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Abstract

I investigate the effect of competition on quality in the internet service provision
industry: I examine both local competition within markets and multimarket contact
among firms across markets. This industry offers an ideal setting, as quality is both
objective and measurable. I use data from speedtest.net from 2008 to 2014 to estimate
a reduced-form model of the effects of local competition and multimarket contact on
realized consumer download speeds. I find that increased multimarket contact leads to
decreased download speeds, which is consistent with the mutual forbearance hypoth-
esis. I also find that duopolies lead to faster download speeds than do monopolies, but
that further increases in the number of competitors decrease speeds.

Keywords Multimarket contact - Telecommunications - Internet - Broadband -
Product quality

JEL Classification L13 - L15 - 1L96

1 Introduction

“The path from narrowband, to broadband, to high-speed broadband, was forged by
competition... The simple lesson of history is that competition drives deployment and
network innovation. That was true yesterday and it will be true tomorrow.” - Tom
Wheeler, FCC Chairman, 2014

This statement reflects an expectation that is held by many: that when firms face
greater competition they respond by increasing the quality of their product. While
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analyses of market structure often focus on prices, competition is also an important
determinant of product quality. This paper investigates the effect of competition on
product quality in the internet service provision industry. Specifically, I investigate
the effect of local competition and multimarket contact on the download speeds that
are offered by internet service providers (ISPs). At the local level, when ISPs make
quality decisions, they must respond to the actions of rival firms within the market. This
competition may incentivize a firm to increase its quality in order to attract consumers.
But, since quality adjustments are costly, such investments may not be profitable when
the market is highly competitive and market shares are low. Thus, the marginal effect
of local competition on quality is likely to vary with the level of competition. Indeed,
work as early as Archibald (1964) remarks on the ambiguity of the effect of increased
competition on quality.

Moreover, many ISPs interact repeatedly across markets. The mutual forbearance
hypothesis contends that when firms compete against one another in multiple markets,
they “may hesitate to fight local wars vigorously because the prospects of local gain
are not worth the risk of general warfare (Edwards, 1955)”. Bernheim and Whinston
(1990) formalize this intuition: They show that when a pricing game is played in
a single market, firms’ incentives to deviate from cooperation may render collusion
impossible. But, if these firms instead interact in many markets, rivals can punish a
firm for deviating by reducing prices in other (or all) jointly contested markets. Their
incentive constraints are pooled across markets, which may generate a cooperative
equilibrium in which prices remain high.

This argument translates to the quality dimension of competition as well, where
multimarket contact can instead facilitate cooperative quality-setting among firms.
In fact, it is plausible that in such settings, cooperative quality-setting may be more
feasible than price coordination. Since quality is often ambiguous and subjective,
deviations from the cooperative qualities may be more difficult to detect. However,
it is theoretically ambiguous as to whether this cooperation will increase or decrease
qualities, relative to those chosen in a competitive setting. Under a collusive agreement,
firms may choose to offer lower quality in order to decrease costs; or, they may instead
find it profitable to increase quality in order to further increase prices.

The internet service provision industry is ideal for the study of product quality,
as it offers a rare setting in which quality is plausibly one-dimensional. Consumers’
internet experiences are overwhelmingly determined by their download speed, as this
determines their ability to view web pages, emails, stream video and music, and most
other typical online activity. Moreover, the actual speeds that consumers enjoy are
observable and measurable: the rate at which consumers download data, which is
measured in Megabits per second (Mbps). This industry is also especially well-suited
for the study of multimarket contact, as it is dominated by a small set of firms that over-
lap in many markets. Due to the regional nature of ISPs’ territories and the existence
of smaller local providers, there is considerable variation in the degree of multimarket
contact across markets, as well as across firms within markets. Further, ISPs exercise
a very limited degree of price discrimination: They typically charge the same price
for a given plan across all of their markets—irrespective of local demographics or
competition. Firms therefore compete more intensely through their choice of down-
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load speeds, thereby potentially channeling the effect of multimarket contact into the
quality dimension.

Understanding the effects of local competition and multimarket contact on internet
service quality is important, since access to high-speed internet is critical to full par-
ticipation in the economy—especially in the wake of the COVID-19 pandemic. From
October 2020 through April 2021, 52% of U.S. workers worked remotely at least
some of the time, with 33% working exclusively from home.! Among those working
remotely, 81% used video conferencing, a service that requires a stable high-speed
internet connection.” In 2020, nearly 93% of households with school-age children
participated in distance learning, while only 71% of households report that inter-
net access is always available for educational purposes.® Quality internet access also
enables: online job searches, which lead to shorter unemployment spells (Kuhn and
Mansour 2014); online price comparisons, which reduce prices (Morton et al. 2001;
Brown and Goolsbee 2002); and online commerce, music and video streaming, and
many other welfare enhancing activities. It is therefore essential to understand the
degree to which market forces shape the quality of internet access.

In this paper, I use user-generated download speed data collected through
speedtest.net to estimate the effects of local competition and multimarket contact on
product quality within a unified reduced-form framework. This approach allows me to
capture both of these important channels through which competition may affect qual-
ity in a single model. Moreover, since greater local competition opens up new avenues
for multimarket contact, controlling for local competition is critical to identifying the
effect of multimarket contact on quality. Local competition enters the empirical model
as a set of dummy variables, which allows its effect on product quality to vary with the
number of firms that operate within a market. Consistent with the existing literature,
an ISP’s multimarket contact within a given market is measured as the average number
of markets in which it competes against each of its within-market rivals.

Given the endogenous formation of market structure, I instrument for local competi-
tion with the use of the number of ISPs that are present in neighboring cities. Economies
of scale and scope incentivize ISPs to locate in many cities within a region, which
makes the number of ISPs in a nearby city a good indicator of the market structure in a
given market. At the same time, quality is determined by the ISPs’ “last mile” infras-
tructure within a local market, and thus its determinants are unlikely to be correlated
with their entry into other cities within the region.

Multimarket contact, on the other hand, is driven by two sources of variation. First,
entry into a local market will increase multimarket contact for incumbent firms if they
already compete against the entrant in other markets. Second, a firm’s multimarket

! Saad, Lydia, and Jeffrey M. Jones. 2021. “Seven in 10 U.S. White-Collar Workers Still Working
Remotely.” Gallup, May 17. https://news.gallup.com/poll/348743/seven-u.s.-white-collar- workers- still-
working-remotely.aspx.

2 Parker, Kim, Juliana M. Horowitz, and Rachel Minkin. 2020. “How the Coronavirus Out-
break Has - and Hasn’t - Changed the Way Americans Work.” Pew Research Center, December
9. https://www.pewresearch.org/social-trends/2020/12/09/how- the-coronavirus-outbreak-has-and-hasnt-
changed- the- way-americans-work/.

3 McElrath, Kevin, 2020. “Nearly 93% of Households With School-Age Children Report Some Form of
Distance Learning During COVID-19.” U.S. Census Bureau, August 26. https://www.census.gov/library/
stories/2020/08/schooling-during- the-covid- 19-pandemic.html.
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contact will increase if a local incumbent rival enters some other market in which
the first firm also operates. While the first source of variation is likely endogenous,
rivals’ entry into external markets is exogenous to the market at hand. Therefore, I
instrument for multimarket contact by constructing a simulated measure that is equal
to the multimarket contact that would result if a firm’s local rivals were held fixed for
the duration of the sample. Variation in this instrument is then exclusively driven by
exogenous entry and exit in external markets.

