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We examine the effect of a firm's accessibility to the United States Patent and Trademark Office
(USPTO), captured by the firm's distance to it, on the materialization of the firm's innovation
output. An increase in a firm's distance to the USPTO results in a longer time-to-patent-grant
and a reduction in the quantity of patents owned. Accessibility is important for a firm's explor-
atory, but not for exploitative, innovation activity. The relation is more pronounced for first-
time patent applicants, firms with a larger degree of information asymmetry, and before the
launch of an electronic filing system. Finally, we show that market reacts positively to the
opening of USPTO regional offices for innovation-intensive firms that enjoy a shorter distance
to the USPTO, and that the contribution of a firm's patent portfolio to its equity value is larger
when the firm is located closer to the USPTO. Our study demonstrates one strategy that firms can
use to facilitate the materialization of their innovation outcomes, and highlights the importance
of accessibility in fostering an effective innovation ecosystem.
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1. Introduction

Innovation is a key driver of a nation's competitiveness and long term economic growth (Solow, 1957; Porter, 1992). While
early literature has examined firm characteristics that either enhance or impede its internal innovation capability (e.g., Aghion
et al., 2013), there is an increasing awareness that a firm's innovation outcomes are also substantially influenced by the effective-
ness of various intermediaries that interact and support firms at different stages of the innovation process. A complete and
thorough understanding of the drivers of innovation, therefore, requires a comprehensive analysis of the role of various external
actors in the innovation ecosystem and how they interact with knowledge creating firms to enhance innovation productivity and
efficiency.

In this paper, we focus on a key phase of the innovation process, the materialization and protection of innovation output, and a
firm's interaction with an important intermediary of the U.S. innovation ecosystem for this activity – the U.S. Patent and Trade-
mark Office (USPTO). In particular, we examine whether a firm's easy access to the USPTO facilitates its patent procurement.
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Strong patent protection is a pre-requisite for commercializing a new invention that allows firms to generate financial returns on
their R&D investments, create a strong market position, and establish a positive firm image. Therefore, a well-devised corporate
innovation strategy must include not only research and development (R&D) plans, but also patenting strategies for materializing
and protecting innovation outputs. However, a first look at the National Bureau of Economic Research (NBER) Patent Citation
database suggests that U.S. firms exhibit significant differences in the quantity of patents owned as well as the amount of time
it takes for their inventions to be patented by the USPTO. The research question we are trying to understand in this study is,
therefore, whether such inter-firm variation is attributed as least in part to heterogeneity in firms' accessibility to the USPTO.

As elaborated in the next section, we postulate that a firm's easy access to the USPTO, captured by distance between them,
facilitates its patenting activities because of a few reasons. First, similar to other economic transactions, such as mergers and
acquisitions (M&As), patent procurement is characterized by significant information asymmetry between patent filers and
USPTO patent examiners. An emerging literature in accounting, economics, and finance has demonstrated that geographical prox-
imity facilitates soft information production and reduces information asymmetry (e.g., Coval and Moskowitz, 1999; Ivkovic and
Weisbenner, 2005; Bae et al., 2008; Baik et al., 2010; Tian, 2011; Cai et al., 2016). Second, firms near the USPTO headquarters
(in Virginia) likely find it more convenient and less expensive to travel to the USPTO to learn about its services and patent pro-
cess, and to attend examiner interviews to obtain interim feedback on their applications. As Manso (2011)’s model shows, timely
feedback is conducive to innovation performance. Third, geographical proximity also likely lowers patent examiners' information
gathering costs as they likely know more about local firms and can more easily acquire additional information (especially soft in-
formation) about local firm's research activities. Fourth, the USPTO may be part of an innovation ecosystem. Therefore, geograph-
ical proximity to the USPTO may also imply access to superior innovation resources, including innovation-intensive universities
and their graduates who are innovation talent. Finally, there could be other benefits associated with geographical proximity.
For example, there may be more patent attorneys near the USPTO who have easy access to patent examiners and knowledge
of the patenting process. Firms closer to the USPTO may find it easier to hire former USPTO patent officers as their own employees
to help handle patenting-related tasks. It is also plausible that firms close to the USPTO have personal connections with USPTO
employees, which helps accelerate patent procurement process.

In this paper, we examine four outcome variables related to patenting performance – time to patent procurement, number of
patents, exploratory patent activity, and exploitative patent activity. While the first two variables are related to patenting efficiency
and productivity, respectively, the latter two speak to the type of innovation activity. Prior studies (e.g., Sorensen and Stuart, 2000;
Manso, 2011) classify innovation into exploration that involves novel technologies, knowledge, or approach and exploitation that
leverages existing technologies, knowledge, or approach.

Based on a sample of U.S. listed firms between 1977 and 2005, our baseline results show that a firm's distance to the USPTO
positively relates to time-to-patent procurement and negatively relates to the quantity of patents owned. The economic effect is
sizeable: increasing distance by one standard deviation (i.e., 868.9 miles) is associated with a 9% increase in patent procurement
time (i.e., 72 days from the sample mean), a 13% decrease in the number of patents filed and granted (i.e., 2.2 patents from the
sample mean), and a 2.7% decrease in exploratory patent intensity (i.e., 0.02 from the sample mean). However, it has no signif-
icant effect on exploitative patent intensity.

One challenge in interpreting our baseline finding is that the association between distance and patent performance could be
driven by unobservable characteristics that are related to both a firm's physical distance to the USPTO and its patenting activities,
which makes it hard to draw causal inferences. We address this concern with several attempts. We first identify a sample of firms
that relocate away from the USPTO and examine changes in their patent performance using a difference-in-differences (DiD)
approach that strips out both time-series and cross-sectional differences. The DiD estimates suggest that, compared to firms
that do not relocate, firms that move away from the USPTO (incur an average of 374.9 miles increase in distance to the
USPTO) experience approximately a 38-day increase in the length of patent procurement, a reduction of 1.7 patents, and a reduction
on exploratory patent intensity by 0.01 per year over three years after their relocation. We find no significant change in exploitative
patent activity after firms' relocations.

Our second identification attempt is to use the number of direct flights between a firm's nearest airport and the USPTO as an
alternative measure of the firm's accessibility to the USPTO. We then exploit plausibly exogenous variation in the frequency of
direct flights (separately for increases and decreases in flight frequency) due to airline restructuring activities. The DiD analyses
show that, compared to firms that do not experience an increase in the frequency of direct flights to the USPTO, firms that
enjoy an increase in the number of direct flights experience an average of 52 days reduction in the length of patent procurement
process and an increase of 5.4 patents and 0.02 in exploratory patent intensity per year over three years after the increase in
direct flights. No significant change, however, is observed for exploitative patent activity. We obtain significant and opposite
results for DiD analyses on decreases in the frequency of direct flights.

Next we explore cross-sectional heterogeneity in distance to the USPTO on a firm's patent performance. We find that the effect of
distance to the USPTO on patenting efficiency and performance is stronger for first-time applicants and for firms with a more opaque
information environment. In contrast, the effect becomes less pronounced for later years of our sample period (i.e., post-2000) when
the USPTO introduces an electronic filing system.

Next we explore several plausible channels through which access to the USPTO improves corporate innovation performance,
including more in-person examiner interviews, access to superior local innovation resources (including access to innovation-
intensive universities and skilled labor), and access to more patent attorneys. We also show that West Coast firms compensate
for their long distance to the USPTO by outsourcing innovation to startups through their corporate venture capital (CVC) invest-
ment and by acquiring innovative target firms. Finally, we examine how the capital market values a firm's proximity to the
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USPTO. We conduct two tests. First, we examine market reactions around the announcement of the USPTO's new office opening,
and find that investors react positively to the announcement of USPTO regional office opening for innovation-intensive firms that
subsequently enjoy a shorter distance to the USPTO. Second, we examine the value relevance of patents and the moderating role
of distance to the USPTO. We find that the contribution of a firm's patent portfolio to its equity value is larger when the firm is
located closer to the USPTO.

Our study contributes to the growing literature on the economic implications of geographical proximity. Coval and Moskowitz
(1999) and Ivkovic and Weisbenner (2005) show that both retail and institutional investors benefit from their superior informa-
tion about local firms. Bae et al. (2008) show analysts resident in the same country as covered firms issue more accurate earnings
forecasts compared to their foreign counterparts. Kedia and Rajgopal (2011) find that firms located closer to the SEC are less likely
to restate their financial statements. Ayers et al. (2011), Masulis et al. (2012) and Chhaochharia et al. (2012) show that geography
plays an important role in corporate governance. Our study examines a firm's patenting activity and finds that geographical prox-
imity to the USPTO is conducive to the firm's patenting performance.

Our study also contributes to the emerging literature on the drivers of innovation. One stream of literature focuses on firm-level
characteristics and finds that private ownership (Ferreira et al., 2014), external finance dependence (Acharya and Xu, 2017), CEO
overconfidence (Hirshleifer et al., 2012), institutional equity ownership (Aghion et al., 2013), venture capitalists (Kortum and
Lerner, 2000; Tian andWang, 2014) and especially corporate venture capitalists (Chemmanur et al., 2014), among others, are condu-
cive to innovation productivity. Another stream of literature studies how institutional and market settings in which a firm operates
affects its innovation, and finds that a debtor-friendly legal environment (Acharya and Subramanian, 2009), stringent labor laws
and lower union powers (Acharya et al., 2013; Bradley et al., 2017), lower stock liquidity (Fang et al., 2014), and better developed
equity markets (Hsu et al., 2014) encourage innovation. Our paper differs from these prior studies in that, instead of focusing on
drivers of afirm's internal innovation capabilities,we focus on the patenting process. Given that innovation value chain is a sequential,
multi-phase process that involves idea generation, R&D, patenting of research output, and commercialization, an evaluation of afirm's
overall innovation performancemust consider performance in each phase of the innovation process.We contribute to the innovation
literature by documenting a key determinant of performance at the patent procurement stage.

Our study also helps identify a policy strategy that promotes and protects innovation outputs at national levels. It underscores
the role of innovation intermediaries and the importance of accessibility between knowledge creating firms and innovation inter-
mediaries in materializing and protecting firms' innovation effort. In particular, our findings provide justifications for the year
2011 Leahy-Smith America Invents Act that requires the USPTO to establish satellite offices around the country to enhance
patenting performance.

The remainder of the paper proceeds as follows. Section 2 provides institutional background and hypothesis development.
Section 3 describes the data and presents descriptive statistics. Section 4 reports baseline empirical results. Section 5 addresses
the endogeneity issue. Section 6 provides additional tests. Section 7 concludes the paper.

2. Institutional background and hypothesis development

2.1. Patent procurement process

Patent procurement process usually starts with inventor learning about the USPTO's services and patenting procedures and
preparing a patent application. Every application contains two main parts, a specification which describes the invention, and a
set of claims that define the scope of the rights granted by the patent (Frakes and Wasserman, 2014). When an application is
submitted to the USPTO, it is first sorted for examination by “Technology Center” and “Art Unit” (Tu, 2012). Each Technology
Center represents a broad technology type.1 Technology Centers are further divided into “Art Units” where each unit represents
a narrower group of technology within the Technology Center.2 Each Art Unit has a group of patent examiners who review
applications in this particular technological field. After an application is routed to the appropriate Art Unit, a Supervisory Patent
Examiner (SPE) of the unit will assign the application, for the most part, randomly, to a reviewing examiner.3

Once the examiner is assigned, the application will enter the examination phase. Patent examiners will review the specifica-
tion and assess the patentability of the focal invention based on several criteria – novelty, non-obviousness, and usefulness, and
then issue the first office action to the applicant.4 If there is no prior art and the claims are properly described and enabled, the
examiner will issue a notice of allowance. However, first action allowances are a rare occurrence. Lemley and Sampat (2008)
show that first action allowances only occur 13.5% of the time. More often, the first office action will contain examiner's feedback
on what the claims are lacking and why. Patent applicants need to respond to the office action and address any concerns the ex-
aminer may have, and/or amend claims as necessary (Lemley and Sampat, 2010). In general, there is a second office action from
the patent examiner within 3 to 6 months following the filing of the response to the first office action. Essentially the process re-
peats itself. It is not uncommon that patents are subject to three or four office actions before they are finally accepted or rejected.5
1 For example, Technology Center 1700 represents “Chemical and Materials Engineering”.
2 For example, Art Unit 1796 represents “Organic Chemistry, Polymers, Compositions”.
3 The reviewing examiner can be either a primary examiner or a secondary examiner, or sometimes both.
4 Making such judgment requires the examiner to make a comparison of the claimed invention with prior art. Examiners typically search within databases such as

prior U.S. patents or applications, foreign patents, and non-patent literature such as scientific or technical journals (Tu, 2012).
5 Even if the examiner issues a final rejection of an application, the matter is not closed. If the applicant doesn't wish to abandon the invention, she may file a con-

tinuation application, which is little more than a request for re-examination (Masur, 2010).
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2.2. Hypothesis development

We posit that geographical proximity to the USPTO facilitates patent procurement. Geographical proximity enhances the ease
of collecting and transferring soft information that reduces information asymmetry between patent applicants and patent exam-
iners. Similar to other business transactions, such as bank lending and M&As, patent procurement is plagued by significant infor-
mation and knowledge gap between patent applicants and patent examiners (Wright, 1983; Cornelli and Schankerman, 1999;
Scotchmer, 1999). Such gap arises from a few sources. First, patent applications that the USPTO receives cover a wide range of
technologies. Although patent examiners have backgrounds related to the technology at hand, they are rarely experts on the pre-
cise details of the relevant invention. Patent examiners must acquaint themselves with a specific technology in a short time period
to make a correct patentability decision, which can be difficult. Second, it is well recognized that knowledge pertaining to science
and technology is localized. Such information is not widely disseminated and thus is likely to be known only to experts in the
field (Wurman, 1990). This means information regarding relevant prior art for any patent claim is most likely to be known
only to the inventor and her competitors. Hence, patent examiners are unlikely to be fully informed about the relevant prior
art, creating a significant gap between inventor's information set and information possessed by the patent examiner when making
decisions (Kesan, 2002). Third, patent applications are evaluated early in the life of a claimed technology, and thus at the time of
patent examination there is typically no publicly available information about it. Worse, patent examiners cannot solicit credible
outsider opinions, not only because for many technologies it is unclear at the early stages who the right experts might be, but
also because patent evaluation is at least in part a confidential dialogue between applicants and examiners.

