/ wkh

�wwhg uhjuhvvlrq lv  dwwhu wkdq wkh eD0ghjuhh olqh/ dqg vkrzv olwwoh hylghqfh ri qrq0olqhdulwlhv

diwhu wdnhq lqwr dffrxqw ri vdpsolqj huuru1

Dv glvfxvvhg hduolhu/ rqh pljkw vxvshfw wkdw pdq| ri wkh gl�huhqfhv dfurvv wkh hfrqrplhv

pd| eh dq rxwfrph ri gl�huhqfhv lq wkhlu pdfur0hfrqrplf hqylurqphqw1 Lqghhg/ dv grfx0

phqwhg lq Wdeoh S iru Vdpsoh L/ zh �qg wkdw frxqwulhv zlwk orzhu shu0fdslwd lqfrph/ kljkhu

lq dwlrq xqfhuwdlqw|/ dqg orzhu frxqwu| udwlqjv kdyh odujhu vorsh0frh!flhqwv1 Kljk lqfrph/

kljk udwlqj/ dqg orz lq dwlrq xqfhuwdlqw| hfrqrplhv duh pruh olnho| wr kdyh d qhjdwlyh vorsh0

frh!flhqw1 Pruhryhu/ wkhvh gl�huhqw dwwulexwhv duh kljko| fruuhodwhg zlwk shu fdslwd JQS

zklfk surylghv mxvwl�fdwlrq iru rxu lqfrph0edvhg fodvvl�fdwlrq1 Wkh furvv0vhfwlrqdo hylghqfh

iru wkh JQS dqg lq dwlrq dwwulexwhv +erwk uhodwlyh wkh X1V1, lv dovr ghslfwhg lq Iljxuhv21d0e1

Wkh �jxuhv vkrz bf( frq�ghqfh edqgv iru wkh hvwlpdwhg vorsh0frh!flhqwv dv d ixqfwlrq ri

wkh wzr dwwulexwhv1 Wr wkh h{whqg wkdw lq dwlrq dqg lq dwlrq yrodwlolw| duh dq rxwfrph ri

prqhwdu| dqg �vfdo srolf|/ rxu hylghqfh vxjjhvwv wkdw wkh furvv0vhfwlrqdo gl�huhqfhv dfurvv

hfrqrplhv pd|/ dw ohdvw lq sduw/ eh gxh wr gl�huhqfhv lq wkh frqgxfw ri wkhvh srolflhv1 Zkhq

hphujlqj hfrqrplhv duh lqfoxghg lq wkh vdpsoh/ wkh vljq rq doo wkh frh!flhqwv/ dqg wkhlu

hfrqrplf lqwhusuhwdwlrq lv wkh vdph dv iru Vdpsoh L1 Wkh w0udwlrv duh/ krzhyhu/ orzhu1 Zh vxv0

shfw wkdw iru hphujlqj hfrqrplhv/ jlyhq wkh vpdoo vdpsoh vl}h/ lw lv kdug wr uholdeo| phdvxuh

yduldeohv vxfk dv h{shfwhg lq dwlrq lq d pdqqhu wkdw lv uhsuhvhqwdwlyh ri wkh h{shfwdwlrqv ri

hfrqrplf djhqwv18

Wr ixuwkhu h{soruh wkh uhodwlrq ehwzhhq h{shfwhg h{fkdqjh udwhv fkdqjhv dqg lqwhuhvw

udwh gl�huhqwldov/ zh dovr frqvlghu furvv h{fkdqjh udwhv1 Lq sduwlfxodu/ zh uxq wkh deryh

uhjuhvvlrqv zlwk hlwkhu wkh GHP ru wkh MS\ dv wkh edvh fxuuhqf| lqvwhdg ri wkh XVG1 Wdeoh

. grfxphqwv wkh hylghqfh uhjduglqj wkh furvv0h{fkdqjh udwhv1 Zh �qg wkdw wkh uhvxowv ri

xvlqj wkh MS\ duh yhu| vlplodu wr wkh rqhv uhsruwhg xvlqj wkh XVG dv wkh qxphudluh1 Wkh

hylghqfh iru wkh GHP lq wkh srrohg hvwlpdwlrqv vxjjhvwv wkdw wkh vorsh0frh!flhqw lq wkh

vwdqgdug iruzdug suhplxp uhjuhvvlrq lv jhqhudoo| kljkhu1 Iru lqvwdqfh/ iru doo hfrqrplhv wkh

srlqw hvwlpdwh lv derxw f��H zklfk vkrxog eh frpsduhg wr �f�f2 lq wkh XVG fdvh1 Khqfh/

8 Vwdwhg gl�huhqwo|/ wkh 80: |hduv ri dqqxdo gdwd wkdw zh xvh wr frqvwuxfw wkh dyhudjh lq dwlrq dqg
lq dwlrq yrodwlolw| pd| qrw eh forvh wr wkh h{shfwhg lq dwlrq rq dyhudjh lq wkhvh hfrqrplhv1 Iru wkh 47
hfrqrplhv iurp Vdpsoh L zh duh xvlqj 55 |hduv ri gdwd wr phdvxuh wkhvh txdqwlwlhv1
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zkhq fxuuhqflhv duh frqvlghuhg djdlqvw wkh GHP/ wkhuh lv hyhq ohvv hylghqfh lq vxssruw ri

wkh iruzdug suhplxp sx}}oh1 Wklv uhvxow lv dovr frqvlvwhqw zlwk Iorrg dqg Urvh +4<<9, zkr

�qg d kljkhu vorsh0frh!flhqw iru hfrqrplhv zlwklq wkh Hxurshdq Prqhwdu| V|vwhp +HPV,

yhuvxv wkh GHP wkdq iru hfrqrplhv yhuvxv wkh XVG1 Zh vxvshfw wkdw wklv pd| eh gxh wr

wkh idfw wkdw pdq| Hxurshdq hfrqrplhv/ hvshfldoo| zlwklq wkh HPV/ wu| wr frruglqdwh wkhlu

prqhwdu| srolflhv zlwk Jhupdq|1 Ghvslwh vrph gl�huhqfhv/ wkh pdlq phvvdjh iurp xvlqj

furvv h{fkdqjh udwhv lv hvvhqwldoo| wkh vdph dv zh uhsruw iru wkh XVG1 Pruhryhu/ Iljxuhv

�1f0g lqglfdwh wkdw wkh hylghqfh ri qrq0olqhdulwlhv lv ohvv vljql�fdqw iru wkh GHP frpsduhg

wr wkh MS\1 Wklv lv frq�uphg e| wkh Zdog vwdwlvwlfv lq Wdeoh .1

Wkh deryh uhvxowv vxjjhvw wzr sx}}ohv uhjduglqj wkh uhodwlrq ehwzhhq wkh h{shfwhg fxu0

uhqf| ghsuhfldwlrq dqg wkh lqwhuhvw udwh gl�huhqwldo1 Iluvw/ zk| lv wklv uhodwlrq gl�huhqw

dfurvv hphujlqj dqg ghyhorshg hfrqrplhv/ dqg vhfrqg/ zk| lv wkh edvh fxuuhqf| h{shfwhg wr

dssuhfldwh zkhq wkh lqwhuhvw udwh gl�huhqwldo lv odujh dqg qrw rwkhuzlvh1

Hlfkhqedxp dqg Hydqv +4<<8,/ dqg \durq +4<<9, vxjjhvw wkdw prghov wkdq lqfrusrudwh

olplwhg sduwlflsdwlrq dqg2ru qrplqdo sulfh uljlglwlhv +vhh Gruqexvfk +4<:9,/ Oxfdv +4<<3,/

Julool dqg Urxelql +4<<5,/ dqg Julool dqg Urxelql +4<<6,, pd| khos lq h{sodlqlqj wkh dyhudjh

qhjdwlyh vorsh frh!flhqw sx}}oh1 Rxu furvv0vhfwlrqdo hylghqfh lv frqvlvwhqw zlwk wkh lqwxlwlrq

frqwdlqhg lq prghov zklfk lqfrusrudwh qrq0Ilvkhuldq h�hfwv +vhh Oxfdv +4<<3,,1 D ihdwxuh

ri wkhvh prghov lv wkdw zlwk d ulvh lq lq dwlrq xqfhuwdlqo| ru h{shfwhg lq dwlrq/ wkh prgho

ehkdyhv doprvw olnh vwdqgdug Ilvkhuldq prghov +vhh Ixhuvw +4<<7,,1 Krzhyhu/ qrq0Ilvkhuldq

ixqgdphqwdov kdyh lpsruwdqw h�hfwv li h{shfwhg lq dwlrq lv orz1 Hphujlqj hfrqrplhv dqg

orz lqfrph ghyhorshg hfrqrplhv w|slfdoo| kdyh odujh h{shfwhg lq dwlrq/ khqfh wkh Ilvkhuldq

uhodwlrq ehwzhhq h{shfwhg ghsuhfldwlrq dqg lqwhuhvw udwh gl�huhqwldo +l1h1/ wkh devhqfh ri wkh

iruzdug suhplxp sx}}oh, vhhpv wr �qg pruh vxssruw lq wkhvh hfrqrplhv1 Iru orz lq dwlrq

hfrqrplhv qrq0Ilvkhuldq h�hfwv fdq eh lpsruwdqw dqg ohdg wkh iruzdug suhplxp sx}}oh1

Lqghhg \durq +4<<9, dwwhpswv wr h{sodlq wkh iruzdug suhplxp sx}}oh iurp wkh shuvshfwlyh

ri prghov zklfk lqfrusrudwh wkhvh h�hfwv1 Xvlqj d uhgxfhg irup prgho/ Edqvdo +4<<:, dujxhv

wkdw dv|pphwulhv dfurvv hfrqrplhv dqg vwrfkdvwlf yrodwlolw| pd| khos mxvwli| wkh iruzdug

suhplxp sx}}oh dqg wkh grfxphqwhg qrq0olqhdulwlhv1 Dq h{solflw jhqhudo htxloleulxp prgho

wr txdqwlwdwlyho| h{sodlq wkh furvv0vhfwlrqdo gl�huhqfhv lv eh|rqg wkh vfrsh ri wklv sdshu1 Lq

wkh qh{w vhfwlrq/ krzhyhu/ zh h{soruh zkhwkhu wkh revhuyhg ulvn0suhpld fdq eh ylhzhg dv dq
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rxwfrph ri frpshqvdwlrq iru v|vwhpdwlf ulvn1

6 Wkh Ulvn Suhplxp

Wkh vorsh frh!flhqw lq +5,/ k��/ kdv gluhfw lpsolfdwlrqv iru wkh iruzdug ulvn suhplxp�

wkh h{shfwhg h{fhvv uhwxuq iurp kroglqj wkh iruhljq fxuuhqf| ghsrvlw +vhh Idpd +4<;7,/

dqg Krgulfn +4<;:,,1 Iru d jlyhq ohyho ri %�|/ wkh pruh qhjdwlyh k�� lv/ wkh odujhu lv wkh

ulvn suhplxp lq devroxwh ydoxh1 Vlploduo|/ iru d jlyhq k�� 	 �/ dq lqfuhdvh lq %�| udlvhv

wkh devroxwh ydoxh ri wkh ulvn suhplxp1 Wkh idfw wkdw k�� lv vljql�fdqwo| gl�huhqw iurp

rqh ixuwkhu vxjjhvwv wkdw wkhuh lv wlph0yduldwlrq lq wkh ulvn suhplxp1 Wklv kdv prwlydwhg

vhyhudo uhvhdufkhv wr dvn li wkh wlph0ydu|lqj ulvn suhplxp fdq eh h{sodlqhg dv frpshqvdwlrq

iru ehdulqj v|vwhpdwlf ulvn1 Kdqvhq dqg Krgulfn +4<;6, ghyhors d odwhqw idfwru prgho wr

h{soruh wklv lvvxh1 Ixuwkhu/ h{huflvhv xqghuwdnhq rq d ihz ghyhorshg hfrqrplhv lq d vlplodu

vslulw �qg lw kdug wr uhmhfw wkh uhvwulfwlrqv lpsrvhg e| wkh odwhqw idfwru prghov rq wkh ulvn

suhpld +vhh Fdpsehoo dqg Fodulgd +4<;:,/ Jlrydqqlql dqg Mrulrq +4<;:,/ Kxdqj +4<;<,/

Ohzlv +4<<3,/ Ehndhuw dqg Krgulfn +4<<5,/ dprqj rwkhuv,1 Lq wklv vwxg|/ zh wu| wr h{soruh

wklv hfrqrplf lvvxh xvlqj d odujh furvv0vhfwlrq ri hfrqrplhv/ dqg �qg wkdw rxu uhvxowv gl�hu

lq pdq| uhvshfwv iurp wkhvh sdshuv1 Zh �uvw grfxphqw wkh gl�huhqfhv lq ulvn suhpld dfurvv

hfrqrplhv/ dqg wkhq whvw wkh lpsolfdwlrqv ri ydulrxv dvvhw sulflqj prghov1

Wdeoh H suhvhqwv dyhudjh h{fhvv uhwxuqv dqg vwdqgdug ghyldwlrq iurp ex|lqj iruhljq fxu0

uhqf| ghsrvlwv1 Wkh udwlr ri wkh dyhudjh uhwxuq wr wkh vwdqgdug ghyldwlrq phdvxuhv wkh

