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present even after having accounted for capital controls and international
trade effects.
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NON-TECHNICAL SUMMARY

The recent pace of international economic integration has been
unprecedented. Trade in goods and services has grown faster than output and
it has been accompanied by large capital movements both within the industrial
countries and across developed and less developed countries. One frequently
asked question is whether increased globalization will make national
economies move more in tandem and whether it will also increase countries’
susceptibility to external factors.

Concerning trade interdependence, it has been found that stronger trade links
have not led to greater international business cycle synchronization. The
increase in international GDP comovements has rather been caused by the
greater frequency and larger size of common shocks (Dellas and Canova,
1993). The relationship between financial integration and macroeconomic
interdependence has not yet been investigated systematically. Nevertheless,
there exists some evidence that greater financial integration has led to a
closer association between movements in local and world equity markets.

There are two important channels linking the stage of financial development to
international economic integration: capital mobility and international trade.

Financial backwardness usually goes hand in hand with official restrictions on
capital mobility. Financially developed countries typically impose few
restrictions on the flows of capital and as a result they are more closely linked
and hence more susceptible to external developments. Moreover, countries
with poorly developed financial systems are a less hospitable host for
international capital as they lack the institutional infrastructure needed to make
profitable use of capital. For instance, the stock markets operate inefficiently
(thin markets with rampant insider trading), government regulations are
cumbersome and often arbitrary and so on. At the same time, the local
financial institutions often lack the expertise required to promote international
portfolio diversification on behalf of their domestic clients. Consequently, both
inflows and outflows of capital are effectively discouraged. Moreover, adverse
selection and moral hazard problems due to the lack of regulation and
disclosure rules hinder international investment and may be behind the lack of
real rates of return equalization. Finally, the existence of political risk is a
deterrent to capital mobility.

International trade provides a second channel and involves two mechanisms.
First, financially advanced countries (the rich) tend to trade more. A larger
degree of openness increases the sensitivity to foreign shocks inducing a
positive association between financial development and international financial
interdependence.



The second mechanism operates through the effects of trade on the structure
of production. A country without a well functioning financial market cannot
diversify domestic production risks through international asset trade, so it may
have to do so by selecting a more diversified production structure. Thus,
financial backwardness implies a domestic production structure that is more
similar to that in the rest of the world. In the presence of important industry-
specific shocks this leads to a positive covariation between domestic and
world economic activity. The development of financial markets then is
accompanied by greater production specialization and hence a smaller
correlation in movements in economic activity and stock markets across
countries.

The objective of this paper is twofold. First, to calculate the relative importance
of domestic and foreign influences on domestic stock prices. Unlike existing
financial studies that have primarily been concerned with stock price links only
(essentially one factor models), we include several additional domestic and
foreign determinants of stock returns. Unlike existing macroeconomic studies
that have used a broader set of variables but have restricted themselves to a
small number of industrial countries we analyse the behaviour of a large,
diverse group of countries. This allows us to fulfill our second objective, which
is to examine whether and how the sensitivity of domestic returns to external
shocks varies systematically with a country’s level of financial development.
This is of interest as policy-makers in less developed countries often express
reservations that greater economic liberalization will make them ‘hostage’ to
the world capital markets.

Our approach follows closely Canova and De Nicolo (1997). We estimate two
country Vector Autoregressions (VAR), pairing the country under
consideration with a country that represents the main source of external
influences. The latter is the US but we have also used Japan or Germany
depending on the region. The VARs include measures of economic activity,
inflation, interest rates, stock prices and the exchange rate. After estimating
the VARs, we use the resulting variance decompositions to form a measure of
domestic and foreign influences on the domestic stock prices. In general, the
contribution of external factors ranges from 10.0% to 66.0% with an average
value of 29.3%. We then regress these measures against various popular
indexes of financial development in order to evaluate the role of the latter in
the transmission of external shocks to domestic stock prices. These indexes
express financial market development in terms of competitive structure and
the size of the market. The competitive structure is expressed by the assets of
deposit money banks relative to the ones of the central bank and relates to the
idea that commercial banks are relatively more efficient in managing customer
savings. The size of the market is simply calculated as liquid liabilities divided
by GDP whereas the credits by commercial banks and other institutions to the
private sector divided by GDP is a mixture of both.



We find that financial maturity is associated with greater sensitivity to foreign
shocks. And that this remains the case even after accounting for international
trade effects and capital controls. Our results corroborate existing findings that
local factors play a more important role in emerging markets than in
developed markets. And that global risk factors are unable to explain the
mean returns of the emerging market return factors. They also suggest that
the link between financial development and international integration involves
channels in addition to the standard ones such as capital controls and trade
openness. The identification of those channels (informational, quality of
management of local financial institutes, institutional features and so on)
represents a valuable future endeavour.



Wkh uhfhqw sdfh ri lqwhuqdwlrqdo hfrqrplf lqwhjudwlrq kdv ehhq xqsuhfhghqwhg1
Wudgh lq jrrgv dqg vhuylfhv kdv jurzq idvwhu wkdq rxwsxw dqg lw kdv ehhq dffrp0
sdqlhg e| odujh fdslwdo pryhphqwv erwk zlwklq wkh lqgxvwuldo frxqwulhv dqg dfurvv
ghyhorshg dqg ohvv ghyhorshg frxqwulhv1 Ilqdqfldo olehudol}dwlrq kdv dffhohudwhg1
D iuhtxhqwo| dvnhg txhvwlrq lv zkhwkhu lqfuhdvhg joredol}dwlrq zloo wudqvodwh lqwr
vwurqjhu frpryhphqwv ri qdwlrqdo hfrqrplf dfwlylw| dqg dovr lqfuhdvh frxqwulhv*
vxvfhswlelolw| wr h{whuqdo idfwruv41

Wkh remhfwlyh ri wklv sdshu lv wzrirog1 Iluvw/ wr fdofxodwh wkh uhodwlyh lpsru0
wdqfh ri grphvwlf dqg iruhljq lq xhqfhv rq grphvwlf vwrfn sulfhv1 Xqolnh h{lvwlqj
�qdqfldo vwxglhv wkdw kdyh ehhq sulpdulo| frqfhuqhg zlwk vwrfn sulfh olqnv rqo|
+hvvhqwldoo| rqh idfwru prghov,/ zh lqfoxgh vhyhudo dgglwlrqdo grphvwlf dqg iruhljq
ghwhuplqdqwv ri vwrfn uhwxuqv1 Xqolnh h{lvwlqj pdfurhfrqrplf vwxglhv wkdw kdyh
xvhg d eurdghu vhw ri yduldeohv exw kdyh uhvwulfwhg wkhpvhoyhv wr d vpdoo qxpehu
ri lqgxvwuldo frxqwulhv +iru lqvwdqfh/ Fdqryd dqg gh Qlfroö/ 4<<:,/ zh dqdo|}h wkh
ehkdylru ri d odujh/ glyhuvh jurxs ri frxqwulhv1 Wklv doorzv xv wr ixo�oo rxu vhf0
rqg remhfwlyh/ zklfk lv wr h{dplqh zkhwkhu dqg krz wkh vhqvlwlylw| ri grphvwlf
uhwxuqv wr h{whuqdo vkrfnv ydulhv v|vwhpdwlfdoo| zlwk d frxqwu|*v ohyho ri �qdqfldo
ghyhorsphqw1 Wklv lv lpsruwdqw dv srolf|pdnhuv lq ohvv ghyhorshg frxqwulhv riwhq
h{suhvv uhvhuydwlrqv derxw ehlqj �krvwdjh� wr wkh zruog fdslwdo pdunhwv1 Lw lv dovr
lpsruwdqw iurp dq lqwhuqdwlrqdo sruwirolr vhohfwlrq srlqw ri ylhz/ dv wkh dqvzhu wr
wklv txhvwlrq ghwhuplqhv krz pxfk sruwirolr lqvxudqfh fdq eh jdlqhg e| dftxlulqj
htxlw| lq ohvv �qdqfldoo| ghyhorshg frxqwulhv1

Rxu dssurdfk iroorzv forvho| Fdqryd dqg Gh Qlfroö +4<<:,1 Zh hvwlpdwh wzr
frxqwu| YDUv/ sdlulqj wkh frxqwu| xqghu frqvlghudwlrq zlwk d frxqwu| wkdw uhs0
uhvhqwv wkh pdlq vrxufh ri h{whuqdo lq xhqfhv1 Wkh odwwhu lv wkh XV exw zh kdyh
dovr xvhg Mdsdq ru Jhupdq| ghshqglqj rq wkh uhjlrq1 Wkh YDUv lqfoxgh phd0
vxuhv ri hfrqrplf dfwlylw|/ lq dwlrq/ lqwhuhvw udwhv/ vwrfn sulfhv dqg wkh h{fkdqjh
udwh1 Diwhu hvwlpdwlqj wkh YDUv/ zh xvh wkh uhvxowlqj yduldqfh ghfrpsrvlwlrqv wr
irup d phdvxuh ri grphvwlf dqg iruhljq lq xhqfhv rq wkh grphvwlf vwrfn sulfhv1 Lq
jhqhudo/ wkh frqwulexwlrq ri h{whuqdo idfwruv udqjhv iurp 4315( wr 991;( zlwk dq
dyhudjh ydoxh ri 6313(1 Zh wkhq uhjuhvv wkhvh phdvxuhv djdlqvw ydulrxv lqgh{hv
ri �qdqfldo ghyhorsphqw lq rughu wr hydoxdwh wkh uroh ri wkh odwwhu lq wkh wudqv0
plvvlrq ri h{whuqdo vkrfnv wr grphvwlf vwrfn sulfhv1 Lq sduwlfxodu/ zh irfxv rq
�qdqfldo lqwhuphgldwlrq phdvxuhv wdnhq iurp Ohylqh hw do1 +4<<<, dqg wkh vl}h ri
wkh vwrfn pdunhw uhodwlyh wr JGS1 Zh �qg wkdw �qdqfldo ghyhorsphqw lv dvvrfl0
dwhg zlwk juhdwhu vhqvlwlylw| wr iruhljq vkrfnv1 Dqg wkdw wklv uhpdlqv wkh fdvh hyhq
diwhu dffrxqwlqj iru lqwhuqdwlrqdo wudgh h�hfwv dqg fdslwdo frqwurov1 Rxu uhvxowv
duh frqvlvwhqw zlwk Kduyh| +4<<8, zkr dujxhv wkdw orfdo idfwruv sod| d pruh lp0
sruwdqw uroh lq hphujlqj pdunhwv wkdq lq ghyhorshg pdunhwv1 Zlwk Urxzhqkruvw
+4<<<, zkr �qgv wkdw joredo ulvn idfwruv duh xqdeoh wr h{sodlq wkh phdq uhwxuqv

