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ABSTRACT

This paper explores different types of modelling, all of which are applied to the Internet
Service Provider (ISP) market. The primary goal of this paper is to further understand the ISP
market structure. In all models, the dependent variable is the number of ISPs located in a given
zip code. A zip code is assumed to represent a geographically isolated ISP market. Using the
models presented in this paper, I first analyze how population, income, and geographic variables
affect market concentration. Then, I use a different modelling technique to determine that almost
all of the increase in competition in the ISP market appears with the addition of the first
additional firm, or the 4th firm. Because of the format of the ISP data that was acquired by the
FCC, markets with between 1 and 3 firms are all counted as a 3 firm market.
With regards to modeling techniques, the first model is a linear regression that explores
which variables are significant in predicting market concentration. I also edit this model to add
fixed effects that account for which state the ISP market is located in.
The next model is an ordered probit model that uses theory from the Bresnahan and Reiss
paper (1991). I begin by using an ordered probit model to model the demand in the ISP region,
which finds that demand increases the most with the addition of the 4th firm. I continue by
implementing a model that is a very close version of the Bresnahan and Reiss model. This
version models variable profits, fixed costs, and market sizes with varying numbers of
competitors.
I then use these components to determine entry threshold ratios for each market size.
These ratios are used to determine how much competition in the market increases as each
additional firm enters the market. The results are similar to what Bresnahan and Reiss find,
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meaning Model 2.2 finds that the majority of the increase in competition takes place when the
first additional firm, or the 4th firm, enters the market. However, Model 2.2 finds that the initial
increase in competition is more extreme than in the Bresnahan and Reiss model. This could be
due to the FCC data grouping 1-3 firm markets together and because both papers are studying
different markets.
In the model that uses theory from the Bresnahan and Reiss paper, some variables have
very high standard errors. This could be attributed to irregularities in the data such as not
differentiating between 1-3 firm markets or having a large proportion of the markets being very
small. The result would be data that does not fit the model very closely. However, there is also a
relatively large standard error in the Bresnahan and Reiss model, so the direct application of their
model may simply be prone to higher standard errors.
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Chapter 1
Introduction

Many economists have worked to define the market structure for various industries, such
as by analyzing competition, predicting entry and exit, or observing what variables predict
market concentration. Although it is relatively easy to analyze a theoretical market of given
structure (monopoly, oligopoly, perfect competition, etc.), it is much less trivial to model a
realistic market and the competition within it. In 1991, Bresnahan and Reiss created a classic
model that approached this goal in an intelligent and unique way. By observing numerous small
geographically isolated markets including doctors, dentists, druggists, plumbers, and tire dealers,
they created threshold values that estimated how large the market size in a given industry needed
to be to support a certain number of firms. This allowed them to observe how much competition
changed as the market size and number of firms changed in a given market.
Although analyzing entry and exit is not relatively new, very little research has applied it
to the ISP market, and with a new proposed merger between Comcast and Time Warner Cable
and constant debates about desired internet regulations such as net neutrality, the ISP market is
certainly a popular topic.
The goals of this paper are twofold: to explore what variables explain market
concentration in the ISP market, and to apply a version of the Bresnahan and Reiss entry and exit
threshold model to the ISP market. I will approach these goals by creating two primary models.
In the Chapter 4, I create a linear model that explains what variables are significant in explaining
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market concentration in the ISP market. I also address multicolinearity and add fixed effects that
account for what state the given market is located in. The addition of fixed effects causes the R2
value of the model increases.
In Chapter 5, I develop an ordered probit model similar to Bresnahan and Reis’ model.
The first version of the model attempts to model the demand in the ISP market and how the
demand changes as market size changes. The second ordered probit model is a more direct
application of the Bresnahan and Reiss model, and it explains how much the competition
changes in the market as the number of firms changes. The results from this model are similar to
Bresnahan and Reiss’ findings. Analyzing these models will help to further understand a largely
unexplored, yet very important market.
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Chapter 2
Literature Review
From technical analyses to qualitative discussions, a multitude of papers have been
written to define and describe the Internet Service Provider (ISP) market. There are also many
papers written about modeling markets by predicting the entry and exit of firms, evaluating
competition in isolated markets, and determining what factors contribute to the number of firms
in a market. However, very few studies are focused on the specific goals of this paper: to apply
an entry and exit model to regional ISP markets in order to analyze the variables that determine
market concentration and also how competition changes as the number of firms in a market
changes.
Although there have not been many papers that focus solely the goals I am pursuing in
this paper, it is valuable to review literature in various areas related to the main topics in this
paper. Specifically, I will first introduce the ISP market in general terms. Then, I will analyze
relevant literature regarding entry and exit models. Finally, I will conclude by reviewing what
literature has been written on consumer welfare in the ISP market. The combination of this
literature will provide valuable information for this study.