I find that duopoly markets experience download speeds that are about 2 Mbps
greater than those in monopolized markets. However, I find that further increases in
the number of local competitors lead to slower download speeds. I also find evidence
that greater multimarket contact generates slower download speeds: A one standard
deviation increase in multimarket contact is associated with a 2.4 Mbps decrease in
download speeds. This result suggests that the mutual forbearance hypothesis indeed
extends to quality competition, and that in this industry, the cooperation that is induced
by multimarket contact yields lower product quality, as firms aim to increase profits
by avoiding costly infrastructure improvements.

The literature on the effect of competition on product quality is relatively sparse,
in part because product quality is often difficult to define and measure. For most
products, quality is multi-dimensional, as consumers value many aspects of a product.
Moreover, these valuations often vary across consumers, with no objective measure
of quality. Mazzeo (2003), Prince and Simon (2017), and Chen and Gayle (2019)
investigate the effect of competition among airlines on product quality, measured by
on-time performance and flight route directness. Matsa (2011) analyzes the effect of
competition on quality in the supermarket industry, as measured by the number of out
of stock items at competing supermarkets. A number of studies investigate the effect
of local competition on product quality in the healthcare sector; these studies use
outcomes such as mortality, management quality, and employee patient load (Kessler
and McClellan, 2000; Gowrisankaran and Town, 2003; Bloom et al., 2015; Eliason
et al., 2020). The effect of local competition on quality in the U.S. internet service
provision industry has been studied by Wallsten and Mallahan (2013) and Molnar and
Savage (2017), who find that both advertised speeds and actual speeds are faster in more
competitive markets. Bourreau et al. (2019) find that in France, competition induced by
local loop unbundling leads incumbents to hasten fiber deployment. Landgraf (2020)
finds that the threat of future municipal internet service provision leads private ISPs
to offer slower speeds.

My work adds to this literature by utilizing a rich panel of data with observations
at the city-ISP-day level from 2008 to 2014, which allows for the inclusion of firm,
market, and time fixed effects. While Wallsten and Mallahan (2013) and Molnar and
Savage (2017) generally agree in their finding that speeds are faster in more competi-
tive markets, the cross-sectional nature of their data prevents the use of market-level
fixed effects. These fixed effects play an important role in my analysis, which control
for market characteristics (e.g., ruralness) that may affect both ISPs’ entry behavior
and quality choices, which may in turn otherwise bias the estimated effect of local
competition.

Along with other analyses of the broadband industry, I add to the literature that
investigates the effect of competition on product quality through the use of download
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speed as an objective, scalar measure of product quality. In contrast, much of the
previous literature has focused on products for which quality is subjective and multi-
dimensional, which may lead to an underestimate of the effect of competition if quality
changes manifest in product attributes not studied, or if the focal attribute is measured
with error.

The empirical literature on the effect of multimarket contact has almost exclusively
focused on firms’ pricing decisions. Evans and Kessides (1994) provide some of the
first empirical evidence in support of the mutual forbearance hypothesis. They find that
airlines that experience high levels of multimarket contact follow the “golden rule”:
They do not initiate aggressive pricing actions on a given route for fear of facing
backlash from competitors on other jointly contested routes. Ciliberto and Williams
(2015) confirm this finding in the airline industry, and further show that the effect of
multimarket contact depends on the cross-price elasticities between airlines. Jans and
Rosenbaum (1997) find that multimarket contact increases prices in the U.S. cement
industry; Parker and Roller (1997) and Fernandez and Marin (1998) find similar results
in the mobile phone and hotel industries, respectively.

Prince and Simon (2009) were the first to analyze the impact of multimarket contact
on product quality. They find that in the airline industry, higher contact is associated
with increased delays. Further, they find that less competitive markets are more nega-
tively affected by multimarket contact than are highly competitive markets. Similarly,
Lin and McCarthy (2023) examine the effect of multimarket contact on health insur-
ance prices and quality; they find that greater multimarket contact causes prices to rise
and quality to fall.

My work also adds to this literature through the use of an objective, one-dimensional
measure of product quality. Moreover, in most industries, products’ qualities and
prices are set jointly, which may generate an ambiguous effect of multimarket contact
on quality. In the broadband industry, price competition is negligible, which induces
firms to compete on quality; this allows us to observe more directly the effect of
multimarket contact.

2 Data and Industry Background

The primary source of data is the Net Index source data, provided by Ookla. Ookla
owns and operates speedtest.net: This is a website that allows users to check the actual
internet speeds that they receive by downloading and uploading a file to a nearby
server. Ookla records these tests and aggregates the results by ISP, city, and day. At
this level, Ookla reports the average download and upload speed, the total number
of tests conducted, and the average distance from users to their local server for 986
United States cities. Ookla has operated speedtest.net since 2006 and made this data
publicly available from January 2008 through January 2014, charging a fee for access
thereafter.

This aggregation aligns well with geographic market boundaries in this industry.
Since consumers can purchase internet service only from a provider that offers service
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Table 1 Mean demographic characteristics of sample markets

Variable Sample All Census A Large Census A
Places Places
Population 122,171 7,748 114,423 128,750 (—6,579
(10.471) (—0.437)
Median Household 55,855 48,439 7,416 56,178 (=323
Income
(10.863) (—0.349)
High School % 86.142 83.575 2.567 85.385 0.757
(9.835) (2.025)
Bachelors % 31.976 19.668 12.308 31.055 0.921
(25.870) (1.404)
Median Age 35.289 40.224 —4.935 35.130 0.159
(—28.498) (0.698)

The A columns show the difference in means between the sample and the comparison group. t-statistics are
reported in parentheses. Large Census Places are defined as all Census Place with a population of 40,000
or greater.

at their address, and an ISP typically serves the majority of a city,* city boundaries
segment the industry into mutually exclusive geographic markets. Therefore, in what
follows, I define a market to be a U.S. city. Since some ISPs do serve only a portion
of a city, this measure will overstate the degree of competition in some instances. In
order to mitigate this potential measurement error, I drop all ISP-market observations
that never reach 10% of the total daily tests conducted in a particular market. Table
1 shows that the markets in the data consist of medium to large U.S. cities. When
compared against the set of all Census Places in the United States, the sample markets
are much larger in population, younger, and with higher median household income
and educational attainment. However, the sample markets are very similar to the set
of U.S. Census Places with a population of 40,000 or greater. There is no statistically
significant difference between their population, income, college education or age,
while high school graduation rates are marginally higher in the Ookla sample.

I define an ISP’s local quality to be its download speed, measured in Megabits per
second (Mbps). The quality of the typical internet user’s online experience is over-
whelmingly driven by her download speed, as this speed determines the rate at which
she can download and view content, including web pages, emails, and audio and video
streaming. As such, download speeds are by far the most salient product attribute to
consumers, and are typically the highlight of firms’ advertising.> Moreover, downloads
comprise approximately 85% of users’ internet traffic (Malone et al., 2021).°

4 The National Broadband Map (https://www.fcc.gov/BroadbandData) details ISPs’ availability at the
Census block level. Aggregating from this level to the Census place level, which corresponds with the
“city” identifier in the Ookla data, I use the National Broadband Map data to calculate that the mean
coverage area of an ISP within a Census place is 95%.

5 See, for example, https://broadbandnow.com/California/Claremont?zip=91711.

6 See figure 4 of Malone et al. (2021).
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Fig.1 Download speeds over time

Under the modern internet architecture, data travels long distances along the back-
bone: a network of long-distance fiber-optic cables that is operated by tier-1 internet
service providers. Then, local (tier-2 and tier-3) ISPs operate the so-called “last-mile”
infrastructure: a network that connects subscribers’ homes and businesses with the
use of a combination of fiber-optic cables, telephone lines, and coaxial cable. These
last-mile ISPs connect their subscribers to internet users around the globe by inter-
connecting with the backbone at Network Access Points, or nodes, for a negotiated
fee (Economides, 2005). In the United States, the vast majority of last-mile internet
service is provided by firms that historically provided either wireline telephone service
or cable television service. Over time, these firms have upgraded their lines to allow
for the bilateral transfer of data, and today provide internet service using digital sub-
scriber line (DSL) and cable technology, respectively. Since fiber-optic cables offer
greater bandwidth and faster data transmission speeds, ISPs can increase the speeds
that they deliver to consumers by increasing the proportion of fiber in their last-mile
network. This requires a significant capital investment, as ISPs must run new wires to
each address at which it offers service.

