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ABSTRACT

The Dynamics of International Specialization*

The theoretical literature on trade and growth suggests that comparative
advantage is endogenous and evolves over time. However, most of the
empirical analysis of international trade flows is essentially static in nature.
This Paper proposes an empirical model of the dynamics of international
specialization. Employing disaggregated data on 20 industries in 7 OECD
countries, we examine the evolution of patterns of international specialization
over time and evaluate the role of changes in factor endowments in explaining
observed dynamics.
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NON-TECHNICAL SUMMARY

Much of the existing empirical trade literature is concerned with explaining
patterns of international trade at a point in time. The main body of empirical
research over the last 15 years has examined the predictions of the
Heckscher-Ohlin-Vanek model for cross-country trade in factor services. While
much has been learnt about the determinants of international trade, the
empirical literature’s focus on the static predictions of trade theory contrasts
markedly with the recent theoretical literature on trade and growth. This
emphasizes that comparative advantage is dynamic; patterns of international
trade evolve over time as innovations occur and factor endowments change.

This Paper proposes an empirical framework for analysing the evolution of
international specialization over time. We address four main sets of issues
relating to the dynamics of trade patterns. The first is concerned with changes
in the overall degree of international specialization: do we observe countries
increasingly specializing in certain subsets of industries? The second set of
issues relates to how a country’s extent of specialization in individual sectors
changes over time: if country c specializes in industry j at time t, what is the
probability that country c continues to specialize in the industry at time t+x, x ≥
1? Are countries’ initial patterns of international specialization locked-in over
time, or do we observe substantial reversals over time?

The third set of issues centres on the long-run or steady-state implications of
observed changes in international specialization. For example, if each country
is increasingly specializing in a subset of industries, what does this imply for
the future pattern of world production and trade? The fourth set of issues
concerns the structural economic determinants of changes in international
specialization. For example, if countries’ initial patterns of specialization are
locked-in over time, is this due to the nature of technological progress or is it
explained by factor accumulation?

This Paper largely concentrates on the second and fourth sets of issues
above: the extent to which initial patterns of international specialization persist
over time and the economic forces underlying changes in specialization. We
begin by deriving an empirical measure of a country c ’s extent of
specialization in an individual sector j at time t directly from neoclassical trade
theory. This measure is the share of the sector in a country’s GDP. A
country’s pattern of international specialization at any one point in time is fully
described by the distribution of the theory-consistent measure across
industries. The dynamics of patterns of international specialization correspond
to the evolution of the entire cross-section distribution over time. We employ a
model of distribution dynamics that is explicitly suited to an analysis of



evolving distributions. Within a single conceptual framework, we are able to
address all four of the dynamic issues identified above.

The framework is implemented empirically using data on 20 manufacturing
industries in 7 OECD countries. We begin by pooling country-industry-year
observations and estimating transition probability matrices using data on
shares of GDP. These reveal substantial mobility in patterns of international
specialization over time and the extent of mobility as opposed to persistence
is quantified using formal indices of mobility. Stochastic kernels are also
estimated on the pooled country-industry-year data; these again reveal
substantial mobility in patterns of international specialization over time.

Neoclassical trade theory identifies a structural economic relationship between
the share of a sector in GDP on the one hand and factor endowments,
technology parameters and relative goods prices on the other. We examine
the extent to which changes in countries’ factor endowments can explain
evolving patterns of international specialization. First, within groups,
estimation is used to decompose the variation in our empirical measure of
specialization into the part explained by differences in factor endowments and
the part explained by technology and relative goods prices. Second, transition
probability matrices and stochastic kernels are estimated using data on the
share of sector j in country c ’s GDP predicted from factor endowments alone.

The regression results reveal factor endowments to be an important
determinant of patterns of international specialization. Of the 100 industry-
specific coefficients on the 5 factor endowments considered, 77 are
statistically significant at the 5% level. Again, we begin by pooling country-
industry-year observations. The transition probability matrices estimated using
the data on predicted values are in general characterised by larger diagonal
and smaller off-diagonal terms. That is, there is greater persistence in the
distribution of predicted values for shares of GDP than in the distribution of
observed values. This finding is confirmed using formal indices of mobility.

The hypothesis that the data generation process (DGP) for predicted values is
the matrix of transition probabilities estimated for observed shares of GDP is
rejected at the 1% level. Stochastic kernels are also estimated using the
pooled country-industry-year data and again reveal greater persistence in the
distribution of predicted values. The increase in persistence is greatest at high
and low values for industry shares of GDP. As a final robustness test, we
allow for cross-country differences in the dynamics of international
specialization. Transition probability matrices are estimated at the level of
individual countries and confirm the earlier results using pooled country-
industry-year data.



In conclusion, the Paper presents an empirical framework for analysing the
dynamics of international specialization. A theory-consistent measure of
specialization is derived from neoclassical trade theory. Within a single
conceptual framework, four sets of issues are addressed: changes in the
overall degree of international specialization, persistence versus mobility,
implications for long-run patterns of specialization and the role of changing
factor endowments. Using data on 20 manufacturing industries in 7 OECD
countries, we find substantial mobility in patterns of international specialization
over time. The extent of mobility is greater than would be predicted on the
basis of countries’ factor endowments alone. Factor endowments are found to
be a source of persistence rather than mobility in patterns of international
specialization.



4 Lqwurgxfwlrq

Pxfk ri wkh h{lvwlqj hpslulfdo wudgh olwhudwxuh lv frqfhuqhg zlwk h{sodlq0

lqj sdwwhuqv ri lqwhuqdwlrqdo wudgh dw d srlqw lq wlph1 Wkh pdlq erg| ri

hpslulfdo uhvhdufk ryhu wkh odvw 48 |hduv kdv h{dplqhg wkh suhglfwlrqv ri

wkh Khfnvfkhu0Rkolq0Ydqhn prgho iru furvv0frxqwu| wudgh lq idfwru vhuylfhv1

Zkloh pxfk kdv ehhq ohduqw derxw wkh ghwhuplqdqwv ri lqwhuqdwlrqdo wudgh/

wkh hpslulfdo olwhudwxuh*v irfxv rq wkh vwdwlf suhglfwlrqv ri wudgh wkhru| frq0

wudvwv pdunhgo| zlwk wkh uhfhqw wkhruhwlfdo olwhudwxuh rq wudgh dqg jurzwk1

Wklv hpskdvlvhv wkdw frpsdudwlyh dgydqwdjh lv g|qdplf> sdwwhuqv ri lqwhu0

qdwlrqdo wudgh hyroyh ryhu wlph dv lqqrydwlrqv rffxu dqg idfwru hqgrzphqwv

fkdqjh1

Wklv sdshu sursrvhv dq hpslulfdo iudphzrun iru dqdo|vlqj wkh hyrox0

wlrq ri lqwhuqdwlrqdo vshfldolvdwlrq ryhu wlph1 Zh dgguhvv irxu pdlq vhwv

ri lvvxhv uhodwlqj wr wkh g|qdplfv ri wudgh sdwwhuqv1 Wkh �uvw lv frqfhuqhg

zlwk fkdqjhv lq wkh ryhudoo ghjuhh ri lqwhuqdwlrqdo vshfldolvdwlrq= gr zh

revhuyh frxqwulhv lqfuhdvlqjo| vshfldolvlqj lq fhuwdlq vxevhwv ri lqgxvwulhvB

Wkh vhfrqg vhw ri lvvxhv uhodwhv wr krz d frxqwu|*v h{whqw ri vshfldolvdwlrq

lq lqglylgxdo vhfwruv fkdqjhv ryhu wlph= li frxqwu| f vshfldolvhv lq lqgxvwu|

m dw wlph w/ zkdw lv wkh suredelolw| wkdw frxqwu| f frqwlqxhv wr vshfldolvh

lq wkh lqgxvwu| dw wlph w . {/ { � 4B Duh frxqwulhv* lqlwldo sdwwhuqv ri lq0

whuqdwlrqdo vshfldolvdwlrq orfnhg0lq ryhu wlph/ ru gr zh revhuyh vxevwdqwldo

uhyhuvdov ryhu wlphB

Wkh wklug vhw ri lvvxhv fhqwuhv rq wkh orqj0uxq ru vwhdg|0vwdwh lpsolfd0

wlrqv ri revhuyhg fkdqjhv lq lqwhuqdwlrqdo vshfldolvdwlrq1 Iru h{dpsoh/ li

hdfk frxqwu| lv lqfuhdvlqjo| vshfldolvlqj lq d vxevhw ri lqgxvwulhv/ zkdw grhv

wklv lpso| iru wkh ixwxuh sdwwhuq ri zruog surgxfwlrq dqg wudghB Wkh irxuwk

vhw ri lvvxhv frqfhuqv wkh vwuxfwxudo hfrqrplf ghwhuplqdqwv ri fkdqjhv lq

lqwhuqdwlrqdo vshfldolvdwlrq1 Iru h{dpsoh/ li frxqwulhv* lqlwldo sdwwhuqv ri

vshfldolvdwlrq duh orfnhg0lq ryhu wlph/ lv wklv gxh wr wkh qdwxuh ri whfkqrorj0
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lfdo surjuhvv ru lv lw h{sodlqhg e| idfwru dffxpxodwlrqB

Hdfk vhw ri lvvxhv lv vxjjhvwhg e| wkh wkhruhwlfdo olwhudwxuh rq wudgh dqg

jurzwk/ dqg |hw hdfk lv d vxemhfw xsrq zklfk h{lvwlqj hpslulfdo zrun kdv

uhodwlyho| olwwoh wr vd|1 Wklv sdshu zloo odujho| frqfhqwudwh rq wkh vhfrqg

dqg irxuwk vhwv ri lvvxhv lghqwl�hg deryh 0 wkh h{whqw wr zklfk lqlwldo sdw0

whuqv ri vshfldolvdwlrq shuvlvw ryhu wlph dqg wkh hfrqrplf irufhv xqghuo|lqj

fkdqjhv lq lqwhuqdwlrqdo vshfldolvdwlrq1 Lq wkh wkhruhwlfdo olwhudwxuh/ Nuxj0

pdq +4<;:,/ Oxfdv +4<;;,/ dqg Uhgglqj +4<<<, suhvhqw Ulfdugldq prghov

lq zklfk d frpelqdwlrq ri vhfwru0vshfl�f ohduqlqj e| grlqj dqg lpshuihfw

lqwhuqdwlrqdo nqrzohgjh vslooryhuv uhvxowv lq lqlwldo sdwwhuqv ri vshfldolvd0

wlrq ehfrplqj orfnhg0lq ryhu wlph1 Wkhuh lv shuvlvwhqfh lq revhuyhg sdw0

whuqv ri lqwhuqdwlrqdo vshfldolvdwlrq/ dqg wkh qdwxuh ri whfkqrorjlfdo surjuhvv

surylghv wkh h{sodqdwlrq1 Lq frqwudvw/ Gdylv dqg Uhhyh +4<<:,/ Ghdugru�

+4<:7,/ dqg Ilqgod| +4<:3,/ +4<<8, suhvhqw prgl�hg Khfnvfkhu0Rkolq prg0

hov/ lq zklfk idfwru dffxpxodwlrq h{sodlqv fkdqjhv lq lqwhuqdwlrqdo vshfldo0

lvdwlrq ryhu wlph1 Lq wkh 5 � 5 � 5 Khfnvfkhu0Rkolq prgho/ lqlwldo sdwwhuqv

ri lqwhuqdwlrqdo vshfldolvdwlrq pd| hlwkhu eh orfnhg0lq ru uhyhuvhg ryhu wlph/

ghshqglqj xsrq zkhwkhu wkh fdslwdo0dexqgdqw ru fdslwdo0vfdufh frxqwu| h{0

klelwv wkh pruh udslg lqfuhdvh lq wkh udwlr ri fdslwdo wr oderxu hqgrzphqwv1

Wkh vwduwlqj srlqw iru wkh dqdo|vlv lq wklv sdshu lv wkh jhqhudo qhrfodvvlfdo

prgho ri wudgh/ dv h{srxqghg e| Gl{lw dqg Qrupdq +4<;3,/ Kduuljdq +4<<:,/

dqg Zrrgodqg +4<;5,1 Dq hpslulfdo phdvxuh ri d frxqwu| f*v h{whqw ri

vshfldolvdwlrq lq d vhfwru m dw wlph w lv ghulyhg gluhfwo| iurp qhrfodvvlfdo

wudgh wkhru|= wkh vkduh ri wkh vhfwru lq frxqwu| f*v JGS1 D frxqwu|*v sdwwhuq

ri lqwhuqdwlrqdo vshfldolvdwlrq dw d srlqw lq wlph lv ixoo| ghvfulehg e| wkh

glvwulexwlrq ri wkh wkhru|0frqvlvwhqw phdvxuh dfurvv vhfwruv1 Wkh g|qdplfv

ri lqwhuqdwlrqdo vshfldolvdwlrq fruuhvsrqg wr wkh hyroxwlrq ri wkh hqwluh furvv0

vhfwlrq glvwulexwlrq ryhu wlph1 Zh hpsor| d prgho ri glvwulexwlrq g|qdplfv

�uvw lqwurgxfhg lqwr wkh olwhudwxuh rq furvv0frxqwu| lqfrph frqyhujhqfh e|

Txdk +4<<6,/ +4<<9d,/ +4<<9e,/ dqg +4<<:d,/ dqg zklfk lv h{solflwo| vxlwhg
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wr dqdo|vlqj wkh hyroxwlrq ri dq hqwluh glvwulexwlrq1

Wkh �uvw wkuhh vhwv ri lvvxhv lghqwlihg deryh duh frqfhuqhg zlwk fkdqjhv lq

revhuyhg ydoxhv iru rxu hpslulfdo phdvxuh ri vshfldolvdwlrq1 Wkh| duh gluhfwo|

dgguhvvhg e| wkh dssolfdwlrq ri wkhvh vwdwlvwlfdo whfkqltxhv> zh hvwlpdwh

wudqvlwlrq suredelolw| pdwulfhv dqg vwrfkdvwlf nhuqhov xvlqj gdwd rq wkh vkduh

ri vhfwru m lq frxqwu| f*v JGS1 Wkh irxuwk vhw ri lvvxhv uhodwhv rxu hpslulfdo

phdvxuh ri vshfldolvdwlrq wr lwv hfrqrplf ghwhuplqdqwv1 Qhrfodvvlfdo wudgh

wkhru| lghqwl�hv d vwuxfwxudo uhodwlrqvkls ehwzhhq wkh vkduh ri d vhfwru lq

JGS rq wkh rqh kdqg/ dqg idfwru hqgrzphqwv/ whfkqrorj| sdudphwhuv/ dqg

uhodwlyh jrrgv sulfhv rq wkh rwkhu1 Wklv sdshu h{dplqhv wkh h{whqw wr zklfk

fkdqjhv lq frxqwulhv* idfwru hqgrzphqwv h{sodlq wkh hyroxwlrq ri revhuyhg

sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq1 Wkh dqdo|vlv surfhhgv lq wzr vwdjhv1

Iluvw/ zh ghfrpsrvh wkh yduldwlrq lq rxu hpslulfdo phdvxuh ri vshfldolvdwlrq

lqwr wkh frpsrqhqw h{sodlqhg e| gl�huhqfhv lq idfwru hqgrzphqwv dqg wkh

frpsrqhqw h{sodlqhg e| whfkqrorj| dqg uhodwlyh jrrgv sulfhv1 Vhfrqg/ zh

hvwlpdwh wudqvlwlrq suredelolw| pdwulfhv dqg vwrfkdvwlf nhuqhov xvlqj gdwd

rq wkh vkduh ri vhfwru m lq frxqwu| f*v JGS suhglfwhg iurp frxqwulhv* idfwru

hqgrzphqwv1

Wkh hpslulfdo iudphzrun rxwolqhg deryh lv lpsohphqwhg xvlqj gdwd rq

53 pdqxidfwxulqj lqgxvwulhv lq : RHFG frxqwulhv1 Zh ehjlq e| srro0

lqj frxqwu|0lqgxvwu|0|hdu revhuydwlrqv dqg hvwlpdwlqj wudqvlwlrq suredelo0

lw| pdwulfhv xvlqj gdwd rq revhuyhg vkduhv ri JGS1 Wkhvh uhyhdo vxevwdqwldo

prelolw| lq sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq ryhu wlph> wkh h{whqw ri

prelolw| dv rssrvhg wr shuvlvwhqfh lv txdqwl�hg xvlqj irupdo lqglfhv ri pr0

elolw|1 Zlwklq jurxsv hvwlpdwlrq vkrzv idfwru hqgrzphqwv wr eh dq lpsru0

wdqw ghwhuplqdqw ri lqwhuqdwlrqdo vshfldolvdwlrq1 Ri wkh 433 lqgxvwu|0vshfl�f

frh!flhqwv rq wkh 8 idfwru hqgrzphqwv frqvlghuhg/ :: duh vwdwlvwlfdoo| vlj0

ql�fdqw dw wkh 8( ohyho1 Iurp wkh uhvxowv ri wkh zlwklq jurxsv hvwlpdwlrq/

zh ghulyh wkh ydoxhv iru vhfwrudo vkduhv ri JGS suhglfwhg iurp frxqwulhv*

idfwru hqgrzphqwv1
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Wudqvlwlrq suredelolw| hvwlpdwlrq xvlqj wkh gdwd rq suhglfwhg vkduhv ri