The Internet Service Provider (ISP) Market
One distinguishing factor about the ISP market is that its structure varies depending on
the geographical region in the United States. In other words, because citizens can only obtain
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internet service in the area where they live, each town and city can be viewed as a geographically
isolated market. Therefore, when firms decide to merge or if new laws in the ISP market are
passed, it may affect different regions in different ways.
The recent proposed merger between the two largest ISPs Comcast and Time Warner
Cable has the potential to significantly alter the ISP market. The Washington Post reported that
Comcast offered 45 billion dollars to purchase TWC, and the purchase will result in Comcast
owning almost two-thirds of the national ISP market share. Could the merger promote
innovation, or could the increased market power of Comcast decrease the market efficiency and
welfare of customers in various regions?
The ISP market encompasses all firms that provide some type of internet service to
customers. However, this paper will analyze data from companies that reported providing “highspeed” internet service to customers. The FCC reported that by 2009, over 60 percent of
households had subscribed to some sort of high speed internet, and the number is increasing each
year. Also, only 3 percent of Americans still use dial-up internet, which was the first widespread
form of internet access. Dial-up is the most popular form of internet service that is not classified
as high-speed, so most Americans have transferred to high-speed service.
In addition, new litigation in the ISP market regarding net neutrality or municipal
broadband laws could also affect the ISP market and consumer welfare. The models in this paper
will attempt to achieve a better understanding of the ISP market and the effects of mergers and
litigation.
There are no strict guidelines to what ISP firms can qualify as high-speed internet.
Typically, high-speed internet speeds are in the range of 5-50 Mbit/s, while dial-up internet
speeds are around 40-60 kbit/s. Also, high speed internet is generally used interchangeably with
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“broadband” internet service. In 2009, the FCC defined broadband internet as “internet access
that is always on and faster than the traditional dial-up access". The FCC then updated their
definition in 2010 by claiming that basic broadband must have internet speeds faster than 4
Mbit/s.
The FCC lists various forms of high-speed internet service in their annual reports. The
chart below, created in an annual FCC report, shows types of high speed internet along with their
popularity. Note that FTTP (fiber to the premises) internet service uses fiber cables to provide
internet access.

Figure 1. High-Speed Connections by Technology as of December 31, 2008
This paper will use data that is from all forms of internet service listed in Figure 1.
However, the models will not differentiate between types of high-speed internet. If any high
speed internet service provider is providing internet service in a given region, they will be
included in the dataset.
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Modeling Firm Entry and Exit
Bresnahan and Reiss (1991) wrote a classic entry and exit paper titled “Entry and
Competition in Concentrated Markets” that will be an important resource for this paper. They
create a type of ordered probit model to analyze the entry and exit of firms in 202 relatively
small geographically isolated markets including dentists, barbers, plumbers, and tire salesmen.
An ordered probit model is used for applications where the dependent variable takes on multiple
discrete values, and the values have some natural ordering like profits as a function of the
number of competitors. This is the case in the Bresnahan and Reiss model, where the number of
firms in a market is the dependent variable.
The small geographically isolated markets are chosen so Bresnahan and Reiss can assume
each geographic location is an entire market. Also, they can then use population data to estimate
market sizes for their study because the markets are geographically isolated. If the markets were
not geographically isolated, the population data would not be an accurate representation of the
market size of a region. Another advantage of their method is they do not require pricing and
quantity data to estimate entry and exit in their markets.
They use variables such as income, percent elder population, median household value,
and fraction of farmland to model variable profits and the value of farmland and buildings to
estimate fixed costs. The market size S(Y) is estimated with population parameters labeled as Y
such as town population, positive population growth, and negative population growth. Also, even
though these markets are meant to be geographically isolated, parameters such as nearby
population and commuters outside of the city are used in the market size calculation to create a
more accurate market size estimate. Their goals are to estimate market sizes, to create market
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size thresholds to predict when a firm will enter or exit, and to use the thresholds to observe how
the market competition changes as market size and number of firms in a market changes.
To analyze the entry and exit of firms, market size S, variable profits V, and fixed costs
F are used to create market size threshold ratios (

𝑆𝑁+1
𝑆𝑁

) that denote the ratio of the per firm market

size when N+1 firms are predicted to be in the market compared to when N firms are predicted.
Bresnahan and Reiss approach this task by writing profits for the “Nth” firm as:
(Equation 1)
This equation states that the profit for one of N firms is the difference between the price
of the good and its variable costs multiplied by the per firm market size. Then, fixed costs are
subtracted out of the revenue. Note that bN and BN are implemented so new firms can experience
lower variable profits and higher fixed costs. Both of these variables are required to be greater
than or equal to 0, so newer firms can only have lower variable profits and higher fixed costs.
Next, they take the zero profit condition where the Nth firm makes no profit, or πN = 0. They
write this equation in the form of Equation 2.

(Equation 2)
Equation 2 claims the per firm entry threshold sN equals the ratio of fixed costs (FN) to
variable profits (VN) for each firm. Then, Bresnahan and Reiss run an ordered probit with
variables they define to affect fixed costs and variable profits to calculate entry thresholds.
Equations 3, 4, and 5 show how variable profits, fixed costs, and entry thresholds were
calculated.
(Equation 3)
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(Equation 4)

(Equation 5)