To bridge information and knowledge gap, patent filers are required to prepare and submit an application to the USPTO that
provides relevant information in support of argument for patentability. Compressing information into a written application has
certain benefits in that the information is concentrated and easily transmitted. However, Petersen (2004) notes that compression
inevitably leads to a loss of information. More importantly, knowledge capital is intrinsically difficult to evaluate, and the tacit
character of complex technology makes it difficult to quantify and transfer over a written document. As such, additional “soft” in-
formation about the claim – such as discussion of related technology and future commercialization plan, clarification the scope of
claims and a demonstration of the invention – can be valuable input into patent decisions.

The literature on the economic implications of geographical proximity asserts that the ease of collecting soft information
(e.g., Coval and Moskowitz, 1999; Taylor, 1975) and the effectiveness of knowledge transfer (e.g., Keller, 2002; Ambos and
Ambos, 2009) are inversely related to geographical distance.6 Another stream of literature studies technology diffusion and
knowledge transfer (see for example, Adams and Jaffe, 1996; Keller, 2002) and points to an important role for geographical factors
in determining the availability of technological knowledge across different countries or regions. A consensus finding is that knowl-
edge transfer exhibits geographical decay effects where the intensity decreases with geographical distance. Based on these prior
studies, we postulate that geographical proximity plays an important role in patent prosecution by facilitating the information
flow (especially soft information) and knowledge transfer between patent applicants and USPTO patent examiners.

In addition to informational advantages, there may be other potential benefits associated with geographical proximity to the
USPTO. For example, the USPTO is part of an innovation ecosystem. Therefore, geographical proximity to the USPTO could
imply access to superior innovation resources, including innovation-intensive universities and their graduates who are innovation
talent. Patent procurement could involve the service of external experts such as patent attorneys. There may be more patent at-
torneys near the USPTO who have easy access to patent examiners and are knowledge of the patenting process. Firms near the
USPTO have superior access to these patent attorneys. It is also possible that firms closer to the USPTO may find it easier to
hire former USPTO patent officers as their own employees to help handle patenting-related tasks. Those people may have long
lived in the Virginia area and may be reluctant to relocate after resigning their positions from the USPTO, so firms closer to the
USPTO may have better access to them and a higher chance of successfully recruiting them.

Taken all together, we expect that a firm's geographical proximity to the USPTO positively affects its patenting performance.
3. Sample selection and summary statistics

3.1. Sample selection

Our sample includes U.S. listed firms during the period of 1977–2005. We collect firm-year patent information from the latest
version of the NBER Patent Citation database (see Hall et al., 2001 for details). We obtain a firm's headquarters location informa-
tion from Compustat, financial statement items from Compustat Industrial Annual Files, and institutional holdings data from
Thomson's CDA/Spectrum database (form 13F). Data on county level characteristics such as population and household income
are obtained from the U.S. Census Bureau. We exclude firms that have never filed a single patent with the USPTO during our sam-
ple period. After excluding observations that do not have all available data for the baseline analysis, the final sample consists of
51,046 firm-year observations.
6 For instance, Kedia and Rajgopal (2011) posit that geographic proximity allows the SEC to gather soft information about the firm when needed that enhances its
monitoring ability. They find that firms residing closer to the SEC have a lower likelihood of engaging in fraudulent financial reporting. Chakrabarti and Mitchell
(2016) argue that spatial constraints affect the extent of target-level knowledge that acquirers can access and assess and find that geographic distance has a significant
impact on the likelihood of completing related acquisitions.
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3.2. Variable measurement

3.2.1. Measuring patenting performance
We examine four variables related to patenting performance. The first variable, time-to-patent-grant, measures the speed of

patent procurement. It is calculated as the number of years between patent application year and the approval year of a firm's pat-
ents filed (and eventually granted), averaged across all patents filed (and eventually granted). Duration of patent prosecution is
an important patenting efficiency variable that has been investigated in a number of earlier studies (e.g., Johnson and Popp, 2003;
Harhoff and Wagner, 2009).7 Rivette and Kline (2000) and Gans et al. (2008) argue that the time to patent procurement is crucial
for maximizing chances to commercialize a technology. For smaller companies, a faster examination process of patent applications
could enhance their ability to attract financing and commercialize their inventions (Greenberg, 2013). To the extent that proxim-
ity to the USPTO helps advance patent prosecution, we expect to observe a shorter patent procurement time for geographically
proximate firms.

The second variable that we examine is a firm's total number of patent applications filed in a given year that are eventually
granted.8 The number of patents obtained measures a firm's patenting productivity, and has also been extensively examined in
earlier innovation studies (e.g., Fang et al., 2014; Chang et al., 2015). From a resource-based view of firms, if proximity to the
USPTO enhances patenting efficiency, ceteris paribus, firms that reside closer to the USPTO likely possess a larger patent portfolio
than their remote peers.

The last two outcome variables pertain to the type of patent activity. We define exploratory and exploitative patents
according to the extent to which a firm's new patents use current versus new knowledge as proposed by Custodio et al.
(2015). A firm's existing knowledge consists of its previous patent portfolio and the set of patents that have been cited
by the firm's patents filed over the past five years. A patent is categorized as exploitative if at least 60% of its citations
are based on current knowledge, and a patent is categorized as exploratory if at least 60% of its citations are based on
new knowledge (i.e., citations not in the firm's existing knowledge base). We then calculate the intensity of exploitative
patents for a given firm-year (ExploitPat) as the number of exploitative patents filed in a given year divided by the number
of all patents filed by the firm in the same year. The intensity of exploratory patents for a given firm year (ExplorePat) is
defined as the number of exploratory patents filed in a given year divided by the number of all patents filed by the firm
in the same year.

Following the existing innovation literature, to account for the long-term nature of innovation process, our empirical tests
relate firm characteristics in the current year to the above four patent-related variables three years ahead. We also adjust
patent-related variables to address the truncation problems associated with the NBER patent database.9 A first look at the
distribution of the number of patents in the sample shows that the distribution is right skewed, that is, a significant number
of firm-year observations have zero patents. To mitigate the right skewness problem, we use the natural logarithm of patent
counts, LnPatent, and the natural logarithm of time to patent grant, LnGrantTime. To avoid losing firm-year observations with
zero patents, we add one to the actual values when calculating the natural logarithm.

3.2.2. Measuring distance to the USPTO
During our sample period, the USPTO is located in Arlington, Virginia (zip code: 22202) with no other branch offices. Because

the USPTO was established in 1790, far before the start of our sample period in 1977, and did not change its location during our
sample period, it is reasonable to believe that the USPTO's location choice is exogenous to firm patenting during our sample
period.10

We use a firm's headquarters when measuring its distance to the USPTO because innovation-intensive firms, i.e., firms that
frequently apply for patents (especially large ones that constitute our sample), generally have in-house attorneys who handle pat-
ent filings and prosecution with the USPTO, and these attorneys mostly reside in the firm's headquarters that host legal and other
administrative departments (Grupp and Schmoch, 1999; Hicks et al., 2001). Picci (2010) provide empirical evidence that multina-
tional corporations generally file patents through their headquarters.11 As prescribed by the USPTO, if a firm's in-house patent at-
torney is appointed to file patent applications, patent examiners will direct all correspondences to the designated attorney.
7 Key advantages of an early patent grant include (1) obtaining some certainty regarding the state of one's own patent portfolio and (2) the option of early utilization
of an injunction or other legal instrument for the prosecution of infringers, i.e., the full availability of legal recourse.

8 The reason for using a patent's application year rather than its grant year is that previous studies (such as Griliches et al., 1988) have shown that the former is su-
perior in capturing the actual time of innovation.

9 The truncation problem arises because the patents appear in the NBER patent database only after they are granted.We observe a gradual decrease in the number of
patent applications as we approach the last few years of our sample period. This observation is because the lag between a patent's application year and its grant year is
significant (about two years on average) andmany patent applications filed during these yearswere still under review and had not been granted by 2006. To adjust the
truncation bias in patent counts, we supplement the NBER database with the Harvard Business School (HBS) patent database, which contains patents granted through
2010. To the extent that the patent application outcomes have been announced by 2010 for the patents filed by 2005 (the last year of our sample period), this approach
largely mitigates the patent truncation concern. Neither the NBER nor the HBS patent database is likely to be affected by the survivorship bias. As long as a patent ap-
plication is granted by the USPTO, it is attributed to the applying firm (i.e., the assignee) at the time of application even if the firm later gets acquired or goes bankrupt.
10 On April 27, 2009, the USPTO (including the offices under Patents and the Chief Information Officer) moved to Randolph Square, a new building in Shirlington
Village, Alexandria, Virginia.
11 IBM, for example, headquartered in New York, has a dedicated Patent Center at its New York headquarters. Similarly, Google, Microsoft, Facebook all have general
counsels for patents that reside at corporate headquarters.

http://en.wikipedia.org/wiki/Shirlington_Village
http://en.wikipedia.org/wiki/Shirlington_Village
http://en.wikipedia.org/wiki/Alexandria,_Virginia
http://en.wikipedia.org/wiki/Virginia
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Examiner interviews will also generally be conducted between patent examiners and the firm's in-house patent attorneys who
then relay and communicate all relevant information within the firm.12

We retrieve headquarters address and zip code of each firm in our sample from Compustat.13 For firms with missing business
addresses and/or zip codes, we manually fill in this information by searching through the firm's website and other public sources.
We obtain corresponding longitude and latitude information to calculate the distance between the firm and the USPTO using the
great circle distance formula. In subsequent analyses, we use the natural logarithm of distance, LnDistance, as our main measure of
distance to the USPTO.

3.2.3. Measuring control variables
Following the innovation literature, we control for a vector of firm and industry characteristics that may affect a firm's

patenting activities. We provide detailed variable definitions in Table 1. We compute all variables for firm i over its fiscal year
t. In the baseline regressions, our control variables include firm size (measured by the natural logarithm of total assets), profitabil-
ity (measured by the return-on-assets ratio), investments in research and development (measured by R&D expenditures over
total assets), asset tangibility (measured by net property, plants, and equipment scaled by total assets), leverage (measured by
the total debt to total assets ratio), capital expenditures scaled by total assets, growth opportunities (measured by Tobin's q), fi-
nancial constraints (measured by the Kaplan and Zingales, 1997 five-variable KZ index), industry concentration (measured by the
Herfindahl index based on annual sales), and institutional ownership (measured by the percentage of institutional holdings).14 To
control for nonlinear effects of product market competition on innovation output documented by Aghion et al. (2005), we also
include the Herfindahl index and its squared term.

A firm's innovation performance could also be affected by the surrounding environment that it is in. To control for potential
inter-regional difference in the level of innovation activities, we also control for a vector of county-level characteristics, including
population, household income, level of education, number of firms, as well as R&D intensity.

3.3. Summary statistics

To minimize the effect of outliers, we winsorize all independent variables at the 1st and 99th percentiles. Panel A of Table 2
provides summary statistics. On average, a firm in our sample has 17 granted patents per year and the average time-to-grant is
2.2 years. The average distance between our sample firms and the USPTO is 1006.6 miles with a standard deviation of 869 miles.
Regarding control variables, an average firm has a natural logarithm of assets of 4.6, leverage ratio of 20.1%, capital expenditure
ratio of 5.9%, PPE-to-assets ratio of 46.9%, and Tobin's q of 2.7.

Panel B reports the sample distribution by industry in which industry classifications are based on 2-digit SIC codes. The largest
sector in our sample is Instruments & Related Products (SIC code 38), followed by Electronic & Other Electric Equipment (SIC code
36) and Chemical & Allied Products (SIC code 28). Firms in those industries tend to be more active in patenting than those in
other industries. Panel C reports sample distribution, geographical distance to the USPTO, and the average value of dependent
variables by state. For brevity, we only tabulate states from which firms constitute N1% of our sample. California, Massachusetts,
New York, New Jersey, Texas, and Illinois appear to be hotbeds of innovation and patenting activities.

