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Abstract
Broadband access may have important implications for establishment births in rural
areas, which feature thinner markets. Broadband may be especially important for
rural nonemployer businesses, particularly those without a storefront, for access to
nontraditional market channels. As women are more likely to run these types of
small businesses, we further expect that broadband may have important implications
for women-led businesses. With an effective instrumental variable approach, we find
evidence that broadband access is a key factor leading to a higher establishment birth
rate across business size and gender in rural areas. This paper identifies the largest
effects on nonemployer, women-led and remote rural establishments.

Keywords
Broadband, entrepreneurship, start-ups, rural, gender

1 Department of Agricultural and Applied Economics/Extension, University of Wisconsin–Madison, WI,

USA
2 College of Agriculture, Food, and Natural Resources, University of Missouri, Columbia, MO, USA

Corresponding Author:

Tessa Conroy, Department of Agricultural and Applied Economics/Extension, University of Wisconsin-

Madison, 521 Taylor Hall, 427 Lorch Street, Madison, WI 53711, USA.

Email: tessa.conroy@wisc.edu

International Regional Science Review
1-33

ª The Author(s) 2021
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/01600176211018749

journals.sagepub.com/home/irx

https://orcid.org/0000-0002-0120-297X
https://orcid.org/0000-0002-0120-297X
mailto:tessa.conroy@wisc.edu
https://sagepub.com/journals-permissions
https://doi.org/10.1177/01600176211018749
http://journals.sagepub.com/home/irx


Introduction

Rural economies have recently trailed their urban counterparts across several eco-

nomic and demographic measures—a trend especially evident since the Great

Recession. According to the USDA, in 2019, employment in nonmetro counties had

not returned to pre-Great Recession levels. Metro areas, however, had fully recov-

ered years earlier (Pender 2019). From 2017 to 2019, income across nonmetro

counties was 35 percent lower than income in metro counties. In the most remote

rural areas, income actually declined. Further, from 2010 to 2018, most places in the

U.S. experienced economic and population expansion, but counties with urban

populations below 20,000 faced population declines. Given this context, rural Amer-

ica has a great need for implementing economic development strategies.

To sustain and grow rural well-being and prosperity, one of the more tractable

strategies involves promoting entrepreneurship, which has been linked to job cre-

ation (Haltiwanger, Jarmin, and Miranda 2013), income growth and poverty allevia-

tion (Rupasingha and Goetz 2011). Although analysis of entrepreneurship’s job

creation benefits in rural settings is sparse, evidence does suggest that even rural

areas that seem to suffer from structural disadvantages—an example is Appala-

chia—still benefit from entrepreneurship (Stephens, Partridge, and Faggian 2013).

Aside from potentially contributing to their local economies, small businesses main-

tain and build rural quality-of-life (e.g., cafes, recreation opportunities) and make

main streets, schools and institutions vibrant. And, in an economic environment that

lacks wage-and-salary job growth, entrepreneurship opens opportunities for rural

residents to earn income.

Despite entrepreneurship’s potential benefits for rural communities, the lack of

broadband access (i.e., affordable, reliable, high-speed internet access) impedes

rural businesses and entrepreneurs from getting their footing. Broadband connects

businesses to suppliers and consumers; this is true even more so in the COVID-19

era. The link between rural prosperity and broadband is strong enough that USDA

promulgated expanding rural broadband to meet its rural prosperity enhancement

goals (Agricultural and Rural Prosperity Task Force [ARPTF] 2018). In 2020,

USDA invested $1.3B in rural broadband to connect households, farms and more

than 10,000 rural businesses.

Existing literature stresses the importance of broadband internet access for entre-

preneurship, measured with start-up activity, in urban settings. However, fewer

studies examine the impacts in rural areas. Rural studies generally find broadband

availability positively impacts business activity (Kim and Orazem 2017; Kandilov

et al. 2017), but they are limited to particular states (e.g., Iowa and North Carolina as

in Kim and Orazem (2017)) and sectors (e.g., farming as in Kandilov et al. (2017) or

knowledge-intensive firms as in Mack (2014b)). Thus, they have limited general-

izability. Some broader studies such as Whitacre, Gallardo, and Strover (2014a) and

Stenberg et al. (2009) found broadband’s positive effects on the number of rural

businesses as well as mixed results for the number of proprietors, but they use static
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measures of business activity rather than the flow of newly created firms (start-ups).

None of these papers consider the effects across heterogeneous entrepreneurs, par-

ticularly among very small nonemployer businesses or businesses owned by women,

for all of rural America.

We explore the relationship between broadband and entrepreneurship—defined

as the establishment birth rate—by business size and gender, in rural and remote

rural American counties. Our results indicate that broadband access enhanced the

establishment birth rate, even and especially for small, remote, and women-led

businesses ceteris paribus. In addition to finding broadband’s positive effects on

rural small businesses, our paper makes several contributions. First, we advance

causal identification with a combination of three instruments for broadband avail-

ability applied in our strictly rural sample. Second, our paper uses proprietary

establishment-level data to understand the impact of broadband availability on rural

and remote rural establishment births of different sizes, including otherwise

difficult-to-track businesses without employees (Bird and Sapp 2004; Conroy, Del-

ler, and Kures 2019). Last, we offer a comprehensive view of women-led rural

establishment births, a relatively under-researched population given limited data

availability and suppression issues. Practically, our results in the hands of rural

decision-makers should incent broadband access and support for rural ecosystems

that equitably foster entrepreneurship for diverse business leaders.

The paper proceeds by examining the literature linking broadband policy and

impacts to entrepreneurship and business activity in rural contexts. We adopt a

theoretical framework of firm-level profits and augment the model to consider how

broadband internet affects entry. We then discuss the empirical model and our

approaches to addressing endogeneity. We present our results and discuss their

policy implications. We conclude by looking forward to subsequent work, which

could build on these findings by focusing on broadband adoption by rural entrepre-

neurs or net establishment growth.

Literature

Rural Broadband in the U.S.—Policy and Impacts

Expanding internet access in rural areas has emerged as an important policy priority

in the U.S. (Agricultural and Rural Prosperity Task Force 2018). COVID-19 only

highlighted this need; for example, 33 percent of U.S. households shopped for

groceries online in May 2020, and this figure was only 13 percent a year earlier

(Thilmany et al. 2021). In 2020, USDA invested $1.3B in rural broadband (USDA

2020). Earlier, an unprecedented amount of money ($7.2B) was provided for broad-

band grant programs as part of the American Recovery and Reinvestment Act of

2009 (ARRA)—with a large share of the total going to rural areas. The ARRA

projects were completed in 2014 (Barnes and Coatney 2015). Despite the challenges

with administering these programs due to their scale, scope and short timeframe
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(Congressional Research Service 2011), the ARRA contributed to narrowing the

“digital divide” between urban and rural America.