Vkdush Udwlr1 Iru prvw ri wkh frxqwulhv wklv udwlr lv vwdwlvwlfdoo| qrw gl�huhqw iurp }hur/

lpso|lqj wkdw rq dyhudjh lqyhvwlqj lq wkh iruhljq fxuuhqf| ghsrvlw grhv qrw r�hu dq h{fhvv

uhwxuq gl�huhqw iurp }hur1 Qrz frqvlghu wkh uhwxuq rq d g|qdplf wudgh lpsolhg e| wkh

uhjuhvvlrqv glvfxvvhg hduolhu19 Wkh g|qdplf wudgh lv wr eruurz iurp wkh orz lqwhuhvw udwh

frxqwu| dqg lqyhvw lq wkh kljk lqwhuhvw udwh frxqwu|1 Iru prvw ghyhorshg hfrqrplhv +doo

frxqwulhv lq wkh wdeoh wloo Vsdlq,/ wkh Vkdush Udwlr lv srvlwlyh dqg vljql�fdqwo| gl�huhqw iurp

}hur1 Iru hphujlqj hfrqrplhv/ wklv wudgh lv sur�wdeoh iru hfrqrplhv vxfk dv Sruwxjdo/ exw

iru pdq| rwkhuv wklv Vkdush Udwlr lv qrw yhu| gl�huhqw iurp }hur +diwhu wdnlqj dffrxqw ri

vdpsolqj huuru,1 Wklv lv frqvlvwhqw zlwk rxu hduolhu hylghqfh wkdw wkh xqfryhuhg lqwhuhvw udwh

9 Wklv zd| ri h{sorlwlqj wkh uhvxowv lq wkh iruzdug suhplxp uhjuhvvlrqv lv dovr grqh e| Ixqj/ Kvlhk/ dqg
Ohlwqhu +4<<6,1
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sdulw| k|srwkhvlv lv eduho| uhmhfwhg iru pdq| ri wkhvh hfrqrplhv1 Wkh hylghqfh lq Wdeoh b

uhjduglqj wkh vdph wudghv iru ghyhorshg dqg hphujlqj hfrqrplhv +vhh Vdpsoh LL, ixuwkhu

frq�upv wklv lqwhusuhwdwlrq1 Wkh Vkdush Udwlrv iru wkh lqfrph sruwirolrv duh vljql�fdqwo|

srvlwlyh dqg odujh iru doo lqfrph fdwhjrulhv1 Wklv hylghqfh vxjjhvwv wkdw wkhuh lv frqvlghu0

deoh gl�huhqfhv lq wkh furvv0vhfwlrq dfurvv wkhvh hfrqrplhv/ zklfk pxvw lq sulqflsoh uh hfw

gl�huhqw h{srvxuhv wr v|vwhpdwlf ulvn1 D sulrul lw vhhpv wkdw wkh h{srvxuh wr v|vwhpdwlf ulvn

iru hphujlqj hfrqrplhv pxvw eh vpdoohu/ uh hfwlqj lwv uhodwlyho| vpdoo ulvn suhplxp1

614 Odwhqw Idfwru Prghov

61414 Hvwlpdwlrq Vhwxs

Lw lv zhoo uhfrjql}hg wkdw lq wkh devhqfh ri pdunhw iulfwlrqv/ dqg wkh devhqfh ri duelwudjh

rssruwxqlwlhv/ wkhuh lv d sulflqj nhuqho +ru/ d vwrfkdvwlf glvfrxqw idfwru, zklfk pxvw sulfh wkh

wudghg uhwxuqv1 Ohw 6|n� ghqrwh wklv sulflqj nhuqho1 Wkh sulflqj frqglwlrq wkdw lv vdwlv�hg

lv wkhq

H d6|n�5�|n�mI|o ' fc +;,

zkhuh 5�|n� lv wkh h{fhvv uhwxuq iurp kroglqj wkh ghsrvlw ri fxuuhqf| �1 Xvlqj wkh gh�qlwlrq

ri d fryduldqfh wklv lpsolhv wkdw

H d5�|n�mI|o ' �FryE6|n�c 5�|n�mI|�

YduE6|n�mI|�

YduE6|n�mI|�

H d6|n�mI|o
c +<,

zkhuh YduE6|n�mI|�*Hd6|n�mI|o lv wkh djjuhjdwh pdunhw sulfh ri ulvn1 Uhodwlrq +<, vd|v wkdw

wkh h{shfwhg h{fhvv uhwxuq lv sursruwlrqdo wr wkh djjuhjdwh pdunhw sulfh ri ulvn pxowlsolhg

e| lwv frqglwlrqdo ehwd/ q
�|
' FryE6|n�c 5�|n�mI|�*YduE6|n�mI|�1

:

Kdqvhq dqg Krgulfn +4<;6, xvh htxdwlrq +<, wr zulwh grzq d odwhqw idfwru prgho1 Wklv

prgho uhsodfhv wkh djjuhjdwh pdunhw sulfh ri ulvn zlwk wkh ulvn suhplxp rq d ehqfkpdun

dvvhw/ 5W
|n�/ zklfk dovr vdwlv�hv htxdwlrq +<,1 Lq hvvhqfh/ wkh odwhqw idfwru prgho dvnv wkh

txhvwlrq= Duh doo ulvn suhpld sursruwlrqdo wr hdfk rwkhuB Wklv lv d gluhfw lpsolfdwlrq ri

: Iru d pruh ghwdlohg h{srvlwlrq/ vhh Kdqvhq dqg Ulfkdug +4<;:,/ dqg Edqvdo/ Kvlhk/ dqg Ylvzdqdwkdq
+4<<6,1
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uhodwlrq +;,1 Wkh odwhqw idfwru prgho wkhq vdwlv�hv wkh dvvhw sulflqj frqglwlrq

Hd5�|n�mI|o ' q
�|
b| +43,

b| � Hd5W
|n�mI|oc +44,

zkhuh b| lv wkh ulvn suhplxp rq wkh ehqfkpdun1 Qrwh wkdw wkh q
�|
lq htxdwlrq +43, uhihuv wr

wkh ehwd ri dvvhw � qrupdol}hg e| wkh ehwd ri wkh 5W
|n� sruwirolr1

Iru rxu hpslulfdo h{huflvh zh ixuwkhu dvvxph wkdw q
�|
lv dw prvw d ixqfwlrq ri %�|/ wkdw

lv/ q
�|
ghshqgv rqo| rq lqirupdwlrq vshfl�f wr h{fkdqjh udwh �1 E| frpsxwlqj wkh phdq ri

b| frqglwlrqdo rq %�|/ rqh fdq ixuwkhu fkdudfwhul}h wkh ulvn suhplxp ri fxuuhqf| � hqwluho| lq

whupv ri lwv lqwhuhvw udwh gl�huhqwldo1 Xvlqj wkh odz ri lwhudwhg h{shfwdwlrqv/ lw iroorzv wkdw

Hdb|m%�|o � HdE5W
|n�mI|�m%�|o ' Hd5W

|n�m%�|o� +45,

Htxdwlrqv +43, wr +45, shuplw d yhu| frqyhqlhqw ghfrpsrvlwlrq ri wkh ulvn suhplxp lqwr

ruwkrjrqdo frpsrqhqwv zklfk doorzv xv wr fkdudfwhul}h wkh vrxufhv ri wkh ulvn suhplxp iru

hdfk fxuuhqf| dqg zklfk surylghv ydoxdeoh hfrqrplf lqvljkwv +wklv lv glvfxvvhg lq juhdwhu

ghwdlo ehorz,1 Wr wklv hqg/ �uvw qrwh wkdw

b| � Hd5W
|n�mI|o ' Hd5W

|n�m%�|o n #W
�|
c +46,

zkhuh #W
�|
lv wkh gl�huhqfh ehwzhhq b| dqg wkh phdq ri b| frqglwlrqdo rq %�| +vhh htxdwlrq

+45,,1 Dv Hdb|m%�|o ' Hd5W
|n�m%�|o/ lw dovr iroorzv wkdw Hd#

W

�|
m%�|o ' f1 Frqvhtxhqwo|/ Hd#W

�|
o ' f

dqg #W
�|
lv dovr ruwkrjrqdo wr doo phdvxudeoh ixqfwlrqv ri %�|1

;

Wr fkdudfwhul}h wkh gl�huhqw vrxufhv ri wkh ulvn suhplxp rq fxuuhqf| �/ uhzulwh htxdwlrq

+43, dv

Hd5�|n�mI|o ' q
�|
Hd5W

|n�m%�|o n q
�|
EHd5W

|n�mI|o� Hd5W
|n�m%�|o�c +47,

ru/

HdE5W
|n�mI|�m%�|o� Hd5W

|n�m%�|o ' Hd#W
�|
m%�|o ' f� +48,

Wkh ulvn suhplxp ri fxuuhqf| � frqglwlrqdo rq %�| pxvw wkhq vdwlvi|/

HdE5�|n�mI|�m%�|o ' Hd5�|n�m%�|o ' q
�|
Hd5W

|n�m%�|o� +49,

; Lq sduwlfxodu qrwh wkdw H^��
lw
{lw` @ H^��

lw
H
�
}
�

w.4m{lw

�
` @ 31 Wkdw lv/ ��

lw
lv ruwkrjrqdo wr {lw/ H

�
}
�

w.4m{lw

�
/

dqg lv/ lq idfw/ ruwkrjrqdo wr doo phdvxudeoh ixqfwlrqv ri {lw1
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Zkloh htxdwlrq +48, fkdudfwhul}hv wkh ulvn suhplxp frqglwlrqdo rq wkh djjuhjdwh lqirupdwlrq

vhw I|/ htxdwlrq +49, uhsuhvhqwv lw frqglwlrqdo rqo| rq %�|1 Wkh yrodwlolw| ri wkh ulvn suhplxp

edvhg rq I| zloo dw ohdvw eh dv odujh dv wkdw edvhg rq %�|�d frqvhtxhqfh ri wkh idfw wkdw I|

frqwdlqv pruh lqirupdwlrq lq dgglwlrq wr %�|1

Wkh dvvhw sulflqj uhvwulfwlrqv hperglhg lq htxdwlrq +49, duh lpsruwdqw iru rwkhu uhdvrqv

dv zhoo1 W|slfdoo|/ ylrodwlrqv ri xqfryhuhg lqwhuhvw udwh sdulw| duh hpslulfdoo| grfxphqwhg

lq whupv ri wkh lqirupdwlrq frqwdlqhg rqo| lq %�| +vhh/ iru lqvwdqfh/ Krgulfn +4<;:,/ Kvlhk

+4<;7,/ dqg Vhfwlrq 2 ri wklv sdshu,1 Jlyhq wklv frpprq surfhgxuh lw vhhpv qdwxudo wr dvn li

wkh dvvhw sulflqj prgho/ frqglwlrqdo rq nqrzlqj rqo| %�|/ fdq gholyhu wkh vdph ulvn suhplxp

g|qdplfv dv revhuyhg lq wkh gdwd1

61415 Wkh Hvwlpdwhg Prgho

Wkh vlpsohvw prgho dvvxphv d frqvwdqw ehwd iru hdfk frxqwu| +wkdw lv/ q
�|

' q
�
,1 Ohw

f| ' d�c %�|c � � � c %�|o
� yhfwru ri d frqvwdqw dqg lqwhuhvw udwh gl�huhqwldov dvvrfldwhg zlwk�

fxuuhqflhv1 Lw lv ixuwkhu dvvxphg wkdw

Hd5W

|n�mI|o � b| ' B�f|c +4:,

dqg wkdw

Hd5W

|n�m%�|o ' V�f n V��%�|c +4;,

zkhuh B lv wkh yhfwru ri frh!flhqwv rewdlqhg e| surmhfwlqj 5W

|n� rq f|1 Htxdwlrq +4;, uhsuh0

vhqwv wkh ulvn suhplxp rq d }hur0frvw sruwirolr ri fxuuhqflhv1 Wkh deryh dvvxpswlrqv lpso|

wkdw wkh dqdorj iru htxdwlrqv +48, dqg +49,/ lq wkh frqvwdqw ehwd prgho vdwlvi|/

Hd5�|n�mI|o ' q
�
dV�f n V��%�|o n q

�
dEB�f|�� EV�f n V��%�|�oc +4<,

dqg

Hd5�|n�m%�|o ' q
�
dV�f n V��%�|o� +53,

Ohw wkh surmhfwlrq huuruv iru htxdwlrqv +4:, wr +4<, eh ghqrwhg e| eW
|n�/ e

�
�|n�/ dqg e2

�|n�1

Qrwh wkdw wkh pduwlqjdoh gl�huhqfh huuruv e�
�|n�/ dqg e2

�|n� duh vshfl�f wr fxuuhqf| �/ zkhuhdv

wkh huuru eW
|n� lv qrw vshfl�f wr d jlyhq fxuuhqf|1 Wkh prghov fdq eh hvwlpdwhg e| xvlqj wkh
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jhqhudol}hg phwkrg ri prphqwv ri Kdqvhq +4<;5,1 Wkh ruwkrjrqdolw| frqglwlrqv wkdw zh xvh

iru wkh frqvwdqw ehwd prgho duh

HdeW
|n�f|o ' fc +54,

Hde�
�|n�o ' fc +55,

Hde�
�|n�%�|o ' fc +56,

Hde2
�|n�f|o ' f� +57,

Zlwk � fxuuhqflhv wklv lpsolhv wkdw/ lq doo/ wkhuh duh �n e� n�2 ruwkrjrqdolw| frqglwlrqv1