In Equation 3, X represents the set of independent variables that model variable profits;
these were mentioned earlier. β are coefficients obtained from the ordered probit model, and α n
represents the additional decrease in variable profits for each firm. This is why they are
subtracted from the variable profits equation. In Equation 4, the fixed cost variable WL
represents the per-acre value of buildings and farmland, and γn represents the additional fixed
costs for firm N.
After they ran their model, Bresnahan and Reiss use Equation 5 to predict the margins of
firms and the market thresholds for each market. Table 1 shows the results from the Bresnahan
and Reiss paper.
Table 1. Results Table from Bresnahan and Reiss Paper
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The entry thresholds in Table 1 (SN) represent the number of people (in thousands) at
which the Nth firm is predicted to enter. For example, in the tire dealers market, the first firm is
predicted to enter (S1) when 490 people are in the market. The per-firm entry threshold ratio
represents how much bigger the market had to get (per firm) until another firm entered.
Therefore, if the per firm entry threshold ratio is above 1, Bresnahan and Reiss draw the
conclusion that the firm’s per consumer profit margins had to have fallen with the addition of the
newest firm, hence competition had to increase.
They conclude this because if the market had to increase by more than the previous per
firm market size to entice an additional firm to enter, competition must be increasing because
more people are required (per firm) to support the new number of competitors. The increase in
required per firm market size is attributed to firms obtaining smaller per consumer profit margins
to be competitive in the growing market. Overall, Bresnahan and Reiss find that most of the
increase in competition (highest threshold ratios) takes place with the addition of the second and
third firms.
For my thesis, the Bresnahan and Reiss paper is worth analyzing in detail for multiple
reasons. First, this paper observes market characteristics of geographically isolated markets. I am
assuming the ISP markets by region are geographically isolated because consumers can only
obtain internet service in the region they live in. Also, the Bresnahan and Reiss paper is able to
analyze competition, predict market sizes and changes in profits, and draw conclusions without
any pricing or quantity data. Pricing or quantity data would be very difficult to obtain from ISP
providers, so this method will be a valuable model to analyze the ISP market with. I will apply a
version of this model to the ISP market later in this paper.
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Other articles also discuss predicting the amount of firms in markets and the resulting
efficiencies and inefficiencies. In industrial organization economics, many studies focus on the
airline market. One particular study observing the airline market is written by Berry (1992). He
uses methods similar to Bresnahan and Reiss by predicting profits and market structure. Berry
then ventures further into analyzing the probit model by stating that simulation estimators need
to be introduced for accurate results. He claims that the simulation errors are introduced to
increase the accuracy of his model and allow him to introduce heterogeneity between goods. In
my paper, I will model the oligopolistic competition in a similar manner to Berry and Bresnahan
and Reiss. However, I am assuming high speed internet is a homogenous good, so I will not
introduce simulation errors into my models to account for heterogeneity of goods like Berry
does.
Reiss and Spiller (1989) also apply a model similar to that of Bresnahan and Reiss to the
airline market. They observe only small airline markets to negate the effect of unobserved fixed
costs. Bresnahan and Reiss also do this. Although this method may eliminate unobserved fixed
costs, it also may introduce a selection bias to the data. In my research, I will have to consider
the issue of unobserved fixed costs because there can certainly be large fixed costs in the ISP
market depending on the type of service being provided (DSL, cable, wireless, FTTP, etc.). Also,
because Model 2.2 uses only data from Pennsylvania, I will have to attempt to eliminate any
selection bias as well. However, data from only Pennsylvania seems to be a good estimate of
national data, so I can assume this does not produce significant selection bias.
With regards to predicting efficiencies in the deregulated airline market, it seems
different studies yield different conclusions. Bailey and Panzar (1981) find that entry, or even the
threat of entry, into a city-pair monopolistic or oligopolistic market will increase the efficiency
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of the market because if firms do not set competitive prices, other firms can enter to capture the
market share. They also note that these markets are contestable.
However, Borenstein (1989) claims that airline pricing does not follow the “perfect
contestability ideal”. He then says this allows firms in the airline markets to make economic
profits and not act as a contestable market. These papers may be referring to different subsets
within the airline markets, but the contrast between results is worth noting.
It will be important to consider if the ISP market is contestable and relatively efficient.
Are firms free to enter into the ISP market in certain regions? Does this keep prices competitive?
Answers to these questions could help to provide insight into my models’ implications regarding
the feasibility of municipal broadband laws, mergers, and other litigation.

Consumer Welfare in the ISP Market
When considering consumer welfare in the ISP market, the majority of literature focuses
on net neutrality. However, because the scope of this paper is to model the ISP market and
analyze the competition with respect to regional markets, I will not use this model’s results to
delve into the theory, specifics, and debate on net neutrality. The breadth of net neutrality is large
enough for an entire thesis on its own. However, the results from this paper will help to provide a
clearer picture of the ISP market and effects of related mergers and antitrust litigation. Therefore,
this paper can help to analyze the effectiveness of antitrust litigation and see if this litigation
could be a viable option.
Also, net neutrality would not affect firms’ actions if the markets are considered to be
competitive. This is because since the firms are competitive, they would not have a chance to
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charge varying prices for different internet services or access to different websites. If a
competitive firm raises their price from competitive pricing, another firm will have a lower price
that takes the price increasing firm’s market share.
Economists have analyzed antitrust regulation when considering consumer welfare in the
ISP market. Bruce Owen claims antitrust regulation is the best method to regulate the ISP
market, and it would be prudent to wait to implement net neutrality “ex post” if necessary (Owen
2011). Carlton and Becker reiterate the belief that antitrust regulation is the better option to
address their concerns. He believes net neutrality may not solve the concerns regarding
competition and innovation, and net neutrality regulation could hurt overall consumer welfare
(Becker, Carlton, Sider, 2014). As previously stated, the specifics of net neutrality litigation are
out of the scope of this paper. This paper will analyze competition changes at various market
sizes and help to evaluate the value of antitrust litigation.
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Chapter 3
Data
To effectively model the ISP market, I gathered data on the number of ISP competitors in
various zip codes and labelled the variable as N. As stated earlier, I assume zip codes represent a
geographically isolated ISP market. Therefore, this data will allow us to analyze predictors of N
and the competition in various isolated markets.
N contains 28,715 observations from 2005, and the variable includes data for the vast
majority of zip codes in the United States and Puerto Rico. The minimum number of ISP
competitors in a zip code is 3, and the maximum is 21. However, the minimum of N may
actually be lower than 3, but the ISP data does not differentiate between zip codes that have 3 or

1.0e+04

0

5000

Frequency

1.5e+04

less firms. Figure 2 shows a histogram of the variable N.

0

20
Number of Holding Companies

Figure 2. Histogram of N
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Notice that a large proportion of N is location is located at the minimum of 3 competitors.
This is for two reasons. First, there are a lot more zip codes in small markets, such as in the
Midwest or South, than in large markets. Therefore, it seems reasonable that the number
competitors would be small in a lot of markets.
Second, the FCC provided the variable N, and if the number of ISP competitors in a
given zip code was 3 or less, the FCC labeled N with a star. Therefore, it was not clear whether a
zip code has 1, 2, or 3 competitors in this dataset. To address this issue, I set N to 3 firms if the
FCC labeled it with a star.
After attempting to contact the FCC, I still could not obtain data for when N was less than
3, and I also did not get an answer to why data was gathered like this. I assume the FCC did not
differentiate between 0 and 3 firm markets to make the data gathering easier to complete. It may
have been difficult to differentiate between the number of ISPs in very small rural areas that have
between 0 and 3 ISPs.