4. Baseline empirical results

4.1. Patent efficiency and productivity

To assess how accessibility to the USPTO affects a firm's patent efficiency and productivity, we estimate the following
model:
12 Com
outsour
outsour
are man
edge, th
firm-spe
vantage
of ident
specific
13 One
where n
patent e
14 Foll
LnGrantTime=LnPatenti;tþ3 ¼ α þ βLnDistancei;t þ λ
0
Controli;t þ δ

0
Countyk;t þ Yeart þ Industryj þ εi;t ð1Þ
where i indexes firm, j indexes industry, k indexes county, and t indexes time. The dependent variables (LnGrantTimei,t + 3 or
LnPatenti,t + 3) capture the speed and productivity of a firm's patenting activities in year t + 3. For example, LnPatenti,t + 3
panies also have the option to outsource patent activities to external law firms. Such practice, however, is limited. Mayer et al. (2012) examine the patent
cing decisions of a sample of Fortune 500 firms in technology-based industries over 1990–1995, and document that only 27% of patent prosecution is
ced. Somaya et al. (2008) obtain similar statistics and conclude that the majority of patents are processed by the firms' in-house legal departments. There
y reasons that firms prefer using in-house attorneys instead of outsourcing patent prosecution, including the transaction costs of sharing firm-specific knowl-
e communication barriers across organizational boundaries, and potential appropriability concerns (Mayer et al., 2012). Effective patent legal work requires
cific knowledge about the relation of the focal patent to the relevant product line or technological trajectory of the firm. Outside attorneys face distinct disad-
s, relative to in-house attorneys, in the development of these firm-specific knowledge, because theymaynot share a common language, relationships, or a sense
ification that exists among departmentswithin afirm(Grant, 1996; Kogut andZander, 1992, 1996), or because they are reluctant tomaking investments infirm-
human capital (Williamson, 1975).
potential concern is that business addresses provided by Compustat typically correspond to the location of company headquarters instead of research facilities
ew inventions are actually developed. However, the USPTO prescribes that if a company uses patent attorneys, all direct correspondence will only be between
xaminers and patent attorneys. Furthermore, headquarters are often located close to R&D activities (Stutz and de Souza, 1998).
owing prior innovation studies, we assume R&D expenditure to be zero for missing values.



Table 1
Variable definition.

Variable Definition

Measures of innovation
LnGrantTimet + 3 Natural logarithm of one plus the number of years between the patent application year and the approval year of firm i's patents filed (and

eventually granted) in year t + 3, averaged across the number of patents filed (and eventually granted);
LnPatentt + 3 Natural logarithm of one plus firm i's total number of patents filed (and eventually granted) in year t + 3;
ExplorePatt + 3 Number of exploratory patents filed in year t divided by the number of all patents filed by the firm in the same year; a patent is classified as

exploratory if at least 60% of its citations are based on new knowledge (i.e., citations not in the firm's existing knowledge base);
ExploitPatt + 3 Number of exploitative patents filed in year t divided by the number of all patents filed by the firm in the same year; a patent is classified as

exploitative if at least 60% of its citations are based on current knowledge;

Measures of geographical distance and firm control variables used in baseline regressions
LnDistancet Natural logarithm of geographical distance between firm i and the USPTO, where

Distance = 3963 × Arccos[Sin(Lat1) × Sin(Lat2) + Cos(Lat1) × Cos(Lat2) × Cos(Long2-Long1)]. Lat1 and Long1 are latitude and longitude
of firm i, and Lat2 and Long2 are latitude (38.857) and longitude (−77.056) of the USPTO;

Assetst Firm i's size, defined as the natural logarithm of book value of total assets (#6) measured at the end of fiscal year t;
ROAt Return on assets ratio defined as operating income before depreciation (#13) divided by book value of total assets (#6), measured at the

end of fiscal year t;
Leveraget Firm i's leverage ratio, defined as book value of debt (#9 + #34) divided by book value of total assets (#6) measured at the end of fiscal

year t;
Capext Capital expenditure (#128) scaled by book value of total assets (#6) measured at the end of fiscal year t;
R&DAssetst Research and development expenditure (#46) divided by book value of total assets (#6) measured at the end of fiscal year t;
PPEAssetst Property, Plant & Equipment (net, #8) divided by book value of total assets (#6) measured at the end of fiscal year t;
KZt Firm i's Kaplan and Zingales index measured at the end of fiscal year t, calculated as −1.002 × Cash Flow [(#18 + #14) / #8] plus

0.283 × Q [(#6 + #199 × #25 − #60 − #74) / #6] plus 3.139 × Leverage [(#9 + #34) / (#9 + #34 + #216)] minus
39.368 × Dividends [(#21 + #19) / #8] minus 1.315 × Cash holdings (#1/#8), where #8 is lagged;

HHIt Herfindahl index of 4-digit SIC industry j where firm i belongs, measured at the end of fiscal year t;
HHISquaret The square term of HHIt;
TobinQt Firm i's market-to-book ratio during fiscal year t, calculated as [market value of equity (#199 × #25) plus book value of assets (#6) minus

book value of equity (#60) minus balance sheet deferred taxes (#74, set to 0 if missing)] divided by book value of assets (#6);
InstOwnt The institutional holdings (%) for firm i over fiscal year t, calculated as the arithmetic mean of the four quarterly institutional holdings

reported through form 13F;

Measures of county control variables used in baseline regressions
CountyPop Natural logarithm of population, measured in 2010;
CountyIncome Natural logarithm of median household income, 2009–2013;
CountyEdu High school graduate or higher, percent of persons age 25+, 2009–2013;
CountyNumFirm Natural logarithm of total number of firms, measured in 2007;
CountyRDt Intensity of county's research activity in year t, defined as the natural logarithm of sum of R&D expenditures of all publicly traded firms in

the county in year t;
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captures the number of patents that are filed in year t + 3. The main variable of interest is a firm's geographical distance to the
USPTO, LnDistancei,t. Controli,t is a vector of firm characteristics that could affect a firm's patent performance as discussed in
Section 3.2.3. Countyk,t is a vector of county characteristics. Yeart and Industryj capture year and industry fixed effects, respectively.
Standard errors are clustered at the firm level.

Table 3 presents the regression results. In column (1) in which the dependent variable is LnGrantTime, the coefficient estimate
on the key variable of interest, LnDistance, is 0.079 and significant at the 5% level. In column (2) in which the dependent variable
is LnPatent, the coefficient estimate on LnDistance, is −0.111 and is significant at the 1% level. These findings are consistent with
our conjecture that proximity to the USPTO helps advance patent prosecution, and is associated with a higher patenting efficiency
and productivity. The economic effect is sizeable: increasing LnDistance by one standard deviation (1.144, i.e., 868.9 miles) is as-
sociated with a 9% (=0.079 ∗ 1.144) increase in patent procurement time (i.e., 72 days from the sample mean) and a 13%
(=0.111 ∗ 1.144) decrease in the number of patents filed and granted (i.e., 2.2 patents from the sample mean). Control variables
exhibit signs that are consistent with previous studies.

4.2. Exploration vs. exploitation

Next, we assess how distance to the USPTO affects different types of a firm's innovation activities and output, i.e., exploration
vs. exploitation. We posit that distance likely matters more for exploratory innovation that entails higher informational and
knowledge gap. We estimate the following model:
ExplorePati;tþ3=ExploitPati;tþ3 ¼ α þ βLnDistancei; j;k þ λ
0
Controli;t þ δ

0
Countyk;t þ Yeart þ Industry j þ εi;t ð2Þ
where ExplorePat and ExploitPat are exploratory and exploitative patent intensity, respectively. All other variables are the same as
those in model (1).



Table 2
Summary statistics.
This table reports the sample distribution and summary statistics for variables used in the baseline analyses based on the sample of U.S. public firms from 1977 to 2005.

Panel A: Variable summary statistics

Variable Median Mean S.D. N

GrantTime 2.000 2.187 0.926 23,350
Patents 1.000 16.932 87.591 51,046
ExplorePat 1.000 0.745 0.370 27,165
ExploitPat 0.000 0.126 0.255 27,165
Distance 615.4 1006.6 868.9 51,046
Assets 4.461 4.563 2.034 51,046
ROA 0.035 −0.070 0.291 51,046
Leverage 0.157 0.201 0.209 51,046
Capex 0.045 0.059 0.053 51,046
R&DAssets 0.050 0.105 0.161 51,046
PPEAssets 0.409 0.469 0.316 51,046
KZ −1.445 −7.181 23.642 51,046
HHI 0.197 0.249 0.182 51,046
TobinQ 1.572 2.748 4.353 51,046
InstOwn 0.002 0.199 0.279 51,046

Panel B: Sample distribution by industry

SIC code Industry Number of obs. Percentage of sample Cumulative percentage

38 Instruments & related products 8136 15.94% 15.94%
36 Electronic & other electric equipment 8100 15.87% 31.81%
28 Chemical & allied products 8038 15.75% 47.55%
35 Industrial machinery & equipment 7214 14.13% 61.69%
73 Business services 4713 9.23% 70.92%
37 Transportation equipment 1941 3.80% 74.72%
34 Fabricated metal products 1351 2.65% 77.37%
30 Rubber & miscellaneous plastics products 1026 2.01% 79.38%
20 Food & kindred products 773 1.51% 80.89%
33 Primary metal industries 767 1.50% 82.39%

Others 8987 17.61% 100.00%
Total – 51,046 – –

Panel C: Sample distribution by state

State Number of obs. Percentage of sample Average distance to USPTO (in miles) Mean
GrantTime

Mean
Patents

Mean
ExplorePat

Mean
ExploitPat

CA 10,719 21.03% 2364.00 2.40 16.38 0.72 0.15
MA 4030 7.91% 387.78 2.35 11.33 0.74 0.13
NY 3917 7.69% 241.52 2.08 39.88 0.77 0.09
NJ 3050 5.98% 186.67 2.27 23.18 0.73 0.13
TX 2963 5.81% 1222.64 2.20 23.11 0.69 0.14
IL 2448 4.80% 616.54 2.04 27.21 0.77 0.11
PA 2342 4.60% 141.98 2.02 10.33 0.77 0.10
MN 2126 4.17% 935.24 2.35 9.24 0.76 0.11
OH 1922 3.77% 333.16 2.01 17.77 0.80 0.09
CT 1817 3.56% 272.29 2.06 21.83 0.76 0.10
FL 1515 2.97% 832.03 2.10 3.84 0.70 0.13
MI 1293 2.54% 451.57 2.01 39.99 0.78 0.11
CO 1115 2.19% 1495.80 2.13 3.29 0.77 0.11
WA 951 1.87% 2309.56 2.46 11.12 0.68 0.16
VA 933 1.83% 59.49 2.22 14.79 0.76 0.12
WI 932 1.83% 662.82 1.93 7.75 0.81 0.09
NC 847 1.66% 278.89 2.09 6.10 0.69 0.13
MD 825 1.62% 28.31 1.99 12.33 0.73 0.14
GA 754 1.48% 528.97 2.37 5.57 0.70 0.15
MO 741 1.45% 794.98 1.96 12.51 0.77 0.11
IN 591 1.16% 496.32 2.01 16.59 0.80 0.11
AZ 547 1.07% 1971.29 2.35 1.87 0.68 0.12
Others 4668 8.86% – – – – –
Total 51,046 100.00% – – – – –
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Table 4 reports the regression results. The dependent variable in column (1) and (2) is ExplorePat. We use the ordinary least
squares (OLS) method in column (1). Since ExplorePat is bounded between 0 and 1, we also estimate Eq. (2) using the Tobit
model. In both cases, we find that the coefficient estimate on the key variable of interest, LnDistance, is negative and significant
at the 5% level. In terms of the economic significance, we find that increasing LnDistance by one standard deviation (1.144,



Table 3
Regressions of patenting performance on distance to the USPTO.
This table reports regression estimates of patentingperformance onfirm's distance to theUSPTO.Definitions of variables are provided in Table 1. Year and industryfixed
effects are included in all regressions but the coefficients are not reported. Robust standard errors clustered by firm are displayed in parentheses.

Dependent variable LnGrantTime LnPatent

(1) (2)

LnDistance 0.079⁎⁎ −0.111⁎⁎⁎

(0.039) (0.031)
Assets 0.002 0.551⁎⁎⁎

(0.001) (0.022)
ROA 0.007 0.319⁎⁎⁎

(0.009) (0.092)
Leverage 0.000 0.049

(0.002) (0.112)
Capex 0.180⁎⁎⁎ 0.295

(0.038) (0.342)
R&DAssets 0.058⁎⁎ 0.791⁎⁎⁎

(0.027) (0.147)
PPEAssets −0.082⁎⁎⁎ 0.723⁎⁎⁎

(0.008) (0.110)
KZ −0.000⁎⁎ 0.001⁎⁎⁎

(0.000) (0.000)
HHI −0.037 −0.411

(0.040) (0.634)
HHISquare 0.049 0.777

(0.047) (0.755)
Tobin Q 0.002⁎⁎⁎ 0.027⁎⁎⁎

(0.000) (0.004)
InstOwn −0.026⁎⁎⁎ 0.337⁎⁎

(0.009) (0.138)
CountyPop 0.008 −0.186

(0.041) (0.219)
CountyIncome −0.025 0.326

(0.049) (0.374)
CountyEdu 0.004⁎ −0.009

(0.002) (0.008)
CountyNumFirm −0.015 0.240

(0.041) (0.220)
CountyRD −0.001 0.070⁎

(0.003) (0.039)
Constant −0.319 1.044

(0.553) (4.003)
Year and industry fixed effects Included Included
R2 0.32 0.28
Observations 23,350 51,046

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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i.e., 868.9 miles) is associated with a 2.7% (=0.024 ∗ 1.144) decrease in exploratory patent intensity (i.e., 0.02 from the sample
mean).

The dependent variable in column (3) and (4) is ExploitPat. In contrast to the significant results for ExplorePat, the coefficient
estimate on LnDistance is statistically insignificant in both the OLS and Tobit models. Taken together, these results suggest that
shorter distance to the USPTO is more important for the materialization of exploratory innovation which is characterized by
new knowledge creation and a higher level of information asymmetry. However, distance to the USPTO does not appear to
have a significant effect on the materialization of exploitative innovation that is characterized by existing knowledge usage and
a lower level of information asymmetry.
4.3. Robustness tests

We conduct a rich set of robustness tests for our baseline results. First, in the baseline regressions, we follow the literature to set
the patent counts to zero for firm-year observations without available patent information from the NBER or the HBS patent
database.15 To rule out the possibility that our results are driven by firm-year observations with zero patents, we restrict our
15 LnGrantTime is treated as missing value for those firm-years in the baseline analysis.



