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ABSTRACT

Exporting is often touted as a way to increase economic growth. This paper examines

whether exporting has played any role in increasing productivity growth in U.S. manufacturing.

Contemporaneous levels of exports and productivity are indeed positively correlated across

manufacturing industries. However, tests on industry data show causality from productivity to

exporting but not the reverse. While exporting plants have substantially higher productivity levels,

we find no evidence that exporting increases plant productivity growth rates. However, within the

same industry, exporters do grow faster than non-exporters in terms of both shipments and

employment. We show that exporting is associated with the reallocation of resources from less

efficient to more efficient plants. In the aggregate, these reallocation effects are quite large, making

up over 40% of total factor productivity growth in the manufacturing sector. Half of this reallocation

to more productive plants occurs within industries and the direction of the reallocation is towards

exporting plants. The positive contribution of exporters even shows up in import-competing

industries and non-tradable sectors. The overall contribution of exporters to manufacturing

productivity growth far exceeds their shares of employment and output.
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Uhfhqw |hduv kdyh vhhq d uhvxujhqfh lq lqwhuhvw lq wkh uroh ri lqwhuqdwlrqdo
rshqqhvv dqg lqwhuqdwlrqdo wudgh lq hfrqrplf jurzwk1 Dw wkh vdph wlph/
d ghedwh kdv udjhg ryhu wkh uhodwlyh lpsruwdqfh ri wudgh dqg whfkqrorj| lq
ghwhuplqlqj wkh vwdqgdug ri olylqj iru zrunhuv lq ghyhorshg frxqwulhv1 Zkloh
wkh uroh ri wudgh lq surprwlqj hfrqrplf zhoo0ehlqj kdv d orqj wudglwlrq lq
wkh wudgh olwhudwxuh/ wkh lqwhudfwlrq ehwzhhq lqwhuqdwlrqdo wudgh dqg orqj
uxq rxwsxw dqg surgxfwlylw| pryhphqwv lv ohvv zhoo xqghuvwrrg1 Lq wklv
sdshu/ zh dvn zkhwkhu jurzlqj wudgh/ lq wkh irup ri h{sruwv/ ohdgv wr idvwhu
surgxfwlylw| dqg rxwsxw jurzwk/ ru zkhwkhu surgxfwlylw| jurzwk lqfuhdvhv
h{sruwlqj1 Zh surylgh wkh �uvw gluhfw hylghqfh edvhg rq plfurhfrqrplf
gdwd ri krz wudgh pljkw eh uhodwhg wr djjuhjdwh wrwdo idfwru surgxfwlylw|
jurzwk udwhv1

Iljxuhv 4 dqg 5 suhvhqw wzr yhuvlrqv ri wkh uhodwlrqvklsv zh zrxog olnh wr
glvhqwdqjoh1 Vkrzq lq Iljxuh 4 duh dqqxdo orj oderu surgxfwlylw| ohyhov dqg
wkh orj ohyhov ri uhdo h{sruwv iru 70gljlw Vwdqgdug Lqgxvwuldo Fodvvl�fdwlrq
+VLF, pdqxidfwxulqj vhfwruv iru wkh shulrg 4<8;04<<7 diwhu uhprylqj djjuh0
jdwh |hdu h�hfwv1� Iljxuh 5 vkrzv dqqxdo lqgxvwu| wrwdo idfwru surgxfwlylw|
jurzwk udwhv dqg dqqxdo lqgxvwu| jurzwk udwhv lq uhdo h{sruwv iru wkh vdph
shulrg/ djdlq zlwk |hdu h�hfwv uhpryhg1 Dfurvv X1V1 pdqxidfwxulqj lq0
gxvwulhv/ erwk oderu surgxfwlylw| ohyhov dqg WIS jurzwk udwhv duh srvlwlyho|
dqg vljql�fdqwo| fruuhodwhg zlwk phdvxuhv ri lqgxvwu| h{sruwv1 Krzhyhu/
wkh furvv0lqgxvwu| fruuhodwlrqv gr olwwoh wr lqirup xv derxw wkh vwuxfwxuh ri
dq| xqghuo|lqj fdxvdo uhodwlrqvklsv1

Rxu uhvhdufk irfxvhv rq wkh uroh ri h{sruwlqj/ li dq|/ lq lqfuhdvlqj sur0
gxfwlylw| jurzwk lq X1V1 pdqxidfwxulqj1 Zh frqfhqwudwh rq wkh k|srwkhvlv
wkdw h{sruwlqj kdv d fdxvdo lpsdfw rq jurzwk udwhv ri surgxfwlylw|1 Uh0
fhqw zrun lq wkh jurzwk olwhudwxuh kdv rxwolqhg d ydulhw| ri phfkdqlvpv
e| zklfk lqfuhdvhg wudgh pljkw d�hfw djjuhjdwh surgxfwlylw| jurzwk12 D
pdmru wkhph lq wklv uhvhdufk djhqgd kdv ehhq wkh srvvlelolw| wkdw wudgh id0
flolwdwhv wkh wudqvihu ri nqrzohgjh dqg lghdv dfurvv frxqwulhv/ h1j1 Jurvvpdq
dqg Khospdq +4<<4,/ Ehq0Gdylg dqg Orhz| +4<<;, dqg Ihhqh| +4<<<,1 Iru
wkh prvw sduw/ wkhvh prghov irfxv rq wkh srvvlelolw| wkdw orzhu surgxfwlylw|
frxqwulhv pljkw fdwfk xs wr ohdglqj frxqwulhv/ exw doorz qr surgxfwlylw| ehq0
h�wv wr wkh ohdghu1 H{fhswlrqv duh Ehq0Gdylg dqg Orhz| +4<<;, dqg Ihhqh|
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Iljxuh 4= H{sruwv dqg Oderu Surgxfwlylw| Ohyhov lq X1V1 Pdqxidfwxulqj/
4<8;04<<7 +|hdu h�hfwv uhpryhg,

Log real value of exports

 Log real value-added per worker  Fitted value

-4.99217 5.59435

-3.51234

2.15792

+4<<<,1 Wkh iruphu ghyhorsv d prgho zkhuh rshqqhvv wr wudgh ohdgv wr wkh
lqfrusrudwlrq ri iruhljq nqrzohgjh lq wkh grphvwlf surgxfwlrq ixqfwlrq/ wkxv
srwhqwldoo| lqfuhdvlqj vwhdg| vwdwh jurzwk1 Ihhqh| +4<<<, frqvlghuv vhfwru0
vshfl�f ohduqlqj e| grlqj wkdw lv hqkdqfhg e| vshfldol}dwlrq gxh wr wudgh1
Khu prgho suhglfwv wkdw wkh h{sruwlqj vhfwruv zloo h{shulhqfh idvwhu surgxf0
wlylw| jurzwk gxh wr lqfuhdvhg vl}h dqg wkxv lqfuhdvhg vhfwrudo ohduqlqj1 E|
xvlqj plfurhfrqrplf gdwd dw wkh sodqw dqg �up ohyho/ dv zhoo dv lqgxvwu|
djjuhjdwhv/ zh orrn iru dq| hylghqfh wkdw sduwlflsdwlrq lq wkh h{sruw pdunhw
ohdgv wr idvwhu nqrzohgjh dffxpxodwlrq dqg surgxfwlylw| jurzwk1

Dw wkh vdph wlph/ zh uhfrjql}h wkh srvvlelolw| wkdw idvwhu surgxfwlylw|
jurzwk doorzv �upv/ lqgxvwulhv dqg wkh hfrqrp| wr lqfuhdvh wkh �rz ri
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Iljxuh 5= H{sruw Jurzwk dqg Wrwdo Idfwru Surgxfwlylw| Jurzwk lq X1V1
Pdqxidfwxulqj/ 4<8;04<<7 +|hdu h�hfwv uhpryhg,

real export growth

 tfp growth  Fitted Value

-.992345 .993851

-.612946

.620198

h{sruwv1 Urehuwv dqg W|erxw +4<<:, ghyhors d prgho ri h{sruwlqj zlwk vxqn
frvwv ri hqwu| dqg whvw lw rq d vdpsoh ri Frorpeldq �upv1� Lq wkh suhvhqfh
ri wkhvh hqwu| frvwv/ rqo| wkh uhodwlyho| surgxfwlyh �upv zloo fkrrvh wr sd|
wkh frvwv dqg hqwhu wkh iruhljq pdunhw1 Wkh lpsolhg uhodwlrqvkls ehwzhhq
h{sruwlqj dqg surgxfwlylw| lv srvlwlyh lq d furvv0vhfwlrq ri �upv ru lqgxvwulhv/
exw wkh fdxvdolw| uxqv iurp surgxfwlylw| wr h{sruwlqj1 Vxevwdqwldo vxqn frvwv
ri h{sruw hqwu| duh qrw olplwhg wr ghyhorslqj frxqwulhv1 Ehuqdug dqg Mhqvhq
+4<<:, �qg vljql�fdqw vxqn frvwv iru X1V1 sodqwv dqg Ehuqdug dqg Zdjqhu
+4<<;, jhw vlplodu uhvxowv iru �upv lq Jhupdq|/ d uhodwlyho| rshq/ ghyhorshg
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hfrqrp|1
Wkh uhodwlrqvkls ehwzhhq h{sruwlqj dqg surgxfwlylw| kdv lpsruwdqw lp0

solfdwlrqv iru vhyhudo fxuuhqw duhdv ri uhvhdufk1 Wkh ghedwh rq wkh uroh ri
lqwhuqdwlrqdo rshqqhvv lq idflolwdwlqj hfrqrplf jurzwk kdv ehhq frqgxfwhg
doprvw h{foxvlyho| zlwk djjuhjdwh furvv0frxqwu| gdwd1 Vhyhudo uhfhqw vwxg0
lhv/ lqfoxglqj Ehq0Gdylg +4<<6, dqg Vdfkv dqgZduqhu +4<<8,/ kdyh surylghg
hpslulfdo hylghqfh wkdw wudgh dqg jurzwk duh srvlwlyho| uhodwhg1 Ehq0Gdylg
+4<<6, vkrzv wkdw phpehuv ri wkh HHF kdg idvwhu rxwsxw jurzwk udwhv dv
wudgh lqfuhdvhg iroorzlqj wkh uhprydo ri wudgh eduulhuv1 Vdfkv dqg Zduqhu
+4<<8, frqfoxgh wkdw d vxevwdqwldo iudfwlrq ri wkh gl�huhqfhv lq furvv0frxqwu|
jurzwk udwhv ryhu d 63 |hdu shulrg fdq eh fruuhodwhg zlwk d phdvxuh ri
rshqqhvv wr wudgh1 D uhfhqw froohfwlrq ri uhvhdufk rq rshqqhvv dqg jurzwk/
Surxgpdq dqg Uhgglqj hgv +4<<;,/ frqgxfwv erwk furvv0frxqwu| dqg furvv0
lqgxvwu| dqdo|vhv dqg vwurqjo| frqfoxghv wkdw wudgh idflolwdwhv surgxfwlylw|
jurzwk1 Lq doo wklv zrun/ wkh h{dfw phfkdqlvp e| zklfk rshqqhvv d�hfwv
jurzwk lv qrw uhyhdohg1e Lq wklv sdshu/ zh zloo orrn dw wkh vrph ri wkh
xqghuo|lqj dfwlylw| lqgxfhg e| lqfuhdvlqj wudgh1 Zh whvw zkhwkhu lqwhuqd0
wlrqdo wudgh lqfuhdvhv surgxfwlylw| jurzwk zlwklq hfrqrplf xqlwv/ shukdsv
e| ohduqlqj ru whfkqrorj| wudqvihu/ ru zkhwkhu wkhuh duh dq| surgxfwlylw|
h�hfwv dw d pruh djjuhjdwh ohyho gxh wr wkh uhdoorfdwlrq ri uhvrxufhv dfurvv
sodqwv ru lqgxvwulhv1

Rxu uhvhdufk lv dovr olqnhg wr wkh rqjrlqj ghedwh rq wudgh/ whfkqrorj|
dqg zdjhv lq wkh Xqlwhg Vwdwhv1 Zkloh dxwkruv kdyh w|slfdoo| frqvlghuhg
hlwkhu whfkqrorj| ru wudghD dv wkh sulpdu| vrxufh ri wkh fkdqjlqj zdjh
glvwulexwlrq lq wkh X1V1/ zh dvn wr zkdw h{whqw wkh wzr duh lqwhuuhodwhg1
Zh zloo vxjjhvw wkh dssursuldwh ohyho ri glvdjjuhjdwlrq/ li dq|/ wr lghqwli|
vhsdudwho| wkh h�hfwv lq wkh gdwd1 Wklv zrun dovr uhodwhv wr d orqj olqh
ri zrun rq wkh vrxufhv ri surgxfwlylw| jurzwk dqg wkh vxevhtxhqw h�hfwv
rq �upv dqg lqgxvwulhv1 Zh zloo h{soruh wkh srvvlelolw| wkdw zlwklq0sodqw
surgxfwlylw| jurzwk lv ehlqj gulyhq e| h{sruw ehkdylru1