Predictors of N
After obtaining the dependent variable N, I found independent variables that could both
predict N and also model variable profits, fixed costs, and market size. The latter function of the
independent variables will be further discussed in Chapter 5. Table 2 summarizes all of the
independent variables and the dependent variable N. Note that the variable “state” is a string. For
example, if the zip code of a given market was in Pennsylvania, state would equal PA. Therefore,
there are no numerical qualities of this variable.
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Table 2. Summary of Variables

As seen in Table 2, the models in this paper will use various population and demographic
variables to predict N and estimate competition. I found all of the independent variables from the
United States Census Bureau. Also, other than the variables N and income, I obtained all
variables from 5 year estimations that were conducted between 2005 and 2010. N is from 2005,
while income is from a 5 year estimation between 2006 and 2011. Although these years are not
identical, they are very similar and should suffice for this study. Also, we can assume that the
variables are changing at a fairly constant and small rate throughout the small range of years in
this paper, so data from different years will still yield similar relationships.
Another discrepancy worth noting is the number of observations of each variable. Ideally
there would be an equal number of observations for each variable, but Table 2 shows this is not
the case. However, I matched all variables based on their given zip code and if they shared a zip
code with the dependent variable N. Therefore, when I run regressions, the total number of
observations is 27,698. Figure 3 shows a histogram of the Number of Households in each zip
code in the United States and Puerto Rico.
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Figure 3. Histogram of Number of Households
Notice that Figure 3 is heavily skewed to the right. This supports the statement earlier
that the majority of zip codes in this dataset represent a relatively small market. Also, this helps
to explain why a large portion of competition in the ISP market takes place with three or less
competitors.
Another interesting variable to analyze is the rural population divided by total population,
or ruralprop. Because ruralprop is a proportion, the distribution will be between 0 and 1 where 0
is a purely urban zip code and 1 is a purely rural zip code. Figure 4 shows a histogram of

1.0e+04

0

5000

Frequency

1.5e+04

2.0e+04

ruralprop.

0

.2

.4
.6
Rural Proportion

.8

Figure 4. Histogram of Rural Proportion
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From Figure 4, we can see that most zip codes are either purely urban or purely rural.
Also, more zip codes are purely rural than purely urban which supports the small market
majority discussed in the previous data. Although Figure 3 shows some valuable data, it is
difficult to see the distribution of the ruralprop variable because the frequencies of 0 and 1 are
both so high. To observe the distribution of ruralprop more clearly, we can eliminate the

300
200
0

100

Frequency

400

500

extremes of the variable and create a new histogram. Figure 5 shows this distribution.
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1

Figure 5. Histogram of Rural Proportion without Extremes
Figure 5 shows that in zip codes which have both rural and urban components, the
majority of the market is likely more urban. In other words, there are more urban markets with
small rural parts than there are rural markets with small urban components. This makes sense
because usually urban areas have a significantly larger population than rural areas.
The ruralprop variable is important for modeling the ISP market in this study, especially
for the entry threshold analysis. It provides a relatively unique variable when compared to other
more standard variables such as population, households, or income, because it depicts the
geographical makeup of a given market. Also, we can use the ruralprop variable to estimate the
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fixed costs of a competitor or potential competitor. In the ISP market, a large fixed cost is the
infrastructure required to provide internet service. The type of infrastructure varies depending on
the type of internet being provided, but existing infrastructure is generally more prevalent in
urban areas where consumers are closer and it is more feasible to create the infrastructure.
For example, DSL internet providers can use the same cable to provide internet to
consumers. A potential DSL supplier will then incur a lower fixed cost if there is already cable
available in the region. Using this logic, we can see that the fixed cost of a given region can be
captured in the ruralprop variable. This will be important for the competition model later in this
paper.
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Chapter 4
Linear Models 1.1 and 1.2:
The first model this paper presents is a linear model that explores predictors of N. For
this model, we start by letting the number of competitors (N) be a linear function of the
independent variables introduced in Chapter 3. This will be called Model 1.1. Equation 1 depicts
this relationship. This regression yields results seen in Table 3.
𝑁𝑖 = 𝛽0 + 𝛽1 𝑝𝑜𝑝𝑛𝑢𝑚𝑖 + 𝛽2 𝑟𝑢𝑟𝑎𝑙𝑝𝑟𝑜𝑝𝑖 + 𝛽3 ℎ𝑜𝑢𝑠𝑒𝑛𝑢𝑚𝑖 + 𝛽4 𝑖𝑛𝑐𝑜𝑚𝑒𝑖 +
𝛽5 ℎ𝑜𝑢𝑠𝑒𝑣𝑎𝑙𝑖 + 𝛽6 𝑒𝑙𝑑𝑟𝑎𝑡𝑖𝑜𝑖 + 𝛽7 𝑎𝑔𝑒𝑚𝑒𝑑𝑖 + 𝜖𝑖

(Equation 6)

Table 3. Model 1.1 Results

Because there are so many observations, it was fairly likely that these variables would
have a very small p-value and hence are statistically significant. In fact, the population variable
is the only variable that is not significant. This was initially surprising, but after further analysis
it was found that the popnum results can be attributed to multicollinearity. The correlation
coefficient between the number of people (popnum) and number of houses (housenum) is .9834,
meaning these variables are almost perfectly positively correlated. Therefore, if we eliminate
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either variable, the other variable will suffice in predicting N. In Model 1.2, popnum was erased
and the results were recorded in Table 4.
Table 4. Model 1.2 Results

