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Overview 

I study how firms organize their production across space and firm boundaries, and the 
effects of these decisions on a broad range of outcomes, such as productivity, welfare, and 
innovation.  I relate technological improvements, labor cost differences, and reductions in trade 
barriers to fragmentation of production within and across countries. I show that this fragmentation 
raises domestic productivity and welfare, and induces reallocation towards knowledge-intensive 
occupations and industries.  My work therefore links increased economic integration with low-wage 
countries to high-income countries’ shift into innovation-related activities.  It also suggests that 
production fragmentation has the potential to increase innovation as firms and locations specialize 
in design stages. 

My research centers on analyzing firms’ decisions, which I study using detailed micro-data. 
I have made several contributions to the US  Census Bureau’s data infrastructure, including 
developing methods and code employed in the production of widely used confidential datasets 
available to other researchers through the US Federal Statistical Research Data Centers.  
 
Firms’ Global Production Decisions 

Production patterns have changed significantly over the last several decades, with firms 
performing different stages in distinct geographic locations that often span multiple countries.  In 
[1], I exploit new US micro-data to provide some of the first evidence demonstrating how 
improvements in communication technology facilitate this fragmentation.  I find that US 
manufacturing plants are more likely to contract for manufacturing from other plants when they use 
electronic networks to control or coordinate their shipments.1  I focus on identifying a specific 
causal channel for this relationship: technology’s potential to lower coordination costs.  In line with 
this mechanism, I find that plant use of technology facilitates fragmentation disproportionately more 
in industries whose production specifications are easier to codify in an electronic format.  This 
result contrasts with the assumption in many offshoring models that all industries benefit equally 
from technological improvements and suggests instead that fragmentation will evolve differently 
across sectors. I also find that technology’s impact on offshoring is increasing in supplier human 
capital.  These results suggest that low-human capital countries may be excluded from global value 
chains to the extent that their labor supply is not equipped to work in the types of firms and 
industries for which technology lowers coordination costs. 

Firms’ global sourcing decisions may affect industry productivity and welfare.  In [2], my 
coauthors and I study firms’ decisions to import inputs from many potential countries.  We first 
provide new facts on US firms’ imports that suggest firms incur substantial and heterogeneous 
country-level fixed costs to source inputs abroad.  In such an environment, a firm’s sourcing 
decisions are interdependent across markets, since importing from one country reduces a firm’s 
marginal costs thereby affecting the optimality of importing from another country.  Determining the 
optimal set of countries from which a firm sources inputs is thus a large combinatorial problem, 
which had not been solved by prior papers.2  We next provide a simple theoretical condition under 
which importing inputs from one country is complementary to importing from other countries. 

 
1 Electronic networks include the internet, an electronic data interchange, or other online system. 
2 The firm’s problem entails 2𝑁𝑁 possible choices, where N is the number of countries from which a firm might source. 
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Finally, we present evidence that this condition holds for US manufacturers and adapt an iterative 
algorithm from the industrial organization literature to solve for firms’ sourcing decisions. A 
counterfactual analysis designed to match China’s integration into global markets predicts falling 
US prices and higher productivity as US importers from China lower their costs, increase their input 
purchases from the US and third markets, and expand.  We provide supporting causal evidence of 
these mechanisms, which highlight additional reallocation across firms (relative to standard export 
models) from trade liberalization when source countries are complementary. 

In the paper above, we assumed that firms only produce final goods in the United States.  
However, US manufacturers with foreign plants dominate trade flows, so interdependencies across 
their plants’ import and export decisions may affect aggregate responses to trade policy.  In [3] and 
[4], my coauthors and I extend our framework on foreign sourcing by allowing firms to export to 
new markets and, most importantly, to open foreign assembly plants.  We first exploit a novel 
dataset to show that US multinationals are more likely to trade not only with countries in which they 
operate manufacturing plants, but also with countries that are proximate to – in terms of geographic 
distance and lower bilateral trade costs – the countries in which they manufacture.  These facts are 
at odds with canonical models of export-platform foreign direct investment in which production 
locations are substitutes. We develop a new framework in which firms incur country-level fixed 
costs that are shared across all their manufacturing plants to source inputs from, or sell products in, 
particular markets.  These shared fixed costs deliver predictions in line with our new facts and have 
distinct implications for the effects of trade policy.  For example, we show that a bilateral trade 
agreement that induces new multinational production may in turn generate increased trade with 
third markets. Such trade creation differs from the standard trade diversion effects in past work and 
illustrates the importance of global production networks when analyzing trade wars or other forms 
of trade cost changes (such as Covid or the Ukraine War).  

