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= Executive Summary

The objective of this study is to estimate the costs and benefits of rural broadband for the Tipmont Rural Electric
Cooperative service territory. It does so by analyzing the “real world” costs of providing broadband service to
households in a targeted multi-county area of Indiana, and estimating the benefits that can accrue to these
households and the surrounding economy. This analysis can offer a valuable framework for assessing the net
benefit of providing broadband services across rural areas of Indiana.

There are three major components of the study that combine to achieve the overall estimates of benefits and costs
of rural broadband for the Tipmont service territory. The first component delves into the cost of implementing

the broadband service for the entire Tipmont territory. The cost estimates include all the capital and operating
costs for the system, which was information provided to the research team by the Tipmont Rural Electric Member
Cooperative (REMC) team. The second component examines the price that Tipmont will charge and the anticipated
participation rate given that price. The third component estimates the benefits that could be realized from the
provision of rural broadband in the Tipmont service area. These added benefits represent the value to society in
terms of the provision of broadband service. Some benefits cannot be captured in private markets because they
are in the form of externalities or are public goods, for which there is no market price. However, they do represent
genuine economic gains. The main report also provides basic background on the current situation in the Tipmont
service area.

Table E1 provides the net present value (NPV) for benefits and costs in each category over a 20 year time period. We
also calculate a net benefit per member of the cooperative, as well as the net benefit to each member per year. In
addition, another common metric used in benefit-cost analysis is the benefit-cost ratio, which is the ratio of the NPV
of all benefits divided by the NPV of costs.

The net present value column is the discounted value of all the benefit and cost categories over a range of
categories. Some of the most important areas for benefits provided in the literature are telemedicine, education,
business investment and general economic development, farm income changes, civic engagement, and property
values. While benefits are not limited to these areas, these represent areas that have received the most attention

in past studies. We build on the existing literature and/or established benefit-cost analysis methods to estimate
benefits in each of these areas. The specific methodologies for calculating each of these benefits are described more
fully in the report.

For telemedicine, the following categories were used to quantify the total benefit: reducing the physician time
required for treatment and diagnosis, transportation savings for patients, missed work income savings, initial

health consultation via web and reduced use of emergency room and other expensive hospital facilities. Education
benefits were estimated using the total value of broadband to students, as well as massive open online courses
(MOCs) for continuing education.! The value that broadband has contributed to economic growth in rural areas was
estimated through total business investment and job creation. Increased farm profitability was estimated through
the valuation of ease of communication with suppliers and market outlets, access to extension and other farm
practice information, quicker access to weather information that could impact management decisions, and generally
improved farm management practices.

T These courses are also called Massive Online Open Courses (MOOCs) in the literature.
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Table E1. Benefit-cost summary for the different benefit categories (current $USD)

Item Net present values

Capital cost 99,804,558
Operating cost 89,613,882
Total cost 189,418,440
Telemedicine
Primary care savings 22,977,791
Specialist 28,633,511
Transport 671,568
Missed work 7,961,549
Pharmacy 20,992,056
Imaging 4,255,146
Web consultation 5,106,176
Urgent care 21,701,247
Emergency care 110,986,276
Total telemedicine 223,285,320
K-12 education 18,981,795
Adult education 103,672,388
Multiplier impacts 187,524,256
Consumer savings 106,946,014
Farm income increase 7,165,348
System revenue 102,123,515
Total benefit 749,698,635
Net benefits 560,280,195

In conclusion, the net present value (NPV) of benefits of rural broadband in this service area far exceed the costs
over a 20-year time horizon. In fact, the net benefit per member is $24,757 and $2,158 per member per year.