The industry’s transition towards greater fiber usage and faster download speeds
can be seen in Fig. 1. Average download speed across all firms and markets increased
from 6 Mbps in January 2008 to 20 Mbps in January 2014. There is also considerable
variation across providers—and particularly across technologies. Average download
speed among the five largest DSL providers increased from 4 Mbps in January 2008
to 15 Mbps in January 2014, while average download speed among the five largest
cable providers increased from 8 Mbps to 25 Mbps. Together, these ten firms make
up 86% of the observations in the data; they thereby provide a representative picture
of the relative capabilities of the two technologies.
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Fig.2 CenturyLink fiber investment in Omaha, NE

Since increasing download speeds requires substantial time and capital, the daily
variation in speeds that is measured in the data does not necessarily reflect investments
made by firms. In order to represent better the scale at which firms make decisions,
I aggregate the data to the ISP-city-month level. I drop all observations from May
and June 2010, as they report less than half the number of speed tests than any other
month during that year—presumably due to data recording error. I drop all business-
only, wireless, and non-infrastructure ISPs in order to focus on the residential wireline
broadband industry. Finally, I drop one market and three ISPs that appear only once
in the data. This results in a sample of 146,079 observations.

After aggregating the data to the month level, actions undertaken by firms become
apparent in the data. By way of a simple example, a press release from CenturyLink
dated October 09, 2013 states “CenturyLink launched its first 1 Gbps fiber network
in Omaha, Neb. in May 2013. The company expects to have the targeted homes and
businesses in Omaha connected with its fiber-to-the-premises (FTTP) technology by
the end of October.” Fig. 2 clearly illustrates the impact of this investment on average
download speeds, with the months during the upgrade highlighted by the shaded
area. Between May and October 2013, the average download speed of CenturyLink
customers increased from 7 Mbps to 23 Mbps.

This example also highlights a limitation of the data. Despite the fact that Cen-
turyLink now offers 1 Gbps’ download speed, their average speed only reaches 23
Mbps. This occurs because not all customers choose to purchase this tier of service.
The data cannot distinguish between customers who purchase different tiers of service
from an ISP, as only the average speed among all customers of an ISP within each
city is reported. Therefore, all results in this paper represent changes in the average

7 1 Gbps = 1000 Mbps.
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download speed among all customers. Nevertheless, average speeds do provide a use-
ful benchmark, as any improvement in the speeds offered by an ISP will be reflected in
their average speed. An additional limitation of the data is that the data do not contain
details on ISPs’ bundling practices. ISPs often bundle broadband services with phone
service and cable television. It is therefore possible that ISPs respond to changes in
competition by modulating the price or quality of these related services, which may
dampen their broadband quality response.

A surprising feature of the broadband industry is that firms exercise a very limited
degree of price discrimination. The overwhelming majority of ISPs charge identical
prices for a given plan in all markets in the United States. While prices are not collected
in the Ookla data, in 2014, the Federal Communications Commission (FCC) began
collecting its Urban Rate Survey, in which the FCC surveys ISPs in randomly drawn
Census tracts throughout the U.S. In analyzing these data, I calculate that for 88% of
the plans in the survey, the standard deviation of price across Census tracts is exactly
0. For each plan with a positive standard deviation, I calculate the ratio of the standard
deviation to the mean price of the plan. The average value of this statistic across all
such plans is 0.046, and the maximum value of this statistic is 0.12. Taken together,
these statistics indicate that there is very little price discrimination across markets
in this industry. This lack of price discrimination makes the broadband industry an
attractive setting for the study of competition and quality, as firms are more likely to
compete on quality when prices do not vary.

2.1 Multimarket Contact

I follow Prince and Simon (2009) and Gimeno and Woo (1996, 1999) in measuring
multimarket contact as the average number of markets in which a firm encounters its
within-market rivals. Specifically, for any two firms, j and k, their total nationwide
pairwise contact in period ¢ is defined as

Contactji, = Z 1{;j operates in m in period ¢}1{k operates in m in period ¢},
meM

ey

where: m indexes markets; and M is the set of all markets. Firm j’s average multimarket
contact within market m in period ¢ is then defined to be

MMCjp = > Contactjy. 2)

e
where: k indexes firms; J,,;; represents the set (and number) of firms in market m in
period;and Contact i, is as defined in Eq. (1). This measure is best illustrated through
a simple example: There were three ISPs that operated in Chattanooga, Tennessee in
January 2014: AT&T, Comcast, and the Electric Power Board (EPB) of Chattanooga.
At that time, there were 227 markets in which AT&T and Comcast competed against
one another, and one market (Chattanooga) in which each competed against EPB.
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Therefore, in this market and month, AT&T’s and Comcast’s MMC are each equal to
114, while EPB’s MMC is equal to 1.

Ultimately, any measure of multimarket contact is somewhat arbitrary, and alterna-
tive measures could be considered. For instance, one could simply sum a firm’s degree
of contact over its within-market rivals, rather than averaging them. However, such
a measure is highly correlated with the number of local competitors, which thereby
makes separate identification of the MMC and local competition effects difficult. A
further advantage of the average measure that is used in this paper is that the entry of a
low-MMC rival decreases the firm’s average MMC, which aligns with the notion that
such entry renders collusion more difficult. Instead, one could consider a measure of
MMC which averages over all firms in a market and therefore yields a market-level
measure of MMC, as in Evans and Kessides (1994). However, this measure sacri-
fices useful firm-level variation in MMC. In the example of the previous paragraph,
we would expect AT&T and Comcast to be influenced by their multimarket contact,
but that EPB should have no first-order multimarket contact effect. Finally, we could
imagine scaling a firm’s local level of MMC according to the size of its nationwide
territory. Such a measure allows a firm to consider the proportion of its markets in
which it overlaps with within-market rivals, rather than the raw number of overlap
markets. I consider this alternative measure in Sect. 4.3 and find qualitatively similar
results.

2.2 Summary Statistics

Table 2 reports summary statistics for each of the variables that enter the empirical
model that will be described in Sect. 3.2. The average download speed in the sample
was 12.049, with considerable variation across both geography, providers, and time,
as is illustrated in Fig. 1. The level of local competition ranges from monopolized
markets to hyper-competitive markets with six ISPs, with an average of 2.27 ISPs per
market. Figure 3 illustrates that local competition increased during the sample period.
While a duopoly was the modal market structure throughout the sample, in 2008, an
average of 23% of markets were monopolized and just 10% of markets were served by
three or more firms. In contrast, by 2014, just 5% of markets were monopolized and
25% of markets were served by three or more firms. Multimarket contact averaged
92.179 with a standard deviation of 80.403. Since the units of MMC are arbitrary,
this standard deviation provides a useful scaling for interpreting the estimates of the
empirical model. Finally, the average speedtest.net user was about 73 miles from an
Ookla server, a distance that mechanically affects the download speed.