 
Global Production and Trade Policy 

The rising importance of production fragmentation raises new questions about optimal trade 
policy.  Real-world tariffs are systematically higher on final goods than inputs. However, existing 
theory does not show that this “tariff escalation” maximizes welfare and instead finds that optimal 
tariffs are uniform across sectors of differentiated goods (even when they feature input-output 
linkages). In [5], my co-authors and I show that increasing returns to scale in final-good production 
generates a welfare-maximizing motive for relatively higher final-good tariffs.  We study 
environments in which inputs and final goods are both tradable and produced under increasing 
returns to scale.  The key distinction in our vertical model is that the social planner faces an open-
economy tradeoff between exporting inputs directly versus embodying them in final goods that are 
then exported.  Since the inputs are produced in either case, the extent of increasing returns to scale 
for inputs is irrelevant in this choice.  By contrast, increasing returns to scale in final-good 
production creates an incentive to export more inputs embodied in final goods, since doing so raises 
the final-good sector’s efficiency.  We show that the planner can use a final-good tariff to 
internalize these benefits and achieve the first-best welfare allocation, whereas an input tariff is 
never sufficient.  In second-best settings in which import tariffs are the only available instruments, 
this asymmetry continues to motivate relatively higher final-good tariffs.  We show that tariff 
escalation is optimal in the second-best whenever the degree of increasing returns to scale for final 
goods is at least as large as that for inputs, as well when inputs are sufficiently important in final-
good production. Production fragmentation thus changes the effects of trade policy on welfare, 
highlighting the importance of including these firm-level decisions in policy debates. 
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Globalization and US Manufacturing 
 My research into how firms fragment production across country and firm boundaries 
changes our understanding of the US manufacturing sector’s response to globalization and its 
overall health.  A large body of work links increased Chinese imports to reductions in US 
manufacturing employment, and this is often cited as evidence that globalization has destroyed 
much of the sector.  I show that US manufacturers have instead evolved by reallocating 
employment to different US regions and expanding into related service sectors. 
 In [6], my co-authors and I use the long time-series of US establishment- and firm-level data 
to provide new perspectives on the decline in US manufacturing employment.3  We show that the 
majority (75 percent) of the employment decline from 1977 to 2012 occurs in continuing firms, 
predominantly as these firms shut down manufacturing plants. Although net firm death comprises 
only a quarter of the total decline, it is concentrated in just two regions – New England and the Mid-
Atlantic.  By contrast, other regions experienced considerable manufacturing job loss but without 
losing the entire firm.  Moreover, continuing firms in these areas opened non-manufacturing 
establishments, particularly in retail and business services.  Indeed, these firms’ non-manufacturing 
employment growth more than offset all the manufacturing employment declines over the period.  
These patterns point to a key role for firms in mediating reallocation across industries and space.  
They also demonstrate that focusing exclusively on manufacturing plants may miss manufacturing 
firms’ activities in product design and distribution, which actually grew over the period. 

Focusing on these pre- and post-production activities, my research advances the literature by 
documenting the existence and rise of “factoryless-goods producers”.  A factoryless-goods producer 
is a firm that contracts for all of its physical transformation activities from other domestic or foreign 
firms, while focusing on innovation and marketing.  For example, Apple is deeply involved in 
manufacturing physical goods, but does so by means of third-party contract manufacturing suppliers 
primarily in foreign countries. Similarly, Nike reports 640 manufacturing locations across 38 
countries, all of which involve outsourced relationships with contract manufacturers.  Because these 
firms do not manufacture inhouse, they are missing from most empirical trade studies.  In [7], my 
coauthor and I show that factoryless-goods production represents a significant portion of aggregate 
activity.  We estimate that reclassifying wholesale factoryless-goods producers into manufacturing 
would have increased reported manufacturing employment between 4.0 – 9.0 percent in 2002 and 
3.2 – 14.4 percent in 2007 (a change the US Census Bureau considered at the time).  In [8], we 
show that factoryless-goods producers in 2007 pay higher wages, but are on average younger than 
traditional wholesalers.  In addition, the subset of these factoryless-goods producers present in 1992 
was more heavily involved in manufacturing activity in the past than traditional wholesalers. In [9] I 
show that factoryless-goods producers are more likely to design goods than traditional wholesale 
firms, and particularly so if they source from foreign suppliers. The rise of factoryless-goods 
producers and transition by manufacturing firms into this new form of production suggests that the 
US has maintained manufacturing-related capabilities in higher value-added production stages, such 
as R&D and marketing, even as it employs fewer workers to perform physical transformation 
activities. 
 In 2022, the Journal of Economic Perspectives invited me to propose an article with new 
results on how global supply chains are changing the nature of the firm.  In [10], I provide a 
comprehensive analysis of US manufacturing and its interaction with global value chains.  Building 
on my research on US multinational firms and factoryless-good producers, I document two facts 