Ilqdoo| wklv sdshu lv d qdwxudo h{whqvlrq ri wkh uhfhqw zrun rq wkh plfur0
hfrqrplfv ri wudgh dqg h{sruwlqj1 Wkhuh lv vxevwdqwldo dffxpxodwhg hyl0
ghqfh wkdw wkh dfw ri h{sruwlqj rffxuv lq �upv zlwk yhu| gl�huhqw revhuy0
deoh fkdudfwhulvwlfv/ hyhq zlwklq wkh vdph lqgxvwu|1S H{sruwlqj sodqwv kdyh

e5ii 5*@�}�|ih E�bbH� uLh @ _�tU�tt�L? Lu |�i U@�i@|t �? �?|ihThi|�?} |�iti hit�*|t @t
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kljkhu surgxfwlylw| dqg vklsphqwv ohyhov dqg duh pruh whfkqrorjlfdoo| vr0
sklvwlfdwhg wkdq rwkhu sodqwv lq wkh vdph lqgxvwu| +Ehuqdug dqg Mhqvhq
4<<8,1 Krzhyhu/ uhfhqw zrun kdv vxjjhvwhg wkdw h{sruwlqj frqihuv olwwoh
ru qr ehqh�w lq wkh irup ri idvwhu surgxfwlylw| jurzwk dw wkh sodqw ohyho
+Fohulghv/ Odfk/ dqg W|erxw 4<<;/ Ehuqdug dqg Mhqvhq 4<<<,1 Zh h{whqg
wkdw zrun e| frqvlghulqj qrw mxvw wkh zlwklq0sodqw h�hfwv ri h{sruwlqj/ exw
wkh lpsruwdqfh ri furvv0sodqw dqg furvv0lqgxvwu| uhdoorfdwlrqv1

Xvlqj sodqw gdwd/ zh �qg olwwoh hylghqfh wkdw h{sruwlqj lqfuhdvhv surgxf0
wlylw| jurzwk udwhv uhodwlyh wr grphvwlf dfwlylw|1 Krzhyhu/ djdlq zlwklq wkh
vdph lqgxvwu|/ h{sruwhuv gr jurz idvwhu lq whupv ri erwk grphvwlf dqg iru0
hljq vklsphqwv wkdq qrq0h{sruwhuv1 Zh frq�up wkdw/ erwk zlwklq dqg dfurvv
lqgxvwulhv/ h{sruwlqj lv dvvrfldwhg zlwk wkh uhdoorfdwlrq ri lqsxwv/ erwk oderu
dqg fdslwdo/ iurp ohvv h�flhqw wr pruh h�flhqw sodqwv1 Wkhvh h�hfwv duh qrw
suhgrplqdqwo| dvvrfldwhg zlwk wkh fkdqjlqj iruwxqhv ri gl�huhqw lqgxvwulhv1
Ixoo| kdoi ri wklv uhdoorfdwlrq rffxuv zlwklq lqgxvwulhv1

Zh uhfrjql}h wkdw rxu h{foxvlyh irfxv rq h{sruwv ohdyhv wkh lpsruw sduw ri
wkh wudgh dqg surgxfwlylw| uhodwlrqvkls xqh{soruhg1 Wklv lv odujho| ehfdxvh
zh duh frqvwudlqhg e| wkh gdwd> wkh plfur gdwd dw wkh sodqw dqg �up ohyho
frqwdlqv qr lqirupdwlrq rq lpsruwhg lqsxwv1 Wkh lpsruwdqfh ri rplwwlqj
lpsruwv lv kdug wr mxgjh1 Zh nqrz iurp wkh olwhudwxuh rq lqwud0lqgxvwu|
wudgh wkdw lpsruwv dqg h{sruwv whqg wr pryh wrjhwkhu dw wkh lqgxvwu| ohyho1
Wr wkh h{whqw wkdw lpsruwv dqg h{sruwv kdyh vlplodu h�hfwv rq surgxfwlylw|/
zh pd| plvwdnhqo| frqirxqg wkh lpsdfw ri h{sruwv dqg lpsruwv1 Zh dyrlg
wklv sureohp lq sduw e| zrunlqj iurp wkh sodqw ohyho wr wkh lqgxvwu| lq
ghwhuplqlqj wkh uhodwlrqvkls ehwzhhq h{sruwlqj dqg surgxfwlylw|1

Li wkh h�hfwv ri lpsruwv dqg h{sruwv rq surgxfwlylw| zrun lq rssrvlwh
gluhfwlrqv/ zh pd| dfwxdoo| xqghuvwdwh wkh lpsruwdqfh ri h{sruwv1 Lqghhg
wkh vwurqj/ srvlwlyh fruuhodwlrq ehwzhhq h{sruwv dqg oderu surgxfwlylw| ohy0
hov grhv qrw krog iru lpsruwv/ l1h1 lpsruw dqg oderu surgxfwlylw| ohyhov duh
rqo| zhdno|/ srvlwlyho| fruuhodwhg dfurvv lqgxvwulhv1 Krzhyhu/ lqgxvwu| WIS
jurzwk udwhv duh srvlwlyho| dqg vljql�fdqwo| fruuhodwhg zlwk frqwhpsrudqh0
rxv jurzwk lq uhdo lpsruwv1

Wkh sdshu surfhhgv dv iroorzv= �uvw zh grfxphqw wkh hylghqfh rq wkh
gluhfwlrq ri fdxvdolw| ehwzhhq h{sruwlqj dqg surgxfwlylw| jurzwk lq wkh
djjuhjdwh dqg iru 70gljlw lqgxvwulhv1 Lq Vhfwlrq 6/ zh suhvhqw wkh plfur
hylghqfh rq wkh surgxfwlylw|0h{sruwlqj qh{xv dqg uhvxowv rq wkh jurzwk ri
h{sruwhuv dqg qrq0h{sruwhuv1 Lq Vhfwlrq 7/ zh ghfrpsrvh fkdqjhv lq dj0
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juhjdwh surgxfwlylw| lq pdqxidfwxulqj lqwr frpsrqhqwv gxh wr zlwklq sodqw
surgxfwlylw| lqfuhdvhv dqg wkh uhdoorfdwlrq ri uhvrxufhv dfurvv sodqwv dqg
lqgxvwulhv1 Vhfwlrq 8 frqfoxghv1

2 Ah@_i @?_ �hL_�U|���|) �? |�i �}}hi}@|i

Zh ehjlq e| rxwolqlqj vhyhudo phfkdqlvpv e| zklfk wudgh pljkw d�hfw djjuh0
jdwh surgxfwlylw| ohyhov1 Dv phqwlrqhg deryh/ uhfhqw zrun kdv frqfhqwudwhg
rq g|qdplf h�hfwv ri wudgh rq jurzwk udwhv1. Lq erwk Ehq0Gdylg dqg Orhz|
+4<<;, dqg Ihhqh| +4<<<,/ lqfuhdvhg wudgh kdv wkh h�hfw ri lqfuhdvlqj wkh
vwhdg| vwdwh jurzwk udwh ri hyhq wkh ohdglqj frxqwu|/ hlwkhu wkurxjk lqfuhdvhv
lq wkh vwrfn ri dydlodeoh nqrzohgjh ru wkurxjk lqfuhdvhg ohduqlqj0e|0grlqj
gxh wr vshfldol}dwlrq1 Krzhyhu/ hyhq wudglwlrqdo/ vwdwlf wudgh prghov |lhog
suhglfwlrqv derxw wkh uroh ri wudgh lq lpsurylqj surgxfwlylw|1 Iru h{dpsoh/
d vlpsoh rqh idfwru Ulfdugldq prgho zlwk vshfldol}dwlrq diwhu rshqlqj wr
wudgh |lhogv lqfuhdvhg zhoiduh iru doo frxqwulhv1 E| dvvxpswlrq wkhuh lv qr
uroh iru zlwklq0lqgxvwu| surgxfwlylw| lqfuhdvhv/ exw uhodwlyh sulfh fkdqjhv
lqfuhdvh wkh uhdo rxwsxw surgxfhg lq hdfk frxqwu| dqg oderu pryhv wrzdugv
wkh lqgxvwu| zlwk frpsdudwlyho| kljk oderu surgxfwlylw|1 Wkurxjkrxw wkh
uhvw ri wklv sdshu/ zh orrn iru erwk zlwklq0lqgxvwu|/ dqg zlwklq0�up/ h�hfwv
ri wudgh/ dv zhoo dv uhdoorfdwlyh h�hfwv gxh wr vkliwlqj frpsrvlwlrq ri �upv
zlwklq lqgxvwulhv/ ru lqgxvwulhv zlwklq pdqxidfwxulqj1

2�� #@|@ 5L�hUit

Wkh gdwd xvhg lq wklv sdshu frphv iurp vhyhudo vrxufhv1 Iru plfur gdwd rq
sodqwv/ zh xvh wkh Dqqxdo Vxuyh| ri Pdqxidfwxuhv +DVP, iurp wkh Orqjl0
wxglqdo Uhvhdufk Gdwdedvh +OUG, ri wkh Exuhdx ri wkh Fhqvxv1 Vlqfh zh
duh lqwhuhvwhg lq ehkdylru ehiruh dqg diwhu h{sruwlqj/ zh fkrrvh rxu vdpsoh
wr frqwdlq wkh orqjhvw fxuuhqwo| dydlodeoh shulrg ri frqwlqxrxv fryhudjh rq
h{sruwv/ 4<;604<<51 Iru frpsdulvrqv lqyroylqj pruh wkdq rqh |hdu zh duh
olplwhg wr sodqwv lqfoxghg lq wkh DVP1H Wklv uhvxowv lq dq xqedodqfhg sdqho
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zlwk 83093/333 sodqwv lq hdfk |hdu1 Gxh wr plvvlqj gdwd rq fdslwdo vwrfnv
iurp 4<;;04<<4 zh duh irufhg wr frqvwuxfw rxu rzq fdslwdo vwrfn vhulhv iurp
wkh uhsruwhg lqyhvwphqw vhulhv1 Dsshqgl{ D frqwdlqv d ghwdlohg ghvfulswlrq
ri wkh fdslwdo vwrfn gdwd1

Iru wkh lqgxvwu| ohyho dqdo|vlv rq fdxvdolw|/ zh frpelqh wkh Eduwhovpdq0
Ehfnhu0Jud| pdqxidfwxulqj lqgxvwu| surgxfwlylw| gdwdedvh iurp wkh Qd0
wlrqdo Exuhdx ri Hfrqrplf Uhvhdufk +QEHU, zlwk Urehuw Ihhqvwud*v gdwd
rq lpsruwv dqg h{sruwv e| 70gljlw VLF/ dovr iurp wkh QEHU1 Erwk gdwdedvhv
uxq iurp 4<8;04<<71 Wkh djjuhjdwh gdwd rq oderu surgxfwlylw|/ lpsruwv dqg
h{sruwv frph iurp wkh IUHG gdwdedvh ri wkh Ihghudo Uhvhuyh Edqn ri Vw1
Orxlv1b

2�2 �}}hi}@|i }hL�|�c ThL_�U|���|)c @?_ i TLh|�?}

Prvw zrun rq wudgh dqg surgxfwlylw| wr gdwh kdv ehhq frqgxfwhg xvlqj dj0
juhjdwh gdwd1 Wr surylgh vrph ghjuhh ri frpsdudelolw| ehwzhhq rxu dqdo|vlv
dqg sulru zrun/ zh uxq d vlpsoh Judqjhu0fdxvdolw| whvw rq phdvxuhv ri djjuh0
jdwh surgxfwlylw| lq wkh sulydwh pdqxidfwxulqj vhfwru dqg h{sruwv1�f Xvlqj
dqqxdo gdwd iurp 4<93 wkurxjk 4<<9 rq uhdo rxwsxw shu krxu/ pxowlidfwru
surgxfwlylw|/ dqg orj uhdo h{sruwv/ zh hvwlpdwh wzr vhsdudwh YDUv zlwk 6
odjv hdfk ri surgxfwlylw| jurzwk dqg h{sruw jurzwk/

� oq surg| @
�[

�'�

����oq surg|3� .
�[

�'�

����oq h{sruw|3� . %�|

�oq h{sruw| @
�[

�'�

�2��oq surg|3� .
�[

�'�

�2��oq h{sruw|3� . %2| = +4,

Wkh vxp ri wkh frh�flhqwv rq h{sruw jurzwk lq wkh oderu surgxfwlylw| uh0
juhvvlrq lv qhjdwlyh lq erwk vshfl�fdwlrqv dqg vljql�fdqw dw wkh 8( ohyho lq
wkh pxowlidfwru surgxfwlylw| vshfl�fdwlrq +vhh Wdeoh 4,1 Rq wkh rwkhu kdqg/
wkh vxp ri wkh surgxfwlylw| frh�flhqwv lv srvlwlyh lq erwk h{sruw uhjuhvvlrqv
dqg vljql�fdqw dw wkh 8( ohyho iru oderu surgxfwlylw|1 Ydu|lqj wkh odj ohqjwk

�** �?_�t|h�it @hi U*@tt��i_ L? @ �b.2 5W� M@t�t�
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dqg zrunlqj zlwk txduwhuo| gdwd glg qrw fkdqjh wkh uhvxowv> h{sruwv qhyhu
vkrzhg xs dv vljql�fdqw lq wkh surgxfwlylw| vshfl�fdwlrq1

Rqh srvvleoh sureohp zlwk vxfk d vshfl�fdwlrq lv wkdw lw pd| lqdssursul0
dwho| djjuhjdwh lqglylgxdo lqgxvwulhv zlwk gl�huhqw h{sruw h{shulhqfhv1 Dv
d fkhfn zh srro gdwd rq lqglylgxdo 70gljlw lqgxvwulhv iurp 4<8;04<<7 dqg
uhuxq rxu fdxvdolw| whvwv1 Wkh uhvxowv duh jlyhq lq Wdeoh 5 dqg frq�up
wkh djjuhjdwh �qglqjv1 H{sruw jurzwk hqwhuv zlwk qhjdwlyh dqg vljqli0
lfdqw frh�flhqwv lq wkh surgxfwlylw| htxdwlrqv/ zkloh surgxfwlylw| hqwhuv
zlwk srvlwlyh dqg vljql�fdqw frh�flhqwv lq wkh h{sruw htxdwlrqv iru erwk
surgxfwlylw| phdvxuhv1��

Wkhvh uhvxowv vxjjhvw wkdw lq wkh djjuhjdwh dqg iru lqglylgxdo lqgxvwulhv/
jurzwk lq h{sruwv lv d uhvxow ri/ dqg qrw d vrxufh ri/ lqfuhdvhg surgxf0
wlylw| jurzwk1 Zh qrz frqvlghu wkh sodqw ohyho hylghqfh rq wkh h{sruw0
surgxfwlylw| uhodwlrqvkls1

� , TLh|�?}c }hL�|� @?_ ThL_�U|���|) @| T*@?|t

Wr ghyhors rxu xqghuvwdqglqj ri wkh uhodwlrqvkls ehwzhhq h{sruwlqj dqg sur0
gxfwlylw|/ zh wxuq wr gdwd rq lqglylgxdo sodqwv lq wkh pdqxidfwxulqj vhfwru1
Dv zlwk lqgxvwulhv/ h{sruwlqj sodqwv kdyh ghvludeoh shuirupdqfh fkdudfwhu0
lvwlfv uhodwlyh wr qrq0h{sruwhuv/ hvshfldoo| oderu surgxfwlylw|1 Ehuqdug dqg
Mhqvhq +4<<<, uhsruw sodqw oderu surgxfwlylw| gl�huhqwldov 49(04<( kljkhu
iru h{sruwhuv lq wkh vdph 70gljlw lqgxvwu|1 Wkh| dovr uhsruw WIS gl�huhq0
wldov ri 46(049(/ dvvxplqj d frpprq surgxfwlrq ixqfwlrq zlwklq wkh irxu
gljlw lqgxvwu| zlwk wlph0ydu|lqj frh�flhqwv1 Lq wklv sdshu/ vlqfh zh duh
lqwhuhvwhg lq wkh uroh ri h{sruwlqj lq djjuhjdwh surgxfwlylw| jurzwk/ zh hv0
wlpdwh doo rxu vshfl�fdwlrqv zlwk sodqw0ohyho revhuydwlrqv zhljkwhg e| wkhlu
vdpsolqj suredelolwlhv lq wkh OUG1

��� ,t|�4@|�?} �*@?| �hL_�U|���|)

Wkurxjkrxw wkh uhvw ri wkh sdshu/ rxu surgxfwlylw| phdvxuhv duh ghulyh iurp
sodqw0ohyho hvwlpdwhv ri pxowl0idfwru surgxfwlylw|1 Zh vwduw zlwk d prgho ri
d sur�w pd{lpl}lqj �up zklfk idfhv wkh vdph lqsxw sulfhv dqg pdunhw vwuxf0
wxuh dv rwkhu �upv zlwklq wkh lqgxvwu|1 Lq dgglwlrq/ surgxfwlrq whfkqrorjlhv
duh frpprq wr �upv zlwklq wkh lqgxvwu| dqg dfurvv |hduv1 Lqglylgxdo �upv
pd| gl�hu lq whupv ri surgxfwlyh h�flhqf|1 Iroorzlqj Hulfvrq dqg Sdnhv

��A�iti hit�*|t @hi hLM�t| |L |�i �?U*�t�L? Lu �?_�t|h) � i_ igiU|t�
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+4<<8, dqg Rooh| dqg Sdnhv +4<<9,/ hdfk shulrg wkh �up �uvw ghflghv wr frq0
wlqxh rshudwlrq +" @ 4, ru vkxw grzq +" @ 3, jlyhq lwv h{shfwdwlrqv derxw
ixwxuh surgxfwlyh h�flhqf| dqg wkh fxuuhqw fdslwdo vwrfn1 Li lw frqwlqxhv/
wkh �up idfhv fkrlfhv ri wkh ohyho ri yduldeohv lqsxwv/ vxfk dv oderu dqg pd0
whuldov/ dqg lqyhvwphqw iru ixwxuh surgxfwlrq jlyhq wkh h{lvwlqj fdslwdo vwrfn
dqg h{shfwdwlrqv derxw lwv surgxfwlylw| h�flhqf|1 Fdslwdo lv dffxpxodwhg
dffruglqj wr

n|n� @ +4� g,n| . l| +5,

Ilup surgxfwlylw| frqvlvwv ri wzr frpsrqhqwv/ $| . ��|1 $| lv dvvxphg
wr eh nqrzq wr wkh �up dw gdwh w +exw xqnqrzq wr wkh hfrqrphwulfldq,
dqg lv �uvw rughu Pdunry/ zkloh ��| lv xqnqrzq erwk wr wkh �up dqg wkh
hfrqrphwulfldq1 Zh zloo dvvxph wkdw wkh nqrzq surgxfwlylw| surfhvv lv
h{rjhqrxv wr wkh �up1

Wkh h{lw uxoh iru wkh �up lv jlyhq e|

"| @ 4 li $| � $ +d|> n|, +6,

3 rwkhuzlvh

vr wkh �up uhpdlqv lq h{lvwhqfh li surgxfwlylw| lv deryh wkh wkuhvkrog $/
frqglwlrqdo rq wkh djh ri wkh �up/ d|/ dqg wkh h{lvwlqj fdslwdo vwrfn n|1

Vlqfh lqyhvwphqw lv dvvxphg qrw wr eh surgxfwlyh xqwlo wkh iroorzlqj
shulrg/ wkh �up fkrrvhv lqyhvwphqw lq |hdu w wr rewdlq wkh rswlpdo ohyho ri
fdslwdo lq |hdu w. 41 Wkh lqyhvwphqw ghflvlrq fdq wkxv eh zulwwhq dv

l| @ l +z|> d|> n|, +7,

Zh dvvxph wkdw wkh �up frpelqhv fdslwdo/ wzr w|shv ri oderu/ dqg pd0
whuldov wr surgxfh d krprjhqhrxv surgxfw yld d Free0Grxjodv surgxfwlrq
ixqfwlrq1 Zh doorz iru wkh srvvlelolw| ri lqfuhdvlqj/ ghfuhdvlqj ru frqvwdqw
uhwxuqv wr vfdoh/ dvvxph wkdw surgxfwlylw| gl�huhqfhv duh Klfnv qhxwudo/ dqg
dvvxph doo �upv zlwklq dq lqgxvwu| idfh wkh vdph sulfh1 Wklv odwwhu dv0
vxpswlrq ri lghqwlfdo sulfhv lv fohduo| zurqj jlyhq wkh nqrzq khwhurjhqhlw|
ri surgxfwv surgxfhg zlwklq d vlqjoh lqgxvwu| exw lv xqdyrlgdeoh jlyhq wkh
olplwdwlrqv ri wkh gdwd1

Wkh surgxfwlrq ixqfwlrq lv jlyhq e|

|�| @ �f . �@d�| . �&n�| . �,o�| . �6p�| . $�| . ��| +8,
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zkhuh |�| lv wkh orj ri wkh ydoxh ri uhdo surgxfwlrq iurp wkh �up/ d�| lv wkh
djh ri wkh �up/ n�| lv wkh fdslwdo vwrfn/ o�| lv wkh yhfwru ri oderu lqsxwv/ p�| lv
wkh yhfwru ri sxufkdvhg pdwhuldo lqsxwv/ $�| lv wkh surgxfwlylw|/ dqg ��| lv dq|
xqiruhfdvwdeoh vkrfn/ l1h1 hlwkhu wr surgxfwlylw| ru sulfhv1 Zh zloo lpsoh0
phqw wkh Rooh|0Sdnhv +4<<9, hvwlpdwlrq surfhgxuh wr dgguhvv wzr glvwlqfw
sureohpv zlwk ROV hvwlpdwhv ri wkh surgxfwlrq sdudphwhuv1 Iluvw/ �upv
zloo lqfuhdvh wkhlu xvh ri yduldeoh lqsxwv/ oderu dqg pdwhuldov/ lq uhvsrqvh
wr d srvlwlyh surgxfwlylw| vkrfn wkdw wkh| fdq revhuyh exw lv xqnqrzq wr
wkh hfrqrphwulfldq/ wkxv lqgxflqj d srvlwlyh eldv lq wkh ROV frh�flhqwv
rq wkh yduldeoh lqsxwv1 Vhfrqg/ li sodqw sur�wdelolw| lv srvlwlyho| uhodwhg wr
wkh ohyho ri fdslwdo/ wkhq fhwhulv sdulexv �upv zlwk juhdwhu fdslwdo vwrfnv
zloo vxuylyh orzhu uhdol}dwlrqv ri surgxfwlylw|/ l1h1 wkh h{shfwhg ixwxuh gudz
ri surgxfwlylw| zloo eh qhjdwlyho| uhodwhg wr wkh fdslwdo vwrfn ohdglqj wr d
qhjdwlyh eldv lq wkh fdslwdo frh�flhqw1

Wklv uhtxluhv wkh dvvxpswlrq wkdw lqyhvwphqw dw gdwh w lv dq lqfuhdvlqj
ixqfwlrq ri nqrzq surgxfwlylw| dw gdwh w/ doorzlqj xv wr zulwh wkh nqrzq
frpsrqhqw ri wrgd|*v surgxfwlylw| dv

$| @ k +l|> d|> n|, = +9,

Wr dgguhvv wkh wzr frqfhuqv derxw wkh surgxfwlrq ixqfwlrq sdudphwhu
hvwlpdwhv/ zh �uvw hvwlpdwh wkh frh�flhqwv rq wkh yduldeoh sdudphwhuv zlwk
wkh vhpl0sdudphwulf hvwlpdwru

|�| @ �,o�| . �6p�| . !| +l|> d|> n|, . ��| +:,

zkhuh

!| +l|> d|> n|, @ �f . �@d�| . �&n�| . k +l|> d|> n|,

lv d irxuwk rughu sro|qrpldo vhulhv hvwlpdwru lq lqyhvwphqw/ fdslwdo/ dqg
djh1

Wkh hvwlpdwlrq lq htxdwlrq : grhv qrw |lhog frqvlvwhqw fdslwdo frh�flhqwv
dqg zh vwloo idfh wkh sureohp ri d srwhqwldoo| eldvhg frh�flhqw gxh wr wkh
vkxwgrzq ghflvlrq1 Zh hvwlpdwh wkh vkxwgrzq ghflvlrq lq d surelw zlwk
djh/ fdslwdo vwrfn/ dqg lqyhvwphqw |lhoglqj d suredelolw| ri vkxwgrzq/ S|/
iru hdfk sodqw dqg |hdu1

Su +"|n� @ 4, @ �| +l|> d|> n|, @ S| +;,



.!VNi|�A} BAa �iNa�W|���|+ 44

Ilqdoo| zh hpsor| d qrqolqhdu/ vhpl0sdudphwulf vhulhv hvwlpdwru wr jhq0
hudwh frqvlvwhqw frh�flhqwv rq fdslwdo/

|�|n� � e�,o�|n� � e�6p�|n� @ �f . �@d�|n� . �&n�|n� +<,

.j +S|> !| � �@d�| � �&n�|, . $�|n� . ��|n�=

Iurp zklfk zh fdq frqvwuxfw rxu ghvluhg phdvxuh ri sodqw surgxfwlyh h�0
flhqf|1

s�| @ |�| � e�,o�| � e�6p�| � e�@d�| . e�&n�| +43,

��2 �*@?| �hL_�U|���|) BhL�|�

Li wudgh lpsuryhv surgxfwlylw| e| lqfuhdvlqj ohduqlqj dw lqglylgxdo �upv/ zh
zrxog h{shfw �upv lqyroyhg lq lqwhuqdwlrqdo wudgh wr ohduq pruh dqg wkxv
glvsod| idvwhu surgxfwlylw| jurzwk1 Li wkh nqrzohgjh vsloov ryhu lpphgldwho|
wr rwkhu �upv lq wkh lqgxvwu|/ wkhq zlwklq lqgxvwulhv wkhuh zrxog eh qr
gl�huhqfhv ehwzhhq h{sruwhuv dqg qrq0h{sruwhuv exw surgxfwlylw| dw doo �upv
zlwklq h{sruw0lqwhqvlyh lqgxvwulhv pljkw jurz idvwhu wkdq frpsdudeoh �upv
lq qrq0h{sruw lqwhqvlyh lqgxvwulhv1

Zh orrn dw wkh uhodwlrqvkls ehwzhhq wkh h{sruw vwdwxv ri d sodqw wrgd|
dqg vxevhtxhqw surgxfwlylw| shuirupdqfh lq Wdeoh 61 Uhjuhvvlrqv duh ri wkh
irup

� oqSurgxfwlylw|�|n� @ �. �H{sruwhu�| . �]�| . %�|= +44,

Wkh vhw ri dgglwlrqdo frqwurov/ ]�|/ ydulhv dfurvv vshfl�fdwlrqv1 Froxpq 4
dggv qr frqwurov/ l1h1 mxvw frpsduhv phdq surgxfwlylw| jurzwk udwhv dw h{0
sruwhuv dqg qrq0h{sruwhuv1 Froxpq 5 lqfoxghv |hdu gxpplhv/ zkloh froxpqv
6 dqg 7 dggv 50gljlw +VLF, dqg 70gljlw lqgxvwu| gxpplhv uhsvhfwlyho|/ l1h1
zh duh frpsdulqj wkh surgxfwlylw| jurzwk udwhv ri zlwklq lqgxvwulhv lq wkh
vdph |hdu1 Hdfk revhuydwlrq lv zhljkwhg e| lwv vdpsolqj suredelolw| lq wkh
DVP wr jhqhudwh wkh xqlyhuvh ri pdqxidfwxulqj sodqwv lq wkh X1V11