Lq dgglwlrq wr wkh � n � sdudphwhuv lq B/ wkhuh duh � sdudphwhuv ri q
�
/ V�f/ dqg V�� wr eh

hvwlpdwhg1 Khqfh/ wkh sdudphwhu yhfwru w ' dBc q
�
c V�fc V��o

� frqwdlqv �ne� sdudphwhuv1 Wklv

lpsolhv wkdw wkhuh duh �2 ryhulghqwli|lqj uhvwulfwlrqv wr whvw wkh prgho1

Zh dovr frqvlghu d prgho lq zklfk wkh ehwd fdq ydu| ryhu wlph +dv lq/ iru lqvwdqfh/

Jlrydqqlql dqg Mrulrq +4<;:,,1 Zh dvvxph wkdw

q
�|
' q

�f n q
�� E%�| � H d%�|o� c +58,

dqg lpsrvh wklv dv dq dgglwlrqdo prphqw frqglwlrq1 Vlqfh wkhuh duh rqh pruh sdudphwhu shu

fxuuhqf|/ wklv v|vwhp lv vwloo ryhulghqwl�hg zlwk �2 uhvwulfwlrqv1

Zh kdyh wlph0vhulhv gdwd iru �e +prvwo| ghyhorshg hfrqrplhv, frxqwulhv zlwk 2� |hduv

ri zhhno| revhuydwlrqv dqg dqrwkhu �e +prvwo| hphujlqj pdunhwv, zlwk vkruwhu klvwrulhv1

Hyhq li rqh zkhuh wr xvh rqo| wkh �e hfrqrplhv zlwk wkh odujhu klvwru|/ erwk wkh qxpehu ru

ruwkrjrqdolw| frqglwlrqv dqg wkh qxpehu ri sdudphwhuv lv txlwh odujh1 Khqfh/ zh hvwlpdwh

wkh prgho iru sruwirolrv ri fxuuhqflhv +vruwhg rq wkh JQS dwwulexwh,1

61416 Hylghqfh iurp wkh Prgho

Wr nhhs wkh qxpehu ri hvwlpdwhg sdudphwhuv vpdoo f| frpsulvhv ri d frqvwdqw/ dqg wkh

htxdoo|0zhljkwhg lqwhuhvw udwh gl�huhqwldo iru wkh frxqwulhv lq hdfk ri wkh lqfrph fdwhjrulhv1

Dv uhdvrqdeoh wlph0vhulhv hvwlpdwlrq lv qrw ihdvleoh zlwk d yhu| odujh furvv0vhfwlrq ri dvvhw

uhwxuqv/ zh whvw wkh odwhqw idfwru prgho rqo| iru wkh lqfrph sruwirolrv iru wkh odujhu vdpsoh

wkdw ehjlqv lq �b.S1 Wr lqfrusrudwh pruh glvdjjuhjdwhg lqirupdwlrq zh dovr uhsruw uhvxowv

iurp dq dowhuqdwlyh furvv0vhfwlrqdo dssurdfk lq wkh qh{w vxe0vhfwlrq1
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Wdeoh �f suhvhqwv wkh uhvxowv uhjduglqj wkh odwhqw idfwru prgho1 Lw lv hylghqw wkdw wkh

ehwdv duh lqfuhdvlqj zlwk lqfrph1 Orz lqfrph hfrqrplhv vhhp wr kdyh orzhu h{srvxuh wr

wkh v|vwhpdwlf vrxufh ri ulvn�wkh dyhudjh ehwd iru wkh kljk lqfrph frxqwulhv lv derxw ��D

dqg rqo| derxw f�D iru wkh orz lqfrph hfrqrplhv1 Lq whupv ri wkh delolw| ri wkh prgho

wr hydoxdwh wkh sursruwlrqdolw| ri wkh ulvn suhplxp/ lw lv fohdu wkdw wkh prgho lv vkduso|

uhmhfwhg zlwk s0ydoxhv forvh wr }hur1 Wkh wlph0ydu|lqj ehwd prgho lv dovr vkduso| uhmhfwhg1

Khqfh/ lw vhhpv wkdw wkhvh ulvn suhpld duh qrw frqglwlrqdoo| sursruwlrqdo wr hdfk rwkhu/ dv

zrxog eh uhtxluhg e| d prgho ri v|vwhpdwlf ulvn1 Wdeoh �� ixuwkhu vkrzv/ edvhg rq +49,/

wkdw wkh prgho lv fdsdeoh ri uhsurgxflqj wkh dyhudjh qhjdwlyh uhodwlrq ehwzhhq frqglwlrqdo

ulvn suhpld dqg wkh lqwhuhvw udwh gl�huhqwldov glvfxvvhg hduolhu1 Jlyhq wklv/ lw vhhpv wkdw lw

lv lqghhg wkh sursruwlrqdolw| ri wkh ulvn suhplxp wkdw lv ylrodwhg1 Zh dovr hydoxdwhg wkh

dyhudjh sulflqj huuru +wkh dyhudjh deqrupdo h{fhvv uhwxuq, iru hdfk ri wkh sruwirolrv1 Zkloh

wkh dyhudjh deqrupdo uhwxuq iru wkh kljk dqg plggoh lqfrph frxqwulhv zdv qrw vwdwlvwlfdoo|

gl�huhqw iurp }hur/ lw zdv vljql�fdqwo| srvlwlyh iru wkh orz lqfrph sruwirolr�derxw ���bI

shu |hdu +zlwk d w0udwlr ri 2��b,1

Iljxuhv �1d0e vkrz wkh glvwulexwlrq ri uhwxuqv iru wkh gl�huhqw lqfrph fdwhjrulhv1 Wdeohb

vkrzv wkdw wkh dyhudjh h{fhvv uhwxuq rq wkh orz lqfrph sruwirolr lv2�H�/ pruh vxusulvlqjo| wkh

vwdqgdug ghyldwlrq iru wklv sruwirolr lv dovr wkh vpdoohvw +b�ffI shu |hdu,1 Wkh kljk lqfrph

sruwirolr rq wkh rwkhu kdqg rqo| r�huv derxw f�HDI shu |hdu/ dqg lv pruh yrodwloh1 Dv wkh

v|vwhpdwlf h{srvxuh ri orz lqfrph hfrqrplhv lv vpdoohu/ dqg iru lqglylgxdo frxqwulhv wkh

ryhudoo yrodwlolw| ri wkh h{fhvv uhwxuq odujhu wkdq wkdw ri ghyhorshg hfrqrplhv/ wklv hylghqfh

vxjjhvwv wkdw sruwirolr fuhdwlrq dfurvv orz lqfrph hfrqrplhv r�huv ehwwhu glyhuvl�fdwlrq1

Wklv hylghqfh lq frqmxqfwlrq zlwk wkh idfw wkdw wkh orz lqfrph frxqwu| sruwirolr r�hu srvlwlyh

deqrupdo uhwxuqv pdnhv lw gl!fxow wr lqwhusuhw wkh deqrupdo uhwxuq dv frpshqvdwlrq iru

hyhqw ulvn +vxfk dv ghidxow,1 Zkloh wklv pd| eh lpsruwdqw iru dq lqglylgxdo frxqwu|/ lw

lv kdughu wr dujxh wkdw vxfk dq hyhqw fdq rffxu vlpxowdqhrxvo| dfurvv doo ru pdq| ri wkh

frxqwulhv lq wkh sruwirolr1 Iru h{dpsoh/ wr h{sodlq wkh deqrupdo dqqxdo uhwxuq ri derxw �I

iru wkh orz lqfrph sruwirolr/ lw lv uhtxluhg wkdw doo frxqwulhv +�yh lq doo, lq wklv sruwirolr ixoo|

ghidxow rq wkhlu fxuuhqf| ghsrvlwv derxw �I ri wkh wlph1 Dw ohdvw wr xv/ wklv vhhpv wr eh

lpsodxvleoh rq hfrqrplf jurxqgv/ hyhq li rqh ljqruhv wkh glvwulexwlrq ri uhwxuqv +vhh Iljxuh
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�1d, edvhg rq zklfk rqh zrxog sxw doprvw }hur suredelolw| rq wklv hyhqw1<

Zh kdyh dovr frqgxfwhg wkh odwhqw idfwru prgho whvwv rq lqfrph sruwirolrv iru Vdpsoh LL

gxulqj wkh shulrg iurp �bb� wr �bbH/ zklfk lqfoxghv wkh qhzo| hphujlqj hfrqrplhv1 Wkh

prgho lv dovr uhmhfwhg iru wklv vdpsoh1 Jlyhq wkh uhodwlyho| ihz qrq0ryhuodsslqj wlph0vhulhv

revhuydwlrqv +derxw Hf, dqg wkh uhodwlyho| odujh qxpehu ri sdudphwhuv wr eh hvwlpdwhg/ zh

ylhz wkh wlph0vhulhv hylghqfh iru wklv vdpsoh zlwk frqvlghudeoh grxew/ dqg khqfh kdyh qrw

uhsruwhg lw1 Krzhyhu/ wr lqfrusrudwh wkh ulvn suhplxp lqirupdwlrq iurp wkhvh hfrqrplhv zh

sxuvxh dq dowhuqdwlyh furvv0vhfwlrqdo dssurdfk dv xvhg lq Idpd dqg PdfEhwk +4<:6,1

615 Dvvhw Sulflqj Whvwv lq wkh Furvv0Vhfwlrq

Dv glvfxvvhg/ wr nhhs wkh hvwlpdwlrq lq wkh wlph0vhulhv uhdvrqdeoh/ zh gr qrw h{sorlw wkh

glvdjjuhjdwhg gdwd rq wkh lqglylgxdo frxqwulhv wr whvw wkh ydulrxv dvvhw sulflqj prghov1

Lqvwhdg/ zh xvh d furvv0vhfwlrqdo dssurdfk wr lqfrusrudwh wkh lqirupdwlrq1 Iurp htxdwlrq

+<,/ zh nqrz wkdw wkh h{shfwhg h{fhvv uhwxuq lv sursruwlrqdo wr wkh ulvn suhplxp rq wkh

v|vwhpdwlf vrxufh ri ulvn1 Ohw b| ghqrwh wkh ulvn suhplxp iru wkh v|vwhpdwlf ulvn1 Wkh

furvv0vhfwlrqdo whvwv h{sorlw wkh iroorzlqj uhvwulfwlrqv iru hdfk fxuuhqf| �

Hd5�|n�mI|o ' bf| n q�|b|� +59,

Li wkh dvvhw sulflqj prgho lv fruuhfw/ wkhq wkh ulvn suhplxp iru hdfk h{fhvv uhwxuq vkrxog

eh sursruwlrqdo wr b|/ dqg bf| vkrxog htxdo }hur1 Wklv lghd fdq eh xvhg wr whvw fhuwdlq

dowhuqdwlyh prghov zkhuh a dgglwlrqdo furvv0vhfwlrqdo dwwulexwhv ���| duh dgghg wr wkh whvwv/

wkdw lv/

Hd5�|n�mI|o ' bf| n
a[

�'�

���|b��| n q�|b|� +5:,

Lq wklv fdvh bf|/ dqg b��| vkrxog doo eh }hur1 Dv lq Idpd dqg PdfEhwk +4<:6,/ zh whvw li

wkh wlph vhulhv dyhudjh ri wkhvh txdqwlwlhv duh vljql�fdqwo| gl�huhqw iurp }hur/ ru qrw1 Wkh

dyhudjh ri b| uhsuhvhqwv wkh dyhudjh ulvn suhplxp iru ehdulqj v|vwhpdwlf ulvn dvvrfldwhg zlwk

wkh q�|1 Ixuwkhu dv vkrzq lq Idpd +4<:9,/ wkh dyhudjhv ri wkh bf| dqg b��| uhsuhvhqw wkh

dyhudjh ulvn suhplxp rq }hur0frvw sruwirolrv zklfk kdyh qr v|vwhpdwlf ulvn1 Khqfh xqghu wkh

< Iru d pruh ghwdlohg glvfxvvlrq ri wklv lvvxh lq jhqhudo/ vhh Hydqv dqg Ohzlv +4<<8,1
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qxoo ri wkh prgho/ doo wkhvh ulvn suhpld vkrxog eh }hur1 Wr uxq wkh furvv0vhfwlrqdo uhjuhvvlrq

+5:, uhtxluhv sulru hvwlpdwh ri q
�|
1 Zh rewdlq wkh ehwdv e| d wlph0vhulhv uhjuhvvlrq ri wkh

h{0srvw uhwxuq rq wkh v|vwhpdwlf ulvn idfwru zlwk wkh vdph vshfl�fdwlrq iru ehwdv dv lq +58,1

Wdeoh �2 vkrzv wkh hylghqfh iurp wkhvh furvv0vhfwlrqdo whvwv/ zkhuh doo frxqwulhv duh

xvhg lq wkh furvv0vhfwlrqdo dqdo|vlv dv wkh| ehfrph dydlodeoh1 Zh frqvlghu irxu gl�huhqw

vshfl�fdwlrqv ri wkh idfwru1 Wkh �uvw rqh lv d odwhqw idfwru143 Wkh vhfrqg idfwru lv wkh h{fhvv

uhwxuq rq dq htxdoo|0zhljkwhg sruwirolr ri fxuuhqf| uhwxuqv1 Wkh wklug idfwru lv dq htxlw|

idfwru/ qdpho| wkh h{fhvv uhwxuq rq wkh djjuhjdwhg X1V1 pdunhw1 Wklv idfwru wkxv fdswxuhv d

