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ABSTRACT

Disintegration*

We study the effects of trade barriers and the persistence of past linkages on
trade flows in the former Soviet Union (FSU). Estimating a gravity equation on
1987–96 trade among and between 9 Russian regions and 14 FSU republics,
we find that Russian regions traded 60% more with each other than with
republics in the reform period (1994–6). In contrast, they did not trade
significantly more with each other than with republics in the pre-reform period
(1987–90). Our results suggest that the bias towards domestic trade in the
reform period is primarily a result of tariffs. We also find that past linkages,
such as infrastructure, production and consumption chains, and business
networks, have limited the reorientation of trade.
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NON-TECHNICAL SUMMARY

Borders significantly influence trade flows. The reasons behind this effect,
however, remain largely unknown. Since the counterfactual (absence of
borders) is typically not observable, researchers have not been able to
determine whether the border effect is the result of trade barriers, past
linkages, or is natural, i.e. the result of comparative advantage and tastes. The
disintegration of the Soviet Union provides a unique opportunity to examine
these competing hypotheses since one can observe trade flows between the
same trading partners, both in the presence and absence of borders.

This Paper offers three contributions. First, we document the adjustment in
trade flows in response to the collapse of the Soviet Union and quantify the
border effect. We examine bilateral trade flows among 9 Russian regions and
14 republics of the former Soviet Union (FSU) before and after the Union
dissolved. Estimating a gravity equation we find that regions did not trade
more with each other than with other republics in the pre-reform period. In the
reform period, however, Russian regions traded about 60% more with each
other than with the republics, with the domestic bias increasing over time.
Thus, the disintegration of the Soviet Union has already led to a significant
domestic reorientation in trade. We also find that the elasticities of trade to
income and distance in the pre-reform period are markedly smaller than those
typically found in empirical work using the gravity equation. In the reform
period, however, the elasticities are similar to those from studies of other
countries. This suggests that the decline of central planning has allowed
gravity to set in.

Second, we distinguish the primary causes of the border effect. We find that
the importance of the Russian border is primarily the result of trade barriers.
The inclusion of tariffs in the estimation reduces the bias to where it is
insignificantly different from zero. When heterogeneity across countries is
allowed, we find that trade flows between Russian regions and countries
which signed a free trade agreement with Russia remain similar to intra-
Russia trade in the reform period, implying that national borders alone have
not diverted trade flows in the FSU.

Third, our estimate of the border effect is significantly lower than similar
estimates using OECD data, despite the greater trade barriers in the FSU.
One explanation that is consistent with both sets of results is that past
linkages have led to a continued domestic orientation in trade in the OECD
despite falling trade barriers, and sustained integration in the FSU in spite of
rising trade barriers.
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Erughuv vljql�fdqwo| lq�xhqfh wudgh �rzv/ krzhyhu/ wkh uhdvrqv ehklqg wklv h�hfw uhpdlq odujho|

xqnqrzq1 Vlqfh wkh frxqwhu0idfwxdo +devhqfh ri erughuv, lv w|slfdoo| qrw revhuydeoh/ uhvhdufkhuv

kdyh qrw ehhq deoh wr ghwhuplqh zkhwkhu wkh erughu h�hfw lv wkh uhvxow ri wudgh eduulhuv/ sdvw

olqndjhv/ ru lv qdwxudo~l1h1 wkh uhvxow ri frpsdudwlyh dgydqwdjh ru wdvwhv1 Wkh glvlqwhjudwlrq ri wkh

Vrylhw Xqlrq surylghv d xqltxh rssruwxqlw| wr h{dplqh wkhvh frpshwlqj k|srwkhvhv vlqfh rqh fdq

revhuyh wudgh �rzv ehwzhhq wkh vdph sduwqhuv/ erwk lq wkh suhvhqfh dqg devhqfh ri erughuv1

Wklv sdshu r�huv wkuhh frqwulexwlrqv1 Iluvw/ zh grfxphqw wkh dgmxvwphqw lq wudgh �rzv lq

uhvsrqvh wr wkh froodsvh ri wkh Vrylhw Xqlrq dqg txdqwli| wkh erughu h�hfw1 Zh h{dplqh elodwhudo

wudgh �rzv dprqj qlqh Uxvvldq uhjlrqv dqg irxuwhhq uhsxeolfv ri wkh iruphu Vrylhw Xqlrq +IVX,

ehiruh dqg diwhu wkh Xqlrq glvvroyhg1 Hvwlpdwlqj d judylw| htxdwlrq zh �qg wkdw uhjlrqv glg qrw

wudgh pruh zlwk hdfk rwkhu wkdq zlwk uhsxeolfv lq wkh suh0uhirup shulrg1 Lq wkh uhirup shulrg/

krzhyhu/ Uxvvldq uhjlrqv wudghg derxw 93 shufhqw pruh zlwk hdfk rwkhu wkdq zlwk wkh uhsxeolfv/

zlwk wkh grphvwlf eldv lqfuhdvlqj ryhu wlph1 Wkxv/ wkh glvlqwhjudwlrq ri wkh Vrylhw Xqlrq kdv

douhdg| ohg wr d vljql�fdqw grphvwlf uhrulhqwdwlrq lq wudgh1 Zh dovr �qg wkdw wkh hodvwlflwlhv ri

wudgh wr lqfrph dqg glvwdqfh/ lq wkh suh0uhirup shulrg/ duh pdunhgo| vpdoohu wkdq wkrvh w|slfdoo|

irxqg lq hpslulfdo zrun xvlqj wkh judylw| htxdwlrq1 Lq wkh uhirup shulrg/ krzhyhu/ wkh hodvwlflwlhv

duh vlplodu wr wkrvh iurp vwxglhv ri rwkhu frxqwulhv1 Lw wkxv dsshduv wkdw wkh ghfolqh ri fhqwudo

sodqqlqj kdv doorzhg judylw| wr vhw lq/ dqg qrz lqfrph dqg glvwdqfh lq�xhqfh wudgh �rzv lq d pruh

vwdqgdug zd| lq wkh IVX1

Vhfrqg/ zh glvwlqjxlvk wkh sulpdu| fdxvhv ri wkh erughu h�hfw1 Zh �qg wkdw wkh lpsruwdqfh

ri wkh Uxvvldq erughu lv sulpdulo| wkh uhvxow ri wudgh eduulhuv1 Wkh lqfoxvlrq ri wdul�v lq wkh

hvwlpdwlrq uhgxfhv wkh eldv wr zkhuh lw lv lqvljql�fdqwo| gl�huhqw iurp }hur1 Zkhq khwhurjhqhlw|
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dfurvv frxqwulhv lv doorzhg/ zh �qg wkdw wudgh �rzv ehwzhhq Uxvvldq uhjlrqv dqg frxqwulhv zklfk

vljqhg d iuhh wudgh djuhhphqw zlwk Uxvvld uhpdlq vlplodu wr lqwud0Uxvvldq wudgh lq wkh uhirup

shulrg/ lpso|lqj wkdw qdwlrqdo erughuv dorqh kdyh qrw glyhuwhg wudgh �rzv lq wkh IVX1

Wklug/ rxu uhvxowv dovr vxjjhvw wkdw vorz dgmxvwphqw ri surgxfwlrq dqg ri lqiudvwuxfwxuh kdv

olplwhg wudgh uhrulhqwdwlrq1 Xvlqj sdvw wudgh wr sur{| iru olqndjhv ghyhorshg zkhq wkh Vrylhw Xqlrq

zdv lqwhjudwhg/ zh �qg wkdw sdvw olqndjhv vljql�fdqwo| lq�xhqfh fxuuhqw wudgh1 Vlqfh sdvw wudgh

zdv fhqwudoo| sodqqhg lw lv xqolnho| wkdw zh duh slfnlqj xs rwkhu xqrevhuyhg shuvlvwhqw yduldeohv/

vxfk dv wdvwhv ru frpsdudwlyh dgydqwdjh1 Dv olqndjhv zlwk rwkhu uhsxeolfv frqwlqxh wr dwursk|/ wkh

grphvwlf wudgh eldv zloo lqfuhdvh wr zhoo ryhu wkh 93 shufhqw zh hvwlpdwh fxuuhqwo|1

Rxu hvwlpdwh ri wkh erughu h�hfw lv vljql�fdqwo| orzhu wkdq vlplodu hvwlpdwhv xvlqj RHFG gdwd/

ghvslwh juhdwhu wudgh eduulhuv lq wkh IVX1 Xvlqj lqwhu0surylqfldo dqg surylqfh0vwdwh wudgh gdwd/

PfFdooxp +4<<8, dqg Khoolzhoo +4<<9, �qg wkdw lq 4<<3 Fdqdgldq surylqfhv wudghg derxw wzhqw|

wlphv pruh dprqj wkhpvhoyhv wkdq zlwk X1V1 vwdwhv1 Pruh uhfhqwo|/ Khoolzhoo +4<<;, hvwlpdwhv

wkh eldv wr eh wzhoyh lq 4<<9 iroorzlqj wkh suhihuhqwldo wudglqj djuhhphqw +SWD, ehwzhhq wkh wzr

frxqwulhv1� Zhl +4<<9, dqg Khoolzhoo +4<<;, hvwlpdwh wkdw wkh grphvwlf wudgh eldv dprqj RHFG

frxqwulhv udqjhv iurp wkuhh wr wzhoyh12 Rqh h{sodqdwlrq wkdw lv frqvlvwhqw zlwk erwk vhwv ri uhvxowv

lv wkdw sdvw olqndjhv kdyh ohg wr d frqwlqxhg grphvwlf rulhqwdwlrq lq wudgh lq wkh RHFG/ ghvslwh

idoolqj wudgh eduulhuv/ dqg vxvwdlqhg lqwhjudwlrq lq wkh IVX lq vslwh ri ulvlqj wudgh eduulhuv1

��? @*|ih?@|��i �@) |L i�@*�@|i |�i MLh_ih igiU| �t ��|� Th�Ui _@|@� ,?}i* @?_ +L}iht E�bbS� i @4�?i |�i

hi*@|��i Th�Ui �@h�@M�*�|) Lu t�4�*@h }LL_t @4L?} U�|�it �? �@?@_@ @?_ |�i N?�|i_ 5|@|it� A�i) �?_ |�@| hi*@|��i Th�Ui

�@h�@M�*�|) Mi|�ii? U�|�it �t t�}?��U@?|*) }hi@|ih ��i? @ MLh_ih �t UhLtti_�
2 ì� E�bbS� _i�i*LTt @ |iU�?�^�i |L it|�4@|i |�i _L4it|�U M�@t �? |h@_i �t�?} �?T�|�L�|T�| |@M*it |L it|�4@|i

