
 
 
 
 

DISCUSSION PAPER SERIES 

 
 
 

     ABCD 
 

www.cepr.org 
 
 

Available online at: www.cepr.org/pubs/dps/DP3853.asp 
 www.ssrn.com/xxx/xxx/xxx 

  

 
 

 
 
 
 

No. 3853 
 

WHAT ARE FALLING  
TRANSPORT COSTS DOING  

TO SPATIAL CONCENTRATION  
ACROSS US COUNTIES? 

 
 

Klaus Desmet and Marcel Fafchamps 
 
 

  INTERNATIONAL TRADE 
 
 

 



ISSN 0265-8003 

WHAT ARE FALLING  
TRANSPORT COSTS DOING  

TO SPATIAL CONCENTRATION  
ACROSS US COUNTIES? 

Klaus Desmet, Universidad Carlos III de Madrid and CEPR 
Marcel Fafchamps, University of Oxford 

 

Discussion Paper No. 3853 
March 2003 

Centre for Economic Policy Research 
90–98 Goswell Rd, London EC1V 7RR, UK 

Tel: (44 20) 7878 2900, Fax: (44 20) 7878 2999 
Email: cepr@cepr.org, Website: www.cepr.org 

This Discussion Paper is issued under the auspices of the Centre’s research 
programme in INTERNATIONAL TRADE. Any opinions expressed here are 
those of the author(s) and not those of the Centre for Economic Policy 
Research. Research disseminated by CEPR may include views on policy, but 
the Centre itself takes no institutional policy positions. 

The Centre for Economic Policy Research was established in 1983 as a 
private educational charity, to promote independent analysis and public 
discussion of open economies and the relations among them. It is pluralist 
and non-partisan, bringing economic research to bear on the analysis of 
medium- and long-run policy questions. Institutional (core) finance for the 
Centre has been provided through major grants from the Economic and 
Social Research Council, under which an ESRC Resource Centre operates 
within CEPR; the Esmée Fairbairn Charitable Trust; and the Bank of 
England. These organizations do not give prior review to the Centre’s 
publications, nor do they necessarily endorse the views expressed therein. 

These Discussion Papers often represent preliminary or incomplete work, 
circulated to encourage discussion and comment. Citation and use of such a 
paper should take account of its provisional character. 

Copyright: Klaus Desmet and Marcel Fafchamps 



CEPR Discussion Paper No. 3853 

March 2003 

ABSTRACT 

What are Falling Transport Costs doing to  
Spatial Concentration Across US Counties? 

Theory is divided on whether falling transport costs lead to more or less 
spatial concentration of economic activity. Using US county-level data we find 
that aggregate employment became more concentrated between 1972-92. 
This aggregate picture hides important differences between sectors though. 
Whereas non-service sectors have been spreading out, service sectors have 
become increasingly concentrated by absorbing jobs from nearby areas. This 
cross-sectional variation lends support to Krugman and Venables (1995), who 
suggest that falling transport costs initially lead to more concentration, and 
later on to more dispersion. 

JEL Classification: R11 and R12 
Keywords: location, spatial concentration, transport costs and US counties 

Klaus Desmet 
Departamento de Economía  
Universidad Carlos III Madrid   
28903 Getafe Madrid   
SPAIN   
Tel: (34 91) 624 9845  
Fax: (34 91) 624 9875  
Email: desmet@eco.uc3m.es  
 
For further Discussion Papers by this author see: 
www.cepr.org/pubs/new-dps/dplist.asp?authorid=144849 

Marcel Fafchamps 
Department of Economics  
University of Oxford   
Manor Road, Oxford  
OX1 3UL   
Tel: (44 1865) 281446  
Fax: (44 1865) 281447  
Email: marcel.fafchamps@economics.ox.ac.uk  
 
For further Discussion Papers by this author see: 
www.cepr.org/pubs/new-dps/dplist.asp?authorid=116121 

 
 

Submitted 07 March 2003 



4 Lqwurgxfwlrq

Gr idoolqj wudqvsruw frvwv ohdg wr pruh ru wr ohvv frqfhqwudwlrq ri hfrqrplf dfwlylw| dfurvv

vsdfhB Zkloh fhuwdlq dxwkruv kdyh dvvhuwhg wkdw orzhu wudqvsruw frvwv lpso| pruh vsdwldo

frqfhqwudwlrq +Nuxjpdq/ 4<<4,/ rwkhuv kdyh jrqh wr wkh rssrvlwh h{wuhph e| fodlplqj

wkdw idoolqj wudqvsruw frvwv zloo fdxvh wkh ghplvh ri flwlhv +Jloghu/ 4<<7,1 Dffruglqj wr

Nuxjpdq dqg Yhqdeohv +4<<8,/ erwk ylhzv pd| eh sduwo| uljkw= wkh| vxjjhvw wkdw dv

wudqvsruw frvwv gurs/ vsdwldo frqfhqwudwlrq �uvw lqfuhdvhv/ dqg wkhq ghfuhdvhv1

Wkh vdph frq lfwlqj ylhzv duh suhvhqw lq wkh hpslulfdo olwhudwxuh rq xuedq hfr0

qrplfv= zkloh pxfk dwwhqwlrq kdv ehhq ghyrwhg wr wkh skhqrphqrq ri vxexuedql}dwlrq

+Ploov/ 4<:5> Pdfdxoh|/ 4<;8> Wkxuvwrq dqg \h}hu/ 4<<7> Mrugdq/ Urvv dqg Xvrzvnl/

4<<;,/ wkh pruh uhfhqw hylghqfh kdv vkrzq wkdw flwlhv duh lq idfw wkulylqj +Nronr/ 4<<<,1

Djdlq/ wkhvh ylhzv qhhg qrw eh frqwudglfwru|1 E| irfxvlqj rq frxqw| gdwd/ rxu sdshu

�qgv hylghqfh odujho| frqvlvwhqw zlwk wkh qrq0prqrwrqh uhodwlrq ehwzhhq wudqvsruw frvwv

dqg vsdwldo frqfhqwudwlrq ri Nuxjpdq dqg Yhqdeohv +4<<8,1

Pruh sduwlfxoduo|/ zh dqdo|}h vsdwldo frqfhqwudwlrq dfurvv X1V1 frxqwlhv ehwzhhq

4<:5 dqg 4<<5/ d shulrg pdunhg e| idoolqj wudqvsruw frvwv1 Frqwlqxlqj lwv vhfxodu wuhqg/

iuhljkw h{shqglwxuh gursshg iurp ;14( ri JGS dw wkh ehjlqqlqj ri wkh 4<:3v wr 81<(

ri JGS lq 4<<5> ryhu wkh vdph wlph shulrg/ wkh vkduh ri glvsrvdeoh lqfrph ghglfdwhg wr

wudqvsruwdwlrq ihoo iurp 44( wr <1:( +Exuhdx ri Wudqvsruwdwlrq Vwdwlvwlfv,1

Dw wkh djjuhjdwh ohyho zh �qg wkdw hpsor|phqw ehfdph pruh frqfhqwudwhg/ frq0

�uplqj wkh jrrg khdowk ri flwlhv1 Krzhyhu/ ehklqg wkh yhlo ri djjuhjdwlrq olhv d zruog

pruh olnh wkh rqh ghvfulehg e| Nuxjpdq dqg Yhqdeohv +4<<8,1 Lq qrq0vhuylfh vhfwruv/ vxfk

dv pdqxidfwxulqj/ dfwlylw| kdv ehhq vsuhdglqj rxw/ pdnlqj frxqwlhv pruh dolnh> lq vhuylfh

vhfwruv wkh rssrvlwh kdv ehhq kdsshqlqj= wkh| kdyh ehfrph lqfuhdvlqjo| frqfhqwudwhg1

Wr vhh krz wklv �wv lq zlwk wkh Nuxjpdq dqg Yhqdeohv +4<<8, vwru|/ zh eulh |

uhylhz wkhlu dujxphqw1 Dw surklelwlyho| kljk wudqvsruw frvwv/ jrrgv duh hvvhqwldoo| qrq0

wudghdeoh1 Wklv reoljhv surgxfwlrq wr orfdwh forvh wr fxvwrphuv/ ohdglqj dfwlylw| wr uhpdlq
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vsuhdg rxw14 Dv wudqvsruw frvwv idoo/ jrrgv ehfrph wudghdeoh/ doorzlqj surgxfwlrq wr wdnh

dgydqwdjh ri djjorphudwlrq hfrqrplhv e| frqfhqwudwlqj1 Krzhyhu/ li wudqvsruw frvwv frq0

wlqxh wr gurs/ wkrvh djjorphudwlrq hfrqrplhv uhdfk rxw iduwkhu lq vsdfh/ ohdglqj dfwlylw|

wr vsuhdg edfn rxw wr ohvv frqjhvwhg duhdv1

Zkloh rxu wlph vhulhv lv wrr vkruw wr xqfryhu wkh Nuxjpdq0Yhqdeohv uhodwlrq dw

wkh djjuhjdwh ohyho/ wkh furvv0vhfwlrqdo yduldwlrq doorzv xv wr jhw durxqg wklv sureohp1

Wr foduli| wklv srlqw/ dvvxph wkdw wudqvsruw frvwv ghfolqhg dfurvv doo vhfwruv15 Li d vhfwru

kdg lqlwldoo| kljk wudqvsruw frvwv/ zh zrxog h{shfw frqfhqwudwlrq wr kdyh lqfuhdvhg> li/

rq wkh frqwudu|/ d vhfwru kdg douhdg| orz wudqvsruw frvwv wr vwduw zlwk/ zh zrxog h{shfw

frqfhqwudwlrq wr kdyh ghfuhdvhg1

Wklv lv h{dfwo| zkdw zh vhh zkhq zh frpsduh wkh vhuylfh wr wkh qrq0vhuylfh

vhfwruv1 Gxh wr wkhlu qrq0wudghdeoh qdwxuh/ vhuylfhv kdyh wudglwlrqdoo| ehhq vsuhdg rxw1

Idoolqj wudqvsruw frvwv duh qrz doorzlqj wkhp wr djjorphudwh16 Pdqxidfwxulqj/ krzhyhu/

douhdg| ehfdph kljko| frqfhqwudwhg gxulqj wkh qlqhwhhqwk fhqwxu| +Nlp/ 4<<8> Jodhvhu/

4<<;,> wkh pruh uhfhqw gurs lq wudqvsruw frvwv kdv ehhq zhdnhqlqj wkh ehqh�wv iurp

djjorphudwlrq/ ohdglqj pdqxidfwxulqj dfwlylw| wr vsuhdg rxw1

Qrz wdnh wklv dujxphqw rqh vwhs ixuwkhu1 Li vhuylfhv duh ehfrplqj pruh wudghdeoh/

zh zrxog h{shfw vhuylfh fhqwhuv wr vsurxw xs e| deruelqj vhuylfh mrev iurp wkh klqwhuodqg1

Vlploduo|/ li djjorphudwlrq hfrqrplhv lq wkh pdqxidfwxulqj vhfwru duh uhdfklqj rxw iduwkhu/

zh zrxog h{shfw duhdv forvh wr h{lvwlqj foxvwhuv wr ehqh�w1 Zh fdq rqo| vwxg| wkhvh lvvxhv

li zh h{solflwo| wdnh lqwr dffrxqw wkh vsdwldo glphqvlrq ri djjorphudwlrq hfrqrplhv1 Wr

4Lq wkh Nuxjpdq0Yhqdeohv prgho wklv uhvxow ghshqgv rq zrunhuv ehlqj lppreloh/ dq dvvxpswlrq zklfk
kdugo| pdnhv vhqvh lq rxu iudphzrun/ zkhuh frxqwlhv duh wkh xqlw ri dqdo|vlv1 Krzhyhu/ lw lv vwudljkw0
iruzdug wr vhh wkdw wkhlu lqwxlwlrq jrhv wkurxjk dv orqj dv rqh idfwru ri surgxfwlrq/ vxfk dv odqg/ lv
lppreloh1

5Zkloh wkh ghfolqh ri wudqvsruw frvwv lq pdqxidfwxulqj lv zhoo grfxphqwhg +Vplwk/ 4<;<,/ wkh hylghqfh
iru vhuylfhv lv pruh dqhfgrwdo1 Iru lqvwdqfh/ Nronr +4<<<, dujxhv wkdw wkh qhhg iru idfh0wr0idfh lqwhudfwlrq
lq vhuylfhv/ vxfk dv frqvxphu edqnlqj/ kdv ehhq juhdwo| ghfuhdvhg gxh wr whfkqrorjlfdo dgydqfhv1 Qrw
hyhu|rqh djuhhv wkrxjk= Jodhvhu +4<<;, pdnhv wkh srlqw wkdw/ dowkrxjk wudqvsruw whfkqrorjlhv kdyh
lpsuryhg/ kljkhu lqfrphv kdyh lqfuhdvhg wkh rssruwxqlw| frvw ri orvlqj wlph lq wudqvsruwdwlrq1 Ryhudoo/
krzhyhu/ lw uhpdlqv wuxh wkdw/ dv zh phqwlrqhg ehiruh/ wkh vkduh ri glvsrvdeoh lqfrph ghglfdwhg wr
wudqvsruwdwlrq kdv ghfolqhg1

6Iru dq dowhuqdwlyh h{sodqdwlrq ri wkh frqfhqwudwlrq ri vhuylfhv/ edvhg rq wkh lqfuhdvlqj qhhg wr eh
forvh wr vshfldol}hg zrunhuv/ vhh Nronr +4<<<,1
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gr vr/ zh uhjuhvv frxqw| hpsor|phqw jurzwk rq lqlwldo hpsor|phqw dw gl�huhqw glvwdqfhv

iurp wkh frxqw| xqghu frqvlghudwlrq1

Wkh uhvxowv duh frqvlvwhqw zlwk wkh Nuxjpdq0Yhqdeohv k|srwkhvlv1 Lq vhuylfh

vhfwruv jurzwk zdv kljkhu lq fhqwhuv ri kljk djjuhjdwh hpsor|phqw/ exw orzhu 8 wr 53

nlorphwhuv dzd|> lq qrq0vhuylfh vhfwruv/ jurzwk zdv orzhu lq djjuhjdwh hpsor|phqw fhq0

whuv/ exw kljkhu lq duhdv 53 wr ;3 nlorphwhuv dzd|1 Wklv vxjjhvwv vhuylfh hpsor|phqw

frqfhqwudwlqj lq fhqwhuv ri kljk hfrqrplf dfwlylw| dw wkh frvw ri vhuylfh mrev lq wkh klq0

whuodqg1 Qrq0vhuylfh vhfwruv/ lqvwhdg/ pryhg rxw ri hfrqrplf fhqwhuv wr ohvv frqjhvwhg

duhdv 53 wr ;3 nlorphwhuv dzd|1

Rxu sdshu lv forvho| uhodwhg wr wkh xuedq hfrqrplfv olwhudwxuh1 Wkh uhvxowv �w wkh

slfwxuh ri flwlhv orvlqj pdqxidfwxulqj hpsor|phqw/ dqg ehfrplqj vhuylfh fhqwhuv +Jodhvhu/