Rural broadband availability and adoption rates have been somewhat difficult to

ascertain. For example, BroadbandNow (2020) estimated that 13 percent of Amer-

icans are unserved—double the Federal Communications Commission’s estimate. In

the early 2000s, data on broadband availability (number of providers in a ZIP code)

became available from the Federal Communications Commission, but the data were

far from ideal for research (Mack 2019). Using 2008 Current Population Survey

data, an estimated 55 percent of U.S. adults had broadband access at home, but the

rural share was much lower—only 41 percent of rural households had the same

access (Stenberg et al. 2009). Between 2009 and 2013, a series of surveys by Pew

found the rural household broadband adoption rate increased from 46 percent to 62

percent, which was larger than the corresponding increase of 67 percent to 70

percent in urban households during the same time (Barnes and Coatney 2015).

Broadband internet expansion into rural areas has been linked to rural income, job

and productivity growth (Whitacre, Gallardo, and Strover 2014a; Whitacre and Gal-

lardo 2020), particularly in metropolitan-adjacent rural areas. According to a 2018

literature review by Gallardo, Whitacre and Grant, broadband studies giving specific

attention to rural areas have noted rural broadband access and adoption have contrib-

uted to greater economic growth (Stenberg et al. 2009), higher household incomes

(Whitacre, Gallardo, and Strover 2014a), benefits to small businesses such as reduced

remoteness (Galloway, Sanders, and Deakins 2011) and growth in annual payroll and

number of certain business establishments (Kandilov and Renkow 2010). Many stud-

ies focusing outside of rural areas have found empirical evidence linking high-speed

broadband availability to local economic growth, (e.g., Kolko 2012).

Causality has been an issue in studies examining the economic effects of broad-

band internet. Whitacre, Gallardo, and Strover (2014b) critique prior research due to

potential endogeneity problems and argue that it is very difficult to imply causality

due to omitted variables, problematic data and the fact that few studies focus only on

rural areas. Whitacre et al. moved toward a causal relationship with propensity score

matching and found high levels of rural broadband adoption (not availability) were

positively associated with income growth and negatively associated with unemploy-

ment growth; they also found low levels of rural broadband adoption were associated

with declining employment and number of establishments.

Broadband Impacts on Businesses and Entrepreneurship

Broadband’s impact on business dynamics has generated interest within regional

studies. Choosing to be an entrepreneur is likely based on individual characteristics,

time allocation (e.g., farm versus off-farm opportunities) and geographic location

(i.e., proximity to off-farm wage-and-salary jobs versus starting a business). The

evidence suggests that, in addition to these well-documented factors, access to

broadband at home also matters.
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Looking at the impact of broadband internet on businesses (i.e., not only entre-

preneurship), we find evidence of regional variation. One firm location study

focused on a subset of metro areas (Mack, Anselin, and Grubesic 2011) found

broadband had a generally positive effect, but the relationship varied by place.

Stenberg et al. (2009) found that in 2007 in-home internet access was much more

common in households with home businesses (81 percent) than among all house-

holds in the aggregate (62 percent), but the relationship also varied between urban

and rural households. Of urban households with home-based businesses, 83 percent

had internet versus 64 percent in aggregate, whereas 70 percent of rural households

with home businesses had broadband versus 52 percent in aggregate. These data

suggest the importance of broadband internet to business and—similar to Mack,

Anselin, and Grubesic (2011)—indicate potential regional variation. Interestingly,

Mack (2014a) found that broadband speed is more important for rural and agricul-

tural firms compared to urban firms.

Broadband internet has possible negative effects due to the competition e-

commerce can create. More research is needed to understand these impacts, partic-

ularly in rural areas. Shideler and Aadasyan (2012) found broadband negatively

impacted small businesses in the finance and insurance sector in a Kentucky study.

Chen and Zhang (2015) found empirical evidence that e-commerce can aid business

survival when technology investment is used to create a competitive advantage; they

also noted internet availability rather than intensity has a positive effect on e-

commerce. By analyzing internet purchases in nonmetropolitan Illinois, Athiyaman

(2008) found that e-commerce may not hurt rural brick-and-mortar stores if they can

innovatively market their products. Adding a web page is insufficient. Rural stores

instead need to focus on goods that consumers prefer to buy in-person. The clearest

evidence of a negative competition effect that we identified was Goldmanis et al.

(2009). The study found high-cost firms in some industries exited due to e-

commerce pressure. However, the study also identified a net positive effect on the

number of establishments, suggesting the exits were replaced with establishment

births. Papers in this space point to more research being necessary to understand e-

commerce’s positive and negative impacts. Tokar, Jansen, and Williams (2021)

examined the unseen effects of e-commerce—examples include more packaging

and delivery trucks and fewer plastic sacks—and found many unseen impacts that

must be considered and assessed.

We identified one paper examining the impact of broadband infrastructure on

establishment births, which is our preferred proxy for entrepreneurship. Audretsch,

Heger, and Veith (2015) found start-up rates were enhanced by broadband infra-

structure more than highways and railroads.

The impact of broadband on entrepreneurship, defined more broadly than estab-

lishment births, in rural areas warrants its own study. Several researchers focusing

on rural areas have found positive relationships between rural self-employment and

broadband availability. They include Low, Henderson, and Weiler (2005), Cum-

ming and Johan (2010) and Stenberg et al. (2009). While the internet can help small
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rural businesses reduce marketing barriers arising from remoteness (O’Hara and

Low 2020), rural businesses’ internet use may also be critical for retaining local

customers (Galloway, Sanders, and Deakins 2011).

Recent studies suggest the positive impact of rural broadband is disproportio-

nately higher in rural areas adjacent to metropolitan areas than in rural areas non-

adjacent to metros. For example, broadband expansion has improved farm sales and

profitability in counties that are adjacent to metropolitan areas (Kandilov et al.

2017). Using a difference-in-difference estimator, Kim and Orazem (2017) found

that broadband availability had a positive impact on the location decision of new

rural firms. They observed the largest effect in rural places adjacent to metropolitan

areas—suggesting broadband availability to rural nonfarm businesses has primarily

benefited those near urban areas.