The benefit-cost ratio is 3.96 meaning that approximately $4 is returned for every $1 spent by Tipmont. Another
important metric is NPV of revenue divided by NPV of total cost, which is 0.54. This means that public sector support
for this investment not only is warranted, but required. While large benefits are estimated, many accrue to the
general public and not the broadband provider. This study provides evidence to suggest that investment in rural
broadband is vital for rural areas in Indiana and America, and should be seriously considered by state and federal
governments.
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== Introduction

The current media has a host of stories about the digital economy, focusing on
the importance of digital access for economic development and growth, and
overall economic well-being. Developing countries in particular are seeing gains
in expanding access to digital technology. Thomas Friedman writes about its
importance in India:

Every Indian, rich or poor, goes into a field office, has fingerprints

and irises scanned into a biometric database and then linked to the
individual’s 12-digit ID number with basic identifiers: name, address,
date of birth and sex. When the Congress Party left office in 2014, and
Narendra Modi’s Bharatiya Janata Party took over, Modi continued and
impressively energized the Aadhaar project, bringing it today to 1.18
billion users, out of a population of about 1.3 billion.

In a country where many poor people lacked any form of ID, like a birth
certificate or a driver’s license, this has been a revolution, because they
can now open a bank account and get government aid sent directly to
them — rather than having bureaucrats, bankers or postal workers skim
off 30 percent each year through the mail — and then link their bank
account to their mobile phones, from which they can buy, sell, transfer
money and receive payments digitally anytime anywhere.

When the British laid railroads in India it led to the more efficient
extraction of natural resources. Now the Indian government, through the
combination of a trusted unique ID platform — tied to cellphones and
mobile bank accounts — is creating a kind of digital railroad enabling the
more efficient empowerment of human resources.

“It's transforming the lives of ordinary people,” explained Alok Kshirsagar,
a McKinsey partner based in Mumbai. “Millions are already benefiting
from digital payments and credit. There are already more than 30 percent
productivity gains when digital capabilities are used in agriculture,
transportation and manufacturing. We are in the early stages of a
transformation that could generate as much as $1 trillion in economic
value over the next seven to 10 years [1].”

- Thomas Friedman
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The Economist magazine calls data the fuel of the future:

Data are to this century what oil was to the last one: a driver of growth and change. Flows of data
have created new infrastructure, new businesses, new monopolies, new politics and—crucially—
new economics. Digital information is unlike any previous resource; it is extracted, refined,
valued, bought and sold in different ways. It changes the rules for markets and it demands new
approaches from regulators [2].

- The Economist Magazine

The Economist also views digital technology as playing a key role in future economic development in Africa:

Yet, there is also reason to hope that even if technology is not a panacea, it can still help reduce
some of the costs and frictions of doing business in Africa. A recent paper for the World Bank found
that African firms using the internet are nearly four times as productive per employee as those that
do not. But until just a few years ago most firms on the continent did not get to enjoy the benefits
of higher productivity for lack of internet connections [3].

- The Economist Magazine

These commentaries make clear that digital technology is crucial in the developing world and may position
developing countries to rapidly accelerate their rate of economic growth and development. Digital technology and
broadband internet access are as important as railroads or energy have been in the past.

The same is true in rich countries, where the digital divide can be quite large between those with and without digital
access. Greenstein and McDevitt conducted a study on the impact of internet access in 30 OECD (richer) countries
and concluded:

The scale of the broadband bonus in other countries is comparable to the size of the broadband
economies in those countries. Countries with large Internet economies, such as the United States,
Japan, and Germany, are receiving large economic bonuses from investment in broadband.
Countries with smaller Internet economies receive smaller levels of bonuses, but bonuses in
proportion to their scale of Internet use [4].