4Ghoodv dqg Fdqryd +4<<6, kdyh h{dplqhg wudgh lqwhjudwlrq dqg pdfurhfrqrplf lqwhughshq0
ghqfh1 Wkh| �qg wkdw vwurqjhu wudgh olqnv kdyh qrw ohg wr juhdwhu lqwhuqdwlrqdo exvlqhvv f|foh
v|qfkurql}dwlrq1 Wkh uhodwlrqvkls ehwzhhq �qdqfldo lqwhjudwlrq dqg pdfurhfrqrplf lqwhughshq0
ghqfh kdv qrw |hw ehhq lqyhvwljdwhg v|vwhpdwlfdoo| +vhh Ghoodv dqg Khvv/ 5333,1
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ri wkh hphujlqj pdunhw uhwxuq idfwruv1 Dqg zlwk Ehndhuw dqg Kduyh| +4<<:, zkr
vkrz wkdw wkh fruuhodwlrq ehwzhhq vwrfn uhwxuqv lqfuhdvhv dv d uhvxow ri �qdqfldo
olehudol}dwlrq1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vnhwfkhv wkh uhohydqw
wkhruhwlfdo frqvlghudwlrqv iru wkh dvvhvvphqw ri wkh olqndjh ehwzhhq d �qdqfldo
pdunhw*v ghyhorsphqw dqg lwv vxvfhswlelolw| wr iruhljq lq xhqfhv1 Vhfwlrq 6 suhvhqwv
wkh hpslulfdo prghov surylglqj lqwhjudwlrq dqg ghyhorsphqw lqglfdwruv1 Vhfwlrq 7
glvsod|v wkh pdlq �qglqjv iru d odujh furvv0vhfwlrq ri frxqwulhv1 Vhfwlrq 8 frqfoxghv1

4 Wkhru|
Wkhuh duh wzr lpsruwdqw fkdqqhov olqnlqj wkh vwdjh ri �qdqfldo ghyhorsphqw wr
lqwhuqdwlrqdo hfrqrplf lqwhjudwlrq= fdslwdo prelolw| dqg lqwhuqdwlrqdo wudgh1

Ilqdqfldo edfnzdugqhvv xvxdoo| jrhv kdqg lq kdqg zlwk r!fldo uhvwulfwlrqv rq
fdslwdo prelolw|1 Ilqdqfldoo| ghyhorshg frxqwulhv w|slfdoo| lpsrvh ihz uhvwulfwlrqv
rq wkh  rzv ri fdslwdo dqg dv d uhvxow wkh| duh pruh forvho| olqnhg dqg khqfh pruh
vxvfhswleoh wr h{whuqdo ghyhorsphqwv1 Pruhryhu/ frxqwulhv zlwk srruo| ghyhorshg
�qdqfldo v|vwhpv duh d ohvv krvslwdeoh krvw iru lqwhuqdwlrqdo fdslwdo dv wkh| odfn wkh
lqvwlwxwlrqdo lqiudvwuxfwxuh qhhghg wr pdnh sur�wdeoh xvh ri fdslwdo1 Iru lqvwdqfh/
wkh vwrfn pdunhwv rshudwh lqh!flhqwo| +wklq pdunhwv zlwk udpsdqw lqvlgh wudg0
lqj,/ jryhuqphqw uhjxodwlrqv duh fxpehuvrph dqg riwhq duelwudu| dqg vr rq1 Dw
wkh vdph wlph/ wkh orfdo �qdqfldo lqvwlwxwlrqv riwhq odfn wkh h{shuwlvh uhtxluhg wr
surprwh lqwhuqdwlrqdo sruwirolr glyhuvl�fdwlrq rq ehkdoi ri wkhlu grphvwlf folhqwv1
Frqvhtxhqwo|/ erwk lq rzv dqg rxw rzv ri fdslwdo duh h�hfwlyho| glvfrxudjhg1 D
ixuwkhu dujxphqw iru wkh revhuyhg fdslwdo lpprelolw| wrzdugv hphujlqj �qdqfldo
pdunhwv lv sxw iruzdug e| Ud}lq/ Vdgnd dqg \xhq +4<<<, zkr hpskdvl}h lqirupd0
wlrqdo sureohpv1 Dgyhuvh vhohfwlrq dqg prudo kd}dug sureohpv gxh wr wkh odfn ri
uhjxodwlrq dqg glvforvxuh uxohv klqghu lqwhuqdwlrqdo lqyhvwphqw dqg pd| eh ehklqg
wkh odfn ri uhdo udwhv ri uhwxuq htxdol}dwlrq1 Ilqdoo|/ wkh h{lvwhqfh ri srolwlfdo ulvn
lv d ghwhuuhqw wr fdslwdo prelolw|1

Lqwhuqdwlrqdo wudgh surylghv d vhfrqg fkdqqho dqg lqyroyhv wzr phfkdqlvpv1
Iluvw/ �qdqfldoo| dgydqfhg frxqwulhv +wkh ulfk, whqg wr wudgh pruh1 D odujhu ghjuhh
ri rshqqhvv lqfuhdvhv wkh vhqvlwlylw| wr iruhljq vkrfnv lqgxflqj d srvlwlyh dvvrfld0
wlrq ehwzhhq �qdqfldo ghyhorsphqw dqg lqwhuqdwlrqdo �qdqfldo lqwhughshqghqfh1

Wkh vhfrqg phfkdqlvp rshudwhv wkurxjk wkh h�hfwv ri wudgh rq wkh vwuxfwxuh
ri surgxfwlrq1 Khospdq dqg Ud}lq +4<:;, qrwh wkdw li d frxqwu| zlwkrxw d zhoo
ixqfwlrqlqj �qdqfldo pdunhw fdqqrw glyhuvli| grphvwlf surgxfwlrq ulvnv wkurxjk
lqwhuqdwlrqdo dvvhw wudgh/ lw pd| kdyh wr gr vr e| vhohfwlqj d pruh glyhuvl�hg
surgxfwlrq vwuxfwxuh1 Wkxv/ �qdqfldo edfnzdugqhvv lpsolhv d grphvwlf surgxfwlrq
vwuxfwxuh wkdw lv pruh vlplodu wr wkdw lq wkh uhvw ri wkh zruog1 Lq wkh suhvhqfh
ri lpsruwdqw lqgxvwu| vshfl�f vkrfnv wklv ohdgv wr d srvlwlyh fryduldwlrq ehwzhhq
grphvwlf dqg zruog hfrqrplf dfwlylw|1 Wkh ghyhorsphqw ri �qdqfldo pdunhwv wkhq
lv dffrpsdqlhg e| juhdwhu surgxfwlrq vshfldol}dwlrq dqg khqfh d vpdoohu fruuhodwlrq
lq pryhphqwv lq hfrqrplf dfwlylw| dqg vwrfn pdunhwv dfurvv frxqwulhv +Ghoodv
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dqg Khvv/ 5333,1 Ilqdqfldo ghyhorsphqw dqg fruuhodwlrq ri vwrfn uhwxuqv pryh lq
rssrvlwh gluhfwlrqv1

Wklv dujxphqw lv edvhg rq wkh wudglwlrqdo wkhru| ri wudgh dqg lv udwkhu vwdwlf lq
qdwxuh dv lw ljqruhv wkh surfhvv ri lqfrph frqyhujhqfh dfurvv frxqwulhv1 Li lqfrph
frqyhujhqfh lv iroorzhg e| frqyhujhqfh lq hfrqrplf vwuxfwxuh +iru lqvwdqfh/ vlplodu
idfwru hqgrzphqwv,/ dv pdqlihvwhg lq lqwudlqgxvwu| wudgh sdwwhuqv/ wkhq hfrqrplf 0
dqg �qdqfldo0 ghyhorsphqw lpsolhv wkdw d frxqwu| ehfrphv pruh olnh wkh dgydqfhg
frxqwulhv1 Lq vxfk d fdvh rqh vkrxog h{shfw d srvlwlyh uhodwlrqvkls ehwzhhq wkh
vwdjh ri hfrqrplf ghyhorsphqw dqg wkh ghjuhh ri vxvfhswlelolw| wr iruhljq vkrfnv1

Wkh suhfhglqj glvfxvvlrq vhhpv wr vxjjhvw wkh h{lvwhqfh ri d wkhruhwlfdo suh0
vxpswlrq ri d srvlwlyh olqn ehwzhhq �qdqfldo ghyhorsphqw dqg �qdqfldo lqwhjudwlrq1
Qhyhuwkhohvv/ wkhuh h{lvw ohjlwlpdwh wkhruhwlfdo uhdvrqv iru revhuylqj d qhjdwlyh olqn
+qdpho|/ wkh wudglwlrqdo wudgh wkhru|,1 Wklv dpeljxlw| lv wkh vrxufh ri ydoxh dgghg
ri wkh hpslulfdo dqdo|vlv wkdw iroorzv1

5 Hpslulfdo dqdo|vlv

514 Phdvxuhv ri Ilqdqfldo Pdunhw Lqwhjudwlrq

Wkh �uvw wdvn lv wr frqvwuxfw d phdvxuh ri wkh vhqvlwlylw| ri grphvwlf uhwxuqv wr
h{whuqdo lq xhqfhv +�qdqfldo lqwhjudwlrq,51 Vhyhudo lqglfdwruv ri �qdqfldo +vwrfn,
pdunhw lqwhjudwlrq h{lvw lq wkh olwhudwxuh1 Ehndhuw dqg Kduyh| +4<<8, frqvwuxfw
rqh e| irupxodwlqj d Fdslwdo Dvvhw Sulflqj Prgho lq whupv ri d Pdunry uhjlph
vzlwfklqj prgho1 Wkh| srvwxodwh wkdw wkh h{shfwhg udwh ri uhwxuq rq d vwrfn � lq
frxqwu| � lv d ixqfwlrq ri lwv frpryhphqw zlwk wkh vwrfn pdunhw=