4<<;,1 Iru h{dpsoh/ wh{wlohv dqg sxeolvklqj pryhg rxw ri Qhz \run Flw| gxulqj wkh

4<:3v dqg wkh 4<;3v/ ohdylqj lw wr eh pdlqo| d �qdqfldo fhqwhu +Jodhvhu dqg Ndkq/ 5334,1

Krzhyhu/ vrph ri rxu �qglqjv froolgh zlwk wkh dffhswhg zlvgrp lq xuedq hfrqrplfv1

Zkhuhdv zh �qg wkdw vhuylfhv dqg wrwdo hpsor|phqw ehfdph lqfuhdvlqjo| frqfhqwudwhg lq

kljk hpsor|phqw fhqwhuv/ vwxglhv rq phwursrolwdq duhdv vxjjhvw wkdw vxexuedql}dwlrq kdv

qrw mxvw d�hfwhg vrph vhfwruv/ vxfk dv pdqxidfwxulqj/ exw wkh hqwluh hfrqrp|/ lqfoxglqj

vhuylfhv +Pdfdxoh|/ 4<;8,1

Fohduo|/ vrph ri wkhvh gl�huhqfhv pd| vwhp iurp rxu irfxv rq frxqwlhv/ udwkhu

wkdq flwlhv1 Lq dgglwlrq wr ohdglqj wr fhuwdlq qryho uhvxowv/ orrnlqj dw frxqwlhv kdv wkh

ixuwkhu dgydqwdjh ri dyrlglqj vhohfwlrq eldv/7 lqfuhdvlqj wkh qxpehu ri revhuydwlrqv/ dqg

dxjphqwlqj furvv0vhfwlrqdo yduldwlrq1 Wkrxjk wkhuh kdv ehhq vlplodu zrun rq Iudqfh

+Frpehv/ 5333,/ vwxglhv rq fkdqjhv lq vsdwldo frqfhqwudwlrq dfurvv wkh hqwluh X1V1 kdyh

jhqhudoo| irfxvhg rq odujhu jhrjudsklfdo xqlwv= Nlp +4<<8,/ iru lqvwdqfh/ dqdo|}hg fhqvxv

uhjlrqv/ zkhuhdv Gxpdlv/ Hoolvrq dqg Jodhvhu +5335, orrnhg dw X1V1 vwdwhv1 Rxu �qhu ohyho

ri glvdjjuhjdwlrq lv suhihudeoh ehfdxvh vwdwlf hvwlpdwhv ri h{whuqdolwlhv vxjjhvw wkh| kdyh

olplwhg jhrjudsklfdo uhdfk1 Hoolvrq dqg Jodhvhu +4<<:,/ iru lqvwdqfh/ irxqg wkdw vslooryhuv

7Dv srlqwhg rxw e| Ehhvrq/ GhMrqj dqg Wurhvnhq +5334,/ irfxvlqj rq flwlhv/ udwkhu wkdq frxqwlhv/
lqwurgxfhv d eldv e| rqo| frqvlghulqj wkrvh sodfh zklfk h{shulhqfhg vxffhvvixo jurzwk lq wkh sdvw1
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duh vwurqjhu zlwklq frxqwlhv wkdq zlwklq vwdwhv1 Plfur0edvhg vwxglhv kdyh frph wr vlplodu

frqfoxvlrqv +Md�h/ Wudmwhqehuj dqg Khqghuvrq/ 4<<6> Zdoovwhq/ 5334,1

Uhwxuqlqj wr Frpehv +5333,/ pdq| ri rxu uhvxowv rq X1V1 frxqwlhv uhlqirufh klv

�qglqjv rq wkh gl�huhqfhv ehwzhhq vhuylfh dqg qrq0vhuylfh vhfwruv lq Iudqfh1 Dv lq

Frpehv/ zh glvwlqjxlvk ehwzhhq orfdol}dwlrq hfrqrplhv/ ehqh�wv zklfk ghulyh iurp ehlqj

orfdwhg forvh wr rwkhu �upv lq wkh vdph lqgxvwu|/ dqg xuedql}dwlrq hfrqrplhv/ dvvrfldwhg

zlwk forvhqhvv wr ryhudoo hfrqrplf dfwlylw|1 Wklv wlhv lq zlwk suhylrxv zrun e| Jodhvhu/

Ndoodo/ Vfkhlqnpdq dqg Vkohlihu +4<<5, dqg Khqghuvrq/ Nxqfrur dqg Wxuqhu +4<<8,1

Krzhyhu/ rxu sdshu gl�huv iurp Frpehv rq vhyhudo dffrxqwv1 Iluvw/ Frpehv irfxvhv rq wkh

vrxufhv ri hpsor|phqw jurzwk/ zkhuhdv zh duh lqwhuhvwhg lq wkh uhodwlrq ehwzhhq wudqvsruw

frvwv dqg vsdwldo frqfhqwudwlrq1 Vhfrqg/ zkhuhdv Frpehv olplwv klpvhoi wr vwxg|lqj

orfdo h{whuqdolwlhv/ zh h{solflwo| wdnh lqwr dffrxqw wkh vsdwldo glphqvlrq ri djjorphudwlrq

hfrqrplhv1

Iroorzlqj xs rq wkdw odvw srlqw/ vwxglhv edvhg rq phwursrolwdq gdwd duh irufhg

wr lpsolflwo| dvvxph wkdw flwlhv duh lvodqgv/ zkhuh wkh klqwhuodqg grhv qrw pdwwhu1 Krz0

hyhu/ zkhq xvlqj frxqw| gdwd fryhulqj wkh hqwluh X1V1 wkhuh lv qr qhhg wr sodfh duwl�fldo

erxqgv rq djjorphudwlrq hfrqrplhv1 Rxu sdshu wkhuhiruh wdnhv wkh ylhz wkdw d frxqw|*v

hpsor|phqw jurzwk lv qrw rqo| d�hfwhg e| wkh frxqw| xqghu frqvlghudwlrq/ exw dovr e|

doo cqhdue|* frxqwlhv/ zkhuh zh ohw wkh gdwd whoo xv zkdw cqhdue|* phdqv1 Dv dujxhg

ehiruh/ wklv doorzv xv wr ixuwkhu whvw vrph ri wkh suhglfwlrqv ri Nuxjpdq dqg Yhqdeohv

+4<<8,1 Iru lqvwdqfh/ li gursslqj wudqvsruw frvwv kdyh zhdnhqhg djjorphudwlrq hfrqrplhv

lq pdqxidfwxulqj/ wklv vkrxog ehqh�w frxqwlhv forvh wr h{lvwlqj foxvwhuv1

Ri frxuvh wdnlqj lqwr dffrxqw wkh vsdwldo dvshfw ri h{whuqdolwlhv lv kdugo| d qryho

lghd= qhduo| kdoi d fhqwxu| djr Kduulv +4<87, slrqhhuhg wkh qrwlrq ri pdunhw srwhqwldo

� d zhljkwhg dyhudjh ri sxufkdvlqj srzhu zkhuh wkh zhljkwv ghfd| zlwk glvwdqfh �

wr h{sodlq wkh orfdwlrq ri pdqxidfwxulqj lq wkh Xqlwhg Vwdwhv1 Lq vslwh ri wkdw/ prvw

hpslulfdo vwxglhv rqo| frqvlghu orfdo h�hfwv1 Dq h{fhswlrq lv Kdqvrq +4<<;, zkr xvhv

vwdwh ohyho gdwd wr vhh krz djjorphudwlrq h�hfwv ghfolqh wkurxjk vsdfh1

Qrwh/ krzhyhu/ wkdw hvwlpdwlqj d vlpsoh vsdwldo ghfd| ixqfwlrq/ dv lq Kduulv +4<87,/
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zloo qrw gr iru rxu sxusrvhv1 Vlqfh wkh ghshqghqw yduldeoh lv wkh jurzwk ri hpsor|phqw/

udwkhu wkdq wkh ohyho/ wkh h�hfw ri glvwdqfh pd| eh pruh frpsoh{1 Iru lqvwdqfh/ zh �qg

wkdw vhuylfh jurzwk zdv juhdwhu lq kljk hpsor|phqw frxqwlhv dqg vpdoohu lq wkh lpphgldwh

klqwhuodqg1 Lq rxu hvwlpdwhg htxdwlrq wklv vkrzv xs dv jurzwk lq vhuylfhv ehlqj srvlwlyho|

d�hfwhg e| hpsor|phqw lq wkh rzq frxqw|> qhjdwlyho| d�hfwhg e| hpsor|phqw lq forvh0e|

frxqwlhv> dqg qrw d�hfwhg e| hpsor|phqw lq pruh idu0r� frxqwlhv1 Wklv lv d wklug0ghjuhh

sro|qrpldo/ udwkhu wkdq d vlpsoh ghfd| ixqfwlrq1 Dvvxplqj dq| vshfl�f ixqfwlrqdo irup

d sulrul lv wkxv xqzduudqwhg> lqvwhdg/ zh xvh d vhpl0sdudphwulf dssurdfk zklfk olplwv

lwvhoi wr lpsrvlqj vrph vprrwkqhvv surshuwlhv1

5 Wkhruhwlfdo iudphzrun

514 D vlpsoh ehqfkpdun prgho

Lq d frqvwdqw uhwxuqv wr vfdoh zruog zlwkrxw vsdwldo h{whuqdolwlhv/ shuihfw prelolw| ri

fdslwdo dqg oderu whqgv wr eulqj derxw dq hyhq glvwulexwlrq ri hfrqrplf dfwlylw| dfurvv

vsdfh/ vlqfh wkh xvh ri odqg ohdgv wr ghfuhdvlqj uhwxuqv wr wkh preloh idfwruv ri surgxfwlrq1

Vrph foxvwhulqj grhv rffxu/ wkrxjk/ rqfh sduwlfxodu jhrjudsklfdo ihdwxuhv duh wdnhq lqwr

dffrxqw1 Iduphuv/ iru lqvwdqfh/ orfdwh zkhuh odqg lv pruh ihuwloh/ dqg plqlqj frpsdqlhv

orfdwh qh{w wr plqhudo ghsrvlwv1 Jhrjudsklfdo ihdwxuhv pd| dovr d�hfw orfdwlrq wkurxjk

shrsoh*v suhihuhqfhv= li zrunhuv olnh wr olyh dw wkh ehdfk ru lq d zdup folpdwh/ �upv zloo

iroorz1

Ixuwkhu foxvwhulqj dulvhv zkhq vsdwldo h{whuqdolwlhv duh lqwurgxfhg +Pduvkdoo/ 4;<3>

Ploov/ 4<9:> Khqghuvrq/ 4<:7> Urguðjxh} Foduh/ 4<<9> Idifkdpsv/ 4<<:> Ixmlwd/ Nuxjpdq

dqg Yhqdeohv/ 4<<<,1 Wkhvh srvlwlyh ihhgedfn phfkdqlvpv uhlqirufh wkh lqlwldo sdwwhuqv ri

vshfldol}dwlrq1 Wklv lpsolhv d uroh iru sdwk ghshqghqfh � dqg wkxv dovr iru udqgrp hyhqwv

� lq ghwhuplqlqj wkh vsdwldo glvwulexwlrq ri hfrqrplf dfwlylw|1 Zkhwkhu lqlwldo orfdwlrq lv

gulyhq e| jhrjudsklfdo ihdwxuhv ru e| udqgrp hyhqwv/ foxvwhulqj fuhdwhv dgydqwdjhv ri lwv

rzq/ luuhvshfwlyh ri lqlwldo frqglwlrqv1 Dowkrxjk ruljlqdoo| shrsoh pljudwhg wr Fdoliruqld

lq vhdufk ri jrog/ sdwk ghshqghqfh +dqg wkh vxq, kdyh nhsw wkhp wkhuh/ hyhq li jrog kdv

doo exw glvdsshduhg1

8



Iru rxu hvwlpdwlrq sxusrvhv wkhvh lqvljkwv wudqvodwh lqwr wkh iroorzlqj htxdwlrq=

orjO�r�bb2 @ �r . +4 . �r,O�r�b.2 . �rK� . %�r

zkhuh �r lv d vhfwru0vshfl�f frqvwdqw> O�r lv hpsor|phqw lq frxqw| l dqg vhfwru v>8 K �

lv d yhfwru ri jhrjudsklfdo ihdwxuhv ri frxqw| l/ vxfk dv ehlqj orfdwhg dw wkh frdvw ru d

zdwhuzd|> dqg %�r lv dq huuru whup1

Uh0zulwlqj wkh deryh htxdwlrq lq whupv ri vhfwrudo hpsor|phqw jurzwk jlyhv xv=

orjO�r�bb2 � orjO�r�b.2 @ �r . �rO�r�b.2 . �rK� . %�r +4,

Lq wkh hpslulfdo vhfwlrq zh zloo uhihu wr htxdwlrq +4, dv Prgho 41 Zkhq hvwlpdwlqj wkh

prgho/ zh dffrxqw iru wkh srvvlelolw| wkdw glvwxuedqfhv %�r duh fruuhodwhg dfurvv vsdfh1

Wr wklv h�hfw/ zh fruuhfw vwdqgdug huuruv xvlqj wkh phwkrg sursrvhg e| Frqoh| +4<<<,/

zklfk lv hvvhqwldoo| dq h{whqvlrq ri wkh Qhzh|0Zhvw fruuhfwlrq ri vwdqgdug huuruv lq wlph

vhulhv/ lwvhoi edvhg rq Zklwh urexvw vwdqgdug huuruv1 Wkh dgydqwdjh ri wklv phwkrg lv

wkdw lw grhv qrw lpsrvh dq| h{wudqhrxv vwuxfwxuh rq wkh vkdsh ri vsdwldo dxwrfruuhodwlrq1