JGS uhyhdov juhdwhu shuvlvwhqfh wkdq iru wkh glvwulexwlrq ri revhuyhg vkduhv

ri JGS1 Wkdw lv/ revhuyhg sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq glvsod|

vxevwdqwldoo| pruh prelolw| wkdq zrxog eh suhglfwhg rq wkh edvlv ri idfwru

hqgrzphqwv dorqh1 Idfwru hqgrzphqwv duh d vrxufh ri shuvlvwhqfh udwkhu

wkdq prelolw| lq sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq ryhu wlph1 Wkh

k|srwkhvlv wkdw wkh gdwd jhqhudwlrq surfhvv +GJS, iru wkh suhglfwhg ydoxhv lv

dfwxdoo| wkh pdwul{ ri wudqvlwlrq suredelolwlhv hvwlpdwhg iru revhuyhg vkduhv

ri JGS lv uhmhfwhg dw wkh 4( ohyho1

Wzr h{whqvlrqv wr wkh dqdo|vlv duh frqvlghuhg1 Iluvw/ zh frqwlqxh wr srro

frxqwu|0lqgxvwu|0|hdu revhuydwlrqv/ exw hvwlpdwh vwrfkdvwlf nhuqhov1 Wkhvh

pds hdfk ydoxh ri hlwkhu revhuyhg ru suhglfwhg vkduhv ri JGS dw wlph w lqwr

doo rwkhu ydoxhv dw wlph w . {/ { � 41 Wkh �qglqj wkdw idfwru hqgrzphqwv

duh d vrxufh ri shuvlvwhqfh lv frq�uphg/ zlwk wkh lqfuhdvh lq wkh ghjuhh ri

shuvlvwhqfh juhdwhvw dw kljk dqg orz ydoxhv iru vkduhv ri JGS1 Vhfrqg/ zh

doorz iru furvv0frxqwu| khwhurjhqhlw| lq wkh vwrfkdvwlf surfhvv ghwhuplqlqj

wkh hyroxwlrq ri lqwhuqdwlrqdo vshfldolvdwlrq ryhu wlph e| hvwlpdwlqj wudq0

vlwlrq suredelolw| pdwulfhv dw wkh ohyho ri lqglylgxdo frxqwulhv1 Djdlq/ wkh

�qglqj wkdw idfwru hqgrzphqwv duh d vrxufh ri shuvlvwhqfh lv frq�uphg1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 uhylhzv wkh

uhodwlrqvkls wr wkh h{lvwlqj olwhudwxuh1 Vhfwlrq 6 ghulyhv dq hpslulfdo phdvxuh

ri lqwhuqdwlrqdo vshfldolvdwlrq iurp qhrfodvvlfdo wudgh wkhru| dqg uhodwhv lw

wr vwuxfwxudo hfrqrplf ghwhuplqdqwv1 Vhfwlrq 7 lqwurgxfhv wkh prgho ri

glvwulexwlrq g|qdplfv/ zkloh Vhfwlrq 8 xqghuwdnhv d suholplqdu| dqdo|vlv

ri wkh gdwd1 Vhfwlrq 9 suhvhqwv wkh uhvxowv ri wkh hfrqrphwulf hvwlpdwlrq>

Vhfwlrq : vxppdulvhv rxu frqfoxvlrqv1
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5 Uhodwlrq wr H{lvwlqj Olwhudwxuh

Iru wkh odvw 48 |hduv/ wkh grplqdqw sdudgljp iru wkh hpslulfdo prghoolqj

ri lqwhuqdwlrqdo wudgh  rzv kdv ehhq wkh jhqhudolvhg idfwru sursruwlrqv

prgho ri wudgh zlwk q jrrgv dqg p idfwruv14 Lw lv xvhixo wr glvwlqjxlvk

wzr pdlq vwudqgv ri hpslulfdo uhvhdufk zlwklq wklv sdudgljp1 Wkh �uvw

dqdo|vhv wkh prgho*v suhglfwlrqv iru frxqwulhv* qhw wudgh lq idfwru vhuylfhv

+wkh vr0fdoohg Khfnvfkhu0Rkolq0Ydqhn +KRY, prgho,> lpsruwdqw frqwulex0

wlrqv lqfoxgh wkrvh ri Erzhq hw do1 +4<;:,/ Gdylv hw do1 +4<<:,/ Gdylv dqg

Zhlqvwhlq +4<<;,/ Jdedl{ +4<<:,/ Ohdphu +4<;7,/ dqg Wuh hu +4<<8,1 Wkh

vhfrqg vwudqg ri hpslulfdo uhvhdufk ehjlqv zlwk Kduuljdq +4<<8, dqg h{dp0

lqhv wkh prgho*v suhglfwlrqv iru wkh lqwhuqdwlrqdo orfdwlrq ri surgxfwlrq +vhh

dovr Ehuqvwhlq dqg Zhlqvwhlq +4<<;, dqg Kdqvrq dqg Vodxjkwhu +4<<<,,1 Lq

lwv vwulfwhvw irup/ wkh jhqhudolvhg idfwru sursruwlrqv prgho ri wudgh dvvxphv

lghqwlfdo suhihuhqfhv dqg lghqwlfdo whfkqrorjlhv dfurvv frxqwulhv/ dowkrxjk

pxfk uhvhdufk h�ruw kdv ehhq ghyrwhg wr uhod{lqj wkhvh dvvxpswlrqv= vhh

iru h{dpsoh Gdylv dqg Zhlqvwhlq +4<<;,1

Wkh idfwru sursruwlrqv prgho ri wudgh lv lq idfw d vshfldo fdvh ri wkh

pruh jhqhudo qhrfodvvlfdo prgho= vhh lq sduwlfxodu Gl{lw dqg Qrupdq +4<;3,

dqg Zrrgodqg +4<;5,1 Zlwklq qhrfodvvlfdo wkhru|/ sdwwhuqv ri lqwhuqdwlrqdo

vshfldolvdwlrq duh mrlqwo| ghwhuplqhg e| furvv0frxqwu| gl�huhqfhv lq whfk0

qrorjlhv/ hqgrzphqwv/ dqg suhihuhqfhv1 Kduuljdq +4<<:, lpsohphqwv wkh

qhrfodvvlfdo prgho hpslulfdoo| xvlqj gdwd rq : pdqxidfwxulqj lqgxvwulhv lq

43 RHFG frxqwulhv/ dqg �qgv hylghqfh wkdw whfkqrorj| gl�huhqfhv sod| d

uroh dorqjvlgh uhodwlyh idfwru hqgrzphqwv lq ghwhuplqlqj sdwwhuqv ri lqwhu0

qdwlrqdo vshfldolvdwlrq1 Kduuljdq dqg ]dnudmvhn +4<<<, hpsor| d vlplodu

iudphzrun wr h{dplqh wkh uroh ri idfwru hqgrzphqwv lq h{sodlqlqj lqwhu0

qdwlrqdo vshfldolvdwlrq dfurvv d odujh qxpehu ri ghyhorshg dqg ghyhorslqj

frxqwulhv1
4D vhplqdo hduo| frqwulexwlrq lv Ohdphu +4<;7,1 Iru uhfhqw vxuyh|v ri wkh hpslulfdo

wudgh olwhudwxuh/ vhh Khospdq +4<<<,/ Ohdphu dqg Ohylqvrkq +4<<8,/ dqg Ohdphu +4<<<,1

9



Vrph ri wkhvh vwxglhv hpsor| sdqho gdwd hvwlpdwlrq whfkqltxhv/ exw hdfk

lv hvvhqwldoo| frqfhuqhg zlwk wkh vwdwlf suhglfwlrqv ri lqwhuqdwlrqdo wudgh

wkhru| iru furvv0vhfwlrq sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq dw d srlqw lq

wlph1 Wkh hpslulfdo olwhudwxuh*v irfxv rq wkh vwdwlf suhglfwlrqv ri lqwhuqd0

wlrqdo wudgh wkhru| frqwudvwv pdunhgo| zlwk uhfhqw wkhruhwlfdo zrun rq wudgh

dqg jurzwk1 Wklv hpskdvlvhv wkdw frpsdudwlyh dgydqwdjh lv g|qdplf dqg

hyroyhv hqgrjhqrxvo| ryhu wlph1 Hduo| wkhruhwlfdo sdshuv e| Ilqgod| +4<:3,

dqg Ghdugru� +4<:7, dqdo|vhg wkh lpsolfdwlrqv ri idfwru dffxpxodwlrq iru

sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq zlwklq wkh idfwru sursruwlrqv prgho

ri wudgh +vhh dovr Gdylv dqg Uhhyh +4<<:, dqg Ilqgod| +4<<8,,1 Nuxjpdq

+4<;:, suhvhqwv d g|qdplf Ulfdugldq prgho zlwk d frqwlqxxp ri jrrgv/

zkloh Hdwrq +4<;:, lqwurgxfhv wkh dffxpxodwlrq ri odqg dqg fdslwdo lqwr wkh

vshfl�f idfwruv prgho1 Wkh g|qdplf qdwxuh ri frpsdudwlyh dgydqwdjh kdv

uhfhlyhg uhqhzhg wkhruhwlfdo dwwhqwlrq lq wkh uhfhqw olwhudwxuh rq hqgrjhqrxv

jurzwk dqg wudgh= vhh iru h{dpsoh Jurvvpdq dqg Khospdq +4<<4,/ Oxfdv

+4<;;,/ Uhgglqj +4<<<,/ dqg Ulyhud0Edwl} dqg Urphu +4<<4,1

Ghvslwh wklv jurzlqj erg| ri wkhruhwlfdo zrun/ wkhuh kdv ehhq uhodwlyho|

olwwoh hpslulfdo vwxg| ri wkh hyroxwlrq ri sdwwhuqv ri lqwhuqdwlrqdo wudgh ryhu

wlph1 Wkhuh kdv ehhq vrph hpslulfdo zrun rq fkdqjlqj sdwwhuqv ri lq0

whuqdwlrqdo wudgh/ odujho| zlwklq wkh frqwh{w ri wkh Khfnvfkhu0Rkolq0Ydqhn

prgho1 Edodvvd +4<:<, h{dplqhv wkh fkdqjh lq frpsdudwlyh dgydqwdjh zlwk

hfrqrplf ghyhorsphqw xvlqj furvv0vhfwlrq gdwd rq 69 frxqwulhv lq 4<:51 Iru

hdfk frxqwu|/ phdvxuhv ri Uhyhdohg Frpsdudwlyh Dgydqwdjh +UFD, lq lqgl0

ylgxdo pdqxidfwxulqj vhfwruv duh uhjuhvvhg djdlqvw vhfwru0vshfl�f phdvxuhv

ri kxpdq dqg sk|vlfdo fdslwdo shu zrunhu15 Furvv0frxqwu| gl�huhqfhv lq

wkh hvwlpdwhg frh!flhqwv rq kxpdq dqg sk|vlfdo fdslwdo duh wkhq uhodwhg wr

furvv0frxqwu| gl�huhqfhv lq hqgrzphqwv ri kxpdq dqg sk|vlfdo fdslwdo1

Vwhuq dqg Pdvnxv +4<;4, hvwlpdwh furvv0lqgxvwu| uhjuhvvlrqv ri XV qhw

5Iroorzlqj Edodvvd +4<98,/ Uhyhdohg Frpsdudwlyh Dgydqwdjh +UFD, lv gh�qhg dv frxq0
wu| S*v vkduh ri zruog h{sruwv lq vhfwru � glylghg e| frxqwu| S*v vkduh ri zruog h{sruwv ri
doo jrrgv1

:



h{sruwv djdlqvw XV idfwru hqgrzphqwv iru hdfk |hdu gxulqj 4<8;0:9/ dqg

h{dplqh krz wkh frh!flhqw rq XV idfwru hqgrzphqwv fkdqjhv ryhu wlph1

Wkh frh!flhqw rq xqvnloohg oderxu lv irxqg wr ehfrph vxevwdqwldoo| pruh

qhjdwlyh gxulqj wkh vdpsoh shulrg/ dqg wkhuh lv hylghqfh wkdw wkh Ohrqwlhi

Sdudgr{ qr orqjhu khog iru XV wudgh lq 4<:51 Pdvnxv +4<;6, h{whqgv wkh

dqdo|vlv e| srrolqj furvv0vhfwlrq gdwd ryhu wlph dqg xqghuwdnlqj vwdwlvwlfdo

whvwv iru fkdqjhv lq wkh uhjuhvvlrq frh!flhqwv1

Erzhq +4<;6, frqvlghuv wkh lpsolfdwlrqv ri wkh fkdqjlqj lqwhuqdwlrqdo

glvwulexwlrq ri idfwru hqgrzphqwv iru XV frpsdudwlyh dgydqwdjh xvlqj gdwd

rq 67 frxqwulhv iru �yh |hduv ehwzhhq 4<96 dqg 4<:81 Furvv0frxqwu| uhjuhv0

vlrqv ri qhw h{sruwv djdlqvw idfwru hqgrzphqwv duh hvwlpdwhg iru wkh �yh

vhsdudwh |hduv1 Wkh uhodwlyh dydlodelolw| ri vnloohg yhuvxv xqvnloohg oderxu lv

irxqg wr eh dq lpsruwdqw ghwhuplqdqw ri XV frpsdudwlyh dgydqwdjh> wkh

frh!flhqw rq sk|vlfdo fdslwdo fkdqjhv iurp ehlqj qhjdwlyh lq wkh 4<93v wr

srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw lq wkh 4<:3v1

Ihhqvwud dqg Urvh +4<<:, h{dplqh wkh g|qdplf suhglfwlrqv ri wkh csurg0

xfw olihf|foh* k|srwkhvlv iru furvv0frxqwu| h{sruw sdwwhuqv1 Frxqwulhv zlwk

kljk udwhv ri jurzwk ri lqfrph shu fdslwd dqg kljk ohyhov ri surgxfwly0

lw| duh irxqg wr h{sruw frpprglwlhv hduo| lq wkh surgxfw olihf|foh1 Dplwl

+4<<:,/ Nlp +4<<8,/ dqg Uxkdvk|dqnlnr +4<<<, dqdo|vh fkdqjhv lq frxq0

wulhv* ryhudoo ghjuhh ri lqwhuqdwlrqdo vshfldolvdwlrq xvlqj vxppdu| vwdwlvwlfv

vxfk dv wkh vwdqgdug ghyldwlrq/ phdvxuhv ri vnhzqhvv/ dqg wkh Jlql frh!0

flhqw1 Dplwl +4<<:, lv frqfhuqhg zlwk wkh Hxurshdq Xqlrq> Nlp +4<<8, xvhv

Xqlwhg Vwdwhv gdwd> Uxkdvk|dqnlnr +4<<<, frqvlghuv 493 ghyhorshg dqg gh0

yhorslqj frxqwulhv1 Qrqh ri wkhvh vwxglhv dqdo|vhv wkh ghjuhh ri shuvlvwhqfh

yhuvxv prelolw| lq sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq ru wkh uroh sod|hg

e| frxqwulhv* fkdqjlqj idfwru hqgrzphqwv1

Wklv sdshu dujxhv wkdw dq hfrqrp|*v sdwwhuq ri lqwhuqdwlrqdo vshfldolvd0

wlrq dw d srlqw lq wlph vkrxog eh wkrxjkw ri lq whupv ri dq hqwluh glvwulexwlrq

dfurvv vhfwruv/ dqg wkdw wkh g|qdplfv ri lqwhuqdwlrqdo vshfldolvdwlrq fruuh0

;



vsrqg wr wkh hyroxwlrq ri wklv glvwulexwlrq ryhu wlph1 Zh hpsor| d prgho ri

glvwulexwlrq g|qdplfv/ �uvw lqwurgxfhg lqwr wkh furvv0frxqwu| jurzwk olwhu0

dwxuh e| Txdk +4<<6,/ +4<<9d,/ +4<<9e,/ dqg +4<<:d,/ dqg h{solflwo| vxlwhg

wr dq dqdo|vlv ri hyroylqj glvwulexwlrqv1 Zlwklq d vlqjoh frqfhswxdo iudph0

zrun/ zh duh deoh wr dgguhvv doo irxu ri wkh g|qdplf lvvxhv lghqwl�hg deryh=

fkdqjhv lq wkh ryhudoo ghjuhh ri lqwhuqdwlrqdo vshfldolvdwlrq/ wkh h{whqw wr

zklfk lqlwldo sdwwhuqv ri vshfldolvdwlrq duh orfnhg0lq ryhu wlph/ lpsolfdwlrqv

iru orqj0uxq sdwwhuqv ri vshfldolvdwlrq/ dqg wkh hfrqrplf irufhv xqghuo|lqj

wkh g|qdplfv ri sdwwhuqv ri vshfldolvdwlrq1

Rwkhu vwxglhv wkdw kdyh hpsor|hg uhodwhg vwdwlvwlfdo whfkqltxhv lq dq

lqwhuqdwlrqdo wudgh vhwwlqj duh Eudvlol hw do1 +4<<<,/ Klqorrshq dqg Pdu0

uhzlmn +4<<;,/ Surxgpdq dqg Uhgglqj +4<<;,/ dqg Vwrosh +4<<7,1 Eudvlol

hw do1 +4<<<,/ Klqorrshq dqg Pduuhzlmn +4<<;,/ dqg Surxgpdq dqg Uhg0

glqj +4<<;, phdvxuh lqwhuqdwlrqdo vshfldolvdwlrq e| Uhyhdohg Frpsdudwlyh

Dgydqwdjh +UFD,/ zkloh Vwrosh +4<<7, xvhv dqdorjrxv phdvxuhv gh�qhg lq

whupv ri surgxfwlrq dqg sdwhqw gdwd +wkh Krryhu Lqgh{ dqg Uhyhdohg Whfk0

qrorjlfdo Dgydqwdjh +UWD,,16 Rqh nh| frqwulexwlrq ri wkh suhvhqw sdshu

ryhu wkhvh rwkhu vwxglhv lv wkdw lw hpsor|v d wkhru|0frqvlvwhqw phdvxuh ri

lqwhuqdwlrqdo vshfldolvdwlrq1 Wklv lv ghulyhg gluhfwo| iurp qhrfodvvlfdo wudgh

wkhru|/ dqg wkh sdshu vhhnv wr lqwhjudwh vwdwlvwlfdo prghov ri glvwulexwlrq

g|qdplfv zlwk pdlqvwuhdp lqwhuqdwlrqdo wudgh wkhru|1 Vlqfh rxu hpslulfdo

phdvxuh ri vshfldolvdwlrq lv ghulyhg iurp wkhru|/ lw fdq eh gluhfwo| uhodwhg wr

vwuxfwxudo hfrqrplf ghwhuplqdqwv1 D vhfrqg nh| frqwulexwlrq ri wkh sdshu

lv wr h{dplqh wkh h{whqw wr zklfk wkh hyroxwlrq ri sdwwhuqv ri lqwhuqdwlrqdo

vshfldolvdwlrq ryhu wlph fdq eh h{sodlqhg e| fkdqjhv lq frxqwulhv* idfwru

hqgrzphqwv1
6Wkh Krryhu lqgh{ lv gh�qhg lq wkh vdph zd| dv UFD/ exw xvlqj ydoxh0dgghg/ hpsor|0

phqw/ ru surgxfwlrq gdwd= frxqwu| S*v vkduh ri zruog surgxfwlrq lq vhfwru � glylghg e|
frxqwu| S*v vkduh ri zruog surgxfwlrq ri doo jrrgv +vhh iru h{dpsoh Nlp +4<<8,,1 Uhyhdohg
Whfkqrorjlfdo Dgydqwdjh +UWD, lv gh�qhg lq wkh vdph zd|/ exw xvlqj gdwd rq uhvhdufk
dqg ghyhorsphqw +U)G, h{shqglwxuh ru sdwhqwv1
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6 Wkhruhwlfdo iudphzrun