3 Model
3.1 Theoretical Predictions

Within a local geographic market, firms must respond to their rivals in the choices that
the firms make, including: prices; investment decisions; product variety; and product
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Table2 Summary statistics

Variable Mean Standard Deviation Min Max
Download Speed (Mbps) 12.049 8.623 0.277 293.176
# ISPs 2.270 0.632 1 6

MMC 92.179 80.403 0 227
Distance from test server (100 miles) 0.734 0.519 0 2.967
N = 146,079

Observations are composed of 985 markets, 238 ISPs, and 71 year-month time periods.

January 2008 | | January 2014
> 0.6 1
2041
& 021
0.0 : : - : : - - -
1 2 3 4 1 2 3 4

Number of ISPs

Fig.3 Market competition over time

quality. One might reasonably hypothesize that when facing a greater number of com-
petitors, firms are induced to offer (on average) a higher-quality product in an effort
to poach consumers from their rivals. Similarly, we might expect to observe greater
quality dispersion in markets with a greater number of competitors if firms’ costs are
increasing in quality. Several empirical studies have found that greater competition in
the broadband industry is associated with higher product quality, including Wallsten
and Mallahan (2013) and Molnar and Savage (2017). In the internet service provision
industry, a firm must invest in laying additional fiber optic cable in order to bring this
high bandwidth technology closer to consumers’ homes, which incurs a substantial
sunk cost.® When facing a large number of competitors, such an investment may not
be profitable for the firm, as its return on investment may be limited by its market
share. This would be an especially important consideration for firms if consumers
face significant switching costs.

Appendix A develops a simple model of local market competition that is used to
characterize the conditions under which optimal quality increases with competition.
The model predicts that when the cross-partial derivative of profit with respect to price
and quality is positive (or sufficiently close to zero), product quality increases with
competition when the market is monopolized, but decreases with competition once the
number of firms in the market is sufficiently high. The key intuition that underlies this
result is that under these conditions, a marginal increase in quality has a greater impact
on revenue when prices are high and competition is low, which thereby incentivizes
the firm to increase its quality. The number of firms that constitutes “sufficiently high”
is context-specific and depends most closely on the responsiveness of a firm’s demand
to its rivals’ prices and qualities. The empirical model I will propose in Sect. 3.2

8 See Brouse (2010) for a network operator’s estimates of the accounting costs of cable and fiber technology.
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offers a means of identifying the number of firms required for quality to decrease with
competition, if at all.

While local market competition is likely to be an important driver of product quality,
these firms also engage with one another in many markets around the United States.
The mutual forbearance hypothesis contends that when a firm competes in a local
market against a rival that it also faces in other markets, it is less likely to compete
aggressively for fear of facing backlash in all of their jointly contested markets. This
offers a clear prediction for prices: multimarket contact will increase cooperation
between the firms, which allows them to set higher prices. Empirical evidence of this
effect has been provided by Evans and Kessides (1994) and others.

In the product quality dimension, however, the outcome is less clear. Theory again
predicts that multimarket market contact can facilitate cooperation between firms, but
this cooperation has a theoretically ambiguous effect on product quality. On the one
hand, cooperation may allow firms to invest less in product quality, which thereby
economizes on their fixed costs. On the other hand, cooperation may induce firms to
invest more in quality, in the expectation that they can increase their prices enough
to offset their additional costs. Ultimately, the sign of the multimarket contact effect
depends on consumers’ willingness to pay for higher quality.

In Appendix B, I develop a simple model that illustrates conditions under which
a firm will set a higher quality under collusion than under competition. I show that a
necessary condition for this outcome to obtain is that the cross-partial derivative of
profit with respect to price and quality is positive and sufficiently large. This condition
can be met when consumers’ price sensitivity decreases as quality increases, which
thereby allows the firm to increase quality in order to increases prices commensurately.
By extension, a negative sign on this cross-partial derivative is sufficient to ensure that
quality will decrease when firms set qualities cooperatively.

3.2 Empirical Framework

To estimate the effect of both local competition and multimarket contact on download
speeds, I estimate the following model:

4
Sjm =Po+ BIMMC iy + Y BWHIS Py = i)+
i=2
+ BoDistancejy;, + ﬂloDistanceimt +aj+0m+ Ve +Ejme, (3)

where: s, represents the average recorded download speed for customers of ISP j
in market m in month ¢; MM C j;,, indicates the degree of multimarket contact that
is faced by ISP j in market m in month #; and local competition is captured by a
set of dummy variables. This allows the marginal effect of local competition to vary
with the number of firms in the market, and thereby captures any non-monotonicity.
I truncate this measure such that #/SP,,;, = 4 for all markets with at least four
firms, since less than 4% of markets were served by four or more firms. Moreover,
it is reasonable to expect that the magnitude of the marginal local competition effect
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diminishes once the number of firms is sufficiently high. Indeed, Xiao and Orazem
(2011) find that once a local broadband market has between one and three firms, the
fourth entrant has little effect on competitive conduct. Distancejy, is the average
distance of users from the local server that is used to conduct their speed test. This
control is included in the model because download speed varies mechanically with the
physical distance between the user and the local server. I also include fixed effects to
account for unobserved heterogeneity in firms, markets, and time.

3.3 Identification

With the inclusion of these fixed effects, the MMC and local competition effects
are identified by variation in an ISP’s deviation from its average speed, the market’s
average speed, and the contemporaneous national average speed, across markets and
months with differing levels of competition and MMC. Consistency of the OLS esti-
mators requires shocks at the firm-market-month level to be uncorrelated with both
the number of firms that serve the market and the degree of multimarket contact. The
former condition is likely to be violated, as local market structure arises endogenously.
Firms are attracted to a market on the basis of its current conditions—both observed
and unobserved; these conditions likely also influence their choice of download speed.
For instance, rising incomes in a particular market may induce a firm to enter the mar-
ket and offer faster speeds, which generates a positive bias in the ordinary least squares
estimates.

To address this concern, I instrument for the number of ISPs in a given market with
the number of ISPs that operate in its nearest neighboring market. Specifically, since
local competition enters the model as a set of three dummy variables, the instruments
are a corresponding set of dummy variables that indicate whether the neighboring
market has two ISPs, three ISPs, or four or more ISPs. This instrument is similar to
the instruments that are used by Fan (2013) and Wilson et al. (2021), who instrument
for local competition with the use of neighboring markets’ attributes. The identifying
assumption of this instrument is that a market’s number of ISPs is positively corre-
lated with the level of competition in its neighboring market, but that neighboring
competition is otherwise uncorrelated with an ISP’s quality choice in the market at
hand.

This assumption is well-supported by the history and physical architecture of the
broadband industry, which incentivizes ISPs to make regional entry decisions but
localized quality choices. ISPs typically have regional territories, which stem from
their historical presence as regional telephone and cable television providers. More-
over, as was described in Sect. 2, entry into a new market requires interconnection with
the backbone, which also occurs on a regional basis.? Thus, ISPs face a lower cost of
entering markets near their existing territory, where an interconnection agreement is
already in place. Indeed, this regional presence of ISPs is borne out in the data. On
average, each of the ten largest ISPs—which account for 86% of the observations in
the sample—serves only 18% of the sample markets. However, conditional on serving

9 Durairajan et al. (2015) develop a nationwide map of the U.S. backbone, and document just 267 nodes
where interconnection can occur.
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at least one market within a U.S. state, each of these ISPs serves 47% of the markets
within that state, on average. The first stage estimates that are presented in Table 4
further confirm the relevance of these instruments.