- Greenstein and McDevitt

In other words, investment in broadband has paid off for the rich countries. Boston Consulting Group considers
broadband and the many facets it enables (like artificial intelligence) to be Industry 4.0 - the fourth wave of technical
advancement [5]. Gallardo and Rembert estimate that there are 12.1 million U.S. households without access to
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even basic (25 Mbps download and 3 Mbps upload) internet access in the U.S., and 6.2 million of those households
are located in rural areas [6]. With 60 percent market penetration for that basic internet access in rural areas, they
estimate that the net benefits over 15 years would be $68.1 billion. There are many other studies touting the very
large anticipated benefits of rural broadband access. Deveraj, et al. discuss the huge changes associated with the
“digital society,” and make it clear that without good connectivity, rural areas can fall into the losing end of the digital
divide [7]. Kuttner describes the impact of rural broadband as follows:

In the long run, the economic impact of rural broadband will be more important for the role it plays
in changing what the economy is. Information technology shows an amazing capability to create
new services. It has also disrupted the role that location plays in the economy. Broadband networks
have nearly erased the cost of moving information. Broadband networks allow that disruptive role to
happen. This disruption will reach as far as the broadband speed required to support these uses will

allow [8]. - Kuttner

Yet, even with mounting evidence that benefits far exceed costs, there has been little provision and adoption of
rural broadband. Why is this the case? There may be multiple factors. Certainly, one is cost. It is far more expensive
to provide high speed internet service in rural areas because of the low population density. Another reason may
be that rural electric cooperatives that provide electricity to rural areas may not see it as their mandate to offer
broadband. Yet, just as provision of electricity to rural areas had profound effects on economic development and
well-being in rural areas, provision of high-speed broadband today could spur the same kind of improvement

in economic well-being for rural areas. Before the advent of rural electric cooperatives and the push for rural
electrification, we could not even begin to imagine all the benefits that rural electrification would bring. It is very
difficult to put dollar values on changes we foresee happening, but don't know yet exactly how they will play out.
Another important reason why rural co-ops have not, thus far, generally moved into this business area could be
poor understanding of the costs and benefits associated with rural broadband. In fact, that is the objective of this
study - to estimate the costs and benefits for a specific case the Tipmont Rural Electric Cooperative. The idea is that
with estimation of specific benefits and costs in a real world concrete case, we would better understand the value
of provision of rural broadband. The results of this very detailed and concrete study could become the basis for
extrapolating to the state of Indiana with appropriate extrapolation factors.

== Overall Approach

An important first step in this project, as is the case in most research projects, was to undertake a review of the
existing literature on rural broadband and on techniques for estimating benefits for the different application areas.
The literature review has been published as a separate report [9]. We draw heavily on that literature to derive the
benefit estimates.
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The Tipmont Service Area

Most of the Tipmont customers reside in four Indiana counties - Clinton, Fountain, Montgomery and Tippecanoe,
with about three-quarters being in Tippecanoe County. Less than one percent of total customers reside in
neighboring counties. Figure 1 is a map of the Tipmont service territory. Table 1 provides income data Tipmont
obtained from an external source. The customer household income as represented by data from this survey is
considerably higher than the census household income for the counties, which is approximately $44,000.

Table 1. Demographic data on household income for the Tipmont service area

Income Categories ot (515,000 for 15t catogory, $125,000 for last eatagory)
Less than $15,000 361 $5,415,000
$15,000 - $19,999 416 $7,280,000
$20,000 - $29,999 742 $18,550,000
$30,000 - $39,999 1,335 $46,725,000
$40,000 - $49,999 1,843 $82,935,000
$50,000 - $74,999 5,003 $312,687,500
$75,000 - $99,999 3,054 $267,225,000
$100,000 - $124,999 1,859 $209,137,500
Greater than $124,999 2,276 $284,500,000
Total Number of Households 16,889 | $73,092 (Sum of all salaries/total number of households)

Table 2 provides the level of education obtained from an external source on 12,919 Tipmont customers. For this
fraction of their customers, over half graduated from college or obtained a graduate degree and about 46 percent
completed high school. However, information was available for only about 57 percent of the Tipmont customers, so
one cannot be sure about the representativeness of the data.