Wkh vwduwlqj srlqw iru wkh dqdo|vlv lv wkh vwdqgdug qhrfodvvlfdo wkhru| ri

wudgh/ dv h{srxqghg e| Gl{lw dqg Qrupdq +4<;3,/ Kduuljdq +4<<:,/ dqg

Zrrgodqg +4<;5,1 Wlph lv lqgh{hg e| w/ frxqwulhv e| f 5 i4> ===> Fj/ �qdo

jrrgv e| m 5 i4> ===> qj/ dqg idfwruv ri surgxfwlrq e| l 5 i4> ==>pj1 Hdfk

hfrqrp| lv hqgrzhg zlwk dq h{rjhqrxv yhfwru yS| ri idfwruv ri surgxfwlrq1

Surgxfwlrq ri hdfk jrrg lv dvvxphg wr rffxu xqghu frqglwlrqv ri shuihfw

frpshwlwlrq dffruglqj wr d frqvwdqw uhwxuqv wr vfdoh surgxfwlrq ixqfwlrq1

Zh doorz iru gl�huhqfhv lq idfwru hqgrzphqwv dfurvv frxqwulhv f dqg whfk0

qrorj| gl�huhqfhv dfurvv erwk frxqwulhv f dqg lqgxvwulhv m1

Zh frqvlghu d vpdoo rshq hfrqrp|/ zklfk e| dvvxpswlrq idfhv dq h{0

rjhqrxv yhfwru ri zruog sulfhv iru �qdo jrrgv s|1 Surgxfhu htxloleulxp lq

wkh vpdoo hfrqrp| pd| eh uhsuhvhqwhg lq whupv ri wkh uhyhqxh ixqfwlrq

uS+s|> yS|,1 Xqghu wkh dvvxpswlrq wkdw wklv ixqfwlrq lv wzlfh frqwlqxrxvo|

gl�huhqwldeoh/ wkh yhfwru ri wkh hfrqrp|*v sur�w0pd{lplvlqj qhw rxwsxwv

|S+s|> yS|, lv htxdo wr wkh judglhqw ri uS+s|> yS|, zlwk uhvshfw wr s|1

Li whfkqrorj| gl�huhqfhv dfurvv frxqwulhv/ lqgxvwulhv/ dqg wlph duh Klfnv0

qhxwudo/ wkh surgxfwlrq ixqfwlrq pd| eh h{suhvvhg dv |S�| @ �S�|=I�+yS|,/

zkhuh �S�| sdudphwhulvhv whfkqrorj| lq lqgxvwu| m ri frxqwu| f dw wlph w1

Lq wklv fdvh/ wkh uhyhqxh ixqfwlrq wdnhv wkh irup uS+s|> yS|, @ u+�S|=s|> yS|,/

zkhuh �S| lv dq q � q gldjrqdo pdwul{ ri wkh whfkqrorj| sdudphwhuv �S�|17

Fkdqjhv lq whfkqrorj| lq lqgxvwu| m ri frxqwu| f duh prghoohg lq h{dfwo|

wkh vdph zd| dv fkdqjhv lq wkh sulfh ri lqgxvwu| m rxwsxw> wkh hfrqrp|*v

yhfwru ri qhw rxwsxwv frqwlqxhv wr eh jlyhq e| wkh judglhqw ri wkh uhyhqxh

ixqfwlrq zlwk uhvshfw wr s|1

Zh iroorz Kduuljdq +4<<:,/ Nrkol +4<<4,/ dqg Zrrgodqg +4<;5, lq dv0

vxplqj d wudqvorj uhyhqxh ixqfwlrq> wklv  h{leoh ixqfwlrqdo irup surylghv dq

duelwudulo| forvh dssur{lpdwlrq wr wkh wuxh xqghuo|lqj uhyhqxh ixqfwlrq/8

7Vhh Gl{lw dqg Qrupdq +4<;3,/ sdjhv 46:0<1
8Wr vdyh qrwdwlrq/ zh vxssuhvv wkh frxqwu|0wlph vxevfulswv h{fhsw zkhuh lpsruwdqw1
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zkhuh m> n 5 i4> ===> qj lqgh{ jrrgv dqg l> k 5 i4> ===>pj lqgh{ idfwruv1

V|pphwu| ri furvv h�hfwv lpsolhv/

��& @ �&� dqg ��� @ ��� ;m> n> l> k +5,

Olqhdu krprjhqhlw| ri ghjuhh 4 lq y dqg s uhtxluhv/

[
�

�f� @ 4>
[
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�f� @ 4>
[
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�&� @ 3 +6,

[
�

��� @ 3>
[
�

��� @ 3 +7,

Gl�huhqwldwlqj wkh uhyhqxh ixqfwlrq zlwk uhvshfw wr hdfk s� / zh rewdlq

wkh iroorzlqj htxdwlrq iru wkh vkduh ri lqgxvwu| m lq frxqwu| f�v JGS dw

wlph w/

vS�| @
sS�|=|S�|+�S|=sS|> yS|,

u+�S|=sS|> yS|,
@ �f�.

[
&

��& oq sS&|.
[
&

��& oq �S&|.
[
�

��� oqyS�|

+8,

Li doo jrrgv duh wudghdeoh dqg jrrgv sulfhv duh wkh vdph dfurvv frxqwulhv

+sS&| @ s&| iru doo f,/ wkh vhfrqg whup rq wkh uljkw0kdqg vlgh ri htxdwlrq +8,

pd| eh uhsodfhg zlwk d vhw ri ~3/4� wlph gxpplhv +g�|, iru hdfk lqgxvwu| m19

Wklv sdshu hydoxdwhv wkh uroh ri fkdqjlqj idfwru hqgrzphqwv lq h{sodlqlqj

wkh hyroxwlrq ri sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq1 Zh hvwlpdwh wkh

iroorzlqj uhjuhvvlrq/

vS�| @ �f� . !� =g�| .
[
�

��� oq yS�| . xS�| +9,

9Vhh Kduuljdq +4<<:, iru dq h{whqvlrq wr wkh fdvh zkhuh vrph jrrgv duh qrqwudghdeoh1
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zkhuh xS�| lv d vwrfkdvwlf huuru1 Li frxqwu| whfkqrorj| gl�huhqfhv duh qhxwudo

dfurvv vhfwruv +�S�| @ �S|=�5�| iru doo f> m dqg vrph uhihuhqfh frxqwu| }, ru

li wkh frxqwu|0lqgxvwu| whfkqrorj| sdudphwhuv +�S�|, duh xqfruuhodwhg zlwk

frxqwulhv* idfwru hqgrzphqwv +yS�|,/ htxdwlrq +9, zloo |lhog frqvlvwhqw hvwl0

pdwhv ri wkh sdudphwhuv ���1 Qhxwudo whfkqrorj| gl�huhqfhv d�hfw ohyhov ri

ydoxh0dgghg exw qrw vkduhv ri vhfwruv lq JGS +vhh Kduuljdq dqg ]dnudmvhn

+4<<<,,1 Qrq0qhxwudo whfkqrorj| gl�huhqfhv zloo d�hfw vkduhv ri vhfwruv lq

JGS/ exw lw lv qrw dw doo fohdu krz wkh| zloo eh fruuhodwhg zlwk frxqwulhv*

idfwru hqgrzphqwv1 Rq wkh rqh kdqg/ vrph dxwkruv dujxh wkdw frxqwulhv

zloo eh pruh surgxfwlyh lq lqgxvwulhv wkdw hpsor| wkhlu dexqgdqw idfwruv

lqwhqvlyho| +vhh iru h{dpsoh Gdylg +4<:8,,1 Rq wkh rwkhu kdqg/ wkhuh duh d

odujh qxpehu ri h{dpsohv ri frxqwulhv zklfk kdyh kljk ohyhov ri surgxfwlylw|

lq fhuwdlq lqgxvwulhv dqg |hw duh vfdufh lq wkh udz pdwhuldov dqg idfwruv ri

surgxfwlrq wkdw wkrvh lqgxvwulhv xvh lqwhqvlyho| +wkhvh lqfoxgh pdq| pdq0

xidfwxulqj lqgxvwulhv lq Mdsdq> vhh iru h{dpsoh wkh glvfxvvlrq lq Dpvghq

+4<;<, dqg Sruwhu +4<<3,,1:

Li frxqwu| whfkqrorj| gl�huhqfhv duh erwk qrq0qhxwudo dfurvv vhfwruv dqg

fruuhodwhg zlwk idfwru hqgrzphqwv/ wkh hvwlpdwhg sdudphwhuv a��� duh lqfrq0

vlvwhqw dqg gr qrw kdyh d vwuxfwxudo lqwhusuhwdwlrq1 Qrqhwkhohvv e| frqvwuxf0

wlrq/ wkh uhvlgxdov axS�| zloo eh ruwkrjrqdo wr wkh uljkw0kdqg vlgh yduldeohv

dqg fruuhvsrqg wr wkdw sduw ri wkh yduldwlrq lq vkduhv ri JGS wkdw lv vwd0

wlvwlfdoo| xqh{sodlqhg e| frxqwulhv* idfwru hqgrzphqwv dqg lqgxvwu|0wlph

gxpplhv +fdswxulqj uhodwlyh sulfhv,1 Wkh h{sodlqhg vxp ri vtxduhv pd| eh

ghfrpsrvhg lqwr wkh frqwulexwlrqv ri idfwru hqgrzphqwv dqg lqgxvwu|0wlph

gxpplhv1 Lq wklv zd|/ zh pd| rewdlq wkdw sduw ri wkh yduldwlrq lq vkduhv ri

JGS h{sodlqhg e| frxqwulhv* idfwru hqgrzphqwv/

:Lq idfw/ wkhuh lv d wkhruhwlfdo olwhudwxuh dujxlqj wkdw qdwxudo uhvrxufh dexqgdqfh pd|
kdyh d qhjdwlyh h�hfw rq udwhv ri whfkqrorjlfdo surjuhvv +vhh iru h{dpsoh Vdfkv dqg Zduqhu
+4<<8,,1
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a��� oq yS�| +:,

Htxdwlrq +9, pd| eh hvwlpdwhg vhsdudwho| iru hdfk lqgxvwu| m xvlqj ROV/

srrolqj revhuydwlrqv dfurvv frxqwulhv f dqg |hduv w1 Dowhuqdwlyho|/ zh pd|

srro revhuydwlrqv dfurvv frxqwulhv f/ lqgxvwulhv m/ dqg |hduv w dqg hvwlpdwh

wkh vdph uhodwlrqvkls xvlqj zlwklq jurxsv/ zkhuh wkh �{hg h�hfw lv iru lqgxv0

wu| m dqg zh doorz doo frh!flhqwv +rq erwk wkh wlph gxpplhv dqg frxqwulhv*

idfwru hqgrzphqwv, wr ydu| dfurvv lqgxvwulhv1 Vlqfh zlwklq jurxsv lv Ohdvw

Vtxduhv Gxpp| Yduldeohv/ wkhvh wzr surfhgxuhv |lhog lghqwlfdo sdudphwhu

hvwlpdwhv1

Htxdwlrq +9, lv hpsor|hg lq wzr zd|v lq wkh hqvxlqj dqdo|vlv1 Iluvw/ lw

lghqwl�hv d wkhru|0frqvlvwhqw phdvxuh ri wkh h{whqw ri dq hfrqrp| f*v vsh0

fldolvdwlrq lq vhfwru m= wkh vkduh ri wkdw vhfwru lq JGS +vS�|,1 Wkh hfrqrp|*v

sdwwhuq ri lqwhuqdwlrqdo vshfldolvdwlrq dw d srlqw lq wlph fruuhvsrqgv wr wkh

glvwulexwlrq ri vkduhv ri JGS dfurvv vhfwruv/ zkloh wkh g|qdplfv ri lqwhu0

qdwlrqdo vshfldolvdwlrq uhodwh wr wkh hyroxwlrq ri wkh hqwluh glvwulexwlrq ri

vkduhv ri JGS ryhu wlph1 Vhfrqg iurp htxdwlrq +9,/ zh rewdlq wkdw sduw ri

wkh yduldwlrq lq vkduhv ri JGS h{sodlqhg e| frxqwulhv* idfwru hqgrzphqwv

+htxdwlrq +:,,1 Wklv fruuhvsrqgv wr d vhw ri suhglfwhg ydoxhv iru lqgxvwu|

vkduhv ri JGS iurp frxqwulhv* idfwru hqgrzphqwv1 Wkh hyroxwlrq ri wkh hq0

wluh glvwulexwlrq ri wkhvh suhglfwhg ydoxhv uhyhdov wkh frqwulexwlrq ri idfwru

hqgrzphqwv wr fkdqjlqj sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq1 Wkh qh{w

vhfwlrq lqwurgxfhv wkh irupdo prgho ri glvwulexwlrq g|qdplfv wkdw zloo eh

xvhg wr dqdo|vh wkh hyroxwlrq ri erwk revhuyhg vkduhv ri JGS dqg wkh ydoxhv

suhglfwhg iurp frxqwulhv* idfwru hqgrzphqwv1
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7 Glvwulexwlrq G|qdplfv

Ghqrwh wkh Eruho0phdvxudeoh vhw ri srvvleoh ydoxhv iru vkduhv ri JGS +v,

e| D1 Wkh glvwulexwlrq ri v dfurvv frxqwulhv f dqg lqgxvwulhv m dw wlph w lv

ghqrwhg e| I|+v,1 Fruuhvsrqglqj wr I|/ zh pd| gh�qh d suredelolw| phdvxuh

�| zkhuh ; v 5 ?/ �|++�4> v`, @ I|+v,1 Iroorzlqj Txdk +4<<6,/ +4<<9d,/

dqg +4<<9e, wkh hyroxwlrq ri wkh furvv0vhfwlrq glvwulexwlrq ri v ryhu wlph lv

prghoohg lq whupv ri d vwrfkdvwlf gl�huhqfh htxdwlrq/

�| @ S W+�|3�> x|,> lqwhjhu w +;,

zkhuh ix| = lqwhjhu wj lv d vhtxhqfh ri glvwxuedqfhv dqg SW lv dq rshudwru wkdw

pdsv glvwxuedqfhv dqg suredelolw| phdvxuhv lqwr suredelolw| phdvxuhv1 Iru

vlpsolflw|/ zh dvvxph wkdw wklv vwrfkdvwlf gl�huhqfh htxdwlrq lv �uvw0rughu

dqg wkdw wkh rshudwru S W lv wlph lqyduldqw1 Devruelqj wkh glvwxuedqfh x|

lqwr wkh gh�qlwlrq ri wkh rshudwru ]W +vhh Txdk +4<<:d,,/ zh rewdlq/

�| @ ]W+�|3�,> lqwhjhu w +<,

Li wkh vhw D ri srvvleoh ydoxhv iru v lv glylghg lqwr d qxpehu ri glvfuhwh

fhoov/ ]W ehfrphv d pdwul{ ri wudqvlwlrq suredelolwlhv/ zklfk pd| eh hvwl0

pdwhg e| frxqwlqj wkh qxpehu ri wudqvlwlrqv rxw ri dqg lqwr hdfk fhoo +vhh

iru h{dpsoh Txdk +4<<6, dqg Surxgpdq dqg Uhgglqj +4<<;,,1 Dowhuqd0

wlyho| zlwk d vx!flhqwo| odujh qxpehu ri frxqwu|0lqgxvwulhv/ lw lv srvvleoh wr

dqdo|vh wkh hyroxwlrq ri frqwlqxrxv suredelolw| phdvxuhv +vhh iru h{dpsoh

Txdk +4<<9e,/ +4<<:d,,1 Wkh hyroxwlrq ri �|3� wr �| lv ixoo| ghvfulehg e|

wkh vwrfkdvwlf nhuqho ru pdsslqj P|3� wr ^3> 4` vxfk wkdw/

; Eruho0phdvxudeoh D = �|+D, @
]
P|3�+v>D,=g�|3�+v, +43,

zkhuh P|3� pd| eh hvwlpdwhg qrqsdudphwulfdoo| xvlqj nhuqho ghqvlw| hvwl0

pdwlrq whfkqltxhv1
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Zkhwkhu zrunlqj zlwk glvfuhwh ru frqwlqxrxv suredelolw| phdvxuhv/ wkhvh