 
3 We also show that some of the same sectors that experienced large employment declines and increased Chinese 
imports concurrently experienced significant gains in their real value added.  
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about how US firms fragment their production across firm and country boundaries.  First, I exploit 
newly merged data on the universe of all US firms that manufacture inhouse anywhere in the world.  
Contrary to the fear that US multinationals have offshored most manufacturing jobs, I show that 
almost all US firms that own foreign manufacturing plants in 2007 maintain domestic production; 
moreover, manufacturing comprises their primary US activity. Second, I construct a new dataset to 
identify factoryless-goods producers in 2017 that design and distribute goods, but contract for 
physical manufacturing stages from other firms.  I find that these factoryless-goods producers are a 
relatively new type of firm organization that is increasingly reliant on low-wage imports.  The 
divergence between these two firm types indicates that when firms maintain manufacturing within 
their firm boundary, they also maintain a substantial presence of those activities within their home 
country; by contrast, when firms outsource manufacturing to other firms, they are increasingly 
likely to source offshore.  Despite these differences, both firm types are relatively import-intensive 
and employ disproportionately high shares of US knowledge workers, suggesting that US firms 
leverage domestic knowledge creation using low-wage foreign labor. 
  
Global Production and Innovation 
 I study the relationship between global production sharing and innovation more directly in 
[11].  My coauthors and I exploit a novel offshoring survey and matched employer-employee data 
to study how Danish firms’ decisions to relocate production affect their domestic activities.  We 
find that between 2001 and 2006, Danish firms primarily offshored to the Eastern European 
countries that became members of the European Union in that period, as well as to China.  Although 
firms increased their imports of the same goods they produced domestically after such offshoring, 
the value of their domestic production did not fall.  Instead, and in contrast to predictions from 
canonical offshoring models, offshoring firms sourced low-price varieties from low-wage countries, 
while maintaining production of high-priced varieties at home.  Firms’ reallocation of production 
across countries was accompanied by reallocation of their domestic workforce.  Firms with 
increased offshoring opportunities in Eastern Europe shed production workers, but increased both 
the shares and levels of employment in technology occupations.  These gains in technology 
occupations have not been documented in past work and highlight the possibility for offshoring to 
encourage innovation.   
 The fact that Danish firms continue domestic production of high-price varieties after 
importing low-price varieties from low-wage countries echoes the evidence in [3] and [10] that 
shows US multinationals import the same goods they manufacture at home.  The detailed Danish 
data rule out multi-product firms as an explanation for this pattern and instead suggest that firms 
produce vertically differentiated varieties of similar goods across countries.  Firms’ continued 
domestic production after offshoring also points to benefits of colocating some manufacturing 
activity with R&D.  Indeed, the Danish pump manufacturer Grundfos opened two new production 
plants in Hungary in 2000 and 2001, while it focused development and production of pumps with 
new digital monitoring systems in Denmark.   

In working paper [12], my coauthors and I study whether firms patent more effectively when 
their manufacturing and innovation plants are proximate.  Using data on the geographic distribution 
of US firms’ US plants and patenting over time, we study how firm and country boundaries relate to 
patenting.  Although the average distance between a firm’s manufacturing and innovation plants is 
large and grows over time, the median firm has a minimum distance between such plants that ranges 
from just 3 to 6 miles from 1977 to 2012.  Consistent with this colocation increasing patenting 
efficiency, we also find that firms patent relatively more when their manufacturing and innovation 
plants are within 5 miles of each other.  We are revising this paper to study whether firm patenting 
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occurs in colocated commuting zones, to exploit plausibly exogenous variation in R&D tax credits 
to assess whether colocation affects the elasticity of patenting to R&D, and to evaluate whether 
colocation benefits may exist across firm boundaries.  The latter is especially relevant for analyzing 
the potential for industrial policy to improve US innovation; for example, there could be benefits to 
subsidizing US manufacturing firms if they raise the innovative efficiency of neighboring firms. 
 
Firm Heterogeneity and Dynamics 

My research also advances the literature on how firm heterogeneity influences aggregate 
responses to shocks.  In [13], my coauthors and I make two contributions to a long-standing debate 
about how firms of different size respond to aggregate macroeconomic shocks.  First, we introduce 
a key distinction between firm size and age and show that young/small businesses are more 
sensitive to the cycle than older/larger businesses.  Second, we show that young/small businesses 
were hit especially hard in the Great Recession, and that the collapse in housing prices over that 
period accounts for a significant part of their decline.  Our results hold using a panel vector 
autoregression to control for changes in national and local business cycle conditions.  Since 
small/young firms rely on home equity for financing, these patterns suggest that housing price 
shocks affect young/small firms through a collateral channel.  More generally, our paper 
demonstrates a key role for firm heterogeneity in mediating aggregate responses to changing 
macroeconomic conditions. 