Zh �qg qr hylghqfh wkdw wkh h{sruw vwdwxv ri d sodqw wklv |hdu lv vljqli0
lfdqwo| srvlwlyho| fruuhodwhg zlwk rqh |hdu dkhdg surgxfwlylw| jurzwk1 Iru
doo vshfl�fdwlrqv/ zh dfwxdoo| rewdlq qhjdwlyh frh�flhqwv> h{sruwhuv wrgd|
kdyh surgxfwlylw| jurzwk udwhv 31:5( shu |hdu orzhu wkdq vlplodu sodqwv
surgxflqj vroho| iru wkh grphvwlf pdunhw1

Rqh srvvleoh sureohp pljkw eh wkdw zh duh wuhdwlqj doo sodqwv htxdoo|
lq Wdeoh 61 Vlqfh h{sruwhuv duh pruh olnho| wr eh odujh sodqwv/ zh pd| eh
xqghuhvwlpdwlqj wkh h�hfw ri h{sruwlqj rq surgxfwlylw| jurzwk1 Lq Wdeoh 7/
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zh zhljkw sodqwv e| wkhlu lqlwldo hpsor|phqw ohyhov1 Wkh uhvxowv gr vxjjhvw
vrph uroh iru sodqw vl}h dv qrz wkh gl�huhqfhv duh doo forvhu wr }hur1 Krzhyhu/
zlwklq 70gljlw lqgxvwulhv/ h{sruwhuv vwloo vkrz vljql�fdqwo| orzhu surgxfwlylw|
jurzwk udwhv1

Rqh h{sodqdwlrq iru wkh ruglqdu| surgxfwlylw| shuirupdqfh ri h{sruwhuv
lv wkdw zh duh pl{lqj �upv wkdw frqwlqxh h{sruwlqj/ vr0fdoohg h{sruw vxf0
fhvvhv/ zlwk wkrvh wkdw vwrs/ h{sruw idloxuhv1 Vlploduo| qrq0h{sruwhuv wrgd|
pd| hqwhu ru uhpdlq rxw ri wkh pdunhw1 Wr dgguhvv wkhvh lvvxhv/ zh uhuxq
rxu uhjuhvvlrqv zlwk wkuhh h{sruw vwdwxv gxpp| yduldeohv/ rqh iru h{sruwhuv
wkurxjkrxw/ l1h1 lq erwk shulrgv ^4/4`/ rqh iru �upv wkdw ohdyh wkh h{sruw
pdunhw / vwrsshuv ^4/3`/ dqg rqh iru qhz h{sruwhuv/ ^3/4`1�2 Wkh edvh jurxs
lv wkh vhw ri �upv wkdw h{sruw lq qhlwkhu |hdu1 Wkh uhvxowv/ suhvhqwhg lq
Wdeoh 8/ gr lqglfdwh wkdw wkh irxu jurxsv kdyh yhu| gl�huhqw surgxfwlylw|
wudmhfwrulhv1 Lq sduwlfxodu/ lq wkh |hdu wkdw wkh| hqwhu wkh h{sruw pdunhw/
vwduwhuv kdyh vljql�fdqwo| idvwhu surgxfwlylw| jurzwk udwhv wkdq rwkhu �upv1
Wkh pdjqlwxghv ri wkh wrwdo idfwru surgxfwlylw| jurzwk udwh gl�huhqfhv iru
vwduwhuv duh uhodwlyho| odujh/ udqjlqj iurp 415( wr 518( kljkhu wkdq sodqwv
wkdw gr qrw h{sruw lq hlwkhu |hdu1 Vlploduo|/ sodqwv wkdw h{lw wkh h{sruw
pdunhw kdyh surgxfwlylw| jurzwk udwhv 315(031<( orzhu wkdq frqwlqxlqj
qrq0h{sruwhuv1

Wkh uhvxowv iru frqwlqxlqj h{sruwhuv ghshqg rq wkh vshfl�fdwlrq1 Xq0
frqglwlrqdoo|/ h{sruwhuv kdyh WIS jurzwk udwhv wkdw duh h{dfwo| wkh vdph
dv qrq0h{sruwhuv1 Lq sduw wklv lv ehfdxvh h{sruwlqj lqgxvwulhv kdyh kljkhu
WIS jurzwk udwhv ryhudoo1 Zlwklq lqgxvwulhv/ zh djldq �qg wkdw frqwlqxlqj
h{sruwhuv xqghushuirup qrq0h{sruwhuv lq whupv ri surgxfwlylw| jurzwk1

Wkh uhvxowv lq wklv vhfwlrq vshdn gluhfwo| wr wkh txhvwlrq ri zkhwkhu
dq h{sruw suhvhqfh lpsuryhv vxevhtxhqw surgxfwlylw| shuirupdqfh dw wkh
plfur ohyho1 Xqfrqglwlrqdoo|/ h{sruwhuv iduh qr ehwwhu/ dqg riwhq zruvh/
wkdq qrq0h{sruwlqj sodqwv1�� Wklv lv lq odujh sduw ehfdxvh ri wkh jrrg
surgxfwlylw| shuirupdqfh ri hqwudqwv dqg wkh srru shuirupdqfh ri h{lwlqj
sodqwv1 Frqwlqxlqj h{sruwhuv dqg frqwlqxlqj qrq0h{sruwhuv lq wkh vdph
lqgxvwu| kdyh yluwxdoo| lghqwlfdo surgxfwlylw| wudmhfwrulhv1 Li h{sruwlqj kdv
d uroh lq lpsurylqj lqgxvwu| surgxfwlylw| jurzwk lw pxvw frph wkurxjk vrph
rwkhu fkdqqho wkdq lpsurylqj zlwklq sodqw rxwfrphv1

�2 ì U@�|�L? |�@| M) UL?t|h�U|�?} L�h �@h�@M*it �? t�U� @ u@t��L?c �i @hi �t�?} i �TLt|
�?uLh4@|�L? L? |�i +O5 Lu |�i hi}hitt�L?� �L UL?U*�t�L?t @ML�| _�hiU|�L?t Lu U@�t@*�|)
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Wkh suhylrxv uhvxowv vkrz wkdw surgxfwlylw| lv fruuhodwhg zlwk ixwxuh h{sruw0
lqj exw h{sruwlqj lv qrw fruuhodwhg zlwk vxevhtxhqw surgxfwlylw| jurzwk1
Krzhyhu/ wkh uhvxowv dovr vkrz wkdw hqwu| +h{lw, lv dvvrfldwhg zlwk odujh lq0
fuhdvhv +ghfuhdvhv, lq surgxfwlylw|1 Wklv ohdyhv rshq wkh txhvwlrq ri zkdw
h{dfwo| lv jrlqj rq lq sodqwv wkdw duh hqwhulqj dqg h{lwlqj wkh h{sruw pdunhw1
Wr vkhg oljkw rq wkhvh fkdqjhv/ zh uxq d uhjuhvvlrq ri wkh irup

oqSU��| @ f�| .
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zkhuh oqSU��| lv wkh orj ohyho ri wkh sodqw surgxfwlylw| phdvxuh/ g.� lv dq
lqglfdwru yduldeoh iru wkh h{sruw �up w|sh dqg g%��| lv dq lqglfdwru yduldeoh

iru wkh h{sruw vwdwxv ri �up wkdw |hdu1 Zh doorz 8 �up h{sruw w|shv/ g.� /
zklfk duh=

� Dozd|v 0 h{sruwv lq doo |hduv

� Vwduwhu 0 ehfrphv dq h{sruwhu gxulqj wkh shulrg +dqg grhv qrw uhvzlwfk,

� Rwkhu 0 vzlwfkhv h{sruw vwdwxv pruh wkdq rqfh�e

� Vwrsshu 0 fhdvhv h{sruwlqj gxulqj wkh shulrg +dqg grhv qrw uhvzlwfk,

� Qhyhu 0 grhv qrw h{sruw lq dq| |hdu1

Zh frqvlghu �yh |hdu lqwhuydov dqg wkxv duh deoh wr wudfn �upv iurp
wzr |hduv ehiruh hqwu| +ru h{lw,/ l1h1 g%��| @ �5/ wkurxjk hqwu| +ru h{lw,/ l1h1
g%��| @ 3/ wr wzr |hduv diwhu hqwu| +ru h{lw,/ g%��| @ 51 Wkh lqwhudfwlrq ri wkh
lqglfdwru yduldeohv zloo jlyh xv d slfwxuh ri wkh uhodwlyh surgxfwlylw| ohyhov
ri doo �yh w|shv ri �upv dv wkh| pryh lq dqg rxw ri h{sruwlqj1

Iljxuh 6 vkrzv wkh uhvxowv iru WIS iru wkh gl�huhqw w|shv ri �upv +rplw0
wlqj wkh _rwkhu% fdwhjru| iurp wkh slfwxuhv exw qrw wkh wdeohv,> Wdeoh 9
frqwdlqv wkh frh�flhqwv dqg vwdqgdug huuruv1 Wkh gl�huhqfhv ehwzhhq wkh
w|shv ri sodqwv duh odujh/ vljql�fdqw/ dqg lq wkh h{shfwhg gluhfwlrqv1 Sodqwv
wkdw dozd|v h{sruw duh ;(0<( pruh surgxfwlyh wkdq sodqwv wkdw qhyhu h{0
sruw1 Qhz hqwudqwv lqwr h{sruwlqj vwduw zlwk surgxfwlylw| ohyhov vljql�fdqwo|
deryh frqwlqxlqj qrq0h{sruwhuv exw vljql�fdqwo| ehorz frqwlqxlqj h{sruwhuv1

�eA��t }hL�T �t t�TThitti_ �? |�i �}�hit�
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Iljxuh 6= Sdwkv ri WIS +sxujhg ri lqgxvwu| dqg |hdu h�hfwv,
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Krzhyhu/ wkh surgxfwlylw| ohyhov ri hqwudqwv ulvh ehiruh dqg hvshfldoo| gxu0
lqj wkh |hdu ri hqwu|1 E| wkh hqg ri wkh �yh |hdu zlqgrz wkhlu surgxfwlylw|
ohyhov duh qrw vljql�fdqwo| ehorz wkrvh ri sodqwv wkdw h{sruwhg wkurxjkrxw1

H{lwv iurp h{sruwlqj vkrz frpsdudeoh ghwhulrudwlrq ri wkhlu surgxfwlylw|
ohyhov1 Wkh| wrr vwduw ehorz frqwlqxhuv dqg deryh qrq0h{sruwhuv/ exw e| wkh
hqg ri wkh shulrg wkhlu surgxfwlylw| ohyhov kdyh idoohq wr wkrvh ri sodqwv wkdw
glg qrw h{sruw dw doo1

��e �*@?| BhL�|� � 5��T4i?|t @?_ ,4T*L)4i?|

Rqh phfkdqlvp e| zklfk h{sruwhuv pd| frqwulexwh wr surgxfwlylw| jdlqv lq
wkh lqgxvwu| ru lq wkh djjuhjdwh lv wkurxjk d frpelqdwlrq ri kljkhu surgxf0
wlylw| ohyhov dqg idvwhu ryhudoo jurzwk1 Wkh hylghqfh suhvhqw deryh vxjjhvwv
wkdw kljk surgxfwlylw| �upv hqwhu wkh h{sruw pdunhw/ udwkhu wkdq h{sruwlqj
ohdglqj wr kljk surgxfwlylw|1 Krzhyhu/ li wkhvh kljk surgxfwlylw| h{sruwhuv
dovr jurz idvwhu/ lq whupv ri hpsor|phqw dqg rxwsxw/ zh zrxog h{shfw wr vhh
ulvlqj lqgxvwu| surgxfwlylw| ohyhov dv pruh �upv hqwhu wkh h{sruw pdunhw1
Wklv nlfn wr lqgxvwu| surgxfwlylw| lv qrw shupdqhqw> erwk ehiruh dq| hqwu|
wdnhv sodfh dqg diwhu doo �upv kdyh vwduwhg h{sruwlqj/ wkh lqgxvwu| jurzwk
udwh zrxog eh frpsohwho| ghwhuplqhg e| qrq0h{sruw idfwruv1

Lq wklv vhfwlrq zh hvwlpdwh wkh uhodwlrqvkls ehwzhhq ryhudoo sodqw jurzwk/
erwk vklsphqwv dqg hpsor|phqw/ dqg lqlwldo h{sruw vwdwxv1 Zh djdlq hvwl0
pdwh d uhjuhvvlrq ri wkh irup/

� oqVl}h�|n� @ �. �H{sruwhu�| . �]�| . %�|> +46,

zlwk vlplodu vhwv ri frqwurov1
Wkh uhvxowv iru hpsor|phqw/ wrwdo ydoxh ri vklsphqwv/ dqg grphvwlf vkls0

phqwv duh jlyhq lq Wdeoh :1 Xqolnh surgxfwlylw| jurzwk udwhv/ doo phdvxuhv
ri �up jurzwk duh vwurqjo| srvlwlyho| fruuhodwhg zlwk lqlwldo h{sruw vwdwxv1
Hpsor|phqw jurzwk lv 31:<(0413;( shu |hdu idvwhu dw h{sruwhuv wkdq qrq0
h{sruwhuv1 Uhvxowv iru jurzwk lq wkh wrwdo ydoxh ri vklsphqwv udqjh iurp
318:(04165(1 Wkh uhvxowv iru grphvwlf vklsphqwv duh hyhq pruh gudpdwlf1
H{sruwhuv h{sdqg wkhlu grphvwlf vklsphqwv ehwzhhq 6(07( idvwhu wkdq qrq0
h{sruwhuv1

