
NBER WORKING PAPER SERIES

HUMAN CAPITAL SPILLOVERS IN MANUFACTURING:
EVIDENCE FROM PLANT-LEVEL PRODUCTION FUNCTIONS

Enrico Moretti

Working Paper 9316
http://www.nber.org/papers/w9316

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue

Cambridge, MA 02138
October 2002

I am indebted to Dan Ackerberg, Michael Ash, Sandy Black, David Card, Janet Currie, Robert Dekle, Paul
Devereux, Joe Hotz, Phillip Leslie, David Levine, Darren Lubotsky, Marco Manacorda, Charles Mullin and
seminar participants at Berkeley and USC for useful comments on this and previous drafts.  The research in
this paper was conducted while the author was a Census Bureau research associate at the California Census
Research Data Center.  Research results and conclusions expressed are those of the author and do not
necessarily indicate concurrence by the Bureau of Census.  This paper has been screened to ensure that no
confidential data is revealed.  A previous version of this paper circulated under the title: “Workers’ Education,
Externalities and Technology Adoption: Evidence From Plant-Level Production Functions”, CLE Working
Paper 21, November 1999.  The views expressed herein are those of the authors and not necessarily those of
the National Bureau of Economic Research.

© 2002 by Enrico Moretti.  All rights reserved.  Short sections of text, not to exceed two paragraphs, may
be quoted without explicit permission provided that full credit, including © notice, is given to the source.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Research Papers in Economics

https://core.ac.uk/display/6784504?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Human Capital Spillovers in Manufacturing:
Evidence From Plant-Level Production Functions
Enrico Moretti
NBER Working Paper No. 9316
October 2002
JEL No. J0, I2, O4

ABSTRACT

I assess the magnitude of human capital spillovers in US cities by estimating plant-level production
functions.  I use a unique firm–worker matched dataset, obtained by combining the Census of
Manufacturers with the Census of Population.  After controlling for a plant’s own human capital,
plant fixed effects, and industry–specific and state specific transitory shocks, I find that the output
of plants located in cities that experience large increases in the share of college graduates rises more
than the output of smaller plants located in cities that experience small increases in the share of
college graduates.  Several specification tests indicate that the estimated effect is unlikely to be
completely spurious.  First, within a city, spillovers between plants that rarely interact are zero,
while spillovers between plants that often interact are significant. Second, density of physical capital
in a city outside a plant has no effect on a plant’s productivity.  Third, most of the estimated
spillover comes from high-tech plants.  For low-tech plants, the spillover is virtually zero.  The
estimated productivity differences between cities with high and low levels of human capital match
remarkably well differences in labor costs between cities and high and low level of human capital.
Consistent with a model that includes both standard general equilibrium forces and spillovers, the
productivity gains generated by human capital spillover are offset by increased labor costs.
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�~�k�����NäV ¡��¢��¤£V¥§¦�����¨�©l�«ª¬�®¯�±°±²³¨�´cµy¨l�����«¶���£V¢���ª��·¦�¸¹�k���æÛ�»S¼½¦�¶l¦�²a¾X¸�¿�À§Á�²{ª�¦��±ÁÂ¨l¸ÄÃ�ª�¨V¿§À�°±²Å¦�©E¦�²XÆÇ¦�¸
ÈÉ��¸�À§´;��°w²{À�ª�¦�¸�¶§Ê���ÆÂ¬�°±¨l¸�¨lËa¦�°v¼½¦�Á�²{��¸�°«�½´Ìª�¨lËÍÈÉ�k¸EÀV´;��°±²ÅÀ�ªÅ¦�¸�¶

¼½¦�Át²n��¸�°±� µy¨E�±®�¨�¸Éµy¨������±¶l�v£V¢���ªÅ�
Ñ;Õg��¸§Ö§Ô ¦�¸Ï£V¥×�±°«¦PØ��«¿Éõvª�¨lÀ�¥í¨�´u¾X¸�¿�À�Át²{ª�¦��«Á
Ñtº�Ô ÑöÛlÔ
º±»S� Ù§Ð÷��âlâ