�?|ih?@* |h@_i uLh UL�?|h�it ��|�L�| hi}�L?@* _@|@� Oi @tt�4it |�@| �?|ih?@* |h@_i _�t|@?Uit @hi L?i�^�@h|ih |�i

_�t|@?Ui Mi|�ii? @ UL�?|h) @?_ �|t ?i@hit| |h@_i T@h|?ihc |L it|�4@|i |�i MLh_ih igiU|� �?i ThLM*i4 ��|� |��t

4i|�L_ �t |�@| |�i MLh_ih it|�4@|i �t ThLTLh|�L?@* |L |�i @tt�4i_ �?|ih?@* |h@_i _�t|@?Ui�
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Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 uhylhzv wkh olwhudwxuh rq wkh erughu h�hfw1 Vhfwlrq

6 glvfxvvhv wkh hpslulfdo vshfl�fdwlrq dqg uhvxowv1 Vhfwlrq 7 frqfoxghv1

2 `�) _L MLh_iht 4@||ihq

Hpslulfdo vwxglhv rq wkh h�hfwv ri erughuv duh xqlirup lq �qglqj d kljk grphvwlf eldv lq wudgh1

Lw uhpdlqv d sx}}oh dv wr zk| erughuv pdwwhu vr pxfk1 Wkuhh k|srwkhvhv kdyh ehhq sxw iruzdug

lq wkh olwhudwxuh= +l, lqwhuqdwlrqdo wudgh eduulhuv/ +ll, qdwxudo sduwqhuv/ dqg +lll, klvwrulfdo olqndjhv1

Wkh �uvw lpsolhv erughuv pdwwhu ehfdxvh ri wdul�v/ txrwdv/ dqg rwkhu eduulhuv wr wudgh1 Wudgh

eduulhuv udlvh wkh uhodwlyh sulfh ri lpsruwhg jrrgv dqg ohdg wr d frqvxpswlrq exqgoh eldvhg wrzdugv

grphvwlfdoo| surgxfhg jrrgv1

Dowhuqdwlyho|/ erughuv pd| eh hqgrjhqrxv1 Rzlqj wr frpsdudwlyh dgydqwdjh/ wdvwhv/ ru whfk0

qrorj|/ uhjlrqv zlwklq d erughu pd| vlpso| eh qdwxudo wudgh sduwqhuv1 Erughuv whqg wr eh iruphg

durxqg srsxodwlrqv wkdw duh uhodwlyho| krprjhqhrxv/ kdyh vlplodu wdvwhv/ dqg lq zklfk wkh uhjlrqdo

hfrqrplhv duh olqnhg1 Wkhvh dvvrfldwhg uhjlrqv pd| fuhdwh erughuv wr surwhfw wkhpvhoyhv iurp

h{whuqdo vkrfnv1

Ilqdoo|/ furvv0erughu wudgh pd| eh uhodwlyho| vpdoo ehfdxvh sdvw lvrodwlrq kdv ohg wr grphvwlfdoo|

rulhqwhg lqiudvwuxfwxuh dqg surgxfwlrq1 Iru h{dpsoh/ kljkzd|v/ udlo v|vwhpv/ ohjdo dqg uhjxodwru|

lqvwlwxwlrqv/ exvlqhvv qhwzrunv dqg frqvxphu qhwzrunv/ dqg whohfrppxqlfdwlrqv v|vwhpv doo gl�hu

dfurvv frxqwulhv dqg wkxv pd| lqfuhdvh wkh frvwv ri lqwhuqdwlrqdo wudgh uhodwlyh wr grphvwlf wudgh1

Dvvxplqj lqiudvwuxfwxuh lv frvwo| wr dgmxvw/ d klvwru| ri lvrodwlrq zloo ghsuhvv wudgh zkloh klvwrulfdo

olqndjhv wr rwkhu qdwlrqv zloo khos surprwh fxuuhqw wudgh1 Vlploduo|/ li fdslwdo dgmxvwphqw dfurvv

lqgxvwulhv lv frvwo| wkhq dq hfrqrp| zlwk sulpdulo| grphvwlfdoo| rulhqwhg lqgxvwu| zloo dgmxvw vorzo|

wr h{whuqdo suhvvxuh1
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D jurzlqj hpslulfdo olwhudwxuh �qgv wkdw klvwrulfdo olqndjhv duh lpsruwdqw ghwhuplqdqwv ri wudgh1

Iudqnho/ Vwhlq dqg Zhl +4<<8, vkrz wkdw frxqwulhv zlwk frorqldo olqnv dqg frxqwulhv zlwk frpprq

odqjxdjh wudgh pruh zlwk hdfk rwkhu wkdq wkh judylw| prgho suhglfwv1 Iudqnho +4<<:, vxuyh|v wkh

olwhudwxuh rq wkh glvvroxwlrq ri +Eulwlvk dqg Iuhqfk, frorqldo olqnv dqg wkh euhdnxs ri ihghudwlrqv

+wkh Dxvwur0Kxqjduldq Hpsluh/ wkh Pdod| Ihghudwlrq/ F}hfkrvorydnld/ wkh iruphu Vrylhw Xqlrq,

dqg �qgv _d whqghqf| iru hvwdeolvkhg elodwhudo wudgh wlhv wr fkdqjh uhodwlyho| vorzo|% +s1459,1 Kh

qrwhv/ krzhyhu/ wkh whqxrxv qdwxuh ri wkhvh �qglqjv ghulyhg iurp wudgh lqwhqvlw| udwlrv zklfk

gr qrw frqwuro iru wkh h�hfwv ri glvwdqfh dqg lqfrph1 Hlfkhqjuhhq dqg Luzlq +4<<;, �qg wkdw

odjjhg elodwhudo wudgh lv vljql�fdqw lq ghwhuplqlqj fxuuhqw elodwhudo wudgh lq d odujh furvv0vhfwlrq ri

frxqwulhv/ diwhu frqwuroolqj iru lqfrph dqg glvwdqfh/ dqg lqwhusuhw wklv dv hylghqfh wkdw sdvw olqndjhv

dgmxvw rqo| vorzo| wr qhz frqglwlrqv1 Dovr lqglfdwlyh ri wkh lpsruwdqfh ri klvwrulfdo olqndjhv/ Iuhxqg

+5333, �qgv wkdw wkh irxqglqj phpehuv ri wkh Hxurshdq Xqlrq fuhdwhg d zhoo0lqwhjudwhg pdunhw

dprqj wkhpvhoyhv dqg wkhq pdlqwdlqhg vwurqjhu wudgh olqnv zlwk hdfk rwkhu wkdq zlwk frxqwulhv

wkdw mrlqhg odwhu1 Wkhuh zdv qr hylghqfh ri d eldv lq wudgh wrzdugv wkh ruljlqdo phpehuv ehiruh

wkh frpprq pdunhw zdv iruphg1

� ,4T�h�U@* tTiU��U@|�L?

Wkh IVX surylghv d xqltxh fdvh vwxg| ehfdxvh lq wkh suh0uhirup shulrg lqiudvwuxfwxuh dqg whfkqro0

rj| zhuh xqlirup dfurvv uhjlrqv dqg uhsxeolfv/ wkhuh zhuh qr wudgh eduulhuv/ dqg wudgh zdv fhqwudoo|

sodqqhg1 Lq wkh uhirup shulrg/ erughuv kdyh ehhq huhfwhg/ odujh wdul�v duh lq sodfh/ dqg fhqwudo

sodqqlqj kdv ehhq dedqgrqhg> exw/ wudqvsruw frvwv/ lqiudvwuxfwxuh/ dqg whfkqrorj| duh olnho| wr eh

vorz wr fkdqjh1 Wklv doorzv xv wr h{dplqh krz sdvw lqwhjudwlrq d�hfwv fxuuhqw wudgh dqg krz wdul�v

lq�xhqfh wudgh/ zkhq wkhuh duh qr gl�huhqfhv lq lqiudvwuxfwxuh dqg klvwru|1 Wkdw lv/ dq| fruuhodwlrq

8



ehwzhhq suh0uhirup wudgh dqg fxuuhqw wudgh/ diwhu frqwuroolqj iru vl}h dqg glvwdqfh/ pxvw eh odujho|

d uhvxow ri klvwrulfdo olqndjhv dqg qrw wkh uhvxow ri xqrevhuydeohv vxfk dv frpsdudwlyh dgydqwdjh

dqg wdvwhv1

��� A�i #@|@

Zh h{dplqh wudgh dprqj < uhjlrqv lq Uxvvld dqg 47 iruphu uhsxeolfv ri wkh Vrylhw Xqlrq ehiruh

dqg diwhu glvlqwhjudwlrq1 Wkh wudgh gdwd duh iurp wkh Uxvvldq Vwdwh Vwdwlvwlfdo Frpplwwhh dqg

wkh Zruog Edqn dqg lqfoxgh elodwhudo wudgh �rzv dprqj uhjlrqv dqg uhsxeolfv/ lq X1V1 grooduv1

Lqfrph �jxuhv duh iurp wkh Zruog Edqn dqg duh dovr lq X1V1 grooduv1 Glvwdqfh lv wdnhq iurp wkh

Uxvvldq Plqlvwu| ri Wudqvsruw wdeohv dv wkh vkruwhvw urdg glvwdqfh lq nlorphwhuv ehwzhhq uhjlrqdo

dqg2ru uhsxeolfdq fhqwhuv1 Xqzhljkwhg dyhudjh dg0ydoruhp wdul� udwhv duh sxeolvkhg e| wkh HEUG1