Similar to studies of the relationship between broadband and economic out-

comes, the existing studies of broadband and business-related outcomes have not

thoroughly addressed causality. Tranos and Mack (2016) tested for Granger

causality between broadband and growth of knowledge-intensive businesses and

found the direction of causality to vary across U.S. counties, perhaps indicating

important regional considerations. We address our approach to causality in a

subsequent section.

Rural Broadband and Women-Led Businesses

Women entrepreneurs may be especially sensitive to broadband availability due to

the nature and characteristics of their businesses. Women run businesses that tend to

record less sales revenue and employ fewer people (Conroy and Weiler 2015).

Women are also more likely than men to view their businesses as a secondary, rather

than primary, source of income (Fairlie and Robb 2009). The evidence also suggests

that women entrepreneurs are partly motivated by their family life, particularly the

onset of young children (Conroy 2018). Self-employed women are more likely to be

engaged in childcare than are wage-and-salary women and more likely than men in

either category (Gurley-Calvez, Biehl, and Harper 2015).

Taken together, these findings suggest that women may be more likely to work

from home. Indeed, international data suggest that self-employed women are more

likely than self-employed men to work from home (OECD 2019). Specific to the

U.S., Carter, Auken, and Harms (1992) found that rural home-based businesses were

predominantly sole proprietorships owned by women. When running a business

from home, otherwise isolated entrepreneurs may rely on broadband for connecting

with suppliers and consumers and accessing resources. Fairlie (2006) found that

people who have access to a home computer were substantially more likely to

become entrepreneurs, and they found this relationship was much stronger for

women than men. Given these findings, rural women entrepreneurs, who are already

geographically removed from large markets, may be especially sensitive to broad-

band access.
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Understanding broadband in relationship to women entrepreneurs is important for

rural development because women-owned businesses—despite their small average

size—have proven to be a powerful and growing source of job creation. From 1997

to 2007, women-owned businesses added over 500,000 jobs to the economy at a time

when male- and coed-owned businesses lost jobs on net (U.S. Department of Com-

merce 2010). Further, women-owned businesses have been shown to be an important

source of economic resilience and stability. Matsa and Miller (2014) showed that

women business owners were less likely to lay off workers during an economic

downturn. Deller, Conroy, and Watson (2017) showed that these business owner

behaviors appear to culminate in regional stability, as counties with more women-

owned businesses were more stable during the Great Recession.

Theoretical Framework and Hypotheses

This research is informed by a theoretical framework of firm-level profits developed

by Deller, Conroy, and Markeson (2018) and augmented to consider how firms are

affected by broadband. Assume there are an infinite number of regions, including

region g, and individual i is the owner of a firm that enters the market when the profit

function

pig ¼ P � Qi � TCig � 0 ð1Þ

is satisfied such that profits are positive or non-negative. P is the price of the good

being sold at a quantity Qi. We could also consider the case of an outside option such

as wage-and-salary employment as in the occupational choice frameworks presented

in the seminal works of Lucas (1978) or Khilstrom and Laffont (1979). In an

occupational choice framework, an owner of a firm would enter only if the profits

are greater than the outside wage-and-salary option. During an economic downturn,

this could imply that the threshold for entering the market is lower as employment is

relatively limited. A thorough investigation of these cyclical considerations warrants

its own study, however, and we focus on the straightforward case of entry upon

positive or non-negative profits.

The quantity sold can be represented by

Qi ¼ Qðki; bgÞ ð2Þ

The quantity sold is a function of business skill ki of the owner i, and the broad-

band availability bg of the region g. An individual with access to high-speed internet

(broadband) may sell a larger quantity of goods, and even some services, through

online platforms and earn higher sales. As broadband may grant entrepreneurs

access to new markets and thus expand their customer base, it is assumed that the

value Qi is increasing in broadband availability and owner skill.

Let total costs take the form

TCig ¼ X�aðFCðkiÞ þ wig � Li þ rig � KiÞ ð3Þ
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to include both fixed costs and variable costs. Assume that fixed costs FCi are a

function of the owner’s skill ki. In addition, a firm faces variable costs VCig that are

represented by the sum of wages paid wig for labor Li and the rental rate rig for capital

Ki. X>1 is an arbitrary scalar affecting a firm’s costs, and a is a function of access to

broadband (bg) as well as the local entrepreneurial ecosystem (eg), broadly defined.1

That is

a ¼ eg � bg ð4Þ

In this form, both variable costs and fixed costs are affected by (bg) and (eg)—

formally, eg 2 (0,1). For purposes of this model, eg is restricted to this range for ease

of computation. Additionally, the regional entrepreneurial ecosystem is defined such

that as eg ! 1 the entrepreneurial ecosystem in region g is more supportive of

entrepreneurship and innovative risk-taking. On the other hand, as eg ! 0 the entre-

preneurial ecosystem in region g is weak and discourages entrepreneurship and risk-

taking.

As access to broadband in a region increases, paired with a supportive regional

entrepreneurial ecosystem, so does the propensity for new ventures. Specifically, in

a community with a conducive entrepreneurial context, broadband can lead to lower

costs through access to a larger and more competitive network of suppliers as well as

knowledge and application of alternative more efficient business models. That is,

when eg >0, as regional access to broadband expands, costs decrease. On the other

hand, in communities with a weak entrepreneurial context, higher levels of broad-

band will have a relatively small effect on fixed costs and the propensity start a

business.

In its entirety:

pig ¼ P � Qðki; bgÞ � X�ðeg�bgÞðFCðkiÞ þ wig � Li þ rig � KiÞ: ð5Þ

Assuming that individual skill ki and the regional entrepreneurial context eg are

both fixed, then changes in a firm’s profits are dependent upon changes in access to

broadband. The change in profits associated with changes in broadband in region g is

given by:

Dpig ¼ P � qQ

qbg

� Dbg

� �
þ ½ðeg � DbgÞX�ðeg�bgÞlnX �ðFCig þ VCigÞ: ð6Þ

The effects of broadband access on firm i’s change in profits is expected to be

positive via lower costs and a higher quantity sold leading to our primary hypothesis

that access to broadband will correspond to higher establishment birth rates. The

model also has implications for start-up activity by size and gender. A critical phase

of growth for many firms is the transition to having employees. Some firms start at

the outset with employees, but many operate for some time with only the owner or

partners working in the business before hiring their first wage-and-salary employees.