.|3�do
�
�c|o ' b|3�SJ�|3�do

�
�c|c o|o +4,

Lq d shuihfwo| lqwhjudwhg zruog/ wkh pdunhw uhwxuq lv phdvxuhg e| wkh uhwxuq rq
wkh zruog vwrfn pdunhw o�c|/ zkhuhdv xqghu shuihfw vhjuhjdwlrq e| wkh grphvwlf
pdunhw uhwxuq o�c|1 Djjuhjdwlqj dfurvv doo dvvhwv dqg uhirupxodwlqj wklv htxdwlrq
dv d glvfuhwh vwdwh prgho |lhogv=

.|3�do�c|o ' ��c|3�b|3�SJ�|3�do�c|c o�c|o n
�
�� ��c|3�

�
b|3��@o|3�do�c|o +5,

Wkh hvwlpdwhg wudqvlwlrq suredelolw| e��c|3� lqglfdwhv wkhq wkh ghjuhh ri lqwhjudwlrq
ri wkh orfdo pdunhw zlwk wkh zruog vwrfn pdunhw1

Dq dowhuqdwlyh phdvxuh lv sursrvhg e| Dpphu dqg Phl +4<<9, zkr xvh wkh
fruuhodwlrq ehwzhhq wkh grphvwf dqg iruhljq vwrfn uhwxuq lqqrydwlrqv1

Wkh sureohp zlwk wkhvh wzr phdvxuhv lv wkhlu lqfrpsohwhqhvv/ qdpho| wkhlu qrw
wdnlqj lqwr dffrxqw dgglwlrqdo iruhljq lq xhqfhv rq wkh grphvwlf vwrfn pdunhwv1

5Wkurxjkrxw wkh sdshu zh lghqwli| lqwhuqdwlrqdo �qdqfldo lqwhjudwlrq zlwk d frxqwu|*v �qdqfldo
pdunhwv* vxvfhswlelolw| wr h{whuqdo vkrfnv1 Wklv grhv qrw wdnh lqwr dffrxqw wkh idfw wkdw wzr
pdunhwv pd| pryh lq wkh vdph zd| ehfdxvh ri rwkhu uhdvrqv +iru lqvwdqfh/ wkh dgrswlrq ri
vlplodu srolflhv, hyhq lq wkh devhqfh ri �qdqfldo lqwhjudwlrq1
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Hfrqrplf lqwhjudwlrq fdq kdyh xqlgluhfwlrqdo h�hfwv rq wkh grphvwlf vwrfn pdu0
nhwv1 Iru h{dpsoh/ hfrqrplf h{sdqvlrq lq wkh XV wkdw wudqvodwhv lqwr dq lqfuhdvh
lq wkh ghpdqg iru XV lpsruwv iurp Fkloh pd| kdyh d qhjoljleoh h�hfw rq wkh XV
vwrfn pdunhw exw d odujh lpsdfw rq wkh Fklohdq pdunhw1 Lq rughu wr doorz iru
wklv srvvlelolw| zh vxjjhvw dq dowhuqdwlyh phdvxuh ri lqwhjudwlrq zklfk frqwdlqv
erwk �qdqfldo dqg pdfurhfrqrplf lq xhqfhv1 Rxu phdvxuh uholhv rq yduldqfh gh0
frpsrvlwlrqv jhqhudwhg e| wzr frxqwu| yhfwru dxwruhjuhvvlyh +YDU, prghov1 Vxfk
prghov fdq eh xvhixo iru frqvwuxfwlqj phdvxuhv ri lqwhuqdwlrqdo lqwhjudwlrq dv wkh|
fdswxuh qlfho| wkh surshuwlhv ri wkh lqwhuqdwlrqdo wudqvplvvlrq ri pdfurhfrqrplf
dqg �qdqfldo glvwxuedqfhv1

Ohw )| eh dq E� � �� yhfwru frqwdlqlqj iruhljq dqg grphvwlf yduldeohv uhjuhvvhg
djdlqvw R odjjhg ydoxhv ri lwvhoi

)|' Unx�)|3�nx2)|32n���nxR)|3R n i| +6,

zkhuh i| � ���_ EfcP�� Wkh fruuhvsrqglqj yhfwru prylqj dyhudjh +YPD, uhsuh0
vhqwdwlrq iru d vwdwlrqdu| )| lv

)|' �Eu�Un�Eu�i| +7,

zkhuh �Eu� ' EW� � xEu��3� dqg u lv d odj rshudwru1
Lq rughu wr h{dplqh wkh wudqvplvvlrq surshuwlhv ri d vwuxfwxudo vkrfn/ zh dsso|

d vwdqgdug uhfxuvlyh vwuxfwxuh wr wkh hvwlpdwhg uhgxfhg irup prgho +6,1 Vlqfh
P lv v|pphwulf dqg srvlwlyh gh�qlwh/ wkh Fkrohvnl ghfrpsrvlwlrq6 idfwrul}hv wkh
fryduldqfh pdwul{ P lqwr ��� vxfk wkdw� lv d orzhu wuldqjxodu pdwul{1 Dssursuldwh
suhpxowlsolfdwlrq ri i| ruwkrjrqdol}hv wkh huuru whupv1 Wkh Zrog fdxvdo fkdlq
uhsuhvhqwdwlrq ri wkh vwuxfwxudo YPD lv wkhuhiruh

)| ' �Ew���3�Un�Ew���3�i| +8,

' �n�Ew�%| +9,

zkhuh �Ew� ' �Ew��/ %| ' �3�i|c %| � ���_ Efc W�� dqg � lv d frqvwdqw1 Vlqfh
wkh uhvlgxdov %| duh ruwkrjrqdo wr hdfk rwkhu/ wklv uhfxuvlyh lghqwl�fdwlrq pdnhv lw
srvvleoh wr lqyhvwljdwh uhvsrqvhv wr lqqrydwlrqv wr hdfk ri wkh hqgrjhqrxv yduldeohv
lq )|1

Wkh hohphqw ���c& ri wkh frh!flhqw pdwul{ �& lq wkh YPD+4, htxdwlrq +9,
uhsuhvhqwv wkh lpsdfw ri d rqh0xqlw lqqrydwlrq lq yduldeoh � rq yduldeoh +�|/ & shulrgv
edfn lq wlph1 Wkh yduldqfh ghfrpsrvlwlrq 5��c& glvsod|v zkdw iudfwlrq ri wkh &0vwhs
dkhdg iruhfdvw huuru yduldqfh iru +� |n&�| lv dwwulexwhg wr wkh ruwkrjrqdol}hg vkrfnv

6Wklv dssurdfk lv xvhg riwhq exw lw lv fulwlfl}hg iru ehlqj vrphzkdw duelwudu| ehfdxvh wkh
rughulqj ri wkh yduldeohv lv lqwudqvlwlyh1 Li krzhyhu/ wkh r�0gldjrqdo hohphqwv ri wkh fryduldqfh
pdwul{ 	 rqo| frqwdlqv vpdoo ydoxhv wkh rughulqj lv qrw olnho| wr eh lpsruwdqw1 Pruhryhu/ iru rxu
sxusrvh ri frpsdulqj d odujh qxpehu ri gl�huhqw frxqwulhv/ lw lv dq dgydqwdjh wr kdyh rqh vlqjoh
lghqwl�fdwlrq vfkhph lqvwhdg ri kdylqj gl�huhqw uhvwulfwlrqv iru hdfk ri wkhp1
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0�|1 Vtxdulqj wkh h{shfwdwlrq ri wkh iruhfdvw huuru +� |n& � +� |n&�| '
�S
�'�

&3�S
,'f

���c,0� |3,

|lhogv wkh wrwdo yduldqfh1 Wkh hvwlpdwru

5��c& '

&3�S
,'f

�2
��c,

�S
�'�

&3�S
,'f

�2
��c,

+:,

khqfh uhsuhvhqwv wkh vhqvlwlylw| ri yduldeoh � wr dq lqqrydwlrq lq yduldeoh �/ zklfk
frpsduhg zlwk �jxuhv ri rwkhu yduldeohv surylghv dq lghd ri wkh uhodwlyh lpsruwdqfh
ri wkrvh vkrfnv1

Rxu phdvxuh ri lqwhjudwlrq uholhv rq wkh ghfrpsrvlwlrq ri yduldqfh lqwr h{whuqdo
dqg grphvwlf vrxufhv1 Lq sduwlfxodu/ zh wdnh wkh vxp ri wkh vkduhv ri doo iruhljq
lqqrydwlrqv 5s '

S
�Ms

5��c& wr wkh &0vwhs iruhfdvw huuru yduldqfh dv d phdvxuh ri wkh

vhqvlwlylw| ri wkh grphvwlf vwrfn pdunhw wr iruhljq lq xhqfhv s 1 Wklv phdvxuh lv
pruh jhqhudo wkdq wkrvh xvhg lq wkh �qdqfldo olwhudwxuh1 Lw lv dovr hdv| wr fdofxodwh
dqg txlwh  h{leoh1 E| vhwwlqj 5s ' 5��s c&/ zkhuh �s uhsuhvhqwv wkh iruhljq vwrfn
pdunhw/ dq dowhuqdwlyh vwrfn pdunhw lqwhjudwlrq phdvxuh dulvhv zklfk lv vlplodu wr
wkrvh glvfxvvhg deryh1