Table 4
Regressions of innovation type on distance to the USPTO.
This table reports regression estimates of innovation type on distance to the USPTO. Definitions of variables are provided in Table 1. Year and industry fixed effects are
included in all regressions but the coefficients are not reported. Robust standard errors clustered by firm are displayed in parentheses.

Dependent variable ExplorePat ExploitPat

OLS Tobit OLS Tobit

(1) (2) (3) (4)

LnDistance −0.024⁎⁎ −0.019⁎⁎ 0.004 0.003
(0.012) (0.009) (0.008) (0.010)

Assets 0.052⁎⁎⁎ 0.067⁎⁎ 0.036⁎ 0.050⁎⁎⁎

(0.004) (0.005) (0.020) (0.011)
ROA 0.098⁎⁎⁎ 0.115⁎⁎⁎ −0.100⁎⁎⁎ −0.345⁎⁎⁎

(0.018) (0.021) (0.013) (0.044)
Leverage −0.000 −0.002 −0.043⁎⁎⁎ −0.144⁎⁎⁎

(0.017) (0.019) (0.012) (0.046)
Capex −0.249⁎⁎⁎ −0.029⁎⁎⁎ 0.121⁎⁎⁎ 0.344⁎

(0.063) (0.074) (0.043) (0.182)
R&DAssets 0.115⁎⁎⁎ 0.151⁎⁎⁎ 0.012 0.068

(0.033) (0.039) (0.024) (0.076)
PPEAssets 0.139⁎⁎⁎ 0.162⁎⁎⁎ −0.032⁎⁎⁎ −0.090⁎⁎

(0.014) (0.016) (0.009) (0.037)
KZ 0.001⁎⁎⁎ 0.000⁎⁎⁎ −0.001⁎⁎⁎ −0.001⁎⁎⁎

(0.000) (0.000) (0.000) (0.000)
HHI 0.166⁎⁎ 0.198⁎⁎ −0.033 −0.116

(0.073) (0.083) (0.038) (0.163)
HHISquare −0.147⁎ −0.174⁎⁎ 0.026 0.145

(0.078) (0.088) (0.043) (0.180)
Tobin Q −0.001 −0.001 0.001⁎ 0.007⁎⁎⁎

(0.001) (0.001) (0.000) (0.002)
InstOwn −0.008 −0.006 0.014 0.063⁎

(0.012) (0.014) (0.009) (0.034)
CountyPop −0.016 −0.017 0.018 0.072

(0.020) (0.023) (0.013) (0.059)
CountyIncome −0.011 −0.006 0.009 0.060

(0.039) (0.044) (0.025) (0.134)
CountyEdu 0.000 0.000 −0.000 −0.003

(0.001) (0.001) (0.001) (0.003)
CountyNumFirm 0.015 0.016 −0.018 −0.070

(0.020) (0.022) (0.013) (0.058)
CountyRD 0.002 0.002 −0.003 −0.003

(0.003) (0.004) (0.002) (0.011)
Constant 0.433 0.006 0.223 −0.898

(0.420) (0.477) (0.272) (1.408)
Year and industry fixed effects Included Included Included Included
R2/pseudo R2 0.16 0.12 0.16 0.15
Observations 27,165 27,165 27,165 27,165

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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analysis to a subsample of non-zero observations (i.e., firm-years with at least one patent) and re-run the regression for which the
dependent variable is LnPatent. In the un-tabulated analysis, we find a significant coefficient estimate of −0.136 (p-value = 0.003)
on LnDistance.

Second, since our dependent variable, the number of patents, is right skewed, we adopt the quantile regression model and find
that our baseline results continue to hold in most cases. For example, when we use the quantile regression model at the 90th
percentile, the coefficient estimate on LnDistance is −0.154 (p-value b0.001) when the dependent variable is LnPatent.

Third, we examine whether the effect of accessibility to the USPTO on patenting performance is monotonic. In an un-tabulated
analysis, we create a Remote dummy variable that equals one if the firm's geographical distance to the USPTO is above the sample
median and zero otherwise, and interact Remote with LnDistance. We then re-estimate Eqs. (1) and (2) by adding this interaction
dummy. We do not find a non-linear relation between distance to the USPTO and patenting performance.

Fourth, we use alternative definitions of exploratory and exploitative patent and re-conduct the regression analyses. Specifically,
we define a patent as exploratory (exploitative) if at least 80% of its citations are based on new (current) knowledge. In an un-
tabulated analysis, we find that our baseline results continue to hold.

Fifth, Lerner and Seru (2015) highlight three key challenges with the patent data: changes in patenting over time and the
truncation problem, differences across technology classes, as well as differences across regions. We conduct the following analyses
to assess the robustness of our findings to the concerns raised in Lerner and Seru (2015). We report the results in Internet
Appendix Table A1:
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(1) Sub-period analysis

Our sample period is from 1977 to 2005. As noted by Lerner and Seru (2015), during this period there was a shift towards a more
“pro-patent” policy that has been effected partially through legislation—e.g., the Computer Software Protection of Act of 1980 and the
Semiconductor Chip Protection Act of 1984. To ensure our results are not affected by these policy changes, we partitioned our sample
into two groups: one is from1977 to 1979, the other one is from1980 to 2005.We re-conduct the baseline analyses separately for these
two groups of firms. The effect of distance to the USPTO on patenting performance is significant in both subsamples.

(2) Truncation problems

Truncation problem occurs if there is a delay in filing or issuing patents. As a robustness test we excluded the last 10 years of
our sample to address the concern that we may not be able to observe pending patents towards the end of sample period. We
continue to observe a significant effect of distance on time-to-patent-grant, patent quantity and exploration intensity.

(3) Technology classes

Firms in certain industries (e.g., computers and electronics) may experience a surge of patenting that may drive our results. To
address this concern, we partition the sample into two groups based on industry composition: (1) electronic & other electric
equipment (SIC 36); and (2) others industries. We re-conduct the main analyses separately for these two groups of firms, and
find largely robust results.

(4) Regions

Some states (e.g., California, Massachusetts, and Delaware) may experience a surge in patenting during our sample period. We
partition the sample into two subgroups: (1) firms in California, Massachusetts, and Delaware and (2) firms in other states. We
continue to observe a significant effect of distance to the USPTO on patenting performance in both groups of firms.

(5) High market-to-book value

Lerner and Seru (2015) note that it is important to consider firms with features akin to those that experienced a surge in patenting
(e.g., those with a high market-to-book value). Hence, we partition the sample into two groups based on the median value of the
market-to-book ratio. We continue to observe a significant effect of distance on patenting performance in both groups of firms.

(6) Firm exits

The firm exit concern raised in Lerner and Seru (2015) stems from the truncation of patenting in the years prior to a firm is
acquired or liquidated. To address this concern, we searched the SDC M&A database to identify firms that were acquired during
our sample period and remove these observations from the analysis. We continue to observe a significant effect of distance on
patenting after excluding these observations.

(7) Misleading assignment practices

This misleading assignment practice issue concerns the extent to which the firms under study may be engaging in misleading
assignment practices, in order to disguise their technological strategy from competitors. Lerner and Seru (2015) note that such
behavior may be more likely for firms operating in highly competitive industries in which innovation is more important to
success. To address this concern, we partition the sample into two groups based on the intensity of product market competition
in which the firm operates, where the intensity of competition is measured by the 4-digit SIC Herfindahl index. We continue to
observe a significant effect of distance to the USPTO on patenting in both groups.

5. Endogeneity

A reasonable concern of our baseline results is that omitted variables correlated with both corporate location choice and
patenting performance may bias the results. In addition, there is a potential reverse causality concern that innovative intensive
firms may choose to locate closer to the USPTO. We attempt to address these concerns in this section. We first focus on a subsample
of firms that have never changed their headquarters locations by removing from our sample those firms that experience at least one
headquarters relocation during the sample period, and re-run the baseline regressions using non-moving firms only. Our baseline
results continue to hold. While this test addresses reverse causality to some extent, i.e., firms relocate their headquarters locations
to facilitate patenting activities, it does not help mitigate omitted variable concerns. To further address the endogeneity, we perform
two additional tests below.

5.1. DiD approach – firm relocations

Our first identification attempt focuses on a sample of firms that relocate their headquarters away from the USPTO and com-
pare their changes in patenting performance against a matched sample of firms whose headquarters locations do not change.
While a firm's headquarters moving decision may arise from various strategic concerns such as tax avoidance and being closer
to suppliers or customers, which may be correlated with a firm's innovation output, the decision to move away from the
USPTO is likely to be based on reasons other than innovation and patenting concerns.



Table 5
DiD analysis of patenting performance and distance to the USPTO based on firm relocations.
This table reports diagnostics and results of the DiD tests on how changes in firm's distance to the USPTO due to firm relocation affects patenting performance. Panel A
reports distribution of increase in distance to USPTO for moving-away firms. Panel B presents parameter estimates from the probit model used in estimating the pro-
pensity scores for the treatment and control groups. A one-to-four propensity matching method is used. The dependent variable is one if the firm-year belongs to the
treatment group and zero otherwise. The “Pre-Match” column contains the parameter estimates of the probit model estimated using the sample prior to matching.
These estimates are thenused to generate thepropensity scores formatching. The “Post-Match” column contains theparameter estimates of the probitmodel estimated
using the subsample of matched treatment-control pairs after matching. Definitions of variables are listed in Table 1. Panel C reports the univariate comparisons be-
tween the treatment and control firms' characteristics and their corresponding t-statistics. Panel D reports the sub-sample DiD test results based on post-move firm
distance. GrantTime_3yr_avg is firm i's average time to patent grant in the three-year window before or after the event year. Patent_3yr_avg is firm i's average number
of patents in the three-year window before or after the event year. Explore_3yr_avg and Exploit_3yr_avg are firm i's average exploratory and exploitative patenting in-
tensity, respectively, in the three-year window before or after the event year. Ordinary standard errors are given in parentheses below themean differences in innova-
tion outcomes and bootstrapped standard errors for the two-sample t-tests with unequal variance are given below the DiD t-stats.

Panel A: Distribution of increase in distance to USPTO for moving-away firms

(Number of Obs = 503) Mean Median S.D.

Increase in distance to USPTO (in miles) 374.94 228.33 489.41

Panel B: Pre-match propensity score regression and post-match diagnostic regression

Pre-match
Dummy = 1 if in treatment group

Post-match
Dummy = 0 if in control group

TimeGrowth 0.013⁎ 0.044
(0.007) (0.084)

PatGrowth 0.003 0.002
(0.006) (0.011)

ExploreGrowth 0.508⁎⁎⁎ 0.038
(0.171) (0.269)

ExploitGrowth −0.237⁎ 0.038
(0.139) (0.269)

LnDistance −0.053⁎ −0.013
(0.032) (0.073)

Assets −0.125⁎⁎⁎ −0.022
(0.039) (0.075)

ROA −0.151 −0.170
(0.305) (0.577)

Leverage −0.001 −0.127
(0.315) (0.569)

Capex 2.486⁎⁎ 0.734
(1.198) (2.061)

R&DAssets −0.744 −0.264
(0.548) (0.917)

PPEAssets −0.746⁎⁎⁎ 0.189
(0.274) (0.509)

KZ 0.009 −0.006
(0.007) (0.014)

HHI −0.971 0.240
(0.892) (1.495)

HHISquare 1.303 −0.462
(1.028) (1.756)

Tobin Q −0.020 −0.055
(0.026) (0.050)

InstOwn 0.765⁎⁎⁎ 0.213
(0.228) (0.424)

Constant −0.104⁎ 0.065
(0.640) (1.286)

Year, industry and county fixed effects Included Included
Observations 8144 562
Pseudo R2 0.210 0.023
P-value of Chi-sq 0.001 0.999

Panel C: Differences in observables

Treatment Control Differences t-Statistics

TimeGrowth 0.080 0.014 0.066 0.403
PatGrowth 2.569 2.607 −0.038 −0.031
ExploreGrowth 0.119 0.123 −0.004 −0.067
ExploitGrowth −0.015 −0.017 0.002 0.106
LnDistance 6.332 6.342 −0.010 −0.057
Assets 5.505 5.454 0.051 0.186
ROA −0.049 −0.059 0.010 0.277
Leverage 0.173 0.174 −0.001 −0.014
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Table 5 (continued)

Panel C: Differences in observables

Treatment Control Differences t-Statistics

Capex 0.062 0.060 0.002 0.213
R&DAssets 0.110 0.121 −0.011 −0.521
PPEAssets 0.415 0.406 0.009 0.274
KZ −3.739 −3.776 0.037 0.033
HHI 0.252 0.254 −0.002 −0.045
HHISquare 0.109 0.110 −0.001 −0.049
Tobin Q 2.458 2.837 −0.379 −1.059
InstOwn 0.461 0.438 0.023 0.551

Panel D: DiD test results

Mean treatment difference
(after − before)
(1)

Mean control difference
(after − before)
(2)

Mean DiD estimator
(treat − control)
(3)

Z-statistics for DiD
estimator
(4)

GrantTime_3yr_avg −0.024 −0.127 0.103⁎⁎ 1.981
(0.047) (0.051) (0.052)

Patent_3yr_avg 3.071 4.754 −1.683⁎⁎ −2.149
(0.642) (0.690) (0.783)

Explore_3yr_avg −0.007 0.003 −0.010⁎⁎⁎ −3.333
(0.002) (0.002) (0.003)

Expoit_3yr_avg 0.006 0.004 0.002 0.400
(0.004) (0.003) (0.005)

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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A key advantage of this identification attempt is that there are multiple shocks (firms' moving away from the USPTO) that affect
different firms at different time. Identification with multiple shocks avoids a common difficulty faced by studies with a single shock,
namely, the existence of potential omitted variables coinciding with the shock that directly affect firm innovation performance. We
conjecture that moving away from theUSPTOwould lead to a reduction in patenting efficiency and productivity, as well as a reduction
in exploratory patent activity. But we do not expect to find significant changes in exploitative patent activity.