Wr lqwhusuhw wkh frh!flhqwv lq htxdwlrq +4,/ dvvxph iru qrz wkdw fdslwdo dqg oderu

duh vx!flhqwo| preloh dfurvv frxqwlhv vr wkdw wkh hfrqrp| lv lq vwhdg| vwdwh dw doo wlphv19

Lq wkdw fdvh/ li frqglwlrqv glg qrw fkdqjh ehwzhhq 4<:5 dqg 4<<5/ wkh vsdwldo glvwulexwlrq

ri hpsor|phqw zrxog qrw kdyh fkdqjhg hlwkhu/ vr wkdw �r @ �r @ �r @ 31

Exw ri frxuvh fkdqjhv glg rffxu ryhu wkrvh wzhqw| |hduv1 Rxu vlpsoh wkhruhwlfdo

iudphzrun doorzv xv wr glvwlqjxlvk ehwzhhq irxu gl�huhqw w|shv ri fkdqjhv � fruuh0

vsrqglqj wr wkh irxu whupv lq +4, � wkdw pd| kdyh d�hfwhg wkh vsdwldo glvwulexwlrq ri

hpsor|phqw= zhdnhqlqj ru vwuhqjwkhqlqj djjorphudwlrq ru frqjhvwlrq h�hfwv> fkdqjhv

lq wkh uroh ri jhrjudsklfdo ihdwxuhv> vhfwru0vshfl�f fkdqjhv> dqg udqgrp frxqw|0vshfl�f

vhfwrudo vkrfnv1 Zh qrz orrn lq wxuq dw hdfk rqh ri wkhvh srvvlelolwlhv wr vhh krz wkh|

zrxog vkrz xs lq htxdwlrq +4,1

8Iru qrz zh rqo| frqvlghu wkh h�hfw ri sdvw vhfwru0vshfl�f hpsor|phqw> odwhu zh zloo dovr wdnh lqwr
dffrxqw sdvw djjuhjdwh hpsor|phqw1 Lq rwkhu zrugv/ zh zloo glvwlqjxlvk ehwzhhq vshfldol}dwlrq dqg
xuedql}dwlrq hfrqrplhv1

9Wklv doorzv xv wr devwudfw iurp wudqvlwlrqdo g|qdplfv/ idploldu iurp wkh hpslulfdo jurzwk olwhudwxuh>
zh zloo uhwxuq wr wklv dowhuqdwlyh lqwhusuhwdwlrq odwhu1

9



Li djjorphudwlrq hfrqrplhv zhdnhqhg/ �r zrxog eh qhjdwlyh/ uh hfwlqj hpsor|0

phqw kdylqj ehfrph pruh htxdoo| vsuhdg dfurvv frxqwlhv1 Olnhzlvh/ li djjorphudwlrq

hfrqrplhv vwuhqjwkhqhg � ru/ dowhuqdwlyho|/ frqjhvwlrq h�hfwv zhdnhqhg � �r zrxog eh

srvlwlyh/ vxjjhvwlqj ixuwkhu foxvwhulqj ri hpsor|phqw1 Wkh olwhudwxuh kdv srlqwhg wr wkh

gurs lq wudqvsruw frvwv dv rqh ri wkh pdlq irufhv d�hfwlqj wkh qdwxuh ri djjorphudwlrq

hfrqrplhv +Jodhvhu/ 4<<;> Nronr/ 4<<<,1: Wr frqwulexwh wr uhvroylqj wkh wkhruhwlfdo gh0

edwh derxw krz fkdqjlqj wudqvsruw frvwv uhodwh wr wkh fkdqjlqj frqfhqwudwlrq ri hfrqrplf

dfwlylw|/ rxu sdshu dlpv wr ghwhuplqh zklfk wkhru| �wv wkh gdwd ehwwhu1 Iru lqvwdqfh/ df0

fruglqj wr Nuxjpdq +4<<4,/ idoolqj wudqvsruw frvwv vkrxog ohdg wr pruh frqfhqwudwlrq/

dqg wkxv wr srvlwlyh ydoxhv ri �r dfurvv doo vhfwruv1 Lq frqwudvw/ wkh odwhu zrun e| Nuxj0

pdq dqg Yhqdeohv +4<<8, fodlpv wkdw orzhu wudqvsruw frvwv vkrxog rqo| lqfuhdvh vsdwldo

frqfhqwudwlrq lq wkrvh vhfwruv zlwk kljk lqlwldo frvwv/ vxfk dv vhuylfhv1 Lq rwkhu vhfwruv/

vxfk dv pdqxidfwxulqj/ zlwk orz lqlwldo wudqvsruw frvwv/ zh vkrxog vhh dfwlylw| vsuhdglqj

rxw/ jlylqj qhjdwlyh ydoxhv ri �r1 Wklv lv ri frxuvh d yhu| lqgluhfw zd| ri orrnlqj dw wkh

h�hfw ri idoolqj wudqvsruw frvwv rq vsdwldo frqfhqwudwlrq1 Krzhyhu/ iru zdqw ri wlph vhulhv

gdwd rq vhfwrudo wudqvsruwdwlrq frvwv/ rxu dssurdfk vhhpv mxvwl�hg1

Dq h{dpsoh ri wkh fkdqjlqj uroh ri jhrjudsklfdo ihdwxuhv frxog eh wkh ghfuhdvlqj

uhohydqfh ri zdwhuzd|v/ vkrzlqj xs dv d qhjdwlyh frh!flhqw �r iru zdwhuzd|v1 Dqrwkhu

h{dpsoh zrxog eh wkh lqfuhdvhg dwwudfwlrq ri �upv wr zdup zhdwkhu/ jlylqj d srvlwlyh

frh!flhqw �r wr ehlqj orfdwhg lq wkh Vrxwk1 Wklv skhqrphqrq frxog eh h{sodlqhg e|

zrunhuv lq zdup zhdwkhu kdylqj ehfrph pruh surgxfwlyh/ iroorzlqj wkh lqwurgxfwlrq ri

dlu frqglwlrqlqj1 Ru vkliwlqj suhihuhqfhv frxog kdyh sod|hg d uroh= shrsoh kdyh ehhq

prylqj Vrxwk dqg Zhvw/ zlwk �upv iroorzlqj vxlw +Jodhvhu dqg Vkdslur/ 5334,1

Dv iru vhfwru0vshfl�f vkrfnv/ zh frxog wklqn ri wkh rlo vkrfnv ri wkh 4<:3v kdylqj

kdg d qhjdwlyh h�hfw rq dxwrpreloh surgxfhuv/ dqg d srvlwlyh h�hfw rq wkh rlo lqgxvwu|=

wklv zrxog vkrz xs lq d qhjdwlyh �r iru wkh dxwrpreloh lqgxvwu| dqg d srvlwlyh �r iru wkh

rlo lqgxvwu|1 Dqrwkhu srvvlelolw| zrxog eh wkdw wkh vhfwru0vshfl�f frh!flhqw �r slfnhg xs

:Ri frxuvh rwkhu uhdvrqv pd| kdyh frqwulexwhg wr fkdqjhv lq wkh frqfhqwudwlrq ri lqgxvwulhv/ vxfk dv
whfkqrorjlfdo fkdqjh +Fduolqr/ 4<;8,1

:



fkdqjhv lq frpsdudwlyh dgydqwdjh/ hslwrpl}hg e| wkh ulvh ri vhuylfhv dqg wkh ghplvh ri

pdqxidfwxulqj1

Ilqdoo|/ frxqw|0vshfl�f vhfwrudo vkrfnv pd| dovr kdyh d�hfwhg wkh vsdwldo glvwulex0

wlrq ri hpsor|phqw1 Iru lqvwdqfh/ li Orv Dqjhohv uhvlghqwv yrwhg d uhvroxwlrq rq uhvwulfwlqj

lqgxvwuldo srooxwlrq/ wklv zrxog jlyh xv d qhjdwlyh %�r iru frqwdplqdwlqj dfwlylwlhv lq Orv

Dqjhohv frxqw|1

Dv phqwlrqhg ehiruh/ rxu lqwhusuhwdwlrq ri +4, lv rqh zkhuh fkdqjhv lq xqghuo|0

lqj frqglwlrqv pdnh wkh hfrqrp| pryh iurp rqh vwhdg| vwdwh ru htxloleulxp lq 4<:5 wr

dqrwkhu htxloleulxp lq 4<<51 Dq dowhuqdwlyh uhdglqj/ lq olqh zlwk wkh hpslulfdo jurzwk

olwhudwxuh/ zrxog wdnh d wudqvlwlrqdo g|qdplfv ylhz/ zkhuh wkh hfrqrp| pryhv wr d vwhdg|

vwdwh ryhu wlph +Pdqnlz/ Urphu dqg Zhlo/ 4<<5> Eduur dqg Vdod0l0Pduwlq/ 4<<8,1 Do0

wkrxjk erwk dssurdfkhv lqglfdwh wkh vdph hfrqrplf uhdolw| � d qhjdwlyh frh!flhqw rq

sdvw hpsor|phqw vxjjhvwv hpsor|phqw vsuhdglqj rxw pruh hyhqo| dfurvv vsdfh/ dqg d

srvlwlyh frh!flhqw srlqwv wr ixuwkhu jhrjudsklfdo foxvwhulqj � wkh lqwhusuhwdwlrq ri zk|

wklv kdsshqv gl�huv= zkhuhdv zh ylhz wkh frh!flhqw rq sdvw hpsor|phqw dv lqglfdwlyh

ri fkdqjlqj djjorphudwlrq ru frqjhvwlrq h�hfwv/ wkh Eduur0Vdod0l0Pduwlq dssurdfk zrxog

lqwhusuhw wkh frh!flhqw dv wkh vshhg dw zklfk wkh hfrqrp| pryhv wrzdugv lwv vwhdg|

vwdwh1

Jlyhq wkh irfxv rq frxqwlhv/ rxu lqwhusuhwdwlrq vhhpv dssursuldwh= frqwudu| wr

odujhu xqlwv ri dqdo|vlv/ vxfk dv vwdwhv ru frxqwulhv/ prelolw| ri fdslwdo dqg oderu lv kljk

dfurvv X1V1 frxqwlhv/ vr wkdw dujxdeo| wkh hfrqrp| lv qhyhu wrr idu dzd| iurp lwv vwhdg|

vwdwh ru htxloleulxp1 Qrw vxusulvlqjo|/ Frpehv +5333,/ zkr vwxglhv vlplodu lvvxhv iru

Iudqfh/ gl�huv lq wkh uhdglqj ri klv uhvxowv/ jlyhq wkh olplwhg oderu prelolw| lq Hxurshdq

frxqwulhv1

515 Glvwlqjxlvklqj ehwzhhq vhfwrudo dqg djjuhjdwh h{whuqdolwlhv

Xswlo qrz zh kdyh rqo| frqvlghuhg vhfwru0vshfl�f h{whuqdolwlhv1 Krzhyhu/ vrph vsdwldo

h�hfwv � vxfk dv pdunhw srwhqwldo dqg odqg sulfhv � frph iurp djjuhjdwh h{whuqdolwlhv1

Wkh olwhudwxuh kdv orqj glvwlqjxlvkhg ehwzhhq wkhvh wzr w|shv ri h{whuqdolwlhv= orfdol}dwlrq

;



hfrqrplhv/ edvhg rq wkh sur{lplw| wr rwkhu �upv lq wkh vdph vhfwru/ dqg xuedql}dwlrq

hfrqrplhv/ frplqj iurp ryhudoo hfrqrplf dfwlylw| ru glyhuvlw|1 Lq lwv g|qdplf yhuvlrq/

wklv glvwlqfwlrq lv ehwwhu nqrzq dv wkh gl�huhqfh ehwzhhq Pduvkdoo0Duurz0Urphu +PDU,

dqg Mdfrev h{whuqdolwlhv1

Wr glvwlqjxlvk ehwzhhq xuedql}dwlrq dqg orfdol}dwlrq hfrqrplhv lq rxu vlpsoh

prgho/ wdnh htxdwlrq +4,/ dqg uhsodfh +O�r�b.2,
qr

zlwk +O�r�b.2,
qr+O��b.2,

�r3qr 1 Zh duh wkxv

frqvlghulqj wrwdo dqg vhfwrudo hpsor|phqw wr eh lpshuihfwo| vxevwlwxwdeoh lq wkhlu djjorp0

hudwlrq dqg frqjhvwlrq h�hfwv1 Diwhu uh0zulwlqj +O�r�b.2,
qr

+O��b.2,
�r3qr

dv +
u�r

�b.2

u�

�b.2

,q
r

+O��b.2,
�r /

dqg wdnlqj orjv/ zh jhw wkh iroorzlqj h{suhvvlrq=

orjO�r�bb2 � orjO�r�b.2 @ �r . �r orj
O�r�b.2
O��b.2

. �r orjO��b.2 . �rK� +5,

Lq wkh hpslulfdo vhfwlrq zh zloo uhihu wr +5, dv Prgho 51 Dv ehiruh/ vwdqgdug huuruv zloo

eh fdofxodwhg e| dsso|lqj wkh Frqoh| fruuhfwlrq iru vsdwldo dxwrfruuhodwlrq1

Hvwlpdwlqj htxdwlrq +5, lv uhplqlvfhqw ri Jodhvhu hw do1 +4<<5, zkr vwxglhg wkh

uhodwlyh lpsruwdqfh ri PDU dqg Mdfrev h{whuqdolwlhv iru hfrqrplf jurzwk lq d furvv0

vhfwlrq ri flwlhv1 Wkhlu zrun kdv ehhq ixuwkhu h{whqghg e| Khqghuvrq hw do1 +4<<8,

dqg Frpehv +5333,/ dprqjvw rwkhuv1 Krzhyhu/ lq olqh zlwk zkdw zh vdlg ehiruh/ rxu

uhdglqj ri +5, zloo eh gl�huhqw1 Pruh sduwlfxoduo|/ zh zloo lqwhusuhw wkh frh!flhqwv �r

dqg �r dv uh hfwlqj fkdqjhv lq djjorphudwlrq hfrqrplhv1 Rqh ixuwkhu gl�huhqfh lv zruwk

srlqwlqj rxw= zh wdnh xuedql}dwlrq hfrqrplhv dv frplqj iurp djjuhjdwh hfrqrplf dfwlylw|1

Dqrwkhu frpprqo| khog ylhz hpskdvl}hv wkh glyhuvlw| ri dfwlylwlhv/ udwkhu wkdq wkhlu

ryhudoo vl}h1 Exw jlyhq wkdw zh duh xvlqj d gdwd vhw zlwk rqo| 46 vhfwruv/ fdofxodwlqj

glyhuvlw| lqglfhv pdnhv olwwoh vhqvh1

516 Lqfoxglqj vsdwldo vslooryhuv

Vsdwldo h{whuqdolwlhv gr qrw vwrs dw frxqw| erughuv> djjorphudwlrq hfrqrplhv dqg frqjhv0

wlrq h�hfwv vsloo ryhu lqwr qhljkerulqj orfdwlrqv +Kduulv/ 4<87> Ixmlwd dqg Rjdzd/ 4<;5,1 D

uxudo frxqw| lq wkh ylflqlw| ri wkh Vdq Iudqflvfr Ed| Duhd vwloo ehqh�wv iurp lwv sur{lplw|

wr Vlolfrq Ydooh|/ zkhuhdv d uxudo frxqw| lq wkh plggoh ri qrzkhuh grhv qrw1 Zkhq orzhu

<



wudqvsruw frvwv lqfuhdvh wkh vsdq ri djjorphudwlrq hfrqrplhv/ zh zrxog h{shfw frxqwlhv

lq wkh sur{lplw| ri h{lvwlqj foxvwhuv wr sur�w1

Wr wdnh lqwr dffrxqw wkh h�hfw ri qhljkerulqj orfdwlrqv/ zh uh0zulwh htxdwlrq +5,

lq wkh iroorzlqj zd|=

orjO�r�bb2�orjO
�r
�b.2 @ �r.