Lq rxu hpslulfdo dqdo|vlv/ zh fdswxuh iruhljq lq xhqfhv +dqg khqfh lqwhjudwlrq,
zlwk rqh ri wkh wzr lqglfdwruv1 Wkh �uvw yduldeoh wdnhv lqwr dffrxqw wkh frqwul0
exwlrq ri doo wkh iruhljq yduldeohv lqfoxghg lq wkh wzr0frxqwu| YDUv zkhuhdv wkh
vhfrqg yduldeoh lv d qduurz phdvxuh iru wkh lq xhqfh ri wkh iruhljq vwrfn pdunhw1

515 Phdvxuhv ri �qdqfldo ghyhorsphqw

Wkh ohyho ri �qdqfldo ghyhorsphqw lv gl!fxow wr fdofxodwh1 Zkloh gl�huhqw phd0
vxuhv kdyh ehhq vxjjhvwhg lq wkh hpslulfdo olwhudwxuh/ zh dgrsw wkh rqhv vxjjhvwhg
e| Nlqj dqg Ohylqh +4<<6, dv wkh| duh wkh prvw frpprqo| xvhg +prvwo| lq wkh
frqwh{w ri �qdqfldo ghyhorsphqw dqg hfrqrplf jurzwk,1 Lq sduwlfxodu/ zh uho| rq
wkh yduldeohv frqvwuxfwhg e| Ohylqh/ Or|d}d dqg Ehfn +4<<<, zkr uh�qh wkh rulj0
lqdo Nlqj0Ohylqh lqglfdwruv lq d odujh furvv0frxqwu| vwxg|1 Wkhvh dxwkruv h{suhvv
�qdqfldo pdunhw ghyhorsphqw lq whupv ri frpshwlwlyh vwuxfwxuh dqg wkh vl}h ri wkh
�qdqfldo lqwhuphgldwlrq vhfwru1 Wkh frpshwlwlyh vwuxfwxuh lv h{suhvvhg e| wkh udwlr
ri frpphufldo edqn dvvhwv glylghg e| wrwdo edqn dvvhwv +frpphufldo soxv fhqwudo
edqn dvvhwv, ESSK� dqg uh hfwv wkh lghd wkdw frpphufldo edqnv duh uhodwlyho| pruh
h!flhqw lq pdqdjlqj fxvwrphu vdylqjv1 Wkh vl}h ri wkh pdunhw lv vlpso| fdofxodwhg
dv oltxlg oldelolwlhv +fxuuhqf| soxv ghpdqg dqg lqwhuhvw0ehdulqj oldelolwlhv ri edqnv
dqg qrqedqn �qdqfldo lqwhuphgldulhv, glylghg e| JGS E,,+� zkhuhdv wkh fuhglwv
e| frpphufldo edqnv dqg rwkhu lqvwlwxwlrqv wr wkh sulydwh vhfwru glylghg e| JGS
ERS� lv d pl{wxuh ri erwk1 Lq dgglwlrq/ zh dovr xvh dq htxlw| pdunhw edvhg �qdqfldo
ghyhorsphqw phdvxuh Ee^�� zklfk lv wkh udwlr ri wkh wrwdo ydoxh ri vwrfnv wudghg
glylghg e| JGS1
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516 Wkh YDU prgho

Wkh YDUv duh hvwlpdwhg xvlqj wzr dowhuqdwlyh yhfwruv )�
| '

�
+s c Zs c �s c os c ^c +_c Z_c �_c o_

��
dqg )�

| '
�
+s c �s c os c +_c �_c o_

��
lq zklfk vxshuvfulswv _ dqg s ghqrwh grphvwlf dqg

iruhljq yduldeohv/ uhvshfwlyho|1 Wkh yduldeohv lqfoxghg duh txduwhuo| revhuydwlrqv
ri JGS +/ lq dwlrq Z/ wkh vkruw whup lqwhuhvw udwh � dv dq lqglfdwru ri prqhwdu|
srolf|/ vwrfn pdunhw uhwxuqv o dqg wkh h{fkdqjh udwh/ ^1 Dv txduwhuo| JGS �j0
xuhv duh qrw dydlodeoh iru doo frxqwulhv lq wkh vdpsoh/ zh lqwhusrodwh wr txduwhuo|
iuhtxhqf| iroorzlqj wkh phwkrg ri Fxfkh dqg Khvv +4<<<,71

Wkh yduldeohv ri hdfk frxqwu| xqghu frqvlghudwlrq duh sdluhg zlwk hdfk rqh
ri wkh wkuhh iruhljq frxqwulhv/ qdpho| Jhupdq|/ Mdsdq dqg wkh Xqlwhg Vwdwhv1
Wr dvvhvv uhjlrqdo lqwhjudwlrq/ zh wkhq glylgh wkh zruog lqwr wkh wkuhh uhjlrqv
Dphulfd/ Hxursh dqg Diulfd/ dqg Sdfl�f Edvlq/ ri zklfk zh wdnh wkh wkuhh frxqwulhv
dv uhsuhvhqwdwlyh hfrqrplhv1 Wkh rughulqj lq wkh yhfwru dvvxphv wkdw grphvwlf
yduldeohv duh frqwhpsrudqhrxvo| hqgrjhqrxv wr wkh iruhljq yduldeohv1 Xqolnh rwkhu
YDU prghov/ zh dvvxph wkdw vwrfn uhwxuqv duh hqgrjhqrxv wr doo rwkhu yduldeohv81

Zh �uvw uxq wkh YDUv 0zlwk 4/ 5 dqg 7 odjv0 dqg wkhq xvh wkh yduldqfh ghfrp0
srvlwlrq wr fdofxodwh wkh wzr phdvxuhv ri vhqvlwlylw| 5s ' 5o_os c& dqg 5s '

S
�Ms

5o_�c&
9/

zlwk & ' �21 Wkh vdpsoh frqvlvwv ri 75 frxqwulhv dqg lw h{whqgv iurp 4<;31404<<;171
Krzhyhu/ pdq| frxqwulhv kdyh vkruwhu wlph vhulhv1 Lq wkrvh fdvhv/ wkh vhqvlwlylw|
phdvxuh uhvxowv iurp d YDU zlwk wkh pd{lpxp qxpehu ri revhuydwlrqv dydlodeoh:1

6 Wkh Uhvxowv
Wdeoh 4 surylghv vxppdu| vwdwlvwlfv rq wkh YDU0edvhg vhqvlwlylw| phdvxuhv/ rq wkh
�qdqfldo ghyhorsphqw phdvxuhv dqg rq wkh frqwuro yduldeohv iru 75 wkh frxqwulhv
olvwhg1 Wkhuh lv frqvlghudeoh yduldwlrq dfurvv wkh frxqwulhv lq doo phdvxuhv1

Wdeoh 4 G Vwdwlvwlfdo Surshuwlhv ri wkh Gdwd

Wkh fruuhodwlrq ehwzhhq wkh ghyhorsphqw phdvxuhv duh fohduo| srvlwlyh vxfk
wkdw zh fdq h{shfw wkdw wkh ghshqghqfh ri wkh �qdqfldo vhqvlwlylw| wr wkh vwdjh
ri wkh �qdqfldo vhfwru lv urexvw zlwk uhvshfw wr wkh fkrlfh ri wkh yduldeohv1 Wkh
fruuhodwlrqv ri wkh ghyhorsphqw dqg wkh frqwuro yduldeohv kdyh wkh h{shfwhg vljq1

7Fxfkh dqg Khvv +4<<<, lghqwli| wkh prvw vxlwdeoh prgho iru wkh lqwhusrodwlrq ri Vzlvv JGS1
Lq wklv sdshu/ zh dsso| wkh vdph vhwxs wr wkh lqwhusrodwhg vhulhv ri doo frxqwulhv +vhh dsshqgl{,1

8Dowhuqdwlyh rughulqjv/ vxfk dv rughulqj wkh pdfurhfrqrplf yduldeohv ri erwk frxqwulhv deryh
wkh �qdqfldo yduldeohv glg qrw pdnh dq| gl�huhqfh iru wkh uhvxowv1

9Zh fdofxodwh wkh eurdghu lqwhjudwlrq phdvxuh zlwk dqg zlwkrxw wkh frqwulexwlrq ri wkh
h{fkdqjh udwh1 Dv lq Fdqryd dqg Gh Qlfroö +4<<:, dqg rwkhu vwxglhv/ vkrfnv ruljlqdwlqj lq
wkh iruhljq h{fkdqjh pdunhw kdyh olwwoh lpsdfw rq vwrfn uhwxuqv dqg wkhuhiruh wkh gl�huhqfh lv
qhjoljleoh1

:Iru gdwd dydlodelolw| uhdvrqv/ d odujh qxpehu ri frxqwulhv kdg wr eh holplqdwhg1 Lq sduwlfxodu/
prvw Hdvwhuq Hxurshdq frxqwulhv frxog qrw eh lqfoxghg1

:



Lw lv srvlwlyh iru wudgh rshqqhvv dqg qhjdwlyh iru wkh fdslwdo frqwuro lqglfdwru zklfk
dwwulexwhv kljk ydoxhv wr khdylo| uhvwulfwhg frxqwulhv1

Iljxuh 4 sorwv wkh frxqwulhv lq wkh vdpsoh dffruglqj wr wkh vhqvlwlylw| wr iru0
hljq lq xhqfhv;1 Wkhuh lv dq reylrxv whqghqf| iru wkh frxqwulhv zlwk wkh ehwwhu
ghyhorshg �qdqfldo pdunhwv wr eh pruh vhqvlwlyh wr h{whuqdo lq xhqfhv1

Iljxuh 4 G Vhqvlwlylw| ri Vhohfwhg Zruog Fdslwdo Pdunhwv wr

Iruhljq Hfrqrplf Lq xhqfhv

Zh dqdo|}h txdqwlwdwlyho| wkh uhodwlrqvkls ehwzhhq �qdqfldo ghyhorsphqw dqg
wkh vxvfhswlelolw| ri wkh grphvwlf vwrfn pdunhw wr iruhljq lq xhqfhv e| uxqqlqj wkh
furvv vhfwlrqdo uhjuhvvlrq