We collect a firm's headquarters relocation information from Compact Disclosure that publishes data on firm headquarters
locations between 1990 and 2004. We identify moving firms as those firms whose headquarters city names change from one
quarter to the next quarter in Compact Disclosure, and find 503 events where firms move away from the USPTO. As reported
in Panel A of Table 5, firms' distance to the USPTO increases on average by 374.9 miles (with a standard deviation of
489.4 miles) following the relocation events of our sample firms.

To implement the DiD analysis, we need to first identify the treatment and control groups. For a firm to be classified into the treat-
ment group, we need it to have non-missing matching variables (to be discussed below) for year −1 (one year before the moving
year) and non-missing innovation variables (time-to-grant, the number of patents, exploratory patent activity, and exploitative patent
activity) for at least three years before and after the relocation event (year−3,−2,−1,+1,+2,+3, respectively). Thus,we focus on
relocation events that occur between 1980 and 2002 (given that our baseline sample is 1977–2005).16

We then proceed to construct a control group of firms that are matched to the treatment group on all important observable
characteristics prior to the events but that do not experience a relocation of headquarters away from the USPTO. Our matching
procedure relies on a nearest neighbor matching of propensity scores, originally developed by Rosenbaum and Rubin (1983)
and also adopted in recent literature such as Lemmon and Roberts (2010).17 We first run a probit regression of a dummy variable
that equals one if a particular firm-year observation belongs to our treatment group (and zero otherwise) on a comprehensive list
of observable characteristics, including all the independent variables in our baseline regression, as well as year dummies, 2-digit
SIC industry dummies, and county dummies to capture any time-invariant, or industry-specific, or location-specific differences.
Further, to ensure that the parallel trends assumption is satisfied, we also match firms on pre-event innovation growth variables
(i.e., growth in time-to-grant TimeGrowth, the number of patents PatGrowth, exploratory patent intensity ExploreGrowth, and
exploitative patent intensity ExploitGrowth, all computed over the three year period before the event).18
16 The choice of a seven-yearwindow (fromyear−3 to year+3) reflects a trade-off between relevance and accuracy. On the one hand, choosing awidewindowmay
increase the accuracy of the estimation but introduce toomuch noise that is irrelevant to the events. On the other hand, choosing a narrowwindow reduces the sample
size, reducing the power of our test. In addition, innovation involves long-term projects and any meaningful changes in patent productivity ensuing headquarters re-
location may not be readily observed within a narrow window. Following the existing literature (He and Tian, 2013), we report results using a seven-year window,
although our results are similar if we use a five-year window.
17 See, e.g., Rosenbaum and Rubin (1983) and Lemmon and Roberts (2010), for a more detailed discussion of the matching method and cautionary notes.
18 We match firms on the pre-event three-year averages of patent-related variables because many of these variables have values of zero, which makes it difficult to
calculate meaningful percentage growth measures. Therefore, to satisfy the parallel trends assumption, we match firms on both the numerator and denominator of a
hypothetical “percentage growth rate” for innovation output.
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We report the probit model estimates in the first column of Panel B in Table 5, labeled “Pre-Match”. The results suggest
that the specification has substantial explanatory power for the choice variable, as evidenced by a pseudo-R2 of 21% and a
very small p-value for a Chi-square test of the overall model fitness (well below 0.01). We then use the predicted probabil-
ities, or propensity scores, from this probit estimation and perform a nearest-neighbor match with replacement. That is, for
each treatment firm, we match it with four control firms with the closest propensity score.19 Since we allow for replacement,
a control firm may be matched to more than one treatment firm. This process results in 124 treatment firms and 438 control
firms.20

The success of the DiD approach hinges on the satisfaction of the “parallel trends” assumption, which means that in the
absence of treatment (or change in distance to the USPTO in our context), the observed DiD estimator is zero.21 To check if
the parallel trends assumption is satisfied, we conduct a number of diagnostic tests. In the first test, we re-run the probit
model restricted to the matched sample and present the probit estimates in the second column of Table 5 Panel B, labeled
“Post-Match”. None of the independent variables is statistically significant. In particular, the coefficient estimates of the four
pre-shock patenting-related growth variables are not statistically significant, suggesting no observable different trends of
patent procurement between the two groups of firms pre-event. Also, the coefficient estimates in the second column are
much smaller in magnitude than the ones in the first column, suggesting that the results in the second column are not simply
an artifact of a decline in degrees of freedom due to the drop in sample size. In addition, a Chi-square test for the overall model
fitness shows that we cannot reject the null hypothesis that all of the coefficient estimates of independent variables are zero
(with a p-value of 0.999).

As our second diagnostic test, we report in Table 5 Panel C the univariate comparisons between the treatment and control
firms' characteristics and their corresponding t-statistics. As shown, none of the differences between the treatment and control
firms' characteristics is statistically significant in the pre-relocation regime. In particular, the two groups of firms have similar
levels of physical distance to the USPTO pre-relocations. Moreover, the univariate comparisons for patent growth variables are
not significant either, suggesting that the parallel trends assumption is not violated.

In our third diagnostic test, we check the difference between the propensity scores of the treatment firms and the scores of
their matched control firms. Untabulated results suggest that the difference is quite trivial. The maximum difference between
the two matched firms' propensity scores is only 0.02, while the median difference is 0. In summary, the matching process has
removed any meaningful observable differences from the two groups of firms.

Table 5 Panel D reports the results from the DiD analysis. We report the results beginning with the average difference be-
tween the pre-relocation period and the post-relocation period for the treatment and control firms. Column (1) shows that
the average change in patent grant time GrantTime_3yr_avg for treatment firms is −0.024. We compute this estimate by first
calculating the three-year average patent grant time (in years, without taking the natural logarithm) for the post-relocation
era and then subtracting the three-year average patent grant time (in years, without taking the natural logarithm) for the
pre-relocation era from it for each firm. This difference is then averaged over treatment firms. A similar procedure is conduct-
ed for the matched control firms. The average change in patent approval time for control firms GrantTime_3yr_avg is −0.127.
We also report corresponding standard errors in parentheses. We conduct a similar procedure for the comparison of patent
quantity, exploratory and exploitative patent intensity between treatment and control firms, where Patent_3yr_avg is the av-
erage change in the number of patents (without taking the natural logarithm) before and after the relocation;
Explore_3yr_avg and Exploit_3yr_avg are the average change in exploratory and exploitative patent intensity before and
after the relocation. We find that Patent_3yr_avg is 3.071 for treatment firms and 4.754 for control firms. Explore_3yr_avg
is −0.007 for treatment firms and 0.003 for control firms. Exploit_3yr_avg is 0.006 for treatment firms and 0.004 for control
firms.

In columns (3) and (4), we report the DiD estimates and the corresponding t-statistics of the null hypothesis that these
estimates are zero, respectively, as well as bootstrapped standard errors for the DiD estimates. The DiD estimate for patent ap-
proval time is 0.103 and significant at the 5% level. The economic effect is sizable: the magnitude of the DiD estimate suggests
that compared to firms that do not relocate their headquarters, firms that move away from the USPTO experience an average of
38 (=0.103 ∗ 365) days increase in the length of patent procurement. The DiD estimate for the number of patents is −1.683
and significant at the 5% level, suggesting that firms moving away from the USPTO on average file approximately 1.7 fewer
patents per year over three years after their headquarters relocation, compared to firms whose headquarters locations are
unchanged. As for the type of patents, the DiD estimate for exploratory patent ratio is −0.01 and significant at the 1% level,
suggesting that firms moving away from the USPTO on average incur a 0.01 reduction in the intensity of exploratory patents.
In contrast, the DiD estimate for exploitative patent activity is −0.002 and insignificant, suggesting that relocating away from
the USPTO does not affect a firm's exploitative patent activity.
19 We also conducted one-to-one and one-to-three propensity score matching. Results remain qualitatively unchanged.
20 The resultingmatched sample is smaller than our baseline treatment sample (i.e.,moving away companies) becausewe require treatment and controlfirms to have
seven years of non-missing data on patent grant time surrounding the relocation event. So only firms that file for patents consecutively for seven years are retained in
the DiD analysis, which is demanding on the data.
21 To be precise, the parallel trends assumption doesnot require the level of outcomevariables (patent variables in our setting) to be identical across the treatment and
control firms or across the two regimes, because these distinctions are differenced out in the estimation. Instead, this assumption requires similar trends in the patent
variables during the pre-relocation regime for both the treatment and control groups.
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Taken together, the DiD analysis suggests that firms' moving away from the USPTO results in a reduction in the speed of
patent procurement, patent quantity, and exploratory patent activity but not exploitative patents. This finding is consistent
with our baseline results.22

To further strengthen our identification attempts, we conduct two “placebo tests” to corroborate the validity of our identifica-
tion test based on firms' relocations. We discuss these placebo tests in more details and report the result in Internet Appendix.
5.2. DiD analysis – change in the number of direct flights

As an alternative measure of a firm's accessibility to the USPTO, we use the frequency of direct flights between them. The ra-
tionale behind this measure is that more frequent direct flights with no layovers make it more convenient for patent applicants to
travel to the USPTO and thus reduce the “effective” distance between them. Specifically, we measure the number of direct flights
as the natural logarithm of the number of direct flights each year (inbound and outbound) operated by all airlines between the
airports closest to the firm and the USPTO. To avoid losing observations with zero direct flights, we add one to the actual values
when calculating the natural logarithm.

For each firm in our sample, we manually search for its nearest commercial airport using the firm's zip code information.
There are three major airports serving the DC area where the USPTO resides—Dulles International Airport (IAD), Reagan
Washington National (DCA) and Baltimore Washington International (BWI). We obtain data on the frequency of direct flights
from the U.S. Department of Transportation's Bureau of Transportation Statistics. Specifically, the “Airline On-Time Performance
Data” section contains on-time arrival information for non-stop domestic flights by major commercial air carriers.23 The dataset
provides direct flight information since 1987. Table 6 Panel A reports the average number of direct flights each year (inbound
plus outbound) between each state and the three airports near the USPTO during our sample period. We calculate
Ln(DirectFlights) as the natural logarithm of the sum of direct flights (inbound plus outbound) between a firm's nearest airport
and IAD, DCA, and BWI each year.

In our attempt to establish causality, we exploit plausibly exogenous variation in the frequency of direct flights due to airline
restructuring events including bankruptcies, mergers and acquisitions, and strategic alliances. Prior studies show that an airline's
decision to schedule and/or maintain direct flight routes between any city pair is primarily driven by the carrier's own strategic
considerations, such as industry peer competition and dominance (Borenstein and Netz, 1999), choice between “point-to-point”
network and “hub-and-spoke” network (Brueckner, 2004), and alliances with other airlines (Bamberger et al., 2004). City-pair di-
rect service market structure is also restricted by local population and labor force composition (Pai, 2010), government regulation,
airport and aircraft fleet characteristics (Evans and Kessides, 1993; Pai, 2010), and features of airlines' frequent flyer programs
(Lederman, 2007). As such, it is reasonable to believe that airline restructuring activities are exogenous in that they are likely
motivated by strategic considerations of the airlines themselves and are uncorrelated with a firm's patent activities. It is hence
difficult to conceive a scenario in which a patent applicant is able to predict the occurrence of an airline restructuring event
when choosing its location.

We manually search for information on airline restructuring events—bankruptcies, mergers and acquisitions, and strategic al-
liances — from Wikipedia and airlines' websites. We identified a total of 91 airline restructuring events, including 50 bankruptcies,
28 mergers and acquisitions, and 13 strategic alliances. Table 6 Panel B reports changes in the frequency of direct flights for our
sample firms as a result of these restructuring events. We tabulate increase and decrease in the frequency of direct flights sepa-
rately. Average increase in the frequency of direct flights between the firm's nearest airport and BWI (DCA and IAD) is 942 (1050
and 617). Average decrease in the frequency of direct flight between the firm's nearest airport and BWI (DCA and IAD) is −639
(−761 and −526).