While market entry is typically determined regionally, the validity of this instrument
also requires that quality is determined by market-level characteristics, rather than in
response to regional shocks. This, too, is supported by the architecture of the broadband
industry: ISPs’ local quality is determined by their “last mile” infrastructure, which is
largely determined by their choice of fiber-optic, copper, or coaxial cables to connect
to subscribers’ homes. ISPs can make this quality decision on a local level, and the
data suggest that they do. For each of the ten largest ISPs and each time period in the
data, I decompose the variation in download speeds into within-state variation and
between-state variation according to the formula for total variance:

Var(sjm) = Eg[Var(sjm|m € )1+ Varg[E(sjm|m € g)]. “

where g indexes U.S. states. The first term represents the average within-state variance
in download speeds, and the second term represents the variation across states in
average download speeds. If ISPs were setting download speeds on a regional basis
rather than on a market-specific basis, the unconditional variance in download speeds
would be disproportionately driven by variation across states, with little within-state
variation in download speeds. Instead, the data reveal that on average, within-state
variance accounts for 51% of the unconditional variance in download speeds. This
suggests approximately equal variation within and between states; this is a pattern
that is inconsistent with ISPs systematically setting quality at a regional level.

A firm’s exposure to multimarket contact may be endogenous as well. Variation in
MMC comes from two sources: entry into the local market; and entry into external
markets. First, firm j’s MMC in market m will increase if a new firm enters market m
and the two firms already compete against one another in other markets. Second, firm
j’s MMC in market m will increase if an incumbent of market m enters an external
market in which firm j already operates. The first source of variation is likely to be
endogenous for the same reason that local competition is endogenous: Local shocks
may induce entry into market m, which in turn affects both MMC and the ISPs’ quality
decisions. The latter source of variation, however, is exogenous, as any idiosyncratic
shocks that affect firm j’s speed decision in market m will be uncorrelated with the
factors that drive entry into external markets around the U.S.—most of which are
geographically distant from market m.

Therefore, I generate an instrument by calculating a simulated version of MMC:
This measure takes on the value that firm j’s MMC would equal if the local market
structure of market m were held fixed at its state during the period that firm j first
operated in the market. Specifically,

. 1
MMC_simulatedjy = ——— Z Contactjy, 5)

1
05T ke dmy;

@ Springer



Local Competition, Multimarket Contact...

where: Jy,, i is the set (and number) of firms that operated in market m during the
initial period that firm j operated in market m; and Contact ji, is as defined in Eq. (1).
By construction, a firm’s MM C_simulated is unaffected by entry into market m
after the initial period and varies only when an incumbent firm of market m enters
an external market, and therefore exclusively captures the exogenous portion of the
variation in MMC. This instrument is similar in nature to the instrument that is used
by Lin and McCarthy (2023), who use merger-induced changes in firms’ overlap to
instrument for local MMC.

The primary threat to the validity of the exclusion restriction of the instruments is
that shocks may be correlated across markets. This may arise, for instance, as a result
of state-level policies that aim simultaneously to expand broadband availability and
increase download speeds. Such spatially-correlated shocks pose a greater threat to
the local competition instrument, as variation in M M C_simulated is driven by entry
into any market in the U.S., while variation in the local competition instruments are
driven by entry into neighboring markets.

I address this concern with two alternative specifications. First, I modify the local
competition instrument: I exclude neighboring markets that are located within five
miles of the focal market. Second, I add a set of state-year fixed effects to the model
in order to control for potential state-level broadband initiatives and other state-wide
shocks. I will further discuss these alternative specifications and present their results
in Sect. 4.3.

4 Results
4.1 OLS Results

The results of estimating Eq. (3) with the use of ordinary least squares are reported
in Table 3. Column 1 uses no fixed effects; column 2 uses only market fixed effects;
column 3 adds year-month fixed effects; and column 4 adds ISP fixed effects. The R?
values of the four specifications suggest that the primary driving factor that underlies
the differences in observed speeds is systematic differences across ISPs. This is per-
haps unsurprising, as Fig. 1 highlights the substantial differences between cable and
DSL ISPs. While still important, the market and time fixed effects explain compar-
atively little of the variation in download speeds. Nonetheless, column 3 highlights
the importance of the year-month fixed effects. In the data, both local competition
and multimarket contact increased over time, while download speeds continued to
increase due to advances in technology. This pattern generates a clear positive bias in
the absence of year-month fixed effects.

Column 4 displays the most reliable set of OLS results, as all fixed effects are
included. I find that increased multimarket contact leads to slower download speeds.
This result is consistent with the mutual forbearance hypothesis and suggests that
when multimarket contact facilitates cooperation between firms, they choose lower
product quality. In order to interpret the magnitude of this estimated effect, note that the
standard deviation of M M C is 80.403. Therefore, a one standard deviation increase in
M M C leads to a 0.322 Mbps decrease in download speed. Since the average download
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Table 3 Ordinary least squares results

) 2) 3) 4)

MMC 0.0017** 0.009*** —0.007*** —0.004**
(0.0003) (0.001) (0.001) (0.0005)

#ISPs =2 —1.415%* —0.534%%* —2.366™** 0.535%*
(0.075) (0.124) (0.108) (0.071)

#ISPs =3 —1.878%** 1.397*** —3.340%** —0.122
(0.083) (0.158) (0.137) (0.084)

#ISPs > 4 —0.571%*** 3.343%x* —3.526*** —(.598%**
0.211) (0.339) (0.323) (0.153)

Distance —7.445%** —12.227%** —0.4927%** —0.089
(0.133) (0.197) (0.187) (0.108)

Distance? 1.495%%* 2.9171%%* 0.507%** 0.219%**
(0.051) (0.069) (0.064) (0.038)

Market FE N Y Y Y

Year-Month FE N N Y Y

ISP FE N N N Y

R? 0.071 0.219 0.390 0.744

N 146,079 146,079 146,079 146,079

Standard errors in parentheses are Huber—White heteroskedasticity-robust standard errors.
*k ek and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.

speed in the sample is 12 Mbps, the practical effect of multimarket contact is fairly
small.

However, multimarket contact should be expected to have its largest impact when
firms engage repeatedly across many markets. While many of the ISPs in the data
overlap in few markets, there is a substantial degree of contact among the nation’s
largest ISPs. Entry of one large ISP into the territory of another therefore has the
potential to increase MMC considerably. For example, in January 2014, Comcast and
AT&T competed against one another in 227 of the 985 markets. Therefore if AT&T
were to enter a market that Comcast serves, Comcast’s MMC could increase by as
much as 227, which I estimate decreases download speeds by 0.908 Mbps.

I also estimate that increasing competition from a monopoly to a duopoly results
in download speeds that are 0.535 Mbps higher. However, increasing competition
to three firms has a small negative but statistically insignificant effect on download
speeds. Further increasing the number of competitors to four or more firms decreases
download speeds by 0.598 Mbps, relative to a monopoly, though it should be noted that
less than 4% of observations contain four or more firms. These effects are also quite
small in magnitude, given an average download speed of 12 Mbps over the duration
of the sample.

The controls for distance take on the expected sign across all specifications. The
further a user is from the nearest Ookla server, the slower is their download speed. Col-
umn 4 implies that initially, each additional 100 miles of distance slows the download
by 0.089 Mbps, and that the magnitude of this marginal effect decays with distance.
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Table 4 First stage results

MMC N.#ISPs =2 N.#ISPs =3 N.#ISPs =4
MMC_simulated 0.295%* 0.002%** —0.0017** —0.0002%**
(0.003) (0.00002) (0.00002) (0.00001)
Neighbor #1SPs =2 2.290%%* 0.038*** 0.0217%* —0.001
(0.499) (0.005) (0.004) (0.002)
Neighbor #1SPs =3 2,111 —0.037%* 0.083%* 0.012%%*
(0.559) (0.006) (0.005) (0.003)
Neighbor #1SPs = 4 0.380 —0.068*** 0.0417%%* 0.086™**
(0.731) (0.008) (0.009) (0.006)
Distance —2.599%#% —0.017** 0.013* 0.0227%
(0.728) (0.007) (0.007) (0.004)
Distance* 1.378%%* 0.005* —0.006™* —0.009***
(0.299) (.003) (0.003) (0.001)
Market FE Y Y Y Y
Year-Month FE Y Y Y Y
ISP FE Y Y Y Y
N 146,079 146,079 146,079 146,079
F Statistic 3,209.48 2,073.91 1,022.04 254.82

Standard errors in parentheses are Huber—White heteroskedasticity-robust standard errors.
*H% % and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.