��D ,4T*L)4i?| BhL�|� �iuLhi @?_ �u|ih ,?|h) E@?_ , �|�

Wkh suhylrxv uhvxowv vkrz wkdw hpsor|phqw jurzwk lv kljk iru erwk ixwxuh
h{sruwhuv dqg rqjrlqj h{sruwhuv1 Djdlq wklv ohdyhv rshq wkh txhvwlrq ri
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zkdw h{dfwo| lv jrlqj rq lq sodqwv wkdw duh hqwhulqj dqg h{lwlqj wkh h{sruw
pdunhw1 Zh uhuxq wkh vshfl�fdwlrq lq Htxdwlrq BB zlwk hpsor|phqw jurzwk
udwhv dv wkh ghshqghqw yduldeoh1

Iljxuh 7 vkrzv wkh uhvxowv iru hpsor|phqw jurzwk iru wkh gl�huhqw w|shv
ri �upv> Wdeoh ; frqwdlqv wkh frh�flhqwv dqg vwdqgdug huuruv1 Wkh gl�hu0
hqfhv ehwzhhq wkh w|shv ri sodqwv duh vljql�fdqw dqg lq wkh h{shfwhg gl0
uhfwlrqv1 Sodqwv wkdw dozd|v h{sruw kdyh hpsor|phqw jurzwk udwhv 5(07(
kljkhu wkdq sodqwv wkdw qhyhu h{sruw1 Qhz hqwudqwv lqwr h{sruwlqj vwduw zlwk
kljkhu hpsor|phqw jurzwk udwhv wkdq qrq0h{sruwhuv/ exw orzhu wkdq frqwlq0
xlqj h{sruwhuv1 Wkhvh hqwudqwv vhh frqwlqxhg lqfuhdvhv lq wkhlu hpsor|phqw
jurzwk udwhv diwhu wkh| ehfrph h{sruwhuv1

Zkloh h{sruwlqj grhv qrw dsshdu wr lpsuryh surgxfwlylw| jurzwk udwhv
dw wkh sodqw ohyho/ lw lv vwurqjo| fruuhodwhg zlwk lqfuhdvhv lq sodqw vl}h1 Erwk
hpsor|phqw dqg vklsphqwv jurzwk duh vljql�fdqwo| idvwhu dw h{sruwhuv1 Lq
sduwlfxodu/ wkhvh h{sruwlqj sodqwv lqfuhdvh wkhlu grphvwlf vklsphqwv vxe0
vwdqwldoo| idvwhu wkdq qrq0h{sruwhuv1 Frpelqhg zlwk suhylrxv zrun rq wkh
surgxfwlylw| dgydqwdjhv lq ohyhov iru h{sruwhuv/ wkhvh uhvxowv vxjjhvw wkdw
wkh uhdoorfdwlrq ri uhvrxufhv dfurvv sodqwv/ erwk zlwklq dqg dfurvv lqgxvwulhv/
pd| eh dq lpsruwdqw phfkdqlvp iru wudgh wr d�hfw surgxfwlylw| jurzwk1 Lq
wkh qh{w vhfwlrq zh dwwhpsw wr txdqwli| wkh djjuhjdwh lpsdfw ri wkh udslg
h{sdqvlrq ri h{sruwlqj sodqwv1

e +i@**LU@|�L? Lu hitL�hUit ��|��? @?_ @UhLtt �?_�t|h�it

Wkhvh uhvxowv vxjjhvw wkdw h{sdqvlrq ri lqwhuqdwlrqdo wudgh/ dqg h{sruwv lq
sduwlfxodu/ pd| kdyh h�hfwv suhglfwhg e| vwdqgdug wudgh prghov1 Wudgh hq0
deohv h�flhqw surgxfhuv zlwklq dq lqgxvwu|/ dqg srvvleo| h�flhqw lqgxvwulhv
zlwklq wkh hfrqrp|/ wr h{sdqg1 Dv wkhvh uhodwlyho| surgxfwlyh xqlwv jurz/
ryhudoo surgxfwlylw| ohyhov ulvh1 Wkh odfn ri zlwklq sodqw surgxfwlylw| h�hfwv
lqglfdwhv wkdw wkh srwhqwldo iru kljkhu orqj uxq surgxfwlylw| jurzwk udwhv lv
olplwhg1 Lq oljkw ri wkh hylghqfh suhvhqwhg deryh/ zh ghfrpsrvh fkdqjhv lq
lqgxvwu| dqg ryhudoo pdqxidfwxulqj surgxfwlylw| jurzwk udwhv lqwr zlwklq0
sodqw dqg ehwzhhq0sodqw h�hfwv1 Li rxu uhvxowv duh fruuhfw/ zh h{shfw wr �qg
vljql�fdqw ehwzhhq0sodqw h�hfwv iru h{sruwlqj sodqwv1 Vrph iudfwlrq ri dj0
juhjdwh surgxfwlylw| jurzwk zloo eh gxh wr wkh lqfuhdvhg vfrsh ri dfwlylw| dw
kljk0surgxfwlylw|/ h{sruwlqj hvwdeolvkphqwv1
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Iljxuh 7= Sdwkv ri Hpsor|phqw Jurzwk Udwhv +sxujhg ri lqgxvwu| dqg |hdu
h�hfwv,
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Wkh uhvxowv rq sodqw ohyho surgxfwlylw| fkdqjhv vxjjhvw wkdw frqwlqxrxv h{0
sruwlqj sodqwv gr qrw kdyh vljql�fdqwo| kljkhu surgxfwlylw| jurzwk udwhv
wkdq frqwlqxrxv qrq0h{sruwlqj sodqwv exw wkdw hpsor|phqw dqg vklsphqwv
gr jurz idvwhu dw h{sruwhuv1 Lq wklv vhfwlrq/ zh dwwhpsw wr txdqwli| wkh
lpsruwdqfh ri wkh lqfuhdvlqj h{sruw rulhqwdwlrq ri X1V1 pdqxidfwxulqj rq
ryhudoo pdqxidfwxulqj wrwdo idfwru surgxfwlylw| jurzwk1

Zh fdq ghfrpsrvh wkh dqqxdo fkdqjh lq djjuhjdwh wrwdo idfwru surgxf0
wlylw| lqwr zlwklq sodqw +Rzq, dqg ehwzhhq0sodqw +Uhdoorfdwlrq, h�hfwv/�D
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zkhuh SU� lv wkh surgxfwlylw| dw dq lqglylgxdo sodqw dqg VK� lv wkh vkduh
ri wrwdo rxwsxw dw wkh sodqw1

Wkh uhdoorfdwlrq h�hfw lv wkh surgxfw ri wkh fkdqjh lq wkh rxwsxw vkduh
iurp |hdu w � 4 wr |hdu w dw wkh sodqw/ �VK�/ dqg wkh dyhudjh wrwdo idfwru
surgxfwlylw| lq |hdu w � 4 dqg w/ SU�1 Wkh rzq surgxfwlylw| h�hfw lv wkh
surgxfw ri wkh dyhudjh rxwsxw vkduh dqg wkh fkdqjh lq wkh sodqw WIS1�S

Wklv ghfrpsrvlwlrq/ zkloh qrw xqltxh/ doorzv xv wr txdqwli| wkh ghjuhh
wr zklfk pruh surgxfwlyh sodqwv duh jurzlqj ru sodqwv duh jurzlqj pruh
surgxfwlyh1 D srvlwlyh vkduh h�hfw uhvxowv iurp dq lqfuhdvlqj vkduh ri wrwdo
rxwsxw dw sodqwv zlwk kljkhu wkdq dyhudjh surgxfwlylw|1 Wkh rzq h�hfw lv
srvlwlyh li wkh phdq ri rxwsxw zhljkwhg zlwklq0sodqw surgxfwlylw| jurzwk
lv srvlwlyh1 Wklv frpsrqhqw zloo eh grplqdwhg e| sodqwv zlwk uhodwlyho|
odujh surgxfwlylw| fkdqjhv lq ohyhov dqg2ru odujh sodqwv zlwk srvlwlyh sur0
gxfwlylw| jurzwk1 Ri frxuvh/ li wkh kljk surgxfwlylw| sodqwv kdyh wkh kljkhvw
surgxfwlylw| jurzwk udwhv wkhq wkh rzq h�hfw zloo eh odujh1

Dq dgydqwdjh ri wkh ghfrpsrvlwlrq suhvhqwhg deryh lv wkdw zh fdq jurxs
sodqwv lqwr fdwhjrulhv/ l1h1 irxu0gljlw lqgxvwulhv ru h{sruw vwdwxv ri wkh sodqw1
Zh wudqvirup wkh ghfrpsrvlwlrq jlyhq deryh lqwr rqh iru djjuhjdwh surgxf0

�D6Lh L�h _iUL4TLt�|�L? @?@*)t�tc �i �Lh! L?*) ��|� UL?|�?��?} T*@?|tc ��i� T*@?|t |�@|
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zkhuh m uhsuhvhqwv wkh jurxs iru sodqw l1 Zh fkrrvh wr foxvwhu sodqwv lqwr irxu
jurxsv edvhg rq wkhlu h{sruw vwdwxv lq wkh wzr |hduv +vwduwhu/ wkurxjkrxw/
vwrsshu/ dqg qhlwkhu,1 Zh wkhq fdq frpsxwh wkh iudfwlrq ri ryhudoo jurzwk
gxh wr jurzwk ri sodqwv lq hdfk fdwhjru| dqg gxh wr zlwklq0sodqw surgxfwlylw|
jurzwk lq hdfk fdwhjru|1

Lq Wdeohv < dqg 43/ zh ghfrpsrvh dqqxdo dyhudjh djjuhjdwh WIS jurzwk
iru frqwlqxlqj sodqwv lq wkh pdqxidfwxulqj vhfwru/ zlwkrxw dqg zlwk wkh
frpsxwhu0uhodwhg vhfwruv +VLF 68:4/ 68:5/ 68:8/ dqg 68::, uhvshfwlyho|1�.

Ryhudoo WIS dw frqwlqxlqj pdqxidfwxulqj sodqwv juhz dw dyhudjh dqqxdo
udwh ri 4175( iurp 4<;6 wr 4<<51

Zkloh wkh grplqdqw vrxufh ri djjuhjdwh surgxfwlylw| jurzwk zdv wkh
rzq0surgxfwlylw| h�hfw/ dffrxqwlqj iru 8;( ri wkh wrwdo/ fkdqjhv lq rxwsxw
vkduhv dprqj sodqwv zhuh vxusulvlqjo| lpsruwdqw lq ryhudoo jurzwk1 75( ri
djjuhjdwh WIS jurzwk fdph derxw ehfdxvh ri lqfuhdvlqj rxwsxw vkduhv dw
pruh surgxfwlyh sodqwv1 Wkhvh hvwlpdwhv vxjjhvw lpsruwdqw urohv iru wkh
uhdoorfdwlrq ri uhvrxufhv wrzdugv pruh surgxfwlyh sodqwv1�H

Rxu uhvxowv vr idu kdyh vxjjhvwhg wkdw frqwlqxlqj h{sruwhuv juhz vxevwdq0
wldoo| idvwhu lq whupv ri hpsor|phqw dqg rxwsxw dqg wkxv vkrxog dffrxqw
iru wkh suhsrqghudqfh ri dq| uhdoorfdwlrq h�hfwv1 Wkh ghfrpsrvlwlrq uh0
vxowv frq�up wklv k|srwkhvlv dv ryhu ;:( ri ryhudoo WIS jurzwk frphv iurp
wkh h{sdqvlrq ri frqwlqxlqj h{sruwhuv1 Wkh qhw h�hfw ri hqwudqw dqg h{lwv
iurp h{sruwlqj lv voljkwo| srvlwlyh lq whupv ri wkh fkdqjh lq rxwsxw vkduhv
zkloh frqwlqxlqj qrq0h{sruwhuv vkrz qhjdwlyh uhdoorfdwlrq frpsrqhqwv gxh
wr wkhlu vorzhu wkdq dyhudjh rxwsxw jurzwk1 Sxw lq rwkhu whupv/ kdg wkhuh
ehhq qr fkdqjhv lq uhodwlyh rxwsxw vkduhv dfurvv sodqwv/ WIS jurzwk lq wkh
pdqxidfwxulqj vhfwru zrxog kdyh ehhq 31;5( lqvwhdg ri 4175( shu |hdu1
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Wxuqlqj wr wkh rzq surgxfwlylw| frpsrqhqwv/ zh �qg rqfh djdlq wkdw
frqwlqxlqj h{sruwlqj sodqwv duh e| idu wkh prvw lpsruwdqw jurxs/ zlwk
rzq surgxfwlylw| h�hfwv pruh wkdq irxu wlphv dv odujh dv frqwlqxlqj qrq0
h{sruwhuv1 Wklv pd| vhhp vxusulvlqj diwhu wkh sodqw ohyho uhvxowv zklfk
vkrzhg qr uhodwlyh surgxfwlylw| jurzwk dgydqwdjh iru h{sruwhuv +ru hyhq
frqwlqxlqj h{sruwhuv,1 Krzhyhu/ sodqwv zlwk kljk lqlwldo surgxfwlylw| ohy0
hov zloo frqwulexwh pruh wr djjuhjdwh surgxfwlylw| jurzwk wkdq sodqwv zlwk
orz surgxfwlylw| ohyhov/ hyhq li wkh| kdyh wkh vdph jurzwk udwhv1 H{sruwhuv
duh vxevwdqwldoo| pruh surgxfwlyh wkdq qrq0h{sruwhuv lq wkh vdph lqgxvwu|/
dqg wkh| duh pruh olnho| wr eh orfdwhg lq kljk surgxfwlylw| lqgxvwulhv1 Wklv
frpelqdwlrq ri ohyho h�hfwv ohdgv h{sruwhuv wr frqwulexwh glvsursruwlrqdwho|
wr djjuhjdwh jurzwk1