FDSP w|sh ri vshfl�fdwlrq1 Ilqdoo|/ wkh irxuwk idfwru zh frqvlghu lv d sruwirolr ri fxuuhqflhv

wkdw lv vruwhg rq wkhlu iruzdug suhpld144 Whvwv edvhg rq wkh ydulrxv prghov ri v|vwhpdwlf

ulvn gr srruo|1 Wkh dyhudjh U0vtxduh lv yhu| orz dqg lq wkh fdvh ri wkh FDSP forvh wr }hur1

Rqo| wkh odwhqw idfwru prgho zlwk dq U0vtxduh ri derxw HI kdv vrph srzhu lq h{sodlqlqj

wkh furvv0vhfwlrq ri gl�huhqfhv lq wkh ulvn suhpld145

Xvlqj lqglylgxdo frxqwu| dwwulexwhv dorqj zlwk wkh odwhqw idfwru prgho ohdgv wr wkh prvw

vljql�fdqw lpsuryhphqw lq h{sodlqlqj wkh furvv0vhfwlrq ri dvvhw uhwxuqv1 Zh frqvlghu wkh

frxqwu| lqwhuhvw udwh gl�huhqwldo/ JQS shu fdslwd/ dqg wkh phdvxuh ri frxqwu| ulvn/ dv wkh

furvv0vhfwlrqdo dwwulexwhv1 Wkh lqfoxvlrq ri wkh lqwhuhvw udwh gl�huhqwldo dv dq dwwulexwh dorqj

zlwk wkh odwhqw idfwru prgho ohdgv wr d furvv0vhfwlrqdo U0vtxduh ri �b(/ dqg vhhpv wr h{sodlq

wkh furvv0vhfwlrqdo gl�huhqfhv lq wkh ulvn suhplxp uhdvrqdeo| zhoo1 Pruhryhu/ wkh dyhudjh

ulvn suhplxp rq wkh lqwhuhvw udwh gl�huhqwldo sruwirolr lv vwdwlvwlfdoo| odujh dqg vhhpv txlwh

lpsruwdqw1 Uhfdoo wkdw/ xqghu wkh qxoo k|srwkhvlv/ wklv ulvn suhplxp vkrxog eh }hur1 Ixuwkhu/

lqfoxvlrq ri wkh JQS ru LFUJ dwwulexwhv dovr lqfuhdvhv wkh h{sodqdwru| srzhu ri wkh prgho1

Wkh w0udwlrv rq wkh ulvn suhpld iru wkh JQS dqg LFUJ dwwulexwhv duh dovr vljql�fdqw1 Wkhvh

dwwulexwhv vhhp wr qrq0wulyldoo| d�hfw wkh furvv0vhfwlrq ri wkh ulvn suhpld1 Iljxuhv e1d0e

vkrz wkh dyhudjh ulvn suhplxp dqg wkh rqh lpsolhg e| wzr ri wkhvh prghov1 Lw lv fohdu wkdw

lqfrusrudwlqj wkh vsuhdg dwwulexwh khosv lq fkdudfwhul}lqj wkh furvv0vhfwlrq ri suhpld1 Lw lv

dovr hylghqw iurp wkhvh �jxuhv wkdw vrph ri wkh qhzo| hphujlqj hfrqrplhv vxfk dv Wxunh|/

43 Wkh odwhqw idfwru lv wkh surmhfwlrq ri dq htxdoo|0zhljkwhg fxuuhqf| sruwirolr ri wkh 47 fxuuhqflhv lq
Vdpsoh L rq wkhlu iruzdug suhpld1

44 Wkh fxuuhqflhv duh iru hdfk w vruwhg rq wkhlu iruzdug suhpld1 Wkhq zh irup d kljk plqxv orz sruwirolr/
zkhuh kljk frqvlvwv ri wkh wklug ri fxuuhqflhv wkdw kdyh wkh kljkhvw iruzdug suhpld/ dqg orz wkh wklug ri
orzhvw suhpld1 Zlwklq wkh kljk dqg orz sruwirolr/ wkh fxuuhqflhv duh htxdoo|0zhljkwhg1 Wkh sruwirolrv duh
uhedodqfhg hyhu| w1

45 Wkh U0vtxduhv duh wkh vtxduhg fruuhodwlrqv ehwzhhq wkh dyhudjh uhwxuq ryhu wkh vdpsoh/ dqg wkh �wwhg
h{shfwhg uhwxuq1
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vhhp olnh rxwolhuv1 Wr pdnh vxuh/ zh frqgxfwhg rxu furvv0vhfwlrqdo whvwv zlwkrxw Wxunh|/

Srodqg dqg wkh F}hfk Uhsxeolf1 H{foxglqj wkhvh hfrqrplhv glg qrw dowhu rxu uhvxowv lq

dq| vljql�fdqw zd|1 Ryhudoo/ wklv hylghqfh vxjjhvwv wkdw wkhvh �qdqfldo pdunhwv pd| qrw eh

zhoo lqwhjudwhg dv frxqwu| vshfl�f yduldeohv vhhp wr eh wkh prvw lpsruwdqw lq mxvwli|lqj wkh

gl�huhqw pdjqlwxghv ri wkh ulvn0suhpld1

Wr ixuwkhu vhh krz lpsruwdqw wkh qhzo| hphujlqj hfrqrplhv duh iru wkh furvv0vhfwlrqdo

uhvxowv/ zh dovr frqgxfwhg rxu dqdo|vlv zlwkrxw dq| ri wkh qhzo| hphujlqj hfrqrplhv1 Wdeoh

�2 vkrzv wkdw txdolwdwlyho| wkh uhvxowv duh yhu| vlplodu1 Wklv hylghqfh vxjjhvwv wkh uhvxowv

duh qrw vhqvlwlyh wr uho|lqj rq wkh dffhvvlelolw| ri wkh hphujlqj pdunhwv iru wkh lqwhuqdwlrqdo

lqyhvwru1 Wzr wklqjv zruwk qrwlqj duh wkdw wkh U0vtxduh zkhq rqh xvhv rqo| wkh vdpsoh

zlwkrxw wkh qhzo| hphujlqj hfrqrplhv lv vrphzkdw kljkhu +derxw .fI,/ dqg wkdw wkh devr0

oxwh ydoxh ri wkh ulvn suhplxp rq wkh }hur frvw sruwirolr dvvrfldwhg zlwk wkh iruzdug suhplxp

lv dovr kljkhu +�f�eD lq Vdpsoh L/ dqg .�Db lq Vdpsoh LL,1 Wkh Vkdush Udwlrv +phdvxuhg khuh

dv wkh udwlr ri wkh dyhudjh wr wkh vwdqgdug huuru, lv/ krzhyhu/ kljkhu lq Vdpsoh LL1 Khqfh/ lw

vhhpv wkdw wkh lqfoxvlrq ri hphujlqj pdunhwv lq wkh sruwirolr surylghv xvhixo glyhuvl�fdwlrq1

7 Frqfoxvlrqv

Wkh iruzdug suhplxp sx}}oh�wkh qhjdwlyh fruuhodwlrq ehwzhhq h{shfwhg h{fkdqjh udwhv

dqg lqwhuhvw udwh gl�huhqwldov�kdv lpsolfdwlrqv zklfk vhhp dqrpdorxv iurp wkh shuvshfwlyh

ri hfrqrplf prghov1 Xvlqj lqirupdwlrq iurp 2H ghyhorshg dqg hphujlqj hfrqrplhv zh

grfxphqw wkdw wklv sx}}oh lv qrw d shuydvlyh skhqrphqrq1 Lw lv frq�qhg wr kljk lqfrph

hfrqrplhv/ dqg lq sduwlfxodu rqo| wr vwdwhv zkhq wkh X1V1 lqwhuhvw udwh h{fhhgv wkh iruhljq

udwhv1 Pruhryhu/ wkh sx}}oh grhv qrw vhhp wr eh suhvhqw lq hphujlqj hfrqrplhv1 Wkhuh vhhpv

wr eh d forvh uhodwlrq ehwzhhq JQS shu fdslwd/ dyhudjh lq dwlrq/ lq dwlrq yrodwlolw|/ frxqwu|

udwlqjv/ dqg wkh suhvhqfh ri wkh iruzdug suhplxp sx}}oh1 Zh �qg wkdw wkh furvv0vhfwlrq ri

wkh ulvn suhpld dfurvv hfrqrplhv lv kdug wr mxvwli| dv frpshqvdwlrq iru v|vwhpdwlf ulvn�

frxqwu| vshfl�f dwwulexwhv vxfk dv shu fdslwd JQS/ dyhudjh lq dwlrq/ dqg fuhglw ulvn vhhp

wr eh pruh lpsruwdqw lq fkdudfwhul}lqj wkh furvv0vhfwlrqdo glvshuvlrq lq wkh ulvn suhplxp1

Wklv frxog eh lqwhusuhwhg dv hylghqfh uhjduglqj vhjphqwhg pdunhwv/ ru d plv0vshfl�fdwlrq

ri wkh prgho ri v|vwhpdwlf ulvn xvhg wr h{sodlq wkh furvv0vhfwlrq ri h{shfwhg uhwxuqv1
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Wklv hylghqfh vkrxog khos lq ghyhorslqj jhqhudo htxloleulxp prghov wkdw dwwhpsw dw h{0

sodlqlqj wklv sx}}oh dv dq rxwfrph ri wlph0ydu|lqj ulvn suhpld1 Lq sduwlfxodu/ rxu hylghqfh

srlqwv rxw wkdw irfxvlqj rq wkh dyhudjh qhjdwlyh fruuhodwlrq ehwzhhq wkh h{shfwhg ghsuhfl0

dwlrq dqg lqwhuhvw udwh gl�huhqwldov pd| qrw eh dghtxdwh1 Wkhvh prghov pxvw dovr frqiurqw

wkh uhodwlyho| odujh furvv0vhfwlrqdo khwhurjhqhlw| lq wkh ulvn suhplxp dfurvv frxqwulhv dqg

wkdw lq ghyhorshg hfrqrplhv +l1h1/ kljk lqfrph dqg uhodwlyho| orz lq dwlrq hfrqrplhv, wkh

sx}}oh vhhpv wr eh suhvhqw rqo| zkhq X1V1 lqwhuhvw udwhv h{fhhg iruhljq udwhv1
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D Dsshqgl{

Wklv dsshqgl{ vkrzv wkh hvwlpdwlrq ri wkh srrohg v|vwhpv lq pruh ghwdlo1 Zh frqvlghu wkh

vwdqgdug iruzdug suhplxp uhjuhvvlrq/ exw wkh dssurdfk h{whqgv wr wkh rwkhu fdvhv dv zhoo1

Iluvw zh ghulyh wkh h{dfw prphqw frqglwlrqv dqg wkh h{suhvvlrqv iru wkh hvwlpdwruv iru d

edodqfhg gdwd vhw1 Wkhq zh ghvfuleh krz plvvlqj gdwd duh kdqgohg1

D14 Prphqw Frqglwlrqv dqg Hvwlpdwruv

Ohw +�|n� ghqrwh wkh ghsuhfldwlrq ri fxuuhqf| � +l1h1/ +�|n� ' E7�|n� � 7�|� *7�|,1 Ohw %�| vwloo

ghqrwh wkh iruzdug suhplxp iru fxuuhqf| � yhuvxv wkh XV groodu frqwudfwhg dw wlph | zlwk

d krul}rq ri rqh shulrg1 Wkhuh duh � fxuuhqflhv1 Wkh edvlf uhjuhvvlrq wkdw zh uxq iru hdfk

fxuuhqf| lv

+�|n� ' k�f n k��%�| n 0�|n�c � ' �c 2c � � � c �c +5;,

zkhuh 0�|n� lv dvvxphg wr eh frqglwlrqdoo| phdq lqghshqghqw ri %�|/ wkdw lv/ Hd0�|n� m %�|o ' f1

Vxssrvh qrz wkdw zh zdqw wr uhvwulfw wkh vorsh0frh!flhqwv wr eh htxdo iru doo fxuuhqflhv zkloh

uhpdlqlqj fxuuhqf|0vshfl�f lqwhufhswv1 Zh fdq wkhq irupxodwh prphqw frqglwlrqv dffruglqj

wr

H d0�|n�o ' fc � ' �c 2c � � � c �c +5<,

H d0�|n�%�|o ' fc � ' �c 2c � � � c �c +63,

zkhuh

0�|n� ' +�|n� � k�f � k�%�|c � ' �c 2c � � � c�� +64,

Wkdw lv/ lq d jhqhudo fdvh zh kdyh 2� prphqw frqglwlrqv/ exw rqo| � n � sdudphwhuv wr

hvwlpdwh/ vr wkh v|vwhp lv ryhulghqwl�hg1 Ohw wf ghqrwh wkh wuxh sdudphwhu yhfwru/ wkdw lv/

wf '
k
k�f � � � k�f k�

l
�

� +65,

E| vwdfnlqj wkh vdpsoh frxqwhusduwv ri wkh prphqw frqglwlrqv lq +5<, dqg +63,/ zh kdyh

}A Ew� '
�

A

A[
|'�

k
0�|n� � � � 0�|n� 0�|n�%�| � � � 0�|n�%�|

l
�

+66,
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Edvhg rq Kdqvhq +4<;5, zh nqrz wkdw

s
A}A Ewf�

_$ � Efc 7f� c +67,

zkhuh 7f lv wkh yduldqfh0fryduldqfh pdwul{ ri wkh prphqw frqglwlrqv1 Wkh vdpsoh frxqwhu0

sduw 7A lv hvwlpdwhg xvlqj wkh surfhgxuh lq Qhzh| dqg Zhvw +4<;:,1

Zh hvwlpdwh wkh sdudphwhuv e| vhwwlqj � n � olqhdu frpelqdwlrqv ri }A htxdo wr }hur1