Another important question is what internet or broadband service is currently available to Tipmont customers. As
part of a larger survey, Tipmont customers were asked about their current internet or broadband access, but the
results from those questions are inconclusive. It appears that many customers have some form of internet access,
but often quite slow and sometimes only via cell phone. So far as we could determine from the survey, very few
customers have the high-speed broadband access that would be needed to obtain most of the benefits estimated in
this study.
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Table 2. Educational attainment data

Category Numbers Percent
Completed high school 5,931 45.9%
Attended vocational technical 84 0.7%
Completed college 4,637 35.9%
Completed graduate 2,267 17.5%
Grand Total 12,919 100%
Key Assumptions

Each benefit category delineated below will specify the specific assumption used for estimating benefits in that

category. However, there are some common assumptions that are used for all the benefit and cost calculations, and

these are provided in Table 3. The base monthly fee is assumed to be $60 for the broadband service. If the customer

takes television or phone, those are assumed to be passed on at cost. Given that monthly fee, the assumed take

rate is 58 percent, which comes from the research performed by Professor Widmar, which is explained below. The

take rate reaches 58 percent in year three, and the rates for years one and two are included in Table 3. We also

assume that the customer base grows by an amount of 0.75 percent each year until year 10 and remains constant

afterwards. This means that the customer base
in year three of 22,631 grows to 23,846 in year
10 and remains at that level through year 20. We

recognize this may be a conservative assumption,

but felt it prudent not to project growth beyond
year 10. The discount rate (interest rate) used for

all the calculations is six percent in real terms.

Table 3.
Common assumptions used in the analysis

Assumption Value

Base take rate 0.58
Take rate growth 4+ 0.0075
Take rate year 1 0.145
Take rate year 2 0.377
Take rate year 3 0.58
Total households: years 1-3 22,631
Total households: years 10+ 23,846
Monthly fee $60
Discount rate 6%

m Tipmont service territory
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Major components of the analysis

There are three major components of the study that combine to achieve the overall estimates of benefits and costs
of rural broadband for the Tipmont service territory. The first component covers the cost of implementing the
broadband service for the entire Tipmont territory. The cost estimates were provided to the study team by Tipmont
and include all the capital and operating costs for the system. Tipmont currently envisions a base speed of 100 Mbps
or higher both for upload and download. The cost is detailed in section V below.

The second component is determination of the price that Tipmont will charge and the anticipated participation
rate given that price. At this point, Tipmont anticipates charging approximately $60/month for the basic internet
service described above. Professor Nicole Widmar of Purdue University conducted survey work on willingness to
pay for internet service under various conditions. The equations she developed are used to determine the base
participation rate of 58 percent.

The third component is estimation of the benefits that could be realized from the provision of rural broadband in
the Tipmont service area. The benefits are expected to be considerably higher than what the customers will actually
pay for the service. These added benefits represent the value to society of provision of the broadband service.

Many of the benefits cannot be captured in private markets because they are in the form of what economists call
externalities or are public goods, for which there is no market price. The fact that many of the benefits are public
goods or effects external to markets makes benefit estimation much more difficult, but fortunately techniques have
been developed to estimate benefits under these conditions, and it is these techniques that are applied in this study.

Benefit categories

It is clear from the literature that rural broadband is expected to provide benefits in a variety of areas. Some of

the most important are telemedicine, education, business investment and general economic development, farm
income, civic engagement and property values. While benefits are not limited to these areas, these are the areas
that have received the most attention in prior studies and the areas with greatest potential for benefits. What this
means, of course, is that the estimates we produce are a conservative assessment of total benefits because we are
not able to capture all possible benefits. In the rest of this section, we will provide a brief summary of the approach
we are using in each of these areas. Section Ill provides the actual benefit estimations for each category.