5sc� ' k n q �6� n ��j� n 0�c +;,

zkhuh 5sc� ghqrwhv wkh vhqvlwlylw| phdvxuh iurp wkh YDU dqdo|vlv/ 8� lv wkh
ohyho ri ghyhorsphqw ri d frxqwu|*v �qdqfldo pdunhw/ j� lv d frqglwlrqlqj vhw ri
frqwuro yduldeohv dqg 0� lv dq llg uhvlgxdo1 j� lqfoxghv d qxpehu ri yduldeohv wkdw
duh fruuhodwhg zlwk wkh ohyho ri �qdqfldo ghyhorsphqw vxfk dv wkh h{lvwhqfh ri fds0
lwdo uhvwulfwlrqv dqg wkh ghjuhh ri rshqqhvv1 Wkhvh yduldeohv fdq surylgh ydoxdeoh
lqirupdwlrq frqfhuqlqj wkh fkdqqhov uhvsrqvleoh iru wkh uhodwlrqvkls ehwzhhq gh0
yhorsphqw dqg vxvfhswlelolw| wr h{whuqdo vkrfnv1

Wdeoh 5 uhsruwv wkh uhvxowv ri ydulrxv uhjuhvvlrqv ri 5sc� djdlqvw 8� +wkdw lv/
zlwkrxw lqfoxglqjj�, zkhuh 5sc� lv gh�qhg hlwkhu dv wkh yduldqfh frqwulexwlrq ri wkh
vxp ri doo h{whuqdo glvwxuedqfhv +5b�_, ru dv wkh frqwulexwlrq ri wkh iruhljq vwrfn
uhwxuq lqqrydwlrqv +5b�_br|,1 Wkhvh ydoxhv kdyh ehhq fdofxodwhg iurp d YDUzlwk
vl{ yduldeohv dqg wzr odjv1 Wkh uhjuhvvru 8� lq wkh xqlyduldwh uhjuhvvlrq fruuhvsrqgv
wr SSKc ,,+c RS dqg e^�/ uhvshfwlyho|1 Iljxuh 5 glvsod|v rqh ri wkhvh uhjuhvvlrqv1
Lw fdq eh vhhq wkdw frxqwulhv zlwk d kljk ghjuhh ri �qdqfldo ghyhorsphqw duh
pruh vhqvlwlyh wr iruhljq hfrqrplf lq xhqfhv<1 Wkhvh uhvxowv krog iru doo gl�huhqw
ghyhorsphqw lqglfdwruv dqg duh hyhq vwurqjhu xqghu wkh qduurz gh�qlwlrq ri 5sc�1Zh
dovr uxq pxowlyduldwh uhjuhvvlrqv lqfoxglqj vlpxowdqhrxvo| d fuhglw pdunhw phdvxuh
dqg wkh vwrfn pdunhw phdvxuh e^�43 +wkh uhvxowv duh yhu| vlplodu lqghshqghqw ri

;Wklv sorw fruuhvsrqgv wr wkh YDU prgho zlwk vl{ yduldeohv dqg wzr odjv1 Orj olnholkrrg
whvwv vkrz wkdw lq prvw frxqwulhv YDU+4, lv wrr uhvwulfwlyh1 Rq wkh rwkhu kdqg/ zh suhihu d
sduvlprqlrxv prgho ryhu ulfkhu vhwxsv ehfdxvh ri wkh ghjuhhv ri iuhhgrp zklfk duh olnho| wr
uhsuhvhqw d olplwlqj idfwru lq frxqwulhv zlwk d vpdoohu qxpehu ri revhuydwlrqv1 Qdpho|/ zh gr
qrw wdnh lqwr frqvlghudwlrq d YDU+7, irupxodwlrq dqg gurs lq dwlrq dqg h{fkdqjh udwh/ dv wkh|
kdyh uhshdwhgo| suryhg wr eh wkh lq xhqfhv zlwk wkh vpdoohvw vwrfn uhwxuq h�hfwv1

<Wkh uhvxowv uhsruwhg khuh duh yhu| urexvw wr fkdqjhv lq wkh vshfl�fdwlrq +qxpehu ri yduldeohv/
fkrlfh ri odjv/ gh�qlwlrq ri wkh h{whuqdo idfwruv/ gh�qlwlrq ri wkh ohyho ri hfrqrplf ghyhorsphqw,1
Wkh qxpehu ri srvvleoh frpelqdwlrqv iru d uhjuhvvlrq ri wkh w|sh }i @ �.�Il.%l +wkdw lv zlwkrxw
wkh frqwuro yduldeohv, lv 6931 D vljql�fdqw/ srvlwlyh vorsh lv irxqg lq prvw ri wkhvh vshfl�fdwlrqv1
Wkhuh duh wzr sdwwhuqv zruwk uhsruwlqj iurp wkhvh uhjuhvvlrqv1 Iluvw/ Mdsdq vhhpv wr gl�hu
iurp Jhupdq| dqg wkh Xqlwhg Vwdwhv lq wkh vhqvh wkdw lwv hfrqrplf lqqrydwlrqv gr qrw d�hfw
�qdqfldoo| ghyhorshg frxqwulhv gl�huhqwo| iurp hphujlqj pdunhwv1 Dqg vhfrqg/ wkh uhodwlrqvkls
ehwzhhq �qdqfldo lqwhjudwlrq dqg �qdqfldo ghyhorsphqw lv vwurqjhu xqghu wkh qduurz phdvxuh ri
�qdqfldo lqwhjudwlrq1

43Vrxufh= Zruog Edqn1 Wkh �jxuhv xvhg duh dyhudjh ydoxhv 4<;;04<<;1

;



wkh fuhglw pdunhw phdvxuh xvhg,1 Dq lqwhuhvwlqj ihdwxuh ri wkhvh uhjuhvvlrqv lv wkdw
erwk phdvxuhv ri �qdqfldo ghyhorsphqw pdwwhu/ d �qglqj wkdw lqglfdwhv wkdw wkh|
uhsuhvhqw dowhuqdwlyh/ lqghshqghqw fkdqqhov wkurxjk zklfk �qdqfldo ghyhorsphqw
d�hfwv vwrfn sulfhv1

Wdeoh 5 G Vwrfn Pdunhw Vhqvlwlylw| wr H{whuqdo Idfwruv dqg wkh Ghjuhh ri

Ilqdqfldo Ghyhorsphqw

Iljxuh 5 G Vwrfn Pdunhw Vhqvlwlylw| wr H{whuqdo Idfwruv dqg wkh Ghjuhh ri

Ilqdqfldo Ghyhorsphqw

Lq wkh wkhru| sduw ri wkh sdshu/ zh vnhwfkhg wzr wudqvplvvlrq fkdqqhov olqnlqj
�qdqfldo ghyhorsphqw wr �qdqfldo lqwhjudwlrq1 Dprqj wkh idfwruv vxjjhvwhg iru
dffrxqwlqj iru wkh gl�huhqfh lq hfrqrplf vhqvlwlylw| ri �qdqfldo pdunhwv dfurvv
ohyhov ri �qdqfldo ghyhorsphqw/ wkh prvw reylrxv duh fdslwdo frqwurov dqg wkh ghjuhh
ri wudgh rshqqhvv1 Wdeoh 6 uhsruwv uhsuhvhqwdwlyh uhjuhvvlrqv zkhq fdslwdo frqwurov44

dqg wkh ghjuhh ri rshqqhvv +h{sruwv soxv lpsruwv glylghg e| JGS, duh dgghg dv
dq h{sodqdwru| yduldeoh1

Wdeoh 6 G Vwrfn Pdunhw Vhqvlwlylw| wr H{whuqdo Idfwruv dqg wkh Vrxufhv ri

Ilqdqfldo Ghyhorsphqw

Lw fdq eh vhhq wkdw wkh hvwlpdwhg frh!flhqwv ri wkh frqwuro yduldeohv frph
rxw zlwk wkh h{shfwhg vljq451 Lqwhuhvwlqjo|/ wkhlu suhvhqfh grhv qrw wdnh dzd| wkh
h{sodqdwru| srzhu ri wkh ohyho ri �qdqfldo ghyhorsphqw1 Wkh vl}h dqg vwdwlvwlfdo
vljql�fdqfh ri wkdw yduldeoh uhpdlqv xqd�hfwhg e| wklv/ zkloh wkh h{sodqdwru|
srzhu ri wkh uhjuhvvlrq whqgv wr lqfuhdvh1 Wklv rxwfrph lv sduwlfxoduo| surqrxqfhg
zkhq fdslwdo frqwuro lv lqfoxghg dv wkh dgglwlrqdo uhjuhvvru1 Wkh frh!flhqwv ri
�qdqfldo pdwxulw| lv xqfkdqjhg dqg wkh hvwlpdwhg h�hfw ri wkh fdslwdo frqwuro
yduldeoh lv zhdno| vljql�fdqw461 Wkh wudgh rshqqhvv frh!flhqw lv lqvljql�fdqw exw
lw grhv orzhu vrphzkdw wkh vljql�fdqfh ri ,,+ dqg RS +erwk phdvxuh wkh vl}h ri wkh
�qdqfldo pdunhw,1 Rqh pd| frqfoxgh wkdw zkloh �qdqfldo ghyhorsphqw grhv qrw
vhhp wr lq xhqfh lqwhuqdwlrqdo lqwhjudwlrq wkurxjk lwv uhodwlrqvkls zlwk fdslwdo

44Zh kdyh pdgh xvh ri wkuhh yduldeohv sursrvhg e| Wdplulvd +4<<<, +zlwk gdwd wdnhq iurp
LPI*v H{fkdqjh Udwh Duudqjhphqwv dqg Fxuuhqf| Frqyhuwlelolw| lqgh{hv iru 4<<9,= Lqgh{ ri
Fdslwdo Frqwurov/ Lqgh{ ri Frqwurov rq Fxuuhqw Sd|phqwv dqg Wudqvihuv/ dqg d frpsrvlwh H{0
fkdqjh dqg Fdslwdo Frqwuro Lqglfdwru frpsxwhg dv wkh vxp ri wkh suhylrxv wzr lqgh{hv1