4.2 IV Results

In order to address the endogeneity in local competition and multimarket contact, I esti-
mate the same four specifications with the use of instrumental variables. In Sect. 3.3,
I argued that the number of firms that operate in a market’s nearest neighboring mar-
ket is a credible instrument for local competition. In support of this claim, Table 4
displays the results from estimating the first stage of the instrumental variables regres-
sion. Column 1 shows that the simulated measure of MMC—which captures only the
variation in MMC that is driven by entry into external markets—has a positive and
statistically significant effect on the true measure of MMC. The model has a large
F statistic, which indicates a strong instrument. Columns 2—4 show that a market’s
neighbor’s number of ISPs is positively related to the market’s own number of firms.
These models again have large F statistics, which suggest that a market’s number of
ISPs is well-explained by competition in its neighboring market.

Table 5 shows the results of estimating the four specifications of the instrumental
variables model, again with various levels of fixed effects. The results in column 4
represent the most credible estimates of the effects of multimarket contact and local
competition on internet download speeds. Qualitatively, the findings mirror those in
the OLS results, but the magnitudes of the estimates are greater under the instrumental
variables approach. I find that a one standard deviation increase in multimarket contact
decreases download speeds by 2.412 Mbps. This is a large effect in practice, as average
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Table 5 Instrumental variables results

) (2) 3) “4)

MMC —0.043%** —0.071%** —0.094*** —0.030™**
(0.002) (0.006) (0.005) (0.004)
#ISPs =2 29.232%* 30.666™** 0.921 1.915%
(1.575) (2.650) (1.650) (1.137)
#ISPs =3 23.990*** 41.257*** —1.426 —2.097**
(1.451) (1.840) (1.534) (1.064)
#ISPs > 4 27.989*** 46.226*** —8.216*** —5.183%**
(3.755) (3.172) (2.389) (1.599)
Distance —7.692%** —10.855%** —0.446** —0.011
(0.275) (0.267) (0.207) (0.118)
Distance* 1.645%** 3.103%* 0.529%** 0.196™**
(0.098) (0.099) (0.074) (0.044)
Market FE N Y Y Y
Year-Month FE N N Y Y
ISP FE N N N Y
N 146,079 146,079 146,079 146,079

Standard errors in parentheses are Huber—White heteroskedasticity-robust standard errors.
*H% % and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.

download speeds in the sample ranged from 7 Mbps in 2008 to 20 in 2014. On the
upper end of this effect, contact between Comcast and AT& T could decrease download
speeds by as much as 6.81 (0.03 x 227) Mbps.

I find that shifting from a monopoly to a duopoly increases download speeds by
1.915 Mbps, which represents a 27% increase over average 2008 download speeds
and a 10% increase over average 2014 speeds. However, I also find that increas-
ing competition to three firms decreases download speeds by 2.097 Mbps, and that
increasing competition to four or more firms decreases speeds by 5.183 Mbps, relative
to a monopoly. These results are fairly consistent with the findings of Wallsten and
Mallahan (2013), who estimate that download speeds are higher in markets with two
providers than in monopolized markets. They find that the expected download speeds
of cable providers increase with the presence of a third firm, while expected download
speeds of DSL and fiber providers fall with the presence of a third competitor. Molnar
and Savage (2017) find that download and upload speeds are higher in markets with
two or more wireline ISPs. They find that speeds continue increasing with competi-
tion, but that the marginal effect of additional competitors beyond the third or fourth
incumbent is close to zero.

In line with the theory that was outlined in Sect. 3.1, I find that, ceteris paribus,
the entry of the second ISP increases download speeds, and that an increase in MMC
decreases download speeds. However, these changes in market structure are not inde-
pendent of one another. When the second ISP enters a market, it exposes the incumbent
monopolist to multimarket contact. The ratio of the estimated duopoly effect to the
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Table 6 Heterogeneous effects

(1) (2)

MMC —0.056*** 3.512
(0.005) (6.621)
#ISPs =2 5.420%%* —100.294
(1.239) (181.474)
#ISPs =3 —1.226 —85.025
(1.277) (158.095)
#ISPs > 4 —4.568** —103.731
(2.104) (186.463)
Distance 0.078 3.758
(0.124) (4.947)
Distance® 0.217%%* —1.858
(0.047) (2.530)
Market FE Y Y
Year-Month FE Y Y
ISP FE Y Y
N 126,283 19,796

Standard errors in parentheses are Huber—White heteroskedasticity-robust standard errors.
*k % and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.
All specifications estimated using instrumental variables.

estimated MMC effect is 1.915 / 0.03 = 63.833. Therefore, if MMC rises to a level
greater than 63.833 upon the second ISP’s entry, the MMC effect dominates and the
net effect of entry is a reduction in download speeds. In the data, among all obser-
vations with exactly two ISPs, 66% of markets have a level of MMC that is greater
than 63.833. Thus, these results imply that in the majority of markets, entry cannot be
expected to increase download speeds. Therefore, policymakers who aim to increase
entry and product quality should consider carefully the identities of potential entrants,
as incentivizing the entry of local or regional firms is likely to generate the positive
local competition effect without being offset by the multimarket contact effect.

4.3 Alternative Specifications

While many distinct ISPs appear in the data, the industry is highly concentrated among
a small set of large ISPs: The ten largest ISPs account for 86% of the observations in
the data, and accordingly face the greatest exposure to multimarket contact.
Consequently, I next investigate whether the estimated MMC and local competition
effects are disproportionately driven by the quality choices of these large ISPs. 1
estimate Eq. (3) with the use of two subsamples of the data: observations of the ten
largest ISPs; and observations of all smaller ISPs. Column 1 of Table 6 reports results
from the subsample of large ISPs and column 2 reports results from the subsample
of small ISPs. The estimates that are obtained from the subsample of large ISPs are
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of the same sign as those in the primary specification that is reported in column 4
of Table 5, but they are generally larger in magnitude. The estimated effect of MMC
implies that a one standard deviation increase in MMC decreases download speeds by
4.5 Mbps. The estimates obtained from the subsample of small ISPs vary in sign and
are statistically insignificant. Taken together, these results imply that the behavior of
large national ISPs is driving the estimated effects of MMC and local competition. In
support of this, I conduct a test of the joint hypothesis of equality of all of the estimated
coefficients across the two subsamples. I obtain an F statistic of 5.80 and reject this
null hypothesis at the 1% level.

Next, as was discussed in Sect. 2.1, there are many plausible ways to measure
multimarket contact. I now explore an alternative definition of MMC, in which each
firm weights its contact with each rival according to the share of its incumbent markets
in which it competes against the rival. This measure captures the idea that a firm may
be more heavily influenced by its multimarket contact with a rival if their territorial
overlap represents a greater proportion of the firm’s total territory. Specifically, I define

‘ -

MMC_weightedjy; = ‘ Z Contactjy, (6)

Ikt jedm

<

where: M, represents the number of markets in which firm j operates in period
t; and Contactji; is as defined in Eq. (1). I report results from estimating Eq. (3)
under this alternative measure of MMC in column 1 of Table 7. These estimates
imply that a one standard deviation increase in weighted MMC leads to a 0.617 Mbps
decrease in download speeds, a smaller effect than was estimated under my primary
specification. Qualitatively, however, the results are unchanged: I find that greater
multimarket contact leads to slower download speeds.