whfkqltxhv h{solflwo| dqdo|vh wkh hyroxwlrq ri wkh hqwluh glvwulexwlrq ri vkduhv

ri JGS ryhu wlph1 Lq vr grlqj/ wkh| vkhg oljkw rq irxu vhwv ri hfrqrplf lvvxhv

uhodwlqj wr wkh g|qdplfv ri lqwhuqdwlrqdo vshfldolvdwlrq1 Wkh �uvw vhw ri lvvxhv

frqfhuqv krz wkh ghjuhh ri lqwhuqdwlrqdo vshfldolvdwlrq lv fkdqjlqj ryhu wlph>

wklv fruuhvsrqgv wr wkh hyroxwlrq ri wkh h{whuqdo vkdsh ri wkh glvwulexwlrq ri

vkduhv ri JGS +v, dfurvv vhfwruv1 Iru h{dpsoh/ duh hfrqrplhv lqfuhdvlqjo|

vshfldolvlqj lq fhuwdlq vxevhwv ri lqgxvwulhvB Li vr/ rqh zrxog h{shfw wr

revhuyh wkh glvwulexwlrq ri v srodulvlqj dw h{wuhph ydoxhv/ d ghyhorsphqw

wkdw zloo qrw qhfhvvdulo| eh uhyhdohg e| dq dqdo|vlv ri vwdwlvwlfv vxfk dv wkh

vwdqgdug ghyldwlrq ru frh!flhqw ri vnhzqhvv1

Wkh vhfrqg vhw ri lvvxhv lv frqfhuqhg zlwk krz wkh sdwwhuq ri lqwhuqd0

wlrqdo vshfldolvdwlrq dfurvv lqglylgxdo vhfwruv lv fkdqjlqj ryhu wlph1 Wklv

fruuhvsrqgv wr wkh pryhphqw ri lqglylgxdo vhfwruv zlwklq wkh glvwulexwlrq

ri v ru lqwud0glvwulexwlrq g|qdplfv1 Iru h{dpsoh/ duh wkh vhfwruv zlwk kljk

ydoxhv ri v wkh vdph dw wlphv w dqg w . { +zkhuh { � 4,B Gr lqlwldo sdw0

whuqv ri lqwhuqdwlrqdo vshfldolvdwlrq shuvlvw ru ehfrph orfnhg0lq ryhu wlphB

Dowhuqdwlyho|/ grhv rqh revhuyh uhyhuvdov lq lqlwldo sdwwhuqv ri lqwhuqdwlrqdo

vshfldolvdwlrqB Wklv sdshu surylghv dq hpslulfdo hydoxdwlrq ri wkh h{whqw ri

shuvlvwhqfh dqg prelolw| lq sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq= wkh wudq0

vlwlrq suredelolw| pdwul{ ru wkh pdsslqj P|3� uhyhdo wkh h{whqw ri prelolw|

dqg shuvlvwhqfh wkurxjkrxw wkh hqwluh glvwulexwlrq ri v1

Wkh wklug vhw ri lvvxhv uhodwhv wr wkh orqj0uxq surshuwlhv ri wkh glvwul0

exwlrq ri v1 Lwhudwlqj htxdwlrq +<, iruzdugv lq wlph |lhogv d suhglfwru iru

ixwxuh furvv0vhfwlrq glvwulexwlrqv ri v/

�|n� @ ]W+�|n�3�, @ ]W+]W+�|n�32,,
111
@ ]W+]W+]W = = = +]W+�|,, = = =,,
@ +]W,��|

+44,

Wdnlqj wkh olplw dv � ehfrphv duelwudulo| odujh |lhogv lqirupdwlrq frq0
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fhuqlqj wkh orqj0uxq glvwulexwlrq ri v1 Iru h{dpsoh/ li wkh hfrqrp| lv lq0

fuhdvlqjo| vshfldolvlqj lq vxevhwv ri lqgxvwulhv dv vxjjhvwhg deryh/ �|n� zloo

whqg wrzdugv d elprgdo phdvxuh1 Dowhuqdwlyho|/ li wkh ghjuhh ri lqwhuqd0

wlrqdo vshfldolvdwlrq lv ghfolqlqj ryhu wlph/ �|n� zloo whqg wrzdugv d pruh

xqlirup glvwulexwlrq1 Li zh glylgh wkh vhw ri srvvleoh ydoxhv iru v lqwr d

qxpehu ri glvfuhwh fhoov dqg hvwlpdwh d wudqvlwlrq suredelolw| pdwul{/ wkh

hujrglf ru vwdwlrqdu| glvwulexwlrq ri v dv � $4 lv jlyhq e| wkh hljhqyhfwru

fruuhvsrqglqj wr odujhvw hljhqydoxh ri wkh wudqvlwlrq suredelolw| pdwul{1

Wkh irxuwk vhw ri lvvxhv frqfhuqv wkh vwuxfwxudo hfrqrplf ghwhuplqdqwv

ri revhuyhg fkdqjhv lq lqwhuqdwlrqdo vshfldolvdwlrq1 Prwlydwhg e| wkh wkhr0

uhwlfdo olwhudwxuh gdwlqj edfn wr Ilqgod| +4<:3, dqg Ghdugru� +4<:7,/ wklv

sdshu dqdo|vhv wkh uroh ri fkdqjlqj idfwru hqgrzphqwv lq h{sodlqlqj wkh g|0

qdplfv ri sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq1 Wkh vwdwlvwlfdo whfkqltxhv

h{srvlwhg deryh duh dssolhg wr erwk wkh glvwulexwlrq ri revhuyhg vkduhv ri

JGS dqg wkh glvwulexwlrq ri vkduhv ri JGS suhglfwhg iurp frxqwulhv* idfwru

hqgrzphqwv1 Wkh dqdo|vlv ri wkh odwwhu lv uhodwhg wr wkh frqglwlrqlqj h{0

huflvhv xqghuwdnhq lq wkh furvv0frxqwu| jurzwk olwhudwxuh e| Txdk +4<<9e,

dqg +4<<:e,1

Lq wkh glvfxvvlrq vr idu/ zh kdyh lpsolflwo| dvvxphg d frpprq glvwulex0

wlrq ixqfwlrq iru v dfurvv doo frxqwulhv +IS|+v, @ I|+v, dqg �S| @ �| iru doo f,

dqg d frpprq vwrfkdvwlf surfhvv jryhuqlqj wkh hyroxwlrq ri wkh suredelolw|

phdvxuh �| ryhu wlph +]W

S +�, @ ]W+�, iru doo f,1 Xqghu wklv dvvxpswlrq/ re0

vhuydwlrqv rq v pd| eh srrohg dfurvv frxqwulhv dqg lqgxvwulhv/ dqg d vlqjoh

wudqvlwlrq suredelolw| pdwul{ ru vwrfkdvwlf nhuqho pd| eh hvwlpdwhg1 Wkh

iudphzrun pd| dovr eh h{whqghg wr doorz iru furvv0frxqwu| khwhurjhqhlw|

lq wkh vwrfkdvwlf surfhvv ghwhuplqlqj wkh g|qdplfv ri lqwhuqdwlrqdo vshfldo0

lvdwlrq +�S| @ ]W

S +�S|3�,/ zkhuh ]
W

S +�, 9@ ]W

K +�, iru vrph frxqwulhv f dqg e,1

Lq wkh hpslulfdo dqdo|vlv wkdw iroorzv/ zh qrw rqo| srro frxqwu|0lqgxvwu|

revhuydwlrqv dqg hvwlpdwh d vlqjoh wudqvlwlrq suredelolw| pdwul{/ exw dovr

hvwlpdwh wudqvlwlrq suredelolw| pdwulfhv rq lqgxvwu| revhuydwlrqv vhsdudwho|
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iru hdfk frxqwu|1

8 Suholplqdu| Gdwd Dqdo|vlv

Wkh wkhruhwlfdo dssurdfk ghyhorshg deryh lv lpsohphqwhg hpslulfdoo| xvlqj

gdwd rq wzhqw| pdqxidfwxulqj lqgxvwulhv lq vhyhq RHFG frxqwulhv gxulqj

4<:30<31 Lqgxvwu|0ohyho gdwd rq fxuuhqw sulfh ydoxh0dgghg duh wdnhq iurp

wkh RHFG*v Vwuxfwxudo Dqdo|vlv Lqgxvwuldo +VWDQ, gdwdedvh/ zkloh fxuuhqw

sulfh JGS gdwd frph iurp wkh Shqq Zruog Wdeohv 8191 Hqgrzphqwv ri

�yh idfwruv ri surgxfwlrq duh frqvlghuhg= gxudeoh jrrgv fdslwdo/ rwkhu fds0

lwdo/ dudeoh odqg/ vnloohg oderxu/ dqg xqvnloohg oderxu1 Wkh gdwd rq erwk

fdwhjrulhv ri fdslwdo jrrgv duh iurp wkh Shqq Zruog Wdeohv 819/ zkloh wkh

vrxufh ri gdwd rq khfwduhv ri dudeoh odqg lv wkh Xqlwhg Qdwlrqv Irrg dqg

Djulfxowxudo Rujdqlvdwlrq1

Hqgrzphqwv ri vnloohg dqg xqvnloohg oderxu duh phdvxuhg xvlqj gdwd rq

wkh sursruwlrq ri qrq0surgxfwlrq dqg surgxfwlrq zrunhuv lq wrwdo pdqxidf0

wxulqj hpsor|phqw iurp wkh Xqlwhg Qdwlrqv Jhqhudo Lqgxvwuldo Vwdwlvwlfv

Gdwdedvh +XQLVG,1; Zh iroorz d qxpehu ri dxwkruv lq xvlqj gdwd rq qrq0

surgxfwlrq dqg surgxfwlrq zrunhuv wr phdvxuh ri vnloov= vhh lq sduwlfxodu

Ehupdq/ Erxqg dqg Pdfklq +4<<;, dqg Odzuhqfh dqg Vodxjkwhu +4<<6,1 D

nh| dgydqwdjh ri wkhvh gdwd ryhu wkh hgxfdwlrqdo dwwdlqphqw lqirupdwlrq lq

Eduur dqg Ohh +4<<6, lv wkdw wkh| duh dydlodeoh rq dq dqqxdo edvlv1< Wkh

fkrlfh ri frxqwulhv uh hfwv wkh dydlodelolw| ri wkh XQLVG gdwd1 Rxu vdpsoh

lqfoxghv Fdqdgd/ Ghqpdun/ Ilqodqg/ Mdsdq/ Vzhghq/ wkh Xqlwhg Nlqjgrp/

dqg wkh Xqlwhg Vwdwhv/ d jurxs ri frxqwulhv dprqj zklfk rqh zrxog h{0

shfw wr revhuyh vxevwdqwldo gl�huhqfhv lq erwk sdwwhuqv ri vshfldolvdwlrq dqg

idfwru hqgrzphqwv1 Zh frqvlghu wzhqw| glvdjjuhjdwhg pdqxidfwxulqj lq0

gxvwulhv> vhh Dsshqgl{ F iru ixuwkhu ghwdlov frqfhuqlqj wkh gdwd xvhg dqg

;Wkhvh gdwd zhuh vxssolhg e| Mrkq Ydq Uhhqhq= vhh Ehupdq/ Erxqg/ dqg Pdfklq
+4<<;, dqg Pdfklq dqg Ydq Uhhqhq +4<<;, iru ixuwkhu glvfxvvlrq ri wkh gdwd xvhg1

<Vhh Dsshqgl{ E iru d frpsdulvrq ri rffxsdwlrq dqg hgxfdwlrq0edvhg phdvxuhv ri vnloov
lq wkh Xqlwhg Nlqjgrp dqg Xqlwhg Vwdwhv1
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dq lqgxvwu| frqfrugdqfh1

Wdeoh 4 uhsruwv wkh vkduh ri wrwdo pdqxidfwxulqj ydoxh0dgghg lq JGS

dqg wkh vkduh ri hdfk lqgxvwu|*v ydoxh0dgghg lq wrwdo pdqxidfwxulqj iru doo

vhyhq frxqwulhv lq 4<:3 dqg 4<<31 Pdqxidfwxulqj*v vkduh ri JGS ghfolqhv

lq doo frxqwulhv gxulqj wkh vdpsoh shulrg/ dowkrxjk wkh udwh ri ghfolqh eh0

wzhhq 4<:3 dqg 4<<3 ydulhv vxevwdqwldoo| dfurvv frxqwulhv= iurp 6319( lq wkh

Xqlwhg Nlqjgrp wr 4314( lq Ghqpdun1 Wkh lqlwldo ohyho ri pdqxidfwxulqj*v

vkduh ri JGS dovr vkrzv vxevwdqwldo yduldwlrq= iurp 4:17( lq Ghqpdun wr

691:( lq Mdsdq1

?Wdeoh 4 derxw khuhA

Wdeoh 4 uhyhdov pdunhg fkdqjhv lq wkh uhodwlyh lpsruwdqfh ri lqglylgxdo

vhfwruv zlwklq pdqxidfwxulqj1 Vrph vhfwruv dffrxqw iru d ghfolqlqj vkduh

ri pdqxidfwxulqj ydoxh0dgghg lq doo frxqwulhv +hj Wh{wlohv dqg Ihuurxv Phw0

dov,/ zkloh rwkhuv frqvwlwxwh d ulvlqj vkduh ri pdqxidfwxulqj ydoxh0dgghg lq

doo frxqwulhv +hj Guxjv dqg Udglr2WY,1 Djdlq/ wkh udwh ri ghfolqh ru lq0

fuhdvh ydulhv qrwlfhdeo| dfurvv frxqwulhv= iru h{dpsoh lq Udglr2WY/ wkh udwh

ri lqfuhdvh ydulhv iurp 4<1;( ehwzhhq 4<:3 dqg 4<<3 lq wkh Xqlwhg Nlqj0

grp wr 9518( lq Mdsdq dqg 5<:19( lq Ilqodqg1 Wkhuh duh dovr h{dpsohv

ri vhfwruv zklfk dffrxqw iru ulvlqj vkduhv ri pdqxidfwxulqj ydoxh0dgghg lq

vrph frxqwulhv dqg ghfolqlqj vkduhv lq rwkhuv= iru h{dpsoh/ wkh vkduh ri wkh

Frpsxwlqj vhfwru glvsod|v d udslg lqfuhdvh lq doo frxqwulhv h{fhsw Fdqdgd

dqg Vzhghq zkhuh lw ghfolqhv e| 6:16( dqg 851;( uhvshfwlyho| ehwzhhq 4<:3

dqg 4<<31

Wdeoh 5 hydoxdwhv idfwru hqgrzphqwv lq wkh vhyhq frxqwulhv lq 4<:3 dqg

4<<31 Erzhq hw do1 +4<;:, dqg Erzhq hw do1 +4<<;, sursrvh wkh iroorzlqj

gh�qlwlrq ri uhodwlyh idfwru dexqgdqfh= idfwru l lv dexqgdqw uhodwlyh wr idfwru

k lq frxqwu| f li frxqwu| f*v zruog vkduh ri idfwru l h{fhhgv lwv zruog vkduh

ri idfwru k1 Xqghu wkh dvvxpswlrqv ri wkh Khfnvfkhu0Rkolq0Ydqhn prgho

+d vshfldo fdvh ri wkh qhrfodvvlfdo prgho/ zlwk lghqwlfdo whfkqrorjlhv dqg

suhihuhqfhv,/ lw lv wuxh wkdw li d frxqwu| f lv dexqgdqw lq idfwru l uhodwlyh
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wr idfwru k/ wkhq lwv sursruwlrqdwh qhw wudgh lq wkh vhuylfhv ri idfwru l zloo

h{fhhg lwv sursruwlrqdwh qhw wudgh lq wkh vhuylfhv ri idfwru k143

?Wdeoh 5 derxw khuhA

Lq wkh suhvhqw fdvh/ zh hpsor| uhodwlyh idfwru dexqgdqfh dv rqh phdvxuh

ri frxqwulhv* fkdqjlqj idfwru dexqgdqfh> zruog idfwru hqgrzphqwv duh gh0

�qhg lq whupv ri wkh vxp ri wkh vhyhq frxqwulhv1 Iru frpsdulvrq/ Wdeoh 5 dovr

uhsruwv frxqwulhv* vkduhv ri zruog JGS/ zkhuh zruog JGS lv gh�qhg vlp0

loduo|1 Wkhuh duh vxevwdqwldo yduldwlrqv lq uhodwlyh idfwru dexqgdqfh dfurvv

hfrqrplhv1 Mdsdq lv wkh rqo| hfrqrp| zkhuh qrq0surgxfwlrq zrunhuv duh

dexqgdqw uhodwlyh wr surgxfwlrq zrunhuv> Fdqdgd*v vkduh ri zruog gxudeoh

fdslwdo lq 4<:3 lv ohvv wkdq kdoi lwv vkduh ri zruog rwkhu fdslwdo/ zkloh wkh

Xqlwhg Nlqjgrp*v vkduh zruog gxudeoh fdslwdo lq 4<:3 lv pruh wkdq grxeoh

lwv vkduh ri zruog rwkhu fdslwdo1 Wkhuh duh dovr fkdqjhv lq uhodwlyh idfwru

dexqgdqfh ryhu wlph1 Iru h{dpsoh/ Mdsdq*v vkduh ri zruog gxudeoh fdslwdo

ulvhv vxevwdqwldoo| ehwzhhq 4<:3 dqg 4<<31 Lq 4<:3/ surgxfwlrq zrunhuv zhuh

dexqgdqw uhodwlyh wr gxudeoh fdslwdo lq Mdsdq> e| 4<<3/ wklv lqlwldo sdwwhuq

ri uhodwlyh idfwru dexqgdqfh kdg ehhq uhyhuvhg1

Fkdqjhv lq frxqwulhv* hqgrzphqwv ri idfwruv ri surgxfwlrq zloo rqo| eh

lpsruwdqw lq h{sodlqlqj wkh g|qdplfv ri lqwhuqdwlrqdo vshfldolvdwlrq li wkhuh

duh gl�huhqfhv lq idfwru lqwhqvlw| dfurvv lqgxvwulhv1 Lqgxvwu|0ohyho gdwd rq

wkh qxpehu ri surgxfwlrq dqg qrq0surgxfwlrq zrunhuv dqg wkh txdqwlw| ri

sk|vlfdo fdslwdo hpsor|hg duh qrw dydlodeoh dw wkh ohyho ri vhfwrudo glvdjjuh0

jdwlrq xvhg lq Wdeoh 41 Qrqhwkhohvv/ lw lv srvvleoh wr rewdlq vrph lqirupdwlrq

rq idfwru lqwhqvlw| li zh djjuhjdwh wr wkh wzr dqg wkuhh0gljlw ohyho/ dowkrxjk

zh duh xqdeoh wr glvwlqjxlvk ehwzhhq gl�huhqw fdwhjrulhv ri sk|vlfdo fdslwdo1

Wdeoh 6 uhsruwv wkh dyhudjh qxpehu ri surgxfwlrq dqg qrq0surgxfwlrq zrun0

huv hpsor|hg shu ploolrq grooduv ri ydoxh0dgghg dqg wkh dyhudjh txdqwlw| ri

sk|vlfdo fdslwdo hpsor|hg shu groodu ri ydoxh0dgghg lq wkh Xqlwhg Vwdwhv

43Sursruwlrqdwh qhw wudgh lq d idfwru � lv frxqwu| S*v qhw wudgh lq idfwru � glylghg e|
hlwkhu frxqwu| S*v wrwdo vxsso| ri idfwru � ru wkh zruog vxsso| ri idfwru �1 Dq dowhuqdwlyh
gh�qlwlrq ri devroxwh idfwru dexqgdqfh dovr h{lvwv= vhh Erzhq hw do1 +4<<;,1
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gxulqj 4<:30<31 Wkhuh duh vxevwdqwldo gl�huhqfhv lq idfwru lqwhqvlw| dfurvv