45Lw lv srvlwlyh iru wkh rshqqhvv dqg qhjdwlyh iru wkh fdslwdo frqwuro lqglfdwru1 Wkh fdslwdo
frqwuro phdvxuh fdq wdnh rq ydoxhv ehwzhhq 3 dqg 4/ zkhuh 4 lqglfdwhv wrwdo frqwuro dqg khqfh
ohdgv wr fdslwdo lpprelolw|1

46Wkh vljql�fdqfh lv hyhq vwurqjhu iru wkh Lqgh{ ri Fxuuhqw Sd|phqwv dqg Wudqvihuv +qrw
uhsruwhg,1
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frqwurov47 dqg wudgh rshqqhvv/ lw grhv kdyh h�hfwv wkurxjk rwkhu fkdqqhov1 Wkh
lghqwl�fdwlrq ri wkrvh fkdqqhov +lqirupdwlrqdo/ txdolw| ri pdqdjhphqw ri orfdo
�qdqfldo lqvwlwxwhv/ lqvwlwxwlrqdo ihdwxuhv dqg vr rq, uhsuhvhqwv d ydoxdeoh wdvn1

7 0Frqfoxvlrqv
Zh kdyh sursrvhg d qhz lqglfdwru ri lqwhuqdwlrqdo lqwhjudwlrq +grphvwlf vhqvlwly0
lw| wr h{whuqdo idfwruv, zklfk uholhv rq yduldqfh ghfrpsrvlwlrqv iurp wzr0frxqwu|
YDUv1 Zh wkhq xvhg wklv lqglfdwru lq d odujh vdpsoh ri frxqwulhv iru wkh shulrg 4<;3
dqg 4<<; lq rughu wr hydoxdwh wkh k|srwkhvlv wkdw �qdqfldo ghyhorsphqw pdnhv d
frxqwu|*v �qdqfldo +vwrfn, pdunhwv pruh vhqvlwlyh wr iruhljq hfrqrplf vkrfnv1 Rxu
uhvxowv/ zklfk duh yhu| urexvw dfurvv pdq| vshfl�fdwlrqv/ lqglfdwh wkdw wklv lv lq0
ghhg wkh fdvh1 Lqwhuhvwlqjo|/ wkh frqwulexwlrq ri wkh ohyho ri �qdqfldo ghyhorsphqw
lv qrw glplqlvkhg zkhq phdvxuhv ri r!fldo fdslwdo uhvwulfwlrqv dv zhoo dv wkh gh0
juhh ri wudgh lqwhughshqghqfh duh lqfoxghg lq wkh uhjuhvvlrqv1 Wklv vxjjhvwv wkdw
wkh lq xhqfh ri �qdqfldo ghyhorsphqw rshudwhv wkurxjk rwkhu fkdqqhov +vxfk dv
lqirupdwlrq/ txdolw| ri pdqdjhphqw dqg vr rq, eh|rqg wkh wudglwlrqdoo| lghqwl�hg
rqhv dqg zklfk kdyh qrw uhfhlyhg pxfk hpslulfdo vfuxwlq| lq wkh olwhudwxuh |hw1

47Prqwlho dqg Uhlqkduw +4<<<, �qg wkdw wkh h{lvwhqfh ri fdslwdo frqwuro grhv qrw vhhp wr
lq xhqfh wkh yroxph ri lqwhuqdwlrqdo fdslwdo  rzv +exw lw d�hfwv lwv frpsrvlwlrq,1
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Uhihuhqfhv
^4` Dpphu/ Mrkq dqg Mldqslqj Phl +4<<9,= Phdvxulqj Lqwhuqdwlrqdo Hfrqrplf

Olqndjhv zlwk Vwrfn Pdunhw Gdwd/ Mrxuqdo ri Ilqdqfh/ Yro1 84/ qr1 8/ ss1
4:7604:961

^5` Ehndhuw/ Jhhuw dqg Fdpsehoo U1 Kduyh| +4<<8,= Wlph0Ydu|lqj Zruog Pdunhw
Lqwhjudwlrq/ Mrxuqdo ri Ilqdqfh/ Yro1 83/ qr1 5/ ss1 73607771

^6` Ehndhuw/ Jhhuw dqg Fdpsehoo U1 Kduyh| +4<<:,= Hphujlqj Htxlw| Pdunhw
Yrodwlolw|/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ Yro1 76/ qr1 4/ ss1 5<0::1

^7` Ehndhuw/ Jhhuw/ Fdpsehoo U1 Kduyh| dqg Urelq O1 Oxpvgdlqh +4<<<,= Wkh
G|qdplfv ri Hphujlqj Pdunhw Htxlw| Iorzv/ QEHU/ qr1:54<1

^8` Fdpsehoo/ Mrkq \1 +4<<4,= D Yduldqfh Ghfrpsrvlwlrq iru Vwrfn Uhwxuqv1 Wkh
K1J1 Mrkqvrq Ohfwxuh wr wkh Ur|do Hfrqrplf Vrflhw|/ Wkh Hfrqrplf Mrxuqdo/
Yro1 434/ qr1 738/ ss1 48:04:<1

^9` Fdqryd/ Idelr dqg Kduulv Ghoodv +4<<6,= Wudgh Lqwhughshqghqfh dqg wkh Lqwhu0
qdwlrqdo Exvlqhvv F|foh/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1 67/ qr1405/
ss1 5607:1

^:` Fdqryd/ Idelr dqg Jldqql Gh Qlfroö +4<<:,= Vwrfn Uhwxuqv/ Whup Vwuxfwxuh/
Lq dwlrq dqg Uhdo Dfwlylw|/ FHSU/ qr1 49471

^;` Fkrz/ Juhjru| F1 dqg Dq0ork Olq +4<:4,= �Ehvw Olqhdu Xqeldvhg Lqwhusr0
odwlrq/ Glvwulexwlrq/ dqg H{wudsrodwlrq ri Wlph Vhulhv e| Uhodwhg Vhulhv�/
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 86/ qr1 7/ ss1 6:506:81

^<` Fxfkh/ Qlfrodv D1 dqg Pduwlq N1 Khvv +4<<<,= Hvwlpdwlqj Prqwko| JGS lq d
Jhqhudo Ndopdq Ilowhu Iudphzrun= Hylghqfh iurp Vzlw}huodqg/ Vwxglhq}hq0
wuxp Jhu}hqvhh/ Zrunlqj Sdshu Qr1 <<1351

^43` Ghoodv/ Kduulv dqg Pduwlq N1 Khvv +5333,= Ilqdqfldo Lqwhjudwlrq dqg wkh Lq0
whuqdwlrqdo Exvlqhvv F|foh/ zrun lq surjuhvv1

^44` Kduyh|/ Fdpsehoo U1 +4<<8,= Suhglfwdeoh Ulvn dqg Uhwxuqv lq Hphujlqj Pdu0
nhwv/ Uhylhz ri Ilqdqfldo Vwxglhv/ Yro1 ;/ qr1 6/ ss1 ::60;491

^45` Khospdq/ Hokdqdp dqg Dvvdi Ud}lq/ +4<:;,/ D Wkhru| ri Lqwhuqdwlrqdo Wudgh
xqghu Xqfhuwdlqw|/ Dfdghplf Suhvv1

^46` Nlqj/ Urehuw J1 dqg Urvv Ohylqh +4<<6,= Ilqdqfh/ Hqwuhsuhqhxuvkls/ dqg
Jurzwk/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 65/ qr1 6/ ss1 84608751

^47` Ohylqh/ Urvv/ Qrupdq Or|d}d dqg Wkruvwhq Ehfn +4<<<,= Ilqdqfldo Lqwhu0
phgldwlrq dqg Jurzwk= Fdxvdolw| dqg Fdxvhv/ Zruog Edqn Srolf| Uhvhdufk
Sdshu/ qr1 538<1
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^48` Prqwlho/ Shwhu dqg Fduphq P1 Uhlqkduw +4<<<,= Gr Fdslwdo Frqwurov dqg
Pdfurhfrqrplf Srolflhv Lq xhqfh wkh Yroxph dqg Frpsrvlwlrq ri Fdslwdo
IorzvB Hylghqfh iurp wkh 4<<3v/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Il0
qdqfh/ Yro1 4;/ ss1 94<09681

^49` Ud}lq/ Dvvdi/ Hiudlp Vdgnd dqg Fkl0Zd \xhq +4<<<,/ Lpsolfdwlrqv ri wkh
Krph Eldv= D Shfnlqj Rughu ri Fdslwdo Lq rzv dqg Fruuhfwlyh Wd{dwlrq/
lq= Dvdi Ud}lq dqg Hiudlp Vdgnd +hgv1,/ Wkh Hfrqrplfv ri Joredol}dwlrq/
Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv/ ss1 ;804551

^4:` Urxzhqkruvw/ N1 Jhhuw +4<<<,= Orfdo Uhwxuq Idfwruv dqg Wxuqryhu lq Hphuj0
lqj Vwrfn Pdunhwv/ Mrxuqdo ri Ilqdqfh/ Yro1 87/ qr1 7/ ss1 476<047971

^4;` Wdplulvd/ Qdwdold W1 +4<<<,= H{fkdqjh dqg Fdslwdo Frqwurov dv Eduulhuv wr
Wudgh/ Lqwhuqdwlrqdo Prqhwdu| Ixqg Vwd� Sdshuv/ Yro1 79/ qr1 4/ ss1 9<0;;1
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8 Dsshqgl{

D Gdwd

D14 Udz Gdwd
Frxqwu| JGS Lq dwlrq XVG h{0 Vkruw whup Vwrfn pdunhw Vdpsoh

fkdqjh udwh lqwhuhvw udwh lqgh{

Dujhqwlqd DJJGS11;F� DJL9711[2 DJL11DH1 DJL93ED1 LIFDUJO ;3140<;17
Dxvwudold DX334333G DXL97111I DXL11DH1 DXVKRUW� WRWPNDX ;3140<;17
Dxvwuld RHL<<E1SF RHL9711I RHL11DH1 RHL93E11 WRWPNRH DV ;3140<;17
Edqjodghvk EVL<<E1SF EVL97111I EVL11DH1 EVL93O11 EGWDOVK <3140<;17S