As an attempt to identify the change in patent performance surrounding airline structuring events, we conduct a DiD test
separately for increases and decreases in the frequency of direct flights.24 The procedure is similar to Section 5.1. Table 6 Panel
C reports the univariate comparisons between the treatment and control firms' characteristics and their corresponding
t-statistics, for increase and decrease in direct flight frequency, respectively. As shown, none of the observed differences between
the treatment and control firms' characteristics is statistically significant in the pre-relocation regime. Moreover, the univariate
comparisons for patent growth variables are not significant either, suggesting the parallel trends assumption is not violated. As an
alternative diagnostic check, in Table 6 Panel D we report the difference between the propensity scores of the treatment firms and
the scores of their matched control firms. Results suggest that the difference is quite trivial.
22 A key identifying assumption in ourDiD tests is that a firm's headquarters relocation decision is not correlatedwith factors that are related to its patenting concerns.
To ensure that this assumption is satisfied and as a robustness test, wemanually search for corporate news that explicitly disclose reasons for headquarters relocations.
We exclude firms that relocate their headquarters locations due to innovation related reasons and this procedure leaves us 239 treatment (moving) firms, including 9
firms move away from the USPTO to be closer to customers, 1 firmmoves away to be closer to suppliers, 148 firms move away due to internal restructuring, 12 firms
move away due to local government incentives, 34 firmsmove away for lower costs, 31 firms move away for M&A related reasons, and 4 firmsmove away to retain or
attract top executives. We re-conducted the DiD analysis using this subsample of treatment firms. The matching process (with replacement) results in 49 treatment
firms and 138 control firms. In an untabulated analysis, the DiD estimate for patent approval time GrantTime_3yr_avg is 0.072 and significant at the 10% level. The
DiD estimate for number of patents Patent_3yr_avg is −1.042, and significant at the 5% level. The DiD estimate for exploratory patent activity Explore_3yr_avg is
0.006, and significant at the 10% level. The DiD estimate for exploitative patent activity Exploit_3yr_avg is−0.001, and insignificant.
23 http://www.transtats.bts.gov/DL_SelectFields.asp?Table_ID=236&DB_Short_Name=On-Time.
24 We are unable to obtain public data on which particular routes are affected when an airline incurs a restructuring event. So we assume that all routes operated by
the focal airline are potentially affected by a restructuring event.
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Table 6
DiD analysis of patenting performance and distance to the USPTO based on the number of direct flights.
This table reports diagnostics and the results of the DiD tests on how exogenous shocks to the effective distance to the USPTO given changes in the frequency of direct
flights between thefirmand theUSPTOdue to airline restructuring events affects afirm's patenting performance. Panel A reports by state, the averagenumber of annual
direct flights (inbound + outbound) between a firm's nearest airport and the USPTO during our sample period. Panel B reports changes in annual direct flights
(inbound + outbound) between a firm's nearest airport and the three airports closest to theUSPTO. Panel C reports the univariate comparisons between the treatment
and control firms' characteristics and their corresponding t-statistics. A one-to-four propensity score matching method is used. Panel D reports the distribution of es-
timated propensity scores for the treatment firm-years, control firm-years, and the difference in estimated propensity scores. Panels E and F report the subsample DiD
test results based on increases and decreases in the number of directflights, respectively. Ordinary standard errors are given in parentheses below themean differences
in innovation outcomes and bootstrapped standard errors for the two-sample t-tests with unequal variance are given below the DiD t-stats.

Panel A: Number of direct flights (inbound + outbound) between a firm's nearest airport and USPTO

State Number of obs. Percentage of sample Average number of annual flights between the state and

BWI DCA IAD

CA 10,719 21.03% 3912 464 3213
MA 4030 7.91% 7383 15,033 5920
NY 3917 7.69% 11,487 4465 1739
NJ 3050 5.98% 3118 7157 1796
TX 2963 5.81% 9853 6359 3459
IL 2448 4.80% 12,571 13,022 3896
PA 2342 4.60% 5945 2824 1711
MN 2126 4.17% 2459 4635 1671
OH 1922 3.77% 10,142 3108 1961
CT 1817 3.56% 4100 2742 1894
FL 1515 2.97% 2253 2451 2158
MI 1293 2.54% 4389 5863 4204
CO 1115 2.19% 3065 1237 4873
WA 951 1.87% 0 1016 1689
VA 933 1.83% 5113 112 2279
WI 932 1.83% 1392 816 6517
NC 847 1.66% 9998 3741 2329
MD 825 1.62% 0 162 607
GA 754 1.48% 8886 10,452 4716
MO 741 1.45% 7024 3343 2369
IN 591 1.16% 1794 2099 1161
AZ 547 1.07% 4406 1425 952
Others 4668 8.86% – – –
Total 51,046 100.00% – – –

Panel B: Change in number of direct flights between a firm's nearest airport and USPTO

BWI DCA IAD

Increase in direct flights Mean 942 1050 617
Median 702 660 235
S.D 1125 1272 896

Decrease in direct flights Mean −639 −761 −526
Median −490 −472 −257
S.D 745 882 695

Panel C: Differences in observables

Increase in direct flights

Treatment Control Differences t-Statistics

PatGrowth 3.678 3.009 0.669 0.931
TimeGrowth −0.083 −0.078 −0.005 −0.109
ExploreGrowth −0.003 0.018 −0.021 −1.292
ExploitGrowth 0.042 0.029 0.013 1.092
Ln(DirectFlights) 8.604 8.407 0.197 0.879
Assets 6.024 6.067 −0.043 −0.437
ROA −0.067 −0.065 −0.002 −0.241
Leverage 0.184 0.192 −0.008 −0.888
Capex 0.055 0.054 0.001 0.547
R&DAssets 0.120 0.119 0.001 0.160
PPEAssets 0.485 0.480 0.005 0.318
KZ −5.248 −5.151 −0.097 −0.163
HHI 0.231 0.231 0.000 0.000
HHISquare 0.086 0.084 0.002 0.127
Tobin Q 2.487 2.675 −0.188 −0.228
InstOwn 0.353 0.360 −0.007 −0.550
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Decrease in direct flights

Treatment Control Differences t-Statistics

PatGrowth 1.742 1.016 0.726 0.889
TimeGrowth 0.079 0.081 −0.002 −0.027
ExploreGrowth −0.063 −0.051 −0.012 −0.473
ExploitGrowth 0.074 0.045 0.029 0.548
Ln(DirectFlights) 8.907 8.855 0.052 0.571
Assets 6.117 6.137 −0.020 −0.122
ROA −0.115 −0.096 −0.019 −0.893
Leverage 0.203 0.207 −0.004 −0.300
Capex 0.047 0.048 −0.001 −0.517
R&DAssets 0.130 0.115 0.015 1.179
PPEAssets 0.482 0.511 −0.029 −1.334
KZ −4.744 −5.285 0.541 0.514
HHI 0.222 0.241 −0.019 −1.482
HHISquare 0.084 0.094 −0.010 −0.948
Tobin Q 2.375 2.534 −0.159 −0.964
InstOwn 0.353 0.350 0.003 0.172

Panel D: Estimated propensity score distributions

Propensity scores Increase in direct flights Decrease in direct flights

No. of obs. Mean SD P50 No. of obs. Mean SD P50

Treatment 1023 0.53 0.23 0.49 325 0.48 0.24 0.53
Control 1131 0.44 0.22 0.42 466 0.42 0.22 0.38
Difference 0.09 0.01 0.07 0.06 0.02 0.05

Panel E: DiD test results – increase in direct flights

Increase in direct
flights

Mean treatment difference
(after − before)
(1)

Mean control difference
(after − before)
(2)

Mean DiD estimator
(treat − control)
(3)

Z-statistics for DiD
estimator
(4)

GrantTime_3yr_avg −0.175 −0.032 −0.143⁎⁎⁎ −3.488
(0.034) (0.025) (0.041)

Patent_3yr_avg 6.323 0.932 5.391⁎⁎⁎ 2.565
(1.806) (1.289) (2.101)

Explore_3yr_avg −0.070 −0.090 0.020⁎⁎⁎ 2.500
(0.008) (0.006) (0.008)

Expoit_3yr_avg 0.062 0.079 −0.017 −1.417
(0.010) (0.007) (0.012)

Panel F: DiD test results – decrease in direct flights

Decrease in direct
flights

Mean treatment difference
(after − before)
(1)

Mean control difference
(after − before)
(2)

Mean DiD estimator
(treat − control)
(3)

Z-statistics for DiD
estimator
(4)

GrantTime_3yr_avg 0.227 0.042⁎ 0.185⁎⁎ 2.372
(0.065) (0.058) (0.078)

Patent_3yr_avg −3.328 4.333 −7.661⁎⁎ −2.087
(2.722) (2.462) (3.670)

Explore_3yr_avg −0.120 −0.090 −0.030⁎⁎⁎ −2.727
(0.009) (0.008) (0.011)

Expoit_3yr_avg 0.050 0.048 0.002 0.118
(0.014) (0.010) (0.017)

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.

Table 6 (continued)
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Table 6 Panel E reports the results of the DiD analysis based on treatment firms that experience an increase in the number of
direct flights due to airline restructuring activities. The magnitude of the DiD estimate suggests that, compared to firms that do
not experience an increase in the frequency of direct flights to the USPTO, firms that enjoy an increase in direct flights experi-
ence an average of 52 (=0.143 ∗ 365) days reduction in the length of patent procurement process and obtain 5.4 more patents
per year over three years after the increase in direct flights. In terms of innovation type, exploratory patent intensity increases
significantly by 0.02 after the increase in direct flights, however, we do not find significant change in exploitative patent
intensity.

Table 6 Panel F reports the DiD results using treatment firms that experience a decrease in the number of direct flights due to
airline restructuring events. The results are opposite to those in Panel A. The magnitude of the DiD estimate suggest that, com-
pared to firms that do not experience a decrease in the number of direct flights to the USPTO, firms that do experience a decrease
incur an average of 68 (=0.185 ∗ 365) days increase in the length of patent procurement process and obtain 7.6 fewer patents
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per year over three years after the decrease in direct flights. Exploratory patent intensity also decreases significantly by 0.03 while
exploitative patent intensity shows no significant change.

Note that, while our identification tests suggest a likely causal effect of distance to the USPTO on a firm's patenting perfor-
mance, an important caveat is that these identification attempts are not without limitations. For example, a firm's headquarters
relocation decisions may be endogenous and is predominantly based on future path of the firm, which could be related to its in-
novation output. We acknowledge the limitations of our identification strategy. Caution needs to be exercised when interpreting
or generalizing our results.

6. Additional analyses

In this section, we discuss additional test to further strengthen our identification attempts, address a few important concerns
regarding our main findings, and answer a “bottom-line” question.

6.1. Cross-sectional analyses

We explore how the relation between accessibility to the USPTO and patenting performance varies in the cross section. We
undertake three tests. First, we examine how a firm's past patenting experience affects our main results. We posit that accessibil-
ity to the USPTO could be more important for first-time applicants who lack relevant domain knowledge and are unfamiliar with
the patenting process. To test this conjecture, we construct a dummy variable, FirstTimei,t, that takes the value of one if firm i is a
first time patent applicant (i.e., it has never filed a patent with the USPTO before year t), and zero otherwise. We then estimate
the following model:
25 See
news/pr
LnGrantTimei;tþ3 LnPatenti;tþ3=ExplorePati;tþ3=ExploitPati;tþ3

� �
¼ α þ β1LnDistancei;k þ β2LnDistancei;t � FirstTimei;t

þ β3FirstTimei;t þ λ
0
Controli;t þ

0
Countyk;t þ Yeart

þ Industryj þ εi;t ð3Þ
where i indexes firm, j indexes industry, k indexes county and t indexes time. Control and County are vectors of firm and county
characteristics as in Eq. (1). Table 7 Panel A reports the results. We suppress the coefficient estimates of control variables for brev-
ity. In all four columns, the coefficient estimate on LnDistance is consistent with our baseline results. More importantly, the coef-
ficient estimates on the interaction term, LnDistance × FirstTime, are significantly positive in column (1) and negative in column
(2) and (3), suggesting that accessibility to the USPTO plays a more important role in improving the patenting performance of
first-time filers.

Second, we examine a firm's overall information environment transparency. When a firm's information environment is
opaque, outsiders (including the USPTO patent examiners) may possess less knowledge about the firm's operating and innovation
activities. Reductions in information asymmetry associated with geographical proximity therefore become more important for
these firms. We use a firm's earnings quality to capture firm transparency, which is commonly used in the accounting literature.
Aboody et al. (2005), Francis et al. (2005) and Bhattacharya et al. (2012), among others, document a negative relation between
earnings quality and information asymmetry. Earnings quality is operationalized using discretionary accruals (Dechow and
Schrand, 2004) that are estimated using the modified Jones (1991) model by year and two-digit SIC codes, requiring at least
20 observations in each industry group. Because both positive and negative discretionary accruals indicate poor accruals/earnings
quality, we define the main measure of earnings quality (Ab_Acc) as Ln[abs(DiscretionaryAccruals)]. A higher Ab_Acc indicates a
lower firm transparency.

We use a similar model specification as in Eq. (3) except that the moderating factor is now Ab_Acc. Table 7 Panel B reports the
regression results. The coefficient estimates on LnDistance are consistent with our prior results. More importantly, the coefficient
estimates on the interaction term, LnDistance × Ab_Acc, are positive for LnGrantTime and negative for LnPatent and ExplorePat, sug-
gesting that accessibility to the USPTO is more important for firms that are subject to a more opaque information environment.

Third, we examine how the introduction of electronic patent application filing system (EFS) affects our main results. On Octo-
ber 27, 2000, the USPTO initiated the EFS, which is perceived as a major step towards fully automating and improving the quality
of patent application processing.25 The EFS enables patent applicants to file an application for a new invention with the USPTO
using the Internet. It saves time and offers the convenience of Internet filing 24 h a day, 7 days a week. The EFS assembles all
application components, calculates fees, validates application content, and transmits the filing to the USPTO.

A stream of prior studies argues that developments in information technology (Internet, corporate intranet, video conferenc-
ing, among others) facilitate the ease of communication and information transmission between two distant parties. Consistent
with this argument, Petersen and Rajan (2002) find that, owing to development in information technology, the distance between
small business borrowers and their lenders has decreased over time. Based on this line of research, we conjecture that the intro-
duction of EFS mitigates advantages associated with geographical proximity.
, USPTO press release 00–65 “Doors Open to Electronic Patent Filing - USPTO will accept applications for inventions over the Internet”, http://www.uspto.gov/
/2000/00-65.jsp.

http://www.uspto.gov/news/pr/2000/00-65.jsp
http://www.uspto.gov/news/pr/2000/00-65.jsp


Table 7
Heterogeneous effect of distance to the USPTO on patenting performance.
This table reports regression results on cross-sectional variation in the distance to the USPTO on a firm's patenting performance. In Panel A, FirstTime equals one if a firm
files patents for thefirst time in a given year, and zero otherwise. In Panel B,Dis_Acc is thenatural logarithmof discretionary accruals based on themodified Jonesmodel.
In Panel C, Post-2000 is an indicator variable that equals one if the patent filing year is 2001 or after, and zero otherwise. Definitions of other variables are provided in
Table 1. Year and industryfixed effects and control variables are included in all regressions but the coefficients are not reported. Robust standard errors clustered by firm
are displayed in parentheses.