vhfwruv= iru h{dpsoh/ wkh lqwhqvlw| ri xvh ri qrq0surgxfwlrq zrunhuv ydulhv

iurp 71; lq Sulpdu| Phwdov +LVLF 6:, wr 4514 lq Surihvvlrqdo Jrrgv +LVLF

6;8,/ zkloh wkh lqwhqvlw| ri xvh ri surgxfwlrq zrunhuv ydulhv iurp 4614 lq

Fkhplfdov +LVLF 68, wr 7<13 lq Wh{wlohv2Dssduho +LVLF 65,1 Lq wkh suhvhqfh

ri idfwru sulfh htxdolvdwlrq dqg li doo frxqwulhv kdg wkh vdph surgxfwlrq whfk0

qrorj| lq hdfk vhfwru/ idfwru lqwhqvlwlhv zrxog eh wkh vdph lq doo frxqwulhv144

Pruh jhqhudoo|/ wkh| zloo ydu| erwk dfurvv lqgxvwulhv dqg frxqwulhv1

?Wdeoh 6 derxw khuhA

9 Hfrqrphwulf Hvwlpdwlrq

Kdylqj lqirupdoo| h{dplqhg fkdqjhv lq lqwhuqdwlrqdo vshfldolvdwlrq dqg frxq0

wulhv* idfwru hqgrzphqwv/ wklv vhfwlrq pryhv rq wr hvwlpdwh wkh prgho ri glv0

wulexwlrq g|qdplfv lqwurgxfhg deryh1 Zh ehjlq e| dqdo|vlqj wkh hyroxwlrq

ri wkh glvwulexwlrq ri revhuyhg ydoxhv iru rxu wkhru|0frqvlvwhqw phdvxuh ri

lqwhuqdwlrqdo vshfldolvdwlrq= wkh vkduh ri vhfwru m lq frxqwu| f*v JGS +vS�|,1

Dw �uvw/ zh srro lqgxvwu|0|hdu revhuydwlrqv dfurvv doo frxqwulhv dqg glylgh

wkh vsdfh ri srvvleoh ydoxhv iru v lqwr �yh glvfuhwh julg fhoov1 Fhoo erxqgdulhv

duh fkrvhq vxfk wkdw frxqwu|0lqgxvwu|0|hdu revhuydwlrqv duh glylghg urxjko|

htxdoo| ehwzhhq fhoov/ dqg zh hvwlpdwh wudqvlwlrq suredelolwlhv ryhu �yh0|hdu

wlph shulrgv xvlqj Gdqq| Txdk*v WVUI hfrqrphwulfv sdfndjh145

Wkh xsshu sdqho ri Wdeoh 7 uhsruwv wkh hvwlpdwhg pdwul{ ri wudqvlwlrq

suredelolwlhv> wkh lqwhusuhwdwlrq ri wkh wdeoh lv dv iroorzv1 Wkh qxpehuv lq

sduhqwkhvhv lq wkh �uvw froxpq duh wkh wrwdo qxpehu ri frxqwu|0lqgxvwu|0|hdu

revhuydwlrqv ehjlqqlqj lq d sduwlfxodu fhoo/ zkloh wkh �uvw urz ri qxpehuv

ghqrwhv wkh xsshu hqgsrlqw ri wkh fruuhvsrqglqj julg fhoo1 Wkhuhdiwhu/ hdfk

urz ghqrwhv wkh hvwlpdwhg suredelolw| ri sdvvlqj iurp rqh vwdwh lqwr dq0

44Pxfk ri wkh h{lvwlqj hpslulfdo olwhudwxuh rq wkh Khfnvfkhu0Rkolq0Ydqhn prgho wdnhv
wklv fdvh dv lwv vwduwlqj srlqw1

45Uhvsrqvlelolw| iru dq| uhvxowv/ rslqlrqv dqg huuruv lv ri frxuvh vroho| wkh dxwkru*v1
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rwkhu1 Iru h{dpsoh/ wkh vhfrqg urz ri qxpehuv suhvhqwv +uhdglqj dfurvv

iurp wkh vhfrqg wr wkh vl{wk froxpq, wkh suredelolw| ri uhpdlqlqj lq wkh

orzhvw vwdwh dqg wkhq wkh suredelolw| ri prylqj lqwr wkh orzhu0lqwhuphgldwh/

lqwhuphgldwh/ kljkhu0lqwhuphgldwh/ dqg kljkhvw vwdwh vxffhvvlyho|1 Wkh �qdo

urz ri wkh xsshu sdqho ri wkh wdeoh jlyhv wkh lpsolhg hujrglf glvwulexwlrq1

Wkh h{whqw ri prelolw| lq sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq lv uh0

 hfwhg lq wkh uhodwlyh pdjqlwxgh ri wkh gldjrqdo dqg r�0gldjrqdo hohphqwv

ri wkh wudqvlwlrq suredelolw| pdwul{1 Zh �qg hylghqfh ri vrph prelolw|

lq sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq= iru h{dpsoh/ wkh suredelolwlhv ri

wudqvlwlqj rxw ri wkh lqwhuphgldwh dqg kljkhu0lqwhuphgldwh julg fhoov diwhu

�yh |hduv duh 315: dqg 3163 uhvshfwlyho|1 Lwhudwlqj wkh �yh0|hdu wudqvlwlrq

suredelolw| pdwul{ wzlfh/ wkh lpsolhg suredelolwlhv ri uhpdlqlqj lq wkhvh julg

fhoov diwhu 48 |hduv duh 3179 dqg 3173 uhvshfwlyho|1

?Wdeoh 7 derxw khuhA

Lq rughu wr hydoxdwh wkh uroh ri frxqwu| idfwru hqgrzphqwv lq h{sodlqlqj

lqwhuqdwlrqdo vshfldolvdwlrq dw d srlqw lq wlph/ htxdwlrq +9, lv hvwlpdwhg/

lqfoxglqj d ixoo udqjh ri lqgxvwu| �{hg h�hfwv dqg |hdu0lqgxvwu| gxpplhv1

Wkh uhvxowv duh suhvhqwhg lq Wdeoh D4 ri Dsshqgl{ D1 Idfwru hqgrzphqwv duh

irxqg wr eh lpsruwdqw ghwhuplqdqw ri lqwhuqdwlrqdo vshfldolvdwlrq1 Wdnlqj

doo lqgxvwulhv wrjhwkhu/ :: rxw ri wkh 433 lqgxvwu|0vshfl�f frh!flhqwv rq wkh

�yh idfwru hqgrzphqwv duh vwdwlvwlfdoo| vljql�fdqw dw wkh 8( ohyho1 Iurp

wkh sdudphwhu hvwlpdwhv lq Wdeoh D4/ zh ghulyh wkdw frpsrqhqw ri vkduhv

ri JGS h{sodlqhg e| gl�huhqfhv lq frxqwulhv* idfwru hqgrzphqwv= vkduhv ri

JGS suhglfwhg iurp frxqwulhv* idfwru hqgrzphqwv +htxdwlrq +:,,1

Wkh plggoh sdqho ri Wdeoh 7 uhsruwv wkh hvwlpdwhg pdwul{ ri wudqvlwlrq

suredelolwlhv iru wkh suhglfwhg ydoxhv1 Lq jhqhudo/ wkh pdwul{ lv fkdudfwhulvhg

e| odujhu gldjrqdo dqg vpdoohu r�0gldjrqdo whupv/ lpso|lqj juhdwhu shuvlv0

whqfh lq wkh glvwulexwlrq ri suhglfwhg ydoxhv wkdq lq wkh glvwulexwlrq ri re0

vhuyhg vkduhv ri JGS1 Lwhudwlqj wkh �yh0|hdu wudqvlwlrq suredelolw| pdwul{

wzlfh/ wkh gl�huhqfhv lq prelolw| ehfrph pruh vwdun1 Wkh lpsolhg sured0
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elolwlhv ri uhpdlqlqj lq wkh lqwhuphgldwh dqg kljkhu0lqwhuphgldwh julg fhoov

diwhu 48 |hduv duh 318; dqg 317< uhvshfwlyho|1

Idfwru hqgrzphqwv duh wkxv irxqg wr eh d vrxufh ri shuvlvwhqfh udwkhu

wkdq prelolw| lq revhuyhg sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq1 Lq rughu

wr hydoxdwh wkh ghjuhh ri prelolw| lq wkh wzr wudqvlwlrq suredelolw| pdwulfhv

pruh irupdoo|/ wkh orzhu sdqho ri Wdeoh 7 uhsruwv wkh ydoxhv ri wkuhh lqglfhv ri

prelolw|/ hdfk ri zklfk vhhnv wr uhgxfh lqirupdwlrq derxw prelolw| iurp wkh

pdwul{ ri wudqvlwlrq suredelolwlhv ]W wr d vlqjoh vwdwlvwlf1 Wkxv/ P� +iroorz0

lqj Vkruurfnv +4<:;,, hydoxdwhv wkh wudfh +wu, ri wkh pdwul{> P2 +iroorzlqj

Jhzhnh hw do1 +4<;9, dqg Txdk +4<<9f,, lv edvhg rq wkh hljhqydoxhv �% ri

wkh pdwul{> P� +vhh Vkruurfnv +4<:;,, hydoxdwhv wkh ghwhuplqdqw +ghw,146

Wkhvh lqglfhv frq�up wkh �qglqj ri juhdwhu shuvlvwhqfh lq wkh glvwulexwlrq

ri suhglfwhg ydoxhv iru vkduhv ri JGS1

Wr rewdlq lqirupdwlrq frqfhuqlqj wkh vwdwlvwlfdo vljql�fdqfh ri wkh gli0

ihuhqfhv lq wkh hvwlpdwhg wudqvlwlrq suredelolwlhv/ zh pdnh xvh ri uhvxowv

uhodwlqj wr wkh dv|pswrwlf surshuwlhv ri �uvw0rughu Pdunry Fkdlqv lq Dq0

ghuvrq dqg Jrrgpdq +4<8:,1 Iru hdfk vwdwh n xqghu wkh qxoo k|srwkhvlv

s&, @ �s&,/

6[
,'�

qW&=
+s&, � �s&,,

2

�s&,
� "2+p� 4,> qW& �

A3�[
|'f

q&+w, +45,

zkhuh s&, duh wkh hvwlpdwhg wudqvlwlrq suredelolwlhv/ �s&, duh wkh suredelolwlhv

ri wudqvlwlrq xqghu wkh +nqrzq, qxoo dqg q&+w, ghqrwhv wkh qxpehu ri vhfwruv

lq fhoo n dw wlph w1

Wklv whvw vwdwlvwlf pd| eh xvhg wr whvw wkh k|srwkhvlv wkdw wkh wudqvlwlrq

suredelolwlhv hvwlpdwhg iru wkh glvwulexwlrq ri suhglfwhg ydoxhv duh wkh uhvxow

ri d Gdwd Jhqhudwlrq Surfhvv +GJS, jlyhq e| wkrvh hvwlpdwhg iru revhuyhg

vkduhv ri JGS1 Wkh whvw pd| eh xqghuwdnhq iru hdfk vwdwh n @ 4> ===>p> vlqfh

46Iru wkh h{dfw uhodwlrqvkls ehwzhhq wkhvh lqglfhv dqg wkh flufxpvwdqfhv xqghu zklfk
wkh| |lhog wudqvlwlyh udqnlqjv ri wudqvlwlrq suredelolw| pdwulfhv vhh Vkruurfnv +4<:;, dqg
Jhzhnh hw do1 +4<;9,1
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wkh wudqvlwlrq suredelolwlhv duh lqghshqghqwo| glvwulexwhg dfurvv vwdwhv/ zh

pd| vxp ryhu vwdwhv dqg whvw wkh k|srwkhvlv wkdw/ iru doo vwdwhv n/ wkh

hvwlpdwhg wudqvlwlrq suredelolwlhv duh htxdo wr wkrvh xqghu wkh qxoo1 Wkh

uhvxowlqj whvw vwdwlvwlf lv dv|pswrwlfdoo| glvwulexwhg "2+p+p�4,,1 Wkh ydoxh

ri wkh "2 vwdwlvwlf ghulyhg iurp Wdeoh 7 lv 88159/ dqg wkh qxoo k|srwkhvlv lv

wkxv uhmhfwhg dw wkh 4(1

Wkurxjkrxw wkh dqdo|vlv vr idu/ wkh g|qdplfv ri lqwhuqdwlrqdo vshfldol0

vdwlrq kdyh ehhq dqdo|vhg e| glylglqj wkh vhw ri srvvleoh ydoxhv iru v lqwr

glvfuhwh fhoov dqg hvwlpdwlqj wudqvlwlrq suredelolw| pdwulfhv1 Lw lv dovr srv0

vleoh wr dqdo|vh wkh hyroxwlrq ri frqwlqxrxv suredelolw| phdvxuhv �| gh�qhg

ryhu v e| hvwlpdwlqj wkh vwrfkdvwlf nhuqho pdsslqj �|3� wr �|1 Iljxuh 4

suhvhqwv d wkuhh0glphqvlrqdo judsk ri wkh vwrfkdvwlf nhuqho iru wkh glvwule0

xwlrq ri revhuyhg vkduhv ri JGS +v,/ doorzlqj wudqvlwlrqv wr rffxu ryhu 43

|hdu wlph shulrgv147

Hdfk srlqw rq wkh w d{lv ri wklv �jxuh fruuhvsrqgv wr d ydoxh iru wkh

vkduh ri d vhfwru lq JGS dw wlph w1 Vwdqglqj dw rqh sduwlfxodu ydoxh vf

dqg orrnlqj lq d vwudljkw olqh sdudooho wr wkh w. 43 d{lv/ wkh vxuidfh ri wkh

nhuqho judskv d suredelolw| ghqvlw| ryhu doo srvvleoh ydoxhv iru v dw wlph

w . 43/ jlyhq wkh ydoxh vf dw wlph w1 Wudflqj rxw wklv suredelolw| ghqvlw|

iru doo ydoxhv ri v dw wlph w |lhogv wkh wkuhh0glphqvlrqdo judsk lq Iljxuh 41

Wkh juhdwhu wkh khljkw ri wkh ulgjh dorqj wkh srvlwlyho| vorshg gldjrqdo ri

wklv �jxuh/ wkh juhdwhu wkh ghjuhh ri shuvlvwhqfh lq sdwwhuqv ri lqwhuqdwlrqdo

vshfldolvdwlrq1 Dq htxdo ydoxh ri wkh nhuqho dorqj doo olqhv sdudooho wr wkh

w.43 dffhvv zrxog fruuhvsrqg wr wkh fdvh ri frpsohwh prelolw| lq sdwwhuqv

ri lqwhuqdwlrqdo vshfldolvdwlrq1

?Iljxuh 4 derxw khuhA

Wkh vdph dqdo|vlv pd| eh xqghuwdnhq iru wkh hyroxwlrq ri vkduhv ri JGS

suhglfwhg iurp frxqwulhv* idfwru hqgrzphqwv1 Iljxuh 5 suhvhqwv d wkuhh0

47Wkhvh zhuh hvwlpdwhg zlwk dq Hsdqhfkqlnry nhuqho xvlqj dq dxwrpdwlf edqgzlgwk
fkrlfh iroorzlqj Vloyhupdq +4<;9,1
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glphqvlrqdo judsk ri wkh vwrfkdvwlf nhuqho iru wkh suhglfwhg glvwulexwlrq/