In current working paper [14], my coauthors and I study how US manufacturing firms have 
transformed themselves over the last four decades.  We show that a small set of continuing 
manufacturing firms has transitioned from a focus on physical transformation tasks towards more 
knowledge-intensive pre-production tasks, such as R&D, Engineering, and Computer Systems 
Design.  These patterns suggest that firms are not simply a collection of random productivity draws 
across sectors, but instead accumulate knowledge in particular manufacturing industries that they 
redeploy in related non-manufacturing activities in response to shocks.  We identify dedicated 
inhouse service establishments as a new measure of this accumulated expertise and show that it 
plays a key role in mediating firm-level responses to changes in their output and input prices.  Firms 
with these inhouse knowledge inputs are the only ones that increase their non-manufacturing 
employment and sales when China gains market share abroad in their inputs after its 2001 accession 
to the World Trade Organization.  Our findings indicate that firms’ accumulated knowledge is a key 
determinant of how they respond to shocks and provide a new link between increased integration 
with low-wage countries and the US transition towards knowledge-intensive service inputs. 

To pursue my current focus on the effects of firms’ global production decisions on 
innovation, I am also studying the interaction between firm dynamics and innovation in [15].  I have 
work-in-progress with coauthors in which we link the universe of the Longitudinal Business 
Database to the US Patent Office data on all patent applications and grants from 1977 to 2022.  We 
use the new data to revisit the question about whether ideas are getting harder to find.  Recent work 
argues that declining aggregate productivity can be explained by declining researcher efficiency.  
Our contribution is to develop new measures of R&D inputs available for all US firms, document 
the relationship between various measures of R&D inputs and patenting output across firm types 
and over time, and examine the link between patenting output and productivity growth.  In contrast 
to past work, we find that ideas do not seem to be harder to find, though valuable ideas may be 
getting rarer. 
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Contributions to US Census Bureau Data Products 
I have made three significant contributions to US microdata on firms and establishments.  

First, I developed the method and code to assign a consistent industry code to every private, non-
farm employer establishment in the United States from 1977 to the present. In [16], my coauthor 
and I explain the transition from the Standard Industrial Classification to the North American 
Industrial Classification System (NAICS), the implications of this transition for measures of 
aggregate activity, and our method to assign all US establishments a consistent NAICS code.  In 
[17], we describe how these codes are integrated into the Longitudinal Business Database. The LBD 
is used to produce the Census Bureau’s Business Dynamics Database and has been requested by 
280 individual research projects using Census micro data since 2001. 

Second, I helped develop the method and code to merge the Bureau of Economic Analysis 
data on multinational enterprises to the US Census Bureau’s firm and establishment datasets.  These 
concordances are available to researchers through the Federal Statistical Research Data Centers. 
 Third, my coauthors and I have developed a new concordance between the US Census firm 
data and the US Patent Office data on US patent applications and grants.  Ours is the first bridge to 
span the entire time period (1977 to present) and ensure longitudinal validity in the matches.  This 
bridge is being used to produce a new Census data product for the Business Dynamics Statistics on 
patenting firms and will be available to researchers through the Federal Statistical Research Data 
Centers in 2025. 
 I have also contributed to public data infrastructure by providing a user-friendly panel of the 
Census Bureau’s public County Business Patterns Database with employment imputations for all 
the suppressed cells.  In [18], my coauthors and I describe a new algorithm to impute suppressed 
values and our method to concord the data to a vintage-consistent industry code.  We are currently 
calculating standard measures of industry agglomeration for manufacturing and extending these 
measures to services. The Journal of Urban Economics has expressed interest in this work. 
 
Summary and Future Work 

A unifying theme that emerges from my research is that developed-country firms leverage 
domestic knowledge workers by exploiting low-wage manufacturing locations to produce their 
goods.  While some firms produce vertically differentiated varieties of similar goods across 
countries, others outsource all their manufacturing to third parties. 

I am most excited by the fact that both types of these globally integrated ‘manufacturing’ 
firms are disproportionately involved in innovation.  In future work, I plan to study the role of 
global production sharing in both the creation and diffusion of knowledge across countries.  To do 
so, I am developing a new proposal to use employee-employer data on US firms and workers in 
conjunction with my newly linked data on US patents and inventors.  I intend to study the role of 
the firm in accumulating expertise via worker and inventor teams, the extent to which knowledge 
travels farther within firm boundaries both within and across countries, and how firms’ global 
activities interact with changes in their domestic innovation efficiency and output. 
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