Rqh txhvwlrq lv zkhwkhu wkhvh uhdoorfdwlrq h�hfwv duh rffxuulqj zlwklq
ru dfurvv lqgxvwulhv1 Prvw wudgh wkhrulhv xvh wkh lqgxvwu| dv wkh xqlw ri
dqdo|vlv dqg k|srwkhvl}h jdlqv iurp furvv0lqgxvwu| fkdqjhv1 Wkh lqgxvwu|
uhjuhvvlrqv ri wkh suhylrxv vhfwlrq lpso| wkdw wkh furvv0lqgxvwu| pdjqlwxghv
duh vpdoo1 Wkh ghfrpsrvlwlrq deryh dujxhv wkdw furvv0sodqw pdjqlwxghv duh
vxevwdqwldo1 Dq lqgxvwu|0ohyho ghfrpsrvlwlrq uhsruwhg lq Wdeoh 44 vkrzv
wkdw mxvw xqghu kdoi ri wkh uhdoorfdwlyh dfwlylw| +5518(, rffxuuhg zlwklq 70
gljlw lqgxvwulhv dqg kdoi rffxuuhg ehfdxvh ri fkdqjlqj rxwsxw vkduhv dfurvv
lqgxvwulhv +4<17(,1 Wkh elj lpsdfw rq pdqxidfwxulqj surgxfwlylw| ri idvw
jurzwk dw h{sruwlqj sodqwv lv dv pxfk d zlwklq0lqgxvwu| skhqrphqrq dv lw
lv rqh ri wkh uhodwlyh ulvh dqg idoo ri gl�huhqw vhfwruv1

Wkhvh ghfrpsrvlwlrqv fhuwldqo| ryhuvwdwh wkh uroh ri wudgh lq wkh uhdoor0
fdwlrq ri uhvrxufhv dqg ryhudoo wrwdo idfwru surgxfwlylw| jurzwk1 Zh nqrz
wkdw grphvwlf vklsphqwv dovr jurz pruh txlfno| dw h{sruwlqj sodqwv/ dqg
wkdw h{sruwv w|slfdoo| pdnh xs rqo| d vpdoo iudfwlrq ri sodqw rxwsxw11 Wr
surylgh d ehwwhu hvwlpdwh ri wkh uhodwlyh lpsruwdqfh ri grphvwlf dqg iruhljq
vklsphqwv zh ixuwkhu euhdn rxw uhdoorfdwlrq dqg rzq0surgxfwlylw| h�hfwv
lqwr grphvwlf dqg iruhljq frpsrqhqwv1 Wkh ghfrpsrvlwlrq lv jlyhq e|
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zkhuh GVK� lv wkh udwlr ri grphvwlf vklsphqwv e| wkh sodqw wr wrwdo pdq0
xidfwxulqj rxwsxw dqg IVK� lv wkh udwlr ri h{sruwv e| wkh sodqw wr wrwdo
pdqxidfwxulqj rxwsxw1 Zh dvvxph iru wklv dqdo|vlv wkdw surgxfwlylw| ohyhov
duh wkh vdph zlwklq sodqwv iru erwk w|shv ri vklsphqwv1 Wkh uhvxowv duh
suhvhqwhg lq Wdeoh 451

Dv h{shfwhg/ frqwlqxlqj h{sruwhuv vkrz srvlwlyh uhdoorfdwlrq frqwulex0
wlrqv iru erwk grphvwlf dqg iruhljq vklsphqwv1 Wklv frq�upv wkdw wkhvh
sodqwv duh lq jhqhudo jurzlqj idvwhu1 Krzhyhu/ wkh lqfuhdvhv lq iruhljq vkls0
phqwv dw wkhvh sodqwv duh wkh pdlq vrxufh ri uhdoorfdwlyh dfwlylw|1 Ixoo| :3(
ri wkh uhdoorfdwlrq h�hfw dw frqwlqxlqj h{sruwhuv lv gxh wr h{sruw jurzwk1 Lq
frqwudvw/ h{sruwv frqwulexwh uhodwlyho| olwwoh wr wkh rzq0surgxfwlylw| h�hfwv
+45(,1 Wklv lv ehfdxvh h{sruwv/ zkloh jurzlqj udslgo|/ uhpdlq d uhodwlyho|
vpdoo vkduh ri wrwdo vklsphqwv dw h{sruwlqj sodqwv1

Vlqfh wkhvh ghfrpsrvlwlrqv duh qrw xqltxh/ zh fdqqrw xvh wkhp wr txdq0
wli| wkh lpsruwdqfh ri h{sruwlqj wr djjuhjdwh surgxfwlylw| jurzwk1 Krz0
hyhu/ lq dq h�ruw wr surylgh d vhqvh ri wkh lpsruwdqfh ri wkhvh h�hfwv/ zh
irfxv rq wzr qxpehuv zklfk prvw olnho| erxqg wkh lpsruwdqfh ri wkh uroh
ri h{sruwlqj wr WIS jurzwk1 Wkh �uvw frphv iurp wkh uhvxowv uhsruwhg
lq Wdeoh 461 Vxpplqj wkh uhdoorfdwlyh h�hfwv dqg rzq0surgxfwlylw| hi0
ihfwv iru frqwlqxlqj h{sruwhuv dwwulexwhg wr iruhljq vklsphqwv/ zh �qg dq
xsshu erxqg ri 98( ri djjuhjdwh WIS jurzwk1 Zh fdxwlrq wkdw wklv lv
fhuwdlqo| d odujh ryhuvwdwhphqw ri wkh lpsruwdqfh ri h{sruwlqj lq djjuhjdwh
pdqxidfwxulqj1

Wr fdofxodwh d orzhu erxqg/ zh dvvxph wkdw wkh sdwkv iru surgxfwlylw|
dqg grhpvwlf vklsphqwv iru sodqwv zrxog qrw fkdqjh li wkh| kdg qr dffhvv
wr wkh iruhljq pdunhw1 Zh wkhq uhhvwlpdwh rxu ghfrpsrvlwlrq lq Wdeoh
43/ holplqdwlqj h{sruwv iurp wrwdo vklsphqwv dqg uhfdofxodwlqj sodqw rxwsxw
vkduhv1 Wklv lqfuhdvhv wkh lpsruwdqfh ri qrq0h{sruwhuv/ exw dovr dvvxphv
wkdw lq wkh devhqfh ri d iruhljq pdunhw h{sruwhuv frxog qrw ixuwkhu lqfuhdvh
wkhlu grphvwlf pdunhw vkduh1 Wkh qhz frxqwhuidfwxdo ghfrpsrvlwlrq lv jlyhq
lq Wdeoh 471 Dv h{shfwhg wkh exon ri wkh fkdqjh lq djjuhjdwh surgxfwlylw|
lv frqfhqwudwhg prvwo| lq wkh uhdoorfdwlyh h�hfw zklfk idoov 48(1 Djjuhjdwh
WIS jurzwk xqghu wkhvh dvvxpswlrqv idoov e| :1;( zklfk uhsuhvhqwv rxu
orzhu erxqg iru wkh lpsruwdqfh ri h{sruwlqj wr djjuhjdwh WIS jurzwk1
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Ilqdoo| zh uhwxuq wr wkh uroh ri lpsruwv lq djjuhjdwh surgxfwlylw| jurzwk1
Dv phqwlrqhg hduolhu zh kdyh qr lqirupdwlrq rq lpsruwhg lqwhuphgldwh lq0
sxwv dw wkh sodqw ohyho1 Zh lqvwhdg xvh lqirupdwlrq rq lpsruwv dqg h{sruwv
dw wkh 70gljlw lqgxvwu| ohyho1 Zh glylgh lqgxvwulhv lqwr �yh fdwhjrulhv edvhg
rq wkhlu h{sruw dqg lpsruw lqwhqvlw| dw wkh ehjlqqlqj ri wkh vdpsoh dqg
fdofxodwh wkh uhdoorfdwlrq dqg rzq0surgxfwlylw| h�hfwv�b1

� Wudgh lqwhqvlyh 0 wrs txduwloh lq erwk h{sruw dqg lpsruw lqwhqvlw| ^:(
ri lqgxvwulhv/ 813( ri hpsor|phqw`

� H{sruw lqwhqvlyh 0 wrs txduwloh lq h{sruw lqwhqvlw| exw qrw lq lpsruw
lqwhqvlw| ^4;( ri lqgxvwulhv/ 5718( ri hpsor|phqw`

� Lpsruw lqwhqvlyh 0 wrs txduwloh lq h{sruw lqwhqvlw| exw qrw lq lpsruw
lqwhqvlw| ^4;( ri lqgxvwulhv/ 4517( ri hpsor|phqw`

� Qrq~wudghdeoh 0 erwwrp txduwloh lq erwk h{sruw dqg lpsruw lqwhqvlw|
^45( ri lqgxvwulhv/ 471:( ri hpsor|phqw`

� Rwkhu 0 uhpdlqlqj lqgxvwulhv ^78( ri lqgxvwulhv/ 7617( ri hpsor|phqw`

Wdeoh 47 uhsruwv wkh uhdoorfdwlrq dqg rzq0surgxfwlylw| h�hfwv iru wkh
�yh lqgxvwu| w|shv zkloh Wdeoh 48 uhsruwv wkh frqwulexwlrqv ri gl�huhqw sodqw
w|shv zlwklq lqgxvwulhv1 Dv h{shfwhg iurp wkh hduolhu ghfrpsrvlwlrqv/ erwk
w|shv ri h{sruw0lqwhqvlyh lqgxvwulhv vkrz odujh srvlwlyh uhdoorfdwlyh h�hfwv1
Lq frqwudvw/ lpsruw frpshwlqj dqg qrq0wudgdeoh lqgxvwulhv duh jurzlqj pruh
vorzo| dqg kdyh odujh qhjdwlyh uhdoorfdwlyh frqwulexwlrqv1 Lqwhuhvwlqjo| wkh
qrq0wudgdeoh vhfwru dovr kdv ghfolqlqj sodqw ohyho surgxfwlylw| jurzwk ryhu
wkh vdpsoh ohdglqj wr d qhjdwlyh rzq0surgxfwlylw| frqwulexwlrq1

Jlyhq wkh lpsruwdqfh ri h{sruwlqj lq uhdoorfdwlrq/ wkh uhvxowv iurp Wdeoh
49 duh shukdsv qrw wkdw vxusulvlqj1 Krzhyhu/ zkhq zh orrn zlwklq vhfwruv
lq Wdeoh 48/ zh rqfh djdlq �qg d grplqdqw uroh iru h{sruwlqj sodqwv/ hyhq lq
wkh lpsruw0frpshwlqj dqg qrq0wudgdeoh lqgxvwulhv1 Vwduwhuv dqg frqwlqxlqj
h{sruwhuv grplqdwh erwk wkh uhdoorfdwlyh dqg wkh rzq0surgxfwlylw| frqwul0
exwlrqv wr djjuhjdwh surgxfwlylw| jurzwk lq doo lqgxvwulhv w|shv1 Zkoh zh
hpskdvl}h wkdw surgxfwlylw| jurzwk dw wkhvh sodqwv lv qrw hqkdqfhg e| h{0
sruwlqj wkh idvwhu vklsphqwv jruzwk ohdgv wr d glvsursruwlrqdwh frqwulexwlrq
wr djjuhjdwh WIS jurzwk hyhq lq cqrq0h{sruw* vhfwruv1
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Wkh lqwhusod| ehwzhhq surgxfwlylw| dqg lqwhuqdwlrqdo wudgh kdv lpsolfdwlrqv
iru d zlgh ydulhw| ri �hogv lq hfrqrplfv iurp wkh furvv0frxqwu| vwxg| ri orqj
uxq jurzwk wr wkh hyroxwlrq ri lqhtxdolw| zlwklq frxqwulhv1 Lq wklv sdshu/ zh
kdyh h{soruhg wkh uhodwlrqvkls ehwzhhq surgxfwlylw| dqg h{sruwlqj lq wkh
X1V1 pdqxidfwxulqj vhfwru1 Exloglqj rq suhylrxv uhvhdufk/ zh kdyh irxqg
olwwoh hylghqfh wkdw h{sruwlqj shu vh lv dvvrfldwhg zlwk idvwhu surgxfwlylw|
jurzwk udwhv dw lqglylgxdo sodqwv1 Wkh srvlwlyh fruuhodwlrq ehwzhhq h{sruw0
lqj dqg surgxfwlylw| ohyhov dsshduv wr frph iurp wkh idfw wkdw kljk surgxf0
wlylw| sodqwv duh pruh olnho| wr hqwhu iruhljq pdunhwv1 Wkh surgxfwlylw| sdwk
iru d sodqw prylqj vzlwfklqj iurp qrq0h{sruwhu wr h{sruwhu vkrzv d ulvh lq
surgxfwlylw| ohyhov ehiruh dqg gxulqj hqwu|/ dqg d �dw wudmhfwru| wkhuhdiwhu1

Kljk surgxfwlylw| ehiruh hqwu| lv qrw wkh hqg ri wkh vwru|1 Rxu uhvxowv
vkrz wkdw hpsor|phqw dqg rxwsxw jurzwk udwhv duh pxfk kljkhu dw h{sruwhuv
dqg hpsor|phqw jurzwk frqwlqxhv wr lqfuhdvh diwhu hqwu|1 Wklv idvwhu jurzwk
ri h{sruwlqj sodqwv/ frxsohg zlwk wkhlu kljkhu surgxfwlylw| ohyhov/ surylghv
dq dowhuqdwlyh/ uhdoorfdwlyh phfkdqlvp iru h{sruwlqj wr dxjphqw djjuhjdwh
surgxfwlylw| jurzwk1