doorzlqj wudqvlwlrqv wr rffxu ryhu 43 |hdu wlph shulrgv148 Wkh lqwhusuhwd0

wlrq ri wkh �jxuh lv h{dfwo| wkh vdph dv deryh1 Frpsdulqj wkh wzr vwrfkdvwlf

nhuqhov/ lw lv fohdu wkdw wkhuh lv juhdwhu shuvlvwhqfh ryhu wlph lq wkh glvwule0

xwlrq ri suhglfwhg ydoxhv iru vkduhv ri JGS1 Wkh lqfuhdvh lq shuvlvwhqfh lv

juhdwhvw dw kljk dqg orz ydoxhv iru suhglfwhg vkduhv ri JGS/ vr wkdw wkh vwr0

fkdvwlf nhuqho lq Iljxuh 5 h{klelwv cwzlq shdnv*1 Wkdw lv/ revhuyhg fkdqjhv

lq frxqwulhv* idfwru hqgrzphqwv kdyh whqghg wr lqgxfh d srodulvdwlrq ri

sdwwhuqv ri vshfldolvdwlrq dw h{wuhph ydoxhv/ zlwk lqfuhdvlqj dqg ghfuhdv0

lqj vshfldolvdwlrq lq fhuwdlq vxevhwv ri lqgxvwulhv1 Wkh �qglqj ri lqfuhdvhg

shuvlvwhqfh xvlqj frqwlqxrxv suredelolw| phdvxuhv frq�upv wkh uhvxowv ri

wudqvlwlrq suredelolw| hvwlpdwlrq1

?Iljxuh 5 derxw khuhA

Ilqdoo|/ zh h{dplqh wkh urexvwqhvv ri wkhvh uhvxowv wr lqwurgxflqj furvv0

frxqwu| khwhurjhqhlw| lq wkh vwrfkdvwlf surfhvv ghwhuplqlqj wkh hyroxwlrq ri

lqwhuqdwlrqdo vshfldolvdwlrq ryhu wlph1 Wkh frqglwlrqlqj h{huflvh lv xqghu0

wdnhq lq h{dfwo| wkh vdph zd| dv ehiruh/ exw zh qrz h{dplqh wkh hyroxwlrq

ri wkh revhuyhg dqg suhglfwhg glvwulexwlrqv ri vkduhv ri JGS frxqwu|0e|0

frxqwu|1 Dw wkh ohyho ri lqglylgxdo frxqwulhv/ wkhuh duh wrr ihz furvv0vhfwlrq

xqlwv +wzhqw| lqgxvwulhv, wr hvwlpdwh vwrfkdvwlf nhuqhov qrqsdudphwulfdoo|/

dqg rqo| wudqvlwlrq suredelolw| pdwulfhv duh hvwlpdwhg1 Wdeoh 8 uhsruwv wkh

hvwlpdwhg pdwulfhv ri wudqvlwlrq suredelolwlhv dqg irupdo lqglfhv ri prelolw|

iru wkh revhuyhg dqg suhglfwhg glvwulexwlrqv ri vkduhv ri JGS lq wkh Xqlwhg

Vwdwhv1 Lq erwk Wdeoh 8 dqg iru �yh ri wkh vl{ rwkhu frxqwulhv/ wkh suhglfwhg

glvwulexwlrq h{klelwv juhdwhu shuvlvwhqfh wkdq wkh revhuyhg glvwulexwlrq ri

vkduhv ri JGS dv phdvxuhg e| doo wkuhh lqglfhv ri prelolw|1 Wkh h{fhswlrq

lv Ghqpdun/ zkhuh wkh suhglfwhg glvwulexwlrq h{klelwv juhdwhu shuvlvwhqfh dv

phdvxuhg e| prelolw| lqglfhv P� dqg P2/ exw ohvv shuvlvwhqfh dv phdvxuhg

48Djdlq dq Hsdqhfkqlnry nhuqho zdv xvhg zlwk dq dxwrpdwlf edqgzlgwk fkrlfh iroorzlqj
Vloyhupdq +4<;9,1
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e| P�1

?Wdeoh 8 derxw khuhA

: Frqfoxvlrqv

Pxfk ri wkh h{lvwlqj hpslulfdo wudgh olwhudwxuh lv frqfhuqhg zlwk wkh vwdwlf

suhglfwlrqv ri lqwhuqdwlrqdo wudgh wkhru| iru furvv0vhfwlrq sdwwhuqv ri lqwhu0

qdwlrqdo vshfldolvdwlrq dw d srlqw lq wlph1 Wklv frqwudvwv zlwk wkh wkhruhwlfdo

olwhudwxuh rq wudgh dqg jurzwk/ zklfk hpskdvlvhv wkdw frpsdudwlyh dgydq0

wdjh lv g|qdplf dqg hyroyhv hqgrjhqrxvo| ryhu wlph1 Wklv sdshu sursrvhv

dq hpslulfdo iudphzrun iru dqdo|vlqj wkh g|qdplfv ri lqwhuqdwlrqdo vsh0

fldolvdwlrq> wkh iudphzrun lv lpsohphqwhg xvlqj glvdjjuhjdwhg gdwd rq 53

pdqxidfwxulqj lqgxvwulhv lq : RHFG frxqwulhv gxulqj 4<:30<31

Zlwklq d vlqjoh frqfhswxdo iudphzrun/ zh dgguhvv irxu pdlq vhwv ri lv0

vxhv uhodwlqj wr wkh g|qdplfv ri lqwhuqdwlrqdo vshfldolvdwlrq= fkdqjhv lq wkh

ryhudoo ghjuhh ri vshfldolvdwlrq/ wkh h{whqw wr zklfk lqlwldo sdwwhuqv ri vshfldo0

lvdwlrq shuvlvw ryhu wlph/ lpsolfdwlrqv iru orqj0uxq sdwwhuqv ri vshfldolvdwlrq/

dqg wkh hfrqrplf ghwhuplqdqwv ri revhuyhg fkdqjhv lq vshfldolvdwlrq1 Hdfk

vhw ri lvvxhv lv vxjjhvwhg e| wkh wkhruhwlfdo olwhudwxuh rq wudgh dqg jurzwk/

dqg |hw lv d vxemhfw xsrq zklfk h{lvwlqj hpslulfdo zrun kdv uhodwlyho| olwwoh

wr vd|1

Wklv sdshu irfxvhv rq wkh vhfrqg dqg irxuwk lvvxhv deryh 0 wkh h{whqw wr

zklfk lqlwldo sdwwhuqv ri vshfldolvdwlrq shuvlvw ryhu wlph dqg wkh hfrqrplf

irufhv xqghuo|lqj fkdqjhv lq vshfldolvdwlrq1 Dq hpslulfdo phdvxuh ri d frxq0

wu| f*v h{whqw ri vshfldolvdwlrq lq d vhfwru m dw wlph w lv ghulyhg gluhfwo| iurp

qhrfodvvlfdo wudgh wkhru|= wkh vkduh ri wkh vhfwru lq frxqwu| f*v JGS1 D

frxqwu|*v sdwwhuq ri lqwhuqdwlrqdo vshfldolvdwlrq dw d srlqw lq wlph lv ixoo|

ghvfulehg e| wkh glvwulexwlrq ri wkh wkhru|0frqvlvwhqw phdvxuh dfurvv vhfwruv1

Wkh g|qdplfv ri lqwhuqdwlrqdo vshfldolvdwlrq fruuhvsrqg wr wkh hyroxwlrq ri

wkh hqwluh furvv0vhfwlrq glvwulexwlrq ryhu wlph1

Zh hpsor| d prgho ri glvwulexwlrq g|qdplfv/ wkdw lv h{solflwo| vxlwhg
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wr dq dqdo|vlv ri wkh hyroxwlrq ri dq hqwluh glvwulexwlrq1 Prwlydwhg e| wkh

wkhruhwlfdo olwhudwxuh rq wudgh dqg jurzwk/ wkh sdshu h{dplqhv wkh uroh ri

fkdqjlqj idfwru hqgrzphqwv lq h{sodlqlqj hyroylqj sdwwhuqv ri lqwhuqdwlrqdo

vshfldolvdwlrq1 Wkh dqdo|vlv ehjlqv e| srrolqj frxqwu|0lqgxvwu|0|hdu re0

vhuydwlrqv dqg hvwlpdwlqj wudqvlwlrq suredelolwlhv xvlqj gdwd rq revhuyhg

vkduhv vhfwruv lq JGS1 Hylghqfh lv irxqg ri vxevwdqwldo prelolw| lq sdwwhuqv

ri lqwhuqdwlrqdo vshfldolvdwlrq/ wkh h{whqw ri zklfk zh txdqwli| xvlqj irupdo

lqglfhv ri prelolw|1

Qhrfodvvlfdo wudgh wkhru| lghqwl�hv d uhodwlrqvkls ehwzhhq wkh vkduh ri

d vhfwru lq JGS dqg frxqwulhv* idfwru hqgrzphqwv1 Lq rughu wr hydoxdwh

wkh uroh sod|hg e| fkdqjlqj idfwru hqgrzphqwv/ zh hvwlpdwh wklv uhodwlrq0

vkls xvlqj zlwklq jurxsv dqg ghulyh wkh ydoxhv iru vhfwrudo vkduhv ri JGS

suhglfwhg iurp frxqwulhv* idfwru hqgrzphqwv1 Wkh zlwklq jurxsv hvwlpd0

wlrq uhyhdov idfwru hqgrzphqwv wr eh dq lpsruwdqw ghwhuplqdqw ri sdwwhuqv

ri lqwhuqdwlrqdo vshfldolvdwlrq1 Srrolqj frxqwu|0lqgxvwu|0|hdu revhuydwlrqv/

wudqvlwlrq suredelolwlhv duh hvwlpdwhg xvlqj wkh gdwd rq suhglfwhg ydoxhv iru

vkduhv ri JGS1

Zh �qg juhdwhu shuvlvwhqfh lq wkh glvwulexwlrq ri suhglfwhg ydoxhv wkdq

lq wkh glvwulexwlrq ri revhuyhg ydoxhv iru vkduhv ri JGS1 Wkdw lv/ revhuyhg

sdwwhuqv ri lqwhuqdwlrqdo vshfldolvdwlrq glvsod| pruh prelolw| wkdq zrxog

eh suhglfwhg rq wkh edvlv ri idfwru hqgrzphqwv1 Idfwru hqgrzphqwv duh d

vrxufh ri shuvlvwhqfh udwkhu wkdq prelolw| lq sdwwhuqv ri lqwhuqdwlrqdo vsh0

fldolvdwlrq ryhu wlph1 Wklv �qglqj lv frq�uphg e| wkh vwrfkdvwlf nhuqhov

hvwlpdwhg rq srrohg frxqwu|0lqgxvwu|0|hdu gdwd dqg e| wkh wudqvlwlrq sure0

delolw| pdwulfhv hvwlpdwhg iru lqglylgxdo frxqwulhv1
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; Uhihuhqfhv

Dplwl/ P +4<<:, cVshfldolvdwlrq Sdwwhuqv lq Hxursh*/ FHS Glvfxvvlrq

Sdshu/ 696/ Orqgrq Vfkrro ri Hfrqrplfv

Dpvghq/ D +4<;<, Dvld*v Qh{w Jldqw= Vrxwk Nruhd dqg Odwh Lqgxvwuldol0

vdwlrq/ R{irug Xqlyhuvlw| Suhvv/ Qhz \run

Dqghuvrq/ W dqg Jrrgpdq/ O +4<8:, cVwdwlvwlfdo Lqihuhqfh Derxw
Pdunry Fkdlqv*/ Dqqxdo ri Pdwkhpdwlfdo Vwdwlvwlfv/ 5;/ ;<0443

Edodvvd/ E +4<98, cWudgh Olehudolvdwlrq dqg Uhyhdohg Frpsdudwlyh Dg0
ydqwdjh*/ Wkh Pdqfkhvwhu Vfkrro ri Hfrqrplf dqg Vrfldo Vwxglhv/ 66/ <<0456

Edodvvd/ E +4<:<, cWkh Fkdqjlqj Sdwwhuq ri Frpsdudwlyh Dgydqwdjh lq
Pdqxidfwxuhg Jrrgv*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 94+5,/ 58<099

Eduur/ U dqg Ohh/ M +4<<6, cLqwhuqdwlrqdo Frpsdulvrqv ri Hgxfdwlrqdo
Dwwdlqphqw*/ QEHU Zrunlqj Sdshu/ 767<

Ehupdq/ H/ Erxqg/ M/ dqg Pdfklq/ V +4<<;, cLpsolfdwlrqv ri Vnloo0

eldvhg Whfkqrorjlfdo Fkdqjh= Lqwhuqdwlrqdo Hylghqfh*/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ Qryhpehu/ 45780:<

Ehuqvwhlq/ M dqg Zhlqvwhlq/ G +4<<;, cGr Hqgrzphqwv Suhglfw wkh
Orfdwlrq ri SurgxfwlrqB Hylghqfh iurp Qdwlrqdo dqg Lqwhuqdwlrqdo Gdwd*/
QEHU Zrunlqj Sdshu/ 9;48

Erzhq/ K +4<;6, cFkdqjhv lq wkh Lqwhuqdwlrqdo Glvwulexwlrq ri Uhvrxufhv
dqg Wkhlu Lpsdfw rq XV Frpsdudwlyh Dgydqwdjh*/ Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv/ 98/ 735047

Erzhq/ K/ Kroodqghu/ D/ dqg Yldhqh/ M +4<<;, Dssolhg Lqwhuqdwlrqdo
Wudgh Dqdo|vlv/ Pdfploodq

Erzhq/ K/ Ohdphu/ H/ dqg Vyhlndxvndv/ O +4<;:, cPxowlfrxqwu|/
Pxowlidfwru Whvwv ri wkh Idfwru Dexqgdqfh Wkhru|*/ Dphulfdq Hfrqrplf

Uhylhz/ ::/ sdjhv :<40;3<

Eudvlol/ D/ Hslidql/ S/ dqg Khoj/ U +4<<<, cRq wkh G|qdplfv ri Wudgh
Sdwwhuqv*/ Sdshu suhvhqwhg dw Wloexuj Frqihuhqfh rq G|qdplfv/ Jurzwk dqg
Lqwhuqdwlrqdo Wudgh/ Xqlyhuvlw| ri Erffrql/ plphr

Gdylg/ S +4<:8, Whfkqlfdo Fkrlfh/ Lqqrydwlrq/ dqg Hfrqrplf Jurzwk/

Fdpeulgjh Xqlyhuvlw| Suhvv= Fdpeulgjh XN

Gdylv/ G dqg Uhhyh/ W +4<<:, cKxpdq Fdslwdo/ Xqhpsor|phqw/ dqg
Uhodwlyh Zdjhv lq d Joredo Hfrqrp|*/ Kduydug Xqlyhuvlw|/ plphr
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Gdylv/ G/ Zhlqvwhlq/ G/ Eudgirug/ V/ dqg Vklpsr/ N +4<<:, cXvlqj
Lqwhuqdwlrqdo dqg Mdsdqhvh Uhjlrqdo Gdwd wr Ghwhuplqh Zkhq wkh Idfwru
Dexqgdqfh Wkhru| ri Wudgh Zrunv*/ Dphulfdq Hfrqrplf Uhylhz/ ;:+6,/
754079

Gdylv/ G dqg Zhlqvwhlq/ G +4<<;, cDq Dffrxqw ri Joredo Idfwru Wudgh*/

QEHU Zrunlqj Sdshu/ 9:;8/ Qryhpehu

Ghdugru�/ D +4<:7, cIdfwru Sursruwlrqv dqg Frpsdudwlyh Dgydqwdjh lq
wkh Orqj0uxq= Frpphqw*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;5+7,/ ;5<066

Gl{lw/ D dqg Qrupdq/ Y +4<;3, Wkh Wkhru| ri Lqwhuqdwlrqdo Wudgh/
Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv

Hdwrq/ M +4<;:, cD G|qdplf Vshfl�f0Idfwruv Prgho ri Lqwhuqdwlrqdo Wudgh*/
Uhylhz ri Hfrqrplf Vwxglhv/ 65806;

Ihhqvwud/ U dqg Urvh/ D +4<<:, cSxwwlqj Wklqjv lq Rughu= Sdwwhuqv ri
Wudgh G|qdplfv dqg Jurzwk*/ QEHU Zrunlqj Sdshu/ 8<:8

Ilqgod|/ U +4<:3, cIdfwru Sursruwlrqv dqg Frpsdudwlyh Dgydqwdjh lq wkh
Orqj Uxq*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ :;+4,/ 5:067

Ilqgod|/ U +4<<8, Idfwru Sursruwlrqv/ Wudgh/ dqg Jurzwk/ PLW Suhvv

Jdedl{/ [ +4<<:, cWkh Idfwru Frqwhqw ri Wudgh= D Uhmhfwlrq ri wkh
Khfnvfkhu0Rkolq0Ohrqwlhi K|srwkhvlv*/ Kduydug Xqlyhuvlw|/ plphr

Jhzhnh/ M/ Pduvkdoo/ U/ dqg ]dunlq/ J +4<;9, cPrelolw| Lqglfhv lq
Frqwlqxrxv Wlph Pdunry Fkdlqv*/ Hfrqrphwulfd/ 87/ 473:04756

Jul!wk/ U/ Uhgglqj/ V dqg Ydq Uhhqhq/ M +4<<<, cPdsslqj wkh Wzr

Idfhv ri U)G= Surgxfwlylw| Jurzwk lq d Sdqho ri RHFG Pdqxidfwxulqj
Lqgxvwulhv*/ Sdshu suhvhqwhg dw wkh QEHU Vxpphu Lqvwlwxwh/ Lqvwlwxwh iru
Ilvfdo Vwxglhv/ Orqgrq/ plphr

Jurvvpdq/ J dqg Khospdq/ H +4<<4, Lqqrydwlrq dqg Jurzwk lq wkh

Joredo Hfrqrp|/ PLW Suhvv= Fdpeulgjh PD

Kdqvrq/ K dqg Vodxjkwhu/ P +4<<<, cWkh U|ef}|qvnl Wkhruhp/ Idfwru0
Sulfh Htxdolvdwlrq/ dqg Lppljudwlrq= Hylghqfh iurp XV Vwdwhv*/ QEHU

Zrunlqj Sdshu/ :3:7

Kduuljdq/ M +4<<8, cIdfwru Hqgrzphqwv dqg wkh Lqwhuqdwlrqdo Orfdwlrq

ri Surgxfwlrq= Hfrqrphwulf Hylghqfh iru wkh RHFG/ 4<:30;8*/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv/ 6</ 456074