Ñ;Ù§Ð�ºxÚUâlÔ
ä}»{º�Ù Ù§ÐàáVºxÜ

Ñ;Ù§Ð÷ÛkáláUÔ
ºlº±»{º�� Ù§Ð2Ü§º�á

Ñ;Ù§Ð�ºxÚUÛlÔ
º�ä}»SÛ�Ù Ù§Ð÷ÛkálÙ

Ñ;Ù§Ð�ºxÚläUÔ
ÛVº±»SÛl� Ù§Ð÷ÛkáUÛ

Ñ;Ù§Ð�ºxä§º�Ô
Û�ä}»XálÙ Ù§ÐàÙlâ�ä

Ñ;Ù§Ð�º�º�ÝUÔ
á�ÙUø Ù§ÐàÙ�Úlá

Ñ;Ù§ÐàÙlâkÜ�Ô

Ø�Ùz�=Ú��µÛ���WS`�r�ZE`xetZdYneSeSf�e�Où`�ZeßSR�OXWXY[Zvh�f�eumnoPR�OXWXYnetM�r���M�r i `xeSY[rkWS_UY[OSM�O[pÞ�Q_UY�Y[ç�R�`xWSM&f�rvY[OSWSM�bv`xWXY[Z�MPOóY[çkRE`xWSM&f�r è pô~f�oPR�bvr�Ü~eSY i f�eSWSOÞWS_UY�et`�rU�gTE`�OXY[Z½f�r½Y[m{f�rUf�bvMPm�Z�M�OXWS`�r�m{Y�T�YnW;\~YnY[rdWS_UY�etY[o&Yn�«`�rkW:Þ±î;Z�M&��M&WóM�rEZ�R�OXWXetM�Y[OnprÚsrkWXetM&Y[OM�rÉm{f�o�R�b�r�Þ�`xeSYcWS_�Y�êlúïm{fkYn|cmnM&Y[r}WSO½M�rÏY[ç�R�`xWSM&f�r è �ó\Q_UYneSYc�³M�r�ZUY{�lY[OdÞ±î;Z�M&��M&WæM�r�Z�R�OSWXetM&Y[OnpïûUf�e½Y{�U`�b i o&Y��WS_UY]Y[rkWXeSj·M�rÉeSfw\ Ü]M�O½WS_UYïm{f�Yn|�mnM&Y[rkWdf�r�m{f�o�o&Yn��YïOS_E`xeSY]M�rÉWS_UY è Þ±î;Z�M&��M&WdM�rEZ�R�OXWXetM�Y[O�WS_�`xWv`xetYïmno&f�OXY[OXWdWXf
WS_UY�eSY[o�Yn�«`�rkW i o�`�rkWnpí��_UY�bdf�Z�Y[oum{f�rkWXeSf�o�O½h�f�edmn` i M&WS`�oq�s_�f�RUetOg\uf�eS��Y[Z·T�j³OX�lM�o�o�Y[Z³`�r�Z·R�r�OS��M�oPo&Y[ZÂ\~f�eS��YnetOn�Y[OXWS`xTVo�M�OS_�bvY[r}W�Y{ñ�Y[m{WSOn�óM�r�Z�REOXWXeSjÞòój�Y[`xe�`�r�ZíOSWS`xWXY�òüj�Y[`xetOgY{ñ�Y[m{WSOnp]��_UYneSY�`xetY¿âHãl� ÞYä�Ü i o�`�rkWSOn��f�TEOSYneS��Y[Z³M�rÜIÝYäYÞ�`�r�ZÍÜIÝYÝYÞ�p���YnY�WXY{��W^h�f�e^ZUYnWS`�M�o�Onp
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�~�k������Ú§ �¬�Át²{¦�Ë��k²Å�«Áv¨�´���À�Ë�k¸éµz��¥§¦�²n�k�Q£V¥�¦�����¨�©l�±ªÅÁ±Êu�UÆëã�ª{��°w²{¦�¨�¸¤¨k´��g¨�¸	�VÃ�ªÅ¨E¿�À�°w²{¦�¨�¸�
ë¨lªÅÖk�«ªÅÁc¦�¸
²{¢���Ã�� �k¸�²g��¸§¿³�UÆ³ã�ª{�k°±²{¦�¨l¸Â¨�´�µy¨l�����«¶l�½¬�¿§À�°x�k²Å�«¿�
¡¨lª�Ö��±ªÅÁ�¦�¸Â²{¢���Ã�� �k¸�²

£V¥��«°«¦PØ�°x�}²{¦�¨�¸Nºl  ã�ªÅ��°±²Å¦�¨l¸Â¨�´�g¨�¸	�VÃ�ªÅ¨E¿�À�°w²{¦�¨�¸ µy¨E�±Îa°«¦��«¸U²�¨l¸