Srsxodwlrq �jxuhv duh iurp wkh Zruog Edqn1 +Vhh wkh Dsshqgl{ iru d ghwdlohg ghvfulswlrq ri wkh

gdwd dqg d pds ri wkh uhjlrq1,

Wkhuh duh wzr zhdnqhvvhv lq wkh gdwd1 Iluvw/ ehfdxvh ri fhqwudo sodqqlqj/ wkh suh0uhirup wudgh

ydoxhv duh qrw pdunhw ydoxhv1 Vlqfh zh duh frpsdulqj dfurvv uhjlrqv dqg uhsxeolfv doo ri zklfk duh

zlwklq wkh vdph frxqwu| dqg vxemhfw wr wkh vdph sulfhv/ wkh| duh qhyhuwkhohvv ydoxdeoh hvwlpdwhv ri

uhodwlyh wudgh ehwzhhq sduwqhuv1 Wkh vhfrqg sureohp lv wkh suhvhqfh ri eduwhu wudgh/ zklfk ehfdph

txlwh frpprq lq wkh IVX lq wkh uhirup shulrg1 Eduwhu wudgh lv uhfrughg lq wkh gdwdvhw/ krzhyhu

wkh sulfhv dw zklfk lw lv uhfrughg duh olnho| wr eh eldvhg grzqzdugv lq rughu wr dyrlg wd{hv dqg

wdul�v1 Djdlq vlqfh zh duh frpsdulqj wudgh zlwklq wkh IVX/ wklv lv ohvv ri d sureohp ehfdxvh eduwhu

wudgh lv olnho| wr eh dv suhydohqw dprqj uhjlrqv dv ehwzhhq uhjlrqv dqg uhsxeolfv +vhh Dsshqgl{,1

Wkhuhiruh/ dowkrxjk wkh pdjqlwxghv ri wudgh duh olnho| wr eh glvwruwhg/ wkhuh lv qr uhdvrq wr wklqn

wkdw uhodwlyh wudgh dprqj sduwlhv zlwklq wkh IVX lv v|vwhpdwlfdoo| eldvhg1 Li zh lqfoxghg qrq IVX

frxqwulhv lq wkh vwxg|/ wkhvh sureohpv zrxog glvwruw uhodwlyh wudgh dv zhoo1
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Iljxuh 4= H{sruwv wr rwkhu IVX frxqwulhv uhodwlyh wr wrwdo h{sruwv

Iljxuh 4 vkrzv hdfk frxqwu|*v vkduh ri wrwdo h{sruwv wkdw jr wr rwkhu IVX frxqwulhv1 IVX h{sruw

vkduhv kdyh ghfolqhg iru doo exw wkuhh iruphu phpehuv�D}huedlmdq/ Ehoduxv/ dqg X}ehnlvwdq1 Wklv

vxjjhvwv wkdw d vljql�fdqw uhrulhqwdwlrq ri wudgh dzd| iurp IVX frxqwulhv kdv rffxuuhg vlqfh wkh

glvlqwhjudwlrq ri wkh IVX1

Rxu lqwhuhvw/ krzhyhu/ olhv sulpdulo| zlwk wkh grphvwlf uhrulhqwdwlrq ri wudgh zlwklq Uxvvld/ vr

zh dovr grfxphqw wkh vkduh ri wrwdo IVX wudgh iru hdfk uhjlrq dqg hdfk uhsxeolf wkdw lv zlwk Uxvvld1

Lq wkh suh0uhirup shulrg/ rq dyhudjh 98 shufhqw ri hdfk uhjlrq*v wudgh zlwk wkh IVX frxqwulhv zdv

zlwk rwkhu Uxvvldq uhjlrqv dqg wudgh vkduhv zhuh �dw +Iljxuh 5,1 Lq wkh uhirup shulrg/ wkh vkduh ri

wudgh wkdw lv lqwhu0uhjlrqdo ulvhv wr derxw ;3 shufhqw/ iru doo uhjlrqv1 Wkh uhsxeolfv* vkduh ri IVX

wudgh zlwk wkh Uxvvldq uhjlrqv lv derxw 83 shufhqw lq wkh suh0uhirup shulrg dqg idluo| frqvwdqw

+Iljxuh 6,1 Lq wkh uhirup shulrg/ uhjlrqdo wudgh vkduhv fkdqjh gudpdwlfdoo|1

:
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Iljxuh 5= Vkduh ri wrwdo IVX wudgh zlwk Uxvvld e| uhjlrq

Zkloh wkh pryhphqw lq wudgh vkduhv ryhu wlph lv vxjjhvwlyh ri dq lqfuhdvlqj grphvwlf eldv lq

wudgh/ vkduhv dorqh gr qrw whoo xv zkhwkhu uhjlrqv wudgh uhodwlyho| pruh dprqj wkhpvhoyhv/ zh qhhg

wr frqwuro iru vwdqgdug ghwhuplqdqwv ri wudgh1 Iru h{dpsoh/ wkh lqfuhdvhg Uxvvldq wudgh vkduh

dprqj wkh uhjlrqv pd| eh wkh uhvxow ri uhodwlyho| kljkhu lqfrph jurzwk1 Qh{w/ zh xvh d vlpsoh

judylw| vshfl�fdwlrq zklfk lv frpsdudeoh wr wkh prghov lq PfFdooxp +4<<8, dqg Khoolzhoo +4<<9/

4<<;, wr hvwlpdwh wkh h{whqw ri grphvwlf eldv lq wudgh1 Diwhu hvwlpdwlqj wkh ehqfkpdun prgho/ zh

dffrxqw iru frxqwu| vshfl�f h�hfwv/ wdul�v/ dqg klvwru|1

��2 A�i Mi?U�4@h! tTiU��U@|�L?

Zh xvh d judylw| htxdwlrq wr h{dplqh wudgh zlwklq Uxvvld1 Wkh judylw| htxdwlrq ghvfulehv wudgh

ehwzhhq wzr sduwlhv dv sursruwlrqdo wr wkh surgxfw ri wkhlu lqfrphv glylghg e| wkh glvwdqfh eh0

wzhhq wkhp1 Wkhruhwlfdo prghov vxssruwlqj wkh judylw| htxdwlrq duh qxphurxv1 Lq sduwlfxodu/

wkh prqrsrolvwlf frpshwlwlrq prgho dqg Khfnvfkhu0Rkolq prgho ri wudgh erwk surgxfh hvwlpdwlqj

;
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Iljxuh 6= Vkduh ri wrwdo IVX wudgh zlwk Uxvvld e| uhsxeolf

htxdwlrqv vlplodu wr wkh judylw| htxdwlrq ghvfulelqj elodwhudo wudgh �rzv +Ghdugru� 4<<;,1

Zh hvwlpdwh d judylw| htxdwlrq rq 4<;:04<<3 dqg 4<<704<<9 wudgh �rzv dprqj dqg ehwzhhq <

Uxvvldq uhjlrqv dqg wkh 47 uhsxeolfv ri wkh Vrylhw Xqlrq1 Wkh uhjuhvvlrq htxdwlrq iru hdfk |hdu lq

orj ohyhov lv=

WUDGH�� @ �. �f\� . ��\� . �2GLVW�� . ��UXVVLD. x�� +4,

zkhuh WUDGH�� lv wkh orj ri vklsphqwv iurp uhjlrq l wr uhjlrq m/ \� dqg \� duh wkh orjv ri jurvv

uhjlrqdo surgxfw lq uhjlrqv l dqg m uhvshfwlyho|/ GLVW�� lv wkh orj ri wkh glvwdqfh iurp l wr m/

UXVVLD lv d gxpp| htxdo wr rqh iru lqwud0Uxvvldq wudgh dqg }hur iru uhjlrq wr uhsxeolf wudgh/

dqg x�� lv wkh huuru whup/ zklfk zh dvvxph lv xqfruuhodwhg dfurvv revhuydwlrqv1 Wkh UXVVLD

yduldeoh srrov doo h�hfwv wkdw pdnh furvv0erughu wudgh gl�huhqw iurp grphvwlf wudgh +Wdeoh 4,1

Wkh frh�flhqw rq wkh UXVVLD gxpp| ulvhv qrwlfhdeo| iurp wkh suh0uhirup shulrg wr wkh

uhirup shulrg1 Wkh frh�flhqw ri 3179 rq UXVVLD lq 4<<9 lv kljko| vljql�fdqw dqg lpsolhv wkdw

<
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Iljxuh 7= Grphvwlf Eldv lq Uxvvldq Wudgh

Uxvvldq uhjlrqv wudghg 8; shufhqw pruh zlwk hdfk rwkhu wkdq lv suhglfwhg e| wkh prgho +h{s

3=79 @ 4=8;,1 Lq wkh suh0uhirup shulrg/ wkh uhjlrqv glg qrw wudgh pruh zlwk hdfk rwkhu1 Lq idfw/

wkrxjk qrw vljql�fdqw/ wkh frh�flhqw lv qhjdwlyh lq hdfk |hdu1 Iljxuh 7 grfxphqwv wkh hvwlpdwhg

eldv wrzdugv lqwud0qdwlrqdo wudgh lq Uxvvld ryhu wlph dv fdofxodwhg iurp wkh hvwlpdwhg frh�flhqw

rq UXVVLD lq wkh ehqfkpdun prgho1 Uxvvldq wudgh glvsod|v dq lqfuhdvlqj grphvwlf eldv diwhu

4<<71�

Wkh lqvljql�fdqw +dqg qhjdwlyh, eldv lq wudgh ehwzhhq Uxvvldq uhjlrqv lq wkh suh0uhirup shulrg

lv qrw vxusulvlqj jlyhq wkdw wudgh zdv fhqwudoo| sodqqhg dfurvv doo ri wkh IVX dqg wkhuh zhuh qr

erughuv1 Wkh pryh dzd| iurp fhqwudo sodqqlqj lv dovr qrwlfhdeoh lq Wdeoh 51 Lq doo vshfl�fdwlrqv zh

� ì @*tL Lh}@?�3i |�i _@|@ �?|L |�L T@?i*tc @ Thi�hiuLh4 Tih�L_ E�bH.��bbf� @?_ @ hiuLh4 Tih�L_ E�bbe��bbS� @?_

�ti �w5 @?_ h@?_L4 igiU|t E?L| hiTLh|i_�� A�i hi}hitt�L? �t M@ti_ L? i^�@|�L? E��c ��|� @? @__i_ |�4i _�4i?t�L?�

A�iti hit�*|t UL?�h4 L�h i@h*�ih it|�4@|it�|�i ULi�U�i?| L? -L77U� �@t ?L| t�}?��U@?| �? |�i Thi�hiuLh4 Tih�L_

@?_ �? |�i hiuLh4 Tih�L_ |�i �w5 hit�*|t it|�4@|i |�i M�@t |L Mi Df TihUi?| @?_ |�i h@?_L4 igiU|t it|�4@|i |�i M�@t

|L Mi Sf TihUi?|�
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�qg wkdw wkh hodvwlflw| ri wudgh zlwk uhvshfw wr lqfrph dqg glvwdqfh lqfuhdvhv diwhu glvlqwhjudwlrq1