Kduuljdq/ M +4<<:, cWhfkqrorj|/ Idfwru Vxssolhv/ dqg Lqwhuqdwlrqdo Vsh0
fldolvdwlrq= Hvwlpdwlqj wkh Qhrfodvvlfdo Prgho*/ Dphulfdq Hfrqrplf Uh0
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ylhz/ ;:+7,/ sdjhv 7:80<7

Kduuljdq/ M dqg ]dnudmvhn/ H +4<<<, cIdfwru Vxssolhv dqg Vshfldol0
vdwlrq lq wkh Zruog Hfrqrp|*/ sdshu suhvhqwhg dw Wloexuj frqihuhqfh rq
Jurzwk/ G|qdplfv dqg Lqwhuqdwlrqdo Wudgh/ plphr

Khospdq/ H +4<<<, cWkh Vwuxfwxuh ri Iruhljq Wudgh*/ Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv/ 46+5,/ 454077

Klqorrshq/ M dqg ydq Pduuhzlmn/ F +4<<;, cRq wkh Hpslulfdo Glvwul0
exwlrq ri Uhyhdohg Frpsdudwlyh Dgydqwdjh 4= Vkdsh dqg Wlph*/ Sdshu suh0
vhqwhg dw wkh FHSU Hxurshdq Uhvhdufk Zrunvkrs lq Lqwhuqdwlrqdo Wudgh/
Hudvpxv Xqlyhuvlw|/ plphr

Nlp/ V +4<<8, cH{sdqvlrq ri Pdunhwv dqg wkh Jhrjudsklf Glvwulexwlrq ri
Hfrqrplf Dfwlylwlhv= Wkh Whqgv lq X1V1 Uhjlrqdo Pdqxidfwxulqj Vwuxfwxuh/
4;9304<;:*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443+7,/ ;;40<3;

Nrkol/ X +4<<4, Whfkqrorj|/ Gxdolw| dqg Iruhljq Wudgh/ Dqq Dueru= Xql0

yhuvlw| ri Plfkljdq Suhvv

Nuxjpdq/ S +4<;:, cWkh Qduurz Prylqj Edqg/ wkh Gxwfk Glvhdvh dqg
wkh Frpshwlwlyh Frqvhtxhqfhv ri Puv Wkdwfkhu= Qrwhv rq Wudgh lq wkh
Suhvhqfh ri Vfdoh Hfrqrplhv*/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ yro 5:/
sdjhv 740881

Odzuhqfh/ U dqg Vodxjkwhu/ P +4<<6, cLqwhuqdwlrqdo Wudgh dqg Dphul0
fdq Zdjhv lq wkh 4<;3v= Jldqw Vxfnlqj Vrxqg ru Vpdoo Klffxs B*/ Eurrnlqjv
Sdshuv rq Hfrqrplf Dfwlylw|/ 5/ 4940543

Ohdphu/ H +4<;7, Vrxufhv ri Frpsdudwlyh Dgydqwdjh= Wkhrulhv dqg Hyl0
ghqfh/ PLW Suhvv

Ohdphu/ H dqg Ohylqvrkq/ M +4<<8, cLqwhuqdwlrqdo Wudgh Wkhru|= Wkh
Hylghqfh*/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ yro 6/ 466<0<7

Ohdphu/ H +4<<<, cOlqnlqj wkh Wkhru| zlwk wkh Gdwd= Wkdw*v wkh Fruh
Sureohp ri Lqwhuqdwlrqdo Hfrqrplfv*/ Kdqgerrn ri Hfrqrphwulfv/ iruwkfrp0
lqj

Oxfdv/ U +4<;;, cRq wkh Phfkdqlfv ri Hfrqrplf Ghyhorsphqw*/ Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 55/ 6055

Pdfklq/ V dqg Ydq Uhhqhq/ M +4<<;, cWhfkqrorj| dqg Fkdqjhv lq Vnloo
Vwuxfwxuh= Hylghqfh iurp Vhyhq RHFG Frxqwulhv*/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ Qryhpehu/ 4548077

Pdvnxv/ N +4<;6, cHylghqfh rq Vkliwv lq wkh Ghwhuplqdqwv ri wkh Vwuxf0
wxuh ri XV Pdqxidfwxulqj Iruhljq Wudgh/ 4<8;0:9/ Uhylhz ri Hfrqrplfv dqg
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Vwdwlvwlfv/ 98/ 748055

Qlfnhoo/ V dqg Ehoo/ E +4<<8, cWkh Froodsvh lq Ghpdqg iru wkh Xqvnloohg
dqg Xqhpsor|phqw Dfurvv wkh RHFG*/ R{irug Uhylhz ri Hfrqrplf Srolf|/
44+4,/ sdjhv 73095

Qlfnhoo/ V dqg Ehoo/ E +4<<9, cFkdqjhv lq wkh Glvwulexwlrq ri Zdjhv dqg

Xqhpsor|phqw lq RHFG Frxqwulhv*/ Dphulfdq Hfrqrplf Uhylhz/ ;9+5,/
6350;

Sruwhu/ P +4<<3, Wkh Frpshwlwlyh Dgydqwdjh ri Qdwlrqv/ Pdfploodq=
Orqgrq

Surxgpdq/ M dqg Uhgglqj/ V +4<<;, cShuvlvwhqfh dqg Prelolw| lq Lqwhu0
qdwlrqdo Wudgh*/ Fkdswhu 5 lq +hgv, Surxgpdq/ M dqg Uhgglqj/ V/ Rshqqhvv
dqg Jurzwk/ Edqn ri Hqjodqg= Orqgrq +iruphuo| FHSU Glvfxvvlrq Sdshu/
4;35,

Txdk/ G +4<<6, cHpslulfdo Furvv0Vhfwlrq G|qdplfv lq Hfrqrplf Jurzwk*/

Hxurshdq Hfrqrplf Uhylhz/ yro 6:/ sdjhv 759067

Txdk/ G +4<<9d, cWzlq Shdnv= Jurzwk dqg Frqyhujhqfh lq Prghov ri
Glvwulexwlrq G|qdplfv*/ Hfrqrplf Mrxuqdo/ 439/ 4378088

Txdk/ G +4<<9e, cFrqyhujhqfh Hpslulfv Dfurvv Hfrqrplhv zlwk +vrph,
Fdslwdo Prelolw|*/ Mrxuqdo ri Hfrqrplf Jurzwk/ 4/ <80457

Txdk/ G +4<<9f, cDjjuhjdwh dqg Uhjlrqdo Glvdjjuhjdwh Ioxfwxdwlrqv*/
Hpslulfdo Hfrqrplfv/ 54/ 46:08<

Txdk/ G +4<<:d, cHpslulfv iru Hfrqrplf Jurzwk dqg Glvwulexwlrq= Sr0

odul}dwlrq/ Vwudwl�fdwlrq/ dqg Frqyhujhqfh Foxev*/ Mrxuqdo ri Hfrqrplf

Jurzwk/ 5+4,/ 5:08<

Txdk/ G +4<<:e, cUhjlrqdo Frkhvlrq iurp Orfdo Lvrodwhg Dfwlrqv= Frq0
glwlrqlqj*/ FHS Glvfxvvlrq Sdshu/ 6:</ Orqgrq Vfkrro ri Hfrqrplfv

Uhgglqj/ V +4<<<, cG|qdplf Frpsdudwlyh Dgydqwdjh dqg wkh Zhoiduh
H�hfwv ri Wudgh*/ R{irug Hfrqrplf Sdshuv/ 84/ 4806<

Ulyhud0Edwl}/ O dqg Urphu/ S +4<<4, cHfrqrplf Lqwhjudwlrq dqg Hq0
grjhqrxv Jurzwk*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439/ 864088

Uxkdvk|dqnlnr/ M +4<<<, cKrz lv wkh Zruog Vshfldol}lqjB*/ Fhqwuh iru

Hfrqrplf Shuirupdqfh/ Orqgrq Vfkrro ri Hfrqrplfv/ plphr

Vdfkv/ M dqg Zduqhu/ D +4<<8, cQdwxudo Uhvrxufh Dexqgdqfh dqg Hfr0
qrplf Jurzwk*/ QEHU Zrunlqj Sdshu/ 86<;

Vkruurfnv/ D +4<:;, cWkh Phdvxuhphqw ri Prelolw|*/ Hfrqrphwulfd/ 79/
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4346057

Vloyhupdq/ E +4<;9, Ghqvlw| Hvwlpdwlrq iru Vwdwlvwlfv dqg Gdwd Dqdo|vlv/
Fkdspdq dqg Kdoo= Qhz \run

Vwhuq/ U dqg Pdvnxv/ N +4<;4, cGhwhuplqdqwv ri XV Iruhljq Wudgh/
4<8;0:9*/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 44+5,/ 53:057

Vwrosh/ P +4<<7, cWhfkqrorj| dqg Hpslulfdo G|qdplfv ri Vshfldol}dwlrq
lq Rshq Hfrqrplhv*/ Nlho Zrunlqj Sdshu/ 96:/ Nlho Lqvwlwxwh ri Zruog Hfr0
qrplfv/ Jhupdq|

Vxpphuv/ U dqg Khvwrq/ D +4<<4, cWkh Shqq Zruog Wdeoh +Pdun 8,=
Dq H{sdqghg Vhw ri Lqwhuqdwlrqdo Frpsdulvrqv/ 4<830;;*/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ 439+5,/ 65409;

Wuh hu/ G +4<<8, cWkh Fdvh ri wkh Plvvlqj Wudgh dqg Rwkhu P|vwhulhv*/
Dphulfdq Hfrqrplf Uhylhz/ ;8+8,/ sdjhv 435<079

Zrrgodqg/ D +4<;5, Lqwhuqdwlrqdo Wudgh dqg Uhvrxufh Doorfdwlrq/ Qruwk

Kroodqg= Dpvwhugdp
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Dsshqgl{ D= Frqglwlrqlqj Uhjuhvvlrqv

Wdeoh D4= Hqgrzphqwv Uhjuhvvlrqv/ Sdqho 4

Ghshqghqw Ydu1 vjgs
Rev 5<73
\hduv :30<3

Frhi1 Vwg1 Huu1 SAmwm
41 Irrg

qsurg 041653: 315386 31333
surg 51893; 3165<6 31333
gnds 031993< 314:43 31333
rnds 316::< 314638 31337
dudeoh 0319953 313:86 31333
51 Wh{wlohv

qsurg 41:5;9 3154:7 31333
surg 051;858 3167;9 31333
gnds 31:8:3 314;38 31333
rnds 0318:73 3146;8 31333
dudeoh 319949 313:<< 31333
61 Zrrg

qsurg 31<:88 31563: 31333
surg 041<;45 3169:3 31333
gnds 3177:6 314<34 3134<
rnds 31488< 3147:5 315<3
dudeoh 315884 313;6; 31335
71 Sdshu

qsurg 613;;; 3183;5 31333
surg 07169;; 31;548 31333
gnds 416445 3173:7 31334
rnds 0417566 3165<4 31333
dudeoh 31;9;; 314;3: 31333
81 Fkhplfdov

qsurg 3136;9 316855 31<46
surg 314;93 3189:< 31:76
gnds 0413685 315;<5 31333
rnds 414<59 315594 31333
dudeoh 03163<< 3145;5 31349
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Wdeoh D4= Hqgrzphqwv Uhjuhvvlrqv/ Sdqho 5

Frhi1 Vwg1 Huu1 SAmwm
91 Guxjv

qsurg 31:63< 3168:3 31374
surg 051:88< 318::5 31333
gnds 41:93: 315<;9 31333
rnds 0316697 315569 31466
dudeoh 315;39 314637 31365
:1 Shwurohxp

qsurg 416436 3167:7 31333
surg 051:668 31868< 31333
gnds 413:54 3159:< 31333
rnds 0318389 315494 3134<
dudeoh 318;57 314549 31333
;1 Uxeehu

qsurg 31<9<; 31755< 31355
surg 0315::4 31:58< 31:36
gnds 0415:97 316<45 31334
rnds 31:658 315;44 3133<
dudeoh 031347; 31489: 31<58
<1 Plqhudov

qsurg 31<964 31559: 31333
surg 0417:34 316998 31333
gnds 03154:9 314<39 31587
rnds 314:37 31476< 31569
dudeoh 3173:3 313;5: 31333
431 Ihuurxv

qsurg 414855 3156:5 31333
surg 0515354 316:94 31333
gnds 317;7: 314<5; 31345
rnds 0314853 314843 31647
dudeoh 31744; 313;:3 31333
441 Qrq0ihuurxv

qsurg 41649; 315535 31333
surg 0518:<7 316836 31333
gnds 319<83 314;37 31333
rnds 0315437 3146<4 31464
dudeoh 318:36 313;34 31333
451 Phwdov

qsurg 419894 315653 31333
surg 051<;8< 3169:< 31333
gnds 318<46 314;:4 31335
rnds 3137<3 31479; 31:6<
dudeoh 317;65 313;78 31333
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Wdeoh D4= Hqgrzphqwv Uhjuhvvlrqv/ Sdqho 6

Frhi1 Vwg1 Huu1 SAmwm
461 R!fh Htxls1

qsurg 07178<7 31<5:6 31333
surg 6197;; 416887 3133:
gnds 0415373 319846 31398
rnds 51<793 3188;< 31333
dudeoh 041338< 316343 31334
471 Qrq0hohfwulfdo

qsurg 318::< 3158;8 31358
surg 041:683 316<76 31333
gnds 31897; 315336 31338
rnds 03139<3 314935 3199:
dudeoh 317697 313<37 31333
481 Udglr/ WY

qsurg 41;87< 315577 31333
surg 061:99: 316955 31333
gnds 417:3; 314;<4 31333
rnds 0319;9; 314784 31333
dudeoh 31<5:3 313;67 31333
491 Hohfwulfdo

qsurg 417837 315964 31333
surg 05143:5 31736; 31333
gnds 314;88 314<<3 31684
rnds 3144<3 314965 31799
dudeoh 3155<5 313<55 31346
4:1 Vklsexloglqj

qsurg 4173:9 315445 31333
surg 0515455 3166:8 31333
gnds 317497 314:83 3134:
rnds 0316359 314676 31357
dudeoh 317;39 313::7 31333
4;1 Prwru Yhklfohv

qsurg 31<896 315838 31333
surg 0516986 3174;4 31333
gnds 31:5;3 31563< 31335
rnds 0314754 3149:4 316<8
dudeoh 3176;< 313<<3 31333
4<1 Surihvvlrqdo

qsurg 0316<<< 3169:9 315::
surg 315746 31847; 3196<
gnds 03157;4 315794 31646
rnds 3177:5 315579 3137:
dudeoh 0313<<5 314548 31747
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Wdeoh D4= Hqgrzphqwv Uhjuhvvlrqv/ Sdqho 7

Frhi1 Vwg1 Huu1 SAmwm
531 Rwkhu

qsurg 0413;;5 3174:3 3133<
surg 0315896 3197:5 319<5
gnds 0313<99 31659: 31:9;
rnds 415548 315935 31333
dudeoh 3133:9 314763 31<8:

Lqgxvwu| |hv
Il{hg H�hfwv +53,
\hdu0Lqgxvwu| |hv
Gxpplhv +733/ :40<3,

Gldjqrvwlfv

I+84</ 5753, 45:146
Sure A I 313333
U0vtxduhg 31<44;
Urrw PVH 315<5<

Vwdqgdug huuruv duh Kxehu0Zklwh khwhurvfhgdvwlflw| urexvw

Ghshqghqw yduldeoh= vkduh ri vhfwru lq JGS +(,1 Lqghshqghqw yduldeohv= orj
qxpehu ri qrq0surgxfwlrq zrunhuv +wkrxvdqgv,/ orj qxpehu ri surgxfwlrq
zrunhuv +wkrxvdqgv,/ orj vwrfn ri gxudeoh fdslwdo +wkrxvdqgv ri 4<;8 XV
grooduv,/ orj vwrfn ri rwkhu fdslwdo +wkrxvdqgv ri 4<;8 XV grooduv,/ dqg orj
dudeoh odqg +wkrxvdqgv ri khfwduhv,
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Dsshqgl{ E= Rffxsdwlrq dqg Hgxfdwlrq0edvhg Fodv0

vl�fdwlrqv ri Vnloov

Wklv sdshu iroorzv d odujh qxpehu ri rwkhu dxwkruv lq xvlqj gdwd rq qrq0

surgxfwlrq dqg surgxfwlrq zrunhuv wr phdvxuh vnloov +vhh iru h{dpsoh Ehupdq/

Erxqg/ dqg Pdfklq +4<<;, dqg Odzuhqfh dqg Vodxjkwhu +4<<6,,1 Wkh pdlq

dowhuqdwlyh lv wr xvh gdwd rq hgxfdwlrqdo dwwdlqphqw +vhh iru h{dpsoh Qlfnhoo

dqg Ehoo +4<<8,/ +4<<9,,1 Wkhvh duh qrw fxuuhqwo| dydlodeoh rq dq dqqxdo

edvlv iru doo frxqwulhv dqg |hduv gxulqj wkh vdpsoh shulrg +lq Eduur dqg Ohh

+4<<6, lqirupdwlrq lv suhvhqwhg hyhu| �yh |hduv iru wkh shulrg 4<930;8,/ exw

dqqxdo gdwd rq wkh sursruwlrq ri zrunhuv zlwk wkh htxlydohqw ri d froohjh

ghjuhh ru kljkhu lv dydlodeoh iru wrwdo pdqxidfwxulqj lq wkh Xqlwhg Nlqjgrp

dqg Xqlwhg Vwdwhv gxulqj 4<::0<3149 Wdeoh E4 uhsruwv wlph vhulhv fruuh0

odwlrqv ehwzhhq wkh sursruwlrq ri zrunhuv zlwk wkh htxlydohqw ri d froohjh

ghjuhh ru kljkhu dqg wkh sursruwlrq ri qrq0surgxfwlrq zrunhuv1 Lq erwk wkh

Xqlwhg Nlqjgrp dqg Xqlwhg Vwdwhv/ zh �qg d kljk ghjuhh ri fruuhodwlrq

ehwzhhq wkh wzr phdvxuhv ri vnloov gxulqj 4<::0<31

Wdeoh E4= Wlph vhulhv fruuhodwlrqv ehwzhhq rffxsdwlrq0edvhg dqg
hgxfdwlrq0edvhg fodvvl�fdwlrqv ri vnloov lq wkh Xqlwhg Nlqjgrp dqg
Xqlwhg Vwdwhv/ 4<::0<3