For these smaller businesses that have no employees and incur lower costs, the
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marginal change in profit from access to broadband may be enough to incent entry.

Mack and Grubesic (2009), as evidence of this relationship, found that small firms

have stronger correlation to broadband access than do larger firms. Therefore, we

expect relatively large effects of broadband internet for small/nonemployer estab-

lishments. Last, we hypothesize that the birth rate of women-led establishments

follows the same pattern of the birth rate of all establishments—in that small/none-

mployers will be relatively more sensitive to increases in broadband relative to large

employer businesses. Women-owned businesses are far more likely to be none-

mployers and are generally smaller in terms of sales, and those that do have employ-

ees are still smaller than the average business (Conroy and Weiler 2015).

Empirical Model and Data

Focusing on regional economic development, we use the theoretical framework

suggesting that broadband access enhances entrepreneurial activity to motivate our

empirical model. In our empirical model, the establishment birth rate BRg is a

function of access to broadband BBg and several regional variables expected to

determine the local establishment birth rate, including measures of access to finan-

cial capital, human capital, local economic conditions, demographics, and amenities.

We estimate the following model for nonmetro counties, as defined by the 2000

decennial census.

BRg ¼ b0 þ b1BBg þ b2Lendingg þ b3HomeValueg þ b4Educg þ b5PredEmpg

þ b6EmpGrog þ b7EmpPopþ b8PCIg þ b9IncGrog þ b10Marriedg

þ b11Childreng þ b12Foreigng þ b13Amenitesg þ b14Distg þ b15Densityg þ eg

The dependent variables measuring entrepreneurial activity across gender and

size of business are generated from the National Establishment Time Series (NETS)

and normalized by county population. New businesses are identified in the year they

enter the data set. We calculate a three-year average of births from 2005 to 2007 to

capture the end of the expansionary period. Using an average helps smooth some of

the annual variability in the birth rate (Low and Isserman 2015).

Using the establishment-level proprietary NETS data allows us to focus on newly

entering businesses rather than a static measure of business activity, such as the share

of self-employed. Further, because it is a flow measure rather than a stock, endogene-

ity is reduced. The NETS data also allow us to observe gender of the owner as well as

employment in each establishment so that we can parse results by gender and size.

Criticisms of the NETS data abound but refer primarily to the early files (1980 and

early 1990s); significant improvements in the methodology used to gather, screen and

clean data have since occurred, as documented by Kolko and Neumark (2007).2

Births are disaggregated by employment size at their start. Establishments that are

born with two or more employees (including the owner or owners) are considered

employer establishments. This employer establishment category of businesses is
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similar to entities tracked by the U.S. Census Bureau’s County Business Patterns,

which includes only businesses with paid employees. The complementary size cate-

gory is all businesses with just one employee—the owner herself. This nonemployer

category is similar to businesses included in the U.S. Census Bureau’s Nonemployer

Statistics. We also identify the subcategory of female-led businesses as those that are

female-owned or have a female CEO. The birth rates for each size and gender

category are calculated by normalizing with population (in thousands) in 2007 as

county population represents about how many firms can exist in a local market.

Figure 1 shows the variation in the rural establishment birth rate for the counties

included in our study. Counties shown in yellow have establishment birth rates

below the U.S. mean, counties in green have rates one standard deviation above the

mean, and blue counties have the highest establishment birth rates. The establish-

ment birth rate is generally lower in the Southwest, Appalachia and the Rust Belt

states. The rural Midwest or Plains states are comparatively more entrepreneurial.

Broadband and Regional Control Variables

Our control variables are lagged relative to the period of the birth rate, based on past

research that suggests businesses take roughly two years to go from conception to

operational (Reynolds 2007) and that institutional financing conditions

Figure 1. Establishment birth rate in rural counties-establishments of all sizes, 2005–2007.
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approximately two years prior to start-up seem most crucial (Conroy, Low, and

Weiler 2017).

The focal explanatory variable, broadband access, is proxied for using Federal

Communications Commission (FCC) data on broadband providers from Form 477,

December 2003. Broadband provider data were available at the ZIP code level and

assigned to counties using ZIP population-centroids.3 Thus, our broadband variable

reflects, approximately, the mean number of broadband providers in a rural county.

Nationally, this method produced a mean of 1.98 providers at the county-level. For

nonmetro counties—the observations used in this model—the mean is 1.437, and the

standard deviation is 0.872. The nonmetro county minimum was zero providers, and

the maximum was seven (Table 1)

Caveats to the use of these data are well-documented (Mack 2019; Grubesic

2004). Providers may claim service provision even if only one household in a ZIP

code has service. This method likely overcounts service provision.4 Thus, we inter-

pret our point estimates conservatively.

Because broadband is not ubiquitously available across the areal unit in our data,

especially in rural areas (Mack 2014a), we assume an increase in the number of

providers means different areas are served by additional providers and more total

broadband provision in the county, as did Stenberg et al. (2009). That is, going from

a mean of 4.0–4.5 providers in a county suggests more places had broadband access

because rural counties in 2003 had little competition. In Figure 2, counties shown in

light green have broadband providers below the mean, whereas those in the two

darker shades of green have broadband access above the mean and above one

standard deviation above the mean.

In comparing the Figure 1, the dependent variable, to Figure 2, our focal expla-

natory variable, several of the regions that have relatively low entrepreneurial activ-

ity also have relatively little access to broadband. For example, many counties in the

Southwest have below-the-mean establishment birth rates and similar below-the-

mean broadband providers, as do several counties in the Appalachian region.

Alongside broadband, we control for a number of regional factors expected to

impact establishment births (Table 1). In identifying relevant control variables, we

focus on studies of establishment births as well as other proxies for entrepreneurship

such as self-employment and proprietorship. First, small business loan dollars per

capita in 2000 is calculated from data collected under mandate of the 1996 Com-

munity Reinvestment Act. Specifically, commercial banks report their lending activ-

ity by size of the loan and location of the recipient. We focus on the category of loans

under $100,000—by far the most common type of loan. In addition to loan dollars

per capita, we measure growth in loan dollars per capita from 2000 to 2003, based on

the finding that changes in lending patterns, alongside levels, seem to determine

entrepreneurial activity (Conroy, Low, and Weiler 2017). In addition to these mea-

sures of institutional finance, we include the median owner-occupied home value in

2000, which corresponds to the potential for entrepreneurs to use home equity loans

to finance their ventures.
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Human capital is also a key determinant of regional entrepreneurial activity. We

include the share of the adult population (ages 25 and over) with a bachelor’s degree

or more education in 2000. We expect that entrepreneurial propensity increases with

regional education attainment particularly among bachelor’s degree holders (Conroy

and Weiler 2015). With financial and human capital, we include the 1997 social

capital index, developed by Rupasingha, Goetz, and Freshwater (2006), to capture

how the strength of networks and community cohesion may lend itself to supporting

incoming entrepreneurs.