Iru h{dpsoh/ wkh frh�flhqw rq glvwdqfh pruh wkdq grxeohv lq pdjqlwxgh iurp 03175 wr 041491 Wklv

fkdqjh lv kdugo| vxusulvlqj 0 suh0uhirup wudgh ryhu orqj glvwdqfhv zdv khdylo| vxevlgl}hg1 Wkh

frh�flhqwv lq wkh uhirup shulrg duh pxfk forvhu wr wkh frh�flhqwv w|slfdoo| irxqg rq hvwlpdwhv ri

wkh judylw| prgho1e Wklv vxjjhvwv wkdw judylw| kdv vhw lq dqg wkdw wudgh sdwwhuqv lq wkh IVX duh

qrz ghwhuplqhg lq d vlplodu zd| wr wkh uhvw ri wkh zruog1

Vlqfh JQS lv qrw h{rjhqrxv zlwk uhvshfw wr wudgh zh dovr xvh srsxodwlrq wr lqvwuxphqw iru JGS1

Wkh uhvxowv duh vkrzq lq Wdeoh 51 Wkh frh�flhqwv rq lqfrph duh kljkhu1 Wkh uhrulhqwdwlrq zlwklq

Uxvvld lv vwloo hylghqw iurp wkh fkdqjh lq vljql�fdqfh ri wkh Uxvvld gxpp| ryhu wlph1 Uxvvldq

uhjlrqv duh vljql�fdqwo| ohvv olnho| wr wudgh zlwk rqh0dqrwkhu lq wkh suh0uhirup shulrg dqg wklv eldv

glvdsshduv lq wkh uhirup shulrg1

��� �**L��?} uLh �i|ihL}i?i�|) @UhLtt UL�?|h�it

Qrq0wdul� eduulhuv/ fxuuhqf| yduldelolw|/ dqg gl�huhqfhv lq zdjhv dqg sulfhv dfurvv uhjlrqv dqg

uhsxeolfv pd| d�hfw wudgh1 Wr doorz iru wklv srvvleoh khwhurjhqhlw|/ zh vsolw wkh vdpsoh lqwr wzr

sdqhov~suh0uhirup dqg uhirup~dqg xvh frxqwu| �{hg h�hfwv lq wkh hvwlpdwlrq1 Zh h{foxgh lqwhu0

uhsxeolf wudgh iurp wkh vdpsoh dqg hvwlpdwh htxdwlrq +5, vhsdudwho| iru wkh suh0uhirup dqg uhirup

shulrgv/

WUDGH��c| @ �| . �f��� . ��\�| . �2\�| . ��GLVW�� . x��> +5,

zkhuh ��� lv d frxqwu| gxpp|1 Wkh gxpp| iru Duphqld/ iru h{dpsoh/ lv rqh zkhq Duphqld lv hlwkhu

dq h{sruwhu ru dq lpsruwhu1 Vlqfh lqwhu0uhsxeolf wudgh lv h{foxghg dqg doo uhsxeolfv duh gxpplhg

e�Lt| UL4T@h@M*i �t |�i �@?@_@ N�5� t|�_) t�?Ui |h@_i �? �Lh|� �4ih�U@ �t @*tL *@?_�M@ti_ |h@_i� �U�@**�4 �bbD

@?_ Oi**��i** �bbH �?_ |�i i*@t|�U�|) Lu |h@_i |L _�t|@?Ui L? �@?@_@�N�5� _@|@ �t Mi|�ii? ���2� @?_ ���S2� Oi**��i**

�?_t |�i i*@t|�U�|) L? �,�# |h@_i |L Mi Mi|�ii? �f�H. @?_ ���f2 �? �bb2�
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Iljxuh 8= Uxvvldq eldv djdlqvw iruphu uhsxeolfv

rxw/ wkh frh�flhqw rq wkh Duphqld gxpp| uhsuhvhqwv krz pxfk pruh ru ohvv Duphqld wudghv zlwk

wkh Uxvvldq uhjlrqv uhodwlyh wr krz pxfk wkh Uxvvldq uhjlrqv wudgh dprqj wkhpvhoyhv1 Lq wkh

suh0uhirup shulrg/ wkh Uxvvldq eldv djdlqvw Duphqld lv 31:6 +4@h{s+3=64, @ 3=:6,> lpso|lqj wkh

uhjlrqv wudgh derxw 5: shufhqw ohvv zlwk hdfk rwkhu dv frpsduhg wr zlwk Duphqld1 Lq wkh uhirup

shulrg/ wkh| wudgh :3 shufhqw pruh zlwk hdfk rwkhu wkdq zlwk Duphqld +d eldv ri 41:,1 D frh�flhqw

ri }hur phdqv wkdw wkhuh lv qr eldv +wkh eldv htxdov 4,1 Iljxuh 8 vkrzv wkh eldv djdlqvw hdfk iruphu

uhsxeolf lq erwk shulrgv1 Lq wkh suh0uhirup shulrg/ vhyhq ri wkh uhsxeolfv wudgh vljql�fdqwo| pruh

zlwk Uxvvld wkdq lv suhglfwhg e| wkh prgho/ wkuhh gr qrw wudgh vljql�fdqwo| pruh ru ohvv/ dqg wkh

uhpdlqlqj irxu wudgh vljql�fdqwo| ohvv1

Hduolhu uhvxowv vxjjhvwhg wkdw wkh Uxvvldq uhjlrqv glg qrw wudgh pruh zlwk hdfk rwkhu lq wkh

suh0uhirup shulrg/ |hw wudghg pruh zlwk hdfk rwkhu wkdq zlwk rwkhu IVX phpehuv lq wkh uhirup
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shulrg1 Wklv lv frq�uphg khuh/ zlwk qr vlqjoh frxqwu| gulylqj wkh uhvxowv1D Wudgh ehwzhhq wkh

Uxvvldq uhjlrqv dqg doo uhsxeolfv/ h{fhsw Nd}dnkvwdq/ ihoo iurp wkh suh0uhirup wr wkh uhirup shulrg1

Wkh frxqwulhv wkdw h{shulhqfhg wkh juhdwhvw ghfolqhv lq wudgh zlwk wkh Uxvvldq uhjlrqv duh Jhrujld/

Wxunphqlvwdq/ Olwkxdqld/ Odwyld/ D}huedlmdq dqg Duphqld/ lq wkdw rughu1 Orfdwhg gluhfwo| vrxwk

ri Fkhfkq|d/ Jhrujld/ Duphqld/ dqg D}huedlmdq vx�huhg dv d uhvxow ri wkh Fkhfkhq zdu1 Olwkxdqld

dqg Odwyld kdyh frqvflrxvo| iroorzhg d srolf| ri lqwhjudwlrq lqwr Zhvwhuq Hxursh1

Wkh frh�flhqwv rq Ehoduxv dqg Nd}dnkvwdq duh erwk srvlwlyh lq wkh uhirup shulrg/ vxjjhvwlqj

wkdw erwk frxqwulhv vwloo wudgh dw ohdvw dv pxfk zlwk Uxvvldq uhjlrqv dv uhjlrqv wudgh dprqj wkhp0

vhoyhv1 Wkhvh wzr frxqwulhv dorqh vljqhg d iuhh wudgh djuhhphqw zlwk Uxvvld1 Wklv lpsolhv wkdw wkh

Uxvvldq eldv lq wudgh pd| eh odujho| d uhvxow ri wudgh eduulhuv1

��e ,t|�4@|�?} |�i igiU| Lu |@h�gt @?_ @_��t|4i?| ULt|t

Wkh ehqfkpdun prgho xvhg wr hvwlpdwh wkh wudgh eldv +htxdwlrq +4,, lqfoxghv glvwdqfh dv d sur{|

iru wudqvsruw frvwv dqg d gxpp| yduldeoh +UXVVLD, wr hvwlpdwh srvvleoh h{fhvv wudgh ehwzhhq

Uxvvldq uhjlrqv1 Wkh txhvwlrq lv krz wr lqwhusuhw wkh srvlwlyh frh�flhqw rq wkh gxpp| yduldeoh

lq wkh uhirup shulrg1 Lw frxog eh slfnlqj xs rwkhu sduwv ri wudgh frvwv ehvlghv glvwdqfh uhodwhg

wudqvsruw frvwv ru lw frxog eh slfnlqj xs wudgh eduulhuv1 Dowhuqdwlyho|/ lw pd| uhsuhvhqw gl�huhqfhv

lq idfwru hqgrzphqwv/ wdvwhv/ ru whfkqrorj|1

Lq wklv vhfwlrq zh dwwhpsw wr h{dplqh wkh h�hfw ri wdul�v dqg sdvw olqndjhv rq wudgh1 Zh

lqfrusrudwh wdul� ohyhov lqwr wkh ehqfkpdun htxdwlrq dv wkh orj ri rqh soxv wkh dg0ydoruhp wdul�

D ì TihuLh4 u�h|�ih hLM�t|?itt |it|t M) *LL!�?} @| |h@_i ��|� L|�ih hi}�L?t �iht�t |h@_i ��|� hiT�M*�Ut uLh i@U�

hi}�L?� ,@U� hi}hitt�L? �t h�? L? @ hi}�L?<t |h@_i ��|� @** Lu �|t |h@_�?} T@h|?iht� 6Lh @** hi}�L?t �i �?_ |�@| |h@_i

��|� |�i L|�ih hi}�L?t hi*@|��i |L |�i hiT�M*�Ut i T@?_i_ � ?L t�?}*i hi}�L? �t _h���?} L�h hit�*|t�
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udwh lq wkh lpsruwhu frxqwu| +WDULII ,1S Wzr SWDv zhuh udwl�hg lq wkh uhirup shulrg= rqh

ehwzhhq Uxvvld/ Nd}dnkvwdq/ dqg Ehoduxv dqg dqrwkhu ehwzhhq Hvwrqld/ Odwyld/ dqg Olwkxdqld/ vr

wkh dg ydoruhp wdul� lv }hur zkhqhyhu wudgh lv ehwzhhq dq| ri wkhvh frxqwu| sdluv ru dprqj uhjlrqv1