Between Models 1.1 and 1.2, the biggest change was the t-value for housenum increasing
from 25.86 to 96.73. Both t-values suggest the number of houses is a strong predictor of N, but
the change is worth noting.
Overall, the results from Model 1.2 yield interesting theories on how these independent
variables affect the amount of ISP competitors in a given market. The proportion of rural
population has a large effect on N. According to Model 1.2, a purely rural population is predicted
to have about 2 fewer competitors than an urban population, ceteris paribus. This could be due to
lower fixed costs present in an urban region resulting from better infrastructure relative to rural
areas.
The number of houses was positively correlated with N. This makes sense because more
houses will yield more demand for internet, ultimately attracting more firms. Per capita income
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and the median value of houses were also positively correlated with N which suggests that
internet is a normal good.
The elderly ratio and median age were both negatively correlated with N. This also most
likely relates to the demand for internet. Markets with a high younger population include college
towns and towns with a lot of schools in general. Therefore, the demand for internet in these
towns may be greater than in other markets. Also, since the internet is a relatively new good,
elderly people may not be as inclined to use the internet because they have not been exposed to it
as frequently as the younger population.

Linear Model 1.3: Adding Fixed Effects
Another modification to Model 1.2 was to create a fixed effects regression that accounts
for the state of every market. To do this, I used the state variable and created a dummy variable
for each state. States are important to incorporate into this linear model because they can provide
information that may have not been captured in the other variables in Model 1.2. An example of
this would be the political structure, culture, or municipal broadband litigation in a state. I
created 52 dummy variables which includes Puerto Rico, Washington D.C., and the 50 states.
Equation 7 shows the form of the new regression, called Model 1.3.
𝑁𝑖 = 𝛽0 + 𝛽2 𝑟𝑢𝑟𝑎𝑙𝑝𝑟𝑜𝑝𝑖 + 𝛽3 ℎ𝑜𝑢𝑠𝑒𝑛𝑢𝑚𝑖 + 𝛽4 𝑖𝑛𝑐𝑜𝑚𝑒𝑖 + 𝛽5 ℎ𝑜𝑢𝑠𝑒𝑣𝑎𝑙𝑖 + 𝛽6 𝑒𝑙𝑑𝑟𝑎𝑡𝑖𝑜𝑖 +
𝛽7 𝑎𝑔𝑒𝑚𝑒𝑑𝑖 + 𝛽8 𝐴𝐿 + 𝛽9 𝐴𝐾 + 𝛽10 𝐴𝑍+. . . + 𝛽59 𝑊𝑌 + 𝜖𝑖

(Equation 7)

Table 5 contains the results from this regression, and Table 6 shows the highest and
lowest 6 dummy variable coefficients. The dummy variable for Delaware was omitted to address
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collinearity. This model allows us to observe effects not present in the original independent
variables.

Table 5. Model 1.3 Results not Including Dummy Variables

Table 6. Results of Highest and Lowest 6 Dummy Variables
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In Table 5, the R2 value increased to .705 from .6647 in previous models. This is a
relatively small change, but it represents that Model 1.3 explains a slightly higher percent of the
variation of the data. I ran an F-Test to check the statistical significance between models, and I
determined that the change in R2 was significant. Also, many of the independent variables
changed slightly in magnitude, but there were no changes in sign.
The constant changed from 5.343 in Model 1.2 to 2.717 in Model 1.3. This is because
each dummy variable acts as a separate constant for its respective state. For example, the
California coefficient of the dummy variable is 3.094, so the constant is the sum of 2.717 and
3.094, or 5.811. This means that if we assume all the independent variables are equal, we predict
that 3.094 more firms would compete in a market in California than in Delaware strictly based
on their locations. The average of the coefficients for all dummy variables was 2.16, so adding
this to the constant of 2.717 in Model 1.3 obtains a constant close to the constant of 5.343 in
previous models.
Table 6 contains dummy variables with coefficients at either extreme. The largest
coefficient was Florida at 3.804. This model predicts that a market in Florida will have 3.804
more competitors than in Delaware, assuming all other variables are equal. The reason for the
change in fixed effects is not entirely clear, but we can speculate on the reasons behind these
fixed effects.
It seems that many states with the highest fixed effects also have many large cities or
areas with a high concentration of population. Therefore, the fixed effects could be related to the
barriers to entry for potential competitors, where states with high amounts of existing
infrastructure also have lower fixed costs. Also, in markets in Hawaii or Puerto Rico, fixed costs
may be higher for firms because of lacking existing infrastructure.
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Another factor that fixed effects could be related to is state litigation. Municipal
broadband limitations are implemented in about 20 states in the United States. The severity of
the limitation depends on the specific state, but every state except Ohio that has the highest 6
fixed effects has a form of municipal broadband limitation implemented. In the bottom 6
regarding fixed effects, only Washington D.C. and Nevada have municipal broadband
limitations. Therefore, it is possible that municipal broadband regulations could promote
competition in states and attract more firms.
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Chapter 5
Entry Threshold Model
I present two versions of an Entry Threshold Model in this chapter. The first model,
Model 2.1, is a simple ordered probit model that models the market demand. Next, Model 2.2
uses an approach very similar to the Bresnahan and Reiss (1991) model to observe how
competition changes as market size increases. For both models, I create a new value of N where
Nnew = N-2. I created this so the cutoff values in Model 2.1 and the additional firm fixed costs
and variable profits in Model 2.2 could be created.