Several variables control for local economic conditions. First, predicted employ-

ment growth—otherwise known as a Bartik shock—captures the expectation for

local employment growth using local industry size combined with national growth

rates for each industry from 2000 to 2007. This allows us to further isolate changes in

entrepreneurial activity apart from national economic trends. Employment per capita

captures economic activity and labor availability—both of which may encourage

new business. Per capita income and income and employment growth capture local

economic conditions that impact demand and correspond to new market niches that

are opportunities for local entrepreneurs.

Demographic features of the region also play a role in local entrepreneurial out-

comes. Particularly with regard to women entrepreneurs, marriage and family are

important factors (Conroy and Weiler 2015). For example, there is some evidence

that women are using entrepreneurship as an employment strategy when traditional

Figure 2. Broadband access in rural counties, 2003.
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wage-and-salary employment is inconsistent with household preferences for child-

care provision (Conroy 2018). We include both the share of married adults (ages 15

and over) in 2000 as well as the number of young children under age 5 per adult (age

16þ) in 2000 each from the decennial U.S. Census. In addition to these demographic

measures, we also use the share of foreign-born people to capture the historically

high entrepreneurial propensity of foreign-born individuals in urban areas, which

likely capture more high-skill immigrants.

Last, we include several variables to measure local amenities. Natural amenities

are measured with the USDA natural amenities index. Access to urban amenities

such as the arts and agglomeration benefits including skilled labor pools and strong

supplier networks are measured by the estimated drive time from the rural county

centroid to the edge of the nearest Census Bureau—designated urbanized area of at

least 100,000 residents, using 2000 population. To further control for size-related

benefits to incoming entrepreneurs, such as the potential for consumer markets, we

include the tract-weighted population density.

Endogeneity

The analysis of start-ups by size and gender requires a suite of instrumental vari-

ables.5 Ideal instruments must both be related to the focal explanatory variable –

access to broadband in our case—and unrelated to the dependent variable. As the

dependent variable changes across the following specifications and captures char-

acteristically different establishment birth rates, each specification may require its

own combination of instruments. To accommodate the range of dependent variables,

our analysis makes use of three instruments: the land developability index (2001)

developed by Chi (2010), a topography measure and commuting time in some

robustness checks.6

Building on the intuition of using topographical features as instruments for broad-

band from past studies (see Kolko [2012] and Mack and Wentz [2017]), the land

developability index combines aspects of land use including water, wetland, federal-

or state-owned land, American Indian reservation, built-up land and steep slope.

These six layers of developability are coded at fine spatial units (90 meter resolution)

and aggregated to the county level. For our purposes of studying access to rural

broadband, these features of land use relate directly to the costs and, therefore,

barriers to broadband provision (e.g., steep slopes and water/wetlands make laying

fiber expensive; regulations such as the National Environmental Policy Act have

made laying fiber on federally owned or American Indian land burdensome; pole-

attachment fees can be high). Thus, these land use features create a relationship

between the index and broadband penetration. These features are also plausibly

exogenous in that physical features of the land are largely the result of geological

forces, and political boundaries have largely resulted from historical circumstances.

Modern entrepreneurship is likely unrelated to these historical and geological com-

ponents of the index as well as the index itself. The land developability index, thus,

Conroy and Low 15



has attractive qualities as an instrument for broadband in regression analysis of rural

entrepreneurial activity. First-stage results show that, as expected, a higher index

score corresponds to more developable land and, therefore, greater access to

broadband.

In combination with the land developability index, we use a county-level topo-

graphy score. While slope is already a component of the land developability index,

topography is distinct. Our topography score is based upon the physical feature of

the land as it relates to elevation (e.g., plains, tablelands, hills, mountains), whereas

slope is a change in elevation over a defined distance. Like the developability index,

topography proves to be related to broadband access; it has also been successfully

used as an instrument for broadband by Kolko (2012). First-stage results demon-

strate that topography does indeed seem to be a constraint on broadband access.

Results

Our results confirm the hypothesis that broadband access enhances rural establish-

ment birth rates. This result is robust to establishment size and women-led firms. The

results also suggest that broadband plays a larger role in remote rural counties and

entry of small nonemployer-type businesses.

The models are estimated with ordinary least squares and, for the instrumental

variable strategy, two-stage least squares. Both use robust standard errors and census

region fixed effects. Results are presented in Tables 2 and 3. The instrumental

variables results confirm that endogenity is statistically present and requires our

instruments for broadband availability. The first-stage F statistic indicates that the

instruments are strong. As the endogenous variable, broadband, is overidentified

with land developability and topography, Hansen’s J tests that the instruments are

uncorrelated with the error term under the null of valid instruments. Last, the endo-

geneity test addresses the endogeneity of the suspect regressor under the null of

exogeneity and indicates that broadband is endogenous in all cases. The OLS results

and IV specifications do contain similar results for broadband in significance and

sign – all suggesting a positive relationship between broadband and the establish-

ment birth rate. Discussion in this section focuses on the IV specification in Tables 2

and 3. Discussion of the remote rural subsample and additional robustness specifi-

cations follow in the next section.

For a sense of the magnitude of the effects, we calculate the marginal effects as

the change in the establishment birth rate associated with a one-standard-deviation

increase in broadband access from the mean. First, keep in mind that in rural areas

during this period, increases in the number of broadband providers likely reflect

increased coverage as opposed to more competition because broadband was not

ubiquitously available within ZIP codes—particularly rural areal units (Mack

2014a). Second, the birth rate for establishments with two employees or more is

most comparable to Census data sources that track only employer businesses, such

as County Business Patterns.
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Looking at these “employer” businesses first, the marginal effect of a one-

standard-deviation increase in broadband access in an otherwise average rural

county is an employer establishment birth rate that is 0.79 births per 1,000 higher

than in a county with average broadband access (0.910*.872) or a 19 percent

increase from the mean. In a typical rural county, with nearly 25,000 people in

2007, this translates to approximately 20 additional employer establishment births.