ë¨lªÅÖk�«ªÅÁ�¦�¸å²Å¢���Ã�� ��¸U² µy¨l�����±¶l��£V¢���ª��v¦�¸

� ²{¢��±ª�¾X¸�¿�À�Át²{ªÅ¦��«Á
ÑSº�Ô ÑÓÛlÔ

Ù��c»yálá�� Ù§Ð-Ü�â�Ú
ÑÓÙ§ÐPº�â�ÙUÔ

ákÜ����Välä�� Ù§Ð2ÚUâVº
ÑÓÙ§ÐPº�ÚU�lÔ

äUâ�����º�ÙlÙ�� ºlÐàâ�älä
ÑÓÙ§Ð-ÜUÚlÚUÔ

£V¥��«°«¦PØ�°x�}²{¦�¨�¸³ÛV  ã�ª{��°w²{¦�¨�¸Â¨�´�£EÖE¦������«¿�
ë¨lªÅÖk�«ªÅÁ µy¨E�±Îa°«¦��«¸U²�¨l¸
¦�¸å²Å¢���Ã�� ��¸U² µy¨l�����±¶l��£V¢���ª��v¦�¸

� ²{¢��±ª�¾X¸�¿�À�Át²{ªÅ¦��«Á
ÑSº�Ô ÑÓÛlÔ

Ù��c»yálá�� Ù§Ð-ÜUÙUÛ
ÑÓÙ§ÐàÛl��ÝUÔ

ákÜ����Välä�� Ù§Ð-Ü�âl�
ÑÓÙ§ÐPºxÜ�ÛlÔ

äUâ�����º�ÙlÙ�� ÛVÐ2älÚUâ
ÑÓÙ§ÐàÛ�á§º�Ô

���z�������¯��WS`�r�ZE`xetZÂYneSeSf�e�O�`�Z��SR�OXWXY[Z³h�f�eæmno�R�OXWXYnetMPrU�ïM�r i `xetY[r}WS_UY[OtM�Onpïô~f�o�R�bvr��cM�r�Z�MPmn`xWXY[O�WS_UY�h�et`�m{WSM&f�r³f�h
rUf�r! i eSflZ�R�m{WSM&f�ra\uf�eS��Yne�OzWXfcWXf�WS`�oÞ\~f�eS��YnetOzM�r i o�`�rkW#" R iEi Yne i `�rUY[o%$�`�r�Z�WS_UYæh�et`�m{WSM�f�r�f�hum{f�o�o&Yn��Y½Y[Z�R�mn`xWXY[Z\~f�eS��YnetO½WXfWXf�WS`�o�\uf�et��YnetOdM�r i o�`�r}W&" o&f±\uYne i `�rUY[o%$�p'�u`�mt_ i `�rUY[o~M�Oæ`�OSY i `xet`xWXY�eSYn��eSY[OSOtM&f�r�p�(uf�WS_·bdflZUY[o�Om{f�rkWXeSf�olh�f�eÞmn` i M&WS`�oq��_Uf�RUe�O×\~f�eS��Y[ZæT�jgOX�lM�o�o&Y[Zg`�r�Z½R�r�OX�lM�o�o�Y[Z�\uf�et��YnetOn��Y[OXWS`xTEoPM�OS_�bdY[rkW�Y{ñ�Y[m{WSOn��M�r�Z�R�OSWXeSj¯òùj�Y[`xe`�r�ZaOXWS`xWXY�ò¤j�Y[`xe�O�Y{ñ�Y[m{WSOnpu��_�YneSY�`xeSY�)+*l�-,/.!� i o�`�rkWSOn�Uf�TEOXYneS��Y[Z�M�r0�21/./,v`�rEZ3�21/1/,�p���YnY�WXY{��W�h�f�eQZUYnWS`�MPo�Onp



�u�������vÝ§ Q¬�Á�²{¦�Ë�}²{�«Á�¨k´4��À�Ë�k¸Éµz�k¥�¦�²{���ù£V¥�¦�����¨�©��«ª�Á«Ê��UÆ³ÈÏÀ§��²{¦5�Vßg¸§¦�²�£E²{�k²{À§Á
£V¦�¸�¶l���dßg¸�¦P² È³À���²Å¦óßg¸�¦P²
Ã�����¸U²{Á Ã�����¸U²{Á
Ñtº�Ô ÑöÛlÔ

µy¨l�����«¶��v£V¢���ª��v¦�¸ � ²{¢��±ª�¾X¸§¿�À�Á�²ÅªÅ¦��«Á Ù§ÐàÝVº�Ù Ù§Ð2Ü§º�Ý
Ñ;Ù§Ð�º�â�ÙUÔ Ñ;Ù§ÐàálÛVº�Ô