Ordered Probit Model 2.1:
Model 2.1 uses the same dataset as in Chapter 4, just with the variable Nnew instead of N.
For this model, I wish to run an ordered probit model that models the revenue of firms in the ISP
market. Equation 8 provides a general definition for revenue used in this model.
𝐷 = 𝑑 (𝑥𝑖 ) ∗ 𝑆(𝑦)

(Equation 8)

D represents the market demand, d defines the demand per consumer, and S is a given
market’s size. The variables xi and y are included to represent independent variables that affect
the per consumer demand and market size, respectively.
To model market demand, I ran an ordered probit regression that models Equation 8. To
model S(y), I simply used the population variable (popnum) from previous chapters. Bresnahan

26

and Reiss include additional variables such as population change and number of commuters into
their market size estimate, but a simple population count should suffice for this model.
Next, I needed to model d(xi). To complete this, I implemented variables from previous
chapters that define the per consumer demand. Equation 9 depicts what variables I assumed to
define d(xi).
𝑑(𝑥𝑖 ) = 𝛽1 𝑖𝑛𝑐𝑜𝑚𝑒𝑖 + 𝛽2 ℎ𝑜𝑢𝑠𝑒𝑣𝑎𝑙𝑖 + 𝛽3 𝑎𝑔𝑒𝑚𝑒𝑑𝑖 + 𝛽4 𝐴𝐿 + 𝛽5 𝐴𝐾 + 𝛽6 𝐴𝑍 + ⋯ +
𝛽56 𝑊𝑌 + 𝜖𝑖

(Equation 9)

Notice that this includes some of the variables used in the models in Chapter 4, but the
elderly ratio, rural proportion, population, and number of houses variables were not used. I
assumed the elderly ratio contained many of the same effects on demand as the median age
would contain, so it was eliminated. I did not include Population because it represents the market
size in this model. Also, I removed the number of houses because it was almost perfectly
correlated with population. Finally, I assumed rural proportion to represent fixed costs, so it was
not included in this equation. I assumed this because, as discussed earlier, I assumed a higher
rural proportion would increase the costs of a firm to provide service in that area because the
new firms may no longer have access to existing infrastructure. I did not use the rural proportion
variable in this model, but it will be important in the next version. The fixed effects were also
discussed earlier as affecting fixed costs, but I included these in the per consumer demand for
this model.
Next, I used these variables to create the ordered probit model. To accomplish this, I
created new variables that multiply population by the per consumer demand. Then, I created the
ordered probit model. This model takes the form seen in Equation 10.
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𝑁

∗

𝑖

= 𝜷 ∗ (𝑝𝑜𝑝𝑛𝑢𝑚𝑖 ∗ (𝑖𝑛𝑐𝑜𝑚𝑒𝑖 + ℎ𝑜𝑢𝑠𝑒𝑣𝑎𝑙𝑖 + 𝑎𝑔𝑒𝑚𝑒𝑑𝑖 + 𝐴𝐿 + 𝐴𝐾 + 𝐴𝑍 +

… + 𝑊𝑌)) + 𝜖𝑖

(Equation 10)

In Equation 10, β is the set of coefficients for the demand variables. Also, since this is an
ordered probit model, Equation 10 does not represent a linear regression. The model takes the
general form seen in Equation 11. We use N* to predict “cut points” which represent where the
number of firms are predicted to change.

𝑁=

0
1
2
3
{ 19

𝑖𝑓
𝑁∗ < 0
∗
𝑖𝑓
0 < 𝑁 < 𝑐𝑢𝑡1
𝑖𝑓 𝑐𝑢𝑡1 < 𝑁 ∗ < 𝑐𝑢𝑡2
𝑖𝑓 𝑐𝑢𝑡2 < 𝑁 ∗ < 𝑐𝑢𝑡3
…
𝑖𝑓 𝑐𝑢𝑡17 < 𝑁 ∗ < 𝑐𝑢18

(Equation 11)

Table 7 shows the coefficients from the regression results, including the highest and
lowest two fixed effect variables, and Table 8 shows the cut points from the model.
Table 7. Model 2.1 Regression Results Excluding Cut Points
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Table 8. Model 2.1 Cut Points

First, we can observe the variable coefficients from Table 7. All of the coefficients of the
variables that include population are very small and close to 0. This is due to the fact that
population is being multiplied with another variable that is large in value such as income, house
value, or median age. The log of each variable could be taken to decrease the magnitude of each
coefficient, but I chose not to for this model to ensure I did not affect the results I obtain for the
cut points in Table 8.
Although the coefficient of pophouseval is negative, the sign of each number is not
particularly important for this model because population is being multiplied with each variable.
The cut points are what we can use to observe how demand changes as the number of firms in a
market changes. In Table 8 we can observe these cut points. Column 3 of Table 8 shows how
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much the cut points increase as the number of firms in a market increases. This also represents
the estimated level of increase in the demand as modelled in Model 2.1. Notice that the demand
shifts the most at the first cut point, or when the first new firm enters the market. In the data I
gathered this is referring to when the 4th firm enters the market, because 1-3 firm markets are all
counted as a 3 firm market.
Therefore, the main finding from this model is that the demand increases the most from
the addition of the first additional firm, or the 4 th firm. After that, the demand shifts seem to be
fairly constant as the market size and number of firms change.

Ordered Probit Model 2.2: Bresnahan and Reiss Application
Model 2.2 implements a relatively direct application of the Bresnahan and Reiss model to
the ISP data that has been analyze in this paper. Chapter 2 discusses the methodology of this
model. However, I had to manipulate the ISP data so it could be analyzed in a similar format to
the Bresnahan and Reiss model.
First, I used the variable Nnew = N – 2 as I did in Model 2.1. This is so the minimum
Nnew value is 1, and the additional fixed costs (γ) and variable profits (α) for each market size
corresponds to Nnew.
Next, I only used data from Pennsylvania in this model. In the original dataset used in
previous sections, the total number of observations was about 28000. However, that number of
observations was computationally challenging for this model. Therefore, I only included data
from Pennsylvania. Table 9 shows a summary of the data from only PA. Using only data from
Pennsylvania, the number of observations decreased to about 1400.
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Table 9. Summary of Variables from PA Data