]
"

f

�r+p, orj
O�r�b.2+p,

O��b.2+p,
gp.

]
"

f

�r+p, orjO��b.2+p,gp.�rK�.%�r

zkhuh O�r+p, ghqrwhv vhfwrudo hpsor|phqw lq frxqwlhv vlwxdwhgp nlorphwhuv iurp frxqw|

l1

Li wkh ghshqghqw yduldeoh zhuh wkh ohyho ri hpsor|phqw/ lw zrxog eh qdwxudo wr

prgho �r+=, dqg �r+=, dv vlpsoh ghfd| ixqfwlrqv1 Krzhyhu/ jlyhq wkdw wkh ghshqghqw

yduldeoh lv wkh jurzwk ri hpsor|phqw/ zh kdyh qr vwurqj sulru derxw wkh vkdshv ri �r+=,

dqg �r+=,1 Iru lqvwdqfh/ vxssrvh zhdnhqlqj djjorphudwlrq hfrqrplhv hqfrxudjh �upv wr

vsuhdg rxw1 Hfrqrplf foxvwhuv orvh hpsor|phqw/ zkhuhdv duhdv forvh wr wkrvh foxvwhuv jdlq

hpsor|phqw> wklv zrxog vkrz xs dv �r+=, vwduwlqj r� zlwk d qhjdwlyh vljq/ wkhq wxuqlqj

srvlwlyh dw uhodwlyho| vkruw glvwdqfhv/ ehiruh ghfd|lqj wr }hur dw orqjhu glvwdqfhv1 Lw lv

wkhuhiruh lpsruwdqw qrw wr sxw dq| d sulrul uhvwulfwlrq rq wkh vkdshv ri �r+=, dqg �r+=,1

Wkh vdph lv wuxh iru wkh sdwwhuq ri vsdwldo dxwrfruuhodwlrq lq wkh glvwxuedqfhv1

Iru hvwlpdwlrq sxusrvhv zh uhsodfh wkh frqwlqxrxv ixqfwlrqv �r+=, dqg �r+=, zlwk

glvfuhwh dssur{lpdwlrqv dqg rewdlq wkh iroorzlqj uhjuhvvlrq=

orjO�r�bb2� orjO�r�b.2 @ �r.
([

6'f

�r+p, orj
O�r�b.2+p,

O��b.2+p,
.

([
6'f

�r+p, orjO��b.2+p,.�rK�.%�r

+6,

zkhuh hdfk ydoxh ri lqgh{ p qrz uhsuhvhqwv d glvwdqfh lqwhuydo iurp frxqw| l � vd|/

iurp 3 wr 8 np/ iurp 8 wr 43 np/ hwf1 � dqg G lv wkh qxpehu ri lqwhuydov1 Wkhuh lv qr

qdwxudo glvwdqfh eh|rqg zklfk djjorphudwlrq dqg frqjhvwlrq h�hfwv glh rxw> krzhyhu/ dv

zloo eh vkrzq/ wkh h�hfw ri frxqwlhv pruh wkdq 433 nlorphwhuv dzd| lv qhjoljleoh1 Lq wkh

hpslulfdo vhfwlrq htxdwlrq +6, zloo eh uhihuuhg wr dv Prgho 61

Wr lpsuryh h!flhqf|/ zh lpsrvh d fhuwdlq vprrwkqhvv rq ixqfwlrqv �r+=, dqg �r+=,

e| dgrswlqj d urxjkqhvv shqdow| dssurdfk1 Wklv phwkrg/ slrqhhuhg e| Jrrg dqg Jdvnlqv

+4<:4, dqg Vloyhupdq +4<;5,/ suhyhqwv wkh vorshv ri �r+=, dqg �r+=, iurp fkdqjlqj wrr

43



udslgo| e| dgglqj d shqdow| ixqfwlrq wr wkh vwdqgdug ohdvw vtxduh fulwhulrq1 Iru lqvwdqfh/

lq wkh fdvh ri �r+=,/ wklv shqdow| ixqfwlrq lv=

(3�[
6'�

�2^+�r+p. 4,� �r+p,,� +�r+p,� �r+p� 4,,`2

Wkh sdudphwhu � ghwhuplqhv wkh vhyhulw| ri wkh shqdow| iru d jlyhq gl�huhqfh lq cqhljkeru0

lqj* frh!flhqwv> d juhdwhu � lpsolhv d kljkhu ghjuhh ri vprrwklqj1 Zkhq wkh hvwlpdwlqj

ixqfwlrq lv d olnholkrrg ixqfwlrq lqvwhdg ri ohdvw vtxduhv/ Vloyhupdq +4<;5/ 4<;7, kdv

vkrzq wkdw wkh deryh |lhogv d nhuqho hvwlpdwru ri �r+=,1; Zlwk wkh urxjkqhvv shqdow|

fruuhfwlrq/ zh vkrxog lq sulqflsoh errwvwuds vwdqgdug huuruv1 Wklv lv qrw ihdvleoh khuh eh0

fdxvh frpsxwlqj wkh Frqoh| fruuhfwlrq iru vsdwldoo| dxwrfruuhodwhg huuruv wdnhv ryhu rqh

krxu shu uhjuhvvlrq> errwvwudsslqj wkhp zrxog wdnh zhhnv/ li qrw prqwkv/ ri frpsxwhu

wlph1 Krzhyhu/ frpsdulvrq ehwzhhq ROV vwdqgdug huuruv dqg errwvwudsshg vwdqgdug hu0

uruv +zlwkrxw wkh Frqoh| fruuhfwlrq, uhyhdo yhu| olwwoh gl�huhqfh ehwzhhq wkh wzr1 Wklv lv

ehfdxvh wkh urxjkqhvv shqdow| fruuhfwlrq grhv qrw d�hfw hvwlpdwhg frh!flhqwv pxfk1 Zh

fdq wkhuhiruh uhdvrqdeo| dvvxph wkdw wkh eldv lqwurgxfhg e| qrw errwvwudsslqj Frqoh|

vwdqgdug huuruv lv qhjoljleoh1

6 Wkh gdwd

Frxqw|0ohyho vhfwrudo hpsor|phqw gdwd frph iurp wkh Uhjlrqdo Hfrqrplf Lqirupdwlrq

V|vwhp +UHLV, frpslohg e| wkh X1V1 Exuhdx ri Hfrqrplf Dqdo|vlv +EHD,1 Zh xvh hp0

sor|phqw gdwd iru 4<:5 dqg 4<<5 lq wkluwhhq vhfwruv/ fryhulqj wkh hqwluh hfrqrp|= iduplqj>

djulfxowxudo vhuylfhv> plqlqj> frqvwuxfwlrq> pdqxidfwxulqj> wudqvsruwdwlrq dqg xwlolwlhv>

zkrohvdoh> uhwdlo> ILUH +�qdqfh/ lqvxudqfh dqg uhdo hvwdwh,> rwkhu vhuylfhv> ihghudo jry0

huqphqw> plolwdu|> dqg vwdwh dqg orfdo jryhuqphqw1 Diwhu gursslqj Dodvnd dqg Kdzdll

iurp wkh dqdo|vlv/< zh duh ohiw zlwk 63<5 frxqwlhv1 Vhfwrudo hpsor|phqw gdwd duh plvvlqj

;Lq sudfwlfh/ wkh urxjkqhvv shqdow| fruuhfwlrq fdq eh lpsohphqwhg e| dgglqj (3 2 duwl�fldo revhuyd0
wlrqv dw wkh hqg ri wkh vdpsoh1 Li A lv wkh qxpehu ri wuxh revhuydwlrqv/ wkh duwl�fldo revhuydwlrqv jr iurp
? ' A n � wr ? ' A n(3 21 Iru duwl�fldo revhuydwlrq ? wkh ghshqghqw yduldeoh dqg doo uhjuhvvruv duh 3/
h{fhsw iru u�

�b.2E?3 A 3 �� ' b/ u�

�b.2E?3 A � ' 32b/ dqg u�

�b.2E?3 A n �� ' b1 Dsso|lqj wkh vwdqgdug
ROV irupxod wr wkh prgl�hg vdpsoh |lhogv wkh urxjkqhvv shqdow| hvwlpdwru1

<Dodvnd dqg Kdzdll duh txlwh gl�huhqw iurp wkh frqwljxrxv X1V1 erwk lq whupv ri glvwdqfh wr wkh
pdlqodqg dqg lq whupv ri jhrjudsk| +Kdzdll lv pdgh xs ri lvodqgv> Dodvnd lv forvh wr wkh srodu flufoh,1
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iru vrph frxqwlhv/ hlwkhu ehfdxvh wkh| duh xqdydlodeoh ru ehfdxvh wkh| duh qrw glvforvhg143

Ehwzhhq 4<:5 dqg 4<<5 hpsor|phqw lq wkh frqwljxrxv Xqlwhg Vwdwhv juhz rq dy0

hudjh 5( d |hdu +Wdeoh 4,1 Jurzwk zdv idvwhvw lq djulfxowxudo vhuylfhv dqg lq crwkhu vhu0

ylfhv*1 Iduplqj/ pdqxidfwxulqj dqg wkh plolwdu|/ rq wkh frqwudu|/ h{shulhqfhg d uhgxfwlrq

lq devroxwh hpsor|phqw ohyhov1 D vlplodu slfwxuh hphujhv zkhq frqvlghulqj hpsor|phqw

vkduhv> iduplqj dqg pdqxidfwxulqj vkuxqn gudpdwlfdoo|/ zlwk crwkhu vhuylfhv* �oolqj wkh

jds1

Gdwd rq frxqw| duhd/ odwlwxgh/ dqg orqjlwxgh frph iurp wkh X1V1 Jhrorjlfdo Vxuyh|

+XVJV,1 Frxqwlhv duh dvvxphg wr eh fhqwhuhg dw wkhlu frxqw| vhdw1 Wkh dyhudjh frxqw|

vl}h lv 57<4 vtxduh nlorphwhuv/ fruuhvsrqglqj wr dq dyhudjh gldphwhu ri dssur{lpdwho| 83

nlorphwhuv +63 plohv,144 Frxqwlhv ydu| frqvlghudeo| lq vl}h/ krzhyhu= wkh frh!flhqw ri

yduldwlrq ri frxqw| duhd lv 41691 Zhvwhuq frxqwlhv lq sduwlfxodu whqg wr eh odujhu wkdq

wkhlu hdvwhuq frxqwhusduwv1 Glvwdqfh g�� ehwzhhq frxqwlhv l dqg m lv fdofxodwhg cdv wkh

furz  lhv* xvlqj wkh iroorzlqj irupxod=

g�� @
43333

<3
duffrv^vlq odw� vlq odw� . frv odw� frv odw� frv+orqj� � orqj�,` +7,

zkhuh odw lv wkh odwlwxgh dqg orqj lv wkh orqjlwxgh ri wkh frxqw| vhdw lq ghjuhhv1 Wklv lv d

uhdvrqdeoh dssur{lpdwlrq ri wudqvsruwdwlrq glvwdqfh/ jlyhq wkh ghqvlw| ri wkh X1V1 urdg

dqg udlo qhwzrun1

Glvwdqfh g�� lv xvhg wr frqvwuxfw wkh hpsor|phqw yduldeohv O�r+p,1 Zh glylgh

glvwdqfh iurp frxqw| l lqwr 8 np lqwhuydov= 308 np/ 8043 np/ 43048 np/ hwf1 Zh jr wr

d pd{lpxp ri 433 nlorphwhuv/ vlqfh hvwlpdwlrq uhvxowv vxjjhvw wkdw vsdwldo h�hfwv glh

rxw eh|rqg wkdw glvwdqfh145 Iru hdfk glvwdqfh lqwhuydo +ru cgrqxw*, zh vxp wkh vhfwrudo

Wkh prelolw| ri fdslwdo dqg oderu lv suredeo| ohvv zlwk wkh uhvw ri wkh hfrqrp| wkdq dprqj frqwljxrxv
XV vwdwhv dqg zh h{shfw prgho sdudphwhuv wr eh gl�huhqw1 Srrolqj wkhp zlwk frqwlqjxrxv XV lv wkxv
qrw dssursuldwh1