Related to this, I also explore the possibility that multimarket contact may have a
non-linear effect on firms’ download speeds. I therefore estimate my primary specifi-
cation using the log of MMC, where MMC is as defined in Eq. (2). I report the results
of this specification in column 2 of Table 7. I estimate that a 100% increase in MMC
leads to decrease in download speeds of 2.529 Mbps. I again find that firms offer faster
download speeds in duopolies than they do in monopolies. But, in this specification,
I find that firms continue to increase their download speeds in response to additional
entry, though speeds increase by successively smaller amounts.

Next, I explore a potential threat to the validity of the local competition instrument.
In order for the exclusion restriction to be valid, unobservables that affect an ISP’s
choice of download speed in one market must not be correlated with unobservables
that affect their entry into neighboring markets. While this assumption is generally
defensible, given that speeds are largely determined by last-mile infrastructure, if a
market’s nearest neighbor is located in very close proximity, there is a potential for
their shocks to be correlated.

To address this concern, I consider a related instrument: the number of firms that
operated in the market’s nearest neighbor that is at least five miles away. Requiring a
minimum distance between the markets mitigates the potential for correlated shocks
while retaining the relevance of the instrument. I report results from estimating Eq. (3)
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using this instrument in column 3 of Table 7. These estimates are qualitatively the same
as those produced under the primary specification, though slightly larger in magnitude.

One may still worry that shocks can be correlated more broadly across markets
within a state: perhaps in response to state policies that aim to expand broadband
availability and increase broadband quality. To address this concern, I estimate the
primary specification and add state-year fixed effects. These fixed effects will capture
any state level shocks that are specific to a particular point in time, which may influence
both entry and download speeds. I report the estimates of this specification in column 4
of Table 7. I again obtain results that are qualitatively the same as those of the primary
specification, though larger in magnitude.

Next, given the panel structure of the data, it is likely that there is serial correlation
in the errors, covariates, and instruments. While the presence of serial correlation does
not threaten the exogeneity of the instruments, it may lead to inconsistent standard
errors (Bertrand et al., 2004). To account for this possibility, I estimate the primary
specification of the model using heteroskedasticity and auto-correlation robust (HAC)
standard errors, and report the results in column 5 of Table 7. Under these standard
errors, multimarket contact remains statistically significant at the 1% level, but the
entry of a market’s second ISP is no longer statistically significant. However, since the
effects of local competition and multimarket contact appear to be driven entirely by
the actions of large ISPs, I estimate the model on this subsample of data, as in column
1 of Table 6, this time using HAC standard errors. I report the results in column 6
of Table 7 and find that multimarket contact and the entry of the second ISP remain
statistically significant.

Finally, I estimate an alternative specification in which I control for distance using
the log of the distance between the user and the nearest speedtest.net server instead
of a quadratic specification. I report these results in column 7 of Table 7 and obtain
qualitatively similar estimates to those obtained under the primary specification.

5 Conclusion

This paper investigates the effect of competition on product quality in the market
for internet service provision. This industry is especially well-suited for this topic,
as it offers a rare product for which quality is easily measurable and arguably one-
dimensional. It is natural to hypothesize that when facing greater local competition,
firms respond by increasing the quality of their product in an effort to attract consumers.
Indeed, I estimate that transitioning from a monopoly to a duopoly increases download
speeds by 1.9 Mbps: This represents a 27% increase over average 2008 speeds and
a 10% increase over average 2014 speeds. However, I also find that further increases
in the number of competitors are associated with a decrease in download speeds; this
is likely due to firms’ inability to recoup the substantial sunk cost that is required to
offer fast speeds when the market is more competitive than a duopoly.

Additionally, this industry offers an opportunity to study the effect of multimarket
contact on product quality. While the majority of the literature on multimarket contact
focuses on pricing, the underlying theory can be expected to translate into outcomes
such as product quality as well. Internet service providers rarely price discriminate
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across markets, instead modulating their product quality in response to market condi-
tions. It is therefore reasonable to expect any effect of multimarket contact between
firms to be channeled into the quality dimension. Empirically, I find that an increase
in multimarket contact results in lower download speeds. I estimate that a one stan-
dard deviation increase in multimarket contact lowers download speeds by about 2.4
Mbps. This finding offers empirical support for the mutual forbearance hypothesis:
When firms engage with one another in multiple markets, they alter their competi-
tive conduct and appear reluctant to compete aggressively against one another. In the
setting of internet service provision, this manifests as lower product quality. This out-
come can reasonably be expected to materialize in other markets—especially those in
which firms’ ability to increase prices is limited.
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Appendix A

This section proposes a simple model of oligopolistic price and quality setting com-
petition, and illustrates conditions under which quality is increasing in the number of
rivals that a firm faces.

Consider firm i, which competes in a market under oligopolistic competition against
n rival firms. Firm i’s demand is given by

ai(pi> si) = g(pirsi) — Y _h(pj,s)), (7
J#

where g(pi,si) = 0 Vp;,s;i; h(pj,s;) = 0Vp;,s;; 0g/dp;i < dh/dp; < 0;
0g/0s; > 0h/ds; > 0; 82g/8pi2 > 0; and 3% g/ds> < 0. In essence, I assume that a
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firm’s demand is decreasing (increasing) in own price (speed); increasing (decreasing)
in rival price (speed); and that the own price and speed effects are stronger than the
rival price and speed effects. I further assume that the own price and speed effects are
stronger at low prices and speeds.

Firm i faces a constant (zero) marginal cost but faces a fixed cost that depends on
its chosen quality, which is given by f(s;) and is assumed to be increasing and strictly
convex. Thus, firm i chooses its price and quality (i.e. download speed) in order to
maximize its profits, given by

i (piysi) = pi(g(pirsi) — Y _h(pj. ) — f(s)- ®)
J#

This produces the following first-order conditions:

9g(p;,s;)
P 4 g (] sP) = D hlpjisj) = 0; ©)
dpi j#i
9g(p;. ;)
P - f'sH =0, (10)
1

where the * superscript denotes optimality.

All n firms solve an analogous set of first-order conditions. For tractability, I focus
on the symmetric equilibrium in which p; = p; = p and s; = s; = s Vj. The above
can then be simplified to

a *’ *
pﬂ(%+g(p*,S*)—n-h(p*,S*)=0; (11)
p* ag(p*v S*)

P - f's" =0, 12)
S

These optimal choices—p* and s*—are themselves functions of n: the number of
rival firms.
Next, taking total derivatives with respect to n yields

. a2_gap* 9%g ds* dg dp* g dp* g ds*
ap? on  dpds on dp dn  dp on  ds on

oh ap*  Ohds*
— — — h(p*,s%) ) =0; 13
<n(8p on +8s 8n>+ (P s)) (13)

2 2
(P Peasty gy
dsdp dn  3s% on ds dn

s o 08T
- f)—=0, (14)
on
which can be rewritten as

p

g | ndg _ 0k x 0% | g _  dh

* * _ on

P ayr T 25, — gy Plapes T Ay TN (
k

9’g | dg g %
* p—
P 559 + 3 Pz —f

Qm.|

SIS

v
I

h(p*, s*)
< 0 ) (15)
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Then, by Cramer’s Rule,

82 9 ¢
ProE 258 —ngy h(p*.s)

a2 )
x 0°g g
as™ p 3s3p+3s 0 (16)
an | 9% g oh o x oh
P T 25, —ng, P apas+——”$
2 : 2
x 0°g g x0°8 _ on
3s3p+3s p ds2 f