Wkh eldv wrzdugv Uxvvldq jrrgv/ hlwkhu dv d uhvxow ri qrq0wdul� eduulhuv/ suhihuhqfhv/ ru sulfh dqg

zdjh gl�huhqwldov lv qrz frqwuroohg iru e| wkh UXVVLD gxpp|1

Wkh uhvxowv duh uhsruwhg lq Wdeoh 51 Wkh lqfoxvlrq ri wkh wdul� yduldeoh holplqdwhv wkh vljql�fdqfh

ri UXVVLD1 Wklv lqglfdwhv wkdw wudgh srolf| lv wkh pdlq fdxvh ri orzhu wudgh dprqj uhjlrqv dqg

uhsxeolfv1 Wkh frh�flhqw fdq eh lqwhusuhwhg dv wkh hodvwlflw| ri wudgh zlwk uhvshfw wr wkh wdul�1 Wkh

frh�flhqwv rq wkh wdul� udwh ri 0415 lq 4<<7 dqg 04198 lq 4<<9 lpso| wkdw wkh hodvwlflw| ri wudgh wr

wkh wdul� lv lqfuhdvlqj lq devroxwh ydoxh ryhu wlph1 Wklv lv frqvlvwhqw zlwk wkhuh ehlqj dgmxvwphqw

frvwv lq uhrulhqwlqj surgxfwlrq dqg lqiudvwuxfwxuh1 Wkh lpsdfw rq wudgh lv uhodwlyho| vpdoo zkhq

wkh wdul� lv lqlwldoo| lpsrvhg/ dv wlph jrhv rq dqg lqiudvwuxfwxuh dqg surgxfwlrq duh uhrulhqwhg/ wkh

pdjqlwxgh ri lwv h�hfw ulvhv1

Qh{w zh dovr lqfoxgh d yduldeoh ghvfulelqj sdvw olqndjhv +OLQNV,= Sdvw olqndjhv h{lvw wkurxjk0

rxw wkh IVX dv d uhvxow ri fhqwudo sodqqlqj1 Iru h{dpsoh/ wkhuh duh kljko| lqwhjudwhg surgxfwlrq

dqg frqvxpswlrq fkdlqv/ lqiudvwuxfwxuh iru wudgh/ dqg exvlqhvv qhwzrunv doo ri zklfk duh olnho| wr

fkdqjh vorzo|/ dqg doo ri zklfk ohdg wr juhdwhu fxuuhqw wudgh wkdq lq wkhlu devhqfh1

Zh dvvxph wkdw wkh fxuuhqw olqndjh ehwzhhq wzr duhdv lv dq lqfuhdvlqj ixqfwlrq ri wkhlu sdvw

wudgh=

OLQNDJH��| @ I +P��|3�>P��|32>P��|3�> ===,=

Wkh lqwxlwlrq lv wkdw juhdwhu wudgh lq wkh sdvw jhqhudwhg pruh lqyhvwphqw dqg khqfh d odujhu

fdslwdo vwrfn +lq whupv ri surgxfwlrq dqg lqiudvwuxfwxuh, jhduhg wrzdug wkdw wudgh1 Iru d prgho

SA��t uLh4@| U@? Mi _ih��i_ uhL4 @ 4L_i* ��ihi |@h�gt i?|ih 4�*|�T*�U@|��i*)c t�U� @t @ _�gihi?|�@|i_ }LL_t 4L_i*�
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wkdw ghyhorsv d vlplodu lqwxlwlrq vhh Erxjkhdv hw1 do1 +4<<<,1 Wkh| vkrz wkdw li lqiudvwuxfwxuh

orzhuv wudqvsruw frvwv/ wkhq lqiudvwuxfwxuh dqg wkh yroxph ri wudgh zloo eh srvlwlyho| fruuhodwhg lq

d Gruqexvfk0Ilvfkhu0Vdpxhovrq prgho1 Zkloh wkh| prgho vshfl�f lqiudvwuxfwxuh iru wudqvsruw/ zh

kdyh lq plqg d pruh jhqhudo qrwlrq ri olqndjhv wkurxjk sk|vlfdo lqiudvwuxfwxuh/ surgxfwlrq fkdlqv/

dqg exvlqhvv frqwdfwv1

Dv d uhvxow ri fhqwudo sodqqlqj/ wudgh lq wkh suh0uhirup shulrg zdv yhu| vlplodu dfurvv |hduv/

dv hylghqfhg e| Wdeoh 41 Zh wkxv dvvxph wkdw olqndjhv zloo eh srvlwlyho| fruuhodwhg zlwk fhqwudoo|

sodqqhg wudgh iurp wkh suh0uhirup shulrg1 Wklv lpsolhv wkdw zh fdq lqfoxgh suh0uhirup wudgh

sdwwhuqv dv d phdvxuh ri fxuuhqw olqndjhv iru wudgh1

Wkh uhjuhvvlrqv lqfoxglqj sdvw wudgh duh uhsruwhg lq wkh �qdo wkuhh froxpqv ri Wdeoh 61 Wkh

vljql�fdqfh ri 4<;: wudgh lq wkh uhjuhvvlrq htxdwlrq iru 4<<9 lpsolhv wkdw d juhdw ghdo ri fxuuhqw

wudgh lv vwloo ghwhuplqhg e| sdvw wudgh sdwwhuqv1 Wkdw lv/ sdvw olqndjhv kdyh olplwhg wkh eldv rq

fxuuhqw wudgh1 Vshfl�fdoo|/ wkh uhvxowv lpso| wkdw 4 shufhqw lqfuhdvh lq wudgh lq 4<;: ohdgv wr derxw

kdoi ri rqh shufhqw lqfuhdvh lq fxuuhqw wudgh1

Rqh sureohp zlwk lqfoxglqj sdvw wudgh lv wkdw lw pd| dovr eh fruuhodwhg zlwk fxuuhqw wudgh

ehfdxvh ri rwkhu shuvlvwhqw yduldeohv wkdw duh qrw lqfoxghg lq wkh uhjuhvvlrq htxdwlrq/ vxfk dv

hqgrzphqwv ru whfkqrorj|/ exw wkdw duh qrw uhodwhg wr sdvw olqndjhv1. Wklv lv olnho| wr eh ohvv ri

dq lvvxh lq wklv gdwd ehfdxvh wudgh lq wkh suh0uhirup shulrg zdv fhqwudoo| sodqqhg dqg qrw edvhg

rq frpsdudwlyh dgydqwdjh1 Lq dgglwlrq/ wkh frxqwulhv lq rxu vwxg| zhuh wudgh sduwqhuv e| ghidxow/

wudglqj olwwoh zlwk frxqwulhv rxwvlgh wkh Xqlrq1 Wkhuhiruh/ glvlqwhjudwlrq lpsolhv wkdw wkh vhw ri

frxqwulhv ryhu zklfk frpsdudwlyh dgydqwdjh lv ghwhuplqhg lv juhdwhu1 Lq dgglwlrq/ hfrqrplhv kdyh

fkdqjhg gudpdwlfdoo| vlqfh 4<<5/ vrph hfrqrplhv kdyh jurzq zkloh rwkhuv kdyh vkuxqn/ frxqwulhv

. L̀??@UL|| E�bbH� ��}�*�}�|t |��t ThLM*i4 �? ��t _�tU�tt�L? Lu ,�U�i?}hii? @?_ Wh��?<t E�bbH� T@Tih L? |h@_i
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qrz kdyh gl�huhqw fxuuhqflhv/ dqg sulfhv duh qr orqjhu htxdol}hg dfurvv uhjlrqv dqg uhsxeolfv1

Vwloo/ dv d urexvwqhvv fkhfn/ zh xvh wkh �wwhg ydoxhv ri sdvw wudgh iurp wkh vlpsoh judylw|

htxdwlrq lq wkh uhjuhvvlrq +Froxpq �yh ri Wdeoh 6,1 Wkh uhvxowv uhpdlq urexvw lpso|lqj wkdw d

vljql�fdqw dprxqw ri fxuuhqw wudgh lv ghwhuplqhg e| sdvw olqndjhv1

61714 Lqwhusuhwdwlrq dqg Lpsolfdwlrqv iru wkh Ixwxuh

Wkh uhvxowv lq wklv sdshu vkrz wkdw wudgh kdv ehhq uhrulhqwhg zlwklq Uxvvld/ sulpdulo| dv d uhvxow ri

wudgh eduulhuv/ dqg wkdw wudgh �rzv zlwklq wkh IVX duh vwloo vljql�fdqwo| lpsdfwhg e| sdvw olqndjhv1

Zh kdyh dovr vkrzq wkdw wkh hodvwlflw| ri wudgh zlwk uhvshfw wr wdul�v lqfuhdvhv ryhu wlph/ olnho| dv d

uhvxow ri d uhrulhqwdwlrq ri surgxfwlrq/ lqiudvwuxfwxuh/ dqg qhwzrunv1 Wklv lpsolhv wkdw wkh Uxvvldq

eldv zh hvwlpdwh zloo frqwlqxh wr lqfuhdvh ryhu wlph1 Ghfuhdvlqj wudgh ehwzhhq Uxvvldq uhjlrqv

dqg uhsxeolfv zloo d�hfw surgxfwlrq/ lqiudvwuxfwxuh pdlqwhqdqfh dqg ghyhorsphqw/ dqg exvlqhvv

qhwzrunv1 Dv wkhvh olqndjhv iru wudgh ghwhulrudwh/ wkh frvw ri lqwhuqdwlrqdo wudgh zloo lqfuhdvh/

zklfk zloo fdxvh wudgh ehwzhhq IVX frxqwulhv wr ghfolqh ixuwkhu1

Dw suhvhqw wklv surfhvv lv olnho| vkrz xs lq rqo| pdujlqdo lpsuryhphqwv ru qhjohfw ri h{lvwlqj

lqiudvwuxfwxuh1 Wr h{dplqh wkh h{whqw wr zklfk wklv surfhvv kdv ehjxq/ zh �uvw h{dplqh sdvvhqjhu

wudlq vshhg zlwklq wkh IVX dv d sur{| iru lqyhvwphqw lq lqiudvwuxfwxuh wkdw olqnv uhjlrqv wr uhsxeolfv/

dqg wkhq zh glvfxvv krz qdvfhqw surmhfwv lq wkh IVX frxqwulhv duh olnho| wr dowhu lqwhuqdwlrqdo

olqndjhv1H

Xvlqj wudlq vfkhgxohv ehwzhhq IVX frxqwulhv dqg Uxvvldq uhjlrqv/ zh �qg wkdw wudlqv jrw idvwhu

ehwzhhq prvw Uxvvldq uhjlrqv iurp 4<;< wr 4<<9/ dqg wudlqv wr wkh iruphu uhsxeolfv vorzhg1 Wdeoh 7

uhsruwv wkh dyhudjh shufhqw fkdqjh lq wlph ri wudyho ehwzhhq dqg dprqj uhjlrqv dqg uhsxeolfv iurp