43Iru vrph frxqwlhv vhfwrudo hpsor|phqw lv qrw uhyhdohg lq rughu qrw wr ylrodwh hpsor|hu frq�ghqwldo0
lw|1 Iru rwkhu frxqwlhv vhfwrudo hpsor|phqw lv vlpso| uhsruwhg dv cohvv wkdq 43*> lq wkrvh fdvhv zh vhw
hpsor|phqw htxdo wr 81

44Wklv dssur{lpdwlrq reylrxvo| xqghuhvwlpdwhv wkh dfwxdo gldphwhu/ vlqfh frxqwlhv duh qrw shuihfw
flufohv1 Lw lv qhyhuwkhohvv xvhixo dv d edoosdun �jxuh1

45Wklv ljqruhv wkh srvvlelolw| ri rswlpdo vsdflqj ehwzhhq flwlhv +Lvdug/ 4<89,/ dq lvvxh wkdw zrxog uhtxluh
dqrwkhu phwkrgrorj|1
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hpsor|phqw ri doo frxqwlhv +iru zklfk wkh frxqw| vhdw lv, orfdwhg lq wkdw sduwlfxodu cgrqxw*1

Wklv surfhgxuh/ shuiruphg zlwk wkh khos ri d Iruwudq surjudp/ |lhogv d yhfwru ri 53

hpsor|phqw yduldeohv O�r+p,/ lq dgglwlrq wr wkh frxqw|*v rzq hpsor|phqw1 Lq fdvh wkhuh

lv qr frxqw| vhdw lq d jlyhq cgrqxw*/ O�r+p, lv vhw wr }hur1 Wklv qrupdol}dwlrq lv htxlydohqw

wr vhwwlqj wr }hur wkh h{whuqdolwlhv wkdw d�hfw clvodqg* frxqwlhv/ wkdw lv/ frxqwlhv zlwk qr

qhljkeruv1

E| frqvwuxfwlrq/ frxqw| vhdwv orfdwhg lq odujh frxqwlhv duh ohvv olnho| wr eh forvh

wr rwkhu frxqw| vhdwv1 Wr fruuhfw iru wklv skhqrphqrq/ frxqw| duhd lv lqfoxghg dv d

vhsdudwh uhjuhvvru146 Zh dovr frqwuro iru ehlqj rq dq chgjh* � vxfk dv dq rfhdq/ odnh

ru erughu � vlqfh wklv pd| d�hfw orfdwlrq1 Iru lqvwdqfh/ li rfhdq vklsslqj ehfrphv

fkhdshu/ frxqwlhv rq wkh frdvwv pljkw ehqh�w> li wdul�v frph grzq/ frxqwlhv rq wkh X1V1

erughu pd| dwwudfw pruh mrev1 Zh frqvwuxfw vhsdudwh chgjh* gxpplhv iru= wkh Dwodqwlf

rfhdq> wkh Sdfl�f rfhdq> wkh Juhdw Odnhv> wkh jxoi ri Ph{lfr> wkh Ph{lfdq erughu> dqg

wkh Fdqdgldq erughu1 Lqirupdwlrq ri sur{lplw| wr erughuv dqg zdwhu zdv frpslohg iurp

ghwdlohg pdsv surylghg e| wkh Dphulfdq Dxwrpreloh Dvvrfldwlrq +DDD,1

Fkdqjhv lq orfdwlrq kdyh dovr ehhq d�hfwhg e| jhqhudo wuhqgv/ vxfk dv wkh whq0

ghqf| iru mrev wr pryh wr wkh Zhvw dqg wkh Vrxwk +Eodqfkdug dqg Ndw}/ 4<<5> Ploov dqg

Kdplowrq/ 4<<7> Jodhvhu/ Vfkhlqnpdq dqg Vkohlihu/ 4<<8> Kdqvrq/ 4<<;,1 Odwlwxgh dqg

orqjlwxgh duh wkhuhiruh lqfoxghg dv uhjuhvvruv1 Ilqdoo|/ jlyhq wkdw hfrqrplf dfwlylw| lq wkh

X1V1 lv frqfhqwudwhg rq wkh Dwodqwlf dqg wkh Sdfl�f vhderdugv/ zh frqvlghu wkh srvvlelolw|

wkdw wkh frdvwv duh vxemhfw wr gl�huhqw hpsor|phqw wuhqgv1 Zh wkhuhiruh dgg gxpplhv

iru frxqwlhv orfdwhg lq vwdwhv rq wkh Hdvw frdvw ru wkh Zhvw frdvw1

46Lqvwhdg ri dvvxplqj wkdw hfrqrplf dfwlylw| lv frqfhqwudwhg dw wkh frxqw| vhdw/ zh frxog dovr dgrsw
wkh ylhz wkdw hfrqrplf dfwlylw| lv hyhqo| vsuhdg dfurvv hdfk frxqw|1 Lq wkdw fdvh zh zrxog uhjuhvv rq
hpsor|phqw ghqvlw| +dv lq Flffrqh dqg Kdoo/ 4<<9,/ udwkhu wkdq rq hpsor|phqw ohyho1 H{shulphqwlqj
zlwk wklv dowhuqdwlyh glg qrw lpsuryh rxu uhvxowv wkrxjk1
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7 Hpslulfdo uhvxowv

714 D prgho zlwk vhfwru0vshfl�f h{whuqdolwlhv

Rxu vwduwlqj srlqw lv Prgho 4/ zklfk uhjuhvvhv dqqxdo vhfwrudo hpsor|phqw jurzwk

rq lqlwldo vhfwrudo hpsor|phqw/ zlwkrxw wdnlqj lqwr dffrxqw djjuhjdwh h{whuqdolwlhv dqg

vsdwldo vslooryhuv1 Lq Wdeoh 5 zh suhvhqw ROV srlqw hvwlpdwhv ri uhjuhvvlrq +4,/ dqg zh

uhsruw w0ydoxhv edvhg rq vsdwldoo| fruuhfwhg vwdqgdug huuruv1 Wr idflolwdwh lqwhusuhwdwlrq/

wkh ghshqghqw yduldeoh lv ri wkh irup
*L}u�r

�bb2
3*L}u�r

�b.2

2f
/ vr wkdw doo frh!flhqwv fdq eh

lqwhusuhwhg lq whupv ri dqqxdo jurzwk udwhv147

Zkhuhdv qrq0vhuylfh vhfwruv ehfdph pruh vsuhdg rxw ehwzhhq 4<:5 dqg 4<<5/

vhuylfh vhfwruv ehfdph jhrjudsklfdoo| pruh frqfhqwudwhg1 Wklv lv uh hfwhg e| wkh vljqv

ri wkh frh!flhqwv rq lqlwldo hpsor|phqw= qhjdwlyh lq qrq0vhuylfh vhfwruv/ dqg srvlwlyh

lq vhuylfh vhfwruv1 Wkh ryhudoo hfrqrp| ehkdyhg olnh wkh vhuylfh vhfwruv1 Lq frqwudvw wr

rxu �qglqjv/ prvw vwxglhv rq phwursrolwdq duhdv srlqw wr d vsuhdglqj rxw ri hpsor|phqw

dfurvv doo vhfwruv +Pdfdxoh|/ 4<;8,1

Lqwhusuhwlqj rxu uhvxowv lq wkh oljkw ri wkh ghfolqh lq wudqvsruw frvwv/ wkh| vhhp wr

frq�up wkh ylhz ri Nuxjpdq dqg Yhqdeohv +4<<8,1 Vhfwruv zlwk lqlwldoo| kljk wudqvsruw

frvwv/ vxfk dv vhuylfhv/ ehfdph pruh frqfhqwudwhg> rwkhu vhfwruv zlwk lqlwldoo| orzhu wudqv0

sruw frvwv/ vxfk dv pdqxidfwxulqj/ ehfdph pruh vsuhdg rxw1 Wkh lqwxlwlrq lv vwudljkwiru0

zdug1 Idfhg zlwk kljk wudqvsruw frvwv/ vhuylfhv kdyh wudglwlrqdoo| ehhq qrq0wudghdeoh/

iruflqj wkhp wr orfdwh forvh wr doo frqvxphuv1 Wkh gurs lq wudqvsruw frvwv kdv qrz ehhq

doorzlqj wkhp wr uhds wkh ehqh�wv ri djjorphudwlrq hfrqrplhv e| frqfhqwudwlqj1 Pdq0

xidfwxulqj/ lq frqwudvw/ douhdg| uhdfkhg kljk ohyhov ri frqfhqwudwlrq lq wkh 4<wk fhqwxu|1

Wkh gurs lq wudqvsruw frvwv kdv ehhq h{sdqglqj wkh uhdfk ri djjorphudwlrq hfrqrplhv/

fdxvlqj pdqxidfwxulqj wr vsuhdg rxw rqfh djdlq1

47Rqh sudfwlfdo lvvxh wkdw dulvhv lq fdofxodwlqj wkh ghshqghqw yduldeoh lv zkdw wr gr zlwk }hur revhu0
ydwlrqv1 Rplwwlqj frxqwlhv zlwk }hur lqlwldo hpsor|phqw dqg qr hpsor|phqw jurzwk zrxog eldv uhvxowv
lq idyru ri frqyhujhqfh= diwhu doo/ li frqyhujhqfh irufhv zhuh dw sod|/ frxqwlhv zlwk qr lqlwldo hpsor|phqw
vkrxog jurz idvwhvw1 Wr dyrlg wklv eldv/ zh uhsodfh doo 3 hpsor|phqw e| 41 Wklv lv dnlq wr dvvxplqj wkdw
dw ohdvw rqh shuvrq lq hdfk frxqw| shuirupv rqh ri wkh 46 eurdgo| gh�qhg ixqfwlrqv fruuhvsrqglqj wr hdfk
vhfwru1 Lw lpsolhv wkdw frxqwlhv zlwk qr hpsor|phqw lq erwk fhqvxv |hduv vkrz xs zlwk }hur hpsor|phqw
jurzwk/ zklfk lv wkh fruuhfw lqwhusuhwdwlrq1
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Frqvlghulqj vhuylfh vhfwruv dv ehlqj ohvv wudghdeoh wkdq qrq0vhuylfh vhfwruv lv

vxssruwhg e| Wdeoh 61 Lw vkrzv wkdw wkh vwdqgdug ghyldwlrq ri orj hpsor|phqw lq 4<:5

zdv orzhu lq vhuylfhv wkdq lq pdqxidfwxulqj/ srlqwlqj wr vhuylfhv ehlqj ohvv wudghdeoh

dqg pruh htxdoo| vsuhdg dfurvv frxqwlhv wkdq pdqxidfwxulqj1 Lq 4<<5 wklv gl�huhqfh

frqwlqxhg wr h{lvw/ dowkrxjk � frqvlvwhqw zlwk rxu uhjuhvvlrq uhvxowv � vhuylfhv kdg

ehfrph pruh foxvwhuhg/ dqg pdqxidfwxulqj ohvv1 Khuh djdlq/ frxqwlhv ehkdyhg gl�huhqwo|

iurp flwlhv= frpsduhg wr rwkhu vhfwruv/ zh �qg wkdw vhuylfhv duh pruh htxdoo| vsuhdg

dfurvv frxqwlhv/ zkhuhdv vwdqgdug uhvxowv iurp xuedq hfrqrplfv vxjjhvw wkh| duh pruh

frqfhqwudwhg +Jodhvhu dqg Ndkq/ 5334,148

Uhwxuqlqj wr Wdeoh 5/ wkh frh!flhqwv rq lqlwldo hpsor|phqw duh hdv| wr lqwhusuhw1

Wdnh/ iru lqvwdqfh/ wkh frh!flhqw ri 031339 rq lqlwldo pdqxidfwxulqj hpsor|phqw1 Wklv

phdqv wkdw d 4( lqfuhdvh lq lqlwldo pdqxidfwxulqj hpsor|phqw zrxog kdyh ohg wr dq dq0

qxdo ghfuhdvh lq pdqxidfwxulqj hpsor|phqw jurzwk ri 31339(1 Pd|eh pruh whoolqjo|/ li

frxqw| D vwduwhg rxw zlwk wzlfh wkh pdqxidfwxulqj hpsor|phqw ri frxqw| E/ pdqxidf0

wxulqj hpsor|phqw jurzwk ehwzhhq 4<:5 dqg 4<<5 zrxog kdyh ehhq d wrwdo ri ;( orzhu

lq D wkdq lq E1

Dv phqwlrqhg ehiruh/ wkrxjk zh suhihu wr wklqn ri fkdqjhv lq wkh vsdwldo glvwulex0

wlrq dv pryhphqwv iurp rqh vwhdg| vwdwh wr dqrwkhu/ wkh vdph glvwulexwlrqdo fkdqjhv fdq

eh lqwhusuhwhg lq d frqyhujhqfh iudphzrun +Eduur dqg Vdod0l0Pduwlq/ 4<<8, ru d phdq

uhyhuvlrq vhwxs +Txdk/ 4<<6,1 Wkhvh dowhuqdwlyh ylhzv duh kdug wr uhfrqfloh zlwk vrph ri

rxu uhjuhvvlrq uhvxowv wkrxjk1

Wdnh/ iru lqvwdqfh/ wkh srvlwlyh frh!flhqw rq lqlwldo hpsor|phqw lq wkh uhjuhvvlrq

iru wrwdo hpsor|phqw +wkh �uvw froxpq lq Wdeoh 5 ,1 Dffruglqj wr wkh frqyhujhqfh ylhz/

wklv zrxog phdq wkdw hyhqwxdoo| doo hfrqrplf dfwlylw| zloo frqfhqwudwh lq Orv Dqjhohv

frxqw|/49 d kdugo| fuhgleoh suhglfwlrq1 Wkh srvlwlyh frh!flhqw rq lqlwldo wrwdo hpsor|phqw

dovr fodvkhv zlwk wkh phdq uhyhuvlrq lghd/ zklfk dvvxphv wkdw udqgrp vkrfnv pryh

48Nronr +4<<<, douhdg| qrwhg wkdw vhuylfhv whqg wr eh ohvv foxvwhuhg wkdq pdqxidfwxulqj/ exw pruh
xuedql}hg1