The statistics above seem fairly similar to the summary statistics in Table 2. Also,
although the mean of Nnewpa is 3.55, the actual mean of the number of firms in PA is 5.55
which is close to the mean of 5.34 in Table 2.
I added a new variable into this dataset, migrantproppa. This statistic shows the
proportion of citizens in the zip code that migrated there in the last year. It includes citizens that
migrated from other counties, states, or countries. I will use this variable in the market size
estimation.
The last minor change of the data was to eliminate all observations that could not be
matched to other observations. This was to help correct errors in the computer modelling
analysis. 20 observations were eliminated, all of which could not be matched to other
observations.
To run the model, I took the zero-profit condition of Equation 1. I then estimated the
market size. Bresnahan and Reiss use many variables to estimate the market size (as discussed in
Chapter 2). However, Model 2.2 would only run if the migrantprop variable was the only
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variable that defined the market size. This is not an ideal assumption because it assumes that the
number of people in a market is correlated with the proportion of the people that migrated there
in the past year. There may be some correlation, but it certainly is not an ideal theory.
Although the market size estimation is not very similar to the Bresnahan and Reiss
model, the results should still tell a similar story about competition changes. In the Bresnahan
and Reiss model, the market size is implemented to “normalize” their entry threshold “S” values.
In other words, if we observe Table 1, we can assume that because S 1 for Doctors is .88, 880
people need to enter a given market until a firm will enter. This is an interesting conclusion, but
their most important finding is comparing the ratio of per-firm entry thresholds. As stated in
Chapter 2, these ratios allow Bresnahan and Reiss to determine how competition changes as the
number of firms in a market changes.
Because the per-firm entry threshold ratio is a ratio between two market sizes, it is always
normalized to 1. Then, if the ratio is larger than 1 for a given ratio (such as s 2/s1), we can
determine that the competition increased with the additional firm. Chapter 2 discusses this in
greater detail, but the important idea for Model 2.2 is that the per-firm entry threshold ratio is not
dependent on market size. The market size assumption in Model 2.2 will create entry thresholds
“S” that are normalized to the migrantprop variable which is not an ideal estimate of the market
size. However, because the most important statistics in this model are the per firm entry
threshold ratios, our market size estimation should suffice.
To model variable profits, Model 2.2 used Equation 3. Note that α values refer to the
additional variable profits the additional firm receives. A constraint is added to ensure all these
values are larger than zero. Since α values are subtracted in Equation 3, we are implanting the
constraint that new firms have variable profits that are less than the previous firm. The matrix X
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in Equation 3 included the variables house value, income, median age, and elderly ratio. I will
use these variables in Model 2.2. Their model used a few additional variables, but some variables
they used (such as log of heating degree) do not apply to the ISP market. Also, the median age
was not used because I assumed it contained much of the same information as elderly ratio.
The Bresnahan and Reiss model uses the value of land and buildings to model fixed
costs. However, it does not seem intuitive to use the value of land to model fixed costs in the ISP
market. As discussed earlier, the amount of existing infrastructure is a more important indicator
of fixed costs for a firm. Therefore, I used the rural proportion variable to model fixed costs in
Model 2.2. We assume that a higher proportion of rural population will result in lower existing
infrastructure and hence higher fixed costs. Also, note that γ represents additional fixed costs that
a new firm acquires. Bresnahan and Reiss assume γ is always larger than 0, so new firms will
always incur a greater fixed cost. Although this assumption may not always be true in the ISP
market, we will leave the assumption in our model.
We can combine all of these variables to manipulate Equation 5 to encompass the
variables which will be used in Model 2.2. This equation is shown in Equation 12. Next, we can
run and evaluate Model 2.2 to obtain the coefficients in Equation 12. Table 10 contains these
coefficients.
𝑆𝑁 =

𝛾̂1 + 𝛾̂𝑅 ∗ 𝑟𝑢𝑟𝑎𝑙𝑝𝑟𝑜𝑝𝑝𝑎 + ∑𝑁
̂𝑛
2 𝛾
(𝐸𝑞𝑛. 12)
̂ ∗ (ℎ𝑜𝑢𝑠𝑒𝑣𝑎𝑙𝑝𝑎 + 𝑖𝑛𝑐𝑜𝑚𝑒𝑝𝑎 + 𝑎𝑔𝑒𝑚𝑒𝑑𝑝𝑎 + 𝑒𝑙𝑑𝑟𝑎𝑡𝑖𝑜𝑝𝑎 ) − ∑𝑁
𝛼̂1 + 𝑩
̂𝑛
2 𝛼
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Table 10. Results from Model 2.2

In Table 10, many observations have very high p-values, including every variable in the
variable profits section. One potential reason for this could be that the data was simply not a
good fit for this model. Chapter 3 showed that this data was very right skewed, and this could
have affected the data’s fit to this model.
Another reason for the high p-values could simply be the type of model that was run. In
the Bresnahan and Reiss model, many of their values have high standard errors as well. Table 11
shows the results from the Bresnahan and Reiss model. The standard errors are in the
parentheses. Notice that some of the standard errors are large relative to the coefficient value.
For example, α1 for plumbers had a coefficient of .06 and a standard error of .52.
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Table 11. Bresnahan and Reiss Model Results

Although some of the standard errors in Table 11 are fairly large, they would not result in
p-values as high as Model 2.2 yielded. Therefore, it is safe to assume that the type of model and
the data’s fit to the model both contributed to the high p-values in Table 10.
To calculate the entry thresholds and ultimately the per firm entry threshold ratios, I
apply the results from Table 10 to Equation 12. Because all p-values for α are very high, I
assumed these values are 0 for Model 2.2. Therefore, I am now assuming that a new firm obtains
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the same variable profits as the previous firms. Table 12 shows the entry thresholds and the per
firm entry threshold ratios.
Table 12. Model 2.2 Threshold Values