� á�Ù§Ê÷ÛEºlº ºxÙ§ÊàÙlâ�Ù

���z����������WS`�rEZ�`xetZ�YneSeSf�etOy`�Z��SR�OXWXY[Z�h�f�e�mno�R�OSWXYnetM�rU��MPr i `xeSY[rkWS_UY[OSMPOnp76�R�o&WSM8 kREr�M&WQOXWS`xWSREOyMPr�Z�M�mn`xWXY[O^\Q_UYnWS_UYne` i o�`�r}W½T�Y[o&f�rU��O½WXfí`39�etb \QM&WS_Nbdf�etY]WS_�`�r·f�rUYïY[OXWS`xTVo�M�OS_�bvY[r}Wnp:�s`�m�_NY[r}WXetjÉM�Od`³OXY i `xet`xWXY]eSYn��etY[OSOSM&f�r�p(~f�WS_ïbdflZUY[o�O�m{f�rkWXeSf�o�h�f�e�mn` i M&WS`�oÌ�l_�f�RUetO�\~f�eS��Y[Z]T�jcOX�lM�o�o&Y[Zð`�r�Z]R�rEOX��MPo�o&Y[Zv\~f�eS��YnetO[�UY[OXWS`xTEo�M�Ot_�bdY[rkWuY{ñ�Y[m{WSOn�M�rEZ�R�OXWXeSjÞòój�Y[`xe�`�r�ZaOXWS`xWXY�ò�j�Y[`xetOQY{ñ§Y[m{WSO[p���YnY�WXY{�lW�h�f�eQZUYnWS`�M�oPOnp



�~�k�����]º�ÙV �Õ�¨l�§À�Á�²Å¸��«Á�Á½µy¢��±°nÖ�Á
µy¨E�±®�¨�¸Éµy¨������±¶l��£V¢��kªÅ�
¦�¸ � ²{¢§�«ª�¾X¸�¿�À�Át²{ª�¦��«Á

Ñtº�ÔzÒz��ÁÅ�ð£V¥��«°±¦�Ø�°«�k²{¦�¨l¸ Ù§Ð÷â}ÜUá
Ñ;Ù§Ð�ºxÚláUÔ

ÑöÛ�Ô�£V¢�¦�¥§Ë��±¸�²ÅÁ Ù§ÐàÚ�älä
Ñ;Ù§Ð�ºxÝlÚUÔ

ÑÓálÔ;
¡�±¦�¶l¢U²{�±¿Ïª��«¶lª��«Á�ÁÅ¦�¨�¸ Ù§Ðàä�Ý�Ü
Ñ;Ù§Ð÷ÛkÙUÛlÔ

Ñ;ÜUÔ�£VË�k���¯¥§� ��¸U²{ÁcÑSº±»nº�Ù=<^¨lª�Ö��«ª�ÁnÔ Ù§Ðàä�ÝUÛ
Ñ;Ù§Ð÷Û���ÝUÔ

Ñö��Ô�ÈÏ�«¿�¦�À�Ë ¥�����¸U²{ÁcÑtº�º±»t��Ù=<^¨lª�Ö��«ª�ÁnÔ Ù§ÐàÚVº�ä
Ñ;Ù§Ð÷ÛkÙläUÔ

ÑÓälÔ?>s�kªÅ¶l�v¥�����¸U²{Á�Ñö�Eº�ø@<^¨lªÅÖk�«ª�ÁnÔ Ù§Ð÷â��l�
Ñ;Ù§ÐàáVº�ÝUÔ

Ñöâ�Ôy��¢�ªÅ�±�c�±¿�À�°x�}²{¦�¨�¸Ï¶lª�¨lÀ�¥�Á Ù§Ðàä�Ú�Ü
Ñ;Ù§Ð�ºxÝU�lÔ

ÑÓÚlÔzã�¨�À�ª��«¿�À§°x�k²Å¦�¨l¸³¶lªÅ¨�À�¥�Á Ù§Ð÷��Û�á
Ñ;Ù§Ð÷ÛkÙUÛlÔ

ÑÓÝlÔzÃ�ª�¨V¿§À�°±²Å¦�¨l¸ÞÊ§¸�¨l¸³¥�ªÅ¨E¿�À�°w²{¦�¨�¸3<^¨lª�Ö��«ª�Á Ù§Ð2ÜlÚlÝ
Ñ;Ù§Ð�º«ÜUáUÔ

ÑtºxÙUÔ�µy¨V�w®�¨l¸í� ����¨lªz¦�¸�¥�À§²ÅÁ�©��kª�Æí��°±ªÅ¨lÁ�Á�°«¦�²Å¦��±Á«Ê§²Å¦�Ëa� Ù§Ð÷�kÙ§º
Ñ;Ù§Ð÷ÛkÙUÛlÔ