Ehojlxp EJJGS111G EI EJL97111I EJL11DH1 EJL93E11 WRWPNEJ EI ;8140<;17
Eud}lo EUL<<E1S EUL9711[ EUL11DH1 EUL93N11 LIFEUDO ;8140<;17
Fdqdgd FQJGS111G FQL9711I FQL11DH1 FQL93E11D WRWPNFQ ;3140<;17
Fkloh FOL<<E1SF FOL9711[ FOL11DH1 FOL93S11 LIFKLOO ;3140<;17
Frorpeld FEL<<E1SF FEL9711[ FEL11DH1 FEL93O11 LIFROEO ;9140<:17
Ghqpdun GNL<<E1S GNL9711I GNL11DH1 GNL93E11 WRWPNGN ;3140<;17
Ilqodqg IQL<<E1SF IQL97111I IQL11DH1 IQL93E11 IQRFVSUF ;3140<;17
Iudqfh IURFJYROJ IUL97111I IUL11DH1 HFIIU6P WRWPNIU II ;8140<;17
Jhupdq| EGL<<E1UG EGL9711I EGL11DH1 EGL93E11 WRWPNEG GP ;3140<;17
Juhhfh JURFDJGS JUL9711[ JUL11DH1 JURFRLE( LIFJUHO ;3160<;17
Krqj Nrqj KNJGS111F KNFSKVDOI KNL11DH1 KNLERUQW WRWPNKN ;7140<;17
Kxqjdu| KQJGSFQI KQL97111I KQL11DH1 KQGDEO\P EX[LQG[ <4140<;17
Lqgld LQL<<ERSF� LQL97111I LQL11DH1 LQL93S11 LIFLQGO ;3140<:17
Lqgrqhvld LGL<<ERSF� LGL97111I LGL11DH1 LGLEN111 WRWPNLG <3150<;17
Lvudho LVJGS111Ge LVL9711[ LVL11DH1 LVERUWEO LVWJQUO ;9160<;17
Lwdo| LWL<<E1UG LWL9711I LWL11DH1 LWL93E11 WRWPNLW O ;3140<;15
Mdsdq MSL<<E1UG MSL9711I MSL11DH1 MSL93E11 WRWPNMS ;3170<;17
Mrugdq MRL<<E1SF MRL97111I MRL11DH1 MRL93111 LIFMRUO ;3140<:17
Pdod|vld P\L<<E1S P\L97111I P\L11DH1 P\L93E11 WRWPNP\ ;9140<:17
Ph{lfr P[JGS111F P[L9711[ P[L11DH1 P[L93E11 LIFPH[O ;4150<;17
Qhwkhuodqgv QOJGS111G QOL97111I QOL11DH1 QOL93E11 WRWPNQO IO ;3140<;17
Qhz ]hdodqg Q]L<<E1UG Q]L97111I Q]L11DH1 Q]LEN6P WRWPNQ] ;;140<;17
Qljhuld QJL<<E1SF QJL9711[ QJL11DH1 QJL93111 LIFQLJO ;7160<;17
Qruzd| QZL<<E1SF QZL9711I QZL11DH1 QZL93E11 WRWPNQZ ;3140<;17
Sdnlvwdq SNL<<E1SF SNL97111I SNL11DH1 SNL93E11 LIFSDNO ;7170<;17
Shux SHL<<E1SF SHL97111I SHL11DH1 SHL93S11 SHJHQUO <4140<;17
Sklolsslqhv SKL<<E1SF SKL97111I SKL11DH1 SKL93F11 LIFSKLO ;7170<;17
Sruwxjdo SWL<<E1S SWL9711I SWL11DH1 SWL93E11 SREYOJQ SH ;;140<:17
Vlqjdsruh VSL<<E1SF VJL97111I VJL11DH1 VSL93E11 WRWPNVJ ;8150<;17
Vrxwk Diulfd VDL<<E1UG VDL9711[ VDL11DH1 VDL93E11 WRWPNVD ;3140<;17
Vrxwk Nruhd NRL<<E1S NRL9711I NRL11DH1 NRL93E11 LIFNRUO ;5140<;17
Vsdlq HVHVJGS1G HVL9711I HVL11DH1 HVL93E11 PDGULGL HS ;3140<;17
Vul Odqnd ONJGS111 ONL97111I ONL11DH1 ONLERWSP1 VUDOOVK ;8140<:17
Vzhghq VGHVJGS1G VGL97111I VGL11DH1 VGL93E11 WRWPNVG ;5140<;17
Vzlw}huodqg VZL<<E1UG VZL9711I VZL11DH1 VZL93E11 WRWPNVZ ;3140<;17
Wdlzdq WZJGS111F WZFS1111I WDLZGXVD WZWUVEO( WDLZJKW ;9140<;17
Wkdlodqg WKL<<E1SF WKL97111I WKL11DH1 WKL93E11 LIFWKDO ;9140<:17
Wxunh| WNL<<E1SF WNL9711[ WNL11DH1 WNRFRLEUI LIFWXUO ;:140<;17
Xqlwhg Nlqjgrp XNL<<E1UG XNL9711I XNL11DH1 XNL93E11 WRWPNXN ;3140<;17
Xqlwhg Vwdwhv XVL<<E1UG XVL9711I XVL11DH1 XVL93E11 WRWPNXV ;3140<;17
Yhqh}xhod YHJGSFRQ YHL9711[ YHL11DH1 YHL93O11 LIFYHQO ;8140<;17

Qrwhv=
�Vrxufh= Gdwdvwuhdp1 Wdeohv frqwdlq Gdwdvwuhdp pqhprqlfv1
2Kljk lq dwlrq frxqwulhv duh ghqrwhg zlwk pqhprqlf h{whqvlrq [ lqglfdwlqj dqqxdo FSL fkdqjhv zklfk zh
ghfrpsrvh lqwr txduwhuo| lq dwlrq udwhv1 Iru doo rwkhu frxqwulhv/ lq dwlrq fdofxodwlrq lv vwdqgdug1
�Wkh vhulhv LGL<<ERSF/ LQL<<ERSF duh glvfrqwlqxhg lq 4<<517 dqg DXVKRUW lq 4<;3171 Wkh| duh
frpsohwhg zlwk LGL<<E1SF/ LQL<<E1SF dqg DXVWE6P/ uhvshfwlyho|1
eGdwd diwhu 4<<:16 iurp Fhqwudo Exuhdx ri Vwdwlvwlfv ri Lvudho1
DLqyhuvh ydoxh1
SGxh wr dq lqvx!flhqw qxpehu ri revhuydwlrqv/ YDU*v fdqqrw eh uholdeo| hvwlpdwhg iru Kxqjdu|/ Lqgrqhvld
dqg Shux/ dqg duh wkhuhiruh rplwwhg1
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D15 Gdwd Frpsxwdwlrq

JGS jurzwk/ vwrfn uhwxuqv dqg/ zkhuh fdofxodwhg/ lq dwlrq duh glvfuhwh wlph ydoxhv
frpsxwhg dv

o| '
R| � R|3�
R|3�

� �ff

zkhuh R| uhsuhvhqwv wkh uhvshfwlyh ydoxhv lq ohyhov1 Gxh wr lpsuhflvh frqvxphu
sulfh lqgh{hv lq kljk lq dwlrq frxqwulhv/ zh uhfxuvlyho| fdofxodwh txduwhuo| shufhqw0
djh FSL fkdqjhv Z iurp dydlodeoh dqqxdo revhuydwlrqv Z@1

Z| '

��
� n Z@

|n�*�ff

� n Z@
|ne*�ff

�
E� n Z|ne*�ff�� �

�
� �ff

Qrwh wkdw zh qhhg wkh odvw irxu txduwhuo| lq dwlrq udwhv ZA c ���c ZA3� ri wkh vhulhv1
Zh fdofxodwh wkhp lq wkh vwdqgdug pdqqhu1

Uhdo uhwxuqv duh fdofxodwhg dv

-| '
E� n o|*�ff�

E� n Z|*�ff�
� �ff�

Zh xvh lqwhuhvw dqg h{fkdqjh udwhv lq ohyhov1 GHP dqg JES h{fkdqjh udwhv
duh fdofxodwhg yld wkh furvv udwhv zlwk XVG1

Zkhuh qhfhvvdu|/ vhdvrqdo dgmxvwphqwv duh pdgh wr ohyho gdwd zlwk wkh [44 0
pxowlsolfdwlyh phwkrg e| wkh X1V1 Exuhdx ri Fhqvxv/ lqfoxglqj wkh uhodwhg vhulhv
iru wkh lqwhusrodwlrq1 Wkh dgglwlyh phwkrg dssolhv wr wkh uhfxuvlyho| fdofxodwhg
lq dwlrq udwhv ehfdxvh ri srvvleoh qhjdwlyh ydoxhv1

D16 Prgholqj Txduwhuo| JGS

D1614 Prgho

Lq rughu wr kdyh d vx!flhqw qxpehu ri revhuydwlrqv iru wkh YDU zh qhhg txduwhuo|
gdwd1 Dv lq prvw ghyhorslqj frxqwulhv JGS lv sxeolvkhg |hduo|/ zh ghfrpsrvh
dqqxdo ydoxhv lq wr irxu txduwhuo| hvwlpdwhv1 Lq d zlgh udqjh ri Ndopdq Ilowhu
prghov iru lqwhusrodwlrq/ Fxfkh dqg Khvv +4<<<, lghqwli| d vwdwlf vhwxs zlwk uhodwhg
vhulhv edvhg rq Fkrz dqg Olq +4<:4, dv wkh prvw vxlwdeoh rqh iru wkh ghfrpsrvlwlrq
ri sxeolvkhg JGS hvwlpdwhv iru Vzlw}huodqg lqwr kljkhu iuhtxhqf|1

Lq wkh vwdwh htxdwlrq
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+|n� uhsuhvhqwv wkh prqwko| hvwlpdwh/ %�|n� wkh �0wk uhodwhg vhulhv dqg �|n� dq llg
uhvlgxdo1 Wkh revhuydwlrq htxdwlrq ri wkh vwdwh vsdfh v|vwhp hqvxuhv wkdw wkh
lqwhusrodwhg txduwhuo| hvwlpdwhv vxp xs wr wkh dqqxdo ydoxh +n|