Observing Table 12, we see results similar to the Bresnahan and Reiss model. In Table
12, all of the competition increase was when the fourth firm entered the market. This is shown by
the 5.1 per firm entry threshold ratio for s3/s4. In theory, this means that the market size would
have to increase by a factor of 5.1 per firm to support the fourth firm. For example, if each firm
in a 3 firm market had 1000 customers (a total of 3000 consumers), each firm in the 4 firm
market would need 5100 customers (a total of 20400 consumers) for the fourth firm to enter. The
reason the market needs to increase by so much is because the competition in the firm is
increasing significantly, so profit margins per customer are falling in the market. The drop in per
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firm entry ratio from 5.1 to .85 means that the fourth firm entering the market increases
competition greatly (ratio >>1), while the fifth firm entering the market does not increase
competition (ratio ≈ 1).
The Bresnahan and Reiss model does see similar results where almost all of the
competition increase is present after the addition of the second firm. However, the increase in
competition in their model is not quite as large as in Model 2.2. This is most likely due to the
structure of the dataset in Model 2.2, particularly the N variable. Because the N variable does not
differentiate between one, two, or three firm markets, the per-firm threshold ratio s4/s3 actually
is measuring the change in competition when a firm changes to a four firm market from a one,
two, or three firm market. Despite the imperfections in the data, the results still seem fairly close
to the Bresnahan and Reiss model. Therefore, Model 2.2 also predicts that the primary increase
in competition in the ISP market is when the first new firm enters that market, or the fourth firm
with the FCC’s data.
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Chapter 6
Conclusions and Recommendations

Conclusion

The goal of this paper was to apply market concentration modelling to the ISP market
with the hopes to further understand what variables can affect market concentration and how
competition changes as the number of firms in a market changes. I started by assuming that a
given zip code served as a geographically isolated ISP market. Then, I gathered data regarding
the ISP market, demographics, income, etc., for every zip code in the United States, including
Washington D.C. and Puerto Rico.
In Model 1.1, I create a simple linear regression that observes what variables are
significant in predicting market concentration. Once I accounted for multicolinearity between
population and number of households in Model 1.2, all the variables were significant in
predicting the number of firms in a market. Also, all of the coefficients had signs that were
initially predicted.
In Model 1.3, fixed effects were created to account for the change in predicted market
concentration by state. There were significant fixed effects between states, and the highest and
lowest fixed effects were presented in Table 6. From Table 6, we can see that Model 1.3 predicts
that 6.145 more firms will be in a market in Florida than in Puerto Rico, ceteris paribus. The
states with the highest fixed effects generally had many cities with high concentrated population,
and many also had municipal broadband laws implemented. States with the lowest fixed effects
generally had smaller populations and fewer large cities, suggesting there may not be as much
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demand for internet or there may be higher fixed costs for firms to enter due to less existing
infrastructure.
Model 2.1 uses theory from the Bresnahan and Reiss paper to create an ordered probit
model that is meant to model the demand of the ISP market. The ordered probit model provides
cut points that show at which values of the demand function the number of firms is predicted to
change. This model finds that the demand increases the most with the addition of the 4 th firm.
After that, the shifts in the demand are relatively constant.
In Model 2.2, I directly apply the ordered probit model in the Bresnahan and Reiss paper
to the ISP market. I assign variables from the ISP dataset to either predict market size, fixed
costs, or variable profits. After running this model, I found similar results than in the Bresnahan
and Reiss paper, meaning I found that the majority of the increase in competition took place with
the addition of the first new firm, or the fourth firm. Model 2.2 even suggests that the increase in
competition due to the first additional firm is larger than in the Bresnahan and Reiss model, and
after the addition of the first new firm competition does not increase as more firms join the
market. However, because my data placed 1-3 firm markets into the same group, the results are
not directly comparable.
Some of the p-values in Model 2.2 were very large, and this could be for two primary
reasons. First, the data may not have been a good fit for the model. The data had a majority of
small markets in it, so this could have affected the model. Second, the model may be prone to
relatively high standard errors. In the Bresnahan and Reiss model, their ordered probit model
also had relatively high standard errors.
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Recommendations
Further research could certainly improve upon and provide benefits to this topic. The first
main assumption this paper made was to use United States zip codes as geographically isolated
markets. Although this is a good assumption in many cases, there were some zip codes (most
likely in major cities) that had very few people but still a lot of firms. Outliers like this could
negatively affect the model. It would be interesting to run these models again breaking up
markets by city or Standard Metropolitan Statistical Area (SMSA). This may yield different
results, and it could improve upon the Bresnahan and Reiss application, Model 2.2.
Another recommendation for further research in this area is to find data that differentiates
between one and three firm markets. The reason the Bresnahan and Reiss paper is such a wellknown entry and exit paper was because it found that competition increased greatly when the
second firm entered into a given market. Model 2.2 showed that the competition increased
greatly from the addition of the first new firm to enter the market, the fourth firm. However,
Model 2.2 could not predict the change in competition within markets with 1-3 firms because of
the data that was obtained.
Within Model 2.2, it would also improve upon this paper to find a more accurate measure
of the market size. The only variable that measures market size in Model 2.2 is the proportion of
citizens who were migrants in the last year. This is not a very good representation of the market
size of a given zip code. More accurately defining the market size would allow entry threshold
values to be stronger in their interpretive power, and it may improve the accuracy of the model in
general.
Another method to further improve this research could be to use Models 2.1 and 2.2 to
quantify welfare effects. These models do allow us to draw some conclusions about welfare such
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as when competition increases with the 4th firm, welfare should increase due to lower prices from
the increased competition. However, if we could quantify the price drop that would take place
and combine that with a demand curve with information from Model 2.1, it would be possible to
quantify welfare effects. This would be valuable information.
Finally, further research should certainly be done to continue to analyze the ISP market.
Because the internet is such an important good that nearly everybody uses, more research into
the market will certainly be beneficial. Also, the market is relatively new, so there is still plenty
of research to be done. More research in this topic can certainly help the public to understand
what actions and legislation should be implemented to improve consumer welfare and strive for
an efficient ISP market.
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