49Orv Dqjhohv lv wkh frxqw| zlwk wkh kljkhvw wrwdo hpsor|phqw lq 4<:51
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frxqwlhv whpsrudulo| dzd| iurp wkh X1V1 dyhudjh= phdq uhyhuvlrq vkrxog wkhuhiruh ohdg

wr orzhu jurzwk lq kljk hpsor|phqw frxqwlhv/ lpso|lqj qhjdwlyh frh!flhqwv rq lqlwldo

hpsor|phqw � lq frqwudglfwlrq zlwk rxu �qglqjv1

Exw hyhq iru wkrvh vhfwruv zlwk qhjdwlyh frh!flhqwv rq lqlwldo hpsor|phqw/ phdq

uhyhuvlrq fdqqrw kdyh ehhq wkh hqwluh h{sodqdwlrq1 Phdq uhyhuvlrq dorqh zrxog kdyh ohiw

wkh glvwulexwlrq ri hpsor|phqw xqfkdqjhg1 Wdeoh 6/ krzhyhu/ vxjjhvwv d qduurzlqj ri wkh

glvwulexwlrq= iru wkh prvw lpsruwdqw vhfwruv zlwk qhjdwlyh frh!flhqwv � pdqxidfwxulqj/

iduplqj dqg zkrohvdoh � �0frqyhujhqfh krogv/ lpso|lqj hpsor|phqw kdylqj ehfrph pruh

htxdoo| vsuhdg dfurvv frxqwlhv1 Odvwo|/ wkh vwdqgdug huuruv rq lqlwldo hpsor|phqw duh orzhu

wkdq zrxog eh h{shfwhg lq d vwrfkdvwlf phdq uhyhuvlrq vhwxs1

Lq frqwudvw/ rxu iudphzrun grhv qrw srvh dq| lqwhusuhwdwlrqdo sureohpv1 D qhjd0

wlyh frh!flhqw rq lqlwldo hpsor|phqw lqglfdwhv wkdw vrph fkdqjh lq frqglwlrqv ohg hpsor|0

phqw wr ehfrph pruh vsuhdg rxw> d srvlwlyh frh!flhqw phdqv wkdw hpsor|phqw ehfdph

pruh frqfhqwudwhg1 Vlqfh zh ylhz wkhvh fkdqjhv dv gulyhq e| h{rjhqrxv fkdqjhv lq hfr0

qrplf frqglwlrqv ehwzhhq 4<:5 dqg 4<<5/ wkhuh lv qr suhvxpswlrq wkdw wkhvh wuhqgv zloo

shuvlvw1 Iurp klvwrulfdo hylghqfh rq vsdwldo frqfhqwudwlrq zh nqrz wkdw h{wudsrodwlqj

wuhqgv lqwr wkh ixwxuh pdnhv olwwoh vhqvh1 Pdqxidfwxulqj/ iru lqvwdqfh/ zdv kljko| gh0

fhqwudol}hg sulru wr wkh lqgxvwuldo uhyroxwlrq/ dw zklfk srlqw lw vwduwhg wr frqfhqwudwh lq

flwlhv1 Zh duh qrz zlwqhvvlqj wkh rssrvlwh= pdqxidfwxulqj lv vsuhdglqj rxw djdlq1

Wkh frqwuro yduldeohv lq Wdeoh 5 jlyh ixuwkhu ghwdlov derxw fkdqjhv lq wkh hfrq0

rp|*v vsdwldo glvwulexwlrq1 Wkh srvlwlyh frh!flhqwv rq cfrxqw| duhd* vd| wkdw odujhu frxq0

wlhv h{shulhqfhg idvwhu hpsor|phqw jurzwk1 Wklv lqglfdwhv orfdo furzglqj rxw wkurxjk/

iru lqvwdqfh/ odqg sulfhv1 Wkh h�hfw lv vwurqj dqg vljql�fdqw iru doo vhfwruv/ h{fhsw iru

pdqxidfwxulqj dqg iru zkrohvdoh1 Wkh qhjdwlyh frh!flhqwv rq codwlwxgh* iru prvw vhfwruv

lqglfdwh mrev kdylqj pryhg Vrxwk/ d zhoo grfxphqwhg �qglqj +Eodqfkdug dqg Ndw}/ 4<<5>

Jodhvhu/ Vfkhlqnpdq dqg Vkohlihu/ 4<<8> Kdqvrq/ 4<<;,1 Wkh hylghqfh rq corqjlwxgh* lv

pruh pl{hg= zkhuhdv wkh ryhudoo hfrqrp| kdv ehhq prylqj Zhvw/ dv uh hfwhg e| wkh

srvlwlyh frh!flhqw rq corqjlwxgh*/ txlwh d ihz vhfwruv � vxfk dv iduplqj/ frqvwuxfwlrq/

dqg uhwdlo � kdyh ehhq prylqj Hdvw1 Wkhvh uhvxowv rewdlq diwhu zh frqwuro iru ehlqj
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orfdwhg rq rqh ri wkh frdvwv1 Wkh orqjlwxgh dqg odwlwxgh h�hfwv duh odujho| plwljdwhg iru

frxqwlhv orfdwhg rq ru qhdu wkh Hdvwhuq vhderdug1 Frxqwlhv lq wkh vwdwhv ri Fdoliruqld/

Ruhjrq/ dqg Zdvklqjwrq dovr h{shulhqfhg idvwhu hpsor|phqw jurzwk/ exw frqwudu| wr

Hdvwhuq frxqwlhv/ wkh h�hfw lv qrw vwurqjhu dorqj wkh frdvw1 Wkh Jxoi ri Ph{lfr kdg dq

htxdoo| ehqh�fldo h�hfw rq jurzwk/ hvshfldoo| lq vhuylfhv1 Krzhyhu/ zh �qg qr hylghqfh

ri wkh Fdqdgldq dqg Ph{lfdq erughuv kdylqj d�hfwhg wkh vsdwldo glvwulexwlrq ri dfwlylw|

zlwklq wkh XV +doehlw lw pljkw kdyh d�hfwhg lw lq Ph{lfr,1

715 Glvwlqjxlvklqj ehwzhhq vhfwrudo dqg djjuhjdwh h{whuqdolwlhv

Qrw doo h{whuqdolwlhv frph iurp vhfwru0vshfl�f h�hfwv= pdunhw srwhqwldo/ iru lqvwdqfh/ gh0

ulyhv iurp djjuhjdwh/ udwkhu wkdq vhfwrudo/ dfwlylw|1 Dv srlqwhg rxw hduolhu/ wklv glvwlqfwlrq

ehwzhhq orfdol}dwlrq +vhfwru0vshfl�f, dqg xuedql}dwlrq +djjuhjdwh, h{whuqdolwlhv lv frp0

prq lq wkh olwhudwxuh1 Wr vhsdudwh rxw wkhvh wzr h�hfwv/ zh wxuq wrPrgho 5/ dqg uhjuhvv

vhfwrudo hpsor|phqw jurzwk rq erwk wkh lqlwldo vhfwrudo hpsor|phqw vkduh dqg rq lqlwldo

djjuhjdwh hpsor|phqw1 Wkh uhvxowv duh uhsruwhg lq Wdeoh 7 > dv ehiruh/ w0ydoxhv duh edvhg

rq vsdwldoo| fruuhfwhg vwdqgdug huuruv1

Wr dyrlg uhshwlwlrq/ zh olplw rxuvhoyhv wr kljkoljkwlqj wkrvh uhvxowv zklfk gl�hu

iurp rxu suhylrxv �qglqjv1 Zkhuhdv Prgho 4 vxjjhvwhg wkdw vhuylfhv ehfdph lqfuhdvlqjo|

frqfhqwudwhg lq vhfwru0vshfl�f foxvwhuv/ wklv lv qr orqjhu wuxh rqfh zh frqwuro iru djjuhjdwh

hpsor|phqw= zh qrz �qg wkdw doo vhfwruv � lqfoxglqj vhuylfhv � kdyh ehhq prylqj rxw ri

vhfwru0vshfl�f foxvwhuv1 Wklv grhv qrw qhfhvvdulo| lpso| wkdw vhuylfhv kdyh ehfrph pruh

vsuhdg rxw wkrxjk1 Lqghhg/ wkh udz gdwd lq Wdeoh 6 vkrz wkdw vhuylfhv ehfdph pruh

frqfhqwudwhg ehwzhhq 4<:5 dqg 4<<51 Wkh dqvzhu wr wklv dssduhqw frqwudglfwlrq olhv lq

wkh srvlwlyh frh!flhqw rq djjuhjdwh hpsor|phqw1 Wkrxjk vhuylfhv kdyh ehhq prylqj

dzd| iurp vhfwru0vshfl�f foxvwhuv/ wkh| kdyh ehfrph lqfuhdvlqjo| frqfhqwudwhg lq duhdv ri

kljk djjuhjdwh hpsor|phqw/ vxfk dv flwlhv1 Li/ dv lv wkh fdvh/ vhuylfhv douhdg| vwduwhg r�

ehlqj ryhu0uhsuhvhqwhg lq flwlhv/ wkhq wkhvh uhvxowv duh frqvlvwhqw zlwk vhuylfh hpsor|phqw

kdylqj ehfrph ryhudoo pruh frqfhqwudwhg1

Wkh vwdun gl�huhqfh ehwzhhq vhuylfh dqg qrq0vhuylfh vhfwruv wkhuhiruh shuvlvwv=
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zkhuhdv vhuylfhv kdyh ehhq prylqj rxw ri vhfwru0vshfl�f foxvwhuv lqwr duhdv ri kljk djjuh0

jdwh hpsor|phqw/ qrq0vhuylfh vhfwruv kdyh ehhq prylqj dzd| iurp erwk vhfwru0vshfl�f

dqg djjuhjdwh foxvwhuv1 Lq rwkhu zrugv/ li lw kdg qrw ehhq iru vhuylfhv/ frxqwlhv zrxog

kdyh ehfrph lqfuhdvlqjo| dolnh erwk lq hpsor|phqw vl}h dqg vwuxfwxuh1 Krzhyhu/ vhuylfhv

kdyh ehhq sxvklqj wkh rwkhu zd| e| ixuwkhu frqfhqwudwlqj lq kljk hpsor|phqw duhdv1

Dgglqj wr wkdw wkh lqfuhdvlqj zhljkw ri vhuylfhv/4: lw lv qrw vxusulvlqj wr �qg wkdw flwlhv

kdyh ehhq wkulylqj1 Wkh ydqlvklqj lpsruwdqfh ri glvwdqfh dqg jhrjudsk|/ vxjjhvwhg e|

wkh ghyhorsphqwv lq wkh pdqxidfwxulqj vhfwru/ kdv ehhq pruh wkdq r�vhw e| wkh ehkdylru

ri vhuylfhv1

Djdlq/ lqwhusuhwlqj rxu uhvxowv lq wkh oljkw ri wkh gurs lq wudqvsruw frvwv/ rxu

�qglqjv duh vxjjhvwlyh ri Nuxjpdq dqg Yhqdeohv +4<<8,1 Wr dyrlg wrr pxfk uhshwlwlrq/ zh

eulh | irfxv rq wkh fdvh ri vhuylfhv1 Wudglwlrqdoo| zlwk olplwhg rssruwxqlwlhv wr foxvwhu gxh

wr surklelwlyho| kljk wudqvsruw frvwv/ pruh uhfhqwo| vhuylfhv kdyh vwduwhg wr frqfhqwudwh1

Wr pdnh wkh prvw rxw ri djjorphudwlrq hfrqrplhv/ lw pdnhv vhqvh iru vhuylfhv wr foxvwhu

lq duhdv ri kljk djjuhjdwh hpsor|phqw1

Wkrxjk rxu irfxv lv rq wudqvsruw frvwv/ wkhuh h{lvw dowhuqdwlyh h{sodqdwlrqv iru wkh

lqfuhdvlqj frqfhqwudwlrq ri vhuylfhv dqg wkh ghfuhdvlqj frqfhqwudwlrq ri pdqxidfwxulqj

lq kljk hpsor|phqw duhdv1 Fduolqr +4<;8,/ iru lqvwdqfh/ uhpdunv wkdw pdqxidfwxulqj

kdv ehfrph pruh odqg0lqwhqvlyh +lqfuhdvlqj wkh frvw ri frqjhvwlrq, dqg pruh dxwrpl}hg

+ghfuhdvlqj wkh qhfhvvlw| wr eh forvh wr d srro ri vnloohg zrunhuv,1 Erwk h�hfwv srlqw

wr ohvv vsdwldo frqfhqwudwlrq1 Nronr +4<<<, pdnhv wkh uhyhuvh dujxphqw iru vhuylfhv/

fodlplqj dq lqfuhdvhg qhhg wr eh forvh wr txdol�hg zrunhuv1 Lw lv qrw rxu jrdo lq wklv

sdshu wr glvwlqjxlvk ehwzhhq wkhvh frpshwlqj h{sodqdwlrqv1 Udwkhu/ zh olplw rxuvhoyhv

wr lqwhusuhwlqj rxu �qglqjv djdlqvw wkh edfnjurxqg ri idoolqj wudqvsruw frvwv1 Pruh

sduwlfxoduo|/ rxu dlp lv wr vhh zklfk ri wkh wkhrulhv uhodwlqj wudqvsruw frvwv wr vsdwldo

frqfhqwudwlrq �wv wkh gdwd ehwwhu1

4:Lq frqwudvw wr rxu �qglqjv lq Prgho 4/ qrwh wkdw fhuwdlq vhfwruv/ vxfk dv zkrohvdoh dqg wudqvsruwdwlrq
) xwlolwlhv/ duh qrz ehkdylqj olnh vhuylfhv1 Wklv vkrxog qrw eh ylhzhg dv xqxvxdo/ jlyhq wkh lpsuhflvh
gh�qlwlrq ri zkdw fkdudfwhul}hv vhuylfhv1
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716 Lqfoxglqj vsdwldo vslooryhuv