More conservatively, using the lower bound of the confidence interval on the esti-

mate that may mitigate upward bias noted in fourth section, the marginal effect

would be 0.34 additional births per 1,000, an 8.2 percent increase from the mean

birth rate.7 In a typical rural county, with nearly 25,000 people in 2007, interpreting

the coefficient more conservatively translates to approximately eight additional

employer establishment births. For comparison, the marginal effect of a one-

standard-deviation increase in loan dollars per capita in an otherwise average rural

county would be an employer establishment birth rate that is 0.31 births per 1,000

higher than in a county with average lending.

When we consider nonemployer businesses, which account for approximately 75

percent of businesses nationally, the marginal effects in absolute terms and as a

percentage increase from the mean are larger. In an otherwise average county with

broadband access one standard deviation above the mean, the nonemployer birth rate

is expected to be 2.62 births per 1,000 people higher relative to an average county

(3.009*.872)—roughly half the mean. In a typical rural county with nearly 25,000

people in 2007, this is roughly equal to an additional 65 births. The establishment

birth rate of all firms (nonemployers and 2þ employees) in an otherwise average

county with broadband access one standard deviation above the mean is expected to

be 3.42 births per 1,000 people higher relative to an average county (3.919*.872), a

38 percent increase from the mean. In a typical rural county with nearly 25,000

people in 2007, this is roughly equal to an additional 85 births. However, this effect

is largely driven by nonemployer firms that are often part-time work or gigs (Low,

Sanders, and White 2020). Using the lower bound, the expected change in estab-

lishment births from a one-standard-deviation increase in broadband is 2.12 births

per 1,000 residents (2.433*.872) for all establishments and 1.66 births per 1,000

residents (1.907*.872) for nonemployer establishments.

A similar pattern exists for women (Table 3). The birth rate for firms of any size

led by women in counties with broadband access one standard deviation above the

mean would be 1.12 births per 1,000 people higher (more than half of the mean at

2.18) than a county with average broadband access. As with the birth rate in total, the

nonemployers drive the result—as can be seen by considering the marginal effects

for nonemployer and employer businesses separately. For nonemployer births,

broadband access one standard deviation above the mean corresponds to 0.94 more

births per 1,000 people. For employer establishments, broadband access one stan-

dard deviation above the mean corresponds to just 0.17 more births per 1,000

people.8 Although the effects are small in absolute value compared to the effects
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for the total birth rates, relative to the mean, the percentage increases in woman-led

establishment birth rates are similar, if not larger, in magnitude.

Although a lengthy discussion of the remaining control variables is beyond the

focus of this paper, a few interesting findings emerge. In general, the birth rate is

sensitive to the level of lending and growth in lending, consistent with Conroy, Low,

and Weiler (2017). A higher number of children per adult has a negative impact on

the establishment birth rate for all types of business, perhaps because children

present a significant time and financial cost. Interestingly, after controlling for a

suite of human capital, social and regional factors, establishment birth rates consis-

tently increase with the distance to the nearest metropolitan area of 100,000 or more,

suggesting new business entry rates are higher in more remote rural communities.

Extensions and Robustness Checks

Most rural entrepreneurs may be especially sensitive to broadband internet avail-

ability because their businesses are smaller (Goetz and Rupasingha 2013) or home-

based (Carter, Auken, and Harms 1992). To test whether our results are robust in

these areas, we include an indicator for remote rural counties, defined as non-

metropolitan, non-adjacent to metropolitan, and not having significant commuting

ties to a metropolitan core (i.e., USDA Economic Research Service Rural-Urban

Continuum Codes 5, 7 and 9, and an interaction of this indicator with broadband).9

The results (Table 4) again indicate a positive and significant effect of broadband for

total establishment births as well as an even larger positive and significant effect in

remote rural counties. Interestingly, for women-led establishments, there appears to

be no significant effect of broadband alone. Rather, broadband has only a positive

and significant effect in the most remote and rural counties. These results for

women-led firms suggest that the more general results for all rural counties in Table

3 may be largely driven by women entrepreneurs in the most remote locations.

As further robustness checks to our main findings in Tables 2 and 3, we consid-

ered several alternative specifications. First, while our dependent variable is calcu-

lated for 2005 to 2007, we also considered using 2004 to 2006 in order to identify a

period unaffected by the recession. Our preliminary regressions suggested no mean-

ingful difference between the periods ending in 2006 and 2007. We ultimately chose

2007 in favor of the slightly more recent period.

There is the potential for correlation between our focal broadband variable and

some of our county-level controls. With the possibility of bad controls, we consid-

ered for all births alternative specifications that exclude the most suspicious vari-

ables, such as income per capita and lending activity. We find the results

substantively similar in sign and significance.

We also considered alternatives to our census region fixed effects. The instance

of states with one or few rural counties makes region fixed effects our preference

over state fixed effects. However, recognizing that state-level policies are very

important to broadband provision (Whitacre and Gallardo 2020), we did a robustness
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Table 4. Remote Rural Establishment Births, 2005–2007.

Estab Birth Rate-All
Sizes, 2005–2007 Avg

Women-Led Estab
Birth Rate-Women-
All Sizes, 2005–2007

Avg

Coef. Coef. Coef. Coef.

Broadband Access 0.223** 2.046* 0.026 0.393
(0.098) (1.109) (0.030) (0.354)

Broadband Access � Remote Rural 0.150 4.031* 0.082 1.878***
(0.155) (2.092) (0.051) (0.693)

Loan $ Per 1,000 Residents 0.007*** 0.006*** 0.002*** 0.002***
(0.001) (0.001) (0.000) (0.000)

Loan Growth 0.204*** 0.194*** 0.064*** 0.056***
(0.033) (0.043) (0.014) (0.019)

Predicted Employment Growth �0.034*** �0.012 �0.013*** �0.008
(0.013) (0.022) (0.004) (0.008)

Population Density �1.650*** �2.531*** �0.417*** �0.662***
(0.205) (0.437) (0.060) (0.142)

Emp-Pop Ratio 1.248* 0.021 0.312 �0.173
(0.756) (0.970) (0.214) (0.316)

Share with Bachelor’s Degree þ 2.646 �1.261 1.429* 0.218
(2.439) (3.428) (0.732) (1.068)

Share of Married Adults 2.478 �3.636 �0.271 �2.090**
(1.654) (2.866) (0.596) (0.976)