Wkh pdjqlwxghv ri wkhvh vkliwv ri hpsor|phqw wrzdugv kljk surgxfwlylw|
h{sruwhuv duh txlwh odujh1 Iurp 4<;604<<5/ pruh wkdq 73( ri wrwdo idfwru
surgxfwlylw| jurzwk lq wkh pdqxidfwxulqj vhfwru uhvxowhg iurp fkdqjlqj
rxwsxw vkduhv dfurvv sodqwv1 Doprvw doo ri wkhvh uhdoorfdwlyh h�hfwv uhvxowhg
ehfdxvh kljk surgxfwlylw| h{sruwhuv juhz idvwhu wkdq orzhu surgxfwlylw| qrq0
h{sruwhuv1 H{sruwhuv dffrxqw iru 79( ri wrwdo hpsor|phqw lq rxu vdpsoh
exw frqwulexwh d idu juhdwhu shufhqwdjh wr djjuhjdwh WIS jurzwk1 Hyhq
lq qrqwudgdeoh dqg lpsruw0frpshwlqj vhfwruv/ h{sruwhuv jurz idvwhu dqg
frqwulexwh vxevwdqwldoo| wr djjuhjdwh surgxfwlylw| jurzwk1

Rxu uhvxowv surylgh wkh �uvw gluhfw hylghqfh rq wkh srvvleoh uroh iru wudgh
lq lqfuhdvlqj hfrqrplf jurzwk1 Qrqh ri wkh h{lvwlqj wkhrulhv derxw wkh
wudgh0surgxfwlylw| uhodwlrqvkls �w wkh gdwd h{dfwo|1 Li wudgh/ yld h{sruwlqj/
idflolwdwhv nqrzohgjh wudqvihu/ lw grhv qrw vkrz xs hlwkhu dw wkh sodqw ru
lqgxvwu| ohyho lq rxu uhvxowv1 Wkh suhglfwlrqv ri wudglwlrqdo/ vwdwlf wudgh
prghov dsshdu wr eh forvhu wr wkh pdun dowkrxjk wkh lqwhuhvwlqj uhdoorfd0
wlrqv wdnh sodfh zlwklq lqgxvwulhv/ qrw dfurvv wkhp1 Wudgh lpsuryhv zhoiduh
e| idflolwdwlqj wkh jurzwk ri kljk surgxfwlylw| sodqwv/ qrw e| lqfuhdvlqj sur0
gxfwlylw| jurzwk dw wkrvh sodqwv1 Wkh uhvxowv frqwdlq erwk jrrg qhzv dqg
edg qhzv iru orqj uxq jurzwk udwhv1 Lqfuhdvhg wudgh zloo frqwulexwh wr dj0
juhjdwh surgxfwlylw| jurzwk/ exw wkh h�hfw lv rqh ri lqfuhdvhg ohyhov/ udwkhu
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wkdq dq lqfuhdvh lq wkh orqj0uxq jurzwk udwh lwvhoi1 Krzhyhu/ wkh pdjql0
wxgh ri wkhvh crqh0wlph* ohyho fkdqjhv duh odujh dqg/ jlyhq wkh uhodwlyho| orz
h{sruw vkduhv iru X1V1 lqgxvwulhv/ duh idu iurp ehlqj h{kdxvwhg1

Wkh uhvxowv suhvhqwhg khuh vxjjhvw wkdw wkh zlwklq0lqgxvwu| h�hfwv ri
wudgh pd| eh dv/ ru pruh/ lpsruwdqw wkdq wkh furvv0lqgxvwu| h�hfwv1 Pxfk
zrun uhpdlqv wr eh frpsohwhg wr ghyhors rxu xqghuvwdqglqj ri wkh lpsdfw
ri lqwhuqdwlrqdo wudgh rq surgxfwlylw| jurzwk/ hvshfldoo| frqfhuqlqj wkh uroh
ri lpsruwv rq surgxfwlylw| dqg hpsor|phqw1 Ri sduwlfxodu lqwhuhvw lv dq
h{dplqdwlrq ri wkh uroh ri lqwhuqdwlrqdo wudgh dv d irufh iru h�flhqw uhdoor0
fdwlrq ri uhvrxufhv lq frxqwulhv dzd| iurp wkh whfkqrorj| dqg surgxfwlylw|
iurqwlhu1

� �TTi?_� � �*@?| �@T�|@* 5|LU!t

Xqiruwxqdwho| wkh gdwd rq sodqw ohyho fdslwdo vwrfnv zhuh qrw froohfwhg iru
wkh |hduv 4<;;04<<41 Wr frqvwuxfw sodqw phdvxuhv ri WIS zh pxvw frqvwuxfw
sur{lhv iru sodqw fdslwdo iurp lqlwldo ru hqglqj |hdu fdslwdo vwrfnv dqg wkh
gdwd rq lqyhvwphqw lq wkh lqwhuyhqlqj |hduv xvlqj d shushwxdo lqyhqwru|
phwkrg1 Vlqfh zh gr qrw gluhfwo| revhuyh ghsuhfldwlrq zh fdofxodwh dq
dyhudjh ghsuhfldwlrq iurp wkh |hduv iru zklfk zh kdyh ixoo lqirupdwlrq rq
fdslwdo vwrfnv dqg lqyhvwphqw1 Hyhu| sodqw lq rxu vdpsoh dsshduv lq hlwkhu
wkh 4<;: ru 4<<5 Fhqvxv ri Pdqxidfwxuhv ru erwk1 Zh frqvwuxfw vhsdudwh
hvwlpdwhg fdslwdo vwrfnv iurp hdfk hqgsrlqw dqg iru sodqwv lq wkh vdpsoh lq
erwk 4<;: dqg 4<<5 zh xvh wkh dyhudjh ri wkh hvwlpdwhv1
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Dz/ Ehh \dq/ [ldrplq Fkhq/ dqg Pdun M1 Urehuwv1 +4<<:, %Ilup0
Ohyho Hylghqfh rq Surgxfwlylw| Gl�huhqwldov/ Wxuqryhu/ dqg H{sruwv
lq Wdlzdqhvh Pdqxidfwxulqj/% QEHU Zrunlqj Sdshu Qr1 95681

Dz/ Ehh dqg D1 U1 Kzdqj/ +4<<8,1 _Surgxfwlylw| dqg wkh H{sruw
Pdunhw= D Ilup0Ohyho Dqdo|vlv% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv>
7:+5,/ sdjhv 6460651

Edloh|/ Pduwlq Q1/ Fkduohv Kxowhq/ dqg Gdylg Fdpsehoo +4<<5, _Sur0
gxfwlylw| G|qdplfv lq Pdqxidfwxulqj Sodqwv1% Eurrnlqjv Sdshuv rq
Hfrqrplf Dfwlylw|/ Plfurhfrqrplfv1 Zdvklqjwrq GF1

Ehq0Gdylg/ Gdq +4<<6,1 _Htxdol}lqj H{fkdqjh= Wudgh Olehudol}dwlrq
dqg Lqfrph Frqyhujhqfh1% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 43;/
ss1 98609:<1

Ehq0Gdylg/ Gdq dqg Plfkdho Orhz| +4<<;, _Iuhh Wudgh/ Jurzwk/ dqg
Frqyhujhqfh1% Mrxuqdo ri Hfrqrplf Jurzwk/ 6/ 47604:31

Ehuqdug/ Dqguhz E1 dqg M1 Eudgirug Mhqvhq1 +4<<8,1 _H{sruwhuv/ Mrev/
dqg Zdjhv lq X1V1 Pdqxidfwxulqj/ 4<:904<;:1% Eurrnlqjv Sdshuv rq
Hfrqrplf Dfwlylw|/ Plfurhfrqrplfv1 Zdvklqjwrq GF1

Ehuqdug/ Dqguhz E1 dqg M1 Eudgirug Mhqvhq1 +4<<:,1 _Zk| Vrph
Ilupv H{sruw= H{shulhqfh/ Hqwu| Frvwv/ Vslooryhuv/ dqg Vxevlglhv1%
\doh plphr1

Ehuqdug/ Dqguhz E1 dqg M1 Eudgirug Mhqvhq1 +4<<<,1 _H{fhswlrqdo H{0
sruwhu Shuirupdqfh= Fdxvh/ H�hfw/ ru ErwkB1% Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv Yro 7:/ Qr14/ 40591

Ehuqdug/ Dqguhz E1 dqg Mrdfklp Zdjqhu1 +4<<:,1 _H{sruwv dqg Vxf0
fhvv lq Jhupdq Pdqxidfwxulqj1% Zhowzluwvfkdiwolfkhv Dufkly/ 466+4,/
467048:1

Ehuqdug/ Dqguhz E1 dqg Mrdfklp Zdjqhu1 +4<<;,1 _H{sruw Hqwu| dqg
H{lw e| Jhupdq Ilupv1% QEHU Zrunlqj Sdshu Qr1 986;1

Fohulghv/ Vriurqlv/ Vdxo Odfk dqg Mdphv W|erxw1 +4<<;, _Lv _Ohduqlqj0
e|0H{sruwlqj% LpsruwdqwB% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dxjxvw/
ss1 <360<7;1
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Hulfvrq/ Ulfkdug dqg Dulho Sdnhv1 +4<<8, _Pdunry0Shuihfw Lqgxvwu|
G|qdplfv= D Iudphzrun iru Hpslulfdo Zrun/% Uhylhz ri Hfrqrplf
Vwxglhv/ 95+4,/ 860;51

Ihhqh|/ Mrdqqh1 +4<<<, _Lqwhuqdwlrqdo Ulvn Vkdulqj/ Ohduqlqj E| Gr0
lqj/ dqg Jurzwk% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ iruwkfrplqj1

Ihhqvwud/ Urehuw1 +4<<9, _Wudgh dqg Xqhyhq Jurzwk%/ Mrxuqdo ri Gh0
yhorsphqw Hfrqrplfv/ 7</ 55<05891

Jurvvpdq/ Jhqh dqg Hokdqdq Khospdq/ +4<<4, Lqqrydwlrq dqg
Jurzwk lq wkh Joredo Hfrqrp|/ Fdpeulgjh= PLW Suhvv1

Khqultxhv/ Luhqh dqg Shuu| Vdgruvn|1 +4<<9,1 _H{sruw0Ohg Jurzwk ru
Jurzwk0Gulyhq H{sruwvB Wkh Fdqdgldq Fdvh% Fdqdgldq Mrxuqdo ri
Hfrqrplfv/ 5<+6,/ sdjhv 8730881

Nuxjpdq/ Sdxo dqg Urehuw Odzuhqfh1 +4<<6, _Wudgh/ Mrev/ dqg
Zdjhv1% QEHU Zrunlqj Sdshu Qr1 77:;1

Ohdphu/ Hgzdug +4<<9, _Zdjh Lqhtxdolw| iurp Lqwhuqdwlrqdo Frpsh0
wlwlrq dqg Whfkqrorjlfdo Fkdqjh= Wkhru| dqg Frxqwu| H{shulhqfh%
Dphulfdq Hfrqrplf Uhylhz>;9+5, sdjhv 63<0471

Rooh|/ Vwhyhq J1 dqg Dulho Sdnhv/ +4<<9, _Wkh G|qdplfv ri Surgxf0
wlylw| lq wkh Whohfrppxqlfdwlrqv Htxlsphqw Lqgxvwu|/% Hfrqrphwulfd/
97+9,/ 45960<:1

Surxgpdq/ Mdphv dqg Vwhyhq Uhgglqj +hgv,1 +4<<;, Rshqqhvv dqg
Jurzwk/ Edqn ri Hqjodqg/ Orqgrq1

Ulyhud0Edwl}/ Oxlv D1 dqg Sdxo Urphu1 +4<<4, _Hfrqrplf Lqwhjudwlrq
dqg Hqgrjhqrxv Jurzwk/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439/ 8640
8881

Urehuwv/ Pdun dqg Mdphv W|erxw1 +4<<:,1 _Wkh Ghflvlrq wr H{sruw lq
Froxpeld= Dq Hpslulfdo Prgho ri Hqwu| zlwk Vxqn Frvwv1% Dphulfdq
Hfrqrplf Uhylhz/ ;:+7,/ 87808971

Urphu/ Sdxo1 +4<<7, _Qhz Jrrgv/ Rog Wkhru| dqg wkh Zhoiduh Frvwv
ri Wudgh Uhvwulfwlrqv/% Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 76/ 806;1
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Vdfkv/ Mh�uh|/ dqg DqguhzZduqhu1 +4<<8, _Hfrqrplf Uhirup dqg wkh
Surfhvv ri Joredo Lqwhjudwlrq% Eurrnlqjv Sdshuv rq Hfrqrplf Dfwly0
lw|/ Qr 4/ 40<8/ Zdvklqjwrq GF1

Vodxjkwhu/ Pdwwkhz +4<<;, _Lqwhuqdwlrqdo Wudgh dqg Shu Fdslwd Lq0
frph Frqyhujhqfh= D Gl�huhqfhv lq Gl�huhqfhv Dssurdfk1% QEHU
Zrunlqj Sdshu Qr1 988:1

X1V1 Exuhdx ri wkh Fhqvxv1 +4<;:,1 Fhqvxv ri Pdqxidfwxuhv Jhqhudo
Vxppdu| PF;:0V041 Ghsduwphqw ri Frpphufh1
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Table 1 : Testing Aggregate Causality - Exports and Productivity Growth
(1960-1996)