—h(P *)(P* 8s3p + )

3 02 8
PRE = I(Pr S 25— B — (S + B s+ 5 - )

(17)
N2
o w3 _) 32:1,(8:1, oy’ (18)

0.2 2 ~ 3590 9590 Mog,
as} ~ dp; ds;dp; \0s;0p; s

This expression allows us to characterize the firm’s optimal response to a change
in competition. The sign of Eq. (17) depends on the sign of ;2

as; 8p,

. P
1. Case 1: 35 <0

In this case, the numerator of Eq. (17) is positive and therefore 25 5, > Oif and only
if the denominator of Eq. (17) is positive; if and only if

3*m; [ 0%m; dh 3 [ Pm ah
— |\ n—]> —n— ). (19)
as? \ 0p; apj ds;dpi \9s;0p; 05
When a firm faces zero competitors—when n = 0—this expression simplifies to
82 X 82 . 82 . 32 .
(55 ) e (). 20)
8si 8pl. as;0p; \0s;0p;

Since profits are concave in quality and price, both sides of the inequality are

positive. It can therefore be satisfied if the magnitude of is sufficiently small:

if consumer price sensitivity does not vary much with the level of product quality.
Alternately, the inequality may be satisfied if profits are sufficiently concave in
price and/or quality. Profits will be highly concave in quality if increases in quality
affect demand much more when quality is low, and if the cost of quality provision
is highly convex.

On the other hand, when n becomes sufficiently large, <% —n ad: ) > 0 and

(32,2;’; — n;)h) < 0. When this occurs, the left-hand-side of inequality (19)
becomes negative and the right-hand-side becomes positive, and thus the inequality

cannot be satisfied. Therefore, a firm’s optimal quality will always decrease with
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competition when the level of competition is sufficiently high.
In sum, in case 1, if inequality (20) is satisfied, quality is increasing in competition
when the market is monopolized, and decreasing in competition once the level of
competition is sufficiently high. If inequality (20) is not satisfied, then quality is
always decreasing in competition.

2. Case2: 8 ”’ > 0 In this case, the numerator of Eq. (17) is negative, and therefore

‘% >0 1f and only if the denominator of Eq. (17) is negative; if and only if

8%m; (9%m; oh 2w [ 0%m ah
S |77 ] < —n— 21
05? 0 p; op;j ds;op; \ 9s;0p; s

1

When a firm faces zero competitors—when n = 0—this expression simplifies to
9%m; [ 0%, 9%, 827
5 5] < . (22)
0s; ap; as;0p; \ 0s;0p;

Since profits are concave in quality and price both sides of inequality (21) are

2
positive. It can therefore be satisfied if 3 3 - sufficiently large: if consumer price
sensitivity drops sufficiently as quality i increases.

On the other hand, when n becomes sufficiently large, <‘; ”21 —n 83: ) > 0, and
( 32,22;{11), —n g:’ ) < 0. Now, we require a k. - to be sufficiently small in order to
satisfy 1nequa11ty 210).

Thus, if is sufficiently large, inequality (21) is satisfied when n = 0 but

not once n grows sufficiently large. Therefore, if a d is sufficiently large, the
firm’s optimal quality is increasing in competition when it operates as a monopolist
but decreasing in competition once a sufficiently large number of competitors are
present.

Appendix B

Bernheim and Whinston (1990) show that multimarket contact between firms can
facilitate collusion between them. This section uses a simple model to illustrate that
when firms compete by setting both price and quality, the firms’ choice of quality may
increase or decrease under collusion, relative to the competitive outcome.

Consider two identical firms that set prices and quality under oligopolistic compe-
tition. Each firm maximizes

i (pi, 8i) = piqi(pi, pj,si, ;) — f(si), (23)

where: p and s denote price and quality; g; (-) is firm i’s demand function; and f (s;)
represents the fixed cost of providing quality level s;. It is assumed that g—;’j’; < 0,

a2
% > 0, ;’% > 0, g;f’ 0, f’a‘g <0, 3‘3,.5’;]. <0, /() > 0,and f"(s;) > 0.
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In equilibrium, each firm therefore chooses prices and quality that satisfy

Ak % ok ok
*a%(Pl"Pj’SiaSj)

p; +4i(pi, pj.sis7) =0; 24)
dpi
9qi(p}. P}, s\ 57)
P~ f'sh =0 (25)
L

If the firms were instead to set prices and quality cooperatively, their joint profit
function becomes

T(p1, P2, 51, 52) = p1q1(p1, p2, 51, 82) + p2g2(p1, P2, s1,52) — f(s1) — f(52).

(26)
The joint firm now chooses prices and quality—p and 5—that solve
07 (p1, p2.51,82) . 9qi(p1, p2, 1, 52) IO
= Di +qi(p1, P2, 51, 52)
dpi dp1
. 9q;(p1, p2, 51, 52
+Dpj 91 P ) =0; 27
dpi
07T (p1, P2, 51, 82) . 9qi(p1, p2,S1,82) - 9q;(p1, p2,51,52) .
= pi— +pj— - f'Gi)=0.
05; as; s;
(28)
Proposition 1 afizai - > 0 is a necessary condition for the optimal quality to increase
under collusion. And by extension, a?izai - < 0 is a sufficient condition for the optimal

quality to decrease under collusion.

Proof Since W;ﬂ > 0 and 24PLP2505) gy p and s, this implies that
the first-order conditions of the joint firm when evaluated at the prices and qualities

that are chosen under competition can be signed as follows:

07t (p1, p2,51,82) _ . 94i(PY, P 51, 53)

i

+ ql(pik9 p>2k9siks S;)

api api
8q‘(p*’p*’s*’s*)
_|_pj? / 18p2i 1727 S 0 (29)
07 (pY, P3> 51553 9qi(pY, P3- 57+ 55 9q;(pY, P3s 57+ 55
1i12=p;ﬁli2'12+p7112.12_f/(sgk)<0'
as; as; as;
(30)

Therefore, when shifting from competitive prices and qualities (p7], p3, s}, s3) to
collusive prices and qualities (p1, p2, 51, sz), Tor must decrease and 3—” must increase.

Thus, the total differentials of these derivatives must satisfy d (5 i o7 ) < O and d ( g” ) >
0. These necessary conditions are given by

R 027 %7
d (-”) =l dpi+ ——ds < 0; 31)
api 8pl aSlapl
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o7t 927 927
d (_”> =y + s = 0 (32)
S

3.&‘,’ 8p,~8s,~

Now, suppose that these conditions are to be satisfied by increasing quality under
collusion, or that ds; > 0. Since profits are concave in prices, 277; < 0. This implies

1

that d pi < 0, as price must increase with an increase in quality in order for profits

827 827
asap > 0 or 357 < 0.

Next, since profits are concave in quality, —sti < 0. Since dp; must be greater

to rise. Thus d( a” ) < 0 can potentially be satisfied with

2-
than zero when ds; > 0, 3?_ 3’; > (0 must be positive in order to satisfy d( d” )> 0.0

With this necessary condition established, it is instructive to characterize when

3323’; - may be positive:
827 . 82q,~ aq; 3261]'
8S,’3pi =P asiapi 3S,‘ Pj 8S,‘3pi ’

(33)

2
Since 3(1{ > 0, this condition can hold when 33 ap; and/or ~—~

d2
TSP d are positive (or

at least not too negatlve) is positive if consumers’ price sensnwlty for a given

82
firm’s product decreases as its own quality rises. 5 g;j [_ is positive if the effect of a

rival’s price increase on a given firm’s demand is greater when the rival’s quality is
higher.
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