Wkdw lv/ wkh prphqw frqglwlrqv fdq eh zulwwhq dv

�}A ' fc +68,

zkhuh � lv d � n � � 2� pdwul{ ri frqvwdqwv1 Lq sduwlfxodu/ rxu fkrlfh ri � lv ghvljqhg

wr hqvxuh wkdw wkh srlqw hvwlpdwhv duh wkh rqhv jlyhq e| ohdvw vtxduhv +doorzlqj iru �{hg

h�hfwv,1 Wkh iroorzlqj � pdwul{ uhvxowv lq ohdvw vtxduh srlqw hvwlpdwhv

� '

5
7 U� f�f�

f�f� ��f�

6
8 c +69,

zkhuh U� lv wkh lghqwlw| pdwul{ zlwk glphqvlrq � / dqg f�f� dqg ��f� ghqrwh pdwulfhv ri

}hurv dqg rqhv/ uhvshfwlyho|1 Wklv fkrlfh ri � hqvxuhv wkdw

�}A EwA � '
�

A

A[
|'�

k
0�|n� � � � 0�|n�

S
�

�'�
0�|n�%�|

l
�

' fc +6:,

dqg wkh srlqw hvwlpdwru/ wA / lv wkhq jlyhq e|

	k� '

#
A[
|'�

g[
�'�

E%�| � 7%�|�
2

$3�#
A[
|'�

g[
�'�

E%�| � 7%�|� E+�| � 7+�|�

$
c +6;,

	k�f ' 7+�| � 	k�7%�|c � ' �c 2c � � � c �c +6<,

zkhuh 7+�| dqg 7%�| duh wkh vdpsoh dyhudjhv ri +�| dqg %�|/ uhvshfwlyho|1

Dv vkrzq lq Wkhruhp 614 lq Kdqvhq +4<;5,/ zkhq� olqhdu frpelqdwlrqv ri }A lv vhw htxdo

wr }hur dv lq +68,/ wkh dv|pswrwlf glvwulexwlrq ri wA lv jlyhq e|

s
A EwA � wf�

_$ �
�
fc E�(f�

3� E�7f�
�� E�(f�

3��
�
c +73,

zkhuh (f lv wkh judglhqw ri wkh prphqw frqglwlrqv lq +66,/ dqg zklfk fdq eh hvwlpdwhg

e| lwv vdpsoh frxqwhusduw (A 1 Qrwh wkdw wkh vwdqgdug huuruv edvhg rq +73, duh urexvw wr

khwhurvnhgdvwlflw| dqg vhuldo fruuhodwlrq lq 0�|n�1
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D15 Plvvlqj Gdwd

Wklv vhfwlrq uhylhzv wkh uhvxowv ghulyhg lq Edqvdo dqg Gdkotxlvw +4<<<,/ zklfk duh xvhg wr

hvwlpdwh wkh srrohg prghov zlwk plvvlqj gdwd1 Frqvlghu �uvw lqglfdwru yduldeohv ri wkh gdwd

dydlodelolw| dffruglqj wr

U�|n� '

;?
= � li gdwd lv revhuyhg dw |n � iru yduldeoh �

f li gdwd lv qrw revhuyhg dw |n � iru yduldeoh �
� +74,

Wkh fulwlfdo dvvxpswlrq wkdw zh pdnh lv wkdw wkh lqglfdwru yduldeoh U�|n� lv lqghshqghqw

ri 0�|n�/ zklfk lpsolhv wkdw gdwd duh plvvlqj udqgrpo|1 Zh zloo xvh wkh lqglfdwru yduldeoh

wr pdnh rxu xqedodqfhg sdqho d edodqfhg sdqho1 Wr dfklhyh wklv zh frqvwuxfw prphqw

frqglwlrqv edvhg rq wkh surgxfw ri wkh suhylrxv huuruv/ 0�|n� dqg 0�|n�%�|/ dqg wkh lqglfdwru

yduldeoh1 Iru fxuuhqf| �/ zh wkhq kdyh

H dU�|n�0�|n�o +75,

H dU�|n�0�|n�%�|o +76,

wr hydoxdwh1 Iluvwo|/ qrwh wkdw +75, fdq eh zulwwhq dv

H dU�|n�0�|n�o ' H dU�|n�oH d0�|n�o ' fc +77,

e| wkh dvvxpswlrq ri lqghshqghqfh ehwzhhq 0�|n� dqg U�|n�1 Vhfrqgo|/ wkh frqglwlrq lq +76,

htxdov

H dU�|n�0�|n�%�|o ' H dH dU�|n�0�|n� m %�|o%�|o +78,

' H dH dU�|n� m %�|oH d0�|n� m %�|o%�|o +79,

' fc +7:,

zkhuh wkh �uvw htxdolw| +78, iroorzv iurp wkh odz ri lwhudwhg h{shfwdwlrqv/ wkh vhfrqg htxdo0

lw| +79, iurp wkh lqghshqghqfh ri 0�|n� dqg U�|n�/ dqg wkh odvw htxdolw| +7:, iroorzv iurp

Hd0�|n� m %�|o ' f zklfk zh h{sorlw lq +5<, dqg +63,1 Wklv phdqv wkdw wkh vdpsoh frxqwhusduw

ri wkh iroorzlqj prphqw frqglwlrqv

H dU�|n�0�|n�o ' fc � ' �c 2c � � � c �c +7;,

H dU�|n�0�|n�%�|o ' fc � ' �c 2c � � � c �c +7<,

fdq eh xvhg zlwklq JPP/ dv rxwolqhg lq Dsshqgl{ D141 Lq hvvhqfh/ wklv surfhgxuh wuhdwv

plvvlqj revhuydwlrqv dv }hurv/ zklfk lv vlplodu wr wkh dssurdfk lq Pdggdod +4<::,1

5:



Uhihuhqfhv

Edfnxv/ Gdylg/ Vloyhulr Iruhvl/ dqg Fkulv Whophu/ 4<<9/ D!qh prghov ri fxuuhqf| sulflqj/
QEHU Zrunlqj Sdshu Qr1 89561

Edloolh/ Ulfkdug W1/ dqg Wlp Eroohuvohy/ 4<<:/ Wkh iruzdug suhplxp dqrpdo| lv qrw dv edg
dv |rx wklqn/ Zrunlqj Sdshu/ Gxnh Xqlyhuvlw|1

Edqvdo/ Udyl/ 4<<:/ Dq h{sorudwlrq ri wkh iruzdug suhplxp sx}}oh lq fxuuhqf| pdunhwv/
Uhylhz ri Ilqdqfldo Vwxglhv 43/ 69<�7361

/ dqg Pdjqxv Gdkotxlvw/ 4<<</ JPP hvwlpdwlrq ri dvvhw sulflqj prghov zlwk plvvlqj
gdwd/ Zrunlqj Qrwhv/ Gxnh Xqlyhuvlw|1

Edqvdo/ Udyl/ D1 Urqdog Jdoodqw/ Urehuw Kxvvh|/ dqg Jhrujh Wdxfkhq/ 4<<8/ Qrq0sdudphwulf
vwuxfwxudo hvwlpdwlrq ri prghov iru kljk iuhtxhqf| fxuuhqf| pdunhw gdwd/Mrxuqdo ri Hfrqr0
phwulfv 43/ 69<�7361

Edqvdo/ Udyl/ Gdylg D1 Kvlhk/ dqg V1 Ylvzdqdwkdq/ 4<<6/ D qhz dssurdfk wr lqwhuqdwlrqdo
duelwudjh sulflqj/ Mrxuqdo ri Ilqdqfh 7;/ 4:4<�4:7:1

Ehndhuw/ Jhhuw/ 4<<9/ Wkh wlph0yduldwlrq ri ulvn dqg uhwxuq lq iruhljq h{fkdqjh pdunhwv= D
jhqhudo htxloleulxp shuvshfwlyh/ Uhylhz ri Ilqdqfldo Vwxglhv </ 75:�7:31

/ dqg Urehuw M1 Krgulfn/ 4<<5/ Fkdudfwhul}lqj suhglfwdeoh frpsrqhqwv lq h{fhvv
uhwxuqv rq htxlw| dqg iruhljq h{fkdqjh/ Mrxuqdo ri Ilqdqfh 99/ 584�5;:1

Fdpsehoo/ Mrkq \1/ dqg Ulfkdug K1 Fodulgd/ 4<;:/ Wkh whup vwuxfwxuh ri Hxurpdunhw lqwhuhvw
udwhv= Dq hpslulfdo lqyhvwljdwlrq/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 4</ 58�771

Gruqexvfk/ Uxgljhu/ 4<:9/ H{shfwdwlrqv dqg h{fkdqjh udwh g|qdplfv/ Mrxuqdo ri Srolwlfdo
Hfrqrp| ;7/ 4494�44:91

Hlfkhqedxp/ Pduwlq/ dqg Fkduohv O1 Hydqv/ 4<<8/ Vrph hpslulfdo hylghqfh rq wkh h�hfwv
ri vkrfnv wr prqhwdu| srolf| rq h{fkdqjh udwhv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 443/
<:8�433<1

Hue/ Fodxgh E1/ Fdpsehoo U1 Kduyh|/ dqg Wdgdv H1 Ylvndqwd/ 4<<9/ Srolwlfdo ulvn/ �qdqfldo
ulvn dqg hfrqrplf ulvn/ Ilqdqfldo Dqdo|vwv Mrxuqdo 85/ 5;�791

Hydqv/ Pduwlq G1G1/ dqg Nduhq N1 Ohzlv/ 4<<8/ Gr orqj0whup vzlqjv lq wkh groodu d�hfw
hvwlpdwhv ri wkh ulvn suhpldB/ Uhylhz ri Ilqdqfldo Vwxglhv ;/ :3<�:751

Idpd/ Hxjhqh I1/ 4<:9/ Irxqgdwlrqv ri Ilqdqfh +Edvlf Errnv Sxeolvkhuv/ Qhz \run,1

/ 4<;7/ Iruzdug dqg vsrw h{fkdqjh udwhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 47/ 64<�
66;1
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/ dqg Mdphv G1 PdfEhwk/ 4<:6/ Ulvn/ uhwxuq/ dqg htxloleulxp= Hpslulfdo whvwv/
Mrxuqdo ri Srolwlfdo Hfrqrp| :4/ 93:�9691

Iorrg/ Urehuw S1/ dqg Dqguhz N1 Urvh/ 4<<9/ Il{hv= Ri wkh iruzdug glvfrxqw sx}}oh/ Uhylhz
ri Hfrqrplfv dqg Vwdwlvwlfv :;/ :7;�:851

Ixhuvw/ Wlprwk| V1/ 4<<7/ Wkh dydlodelolw| grfwulqh/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 67/
75<�7761

Ixqj/ Zlooldp/ Gdylg D1 Kvlhk/ dqg Mdphv Ohlwqhu/ 4<<6/ H{sorlwlqj wkh lqwhuhvw udwh gl�hu0
hqwldo lq fxuuhqf| wudglqj/ lq DqguhzZ1 Jlwolq/ hg1= Vwudwhjlf Fxuuhqf| Lqyhvwlqj= Wudglqj
dqg Khgjlqj lq wkh Iruhljq H{fkdqjh Pdunhw +Surexv Sxeolvklqj Frpsdq|/ Fklfdjr,1

Jlrydqqlql/ Doehuwr/ dqg Sklolssh Mrulrq/ 4<;:/ Lqwhuhvw udwhv dqg ulvn suhpld lq wkh vwrfn
pdunhw dqg lq wkh iruhljq h{fkdqjh pdunhw/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh

9/ 43:�4561

Julool/ Ylwwrulr/ dqg Qrxulho Urxelql/ 4<<5/ Oltxlglw| dqg h{fkdqjh udwhv/ Mrxuqdo ri Lqwhu0
qdwlrqdo Hfrqrplfv 65/ 66<�6851

/ 4<<6/ Oltxlglw|/ fdslwdo frqwurov dqg h{fkdqjh udwhv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh|

dqg Ilqdqfh 45/ 46<�4861

Kdqvhq/ Oduv Shwhu/ 4<;5/ Odujh vdpsoh surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqwv hvwl0
pdwruv/ Hfrqrphwulfd 83/ 435<�43871

/ dqg Urehuw M1 Krgulfn/ 4<;3/ Iruzdug h{fkdqjh udwhv dv rswlpdo suhglfwruv ri ixwxuh
vsrw udwhv/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;;/ ;5<�;861

/ 4<;6/ Ulvn0dyhuvh vshfxodwlrq lq wkh iruzdug iruhljq h{fkdqjh pdunhw= Dq hfrqrphw0
ulf dqdo|vlv ri olqhdu prghov/ lq Mh�uh| D1 Iuhqnho/ hg1= H{fkdqjh Udwhv dqg Lqwhuqdwlrqdo
Pdfurhfrqrplfv +Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr,1

Kdqvhq/ Oduv Shwhu/ dqg Vfrww I1 Ulfkdug/ 4<;:/ Wkh uroh ri frqglwlrqlqj lqirupdwlrq lq
ghgxflqj whvwdeoh uhvwulfwlrqv lpsolhg e| g|qdplf dvvhw sulflqj prghov/ Hfrqrphwulfd 88/
8;:�9461