Children Per Adult �11.288** �34.187*** 1.211 �6.352**
(5.201) (8.471) (1.839) (2.999)

Income Growth 3.421 8.661*** 0.927 2.925**
(2.332) (2.994) (0.954) (1.154)

Employment Growth 2.224 �0.147 0.663 �0.177
(2.126) (3.103) (0.786) (1.162)

Median Home Value 0.005 �0.019** �0.006*** �0.015***
(0.006) (0.009) (0.002) (0.003)

Social Capital 0.092 0.076 0.019 0.007
(0.103) (0.132) (0.036) (0.046)

Share of Foreign Born �8.432*** �19.471*** �3.934*** �8.103***
(2.335) (4.518) (0.700) (1.572)

Natural Amenity Scale 0.053 0.027 0.035** 0.030
(0.050) (0.068) (0.016) (0.023)

Distance to Nearest Metro of at least
100 k

0.004*** 0.009*** 0.001** 0.002***

(0.001) (0.002) (0.000) (0.001)
Per Capita Income 0.065** 0.088* 0.009 0.022

(0.031) (0.047) (0.010) (0.016)
Remote Rural 0.056 �5.309* �0.010 �2.504***

(0.272) (2.929) (0.092) (0.968)

(continued)
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check using state fixed effects. These specifications are less than ideal as the first-

stage F statistics and Anderson-Rubin tests suggests the weak-instruments are mar-

ginally problematic for the full sample and nonemployer firms, though more

severely for employer firms. That said, barring the results for employer firms, the

results on the broadband variable are consistent in the state FE model, though the

coefficient is a little smaller. Alternatively, Tables 7 and 8 in the Online Appendix

report the results of OLS and IV regressions without fixed effects. While the results

on the coefficient differ somewhat from our main regression in terms of magnitude,

they are consistent in terms of direction and sign.

Last, as a caveat of our results, there are limitations to the National Establishment

Time Series. First, as NETS is updated each year and backward-revised, there is

reason to expect the older data to be more reliable. This feature of the data informed

our choice to study the pre-Great Recession era. There is also evidence that the data

included on characteristics of the business/business owner(s) are less reliable and/or

under-reported. Consequently, the size class and—even more so—the gendered

variables used in our analysis may be incomplete or noisy. However, we found our

NETS-based results robust to alternative dependent variables, namely net growth of

establishments from 2004 to 2007 (data from the County Business Patterns and

Nonemployer Statistics) as well as the female-owned business rate (data from the

2007 Survey of Business Owners). Importantly, we know of no other source of

gendered data on small business dynamics, especially nonemployer businesses,

available for small and rural geographies. In that sense, we view this exercise as

Table 4. (continued)

Estab Birth Rate-All
Sizes, 2005–2007 Avg

Women-Led Estab
Birth Rate-Women-
All Sizes, 2005–2007

Avg

Coef. Coef. Coef. Coef.

Constant 2.395** 7.199*** 1.234*** 3.018***
(1.162) (1.939) (0.428) (0.681)

Obs 1990 1990 1990 1990
F 45.288 23.400 38.146 17.481
R2 0.403 0.350
Regional FE Yes Yes Yes Yes
IV Yes Yes
First-stage F test of Broadband 10.53 10.530
First-stage F test of Broadband � Remote

Rural
13.17 13.170

Hansen J (over-identification), P-val 0.658 0.2002
Endogeneity test, P-val 0.000 0.0001

Significance * 0.10 ** 0.05 *** 0.01 First stage F is the Sanderson-Windmeijer F test.
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an informative early foray into rural business dynamics for these otherwise less

visible businesses.

Policy Implications

Our results suggest that establishment births in rural America have increased as a

result of broadband internet access. Our study includes a diverse set of rural entre-

preneurs across all sectors, sizes and nonmetropolitan areas; results suggest that as

rural broadband expansion continues, business start-ups, particularly those that are

women-led, in rural and remote rural areas may be spurred.

Our findings highlight establishment births and entrepreneurship more generally

as alternative strategies for rural economic development in communities that have

long focused on business attraction, which is a less sustainable economic develop-

ment tool. Since rural America’s population, employment and per capita personal

income lag (Pender 2019), supporting local entrepreneurial assets with broadband

infrastructure can help cultivate a locally rooted business community. Already, in

some rural areas, entrepreneurship has gained traction as leaders realize low-cost

land and labor are no longer key ingredients for business attraction. Researchers and

practitioners agree that small businesses improving rural quality-of-life by providing

goods and services (e.g., a market, a coffee shop) to a community is a realistic

strategy for rural prosperity, certainly compared to business recruitment (Draben-

stott 2006). Creating an environment or ecosystem conducive to entrepreneurship

requires a community to think not about a specific business but instead to focus on

the environment in which businesses operate (Pages 2018). Our findings are signif-

icant to rural economic development because broadband can expand market access

on both the supplier and consumer sides, as well as provide a wealth of educational

opportunities for entrepreneurs. Broadband may be especially important for busi-

nesses without a storefront as it provides access to nontraditional market channels.

Broadband access creates additional educational needs, however; online sales plat-

forms and a social media presence are examples. Resources such as access to broad-

band internet, e-commerce Extension education, technical assistance from

community organizations and commercial e-commerce platforms have helped busi-

nesses and consumers adapt and respond to changes in online retailing (Thilmany

et al. 2021).

Our theoretical model argues that broadband access as part of a broader suppor-

tive entrepreneurial ecosystems would best aid nascent business start-ups in rural

America. In this context, those regions leveraging federal and state investment in

broadband infrastructure with concurrent entrepreneurial ecosystem building are

best poised for a higher quantity and quality of start-ups. How can a rural community

or region leverage expanding broadband infrastructure with entrepreneurial ecosys-

tem building? Building entrepreneurial networks and supporting new and growing

businesses with technical assistance will help. For example, prior to COVID-19,

Missouri’s Small Business Development Centers (SBDC) launched a virtual
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business counseling service, which allows professional counselors to bring technical

assistance to rural entrepreneurs and small business owners. One must have fast,

reliable internet access to utilize the free SBDC virtual counselor, however.

Start-ups in rural America face many challenges their urban counterparts may not

(e.g., distance to markets, a dearth of knowledge workers, spillovers and agglom-

eration (Figueroa-Armijos, Dabson, and Johnson 2013), and weak entrepreneurial

networks (Pages 2018)). Importantly, relatively limited access to childcare may be

another challenge. As indicated by our results, the establishment birth rate is lower in

settings with more young children. Accessible and affordable childcare may be an

important component of an entrepreneurial ecosystem. Similarly, business support

programs such as those offered by a local economic development organization or

small business development center may reach more business owners by coupling

their services with childcare.