Panel A: First-time filing

Dependent variable LnGrantTime LnPatent ExplorePat ExploitPat

(1) (2) (3) (4)

LnDistance 0.074⁎⁎ −0.044⁎⁎ −0.017⁎⁎ 0.004
(0.038) (0.020) (0.008) (0.002)

FirstTime × LnDistance 0.019⁎ −0.021⁎⁎ −0.001⁎ 0.004
(0.011) (0.015) (0.000) (0.005)

FirstTime −0.016 0.505⁎⁎⁎ −0.119 −0.013
(0.052) (0.035) (0.086) (0.034)

Constant −0.771 −5.086⁎ 0.500 0.018
(0.909) (2.674) (0.418) (0.271)

Controls Included Included Included Included
Year and industry fixed effects Included Included Included Included
R2 0.32 0.27 0.16 0.16
Observations 23,350 51,046 27,165 27,165

Panel B: Firm information environment

Dependent variable LnGrantTime LnPatent ExplorePat ExploitPat

(1) (2) (4) (5)

LnDistance 0.104⁎⁎ −0.108⁎⁎⁎ −0.015⁎ 0.004
(0.051) (0.039) (0.009) (0.003)

DisAccruals × LnDistance 0.005⁎ −0.002⁎ −0.001⁎ 0.002
(0.003) (0.001) (0.000) (0.002)

DisAccruals −0.003 0.074 0.005 −0.010
(0.002) (0.251) (0.017) (0.011)

Constant 0.979 −0.209 0.121 0.246
(1.401) (4.687) (0.536) (0.351)

Controls Included Included Included Included
Year and industry fixed effects Included Included Included Included
R2 0.36 0.26 0.17 0.18
Observations 15,532 31,173 16,833 16,833

Panel C: Electronic filing system

Dependent variable LnGrantTime LnPatent ExplorePat ExploitPat

(1) (2) (4) (5)

LnDistance 0.075⁎⁎ −0.096⁎⁎⁎ −0.018⁎⁎⁎ 0.002
(0.037) (0.022) (0.006) (0.002)

Post2000 × LnDistance −0.007⁎⁎ 0.083⁎⁎⁎ 0.003 0.004
(0.003) (0.019) (0.004) (0.002)

Post2000 −1.174⁎⁎⁎ −1.632⁎⁎⁎ 0.146⁎⁎⁎ −0.038
(0.024) (0.135) (0.046) (−0.030)

Constant 0.477 −3.904 0.333 0.059
(0.914) (2.701) (0.420) (0.287)

Controls Included Included Included Included
Year and industry fixed effects Included Included Included Included
R2 0.32 0.27 0.16 0.14
Observations 23,350 51,046 27,165 27,165

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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To test this conjecture, we construct a dummy variable, Post2000, that takes the value of one if firm i's patent application year is
2001 or after and replace the key variable of interest in Eq. (3) with Post2000. Table 7 Panel C reports the results. Again, in all four
columns, the coefficient estimate on LnDistance is consistent with our previous findings. The interaction term LnDistance × Post2000
is negative and significant at 5% in column (1) where the dependent variable is LnGrantTime, and is positive and significant at the
1% level in column (2) where the dependent variable is patent quantity LnPatent. However, we do not find that the coefficient
estimate on LnDistance × Post2000 to be significant in columns (3) and (4) where the dependent variable is ExplorePat and
ExploitPat, respectively. Taken together, these results suggest that while EFS may improve communication between patent



Table 8
Changes in patenting performance surrounding the opening of regional offices.
This table reports diagnostics and results of the DiD tests on how the opening of the USPTO regional office in 2012 affects patenting performance. Panel A reports the
distribution of decrease in distance to the USPTO for firms who locate closer to Detroit than to Virginia. Panel B reports the DiD test results. For each treatment firm, we
match itwith a control firm.We require candidatematch firm to be in the same industry (2-digit SIC), same size (Assets) tercile, return-on-assets (ROA) tercile, with the
closest total number of patents in year 2009. Ordinary standard errors are given in parentheses below the mean differences in innovation outcomes and bootstrapped
standard errors for the two-sample t-tests with unequal variance are given below the DiD t-stats.

Panel A: Distribution of decrease in distance to USPTO

(Number of Obs. = 1542) Mean Median S.D.

Decrease in distance to USPTO (in miles) 292.53 334.00 99.82

Panel B: DiD test results

Mean treatment difference
(2015–2011)
(1)

Mean control difference
(2015–2011)
(2)

Mean DiD estimator
(treat − control)
(3)

Z-statistics for DiD
estimator
(4)

GrantTime −0.132⁎⁎⁎ −0.035 −0.097⁎⁎ −2.310
(0.037) (0.026) (0.042)

Patent 3.302 0.713 2.391⁎ 1.923
(1.206) (0.998) (1.243)

Explore −0.068 −0.102 0.034⁎⁎ 2.267
(0.011) (0.008) (0.015)

Exploit 0.073 0.080 −0.007 −0.538
(0.009) (0.008) (0.013)

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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applicants and USPTO examiners that lead to a more speedy patenting process and higher productivity, it does not completely
displace the advantages associated with geographical proximity.

As we discussed before, a major concern of our main tests is that omitted variables that affect both distance to the USPTO and
a firm's patenting activities drive our results. However, it is difficult to conceive an omitted variable that biases our results equally
in firms that are first-time or repeated patent applicants, that have higher or lower earnings quality, and that file for patents both
before and after year 2000. Our evidence on differential effects of distance tot eh USPTO on patenting performance along these
dimensions further helps alleviate the endogeneity concern to some extent and suggests that a causal effect may be at least
partially in effect.
6.2. Opening of the Detroit office in 2012

Pursuant the 2011 Leahy-Smith America Invents Act, the USPTO opened the first regional office in Detroit in 2012, the second
office in Denver in 2014 and another two offices in 2015 in Silicon Valley and Dallas, respectively. The opening of these regional
offices reduces the geographical distance to the USPTO for many firms, which allows us to conduct additional analyses to further
address the endogeneity concern.

Because patent procurement spans approximately two years and the latest available USPTO patent data that we have are in
2014, we focus on the opening of Detroit office in 2012 as our test event. This design choice ensures that patents obtained in
2014 are mostly filed after the event year. Our analysis involves comparing patenting performance in the post-event year
(i.e., 2014) with pre-event year (i.e., 2010) for a sample of firms that experience a decrease in distance to the USPTO, against a
sample of matched control firms.26 It is worth noting that this test is subject to the truncation concerns, so the results should
be interpreted with caution.

We collect innovation data for this test from the Google USPTO Bulk Downloads (available at http://www.google.com/
googlebooks/uspto.html). Panel A of Table 8 reports the summary statistics. We identify 1542 treatment firms who enjoyed an
increased proximity to the USPTO after the opening of the Detroit office. We require candidate control firms to be in the same
2-digit SIC industry, same size (Assets) tercile, return-on-assets (ROA) tercile, with the closest total number of patents in 2009.
Table 8 Panel B reports the DiD results. Compared to firms that do not enjoy a reduced proximity to the USPTO, treatment
firms experience an average of 35 (=−0.097 ∗ 365) days reduction in the duration of patent procurement. They file approximate-
ly 2.4 more patents per year and incur a 0.03 increase in the intensity of exploratory patents. In contrast, the DiD estimate for
exploitative patent activity is insignificant, suggesting that changes in distance to the USPTO does not affect a firm's exploitative
patent activity.
26 Our findings remain robust when we use year 2009 as pre-event year or 2014 as post-event year.

http://www.google.com/googlebooks/uspto.html
http://www.google.com/googlebooks/uspto.html


Table 9
Examiner interviews and patent performance.
This table reports the impact of accessibility to the USPTO on the likelihood of in-person examiner interview, and the impact of examiner interview on patent perfor-
mance. Panel A reports the probitmodel of the relation between accessibility and the propensity of in-person examiner interview at the patent level. Panel B reports the
impact of in-person examiner interview on patent performance, at the patent level. Interview is a dummy variable that equals one if the patent involved at least one
interview, and zero otherwise.

Panel A: Geographical distance and the likelihood of in-person examiner interviews

Dependent variable In-person examiner interview

(1)

LnDistance 0.002⁎⁎

(0.001)
Firm size 0.001

(0.004)
ROA 0.015⁎⁎

(0.007)
Citations 0.115⁎⁎

(0.059)
Originality 0.093⁎⁎

(0.042)
Constant 2.320⁎⁎⁎

(0.511)
Year fixed effects Included
Pseudo R2 0.33
Observations 1000

Panel B: In-person examiner interviews and patent performance

Dependent variable LnGrantTime ExplorePat ExploitPat

(1) (2) (3)

Interview −0.013⁎⁎ 0.048⁎⁎⁎ 0.013
(0.006) (0.017) (0.014)

LnDistance 0.073⁎ −0.005⁎⁎ 0.004
(0.038) (0.002) (0.003)

Constant −1.243⁎⁎⁎ 0.331⁎⁎⁎ 0.594⁎⁎

(0.268) (0.031) (0.288)
Controls Included Included Included
Year and industry fixed effects Included Included Included
R2 0.29 0.26 0.16
Observations 1000 1000 1000

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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6.3. Advantages of being close to the USPTO

The main finding of this paper is that geographical proximity to the USPTO facilitates the materialization of innovation output.
In this section we explore three underlying mechanisms. One plausible underlying mechanism is in-person examiner interviews
that facilitate the gathering and transferring of (soft) information between patent applicants and patent examiners. The USPTO's
PAIR system provides transaction-level data, including information on whether an interview was conducted, the date and the
format of the interview, for each patent application filed after year 2001.27 Given the large sample of data in our study, we
randomly select 1000 patents between 2002 and 2005 (which is the ending year of our sample period). 8.2% of patents had at
least one in-person examiner interview. In Table 9, Panel A, we show that firms residing closer to the USPTO are more likely
to engage in in-person examiner interviews. In Table 9 Panel B, we test whether in-person examiner interviews are associated
with superior patenting performance at the patent level. We use the same model as in baseline analysis with an added variable
Interview, which is a dummy variable that equals one if the patent involves at least one in-person interview. Results suggest that
examiner interviews indeed facilitate patenting performance and thus serve as plausible economic mechanism through which
accessibility to the USPTO affects patent performance.

Another potential advantage associated with geographical proximity to the USPTO is access to superior innovation re-
sources that include more innovation-intensive universities and skilled innovation labor and talent. Innovation-intensive
universities play a critical role in corporate innovation by providing them highly skilled labor. In fact, the Organization for
Economic Co-operation and Development (OECD)’s report highlights universities as an important source of highly skilled
27 http://portal.uspto.gov/pair/PublicPair. Once a patent application number is entered, the transaction history can be retrieved from the tab “Patent Term
Adjustments”.

http://portal.uspto.gov/pair/PublicPair


Table 10
Local skill channel.
This table reports the results of the local skill channel. Panel A reports the geographic distribution of top 20-innovation-intensive universities. Panel B reports the re-
gional comparison of labor force. Panel C reports the results between local labor force skills and innovation performance. The dependent variables are the average in-
novation performance among firms in a given state. Robust standard errors clustered by firm are displayed in parentheses.

Panel A: Geographic distribution of top 20 innovation-intensive universities

Number of innovative universities

East Coast regions 9
West Coast regions 4
Others 7
Total 20

Panel B: Labor force skill

East Coast regions
(1)

West Coast regions
(2)

Others
(3)

Difference
(1) − (2)

Difference
(1) − (3)

Occupation – professional (%) 37.14 33.08 32.12 4.06⁎ 5.02⁎⁎⁎

Industry - information, scientific and management (%) 13.27 11.39 10.40 1.88 2.87⁎⁎⁎

Education – bachelor and above (%) 30.59 25.86 24.72 4.73⁎⁎ 5.87⁎⁎⁎

Class of worker - private wage and salary workers (%) 77.58 72.93 77.13 4.65⁎ 0.45

Panel C: Labor force skill and innovation performance

Dependent variable= Average_LnGrantTime Average_LnPatent Average_Explore Average_Exploit

(1) (2) (3) (4)

Occupation −0.724 8.391⁎⁎⁎ 2.093⁎⁎⁎ −0.789⁎⁎

(0.450) (1.977) (0.493) (0.382)
Industry 0.698 4.875⁎⁎⁎ 2.366⁎⁎⁎ −1.566⁎⁎⁎

(0.481) (1.672) (0.417) (0.323)
Education −0.286 0.296⁎ −0.004 0.000

(1.950) (0.156) (0.004) (0.003)
Class of worker 0.004 4.065⁎⁎⁎ 0.814 0.375

(0.004) (0.856) (0.214) (0.165)
Constant 1.371⁎⁎⁎ −3.934⁎⁎⁎ −0.242 0.162

(0.187) (0.822) (0.205) (0.159)
R2 0.15 0.45 0.50 0.36
Observations 50 50 50 50

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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labor and talent, which is one of the most powerful mechanisms for knowledge transfer to industry.28 To test the local skill
channel, we obtain data from the U.S. Census Bureau on industry, occupation, and class of workers for Americans in the
labor force in different geographical areas. We report three pieces of evidence in Table 10: (1) As reported in Panel A, the
east coast has more innovation-intensive universities than the West Coast and other states, respectively; (2) as reported in
Panel B, east coast states on average have higher labor skills compared to other states.29 In particular, these states have a
higher percentage of professional workers, a higher percentage of workforce in information and scientific related areas, a
higher percentage of workforce with higher education, as well as a higher percentage of private wage and salary workers.
(3) As reported in Panel C, we examine the relation between local labor skills and local firms' innovation performance. We
find that labor skills positively affect patent output and exploration intensity. Overall, the results in Table 10 are consistent
with the local skill channel.