∆Labor
Productivity

∆Log Real
Exports

∆Multi-Factor
Productivity

∆Log Real
Exports

(1) (2) (3) (4)
∆Labor productivity (t-1) 0.263 -0.001

(0.195) (0.082)
∆Labor productivity (t-2) -0.247 0.238**

(0.188) (0.106)
∆Labor productivity (t-3) -0.118 0.139

(0.230) (0.087)
∆Multi-factor productivity (t-1) 0.329* 0.099*

(0.191) (0.077)
∆ Multi-factor productivity (t-2) -0.241 0.118

 (0.153)  (0.112)
∆ Multi-factor productivity (t-3) 0.220 -0.011

(0.138) (0.075)
∆ Log real exports (t-1) -0.294 0.069 -1.331** 0.144**

(0.393) (0.175) (0.592) (0.200)
∆ Log real exports (t-2) -0.114 0.000 -0.493 -0.023

(0.335) (0.213) (0.434) (0.210)
∆ Log real exports (t-3) -0.010 0.039 0.116 0.092

(0.321) (0.191) (0.433) (0.294)

R2 0.20 0.38 0.45 0.23
N 33  33    33   33

All regressions were run with Huber-White corrections. *** indicates significance at the 1% level. **
indicates significance at the 5% level. * indicates significance at the 10% level.
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Table 2 : Testing Industry Causality - Exports and Productivity Growth
(1958-1994)

∆Labor
Productivity

∆Log Real
Exports

∆Multi-Factor
Productivity

∆Log Real
Exports

(1) (2) (3) (4)
∆Labor productivity (t-1) -0.162*** 0.125***

(0.023) (0.028)
∆Labor productivity (t-2) -0.114*** 0.091***

(0.017) (0.034)
∆Labor productivity (t-3) -0.097*** 0.063***

(0.016) (0.024)
∆Multi-factor productivity (t-1) -0.045* 0.220***

(0.024) (0.044)
∆ Multi-factor productivity (t-2) -0.105*** 0.122***

 (0.019)  (0.046)
∆ Multi-factor productivity (t-3) -0.044*** 0.057

(0.015) (0.041)
∆ Log real exports (t-1) -0.016*** -0.013 -0.006** -0.018

(0.005) (0.019) (0.002) (0.019)
∆ Log real exports (t-2) -0.019*** -0.035 -0.007*** -0.038

(0.004) (0.023) (0.002) (0.023)
∆ Log real exports (t-3) 0.005 -0.007 0.003 -0.009

(0.004) (0.016) (0.003) (0.016)

R2 0.043 0.005 0.017 0.005
N    14110  14110    14110    14110

434 industries are included. All regressions were run with Huber-White corrections. *** indicates
significance at the 1% level. ** indicates significance at the 5% level. * indicates significance at the 10%
level.
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Table 3 : Exporters and TFP Growth1

(Dependent variable: annual plant TFP growth rates)

Export Dummy -0.0021 -0.0020 -0.0056*** -0.0072***
(0.0013) (0.0013) (0.0014) (0.0015)

Year Dummies X X X
Industry Dummies (2-digit) X
Industry Dummies (4-digit) X
1   Observations are weighted by their sampling probabilities in the ASM. All regressions were run with
Huber-White corrections. *** indicates significance at the 1% level. ** indicates significance at the 5%
level. * indicates significance at the 10% level.  Plant controls include (log ) total employment, average
wage, and share of non-production workers in total employment.

Table 4 : Exporters and TFP Growth2

(Dependent variable: annual plant TFP growth rates)

Exporter Dummy 0.0012 0.0018* -0.0010 -0.0045***
(0.0010) (0.0010) (0.0011) (0.0012)

Year Dummies X X X
Industry Dummies (2-digit) X X
Industry Dummies (4-digit) X
2 Observations are weighted by the product of total employment at the plant and the sampling probability of
the plant in the ASM. All regressions were run with Huber-White corrections. *** indicates significance at
the 1% level. ** indicates significance at the 5% level. * indicates significance at the 10% level.  Plant
controls include (log ) total employment, average wage, and share of non-production workers in total
employment.
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Table 5 : Export Status and Productivity Growth1

(Dependent variable: annual plant TFP growth rates)

Export Status
     Stopper  (1,0) -0.0023 -0.0045* -0.0075*** -0.0092***

(0.0025) (0.0025) (0.0025) (0.0025)
     Throughout  (1,1) 0.0000 0.0004 -0.0030** -0.0040**

(0.0015) (0.0015) (0.0015) (0.0016)
     Starter (0,1) 0.0250*** 0.0200*** 0.0170*** 0.0156***

(0.0024) (0.0024) (0.0024) (0.0024)

Year Dummies X X X
Industry Dummies (2-digit) X
Industry Dummies (4-digit) X

1 Coefficients represent differences from growth rates at plants that did not export in either year, (0,0).
Observations are weighted by the product of plant employment and the ASM sampling probabilities. All
regressions were run with Huber-White corrections. *** indicates significance at the 1% level. ** indicates
significance at the 5% level. * indicates significance at the 10% level.  Plant controls include (log ) total
employment, average wage, and share of non-production workers in total employment.
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Table 6: TFP Before, During and After Entry (or Exit)

Export Type

Never Stoppers Other Starters Always

-2 0 0.055*+ 0.024*+ 0.029*+ 0.093*
(0.011) (0.009) (0.011) (0.008)

-1 -0.003 0.039*+ 0.031*+ 0.033*+ 0.099*
(0.006) (0.010) (0.008) (0.010) (0.007)

0 0.001 0.027*+ 0.020*+ 0.040*+ 0.090*
(0.007) (0.009) (0.008) (0.009) (0.008)

+1 0.001 0.014+ 0.024*+ 0.060* 0.085*
(0.008) (0.011) (0.009) (0.011) (0.008)

+2 -0.002 -0.004+ 0.024*+ 0.061* 0.082*
(0.009) (0.013) (0.011) (0.013) (0.010)

* indicates that the coefficient is significantly different from Never(-2) at the 5% level. + indicates that the
coefficient is significantly different from Always(+2) at the 5% level.
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 Table 7 : Exporters and Plant Growth1

(Coefficients on exporter dummies in year ahead growth regessions)

Dependent Variable
Employment Growth 0.0108*** 0.0091*** 0.0096*** 0.0079***

(0.0013) (0.0013) (0.0013) (0.0014)

Total Shipments Growth 0.0132*** 0.0113*** 0.0079*** 0.0057***
(0.0015) (0.0015) (0.0016) (0.0017)

Domestic Shipments Growth 0.0364*** 0.0344*** 0.0337*** 0.0302***
(0.0015) (0.0015) (0.0016) (0.0023)

Additional Controls
Year Dummies X X X
Industry Effects (2-digit) X
Industry Effects (4-digit) X

1 All regressions were run with Huber-White corrections. *** indicates significance at the 1% level. **
indicates significance at the 5% level. * indicates significance at the 10% level.
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Table 8: Employment Growth Rates Before, During and After Entry (or Exit)

Export Type

Never Stoppers Other Starters Always

-2 0 0.0000+ 0.0097+ 0.0050+ 0.0271*
(0.0106) (0.0050) (0.0106) (0.0052)

-1 -0.0055+ -0.0083+ 0.0105 0.0151 0.0325*
(0.0096) (0.0089) (0.0097) (0.0092) (0.0097)

0 -0.0111+ -0.0081+ 0.0062 0.0350* 0.0231*
(0.0105) (0.0113) (0.0106) (0.0114) (0.0106)

+1 -0.0106+ -0.0122+ 0.0120 0.0383* 0.0370*
(0.0122) (0.0125) (0.0123) (0.0126) (0.0122)

+2 0.0170 -0.0033+ 0.0412* 0.0402* 0.0496*
(0.0138) (0.0145) (0.0139) (0.0145) (0.0139)

* indicates that the coefficient is significantly different from Never(-2) at the 5% level. + indicates that the
coefficient is significantly different from Always(+2) at the 5% level.
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Table 9: Decomposition of Manufacturing TFP Growth by Plant Type
(all sectors)

Reallocation Effect Own-Productivity Effect Overall
Export Status Growth Rates
     Stopper  (1,0) -0.0041 -0.0003 -0.0044
     Throughout  (1,1) 0.0123 0.0055 0.0178
     Starter (0,1) 0.0045 0.0014 0.0059
     Neither (0,0) -0.0067 0.0016 -0.0051

All 0.0059 0.0082 0.0142

% of Total Growth Rate
     Stopper  (1,0) -28.9% -1.8% -30.7%
     Throughout  (1,1) 86.8% 38.7% 125.5%
     Starter (0,1) 31.4% 10.0% 41.3%
     Neither (0,0) -47.3% 11.2% -36.1%

All 41.9% 58.1% 100.0%

Table 10: Decomposition of Manufacturing TFP Growth by Plant Type
(excluding computer-related industries)

Reallocation Effect Own-Productivity Effect Overall
Export Status Growth Rates
     Stopper  (1,0) -0.0040 -0.0005 -0.0045
     Throughout  (1,1) 0.0112 0.0039 0.0150
     Starter (0,1) 0.0046 0.0014 0.0060
     Neither (0,0) -0.0048 0.0015 -0.0034

All 0.0070 0.0062 0.0132

% of Total Growth Rate
     Stopper  (1,0) -30.3% -3.5% -33.8%
     Throughout  (1,1) 84.5% 29.4% 113.9%
     Starter (0,1) 35.2% 10.2% 45.4%
     Neither (0,0) -36.7% 11.1% -25.5%

All 52.7% 47.3% 100.0%

Table 11: Decomposition of Manufacturing TFP Growth (Industry Level)
(all industries)

Reallocation Effect Own-Productivity Effect Overall
Growth Rates

All 0.0032 0.0110 0.0142
% of Total Growth Rate

All 22.5% 77.5% 100.0%
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Table 12: The Contribution of Exports to Reallocation and TFP Growth

Reallocation Effect Own-Productivity Effect Overall
Domestic Exports Domestic Exports

Export Status Growth Rates
     Stopper  (1,0) 0.0049 -0.0090 -0.0001 -0.0001 -0.0044
     Throughout  (1,1) 0.0037 0.0086 0.0048 0.0007 0.0178
     Starter (0,1) -0.0066 0.0111 0.0013 0.0001 0.0059
     Neither (0,0) -0.0067 0.0000 0.0016 0.0000 -0.0051

All -0.0048 0.0107 0.0076 0.0007 0.0142

% of Total
Growth Rate

     Stopper  (1,0) 34.3% -63.3% -0.8% -1.0% -30.7%
     Throughout  (1,1) 26.0% 60.9% 33.8% 4.9% 125.6%
     Starter (0,1) -46.6% 77.9% 9.3% 0.7% 41.3%
     Neither (0,0) -47.4% 0.0% 11.2% 0.0% -36.1%

All -33.6% 75.5% 53.5% 4.6% 100.0%

Table 13: Shutting Down the Export Sector - A Counterfactual

Reallocation Effect Own-Productivity Effect Overall
Export Status Growth Rates
     Stopper  (1,0) 0.0057 -0.0001 0.0056
     Throughout  (1,1) 0.0092 0.0051 0.0143
     Starter (0,1) -0.0064 0.0014 -0.0050
     Neither (0,0) -0.0035 0.0017 -0.0018

All 0.0050 (84.7%) 0.0081 (98.7%) 0.0131 (92.2%)

% of Total Growth Rate
     Stopper  (1,0) 43.4% -1.0% 42.5%
     Throughout  (1,1) 70.3% 38.8% 109.1%
     Starter (0,1) -48.7% 10.8% -37.9%
     Neither (0,0) -26.7% 13.0% -13.7%

All 38.4% 61.6% 100.0%
This table contains a decomposition of productivity under the assumptions that there were no exports
during the period and plant TFP and domestic shipments trajectories remain unchanged.  Numbers in
parentheses represent the ratio of the non-export growth component to the observed growth component
with exports. 
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Table 14: Exporting and Importing Industries

Reallocation Effect Own-Productivity Effect Overall
Industry Type Growth Rates
Trade Intensive 0.0068 0.0006 0.0074
Export Intensive 0.0082 0.0035 0.0117
Import Intensive -0.0006 0.0015 0.0010
Non-Tradable -0.0039 -0.0001 -0.0040
Other -0.0046 0.0027 -0.0019

All 0.0059 0.0082 0.0142

% of Total Growth Rate
Trade Intensive 47.9% 4.6% 52.5%
Export Intensive 58.1% 24.7% 82.8%
Import Intensive -3.9% 10.8% 6.8%
Non-Tradable -27.8% -0.7% -28.6%
Other -32.5% 18.9% -13.6%

All 41.8% 58.2% 100.0%

Table 15: Exporters and Industry Types

Industry Type Plant Type Reallocation Own Total
Trade Intensive      Stopper  (1,0) 2.5% 0.6% 3.1%

     Throughout  (1,1) 28.5% 0.4% 28.9%
     Starter (0,1) 6.9% 1.6% 8.5%
     Neither (0,0) 9.9% 1.9% 11.8%

Export Intensive      Stopper  (1,0) -8.2% -2.3% -10.5%
     Throughout  (1,1) 58.9% 22.8% 81.7%
     Starter (0,1) 4.7% 1.6% 6.4%
     Neither (0,0) 2.5% 2.4% 5.0%

Import Intensive      Stopper  (1,0) -7.6% 1.0% -6.6%
     Throughout  (1,1) 0.3% 4.7% 4.9%
     Starter (0,1) 10.5% 1.7% 12.2%
     Neither (0,0) -7.1% 3.4% -3.7%

Non-Tradable      Stopper  (1,0) -1.7% -0.5% -2.2%
     Throughout  (1,1) 0.1% 0.5% 0.6%
     Starter (0,1) 1.2% 0.7% 1.9%
     Neither (0,0) -27.4% -1.5% -28.8%

Other      Stopper  (1,0) -14.0% -0.6% -14.6%
     Throughout  (1,1) -0.9% 10.2% 9.4%
     Starter (0,1) 8.1% 4.3% 12.4%
     Neither (0,0) -25.3% 4.9% -20.4%