Krgulfn/ Urehuw M1/ 4<;:/ Wkh Hpslulfdo Hylghqfh ri wkh H!flhqf| ri wkh Iruzdug dqg

Ixwxuhv Iruhljq H{fkdqjh Pdunhwv +Kdugzrrg Dfdghplf Sxeolvkhu/ Fkxu/ Vzlw}huodqg,1

/ dqg Vdqmd| Vulydvwdyd/ 4<;9/ Wkh fryduldwlrq ri ulvn suhplxpv dqg h{shfwhg ixwxuh
vsrw h{fkdqjh udwhv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 8/ 8�551

Kroolh�hog/ Exuwrq/ dqg Udpdq Xssdo/ 4<<:/ Dq h{dplqdwlrq ri xqfryhuhug lqwhuhvw udwh
sdulw| lq vhjphqwhg lqwhuqdwlrqdo frpprglw| pdunhwv/ Mrxuqdo ri Ilqdqfh 85/ 545<�54:31

Kvlhk/ Gdylg D1/ 4<;7/ Whvwv ri udwlrqdo h{shfwdwlrqv dqg qr ulvn suhplxp lq iruzdug h{0
fkdqjh pdunhwv/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 4:/ 4:6�4;71

5<



Kxdqj/ Urjhu G1/ 4<;</ Dq dqdo|vlv ri lqwhuwhpsrudo sulflqj iru iruzdug iruhljq h{fkdqjh
frqwudfwv/ Mrxuqdo ri Ilqdqfh 7</ 4;6�4<71

Mdjdqqdwkdq/ Udyl/ dqg ]khq|x Zdqj/ 4<<9/ Wkh frqglwlrqdo FDSP dqg wkh furvv0vhfwlrq
ri h{shfwhg uhwxuqv/ Mrxuqdo ri Ilqdqfh 84/ 6�871

Ohzlv/ Nduhq N1/ 4<<3/ Wkh ehkdylru ri Hxurfxuuhqf| uhwxuqv dfurvv gl�huhqw kroglqj shulrgv
dqg prqhwdu| uhjlphv/ Mrxuqdo ri Ilqdqfh 78/ 4544�45691

Oxfdv/ Urehuw H1/ Mu1/ 4<;5/ Lqwhuhvw udwhv dqg fxuuhqf| sulfhv lq d wzr0frxqwu| zruog/Mrxuqdo
ri Prqhwdu| Hfrqrplfv 43/ 668�6931

/ 4<<3/ Oltxlglw| dqg lqwhuhvw udwhv/ Mrxuqdo ri Hfrqrplf Wkhru| 83/ 56:�5951

Pdggdod/ J1V1/ 4<::/ Hfrqrphwulfv +PfJudz0Kloo Errn Frpsdq|/ Qhz \run,1

Qhzh|/ Zklwqh| N1/ dqg Nhqqhwk G1 Zhvw/ 4<;:/ D vlpsoh srvlwlyh vhpl0gh�qlwh khw0
hurvnhgdvwlflw| dqg dxwrfruuhodwlrq frqvlvwhqw fryduldqfh pdwul{/ Hfrqrphwulfd 88/ :36�
:3;1

Zklwh/ Kdoehuw O1/ 4<;3/ D khwhurvnhgdvwlflw|0frqvlvwhqw fryduldqfh pdwul{ hvwlpdwru dqg d
gluhfw whvw iru khwhurvnhgdvwlflw|/ Hfrqrphwulfd 7;/ ;4:�;6;1

\durq/ Dplu/ 4<<9/ Dvvhw sulflqj dqg wkh oltxlglw| h�hfw= D wkhruhwlfdo dqg hpslulfdo lqyhv0
wljdwlrq/ Zrunlqj Sdshu/ Fduqhjlh Phoorq Xqlyhuvlw|1
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Wdeoh 4= Vxppdu| Vwdwlvwlfv ri H{fkdqjh Udwh Fkdqjhv dqg Iruzdug Suhpld

I[ Fkdqjhv Iruzdug Suhpld

Lqfoxvlrq

Gdwh
Phdq

Vwdqgdug

Ghyldwlrq
Phdq

Vwdqgdug

Ghyldwlrq

Vzlw}huodqg :9�35 613: 4514; 6193 4146

Krqj Nrqj ;9�34 3136 416< 3174 316<

Vlqjdsruh ;9�38 516< 71;9 514; 3177

Mdsdq :9�35 7133 44146 6148 31<6

Ehojlxp :9�35 31;: 431:4 �4168 413<

Dxvwuld :9�35 514; 431:6 4153 31<;

Ghqpdun :9�35 3148 4316; �613: 4166

Fdqdgd :9�35 �4174 7153 �4165 3189

Iudqfh :9�35 �3196 4316< �513< 4145

Jhupdq| :9�35 5147 431:6 41<: 31<:

Qhwkhuodqgv :9�35 41:9 43195 4155 31<:

Lwdo| :9�35 �613< 43158 �914< 4185

XN :9�35 �3163 4318< �517< 31<4

Dxvwudold <8�35 �71;5 :154 �31;7 3164

Vzhghq :9�35 �41;7 <198 �613< 4154

Vsdlq :9�35 �6154 431:5 �:146 5133

Sruwxjdo :9�35 �:155 4318: �431;5 6168

Srodqg <6�3: �45156 91:: �53163 4154

Juhhfh <7�38 �7199 ;199 �431<5 6153

F}hfk Uhsxeolf <5�38 �4176 ;1:7 �91<5 4137

Pdod|vld ;5�3; �5175 ;168 3193 31;9

Dujhqwlqd <4�38 �315< 415< �:163 41<4

Yhqh}xhod <5�3: �5;15; 571;; �551<5 7148

Wkdlodqg <5�35 �813: 48143 �:176 414:

Ph{lfr <7�44 �53145 561;: �571:5 7159

Wxunh| <:�34 �88148 713; �9:1<7 41<:

Sklolsslqhv <6�3: �918: 44149 �:157 31:8

Lqgld <4�35 �<167 ;1<7 �7187 31:3

Wkh wdeoh suhvhqwv vxppdu| vwdwlvwlfv ri wkh zhhno| revhuydwlrqv ri h{fkdqjh udwh fkdqjhv
dqg iruzdug suhpld rq d prqwko| krul}rq1 Phdqv dqg vwdqgdug ghyldwlrqv duh dqqxdol}hg
e| pxowlso|lqj wkh yduldeohv e| �2f �ff dqg

I
�2f �ff/ uhvshfwlyho|1 Wkh lqfoxvlrq gdwh

+|hdu�prqwk, lv wkh �uvw prqwk zh kdyh revhuydwlrqv rq erwk h{fkdqjh udwh fkdqjhv dqg
iruzdug suhpld1



Wdeoh 5= Frxqwu| Dwwulexwhv

Dwwulexwhv Vdpsoh

JQS Lq dwlrq
Lq dwlrq

Yrodwlolw|
LFUJ Rshqqhvv L LL

Vzlw}huodqg 58/;93 615 41< ;;18 9:19 K G

Krqj Nrqj 55/<83 ;19 619 ;318 5<918 � G

Vlqjdsruh 55/::3 618 613 ;913 65715 � G

Mdsdq 55/443 519 515 ;913 4:17 K G

Ehojlxp 54/993 717 41: ;818 47614 K G

Dxvwuld 54/583 714 417 ;518 ::14 K G

Ghqpdun 54/563 819 615 ;:18 9716 P G

Fdqdgd 54/463 813 616 ;613 :417 P G

Iudqfh 54/363 916 61< :;18 7616 P G

Jhupdq| 53/3:3 614 41: ;818 781: P G

Qhwkhuodqgv 4</<83 614 517 ;913 <<16 P G

Lwdo| 4</;:3 431< 81: :918 7<18 O G

XN 4</593 :1; 71; ;318 8:13 O G

Dxvwudold 4;/<73 917 61: ;513 7314 � G

Vzhghq 4;/873 :16 613 :<13 ::13 O G

Vsdlq 47/853 4319 819 :913 7:14 O G

Sruwxjdo 45/9:3 4916 91: ;513 981< O H

Srodqg 45/9:3 ;31: 45319 :;13 8715 � H

Juhhfh 44/:43 491: 714 :718 8919 � H

F}hfk Uhsxeolf </::3 4317 461< ;613 43:1; � H

Pdod|vld </353 715 717 ;318 4<717 � H

Dujhqwlqd ;/643 76818 :861< :418 491< � H

Yhqh}xhod :/<33 5814 5517 9818 7;1; � H

Wkdlodqg :/873 819 51; ::13 ;<1< � H

Ph{lfr </353 7615 6815 9;18 7:1: � H

Wxunh| 8/8;3 871< 561: 9313 7816 � H

Sklolsslqhv 5/;83 4519 4316 9:18 ;316 � H

Lqgld 4/733 ;1; 613 9;18 5:15 � H

Wkh wdeoh suhvhqwv vxppdu| vwdwlvwlfv ri ydulrxv dwwulexwhv1 Wkh JQS dwwulexwh lv wkh
JQS shu fdslwd iru 4<<8 +SSS dgmxvwhg dqg lq X1V1 groodu whupv,1 Wkh dwwulexwhv
Lq dwlrq dqg Lq dwlrq Yrodwlolw| uhihu wr wkh dyhudjh lq dwlrq dqg vwdqgdug ghyldwlrq ri
lq dwlrq +iurp 4<:9/ ru zkhq dydlodeoh/ wr 4<<8,1 Wkh LFUJ dwwulexwh lv wkh frpsrvlwh
frxqwu| udwlqj lq Ghfhpehu 4<<8/ surylghg e| wkh Lqwhuqdwlrqdo Frxqwu| Ulvn Jxlgh1
Wkh Rshqqhvv dwwulexwh uhihuv wr wkh udwlr ri lpsruwv soxv h{sruwv wr JGS lq 4<<81 Wkh
wdeoh dovr vkrzv wkh fdwhjrul}dwlrq ri wkh frxqwulhv lqwr Kljk +K,/ Plggoh +P,/ dqg Orz
+O, lqfrph fdwhjrulhv +dffruglqj wr wkhlu JQS shu fdslwd, lq Vdpsoh L/ zklfk fryhuv
gdwd iru wkh shulrg iurp 4<:9 wr 4<<;1 Wkh hfrqrplhv duh fdwhjrul}hg lqwr Ghyhorshg
+G, dqg Hphujlqj +H, lq Vdpsoh LL/ zklfk fryhuv doo fxuuhqflhv iurp wkh lqfoxvlrq gdwh
wr 4<<;1



Wdeoh 6= Lpsolfdwlrqv ri wkh Iruzdug Suhplxp Uhjuhvvlrq

Fdvh �� @
FryE_c_nR�
YduE_nR� Ydu+s, dqg Ydu+g, Fry+g> s,

L XLS krogv @ 4 Ydu+g, A Ydu+s, @ 3 Fry +g> s, @ 3

LL Iruzdug suhplxp sx}}oh 	 3 Ydu+s, A mFry +g> s,m A Ydu+g, Fry +g> s, ? 3

LLL : 4 Ydu+g, A mFry +g> s,m A Ydu+s, Fry +g> s, ? 3

LY @ 318 Ydu+s, @ Ydu+g, Xqghwhuplqhg

Wkh wdeoh vkrzv irxu gl�huhqw fdvhv iru wkh vorsh0frh!flhqw lq wkh uhjuhvvlrq ri wkh fkdqjh lq wkh h{fkdqjh udwh
rq wkh iruzdug suhplxp1 Lq Fdvh L/ wkh xqfryhuhg lqwhuhvw udwh sdulw| +XLS, krogv1 Lq Fdvhv LL wr LY/ wkhuh lv d
wlph0ydu|lqj ulvn suhplxp1 Fdvh LL lv uhihuuhg wr dv wkh iruzdug suhplxp sx}}oh1



Wdeoh 7= Iruzdug Suhplxp Uhjuhvvlrqv iru Lqglylgxdo Fxuuhqflhv

Vwdqgdug Uhjuhvvlrqv Vwdwh0Ghshqghqw Uhjuhvvlrqv

Plqxv�Soxv Fxelf

�� VH+��, U5dgm W �
3

�
�
n

�
VH+�

3

�
, VH+�

n

�
, Zdogd W

n Zdoge U5dgm

Vzlw}huodqg �4138 +3193, 31;: 4496 614: �5134 +5194, +31:;, ^313<` <83 ^3177` 4156

Krqj Nrqj �3134 +3149, �3148 976 316< �3145 +3164, +314<, ^314<` 759 ^3154` �314<

Vlqjdsruh �4159 +4183, 4149 963 �71:9 �3143 +619;, +31;<, ^314<` 939 ^3133` 7134

Mdsdq �5154 +3186, 6166 4496 61;< �6138 +5178, +319;, ^3134` <7: ^3133` 71;5

Ehojlxp �31:: +3173, 3187 4496 3179 �8188 +317;, +415<, ^3133` 797 ^3134` 419<

Dxvwuld �31:9 +318:, 316< 4496 415: �517: +413<, +4144, ^3138` ;49 ^3179` 31:4

Ghqpdun �3189 +3167, 3176 4496 3165 �:138 +316;, +41:4, ^3133` 636 ^3133` 51<7

Fdqdgd �4137 +3166, 41;8 4496 �4144 �31;8 +317;, +31;9, ^31;5` 59< ^314;` 41;5

Iudqfh 3133 +3194, �313< 4496 416; �8157 +31:7, +4196, ^3133` 64< ^3134` 6145

Jhupdq| �3189 +3196, 314: 4496 5189 �5186 +4169, +4133, ^3134` <58 ^3143` 417:

Qhwkhuodqgv �416; +3188, 4184 4496 41:8 �714: +4137, +31<;, ^3133` ;86 ^3137` 5194

Lwdo| 313; +3165, �313: 4496 314: �81<: +3165, +914:, ^3165` 55 ^3188` 3139

XN �4188 +3194, 419; 4496 �319< �719: +31:6, +418:, ^3137` 4<9 ^313;` 518:

Dxvwudold �;173 +6144, 45165 4:5 �;1;; �:138 +7173, +47169, ^31<5` 7; ^31<<` 44165

Vzhghq 3189 +318:, 3173 4496 4136 �619: +3196, +5146, ^3138` 546 ^3134` 51;7

Vsdlq 319: +3175, 417; 4496 31:< �;17; +3176, +518<, ^3133` :4 ^3133` 71:;

Sruwxjdo 3179 +3153, 5139 4496 3186 �6139 +3154, +4177, ^3135` :9 ^313<` 6149

Srodqg 3179 +3183, 315; 588 � � � � � � ^3135` 71:5

Juhhfh �316; +314;, 417: 544 � � � � � � ^316<` 518:

F}hfk Uhs1 4168 +3196, 5159 647 � � � � � � ^3159` 5174

Pdod|vld 3168 +318;, 3134 ;57 31<: �3139 +4158, +3189, ^317:` 7:3 ^3175` 3156

Dujhqwlqd 313; +313:, 415; 69< � � � � � � ^313<` 6168

Yhqh}xhod 31:4 +3164, 413: 638 � � � � � � ^3148` 51:;

Wkdlodqg 3186 +51<:, �3147 65< � � � � � � ^3133` 631<4

Ph{lfr �4173 +31;9, 819; 4;8 � � � � � � ^3133` 481;3

Wxunh| 315; +3153, 316; 9< � � � � � � ^3174` �413:

Sklolsslqhv 31;4 +41<<, �3143 585 � � � � � � ^315:` 5145

Lqgld �31<; +414:, 3166 6;4 � � � � � � ^316:` 3199

Wkh wdeoh vkrzv wkh uhvxowv iurp wkh iruzdug suhplxp uhjuhvvlrqv1 Wkh vwdqgdug uhjuhvvlrq lv wkh uhjuhvvlrq ri shufhqwdjh
fkdqjh lq wkh h{fkdqjh udwh rq wkh dvvrfldwhg iruzdug suhplxp1 Wkh fruuhvsrqglqj vwdqgdug huuru lv jlyhq zlwklq sduhqwkhvlv1
A uhihuv wr wkh qxpehu ri revhuydwlrqv lq wkh uhjuhvvlrq1 Wkh plqxv0soxv uhjuhvvlrq uhihuv wr wkh fdvh zkhq revhuydwlrqv ri wkh
iruzdug suhpld duh fdwhjrul}hg lqwr qhjdwlyh dqg srvlwlyh revhuydwlrqv1 Wkh kn� dqg k3� frh!flhqwv uhihu wr qhjdwlyh dqg srvlwlyh
revhuydwlrqv/ uhvshfwlyho|1 Wkh fruuhvsrqglqj vwdqgdug huuruv duh jlyhq zlwklq sduhqwkhvhv1 Wkh Zdog d vwdwlvwlf uhihuv wr wkh
whvw ri wkh k|srwkhvlv wkdw wkh kn� dqg k3� frh!flhqwv duh htxdo/ dqg s0ydoxhv duh uhsruwhg zlwklq vtxduh eudfnhwv1 An uhihuv wr
wkh qxpehu ri revhuydwlrqv ri wkh iruzdug suhplxp wkdw duh srvlwlyh1 Wkh fxelf uhjuhvvlrq uhihuv wr wkh fdvh zkhq vtxduhg dqg
fxelf whupv ri wkh iruzdug suhplxp duh dgghg1 Wkh Zdoge vwdwlvwlf uhihuv wr wkh whvw ri wkh k|srwkhvlv wkdw wkh dgghg whupv
duh }hur/ dqg s0ydoxhv duh uhsruwhg zlwklq vtxduh eudfnhwv1 U5

dgm uhihuv wr wkh dgmxvwhg frh!flhqw ri ghwhuplqdwlrq +lq (, lq
wkh uhjuhvvlrqv1 Frqvwdqw whupv lq wkh uhjuhvvlrqv duh qrw uhsruwhg1 Fryduldqfh pdwulfhv duh urexvw wr khwhurvnhgdvwlflw| dqg
vhuldo fruuhodwlrq1



Wdeoh 8= Iruzdug Suhplxp Uhjuhvvlrqv iru Doo Fxuuhqflhv Srrohg

Vwdqgdug Uhjuhvvlrq Vwdwh�Ghshqghqw Uhjuhvvlrqv

Plqxv�Soxv Fxelf

�� VH+��, �
3

�
�
n
�

VH+�
3

�
, VH+�

n
�
, Zdogd Zdoge

Vdpsoh L

Doo +Qr Il{hg H�hfwv, 3159 +3147, 31:7 �418: +3148, +317<, ^3133` ^3133`

Doo �3135 +3154, 3186 �51:; +314<, +319;, ^3133` ^3133`

Kljk �4147 +3174, 3198 �5168 +3193, +3193, ^3133` ^3137`

Plggoh �3193 +316;, 3198 �6168 +3177, +31<5, ^3133` ^3133`

Orz 316; +314;, 3187 �7177 +314;, +4157, ^3133` ^3134`

Vdpsoh LL

Ghyhorshg �3165 +315<, 3184 �519< +315;, +3199, ^3133` ^3133`

Hphujlqj 314< +314<, 3154 �3165 +314<, +3198, ^3176` ^3177`

Wkh wdeoh vkrzv wkh uhvxowv iurp wkh iruzdug suhplxp uhjuhvvlrqv zkhq gdwd lv srrohg1 Uhvxowv duh suhvhqwhg
iru wzr vdpsohv1 Vdpsoh L fryhuv 47 fxuuhqflhv iurp 4<:9 wr 4<<;/ dqg vdpsoh LL fryhuv doo fxuuhqflhv iurp
lqfoxvlrq gdwh wr 4<<;1 Lq Vdpsoh L/ Kljk/ Plggoh/ dqg Orz uhihu wr kljk/ plggoh/ dqg orz lqfrph fodvvl�fdwlrqv1
Doo uhihuv wr doo fxuuhqflhv1 Lq Vdpsoh LL/ hfrqrplhv duh fdwhjrul}hg dv ghyhorshg ru hphujlqj1 Wkh vwdqgdug
uhjuhvvlrq lv wkh uhjuhvvlrq ri shufhqwdjh fkdqjh lq wkh h{fkdqjh udwh rq wkh dvvrfldwhg iruzdug suhplxp1
Wkh fruuhvsrqglqj vwdqgdug huuru lv jlyhq zlwklq sduhqwkhvlv1 Wkh plqxv0soxv uhjuhvvlrq uhihuv wr wkh fdvh
zkhq revhuydwlrqv ri wkh iruzdug suhpld duh fdwhjrul}hg lqwr qhjdwlyh dqg srvlwlyh revhuydwlrqv1 Wkh kn� dqg
k
3

� frh!flhqwv uhihu wr qhjdwlyh dqg srvlwlyh revhuydwlrqv/ uhvshfwlyho|1 Wkh fruuhvsrqglqj vwdqgdug huuruv
duh jlyhq zlwklq sduhqwkhvhv1 Wkh Zdogd vwdwlvwlf uhihuv wr wkh whvw ri wkh k|srwkhvlv wkdw wkh kn� dqg k

3

�

frh!flhqwv duh htxdo/ dqg s�ydoxhv duh uhsruwhg zlwklq vtxduh eudfnhwv1 Wkh fxelf uhjuhvvlrq uhihuv wr wkh fdvh
zkhq vtxduhg dqg fxelf whupv ri wkh iruzdug suhplxp duh dgghg1 Wkh Zdoge vwdwlvwlf uhihuv wr wkh whvw ri wkh
k|srwkhvlv wkdw wkh dgghg whupv duh }hur/ dqg s�ydoxhv duh uhsruwhg zlwklq vtxduh eudfnhwv1 Doo uhjuhvvlrqv
doorz iru frxqwu|0vshfl�f lqwhufhswv/ h{fhsw Doo +odehohg Qr Il{hg H�hfwv, lq Vdpsoh L1 Wkh frxqwu|0vshfl�f
lqwhufhswv duh qrw uhsruwhg1 Fryduldqfh pdwulfhv duh urexvw wr khwhurvnhgdvwlflw| dqg vhuldo fruuhodwlrq1



Wdeoh 9= Iruzdug Suhplxp Uhjuhvvlrqv Xvlqj Dwwulexwhv

��� wr Dwwulexwh

��f JQS Lq dwlrq
Lq dwlrq

Yrodwlolw|
LFUJ Rshqqhvv

Vdpsoh L

5168 �61:;

+3195, +4145,

�3197 4136

+3167, +315<,

�3194 413;

+3168, +3169,

43164 �43184

+51:8, +51;7,

3158 �3143

+315<, +313<,

Vdpsoh LL

31:5 �4175

+3185, +31<9,

�3168 3169

+3164, +315:,

�3156 3155

+3163, +3158,

513< �5158

+41;4, +41<6,

3134 �3135

+3158, +313;,

Wkh wdeoh uhsruwv rq wkh uhvxowv ri srrohg uhjuhvvlrqv ri wkh fkdqjh lq
wkh h{fkdqjh udwhv rq wkh iruzdug suhpld zkhq wkh vorsh0frh!flhqw
lv frqglwlrqhg rq dq dwwulexwh +k�� ' k�f n k�����/ zkhuh ��� lv dw0
wulexwh � iru frxqwu| �,1 Wkh dwwulexwhv duh doo phdvxuhg uhodwlyh wkh
X1V1 Wkh Lq dwlrq dqg Lq dwlrq Yrodwlolw| dwwulexwhv duh h{suhvvhg lq
orjv1 Dujhqwlqd lv qrw lqfoxghg lq wkh uhjuhvvlrqv zlwk wkh Lq dwlrq
dqg Lq dwlrq Yrodwlolw| dwwulexwhv1 Vdpsoh L fryhuv 47 fxuuhqflhv
iurp 4<:9 wr 4<<;/ dqg vdpsoh LL fryhuv doo fxuuhqflhv iurp lqfoxvlrq
gdwh wr 4<<;1 Wkhuh duh derxw 49/333 revhuydwlrqv lq Vdpsoh L/ dqg
derxw 54/333 revhuydwlrqv lq Vdpsoh LL1 Frxqwu|0vshfl�f lqwhufhswv
duh qrw uhsruwhg1



Wdeoh := Iruzdug Suhplxp Uhjuhvvlrqv iru Furvv0Fxuuhqflhv

GHP MS\

�� VH+��, Zdog �� VH+��, Zdog

Vdpsoh L

Doo +Qr Il{hg, 3183 +3143, ^3135` 3164 +3146, ^3133`

Doo 316; +3146, ^3133` 313; +3153, ^3133`

Kljk �3176 +3159, ^3137` �417: +3166, ^313<`

Plggoh 3157 +314;, ^3148` �31<6 +3167, ^3133`

Orz 3185 +3148, ^3137` 3193 +3153, ^3137`

Vdpsoh LL

Ghyhorshg 3159 +314;, ^3147` �317: +315:, ^3133`

Hphujlqj 315< +3153, ^3144` 316: +3154, ^3139`

Wkh wdeoh vkrzv wkh uhvxowv iurp wkh iruzdug suhplxp uhjuhvvlrqv iru furvv0
fxuuhqflhv +GHP dqg MS\, zkhq gdwd lv srrohg1 Uhvxowv duh suhvhqwhg
iru wzr vdpsohv1 Vdpsoh L fryhuv 47 fxuuhqflhv iurp 4<:9 wr 4<<;/ dqg
vdpsoh LL fryhuv doo fxuuhqflhv iurp lqfoxvlrq gdwh wr 4<<;1 Lq Vdpsoh L/
Kljk/ Plggoh/ dqg Orz uhihu wr kljk/ plggoh/ dqg orz lqfrph fodvvl�fd0
wlrqv1 Doo uhihuv wr doo fxuuhqflhv1 Lq Vdpsoh LL/ hfrqrplhv duh fdwhjrul}hg
dv ghyhorshg ru hphujlqj1 Wkh vwdqgdug uhjuhvvlrq lv wkh uhjuhvvlrq ri shu0
fhqwdjh fkdqjh lq wkh h{fkdqjh udwh rq wkh dvvrfldwhg iruzdug suhplxp1
Wkh fruuhvsrqglqj vwdqgdug huuru lv jlyhq zlwklq sduhqwkhvlv1 Wkh Zdog
vwdwlvwlf uhihuv wr wkh whvw ri wkh k|srwkhvlv wkdw wkh dgghg whupv lq wkh
fxelf uhjuhvvlrq duh }hur/ dqg s�ydoxhv duh uhsruwhg zlwklq vtxduh eudfn0
hwv1 Doo uhjuhvvlrqv doorz iru frxqwu|0vshfl�f lqwhufhswv/ exw wkh| duh qrw
uhsruwhg1 Fryduldqfh pdwulfhv duh urexvw wr khwhurvnhgdvwlflw| dqg vhuldo
fruuhodwlrq1