Another potential advantage associated with geographical proximity to the USPTO is access to more patent attorneys. We re-
trieve the location information of all patent attorneys in the U.S. from the USPTO's website (https://oedci.uspto.gov/OEDCI/). We
find that the number of patent attorneys in East Coast states is approximately 10,002, which is much larger than that in the West
Coast states (i.e., 5892). Hence, having access to more patent attorneys could be one advantage of being proximate to the
USPTO.30
28 https://www.oecd.org/innovation/research/37592074.pdf.
29 Labor data offered by the U.S. Census Bureau are based on American community survey. The survey, however, is not conducted annually and aggregate data are
available for 2000 and 2005 only. Hence, we take the average value of these two years.
30 Note that that it is very possible that better personal connections with USPTO employees (due to the firms' proximity to the USPTO) could be an important advan-
tage of being close to the USPTO and could explain our main findings. Due to data limitations, however, we cannot directly test this conjecture.

https://oedci.uspto.gov/OEDCI
https://www.oecd.org/innovation/research/37592074.pdf
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6.4. What explains the innovativeness of West Coast firms?

During our sample period, we observe an unprecedented innovation among firms in the West Coast despite their remoteness
from the USPTO. A natural question is how to explain the innovativeness of these West Coast firms? In this section we explore
two plausible actions that West Coast firms could undertake, which help explain these firms' high patent productivity despite
being far from the USPTO.

First, West Coast firms could outsource innovation via corporate venture capital (CVC). Many innovation-intensive firms now-
adays engage in CVCs to invest strategically in startups whose main businesses align closely with their own business directives.
One of main goals of these firms' CVC investment is to acquire innovation talent and products/services. Ma (2016) shows that
firms start CVC funds when their internal innovation deteriorates. Chemmanur et al. (2014) find that CVCs help their portfolio
firms achieve a higher degree of innovation productivity. Dushnitsky and Lenox (2005, 2006) show that firms with CVC subsid-
iaries enjoy a significant increase in their own innovation productivity. Taken together, it appears that firms use CVCs to acquire
innovation knowledge from startups. Hence, we posit that CVCs could explain the innovativeness of the West Coast companies
despite being so far from USPTO. To explore this conjecture, we have followed Chemmanur et al. (2014) and identified 411
CVCs whose parent firms are in our sample and rank the total number of CVCs by state. For brevity, we report only the top 10
states in Panel A of Table 11. As one can observe, California ranks the very top with 126 CVCs, that is, approximately a quarter
of CVCs affiliated with publicly traded parent firms in our sample reside in California. This observation suggests that firms in Cal-
ifornia enhance their innovation output, despite being far from the USPTO, through outsourcing innovation to startups via their
CVC investment.

Second, an important way for firms to enhance their own innovation productivity is through the acquisition of innovation-
intensive firms (Bena and Li, 2014; Sevilir and Tian, 2014). We conjecture that West Coast firms may engage in more acquisitions
with target firms being more innovative (i.e., owning more patents). To test this conjecture, we have undertaken the following
Table 11
Innovativeness of West Coast firms.
This table reports the results of two analyses on the innovativeness ofWest Cost firms. Panel A reports the list of top ten states in terms of number of corporate venture
capital. Panel B reports the results of a probit model of the likelihood of acquiring innovation-intensive targets. InnovativeTarget is a dummy variable that equals one if
the target firm's average patent output in three years prior to the acquisition is above zero, and zero otherwise.WestCoast is a dummyvariable that equals one if thefirm
is in aWest Coast state (i.e., California, Washington, Oregon, and Alaska), and zero otherwise. Year and industry fixed effects are included in all regressions but the co-
efficients are not reported. Robust standard errors clustered by firm are displayed in parentheses.

Panel A: Top 10 states with most CVCs

State Number of CVCs

CA 126
MA 24
NY 22
TX 22
IL 12
NJ 10
GA 9
WA 8
VA 7
MD 6

Panel B: Acquisitions of innovation-intensive firms

Prob(InnovativeTarget)

(1) (2)

WestCoast 0.146⁎⁎ 0.174⁎⁎⁎

(0.067) (0.058)
Size 0.133

(0.125)
Lev −0.415⁎⁎⁎

(0.147)
ROA 1.095⁎⁎⁎

(0.279)
Age 0.149⁎⁎⁎

(0.025)
Constant −2.752⁎⁎⁎ −3.320⁎⁎⁎

(0.304) (0.322)
Industry and year fixed effects Included⁎ Included
R2 0.10 0.13
Observations 43,235 43,235

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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analysis using the probit model:
31 Pate
Prob InnovativeTargetð Þi; j ¼ α þ βWestCoasti; j þ λ
0
Controli;t þ Yeart þ Industryj þ εi;t ð4Þ
where i indexes firm, j indexes industry, and t indexes time. The dependent variable InnovativeTarget is a dummy variable that
equals one if the target firm's average patent output in three years prior to the acquisition is positive, and zero otherwise.
WestCoast is a dummy variable that equals one if the firm is in a West Coast state (i.e., California, Washington, Oregon, and Alas-
ka), and zero otherwise. Control is a vector of firm characteristics including firm size, leverage, age, and ROA. We report the re-
gression result in Panel B of Table 11. The coefficient estimate on WestCoast is positive and significant at the 5%or 1% level,
supporting the conjecture that West Coast firms are more inclined to acquire firms that are innovation-intensive to help enhance
their own innovation performance, despite being far from the USPTO.

Overall, it appears that West Coast firms compensate for their distance to the USPTO by outsourcing innovation to startups
through their CVC investment and by acquiring innovative target firms. It is important to note, however, that it is very possible
that the West Coast firms take other actions, such as using more corporate jets, hiring more patent attorneys, adopting video con-
ferencing tools earlier, to compensate their long distance to the USPTO. Due to data limitations, we cannot directly test these
conjectures.

6.5. How does the market value a firm's proximity to the USPTO?

Our paper so far has shown that a firm's proximity to the USPTO helps enhance its patenting efficiency and performance. In
this section, we answer a “bottom-line” question on how the market values a firm's proximity to the USPTO. We undertake
two tests. First, we examine market reactions around the announcement of the USPTO's opening of new offices. Because our pat-
ent data are up to 2014, we examine the opening of Denver and Detroit offices. Specifically, we identify the announcement of the
actual opening of these regional offices from the USPTO's website. To gauge the role of firm-specific importance of patenting, we
partition the sample into two groups based on whether a firm files for patents in the year prior to the announcement. We conduct
the tests separately for high-patenting group (firms that filed for at least one patent in the year prior to the announcement) and
low-patenting group (firms that did not file for any patent in the year prior to the announcement). We conjecture that enhanced
accessibility to the USPTO due to the opening of USPTO regional offices should be perceived more positively by capital market
participants firms with more patenting activities. In contrast, the opening of regional offices is expected to matter less for firms
with little patenting activities. Specifically, we estimate the following model:
CARi;t ¼ aþ b1 � ShorterDistancei;t þ Controli;t þ ei;t ð6Þ
where CAR is the 3-day cumulative abnormal return, ShorterDistance is a dummy variable that equals one if the opening of the
regional office reduces a firm's geographical distance to the USPTO and zero otherwise. Control is a vector of firm characteristics
including firm size, leverage, age, and ROA. We report the results in Table 12. Consistent with our conjecture, the coefficient es-
timate on ShorterDistance is positive and significantly only in the high-patenting group in column (2), suggesting that investors
perceive enhanced accessibility to the USPTO to be beneficial, but only for patenting-intensive firms.

Second, we examine the value relevance of patents and the moderating role of distance to the USPTO. The value relevance lit-
erature in accounting suggests that financial statements omit salient firm information and document important contribution of
intangible assets to firm valuation (Cohen et al., 2012). Following this line of research, we postulate that the number of high qual-
ity patents held by a firm increasingly defines its overall value. The stronger a firm's patent portfolio, the more it is worth on the
stock market. If geographical proximity is conducive to reducing information asymmetry associated with the firm's patenting pro-
cess, we expect patents granted to firms located close to the USPTO to be of higher quality that leads to greater future economic
benefits. Those patents should therefore be more value relevant, i.e., they should have a greater impact on equity prices. To test
our conjecture, we follow the value relevance literature and use the Ohlson (1995) model based on the clean surplus rela-
tion:
MVi;t ¼ α þ β1BVi;t þ β2NIi;t þ β3PatentPerSharei;t þ β4LnDistancei þ β5PatentPerSharei;t � LnDistancei þ Yeart þ Industryi
þ εi;t ð7Þ
where i indexes firm, j indexes industry, and t indexes time. MV is share price at fiscal year end. BV is book value of equity per
share. NI is earnings per share. PatentPerShare is the number of patents deflated by the number of shares outstanding.31 We report
the results in Table 13.

We start with a baseline analysis as a benchmark by excluding the interaction term and focusing on the direct effect of patents
on equity value in column (1). Consistent with prior studies on value relevance, the coefficient estimates on BV and NI are positive
and significant at the 1% level, suggesting that investors price those two financial statement items in equity prices. More impor-
tantly, the coefficient estimate on patents is also significantly positive, suggesting that patents are indeed value relevant. That is,
ceteris paribus, firms with more patents will be granted a higher market value by investors. We then turn our attention to the
ntShare can be viewed as “other information” in Ohlson's (1995) valuation framework.



Table 12
Market reactions to the opening of USPTO regional offices.
This table reports market reactions to the opening of USPTO regional offices. CAR is three-cumulative abnormal return surrounding the announcement of the actual
opening of each regional office. ShorterDistance is a dummy variable that equals one if the opening of the regional office reduces firm's distance to the USPTO and zero
otherwise.High-PatentingGroup includesfirms thatfiled at least one patent in the year prior to the announcement. Low-PatentingGroup includesfirms that did notfile
any patent in the year prior to the announcement. Robust standard errors clustered by firm are displayed in parentheses.

CAR [−1, 1]
All firms

CAR [−1, 1]
High-patenting group

CAR [−1, 1]
Low-patenting group

(1) (2) (3)

ShorterDistance 0.005 0.007⁎ 0.005
(0.003) (0.004) (0.004)

Assets 0.001 0.001 0.001
(0.001) (0.002) (0.001)

ROA 0.016 −0.032⁎ 0.040⁎

(0.020) (0.017) (0.025)
Leverage 0.002 0.009 −0.001

(0.011) (0.018) (0.012)
Age −0.001 −0.009 0.005

(0.010) (0.015) (0.015)
Constant 0.001 0.034 −0.033

(0.040) (0.059)⁎⁎ (0.060)⁎⁎⁎

Industry fixed effects Included Included Included
R2 0.22 0.31 0.20
Observations 2651 623 2028

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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interaction effect by adding LnDistance and PatentPerShare × LnDistance into the model. In column (2), the coefficient estimate on
the interaction term, PatentPerShare × LnDistance, is negative and significant at the 5% level, suggesting that, ceteris paribus, inves-
tors perceive patents held by firms located closer to the USPTO to have higher future economic value, and therefore assign them a
larger valuation weight.

7. Conclusion

In this paper, we examine the effect of a firm's accessibility to the USPTO on its patenting performance. Our baseline results
suggest that an easy access to the USPTO is negatively related to time-to-patent-procurement and is positively related to the num-
ber of patents owned. We also show that accessibility is important for exploratory, but not for exploitative, innovation activity.
Accessibility is important for a firm's exploratory, but not for exploitative, innovation activity. The relation is more pronounced
Table 13
Patents, firm value, and distance to the USPTO.
This table reports regression results of the value relevance of patents.MV is share price at fiscal year end. BV is book value of equity per share. NI is earnings per share.
PatentPerShare is the number of patents deflated by the number of shares outstanding. Year fixed effects and industryfixed effects are included in all regressions but the
coefficients are not reported. Robust standard errors clustered by firm are displayed in parentheses.

Dependent variable MV

(1) (2)

BV 0.556⁎⁎⁎ 0.553⁎⁎⁎

(0.030) (0.031)
NI 1.400⁎⁎⁎ 1.396⁎⁎⁎

(0.210) (0.209)
PatentPerShare 6.439⁎⁎⁎ 10.835⁎⁎⁎

(0.467) (2.391)
PatentPerShare × LnDistance −0.706⁎⁎

(0.351)
LnDistance −0.210

(0.151)
Constant 10.515⁎⁎⁎ 12.118⁎⁎⁎

(1.670) (2.026)
Year and industry fixed effects Included Included⁎

R2 0.44 0.45
Observations 73,878 73,878

⁎⁎⁎ Significance at the 1% level.
⁎⁎ Significance at the 5% level.
⁎ Significance at the 10% level.
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for first-time patent applicants, firms with a larger degree of information asymmetry, and before the launch of an electronic filing
system. Finally, we show that market reacts positively to the opening of USPTO regional offices for innovation-intensive firms that
enjoy a shorter distance to the USPTO, and that the contribution of a firm's patent portfolio to its equity value is larger when the
firm is located closer to the USPTO. Our study demonstrates one strategy that firms can use to facilitate the materialization of their
innovation outcomes, and highlights the importance of accessibility in fostering an effective innovation ecosystem.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jcorpfin.2017.12.002.
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