In addition, some of these challenges can be alleviated with broadband internet

access. In February, 2020, FCC launched its Rural Digital Opportunity Fund—a $20

billion pool to be dispersed over the next 10 years in rural America to locations that

are deemed high-cost areas for broadband provision. In addition to FCC and USDA

federal investments, many states are making their own investments in increasing

broadband access, including funneling CARES Act money to broadband access.

Coupled with investments in entrepreneurial ecosystem building, the conditions are

promising for equitably leveraging rural America’s entrepreneurial potential.

Conclusion

Results suggest that broadband internet has the potential to enhance entrepreneur-

ship by increasing the number of rural small business and women-owned establish-

ment births. We find rural broadband access generally enhanced start-up activity, but

its effects were especially important to growing the nonemployer and the female-led

establishment birth rate while controlling for predicted employment growth, popu-

lation density, income growth, employment growth, social capital, human capital,

distance to metro, natural amenities, and other regional characteristics of rural

counties. The impact of broadband access is highest in remote rural counties, and

this result is driven by women-led start-ups.

Although our study is not the first to show broadband’s positive effects on rural

small businesses (Kim and Orazem 2017) and the self-employed (Hasbi 2020), our

paper is unique in several ways. Our treatment of endogeneity utilized a combination

of three instruments for broadband availability. Additionally, our focus on rural also

reduces endogeneity concerns (Whitacre, Gallardo, and Strover 2014b). Finally, our

paper is the first to use firm-level data on establishment births of different sizes as

well as those led by women to examine broadband availability’s impact on subse-

quent entrepreneurship. Despite its unique contributions, our paper has limitations

because FCC broadband data and the NETS data have well-documented weaknesses

(see Mack (2019) and Rupasingha, Pender, and Wiggins (2018), respectively).
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Finally, in the context of no or limited growth, start-ups represent economic oppor-

tunity more than economic growth in rural America.

Future work should focus on critical next steps. We examined only establishment

births, so a parallel set of analyses on broadband’s impact on establishment deaths

and net establishment births should be conducted to assess net growth impacts. It

may also be relevant to examine the impacts of increasing broadband adoption—

especially among nascent entrepreneurs—in rural areas. Nascent entrepreneurs need

education about how to use the internet to decrease expenses and discover new, high-

value markets. For example, O’Hara and Low (2020) examined how broadband

access enables online marketplaces to open opportunities for farms selling food

directly to consumers, and they found results are strongest for new farm businesses

located in remote rural areas.

We hope this research emphasizes broadband internet’s importance to rural start-

ups, especially small start-ups and those owned by women, and spurs future research

on how to encourage broadband adoption in rural America to more equitably reach a

diverse set of entrepreneurs.
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Notes

1. The entrepreneurial ecosystem eg captures local support, both formal and informal, for

entrepreneurship. A region that is less conducive to entrepreneurship may feature capital

constraints, weak business associations, a certain industrial composition, demographics, or

cultural norms that stymie entrepreneurship. For example, some communities have a

legacy or presence of large monolithic industries like mining or heavy manufacturing.

In these “company towns,” factor markets and employee-mindset can be antithetical to

entrepreneurship in a way that lasts for decades (Chinitz 1961; Glaeser, Kerr, and Kerr
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2015). This type of barrier—an averse local entrepreneurial context—leads to added time,

money and psychic costs. Conversely, in industrially diverse regions with favorable demo-

graphics, strong business support and norms that are supportive of risk-taking, it is less

costly to start a new business.

2. NETS data have become popular among researchers, and numerous top-tier economics

journals have published papers using the NETS data (Rupasingha, Pender, and Wiggins

2018).

3. Nationally, approximately one-third of ZIP codes had no broadband provider, and ZIP

codes with four or more broadband providers—almost 14,000—represented just over half

the ZIP codes with broadband access. From the remaining ZIPs, the precise number of

providers was withheld from the public data. We treat this withheld category numerically

as two providers at the ZIP level, but the real value could be 1 or 3. This method is

acceptable because we are not examining change in broadband over time. Mack (2019)

noted that this interpolation of suppressed data creates issues when examining these data

longitudinally.

4. Conversely, from 1999 to 2004, providers with fewer than 250 subscribers were not

required to report to FCC via Form 477, undercounting service provision (Mack 2019).

Mack also notes spatial autocorrelation when the ZIP data are aggregated to counties,

though this cross-sectional variation is less worrisome as we use only rural counties, which

are not all contiguous across the U.S.

5. Alternatively, McCoy et al. (2018) and Hasbi (2020) argue that a flow measure of entre-

preneurship (e.g., start-ups) will be less plagued by endogeneity than a stock measure (e.g.,

the stock of existing establishments).

6. We use average commuting time to work in 2000 as an instrument in a secondary specifi-

cations in the appendix. Commuting time for work can correspond to the remoteness of

communities as well as a lack of local economic infrastructure; both may prevent providers

from investing in a service area. However, average commuting time to work does not have a

strong relationship to the establishment birth rate as determined by alternative specifications.

Again, used in combination with the land developability index, the first-stage results confirm

that average commuting time has an inverse relationship to broadband access.

7. Because the ZIP code-level data used to construct the focal variable is bottom-coded at

three service providers (see the data section), we have some concern of expansion bias in

our estimate. As consequence, our coefficients may be inflated, and by extension, our

estimates of the impacts may be high. Rigobon and Stoker (2009) suggest that while

expansion bias is likely, our estimates are within the same order of magnitude. As an

alternative, we use the lower bound of the confidence interval to estimate the impacts

indicating 0.34 (.389*.872) additional employer establishments per 1000 residents due to a

one standard deviation increase in broadband.

8. Alternatively, calculated with the lower bound, these changes would be 0.67 (0.763*.872),

0.58 (.662*.872) and .04 (.045*.872) for women-led firms of all sizes, nonemployers and

firms with employees, respectively.

9. We limit the analysis to establishments of all size as the data become relatively sparse for

remote rural locations, particularly for establishments with two or more employees and for
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women-owned establishments. The difficulty of instrumenting for multiple variables fur-

ther strains the analysis. Thus, we conservatively focus on only the establishment birth

rates in total and for all women-led establishments.
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