Frxqwu| 4<::0<3 4<::0<3

Xqlwhg Nlqjgrp 31<55< 0
Xqlwhg Vwdwhv 0 31<5:6

Gdwd vrxufhv= Xqlwhg Qdwlrqv Jhqhudo Lqgxvwuldo Vwdwlvwlfv Gdwdedvh
+XQLVG,/ XN Oderxu Irufh Vxuyh|/ dqg XV Fxuuhqw Srsxodwlrq Vxuyh|1
Vhh Dsshqgl{ F dqg Pdfklq dqg Ydq Uhhqhq +4<<;, iru ixuwkhu ghwdlov1

49Wkhvh gdwd zhuh vxssolhg e| Mrkq Ydq Uhhqhq dqg duh djjuhjdwhg iurp wkh lqglylgxdo
ohyho= iurp wkh Oderxu Irufh Vxuyh| lq wkh Xqlwhg Nlqjgrp dqg wkh Fxuuhqw Srsxodwlrq
Vxuyh| lq wkh Xqlwhg Vwdwhv1 Iru ixuwkhu ghwdlov frqfhuqlqj wkh gdwd xvhg/ vhh Pdfklq dqg
Ydq Uhhqhq +4<<;,1
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Dsshqgl{ F= Gdwd Dsshqgl{

RHFG Vwuxfwxudo Dqdo|vlv Lqgxvwuldo +VWDQ, gdwdedvh= gdwd rq

fxuuhqw sulfh ydoxh0dgghg +XV grooduv, iru wkh wzhqw| pdqxidfwxulqj vhfwruv

olvwhg lq Wdeoh E4 +Lqwhuqdwlrqdo Vwdqgdug Lqgxvwuldo Fodvvl�fdwlrq +LVLF,,/

4<:30<31

RHFG Lqwhuqdwlrqdo Vhfwrudo Gdwdedvh +LVGE,= gdwd rq frqvwdqw

sulfh ydoxh0dgghg +4<;8 XV grooduv, dqg fdslwdo vwrfn +4<;8 XV grooduv, iru

wkh wzhoyh pdqxidfwxulqj vhfwruv olvwhg lq Wdeoh 6 +Lqwhuqdwlrqdo Vwdqgdug

Lqgxvwuldo Fodvvl�fdwlrq +LVLF,,/ 4<:30<31 Vhh Jul!wk/ Uhgglqj/ dqg Ydq

Uhhqhq +4<<<, iru ixuwkhu glvfxvvlrq ri wkh gdwd1

Shqq Zruog Wdeohv 819= gdwd rq fxuuhqw sulfh JGS shu fdslwd +XV gro0

oduv,/ srsxodwlrq +wkrxvdqgv,/ qrq0uhvlghqwldo fdslwdo vwrfn +4<;8 XV gro0

oduv,/ dqg Surgxfhu gxudeohv +( ri qrq0uhvlghqwldo fdslwdo vwrfn/ 4<;8 XV

grooduv,/ 4<:30<31 Vhh Vxpphuv dqg Khvwrq +4<<4, iru ixuwkhu glvfxvvlrq ri

wkh gdwd1 Wkhvh pd| eh grzqordghg iurp kwws=22dufdgld1fkdvv1xwrurqwr1fd2szw21

Xqlwhg Qdwlrqv Jhqhudo Lqgxvwuldo Vwdwlvwlfv Gdwdedvh +XQLVG,=

gdwd rq wkh sursruwlrq ri qrq0surgxfwlrq dqg surgxfwlrq zrunhuv lq wrwdo

pdqxidfwxulqj/ 4<:30<31 Iru wkh Xqlwhg Vwdwhv/ gdwd rq wkh sursruwlrq

ri qrq0surgxfwlrq dqg surgxfwlrq zrunhuv duh dovr dydlodeoh iru wkh wzhoyh

pdqxidfwxulqj vhfwruv olvwhg lq Wdeoh 6 +Lqwhuqdwlrqdo Vwdqgdug Lqgxvwuldo

Fodvvl�fdwlrq +LVLF,,1 Vhh Ehupdq/ Erxqg dqg Pdfklq +4<<;, dqg Pdfklq

dqg Ydq Uhhqhq +4<<;, iru ixuwkhu glvfxvvlrq ri wkh gdwd1

IDR Dudeoh Odqg Gdwd= gdwd rq khfwduhv ri dudeoh odqg +wkrxvdqgv,

iurp wkh Xqlwhg Qdwlrqv Irrg dqg Djulfxowxudo Rujdqlvdwlrq +IDRVWDW,/

4<:30<31 Wkhvh pd| eh grzqordghg iurp kwws=22zzz1idr1ruj1

Frxqwu| Frqyhudjh= Fdqdgd/ Ghqpdun/ Ilqodqg/ Mdsdq/ Vzhghq/ Xqlwhg

Nlqjgrp/ dqg Xqlwhg Vwdwhv
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Wdeoh F4
Lqgxvwuldo Fodvvl�fdwlrq

Lqgxvwu| LVLF Fodvvl�fdwlrq
41 Irrg/ Gulqn dqg Wredffr 6433
51 Wh{wlohv/ Irrwzhdu dqg Ohdwkhu 6533
61 Zrrg/ Frun dqg Ixuqlwxuh 6633
71 Sdshu/ Sulqw dqg Sxeolvklqj 6733
81 Fkhplfdov h{fo1 Guxjv 6845
91 Gxujv dqg Phglflqhv 6855
:1 Shwurohxp Uh�qhulhv dqg Surgxfwv 6867
;1 Uxeehu dqg Sodvwlf Surgxfwv 6889
<1 Qrq0phwdoolf Plqhudov 6933
431 Ihuurxv Phwdov 6:43
441 Qrq0ihuurxv Phwdov 6:53
451 Phwdo Surgxfwv 6;43
461 R!fh dqg Frpsxwlqj Htxlsphqw 6;58
471 Qrq0hohfwulfdo Pdfklqhu| 6;5<
481 Udglr/ WY dqg Frppxqlfdwlrq 6;65
491 Rwkhu Hohfwulfdo Pdfklqhu| 6;6<
4:1 Vklsexloglqj ) Uhsdlulqj 6;74
4;1 Prwru Yhklfohv 6;76
4<1 Surihvvlrqdo Jrrgv 6;83
531 Rwkhu Pdqxidfwxulqj 6<33
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Wdeoh 4= Vkduh ri pdqxidfwxulqj lq JGS dqg vkduh ri lqgxvwulhv
lq wrwdo pdqxidfwxulqj lq 4<:3 dqg 4<<3 +(,/ Sdqho D

Lqgxvwu| \hdu Fdq Ghq Ilq Mds Vzh XN XVD

Irrg 4<:3 471;9 531<9 46159 4318: ;146 46165 45166
4<<3 47188 53187 441:9 43149 4314; 46169 431:5

Wh{wlohv 4<:3 ;168 ;1;< <1<7 :159 914: 43165 :1<6
4<<3 8176 7197 61;: 7198 5149 9157 71<<

Zrrg 4<:3 81:; 81<9 <1<7 6188 ;145 5196 7167
4<<3 917: 8193 ;1;4 51:4 :199 6138 718;

Sdshu 4<:3 461<; 44173 55179 81;7 471<4 ;178 <145
4<<3 481;4 431;; 531;< :16< 48153 4413: 44189

Fkhplfdov 4<:3 71<< 71;5 813; :1;8 7173 ;13: 91<6
4<<3 9164 8153 81;: 8193 71:6 ;15; ;195

Guxjv 4<:3 4135 413; 3188 513; 31;4 4185 416:
4<<3 41<: 619; 31<7 515< 5145 6147 51;5

Shwurohxp 4<:3 4167 4159 5146 4155 414; 4147 417:
4<<3 4176 414< 5193 318< 5183 5136 5134

Uxeehu 4<:3 518< 51:9 515< 6136 51:4 51<3 515:
4<<3 6156 6179 41;6 61<5 5176 7175 61:7

Plqhudov 4<:3 6187 :178 7155 7154 61<< 6184 6156
4<<3 614< 7176 71;9 6194 614; 61:5 5174

Ihuurxv 4<:3 814: 415: 614< <138 :159 9164 8163
4<<3 51<; 31<9 613: 81;7 6153 614; 519:

Qrq0ihuurxv 4<:3 61;3 3187 415: 5159 514< 419; 5139
4<<3 613: 3165 4164 41<: 4178 413< 417:

Phwdov 4<:3 91:3 :155 7184 81<< <19< 918: :164
4<<3 8187 ;1:5 91:4 81<3 4316< 81;7 91:6

R!fh Htxls1 4<:3 4186 317< 3146 414; 4156 31:< 4163
4<<3 31<9 31:6 417< 6159 318; 5155 41;:

Qrq0hohfwulfdo 4<:3 91:9 431:3 43136 <185 44196 4316; 4315;
4<<3 917: 4713; 44163 <1;9 46144 <17; <159

Udglr/ WY 4<:3 5196 41<6 31;7 818: 51;< 619; 519:
4<<3 61:4 5174 6167 <138 6185 7174 8189

Hohfwulfdo 4<:3 618: 71:; 616: 815; 61<: 7138 71:4
4<<3 51<5 6156 6198 91<7 6157 715; 6197

Vklsexloglqj 4<:3 3198 616; 616; 5165 41<7 41:; 31:;
4<<3 3185 6158 5173 3193 31<8 4133 319:

Prwru Yhklfohv 4<:3 :15: 31<: 4139 :1;6 7193 81<4 9185
4<<3 <167 414; 41<7 ;197 ;14< 81:7 717:

Surihvvlrqdo 4<:3 41;8 4147 3177 4199 31;: 41;: 61;5
4<<3 4199 5199 4164 41;5 5177 4175 8139

Rwkhu 4<:3 4133 418; 31<7 6139 3194 413; 4199
4<<3 31;< 5188 31;6 719: 319; 413< 41<9

Wrwdo 4<:3 4<164 4:16< 55176 691:4 551:6 5<179 5719:
4<<3 471:4 48196 4<16; 5;184 4;18; 53178 4;1;:

Qrwhv= Vhh Dsshqgl{ F iru d olvw ri lqgxvwu| qdphv lq ixoo dqg Lqwhuqd0
wlrqdo Vwdqgdug Lqgxvwuldo Fodvvl�fdwlrq +LVLF, Frghv1 Gdwd vrxufhv= RHFG
VWDQ gdwdedvh dqg Shqq Zruog Wdeohv 819 +vhh Dsshqgl{ F,1
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Wdeoh 5= Uhodwlyh idfwru dexqgdqfh +(,

Frxqwu| \hdu JGS Qrq0surg Surg Gxudeoh Rwkhu Dudeoh

Fdslwdo Fdslwdo

Fdq 4<:3 71;6 8139 816: 51<; :15: 4:158
4<<3 81;7 61;9 9189 7145 :19; 4;164

Ghq 4<:3 4147 4133 4165 4156 4177 4138
4<<3 31<7 31<6 4149 31<9 4149 4135

Ilq 4<:3 31;9 31:8 4164 415; 4186 4139
4<<3 31<3 31;: 4148 4138 417< 4135

Mds 4<:3 4;148 68188 54198 4:194 4<157 41<7
4<<3 56143 6:196 4<146 5;1<3 671;5 4198

Vzh 4<:3 513: 41:; 513; 41<; 5183 4154
4<<3 4197 4183 41<: 5166 41;; 4147

XN 4<:3 431;: 441;8 47193 471<: 9193 51;5
4<<3 <18< 431:: 451:< 4314: 816: 5197

XV 4<:3 9513: 77134 8619: 8<1<8 94175 :719:
4<<3 8:1<< 77177 8:158 8517: 7:193 :7156

Qrwh= Vhh pdlq wh{w iru gh�qlwlrq ri uhodwlyh idfwru dexqgdqfh1 Gdwd
Vrxufhv= Shqq Zruog Wdeohv 819/ Xqlwhg Qdwlrqv Jhqhudo Lqgxvwuldo Vwd0
wlvwlfv Gdwdedvh +XQLVG,/ dqg Xqlwhg Qdwlrqv IDR1 Vhh Dsshqgl{ F iru
ixuwkhu ghwdlov1
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Wdeoh 6= Idfwru Lqwhqvlwlhv/ Xqlwhg Vwdwhv
Vdpsoh phdqv/ 4<:30<3

Lqgxvwu| LVLF Qrq0surg1 Surgxfwlrq Fdslwdo
Lqwhqvlw| Lqwhqvlw| Lqwhqvlw|

Irrg/ Ehyhulgjhv 64 9195 481;4 419;
Wh{wlohv/ Dssduho 65 :199 7;1<; 4197
Zrrg Surgxfwv 66 81<4 6414; 416<
Sdshu/ Sulqwlqj 67 <136 481:4 4186
Fkhplfdov 68 9154 4613: 51;6
Plqhudov 69 81<5 54174 51::
Sulpdu| Phwdov 6: 71;7 4:1:3 61:8
Phwdo Surgxfwv 6;4 91;8 5416; 418<
Qrq0hohf1 Pdfklqhu| 6;5 ;153 49165 4196
Hohfwulfdo Pdfklqhu| 6;6 <196 4;196 41:6
Vklsexloglqj 6;7 9146 47198 419<
Surihvvlrqdo Jrrgv 6;8 45143 4;144 4149
Phdq :175 5413; 41<8
Frh!flhqw ri Ydu1 3163 3183 3175

Qrwh= Qrq0surgxfwlrq dqg surgxfwlrq lqwhqvlwlhv duh gh�qhg dv qxpehuv ri
zrunhuv shu ploolrq grooduv ri uhdo ydoxh0dgghg +4<;8 XV grooduv,1 Sk|vlfdo
fdslwdo lqwhqvlw| lv gh�qhg dv qxpehu ri grooduv ri sk|vlfdo fdslwdo shu gro0
odu ri ydoxh0dgghg +4<;8 XV grooduv,1 Gdwd Vrxufhv= RHFG Lqwhuqdwlrqdo
Vhfwrudo Gdwdedvh +LVGE, dqg Xqlwhg Qdwlrqv Jhqhudo Lqgxvwuldo Vwdwlvwlfv
Gdwdedvh +XQLVG,1 Vhh Dsshqgl{ F dqg Jul!wk/ Uhgglqj dqg Ydq Uhhqhq
+4<<<, iru ixuwkhu ghwdlov1

74



Wdeoh 7= Wudqvlwlrq suredelolwlhv/ srrohg vdpsoh
80|hdu wudqvlwlrqv/ 4<:40;8

vjgs Xsshu Hqgsrlqw
Qxpehu 31663 31953 4136 41:< 4
+755, 31;5 314; 3133 3133 3133
+6<7, 314; 31:5 313< 3133 3133
+747, 3134 314< 31:6 313: 3133
+76:, 3133 3135 3155 31:3 3139
+766, 3133 3133 3133 314; 31;5
Hujrglf 316;9 3169< 314:8 31384 31354

Suhglfwhg Xsshu Hqgsrlqw
Qxpehu 316<3 31:58 41453 41<83 4
+748, 31;; 3145 3133 3133 3133
+758, 3149 31:3 3147 3133 3133
+736, 3134 3146 31;3 3139 3133
+758, 3133 3133 3149 31:9 313;
+765, 3133 3133 3133 3147 31;9
Hujrglf 31673 3157; 3158: 313<; 3138:

Prelolw| Lqglfhv vjgs suhg1

P� @
?3|od~o

?3�
3163 3158

P2 @
?3
S

%

�1%�

?3�
3163 3158

P� @ 4� mghw+],m 31:< 31:4
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Wdeoh 8

Wudqvlwlrq suredelolwlhv/ Xqlwhg Vwdwhv

80|hdu wudqvlwlrqv/ 4<:40;8

vjgs Xsshu Hqgsrlqw
Qxpehu 3174 319< 4138 4199 4
+94, 31:< 3154 3133 3133 3133
+8<, 3155 3194 314: 3133 3133
+86, 3135 314: 31:7 313; 3133
+96, 3133 3139 3158 319: 3135
+97, 3133 3133 3133 3153 31;3

Hujrglf 31684 3164: 31597 31396 31338

Suhglfwhg Xsshu Hqgsrlqw

Qxpehu 31773 31::8 414<3 41:83 4
+94, 31<5 313; 3133 3133 3133
+7;, 3143 31;8 3137 3133 3133
+99, 3133 3159 318< 3148 3133
+93, 3133 3133 316; 318: 3138
+98, 3133 3133 3133 314: 31;6
Hujrglf 31838 316<; 31397 31358 3133;

Prelolw| Lqglfhv vjgs suhg1

P� @
?3|od~o

?3�
3168 3164

P2 @
?3
S

%

�1%�

?3�
3168 3164

P� @ 4� mghw+],m 31;8 31;6
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Iljxuh4= Vwrfkdvwlf nhuqho iru vjgs/ 6g sorw/ 43 |hdu wudqvlwlrqv
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Iljxuh 6= Vwrfkdvwlf nhuqho iru suhglfwhg/ 6g sorw/ 43 |hdu wudqvlwlrqv
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