Ñtº�º�Ô�µy¦�²XÆÂ¥�¨l¥�À§� �k²Å¦�¨l¸ Ù§Ð÷â}Ü�Û
Ñ;Ù§Ð�ºxÚláUÔ

Ñtº�ÛlÔ�µy¦�²XÆÂ¥�¨l¥ÞÐQø ¨�²{¢��±ª�°«¦P²XÆÂ°n¢���ªÅ��°±²Å�«ªÅ¦�Á�²Å¦�°«Á Ù§Ð÷âkÙlá
Ñ;Ù§Ð�ºxÚlÚUÔ

���z�������V��WS`�r�Z�`xe�Z�YneSeSf�etO�`�ZA�XR�OSWXY[Z]h�f�e^mno�R�OXWXYnetMPrU�dM�r i `xeSY[rkWS_UY[OSM�O[pB�u`�mt_aY[r}WXeSj]M�OQ`dOXY i `xet`xWXYgeSYn��eSY[OSOSM�f�r�p"C�D$���_UY�TE`�OXY�mn`�OSYgM�O�h�eSf�b �¯`xTEo&YFE��Em{f�oPR�bvr0�xp
"G,+$���_UY�ZUY i Y[r�ZUY[rkW��«`xe�M�`xTEo&Y�M�O��x`�o�RUYzf�hóOS_�M i bdY[rkWSOnp"GE+$IHÂY[M&��_}WSO^`xeSY�TE`�OSY[Z]f�r]WS_UY�ZEM�OXWXetM&TVRUWSM&f�rcf�h i oP`�r}W�OSMKJnY�M�r�WS_UY��21/./, i f i R�o�`xWSM&f�r�p"%)L$^�l`�b i o&Y�M�rEmno�R�ZUY[O~f�r�o&j i o�`�rkWSO�\QM&WS_0�M*v\uf�eS��Yne�O�f�e^o�Y[OSOnp" è $^�l`�b i o&Y�M�rEmno�R�ZUY[O~f�r�o&j i o�`�rkWSO�\QM&WS_0�/�Åî è *c\~f�eS��YnetOnp"GN+$^�l`�b i o&Y�M�rEmno�R�ZUY[O~f�r�o&j i o�`�rkWSO�\QM&WS_]bvf�eSY�WS_�`�r è *v\uf�eS��Yne�Onp"PO/$=6af�ZUY[ozm{f�rkWXeSf�o�Oðh�f�eð_Uf�R�etO�\~f�eS��Y[Z¡T�j�EíY[ZER�mn`xWSM&f�r¡��eSf�R i OQ" _�M&��_¤Otmt_Uf�f�oyf�e�o�Y[OSOn��OXf�bdYåm{f�o�o&Yn��YÂ`�r�Z
m{f�o�o�Yn��YQ$�p"G.+$76af�ZUY[o×m{f�r}WXetf�o�OQh�f�ez_Uf�RUetOQ\uf�eS��Y[ZT�j&)�Y[Z�REmn`xWSM&f�ra��etf�R i OR" o�Y[OSOQWS_E`�r�_�M���_aOSm�_Ufkf�oÌ�V_�M&��_�OSmt_�fkf�oq��OXf�bdYm{f�o�o�Yn��Y�`�r�Zïm{f�o�o�Yn��YQ$�p"G1+$S6ïflZUY[o�m{f�rkWXeSf�o�O�h�f�eQ_Uf�R�etO�\~f�eS��Y[Z]T�j i eSf�ZER�m{WSM&f�r�`�r�ZïrUf�r i eSflZ�R�m{WSM&f�rð\~f�eS��YnetOnp"C�M*T$���_UY�m{f�Yn|�mnM&Y[rkW�f�raOX�lM�o�o�Y[Zc`�r�ZaR�r�OX�lM�o�o&Y[Zðo�`xT�f�e�mn`�rï�x`xeSj�`�m{eSf�OSO^mnM&WSM&Y[O�`�r�Zïfw��YneQWSMPbdY�p"C�/�D$S6ïflZUY[o�m{f�rkWXeSf�o�OQh�f�eQmnM�W;j i f i R�o�`xWSM&f�r�p"C�2,+$S6ïflZUY[o�m{f�rkWXeSf�o�OQh�f�eQmnM�W;j i f i R�o�`xWSM&f�r�`�r�Z�f�WS_�Yne^mnM&WÓj�m�_�`xet`�m{WXYnetMPOXWSM�mnOnp
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