HAh@�? tU�i_�*it uLh �bHb @?_ �bbS @hi uhL4 |�i �@|�L?@* +@�*�@)t @hU���it �? �LtUL��
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4<;< wr 4<<91 Zkloh wudyho wlphv ehwzhhq uhjlrqv dqg uhsxeolfv dqg dprqj uhsxeolfv ohqjwkhqhg>

wudyho wlphv dprqj wkh Uxvvldq uhjlrqv zhuh qhduo| doo vkruwhu lq 4<<9 dv frpsduhg zlwk 4<;< +odvw

froxpq lq Wdeoh 7,1 Iru h{dpsoh/ d wudlq iurp wkh Qruwk uhjlrq wr wkh uhsxeolfv wrrn 71< shufhqw

orqjhu rq dyhudjh lq 4<<9 dv frpsduhg zlwk 4<;<> exw d wudlq iurp wkh Qruwk wr wkh rwkhu Uxvvldq

uhjlrqv wrrn 513 shufhqw ohvv wlph rq dyhudjh lq 4<<9 wkdq lq 4<;<1 Wkh odujhvw wudyho wlph lqfuhdvh

zdv ehwzhhq Fkhuqr}|rp dqg X}ehnlvwdq> lw wrrn 74 shufhqw orqjhu wr wudyho ehwzhhq wkh wzr

fdslwdov lq 4<<91 Wkh vkdushvw ghfolqh zdv ehwzhhq Fhqwudo Uxvvld dqg Fkhuqr}|rp> lw wrrn :15

shufhqw ohvv wlph wr wudyho ehwzhhq wkh wzr fdslwdov lq 4<<9 dv frpsduhg zlwk 4<;<1 Wklv vxjjhvwv

wkdw wudlqv lq Fkhuqr}|rp kdyh ehhq uhrulhqwhg wrzdugv Prvfrz dqg dzd| iurp wkh vrxwkhuq urxwh

wr X}ehnlvwdq1

Fkdqjhv lq wudyho wlphv zhuh dffrpsdqlhg e| d fkdqjh lq wkh iuhtxhqf| ri vhuylfh1 Wkh iuhtxhqf|

ri wudlqv wudyholqj ehwzhhq Uxvvldq uhjlrqv kdyh iru wkh prvw sduw uhpdlqhg frqvwdqw ru lpsuryhg/

exw wudlq vhuylfh iurp uhjlrqv wr uhsxeolfv kdv ehfrph ohvv iuhtxhqw1 Wkhvh uhvxowv vxjjhvwv erwk

wkdw lqiudvwuxfwxuh ehwzhhq uhjlrqv dqg uhsxeolfv lv ghwhulrudwlqj dqg wkdw frqqhfwlrqv iru exvlqhvv

wudyho dfurvv qdwlrqdo erughuv duh ohvv iuhtxhqw1 Zkloh wklv lv suredeo| sduwldoo| d uhvxow ri ghfolqlqj

wudgh/ lw lv dovr olnho| wr lqfuhdvh wkh frvwv ri lqwhuqdwlrqdo wudgh dqg khqfh idflolwdwh wkh uhrulhqwdwlrq

lq wudgh1

Uhrulhqwdwlrq ri lqiudvwuxfwxuh lv dovr hylghqw lq wkh qhz surmhfwv dqg djuhhphqwv wkdw kdyh

hphujhg lq prvw IVX frxqwulhv1 Rqh vwulnlqj h{dpsoh lv wkh pryh ri wkh Nd}dnk fdslwdo iurp

Dopdw| +lq wkh vrxwk, wr Dvwdqd +lq wkh qruwk, dqg wkh frqvwuxfwlrq ri d kljkzd| dqg d udlourdg

wr olqn wkh wzr flwlhv1 Odwyld dqg Hvwrqld duh dovr exloglqj d idvw wudlq olqn ehwzhhq wkhlu fdslwdov1

Ehoduxv dqg Uxvvld uhfhqwo| djuhhg wr ghhshu hfrqrplf dqg srolwlfdo lqwhjudwlrq/ wkh dffrug lqfoxghv

fxuuhqf| xql�fdwlrq dqg hqdfwlqj xql�hg fxvwrpv uhjxodwlrqv1 Wkhvh surmhfwv dqg djuhhphqwv duh

4:



olnho| wr d�hfw wudgh sdwwhuqv lq wkh IVX lq wkh |hduv wr frph1 Dv wkhvh qhz olqndjhv duh ghyhorshg

dqg sdvw olqndjhv dwursk|/ wkh grphvwlf eldv lq Uxvvldq wudgh zloo vxuho| lqfuhdvh1

e �L?U*�t�L?t

Lq wkh gd|v ri wkh Vrylhw Xqlrq/ wudgh zdv fhqwudoo| sodqqhg/ wudgh olqnv ehwzhhq uhjlrqv dqg

uhsxeolfv zhuh yhu| vwurqj/ dqg wkh uhjlrqv glg qrw wudgh pruh zlwk hdfk rwkhu wkdq zlwk wkh

uhsxeolfv1 Wkh froodsvh ri fhqwudo sodqqlqj dorqj zlwk wkh glvlqwhjudwlrq ri wkh Vrylhw Xqlrq kdyh

lqgxfhg d fkdqjh lq wkh ghwhuplqdqwv ri wudgh1 Dv judylw| kdv vhw lq/ wkh hodvwlflwlhv ri wudgh wr

lqfrph dqg glvwdqfh kdyh ulvhq dqg duh qrz vlplodu wr wkrvh irxqg lq wkh uhvw ri wkh zruog1 Lq

dgglwlrq/ dq lqfuhdvlqj eldv wrzdugv grphvwlf wudgh lq Uxvvld kdv ghyhorshg1 Vshfl�fdoo|/ zh vkrz

wkdw Uxvvldq uhjlrqv wudghg 93 shufhqw pruh zlwk hdfk rwkhu wkdq zlwk iruphu uhsxeolfv lq 4<<91

Wklv eldv lv sulpdulo| gxh wr wkh huhfwlrq ri wdul� eduulhuv1

Wkh erughu h�hfwv zh hvwlpdwh duh orzhu wkdq lq suhylrxv vwxglhv ehfdxvh lqiudvwuxfwxuh dqg

surgxfwlrq kdyh qrw ehhq grphvwlfdoo| uhrujdql}hg lq wkh vkruw shulrg vlqfh wkh froodsvh ri wkh

Vrylhw Xqlrq1 Wkdw lv/ wkh lqwud0qdwlrqdo eldv kdv ehhq plwljdwhg wkurxjk vwurqj klvwrulfdo olqndjhv

wkdw Uxvvldq uhjlrqv kdyh wr iruphu Vrylhw uhsxeolfv dqg frvwv ri dgmxvwphqw wr uhgluhfwlqj wudgh

dqg exloglqj qhz lqiudvwuxfwxuh1 Wkh huhfwlrq ri srolwlfdo erughuv/ krzhyhu/ zloo olnho| eh iroorzhg

e| wkh ghyhorsphqw ri qhz hfrqrplf erughuv1 Wklv lpsolhv wkdw wkh grphvwlf eldv lq Uxvvld +dqg

lq wkh qhz uhsxeolfv, zloo jurz ryhu wlph1
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^4` Erqg/ Hulf/ _Wudqvsruwdwlrq/ Lqiudvwuxfwxuh Lqyhvwphqwv/ dqg Wudgh Olehudol}dwlrq/% Plphr/

Shqq Vwdwh Xqlyhuvlw|/ 4<<:1

^5` Erxjkhdv/ Vslurv/ Sdqlfrv Ghphwuldghv/ dqg Hgjdu Prujhqurwk/ _Lqiudvwuxfwxuh/ Wudqvsruw

Frvwv/ dqg Wudgh% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 4<<</ ss1 49<04;<1

^6` Ghdugru�/ Dodq/ _Ghwhuplqdqwv ri Elodwhudo Wudgh% Lq M1 Iudqnho +Hg1, Wkh Uhjlrqdol}dwlrq ri

wkh Zruog Hfrqrp| QEHU 4<<;/ ss1 :0541

^7` HEUG/ Wudqvlwlrq Uhsruw/ Orqgrq/ 4<<:1

^8` Hlfkhqjuhhq/ Eduu| dqg Grxjodv Luzlq/ _Wkh Uroh ri Klvwru| lq Elodwhudo Wudgh Iorzv/% lq

M1 Iudqnho Hg1/ Wkh Uhjlrqdol}dwlrq ri wkh Zruog Hfrqrp|/ Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/

4<<;1

^9` Hqjho/ Fkduohv dqg Mrkq Urjhuv/ _Krz Zlgh lv wkh Erughu/% Dphulfdq Hfrqrplf Uhylhz/

Ghfhpehu 4<<9/ ss1 44450581

^:` Iudqnho/ Mh�uh|/ _Uhjlrqdo Wudglqj Eorfv/% Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplfv/ Zdvklqjwrq

GF/ 4<<:1

^;` Iudqnho/ Mh�uh|/ Huqhvwr Vwhlq dqg Vkdqj0mlq Zhl/ _Wudglqj Eorfv dqg wkh Dphulfdv= Wkh

Qdwxudo/ wkh Xqqdwxudo/ dqg wkh Vxshu0qdwxudo/% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ Yro1 7:

4<<8/ ss1 940<81
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^<` Iuhxqg/ Fdurolqh/ _Gl�huhqw Sdwkv wr Iuhh Wudgh= Wkh Jdlqv iurp Uhjlrqdolvp/% Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ iruwkfrplqj 53331

^43` Jrvnrpvwdw Urvvllvnr| Ihghudfll/ Uhjlrqll y Urvvll/ Prvfrz/ +ydulrxv lvvxhv,1

^44` Jrvnrpvwdw Urvvllvnr| Ihghudfll/ Urvvllvnll Vwdwlvwlfkhvnll H}khjrgqln/ Prvfrz/ +ydulrxv lv0

vxhv,1

^45` Jrvnrpvwdw Urvvllvnr| Ihghudfll/ Xuryhq* Reudvrydql|d Qdvhohql|d VVVU/ Shuhslv* Qdvh0

ohql|d/ 4<;<1

^46` Khoolzhoo/ Mrkq/ _Gr Qdwlrqdo Erughuv Pdwwhu iru Txhehf*v WudghB% Fdqdgldq Mrxuqdo ri

Hfrqrplfv/ Dxjxvw 4<<9/ ss183:08551

^47` Khoolzhoo/ Mrkq/ Krz Pxfk Gr Qdwlrqdo Erughuv PdwwhuB Eurrnlqjv Lqvwlwxwlrq Vhulhv rq