48=

+n| ' ��

| �
�
+| +|3� +|32 +|3�

�
�

+43,

zkhuh ��

| '
�
f f f f

�
/ iru | ' �c 2c �c Dc Sc . � � � c A � �/

dqg ��

| '
�
� � � �

�
/ iru | ' ec Hc �2c � � � c A 1

D1615 Lqwhusrodwhg Vhulhv

Zh lqwhusrodwh dqqxdo JGS wr txduwhuo| hvwlpdwhv iru wkh iroorzlqj frxqwulhv dqg
h{wudfw lqirupdwlrq iurp uhodwhg vhulhv dw d txduwhuo| iuhtxhqf|=

Frxqwu| Uhodwhg Vhulhv
Edqjodghvk EVL99111I�

Eud}lo EULQSURGK
Frorpeld FEL99DD1I
Juhhfh JUL9911LI
Lqgld LQL99111I
Mrugdq MRL99111I
Pdod|vld P\L99111I
Qljhuld QJL99H\1I
Sdnlvwdq SNL:5111I dqg SNL:6111I
Vul Odqnd ONWQDWRWS
Wkdlodqg WKPLQRLOS dqg WKPLQLUQS
Yhqh}xhod YHSHWUOSI

Qrwhv=

�Vrxufh= Gdwdvwuhdp1 Wdeohv frqwdlq Gdwdvwuhdp pqhprqlfv1

48Lq doo wkh prghov/ dqqxdo JGS |.
w
lv uhsruwhg txduwhuo| dqg lwv ydoxhv iru wkh �uvw wkuhh

txduwhuv ri wkh |hdu duh vhw wr }hur1
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Wdeoh 4= Vwdwlvwlfdo Surshuwlhv ri wkh Gdwd

Sdqho D= Vxppdu| Vwdwlvwlfv ri Ydulrxv Phdvxuhv�

Vhqvlwlylw|2 Ghyhorsphqw� Frqwuroe

5b�_ 5b�_br| SSK ,,+ RS e^� &S� JR
Phdq 66175 4;143 ;;195 9314: 9:1:; 56471<9 3168 9<19;

Phgldq 5:15< 47185 <515< 89196 9;155 45;5185 3163 89147
Pd{1 :61<3 8814; <<1:8 49<197 4:9145 4443416; 31<4 6:41<4
Plq1 43153 31;5 96167 47136 <1:; 4416: 3134 4814;
V1G1 4:19; 4715< 431;9 6515; 73173 5959199 315: 95169

Sdqho E= Fruuhodwlrqv ehwzhhq Ghyhorsphqw Phdvxuhv
SSK ,,+ RS e^� &S� JR

SSK 4
,,+ 3188 4
RS 3199 31;6 4

e^� 317: 3195 31:7 4
&S� 0316< 03159 0315; 03134 4
JR 3179 3157 3148 315< 313: 4

Qrwhv=

4
Wkh iroorzlqj frxqwulhv duh lqfoxghg= Dujhqwlqd/ Dxvwudold/ Dxvwuld/ Edqjodghvk/ Ehojlxp/ Eud}lo/ Fdqdgd/

Fkloh/ Frorpeld/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhupdq|/ Juhhfh/ Krqj Nrqj/ Lqgld/ Lvudho/ Lwdo|/ Mdsdq/ Mrugdq/

Nruhd/ Uhs1 ri/ Pdod|vld/ Ph{lfr/ Qhwkhuodqgv/ Qhz ]hdodqg/ Qljhuld/ Qruzd|/ Sdnlvwdq/ Sklolsslqhv/ Sruwxjdo/

Vlqjdsruh/ Vrxwk Diulfd/ Vsdlq/ Vul Odqnd/ Vzhghq/ Vzlw}huodqg/ Wdlzdq/ Wkdlodqg/ Wxunh|/ Xqlwhg Nlqjgrp/

Xqlwhg Vwdwhv/ Yhqh}xhod1 Ydulrxv rwkhu frxqwulhv zhuh h{foxghg iru lqvx!flhqw qxpehuv ri revhuydwlrqv1

5
Vhqvlwlylw| lqglfdwruv duh phdvxuhg e| wkh lq xhqfh ri lqqrydwlrqv dv phdvxuhg e| wkh yduldqfh ghfrpsrvlwlrq

ri d YDU zlwk d 90yduldeoh yhfwru1 }byg lqfoxghv wkh lpsdfw ri doo iruhljq hfrqrplf yduldeohv/ }bygbvw lqfoxghv

iruhljq vwrfn uhwxuqv1 Shufhqwdjh ydoxhv fdofxodwhg 4<;31404<<;17 ru iru wkh pd{lpxp qxpehuv ri

revhuydwlrqv iru frxqwulhv zlwk d vpdoohu dydlodeoh vdpsoh1 Wkh fruuhodwlrq ehwzhhq }byg dqg }bygbvw lv 31;61

6
ffe = frpphufldo edqn dvvhwv2 wrwdo edqn dvvhwv/ oo| = oltxlg oldelolwlhv2JGS/ sf = sulydwh fuhglw2JGS/ hty= vwrfn

pdunhw ydoxh2JGS1 Frxqwu| �jxuhv duh dyhudjhg shufhqwdjh ydoxhv 4<;31404<<817 +4<;;1404<<;17 iru hty ,1

7
nfl = fdslwdo frqwuro lqglfdwru lq 4<<9/ rs = wudgh rshqqhvv phdvxuh 4<;31404<<8171
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Wdeoh 5= Vwrfn Pdunhw Vhqvlwlylw| wr H{whuqdo Idfwruv
dqg wkh Ghjuhh ri Ilqdqfldo Ghyhorsphqw

5s 8 �
� q | 8 2

� q | @_��-2

5b�_ SSK f�.�WW ��f2 f�2�
,,+ f�2�WW 2�2� f���
RS f��bWW 2�ef f���
e^� f�fS f�Db �f�f�
SSK f�..WW 2�He e^� f��2 f�2D f�2�

5b�_br| SSK f�.�WW ��S� f�2H
,,+ f�2.WW ���D f�22
RS f�2eWW e�ff f���
e^� f��SW ��bD f�fS
SSK f��bWW D��f e^� f��HW ��H2 f�2e

Qrwhv=

4
Vhqvlwlylw| lqglfdwruv duh phdvxuhg e| wkh lq xhqfh ri lqqrydwlrqv dv

phdvxuhg e| wkh yduldqfh ghfrpsrvlwlrq ri d YDU zlwk d 90yduldeoh

yhfwru1 }byg lqfoxghv wkh lpsdfw ri doo iruhljq glvwxuedqfhv/ }bygbvw

lqfoxghv iruhljq vwrfn uhwxuqv1

5
ffe = frpphufldo edqn dvvhwv2wrwdo edqn dvvhwv/ oo| = oltxlg oldelolwlhv2JGS/

sf = sulydwh fuhglw2JGS/ hty= vwrfn pdunhw ydoxh2JGS1

�
Vljql�fdqfh ohyho=

W
@<3(/

WW
@<8( ohyho1

4:



Wdeoh 6= Vwrfn Pdunhw Vhqvlwlylw| wr H{whuqdo Idfwruv
dqg wkh Vrxufhv ri Ilqdqfldo Ghyhorsphqw

5s 8� f� q | � | @_��-2

5b�_ SSK &S� f�SbWW 2�be ��2�fb ����b f��f
,,+ &S� f��DWW ��.� ��e�e� ���DH f��b
RS &S� f�2eWW ��D. ��D�D� ���Sb f��H
e^� &S� f�fH f�Hf ��H�DfW ���Hb f�f.

5b�_br| SSK &S� f�SSWW ��fb ����D. ���2. f���
,,+ &S� f��eWW e��b ����eH ���Sb f�eD
RS &S� f�2SWW e�ee ��e��SW ���H� f�eH
e^� &S� f��� ��Se �2f�bbW �2�S� f�2f

5b�_ SSK JR f�S�WW 2�2� f��2 ���� f�2S
,,+ JR f��b ��DS f��e ��e2 f�2f
RS JR f��eW ��SH f��H ��.� f�2�
e^� JR �f�ff �f�f2 f�fS ���2 �f�f�

5b�_br| SSK JR f�S.WW 2�H� f�fS f�SH f��f
,,+ JR f�2HWW 2�.b f�f. f�.� f��f
RS JR f�2�WW ��f2 f�fH f�b2 f��f
e^� JR f��e ��eH f�f2 f�eS f�fe

5b�_ � &S� � � �2f�f2WW �2�fb f�fH
� JR � � f�fD ��2H f�f2

5b�_br| � &S� � � �2��DDWW �2�b2 f��.
� JR � � f�fD ���2 f�f2

Qrwhv=

4
Vhqvlwlylw| lqglfdwruv duh phdvxuhg e| wkh lq xhqfh ri lqqrydwlrqv dv phdvxuhg e|

wkh yduldqfh ghfrpsrvlwlrq ri d YDU zlwk d 90yduldeoh yhfwru1 }byg lqfoxghv wkh lpsdfw

ri doo iruhljq hfrqrplf yduldeohv/ }bygbvw lqfoxghv iruhljq vwrfn uhwxuqv1

5
ffe = frpphufldo yv1 fhqwudo edqn dvvhwv/ oo| = oltxlg oldelolwlhv2JGS/

sf = sulydwh fuhglw2JGS/ hty= vwrfn pdunhw ydoxh2JGS1

6
nfl = fdslwdo frqwuro lqglfdwru/ rs = wudgh rshqqhvv phdvxuh1

7
Vljql�fdqfh ohyho=

W
@<3(/

WW
@<8( ohyho1

4;
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Iljxuh 4= Vhqvlwlylw| ri Vhohfwhg Zruog Fdslwdo Pdunhwv wr Iruhljq Hfrqrplf Lq0
 xhqfhv

Iljxuh 4

4<



0

20

40

60

80

60 70 80 90 100

z_vd

ccb
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