Wkh qh{w vhw ri uhjuhvvlrqv h{dplqhv wkh h�hfw ri qhljkerulqj frxqwlhv +Prgho 6,1 Zh

xvh wkh urxjkqhvv shqdow| dssurdfk wr ghwhuplqh srlqw hvwlpdwhv> vwdqgdug huuruv duh

fdofxodwhg e| dsso|lqj wkh Frqoh| fruuhfwlrq iru vsdwldo dxwrfruuhodwlrq14; Dv lq Prgho 5/

zh djdlq glvwlqjxlvk ehwzhhq orfdol}dwlrq dqg xuedql}dwlrq hfrqrplhv/ zlwk wkh gl�huhqfh

wkdw zh qrz wdnh lqwr dffrxqw vsdwldo vslooryhuv= Iljxuh 4 vkrzv wkh h�hfw ri vhfwru0

vshfl�f hpsor|phqw dw gl�huhqw glvwdqfhv/ zkhuhdv Iljxuh 5 jlyhv wkh h�hfw ri djjuhjdwh

hpsor|phqw dw gl�huhqw glvwdqfhv1 Wkh h�hfw ri jhrjudsklfdo ihdwxuhv odujho| frq�up wkh

uhvxowv ri Prgho 4/ vr zh uhiudlq iurp uhsruwlqj wkhp khuh1

Lqfoxglqj vsdwldo vslooryhuv doorzv xv wr frpsohwh rxu ghvfulswlrq ri orfdwlrq g|0

qdplfv1 Wdnh/ iru lqvwdqfh/ vhuylfhv1 Li ghfolqlqj wudqvsruw frvwv sdyhg wkh zd| iru

vsdwldo frqfhqwudwlrq/ zh zrxog h{shfw vhuylfh fhqwhuv wr kdyh hphujhg e| devruelqj mrev

iurp wkh vxuurxqglqj klqwhuodqg1 Dw ohdvw wklv lv zkdw fhqwudo sodfh wkhru| zrxog whoo

xv +Fkulvwdoohu/ 4<66,1 E| h{solflwo| wdnlqj lqwr dffrxqw vsdwldo h�hfwv/ rxu uhjuhvvlrqv

duh deoh wr fkhfn wkh frqvlvwhqf| ri wkdw suhglfwlrq1 Olnhzlvh/ li idoolqj wudqvsruw frvwv

kdyh ehhq zhdnhqlqj djjorphudwlrq hfrqrplhv lq pdqxidfwxulqj/ zh zrxog h{shfw pdq0

xidfwxulqj mrev wr kdyh pryhg rxw ri foxvwhuv wr qhdue| ohvv frqjhvwhg duhdv1 Djdlq/ rxu

hpslulfdo dqdo|vlv fdq yhuli| wklv suhglfwlrq1

Iljxuh 4 vkrzv wkh h�hfw ri djjuhjdwh hpsor|phqw dw gl�huhqw glvwdqfhv rq vhf0

wrudo hpsor|phqw jurzwk1 Wkh uhvxowv duh frqvlvwhqw zlwk zkdw zh h{shfwhg1 Wkh sdwwhuq

iru prvw qrq0vhuylfh vhfwruv � vxfk dv pdqxidfwxulqj dqg frqvwuxfwlrq � vkrzv hpsor|0

phqw kdylqj pryhg dzd| iurp fhqwhuv ri kljk djjuhjdwh hpsor|phqw wr qhdue| orfdwlrqv1

Orrn/ iru lqvwdqfh/ dw cfrqvwuxfwlrq* lq Iljxuh 4 = zkhuhdv wkh frh!flhqwv duh qhjdwlyh iru

glvwdqfhv ehorz 48 nlorphwhuv/ wkh| duh voljkwo| srvlwlyh iru glvwdqfhv ehwzhhq 48 dqg 93

nlorphwhuv1 Wkhvh uhvxowv duh vljql�fdqw dw wkh 43( ohyho1 Lq rwkhu zrugv/ wkh suhvhqfh

ri kljk djjuhjdwh hpsor|phqw lq d udglxv ri 48 nlorphwhuv kdg d qhjdwlyh h�hfw rq frq0

4;Dv zh srlqwhg rxw lq wkh �uvw vhfwlrq/ errwvwudsslqj wkh Frqoh| vwdqgdug huuruv lv qrw ihdvleoh1 Zlwk0
rxw wkh Frqoh| fruuhfwlrq/ errwvwudsshg dqg ROV vwdqgdug huuruv duh yluwxdoo| lghqwlfdo1 Wklv vxjjhvwv
wkdw wkh eldv lqwurgxfhg e| qrw errwvwudsslqj wkh Frqoh| vwdqgdug huuruv +wr dffrxqw iru urxjkqhvv
shqdow| fruuhfwlrq, lv qhjoljleoh1
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vwuxfwlrq jurzwk/ zkhuhdv wkh suhvhqfh ri kljk djjuhjdwh hpsor|phqw 48 wr 93 nlorphwhuv

dzd| kdg d srvlwlyh h�hfw rq frqvwuxfwlrq jurzwk1 Sxw gl�huhqwo|/ djjuhjdwh hpsor|phqw

foxvwhuv +dqg qhdue| duhdv, kdyh h{shulhqfhg d uhodwlyh ghfolqh lq frqvwuxfwlrq dfwlylw|/

zkhuhdv duhdv voljkwo| iduwkhu rxw kdyh jurzq uhodwlyho| idvwhu1

Vhuylfh vhfwruv h{klelw d gl�huhqw sdwwhuq= vhuylfhv juhz idvwhu lq djjuhjdwh foxv0

whuv dqg vorzhu lq qhdue| duhdv1 Orrn/ iru lqvwdqfh/ dw cILUH* lq Iljxuh 4 = wkh frh!flhqwv

duh srvlwlyh dw glvwdqfhv ehorz 8 nlorphwhuv/ dqg voljkwo| qhjdwlyh dw glvwdqfhv ehwzhhq

8 dqg 53 nlorphwhuv1 Wklv lpsolhv wkdw vhuylfhv juhz idvwhu lq duhdv ri kljk djjuhjdwh

hpsor|phqw/ dqg vorzhu lq qhdue| duhdv1 Rqh lqwhusuhwdwlrq lv wkdw ILUH hpsor|phqw

kdv ehhq frqfhqwudwlqj lq sodfhv ri kljk hfrqrplf dfwlylw| e| dwwudfwlqj mrev iurp wkh

vxuurxqglqj duhdv1

Iljxuh 5 irfxvhv rq orfdol}dwlrq h{whuqdolwlhv e| vkrzlqj wkh h�hfw ri vhfwrudo hp0

sor|phqw vkduh dw gl�huhqw glvwdqfhv rq vhfwrudo hpsor|phqw1 Uhvxowv orrn vlplodu dfurvv

wkh erdug zlwk qhjdwlyh frh!flhqwv dw vkruw glvwdqfhv dqg voljkwo| srvlwlyh frh!flhqwv

dw lqwhuphgldwh glvwdqfhv1 Diwhu frqwurolqj iru wkh h�hfw ri djjuhjdwh hpsor|phqw/ wklv

srlqwv wr vhfwrudo hpsor|phqw foxvwhuv kdylqj ehfrph pruh vsuhdg rxw1

8 Frqfoxvlrq

Lq wklv sdshu zh kdyh vwxglhg wkh fkdqjlqj vsdwldo glvwulexwlrq ri hpsor|phqw dfurvv X1V1

frxqwlhv ehwzhhq 4<:5 dqg 4<<51 Jlyhq wkh idoolqj frvw ri wudqvsruwdwlrq/ rxu xqghuo|lqj

dlp zdv wr vhh zkhwkhu hfrqrplf dfwlylw| ehfdph pruh ru ohvv frqfhqwudwhg1 Dqdo|}lqj

wklv txhvwlrq hpslulfdoo| lv lpsruwdqw/ vlqfh wkhuh h{lvwv vxevwdqwldo wkhruhwlfdo djuhhphqw

derxw krz wudqvsruw frvwv d�hfw wkh ghjuhh ri vsdwldo frqfhqwudwlrq1 Rxu �qglqjv duh

frqvlvwhqw zlwk wkh Nuxjpdq dqg Yhqdeohv +4<<8, ylhz= vhfwruv zlwk lqlwldoo| kljk wudqv0

sruw frvwv/ vxfk dv vhuylfhv/ ehfdph pruh frqfhqwudwhg> zkhuhdv vhfwruv zlwk lqlwldoo| orz

wudqvsruw frvwv/ vxfk dv pdqxidfwxulqj/ ehfdph pruh glvshuvhg1

Zkhq dqdo|}lqj zkhwkhu hpsor|phqw ehfdph pruh ru ohvv frqfhqwudwhg/ zh glv0

wlqjxlvkhg ehwzhhq vhfwru0vshfl�f dqg djjuhjdwh foxvwhuv1 Pruhryhu/ zh h{solflwo| wrrn

lqwr dffrxqw vsdwldo vslooryhuv1 Wklv lv mxvw rqh dgydqwdjh ri xvlqj frxqw|/ udwkhu wkdq
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xuedq/ gdwd= e| fryhulqj wkh hqwluh X1V1/ frxqw| gdwd gr qrw reoljh xv wr sxw duwl�fldo

erxqgv rq wkh vsdwldo uhdfk ri djjorphudwlrq hfrqrplhv1 Wzr frqfoxglqj fdyhdwv duh lq

sodfh wkrxjk1 Iluvw/ rxu dqdo|vlv idoov vkruw rq whvwlqj wkh wudqvsruw h{sodqdwlrq djdlqvw

srvvleoh dowhuqdwlyh wkhrulhv1 Vhfrqg/ iru zdqw ri wlph vhulhv gdwd rq vhfwrudo wudqvsruw

frvwv/ zh zhuh xqdeoh wr gluhfwo| hvwlpdwh wkh h�hfw ri fkdqjlqj wudqvsruw frvwv rq vsdwldo

frqfhqwudwlrq1
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^5;` Nlp/ V1/ 4<<81 H{sdqvlrq ri Pdunhwv dqg wkh Jhrjudsklf Glvwulexwlrq ri Hfrqrplf

Dfwlylwlhv= Wkh Wuhqgv lq X1V1 Uhjlrqdo Pdqxidfwxulqj Vwuxfwxuh/ 4;9304<;:/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv/ 443/ ;;40<3;1
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^5<` Nronr/ M1/ 4<<<1 Fdq L Jhw Vrph Vhuylfh KhuhB/ plphr/ Kduydug Xqlyhuvlw|1

^63` Nuxjpdq/ S1U1 4<<41 Lqfuhdvlqj Uhwxuqv dqg Hfrqrplf Jhrjudsk|/ Mrxuqdo ri Sr0

olwlfdo Hfrqrp|/ <</ 7;607<<1

^64` Nuxjpdq/ S1/ dqg Yhqdeohv/ D1M1/ 4<<81 Joredol}dwlrq dqg wkh Lqhtxdolw| ri Qdwlrqv/

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443/ ;8:0;;31

^65` Pdfdxoh|/ P1N1/ 4<;81 Hvwlpdwlrq dqg Uhfhqw Ehkdylru ri Xuedq Srsxodwlrq dqg

Hpsor|phqw Ghqvlw| Judglhqwv/ Mrxuqdo ri Xuedq Hfrqrplfv/ 4;/ 58405931

^66` Pdqnlz/ Q1J1/ Urphu/ G1 dqg Zhlo/ G1Q1/ 4<<51 D Frqwulexwlrq wr wkh Hpslulfv ri
Hfrqrplf Jurzwk/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43:/ 73:076:1

^67` Pduvkdoo/ D1/ 4;<31 Sulqflsohv ri Hfrqrplfv/ Orqgrq= PfPloodq/ uhsulqwhg 4<531

^68` Pdwvx|dpd/ N1/ 4<<41 Lqfuhdvlqj Uhwxuqv/ Lqgxvwuldol}dwlrq dqg Lqghwhuplqdf| ri
Htxloleulxp/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439/ 94:0831

^69` Ploov/ H1/ 4<9:1 Dq Djjuhjdwlyh Prgho ri Uhvrxufh Doorfdwlrq lq d Phwursrolwdq

Duhd/ Dphulfdq Hfrqrplf Uhylhz/ 8:/ 4<:05431

^6:` Ploov/ H1/ 4<:51 Vwxglhv lq wkh Vwuxfwxuh ri wkh Xuedq Hfrqrp|/ Edowlpruh= Mrkqv

Krsnlqv Xqlyhuvlw| Suhvv1

^6;` Ploov/ H1V1/ dqg Kdplowrq/ E1Z1/ 4<<71 Xuedq Hfrqrplfv/ 8wk hglwlrq/ Kdushu Froolqv

Froohjh Sxeolvkhuv1

^6<` Txdk/ G1/ 4<<61 Jdowrq*v Idoodf| dqg Whvwv ri wkh Frqyhujhqfh K|srwkhvlv/ Vfdqgl0
qdyldq Mrxuqdo ri Hfrqrplfv/ <8/ 75:07761

^73` Urguðjxh} Foduh/ 4<<91 Wkh Glylvlrq ri Oderu dqg Hfrqrplf Ghyhorsphqw/ Mrxuqdo

ri Ghyhorsphqw Hfrqrplfv/ 7</ 60651

^74` Vloyhupdq E1/ 4<;51 Rq wkh Hvwlpdwlrq ri d Suredelolw| Ghqvlw| Ixqfwlrq e| wkh

Pd{lpxp Shqdol}hg Olnholkrrg Phwkrg/ Dqqdov ri Vwdwlvwlfv/ 43/ :<80;431

^75` Vloyhupdq E1/ 4<;71 Vsolqh Vprrwklqj= Wkh Htxlydohqw Yduldeoh Nhuqho Phwkrg/

Dqqdov ri Vwdwlvwlfv/ 45/ ;<;0<491

^76` Vplwk/ I1/ 4<;<1 Wudqvsruwdwlrq lq Dphulfd/ Zdvklqjwrq/ G1F1= Hqr Irxqgdwlrq1

^77` Wkxuvwrq/ O1 dqg \h}hu/ D1P1M1/ 4<<71 Fdxvdolw| lq wkh Vxexuedql}dwlrq ri Srsxod0
wlrq dqg Hpsor|phqw/ Mrxuqdo ri Xuedq Hfrqrplfv/ 68/ 438044;1

^78` Zdoovwhq/ V1M1/ 53341 Dq Hpslulfdo Whvw ri Jhrjudsklf Nqrzohgjh Vslooryhuv Xvlqj

Jhrjudsklf Lqirupdwlrq V|vwhpv dqg Ilup0Ohyho Gdwd/ Uhjlrqdo Vflhqfh dqg Xuedq

Hfrqrplfv/ 64/ 8:408<<1
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farming on total
distance (km)

0 20 40 60 80 100

-.006

-.004

-.002

0

.002

.004

  
 