Lqwhjudwlqj Qdwlrqdo Hfrqrplhv/ 4<<<1

^48` Khospdq/ Hokdqdq dqg Sdxo Nuxjpdq/ Wudgh Srolf| dqg Pdunhw Vwuxfwxuh/ Wkh PLW Suhvv/

4<;<1

^49` Kxpphov/ Gdylg dqg Mdphv Ohylqvrkq/ _Prqrsrolvwlf Frpshwlwlrq dqg Lqwhuqdwlrqdo Wudgh=

Uhfrqvlghulqj wkh Hylghqfh/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dxjxvw 4<<8/ ss1 :<<0;691

^4:` PfFdooxp/ Mrkq/ _Qdwlrqdo Erughuv Pdwwhu= Fdqdgd0X1V1 Uhjlrqdo Wudgh Sdwwhuqv/% Dphul0

fdq Hfrqrplf Uhylhz/ Mxqh 4<<8/ ss1 9480561

^4;` Plqlvwhuvwyr Wudqvsruwd VVVU/ Sxwhyrglwhoqll Dwodv Vryhwvnryr Vr|}d/ Prvfrz/ 4<<31

^4<` Zhl/ Vkdqj0mlq/ _Lqwud0qdwlrqdo Yhuvxv Lqwhuqdwlrqdo Wudgh= Krz Vwxeeruq duh Qdwlrqv lq

Joredo LqwhjudwlrqB% QEHU Zrunlqj Sdshu &8864/ 4<<91
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^53` Zrqqdfrww/ Urqdog/ _Frpphqw/% lq M1 Iudqnho Hg1/ Wkh Uhjlrqdol}dwlrq ri wkh Zruog Hfrq0

rp|/ Xqlyhuvlw| ri Fklfdjr Suhvv/ 4<<;1

^54` Zruog Edqn/ Vwdwlvwlnd Yqhvkqhl Wrujryol y VVVU l jrvxgduvwydfk suhhpqlndfk/ Zdvklqjwrq

GF/ 4<<5/ 4<<6/ 4<<7/ 4<<8/ 4<<9/ 4<<:1

^55` Zruog Edqn/ Nd}dnkvwdq= Mrlqw Sulydwh Vhfwru Dvvhvvphqw/ Zdvklqjwrq G1F1 4<<;1

D �TTi?_� G #@|@

D�� Ah@_i 6*L�t

Gdwd rq lqwhu0uhjlrqdo dqg lqwhu0uhsxeolfdq wudgh �rzv lq wkh Vrylhw Xqlrq zhuh froohfwhg frqvlv0

whqwo| vwduwlqj lq 4<971 Diwhu wkh froodsvh ri wkh Vrylhw Xqlrq lq 4<<5/ wkh Uxvvldq Vwdwh Vwdwlvwlfv

Frpplwwhh +Jrvnrpvwdw, zlwk wkh dvvlvwdqfh ri wkh Zruog Edqn frqwlqxhg wkh froohfwlrq dqg sxe0

olfdwlrq ri lqwhu0uhsxeolfdq wudgh �rz gdwd +Zruog Edqn/ ydulrxv lvvxhv,1 Lqwhu0uhjlrqdo gdwd rq

qhw wudgh �rzv iru Uxvvld duh sxeolvkhg lq wkh Uhjlrqll y Urvvll |hduerrn/ vwduwlqj lq 4<;:1 Jurvv

wudgh �rz gdwd iru wkh uhjlrqv duh rqo| dydlodeoh iurp lqwhuqdo Jrvnrpvwdw sxeolfdwlrqv1

Doo gdwd duh dydlodeoh iru 4<;:04<<3/ dqg 4<<604<<91 Zh h{foxgh 4<<6 iurp wkh dqdo|vlv gdwd

ehfdxvh 73 shufhqw ri wkh revhuydwlrqv zhuh plvvlqj dqg wudgh �rzv zhuh rqo| uhsruwhg lq hdfk

iruphu uhsxeolf*v qhzo| lqwurgxfhg fxuuhqf|/ zklfk pdgh frqyhuvlrq wr XV grooduv gl�fxow1 Wkh

4<;:0<3 gdwd zhuh uhsruwhg lq Uxvvldq uxeohv dqg frqyhuwhg lqwr XV grooduv xvlqj wkh eodfn pdunhw

h{fkdqjh udwh iru 4<<304 uxeoh htxdohg 316; 'X1V1~dv uhsruwhg lq Zruog Edqn +4<<7,1 Wkh 4<<70<9

gdwd zhuh uhsruwhg lq X1V1 grooduv1 Wzr Uxvvldq uhjlrqv +Hdvw dqg Zhvw Vlehuld, zhuh h{foxghg

iurp wkh gdwdvhw gxh wr pdq| plvvlqj ydoxhv lq wkh 4<<70<9 shulrg1

Wzr srvvleoh eldvhv h{lvw lq wkh gdwd= rqh uhodwhg wr eduwhu wudqvdfwlrqv/ dqg rqh uhodwhg wr
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xquhfrughg wudgh1 Eduwhu wudqvdfwlrqv duh uhfrughg lq d vshfldo vhfwlrq ri wkh fxvwrpv ghfodudwlrqv

+iru furvv0erughu wudgh, dqg vxssolhu lqyrlfhv +iru lqwud0Uxvvldq wudgh,1 Vxssolhuv duh uhtxluhg wr

sulfh wkhlu phufkdqglvh dw wkh suhydlolqj pdunhw sulfh lq wkh frxqwu| ri ruljlq soxv d sulfh suhplxp

dv d shqdow| iru qrq0fdvk sd|phqw1 Wkh sulfh suhpld duh lqfoxghg lq wkh lqyrlfh1 Wkhuh lv dq

lqfhqwlyh wr uhsruw orzhu ydoxhv ri wkh phufkdqglvh lq erwk lqwud0Uxvvldq dqg furvv0erughu wudgh

wr dyrlg sd|phqw ri ydoxh0dgghg wd{hv1 Wkh lqfhqwlyh/ krzhyhu/ pd| eh vrphzkdw vwurqjhu lq

furvv0erughu wudqvdfwlrqv vlqfh frqvljqphqwv duh ohylhg zlwk fxvwrpv gxwlhv dqg dq dgglwlrqdo 53

shufhqw ydoxh0dgghg wd{1 Wudgh �rzv duh ixuwkhu eldvhg grzqzdug gxh wr xquhfrughg wudgh/ l1h1/

vklsphqwv zklfk furvv wkh erughu exw zkrvh rzqhuv dyrlg sd|phqwv ri gxwlhv dqg wd{hv e| eulelqj

fxvwrpv r�fldov1

Lq klv vwxg| rq wkh euhdnxs ri ihghudwlrqv/ Iudqnho +4<<:, dujxhv wkdw wkh sduwldo uholdqfh rq

eduwhu wudqvdfwlrqv lq wkh IVX uhgxfhv wudgh zlwk rwkhu sduwqhuv dqg khqfh vhuyhv wr pdlqwdlq wkh

grphvwlf eldv lq wudgh1 Wklv dujxphqw rqo| dssolhv wr rxwzdug wudgh/ l1h1 wudgh zlwk qrq0IVX

sduwqhuv1 Eduwhu wudgh zrxog uhgxfh wkh lqwud0Uxvvldq grphvwlf eldv lq rxu vdpsoh rqo| li lw zhuh

pruh shuydvlyh lq furvv0erughu wudgh ehwzhhq Uxvvldq dqg vd| Xnudlqldq hqwhusulvhv wkdq lq wudgh

ehwzhhq hqwhusulvhv lq gl�huhqw Uxvvldq uhjlrqv1 Wklv lv/ krzhyhu/ qrw frqvlvwhqw zlwk wkh hqwhusulvh

vxuyh| hylghqfh +Zruog Edqn/ 4<<;,1 Eduwhu wudqvdfwlrqv zhuh dv ohdvw dv frpprq zlwklq Uxvvld1

D�2 W?UL4i #@|@

Wkh JGS gdwd iru uhsxeolfv frph iurp Zruog Edqn +ydulrxv |hduv,1 Djdlq/ dv lq wkh wudgh gdwd/

4<;:0<3 ydoxhv duh uhsruwhg lq Uxvvldq uxeohv dqg frqyhuwhg wr XV grooduv xvlqj wkh 4<<3 eodfn

pdunhw h{fkdqjh udwh1 Wkh 4<<70<9 qxpehuv duh uhsruwhg lq erwk orfdo fxuuhqflhv dqg XV gro0

oduv1 Zh xvh Urvvllvnll Vwdwlvwlfkhvnll H}khjrgqln +Jrvnrpvwdw/ ydulrxv |hduv, wr frpsohphqw rxu

uhsxeolfdq gdwd zlwk gdwd iru wkh qlqh Uxvvldq uhjlrqv1
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Wkh lqfrph gdwd glvsod| vljql�fdqw fkdqjhv ryhu wkh vdpsoh shulrg/ zlwk d suhflslwrxv lqlwldo

gurs dqg d vxevhtxhqw vwhdg| lqfuhdvh lq wkh uhirup shulrg1 Lq frqwudvw/ wkh suh0uhirup shulrg

zdv pdunhg e| vwdjqdqw lqfrph jurzwk1 E| 4<<9/ irxu uhsxeolfv +Hvwrqld/ Nd}dnkvwdq/ Odwyld/

dqg Olwkxdqld, dqg �yh Uxvvldq uhjlrqv +Qruwk/ Qruwkzhvw/ Fhqwudo/ Yrojd/ dqg Xudo, kdg uhdfkhg

JGS ohyhov +lq groodu whupv, kljkhu wkdq lq 4<;:1 Dw wkh rssrvlwh h{wuhph/ Duphqld/ D}huedlmdq/

Progryd/ dqg Wdmlnlvwdq ihoo wr kdoi ri wkhlu 4<;: ohyhov e| 4<<91

D�� #�t|@?Ui @?_ |h@�? tU�i_�*it

Zh xvh wkh urdg wudyho jxlgh +Plqlvwhuvwyr Wudqvsruwd/ 4<<3, wr frqvwuxfw d glvwdqfh pdwul{1 Glv0

wdqfh lv phdvxuhg lq nlorphwhuv dqg fryhuv wkh vkruwhvw glvwdqfh ehwzhhq wzr uhjlrqdo ru uhsxeolfdq

fhqwhuv1 Wklv phdvxuh lv vxshulru wr e|0dlu glvwdqfh vlqfh lw dffrxqwv iru wkh ohyho ri ghyhorsphqw ri