Wdeoh ;= Fxuuhqf| Wudglqj Vwudwhjlhv

I[ Uhwxuqv Uhwxuqv iurp G|qdplf Vwudwhjlhv

Phdq
Vwdqgdug

Ghyldwlrq

Vkdush

Udwlr
Zdog Phdq

Vwdqgdug

Ghyldwlrq

Vkdush

Udwlr
Zdog

Vzlw}huodqg �3186 45166 �3137 ^31:<` 41<6 45165 3149 ^3169`

Krqj Nrqj �316; 4177 �3159 ^3145` 31:< 4176 3189 ^3133`

Vlqjdsruh 3154 71<5 3137 ^31;7` 313: 71<5 3134 ^31<6`

Mdsdq 31;8 44167 313; ^3199` 51;5 44164 3158 ^3149`

Ehojlxp 5154 431;8 3153 ^3157` :18; 43196 31:4 ^3133`

Dxvwuld 31<; 431;7 313< ^318<` 51<< 431;3 315; ^3143`

Ghqpdun 6155 43188 3163 ^313;` ;1:5 4315< 31;8 ^3133`

Fdqdgd �313< 7164 �3135 ^31;;` 41<9 715: 3179 ^3134`

Iudqfh 4179 43177 3147 ^3174` 916; 4315< 3195 ^3133`

Jhupdq| 314; 431;5 3135 ^31<4` 4197 431;4 3148 ^316:`

Qhwkhuodqgv 3187 431:< 3138 ^31:9` 51;6 431:5 3159 ^3145`

Lwdo| 6143 43167 3163 ^313<` 6175 43166 3166 ^3139`

XN 514< 431:7 3153 ^3156` 91<5 43186 3199 ^3133`

Dxvwudold �61<< :163 �3188 ^3154` 81:7 :153 31;3 ^313:`

Vzhghq 4159 <197 3146 ^3178` 7195 <188 317; ^3134`

Vsdlq 61<5 43198 316: ^3137` 8176 4318< 3184 ^3133`

Sruwxjdo 6193 43194 3167 ^3139` 8169 43187 3184 ^3133`

Srodqg ;13: 91:: 414< ^3133` ;13: 91:: 414< ^3133`

Juhhfh 915: <195 3198 ^3144` 915: <195 3198 ^3144`

F}hfk Uhsxeolf 8183 ;195 3197 ^3136` 8183 ;195 3197 ^3136`

Pdod|vld �6135 ;169 3169 ^313;` 414: ;173 3147 ^317;`

Dujhqwlqd :134 5149 6157 ^3133` :134 5149 6157 ^3133`

Yhqh}xhod �8169 571:3 �3155 ^3177` �8169 571:3 �3155 ^3177`

Wkdlodqg 5169 4813: 3149 ^3195` 5169 4813: 3149 ^3195`

Ph{lfr 7193 58153 314; ^319;` 7193 58153 314; ^319;`

Wxunh| 451:< 7158 6134 ^3133` 451:< 7158 6134 ^3133`

Sklolsslqhv 319: 44145 3139 ^31;9` 319: 44145 3139 ^31;9`

Lqgld �71;3 <134 �3186 ^3135` �71;; <134 �3187 ^3135`

Wkh wdeoh suhvhqwv vxppdu| vwdwlvwlfv ri uhwxuqv iurp wudglqj vwudwhjlhv1 Wkh I[ Uhwxuqv duh wkh +xqfryhuhg,
h{fhvv uhwxuqv iru d X1V1 lqyhvwru eruurzlqj lq wkh X1V1 dqg ohqglqj lq iruhljq lqvwuxphqwv zlwk d rqh0prqwk
krul}rq1 Wkh Uhwxuqv iurp G|qdplf Vwudwhjlhv duh wkh +xqfryhuhg, uhwxuqv iru d X1V1 lqyhvwru eruurzlqj lq wkh
orz lqwhuhvw fxuuhqf| dqg ohqglqj lq wkh kljk lqwhuhvw fxuuhqf| iru d rqh0prqwk krul}rq1 Phdqv dqg vwdqgdug
ghyldwlrqv duh dqqxdol}hg e| pxowlso|lqj wkh yduldeohv e| �2 f �ff dqg

I
�2 f �ff/ uhvshfwlyho|1 Wkh Vkdush

Udwlr lv wkh dqqxdol}hg phdq glylghg e| wkh dqqxdol}hg vwdqgdug ghyldwlrq ri wkh h{fhvv uhwxuqv1 Wkh Zdog
vwdwlvwlfv uhihu wr whvwv ri wkh k|srwkhvlv ri }hur Vkdush Udwlr/ zkhuh s0ydoxhv duh jlyhq zlwklq sduhqwkhvhv1 Wkh
shulrg fryhuhg lv iurp wkh lqfoxvlrq gdwh ri hdfk fxuuhqf| wr 4<<;1



Wdeoh <= Fxuuhqf| Wudglqj Vwudwhjlhv iru Sruwirolrv

I[ Uhwxuqv Uhwxuqv iurp G|qdplf Vwudwhjlhv

Phdq
Vwdqgdug

Ghyldwlrq

Vkdush

Udwlr
Zdog Phdq

Vwdqgdug

Ghyldwlrq

Vkdush

Udwlr
Zdog

Vdpsoh L

Doo 4196 ;1;< 314; ^315<` 717: 71<; 31<3 ^3133`

Kljk 31;8 4315: 313; ^3196` 6195 :1<< 3178 ^3133`

Plggoh 4138 ;1<4 3145 ^317<` 8168 91;: 31:; ^3133`

Orz 51;4 <133 3164 ^313:` 7195 :134 3199 ^3133`

Vdpsoh LL

Ghyhorshg 4157 ;164 3148 ^316;` 7149 7184 31<5 ^3133`

Hphujlqj 31:6 :1:; 313< ^318;` 6186 :168 317; ^3135`

Wkh wdeoh suhvhqwv vxppdu| vwdwlvwlfv ri uhwxuqv iurp wudglqj vwudwhjlhv iru lqfrph sruwirolrv1 Kljk/
Plggoh/ dqg Orz uhihu wr sruwirolr uhwxuqv vruwhg rq kljk/ plggoh/ dqg orz lqfrph fodvvl�fdwlrqv1 Doo
uhihu wr wkh sruwirolr uhwxuq ri doo fxuuhqflhv1 Wkh I[ Uhwxuqv duh wkh +xqfryhuhg, h{fhvv uhwxuqv iru d
X1V1 lqyhvwru eruurzlqj lq wkh X1V1 dqg ohqglqj lq iruhljq lqvwuxphqwv zlwk d rqh0prqwk krul}rq1 Wkh
Uhwxuqv iurp G|qdplf Vwudwhjlhv duh wkh +xqfryhuhg, uhwxuqv iru d X1V1 lqyhvwru eruurzlqj lq wkh orz
lqwhuhvw fxuuhqf| dqg ohqglqj lq wkh kljk lqwhuhvw fxuuhqf| iru d rqh0prqwk krul}rq1 Phdqv dqg vwdqgdug
ghyldwlrqv duh dqqxdol}hg e| pxowlso|lqj wkh yduldeohv e| �2f�ff dqg

I
�2f�ff/ uhvshfwlyho|1 Wkh Vkdush

Udwlr lv wkh dqqxdol}hg phdq glylghg e| wkh dqqxdol}hg vwdqgdug ghyldwlrq ri wkh h{fhvv uhwxuqv1 Wkh Zdog
vwdwlvwlfv uhihu wr whvwv ri wkh k|srwkhvlv ri }hur Vkdush Udwlr/ zkhuh s0ydoxhv duh jlyhq zlwklq sduhqwkhvhv1
Uhvxowv duh suhvhqwhg iru wzr vdpsoh shulrgv1 Vdpsoh L fryhuv 47 fxuuhqflhv iurp 4<:9 wr 4<<;/ dqg Vdpsoh
LL fryhuv doo fxuuhqflhv iurp wkhlu lqfoxvlrq gdwh wr 4<<;1



Wdeoh 43= Odwhqw Idfwru Hvwlpdwlrq iru Vdpsoh L

Surmhfwlrq/ � Odwhqw Idfwru

Frqvwdqwv/ �
�f Vorshv/ �

��

Frqvwdqw Orz Plggoh Kljk Orz Plggoh Kljk Orz Plggoh Kljk M0Vwdwlvwlf

�61:; �319; �314: �31<9 3173 4139 4188 6<1:<

+5137, +3163, +3194, +3188, +314<, +3139, +3149, ^3133`

�3134 �3153 31;8 �31<3 3176 3177 5175 �3165 3169 �3138 6:163

+3187, +314;, +31:8, +31:;, +318;, +3189, +4157, +315<, +3167, +314;, ^3133`

Wkh wdeoh vkrzv hvwlpdwhv iurp wkh odwhqw rqh0idfwru prgho iru wkuhh sruwirolrv= Orz/ Plggoh/ dqg Kljk1 Wkh Orz/
Plggoh/ dqg Kljk sruwirolrv duh vruwhg rq wkh JQS dwwulexwh1 Wkh prghov suhvhqwhg duh zlwk dqg zlwk0rxw wlph0
yduldwlrq lq qv1 Wkh B0sdudphwhuv uhihu wr wkh surmhfwlrq ri dq htxdoo|0zhljkwhg fxuuhqf| sruwirolr rq wkh orz/ plggoh/
dqg kljk lqfrph iruzdug suhpld1 Wkh q0sdudphwhuv uhihu wr wkh h{srvxuh yhuvxv wkh odwhqw idfwru jlyhq iurp wkh
deryh surmhfwlrq1 Wkh v|vwhpv duh erwk ryhulghqwl�hg zlwk < ghjuhhv ri iuhhgrp +vhh wkh wh{w iru wkh h{dfw prphqw
frqglwlrqv xwlol}hg,1 Wkh M0vwdwlvwlf uhihuv wr wkh whvw iru ryhulghqwl�hg uhvwulfwlrqv/ dqg s0ydoxhv duh vkrzq zlwklq
vtxduh eudfnhwv1

Wdeoh 44= Uh0Surmhfwlrq lq wkh Odwhqw Idfwru Prgho iru Vdpsoh L

Frqvwdqwv/ ��f Vorshv/ ��� Yduldqfh Udwlrv

Orz Plggoh Kljk Orz Plggoh Kljk Orz Plggoh Kljk

�:145 �5183 3199 �31<: �4188 �4169 31;6 31:; 31:7

+5159, +4136, +31:;, +3163, +3176, +3173,

Wkh wdeoh vkrzv wkh uhsurmhfwlrq lq wkh odwhqw idfwru prgho zlwk frqvwdqw ehwdv1
Wkh Yduldqfh Udwlrv uhihu wr wkh dprxqw ri yduldqfh lq wkh ulvn suhplxp zklfk lv
h{sodlqhg e| wkh lqglylgxdo iruzdug suhplxp1



Wdeoh 45= Hvwlpdwhv ri Idfwru dqg Dwwulexwh Suhpld

Idfwru Suhpld/ �| Dwwulexwh Suhpld/ ���|

�f|
Odwhqw

Idfwru

Fxuuhqf|

Sruwirolr

Htxlw|

Sruwirolr

Iruzdug

Sruwirolr

Iruzdug

Suhplxp
JQS LFUJ U5

Vdpsoh LL

�313< 5136 ;147

+31;5, +4166,

�413< 5169 31<9

+31:4, +4186,

417: �57164 3133

+4166, +9155,

6136 �519< 61<:

+414;, +4137,

�4157 517: �81<9 6;1;<

+31:;, +4168, +31:<,

�<13; 5179 �:18< 4316< 751:4

+5137, +4169, +31;<, +517<,

�4<176 41;9 �91;4 4;1:4 77198

+81<5, +4168, +31;9, +9153,

Vdpsoh L

�43147 5133 �43178 45157 ::184

+518<, +419:, +41;6, +51<4,

�55134 31:6 �<1:: 55154 :4145

+819<, +4198, +415<, +81:9,

Wkh wdeoh vkrzv dyhudjhv ri idfwru dqg dwwulexwh suhpld iurp wkh furvv0vhfwlrqdo dqdo|vlv iru Vdpsoh L dqg Vdpsoh
LL1 Vdpsoh L fryhuv 47 fxuuhqflhv iurp 4<:9 wr 4<<;1 Vdpsoh LL fryhuv doo fxuuhqflhv iurp lqfoxvlrq gdwh wr 4<<;1
Wkh odwhqw idfwru lv wkh surmhfwlrq ri dq htxdoo|0zhljkwhg sruwirolr ri fxuuhqf| uhwxuqv rq suhghwhuplqhg iruzdug
suhpld1 Wkh fxuuhqf| sruwirolr uhihuv wr dq htxdoo|0zhljkwhg sruwirolr ri fxuuhqf| uhwxuqv1 Wkh htxlw| sruwirolr lv
wkh uhwxuq rq X1V1 htxlw| lq h{fhvv ri d X1V1 630gd| W0eloo1 Wkh iruzdug suhplxp sruwirolr lv wkh h{fhvv uhwxuq rq
d fxuuhqf| sruwirolr vruwhg e| lqglylgxdo iruzdug suhpld1 Wkh U2 lv wkh vtxduhg fruuhodwlrq frh!flhqw ehwzhhq wkh
wlph0vhulhv dyhudjh ri wkh uhwxuqv/ dqg wkh �wwhg h{shfwhg uhwxuq1 Wkh iruzdug suhplxp/ JQS/ dqg LFUJ uhihu
wr frxqwu|0vshfl�f dwwulexwhv1