 

ag serv on total
distance (km)

0 20 40 60 80 100

-.006

-.004

-.002

0

.002

.004

  
 

 

mining on total
distance (km)

0 20 40 60 80 100

-.006

-.004

-.002

0

.002

.004

  
 

 

construction on total
distance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

  
 

 

manufacturing on total
distance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

 
 

 

transp/uti l on total
distance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

 
 

 

wholesale on total
distance (km)

0 20 40 60 80 100

-.006

-.004

-.002

0

.002

.004

 
 

 

retail on total
distance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

Iljxuh 4= H�hfw ri djjuhjdwh hpsor|phqw +orjv, rq vhfwrudo

hpsor|phqw jurzwk zlwk <3( frq�ghqfh lqwhuydo
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F IRE on total
distance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

 
 

 

other serv on total
distance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

 
 

 

fed civ on total
distance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

 
 

 

mi l i tary on total
dis tance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

 
 

 

state/local on total
distance (km)

0 20 40 60 80 100
-.006

-.004

-.002

0

.002

.004

Iljxuh 4= H�hfw ri djjuhjdwh hpsor|phqw +orjv, rq vhfwrudo

hpsor|phqw jurzwk zlwk <3( frq�ghqfh lqwhuydo
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farming on farming
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

ag serv on ag serv
distance (km)

0 20 40 60 80 100

-.025

-.015

-.005

0

.005

  
 

 

mining on mining
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

construct ion on construct ion
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

manufac tur ing  on  manufac tur ing
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

t ransp/ut i l  on transp/uti l
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

wholesale on wholesale
distance (km)

0 20 40 60 80 100

-.025

-.015

-.005

0

.005

  
 

 

retail on retail
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

Iljxuh 5= H�hfw ri vhfwrudo hpsor|phqw vkduh +orjv, rq vhfwrudo

hpsor|phqw jurzwk zlwk <3( frq�ghqfh lqwhuydo
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FIRE on FIRE
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

other serv on other serv
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

fed civ on fed civ
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

mi l i tary on mil i tary
distance (km)

0 20 40 60 80 100
-.025

-.015

-.005

0

.005

  
 

 

state/local on state/local
distance (km)

0 2 0 4 0 6 0 8 0 1 0 0
- .025

- .015

- .005

0

.005

Iljxuh 5= H�hfw ri vhfwrudo hpsor|phqw vkduh +orjv, rq vhfwrudo
hpsor|phqw jurzwk zlwk <3( frq�ghqfh lqwhuydo

5:



Wdeoh 4= Dyhudjh frxqw| vhfwrudo hpsor|phqw lq 4<:5 dqg 4<<5 +Vxppdu| vwdwlvwlfv,
Vhfwru Hpsor|phqw 4<:5 Hpsor|phqw 4<<5 Jurzwk udwh

Wrwdo 63749 77<7: 7:1::(

Iduplqj 455; <;4 05313;(

Djulfxowxudo vhuylfhv 4<7 863 4:6143(

Plqlqj 5:8 6<5 751:;(

Frqvwuxfwlrq 487: 54;7 7414<(

Pdqxidfwxulqj 9785 9463 071<;(

Wudqvsruwdwlrq2Xwlolwlhv 4999 549< 6314;(

Zkrohvdoh 47<7 557: 83173(

Uhwdlo 798: :764 8<18;(

ILUH 54<4 683< 93145(

Rwkhu vhuylfhv 8<79 46566 455187(

Ihghudo flyloldq <55 4357 44144(

Plolwdu| ;<; ;64 0:174(

Vwdwh2Orfdo 688: 8383 75133(

Vrxufh= UHLV/ Exuhdx ri Hfrqrplf Dqdo|vlv
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Wdeoh 5= Vhfwrudo hpsor|phqw jurzwk rq vhfwrudo hpsor|phqw dqg frqwuro yduldeohv
Ghshqghqw yduldeoh= dqqxdo jurzwk udwh lq vhfwrudo hpsor|phqw 4<:50<5

Wrwdo Iduplqj Dj vhuy Plqlqj Frqvwu Pdqxi Wudqv2xwlo
frqvw 0313357 313763 314659 313;5; 313;83 3139<9 313;;;

+315:, +7175, +;1:3, +614:, +91:7, +7164, +:17<,
hpso 31334; 031339: 0313445 03133;4 031335: 0313396 0313377

+8195, +43189, +48157, +43188, +81;4, +441;5, +<195,
duhd 4146H039 41:3H039 41;;H039 6144H039 4154H039 4177H03: 4174H039

+61;5, +8194, +61;8, +51:<, +5163, +3157, +51<<,
odw 031355< 31336; 03134<6 03147;: 03135<: 0313546 0313767

+61<9, +3188, +419:, +91<8, +6168, +5159, +8175,
orqjlw 3133;8 031339; 0313488 31368: 031354; 313336 0313455

+513;, +41:3, +5145, +51;<, +6194, +3138, +5135,
hfrdvw 31338; 0313394 313456 3135;: 313346 313357 3133;3

+516;, +41::, +6156, +6185, +3183, +31;6, +5167,
odnhv 313356 0313347 313387 313599 313399 313345 31335:

+4164, +31:6, +4145, +51;5, +6156, +3186, +4134,
zfrdvw 31335< 313378 3133;6 3133:4 313475 31339: 313399

+31;:, +4146, +4184, +319<, +5159, +4143, +417<,
jxoi 3133<5 313339 313485 313356 313383 313385 31336:

+6143, +3145, +618;, +315:, +414:, +4139, +413<,
ph{lfr 031333< 0313373 313389 0313363 0313385 3133;5 313358

+3168, +417<, +31<6, +3157, +31:<, +31<4, +3193,
fdqdgd 0313367 313334 03133<6 31345; 03133:9 0313356 031337<

+416<, +3137, +4189, +414:, +4157, +316;, +4199,
hvwdwh 313383 0313375 031336< 0313443 313384 0313357 313386

+6134, +41<6, +414;, +41<:, +5167, +4149, +515<,
zvwdwh 313399 313498 313595 031333; 3135:: 313397 313473

+5165, +817;, +7188, +313<, +71:4, +4156, +6167,
Zkrohvdoh Uhwdlo ILUH Rwkhu vhuy Ihg fly Plolw Vwdwh2Orf

frqvw 3137;: 313675 313553 3133:< 31374; 3139<4 3135;8
+61:<, +6178, +5156, +31:4, +818:, +;147, +61:9,

hpso 031338; 313356 313344 313346 031334; 0313353 313338
+451:3, +8169, +51;;, +6165, +814;, +815;, +4188,

duhd 41<5H03: 418:H039 514<H039 4159H039 41<9H039 4153H039 ;193H03:
+3163, +7168, +8159, +615;, +8188, +51;3, +6175,

odw 3135:8 03136;5 0313667 313466 03136;5 0313664 031396:
+51:6, +81:9, +8133, +419:, +81;3, +8147, +4515<,

orqjlw 031335: 0313396 313355 313354 0313368 0313569 313485
+3173, +415;, +3178, +3173, +31<3, +8157, +715<,

hfrdvw 313354 313363 313446 31343: 3133:3 313359 313368
+3195, +31;<, +715<, +616;, +41<;, +31:4, +41;<,

odnhv 03133<8 31338: 313376 313366 313394 0313349 31334:
+5139, +5197, +41<:, +41<6, +51::, +3195, +4157,

zfrdvw 3133;3 313387 3133:< 3133:6 0313364 313347 0313366
+4185, +4157, +5147, +5167, +319:, +3154, +413:,

jxoi 31338; 313436 313449 3134;3 31347: 3133<3 31334<
+4153, +614:, +8169, +7166, +61<8, +517:, +31:5,

ph{lfr 03133<9 31333: 31334; 31339; 313476 313346 313353
+4148, +3153, +3177, +4196, +51;4, +3164, +31;5,

fdqdgd 0313575 313346 313375 0313398 0313357 03133:3 0313355
+71:3, +3176, +4156, +5194, +3185, +41:9, +31;9,

hvwdwh 31337< 3133;9 3133:; 313359 313364 031337< 3133;;
+419:, +715<, +7144, +4134, +5135, +6153, +916:,

zvwdwh 313469 313493 313389 3133:< 3134;: 313466 31337:
+51;<, +7197, +41:3, +5155, +91<8, +61:3, +5169,

Devroxwh ydoxhv ri w0vwdwlvwlfv +fruuhvsrqglqj wr vsdwldoo| fruuhfwhg vwdqgdug huuruv, lq eudfnhwv1
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Wdeoh 6= Vwdqgdug ghyldwlrqv ri vhfwrudo hpsor|phqw lq 4<:5 dqg 4<<5 lq orjv

Vhfwru vwdqgdug ghyldwlrq +orjv, 4<:5 vwdqgdug ghyldwlrq +orjv, 4<<5

Iduplqj 1<7 1;7

Djulfxowxudo Vhuylfhv 4165 4164

Plqlqj 419: 41:;

Frqvwuxfwlrq 4184 418;

Pdqxidfwxulqj 41<: 41;;

Wudqvsruwdwlrq2Xwlolwlhv 4187 418:

Zkrohvdoh 41:6 419:

Uhwdlo 4175 418;

ILUH 4187 4197

Rwkhu Vhuylfhv 4183 4195

Ihghudo Flyloldq 418: 4193

Plolwdu| 417< 4183

Vwdwh2Orfdo 4164 4169

Vrxufh= UHLV/ Exuhdx ri Hfrqrplf Dqdo|vlv
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Wdeoh 7= Vhfwrudo hpsor|phqw jurzwk rq vhfwrudo hpsor|phqw vkduh/ wrwdo hpsor|phqw/
dqg frqwuro yduldeohv
Ghshqghqw yduldeoh= dqqxdo jurzwk udwh lq vhfwrudo hpsor|phqw 4<:50<5

Iduplqj Dj vhuy Plqlqj Frqvwu Pdqxi Wudqv2xwlo
frqvw 31356; 0313985 03139:4 313699 313554 0313944

+5154, +61<9, +5143, +5159, +417:, +7133,
vhfw vkduh 03133:5 03135:: 0313463 0313443 031347< 0313583

<1:; 59163 45187 8184 47179 4:1<<
wrw hps 0313389 0313399 31333< 0313343 0313337 313348

+;1<;, +4315;, +31;9, +4196, +3197, +51;6,
duhd 313347 313337 313358 313345 031333; 313347

+71:7, +31<3, +5153, +516:, +4177, +6195,
odw 31335< 0313744 0314:57 03135<4 0313668 031364<

+3176, +7138, +;148, +6158, +618<, +715<,
orqjlw 0313347 3136<7 313:5: 03134:: 03133<: 313344

+3164, +81<3, +8146, +51<6, +415:, +3154,
hfrdvw 03133:; 3134;; 3134;4 313344 03133;; 313399

+5164, +7139, +5183, +3173, +6133, +5143,
odnhv 0313357 313378 3134:< 313388 31333; 0313347

+4153, +4144, +41:;, +517<, +3163, +3197,
zfrdvw 31334; 313344 031338< 313454 0313335 313337

+3176, +3154, +3198, +41<8, +3138, +3143,
jxoi 0313343 3134<8 0313385 3133:5 0313364 3133<5

+3155, +71:;, +319;, +419;, +31:6, +51;5,
ph{lfr 0313379 31337: 031347< 0313389 313348 313348

+41;9, +31::, +4149, +31<4, +314;, +3176,
fdqdgd 313345 0313337 313578 03133:9 0313345 0313365

+317:, +3143, +5148, +4168, +3153, +413<,
hvwdwh 0313373 31338: 0313496 313393 031334: 313344

+41;7, +41;6, +51<7, +5189, +31;5, +3179,
zvwdwh 313469 313474 03135:6 313575 313448 313385

+718:, +6134, +6144, +713<, +5178, +4186,
Zkrohvdoh Uhwdlo ILUH Rwkhu vhuy Ihg fly Plolw Vwdwh2Orf

frqvw 0315647 313494 0313<83 03138;7 0313666 31344: 313388
+461;4, +4146, +:183, +7194, +61:7, +413<, +31:3,

vhfw vkduh 0313649 0313356 0313478 0313493 03133:; 03133;9 03133:5
56177 4144 <166 ;1;< 43168 ;1;8 91<9

wrw hps 313398 31335; 313383 313374 313339 0313334 31333:
+<189, +8159, +44189, +<138, +418<, +3164, +514<,

duhd 031334< 313349 313346 313346 313354 313343 31333<
+6135, +716<, +617<, +6187, +81::, +5185, +61:8,

odw 3136:3 0313688 03134<; 313434 031364: 0313698 031394;
+717;, +8144, +613:, +4165, +8148, +81;4, +45138,

orqjlw 3136:3 0313377 3134:; 3133;4 313444 031346; 3134::
+9189, +31;:, +61:;, +4184, +51;:, +6143, +813;,

hfrdvw 313335 313365 313457 313435 3133<< 313389 313357
+3139, +31<7, +7183, +6164, +51:6, +417:, +415:,

odnhv 0313473 31338; 31335: 313366 31336: 031335< 313357
+714:, +5195, +4144, +418:, +4193, +4155, +41;5,

zfrdvw 03133<5 313384 31338; 313397 03133:4 313348 031336<
+516:, +4147, +4174, +41;8, +4185, +3157, +414;,

jxoi 31339: 31343: 313463 3134:< 313465 3133<6 313357
+41:<, +6159, +815<, +715:, +6184, +51:9, +31<6,

ph{lfr 0313397 31333< 0313336 31337< 313486 313358 313353
+4133, +315:, +313;, +4163, +6146, +3197, +31:;,

fdqdgd 0313493 31333< 31333; 031338< 31333< 0313367 0313353
+6157, +3163, +315;, +5164, +3154, +31<4, +31:7,

hvwdwh 3133:3 3133;6 3133;7 31336< 313378 0313369 3133<6
+518;, +7149, +7166, +4196, +51<8, +5166, +91<5,

zvwdwh 03133;8 31347: 313334 313378 313463 3133;: 313378
+516<, +714;, +3136, +4155, +71;8, +5184, +5159,

Devroxwh ydoxhv ri w0vwdwlvwlfv +fruuhvsrqglqj wr vsdwldoo| fruuhfwhg vwdqgdug huuruv, lq eudfnhwv1
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