Vrylhw lqiudvwuxfwxuh1 Wkh orqjhvw glvwdqfh ehwzhhq wzr hfrqrplf fhqwhuv lv </9;: nlorphwhuv iurp

Odwyld wr wkh Iduhdvw uhjlrq ri Uxvvld1

Sdvvhqjhu wudlq gdwd iru 4<<9 dqg 4<;< duh iurp wkh Qdwlrqdo Udlozd|v dufklyhv lq Prvfrz

+xqsxeolvkhg gdwd,1

D�e Ah@_i M@hh�iht

Zkloh d gr}hq gl�huhqw SWDv kdyh ehhq qhjrwldwhg ehwzhhq dqg dprqj iruphu Vrylhw uhsxeolfv

+HEUG/ 4<<:,/ rqo| wzr vxfk djuhhphqwv 0 ehwzhhq Hvwrqld/ Odwyld/ dqg Olwkxdqld> dqg Ehoduxv/

Nd}dnkvwdq/ dqg Uxvvld 0 zhuh udwl�hg e| wkh uhvshfwlyh sduoldphqwv dqg lpsohphqwhg1 Wkh dy0

hudjh xqzhljkwhg wdul� ohyhov ehwzhhq wkh rwkhu uhsxeolfv udqjhv ehwzhhq 7 dqg 63 shufhqw dg

ydoruhp/ zlwk Hvwrqld/ Duphqld/ dqg Olwkxdqld ehlqj wkh prvw rshq dqg D}huedlmdq/ Wdmlnlvwdq/

dqg Wxunphqlvwdq kdylqj wkh kljkhvw surwhfwlrq1

Qrq0wdul� eduulhuv duh shuydvlyh dprqj wkh iruphu uhsxeolfv1 Lqwhuylhzv zlwk pdqdjhuv ri
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h{sruwlqj �upv grqh e| wkh dxwkruv gxulqj ylvlwv wr whq ri wkh uhsxeolfv lghqwl�hg vhyhudo w|shv

ri vxfk eduulhuv1 Orqj ghod|v dw wkh erughu dqg rqhurxv sdshu uhtxluhphqwv e| fxvwrpv r�fhuv

fdq eh +dqg riwhq duh, dyrlghg e| phdqv ri eulehv1 Wklv dggv wr wkh frvw ri wkh frqvljqphqw

ehwzhhq 4 shufhqw +N|uj|} fxvwrpv r�fldov ehlqj wkh fkhdshvw, dqg 9 shufhqw +lq X}ehnlvwdq, rq

dyhudjh1 Wudqvlw wudqvsruw wkurxjk d frxqwu|/ ru hyhq wkurxjk d uhjlrq zlwklq wkh vdph frxqwu|

fdq dovr lqfuhdvh frvwv vxevwdqwldoo|1 Lqwhuylhzv zlwk Nd}dnk exvlqhvvphq uhyhdo wkdw wkhlu wuxfnv

duh urxwlqho| vwrsshg dqg �qhg vhyhudo wlphv zkhq hqwhulqj X}ehnlvwdq1 Progrydq exvlqhvvphq

uhsruw wkdw wudqvlw wudqvsruw wkurxjk Xnudlqh dqg lqwr Uxvvld lv ohylhg zlwk d ghsrvlw/ htxdo wr

433 shufhqw ri wkh frqvljqphqw ydoxh/ rq wkh Progrydq0Xnudlqldq erughu1 Wkh sd|phqw kdv wr eh

pdgh lq Xnudlqldq fxuuhqf|1 Iruhljqhuv fdqqrw/ krzhyhu/ rzq Xnudlqldq fxuuhqf| deryh fhuwdlq

olplwv dqg khqfh wkh| kdyh wr h{fkdqjh prqh| dw wkh erughu/ dqg wkhq h{fkdqjh prqh| edfn zkhq

hqwhulqj Uxvvld1 Lq wkh fxuuhqf| h{fkdqjh surfhvv/ dq dyhudjh ri : shufhqw ri wkh ydoxh ri wkh

frqvljqphqw lv dgghg wr frvwv1 N|uj|} exvlqhvvphq uhsruw wkdw lq rqh0txduwhu ri wkh fdvhv wkh|

qhyhu jhw wkh ghsrvlw edfn1 Lq dgglwlrq/ pdq| frxqwulhv fkdujh iruhljqhuv kljkhu udwhv iru udlo

wudqvsruw1 Ilqdoo|/ doo hqwhusulvhv lq frxqwulhv zklfk kdyh qrw vljqhg SWDv zlwk Uxvvld duh irufhg

wr sd| ydoxh0dgghg wd{hv +ri 53 shufhqw, wzlfh~rqfh zkhq wkh| surgxfh jrrgv lq wkhlu rzq frxqwu|

dqg d vhfrqg wlph zkhq jrrgv furvv wkh erughu zlwk Uxvvld1
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Wdeoh 4= Ehqfkpdun Vshfl�fdwlrq

4<;: 4<;; 4<;< 4<<3 4<<7 4<<8 4<<9

\� 31:9- 31::- 31::- 31:8- 31<6- 31;;- 31;;-

+5;18, +5;17, +5;18, +5<13, +4:1:, +4815, +4919,

\� 31:5- 31:5- 31:5- 31:6- 31<3- 31;<- 31;5-

+5:15, +5:15, +5:17, +5<13, +4814, +4:16, +4914,

GLVW 03175- 03175- 03175- 03175- 031<;- 04138- 04149-

+04515, +04513, +04513, +04517, +04819, +04918, +04918,

UXVVLD 03145 03143 03144 03148 3164- 3175- 3179-

+0419, +0416, +0416, +041<, +5166, +614, +618,

Qr1 ri rev1 837 835 7<8 7<7 7<5 7;9 7;:

Dgm U0vtxduh 31;4 31;4 31;4 31;5 31:3 31:3 31:5

-Vljql�fdqw dw wkh 8 shufhqw ohyho1 Khwhurvnhgdvwlflw| fruuhfwhg w0vwdwlvwlfv duh lq sduhqwkhvhv1

Doo uhjuhvvlrqv uxq zlwk d frqvwdqw/ ydoxhv iru wkh frqvwdqwv duh qrw uhsruwhg1
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Wdeoh 5= Hvwlpdwlrq zlwk Srsxodwlrq dv Lqvwuxphqwdo Yduldeoh iru Lqfrph

4<;: 4<<3 4<<7 4<<8 4<<9

\� 31;6- 31;5- 4147- 4147- 4143-

+591;, +5:1;, +491<, +4813, +4819,

\� 31;7- 31;6- 4138- 4138- 4137-

+5:15, +5:1<, +4819, +4814, +4915,

GLVW 03174- 03174- 031<9- 04135- ~4145-

+04419, +0441<, +0471;, +4813, +04814,

UXVVLD 03168- ~3167- 3153 03148 03144

+061;, +0713, +4154, +031;;, +031:3,

Qr1 ri rev1 837 7<7 7<5 7;9 7;:

Dgm U0vtxduh 31;4 31;5 319< 319< 31:4

-Vljql�fdqw dw wkh 8 shufhqw ohyho1 Khwhurvnhgdvwlflw| fruuhfwhg w0vwdwlvwlfv duh lq sduhqwkhvhv1

Srsxodwlrq lv xvhg dv lqvwuxphqwv iru lqfrph1

Doo uhjuhvvlrqv uxq zlwk d frqvwdqw/ ydoxhv iru wkh frqvwdqwv duh qrw uhsruwhg1

59



Wdeoh 6= Hvwlpdwlqj wkh H�hfw ri Wdul�v dqg Dgmxvwphqw Frvwv

4<<7 4<<8 4<<9 4<<9 4<<9 4<<9

+ROV, +ROV, +ROV, +ROV, +WVOV, +ROV,

\� 31;<- 31;9- 31:<- 3184- 3194- 317;-

+4719, +4916, +4814, +:14, +914, +919,

\� 31<4- 31;8- 31;8- 3188- 3199- 3185-

+491<, +4715, +4819, +:1:, +914, +:15,

GLVW 031<;- 04138- 04153- 031<5- 031<<- 031<5-

+0481<, +0491<, +0491;, +0451;, +04518, +04615,

UXVVLD 3135 313; 313: 3179- 3179- 313;

+315, +318, +317, +61;, +61;, +318,

WDULII 04153- 04179- 04198- 04197-

+051:, +0613, +0615, +0615,

SWUDGH 318:- 316<- 318:-

+914, +519, +914,

Qr1 ri rev1 7<5 7;9 7;: 7;9 7;9 7;9

Dgm U0vtxduh 31:3 31:3 31:5 31:7 31:7 31:8

-Vljql�fdqw dw wkh 4 shufhqw ohyho1 Khwhurvnhgdvwlflw| fruuhfwhg w0vwdwlvwlfv duh lq sduhqwkhvhv1

Doo uhjuhvvlrqv uxq zlwk d frqvwdqw/ ydoxhv iru wkh frqvwdqwv duh qrw uhsruwhg1
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Wdeoh 7= Dyhudjh Shufhqw Fkdqjh lq Wudyho Wlph 4<<904<;<

Ehwzhhq Uhsxeolfv dqg Uhsxeolfv@ dqg UxvvldK Ehwzhhq Uhjlrqv dqg Uhsxeolfv@ dqg UxvvldK

Duphqld 81< 816 Qruwk 71< 0513

D}huedlmdq :15 814 Qruwkzhvw 916 051;

Ehoduxv <16 515 Fhqwudo 817 0614

Hvwrqld 915 81: Fkhuqr}|rp ;18 041<

Jhrujld :15 ;1< Fdxfdvhv 81< 0513

Nd}dnvwdq 91; 818 Yrojd 914 0319

N|ujlvwdq 914 ;1; Yrojd0Y|dwnd 817 0514

Odwyld 81; 718 Xudo 817 0513

Olwkxdqld 51: 718 Iduhdvw 718 314

Progryd ;1; :18

Wdmlnlvwdq :17 718

Wxunphqlvwdq 815 716

Xnudlqh 917 81<

X}ehnlvwdq 91: 4414

d1 Wkh dyhudjh shufhqw fkdqjh lq wudyho wlph ehwzhhq wkh fdslwro ri wkh uhjlrq ru wkh uhsxeolf

dqg wkh fdslwrov ri doo rwkhu uhsxeolfv1 e1Wkh dyhudjh shufhqw fkdqjh lq wudyho wlph ehwzhhq

wkh fdslwro ri wkh uhjlrq ru wkh uhsxeolfdqg wkh fdslwrov ri Uxvvldq uhjlrqv1
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