Telemedicine

For telemedicine, we follow the categorical benefit approach used by Whitacre [10]. When telemedicine is used
effectively, benefits can accrue through reducing the physician’s time required for treatment and diagnosis,
transportation savings for patients, missed work income savings, initial health consultation via web, health
improvement, improved health knowledge and improved self-care, and reduced use of emergency room and other
expensive hospital facilities.
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Education

There are numerous possibilities for benefits in education. Massive online courses (MOCs) are only possible

with broadband access. They are becoming increasingly important in continuing education as well as a means of
students participating in their regular classes via the web instead of the traditional classroom [11]. The expectation
is that MOCs will continue to grow and that rural access will be essential for rural citizens to have a level playing
field with their urban counterparts. Computer classes are generally less expensive and more cost effective than
traditional classroom based learning, so with rural broadband, citizens will have access to lower cost but effective
education and job skill upgrade options.

In addition, distance education is increasingly a part of elementary and secondary education as well as college and
continuing adult education. Today, students can complete and turn in their homework exercises via the web. They
can also communicate with their teachers electronically. Not only today, but even more so in the future, access to
broadband will significantly improve student performance.

Business investment and general economic development

Numerous studies have concluded that broadband access is an important factor contributing to business
investment and job creation as well as general economic growth in rural areas. Whitacre et al. concluded that
broadband adoption has a positive impact on economic growth and negatively impacted unemployment in rural
areas [12]. They also concluded that rural broadband adoption leads to improved median household incomes

and an increased share of non-farm rural businesses [13]. Kim and Orazem conclude that broadband access has

a positive impact on firm location decisions in rural areas [14]. Kolko also finds a positive impact of broadband

on local economic growth [15]. Sosa concludes that gigabit broadband contributes even more to GDP growth in
communities where it is adopted [16]. Lobo et al. provide multiplier impacts of broadband investments [17]. We use
these and other sources to estimate the potential contribution of rural broadband access to rural economic growth

and development.

Entrepreneurship and startup activities also are influenced by local infrastructure. Audretsch et al. conclude that
broadband access is more important than traditional infrastructure such as railroads and highways [18] in startup
activity.

Farm income changes

One can imagine a myriad of ways in which rural broadband access would lead to increased farm profitability -
easier communications with suppliers and market outlets, access to Extension and other farm practice information,
quicker access to weather information that could impact management decisions and generally improved farm
management practices. Kandilov et al. conclude that increased rural broadband access could lead to a six percent
increase in farm revenue [19].
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Civic engagement

One of the unique features of broadband is that it enables people to connect and collaborate with others in ways
that are more cost effective and efficient than alternatives. Whitacre and Manlove conclude that rural broadband
adoption is the most influential factor in driving a range of civic engagement metrics [20]. Stern et al. determine that
rural broadband access positively influences volunteer activity. Stenberg et al. concluded that broadband availability
lowers the costs of civic engagement and community participation. They also note that broadband availability
increases community involvement [21]. Rembert et al. indicate that broadband access increased opportunities for
participation in civic activities [22].

Property values

Evaluating benefits from increased property values is tricky because any increase in property values could actually
be reflecting the value citizens attach to the benefit areas described above. Property values are derived from the
stream of value flows including intangibles, such as scenic views. If high speed broadband access is considered as

a valuable asset, it could result in an increase in property values, but that increase could mainly reflect the amenity
values already covered. Molnar et al. estimate that high speed broadband access would lead to a 3.1 percent
increase in housing values, which would represent $5,437 for a median priced home. Generally, property values
increase for a number of reasons, but improvement in the incomes and general economic climate in an area
certainly are important. For that reason, we conclude that counting both changes in economic benefits and changes
in property values would be double counting, so we have not included property value changes in the benefit

estimates.

=i Specific Benefits By Category

Before providing the more detailed description of the analysis being done in this project, we will provide a sort of
benchmark based on values from an Ohio study [22]. That study estimates that the annual benefits per connected
household is $1,850. In the case of Tipmont, with 22,631 households in its service area and an assumed take rate
of 58 percent, there would be 13,126 connected households in year three and a corresponding annual benefit of
$24,283,100. While this estimate may be valid, it does not provide any breakdown of the sources of these benefits.
We will work through the different kinds of benefits and then return to this aggregate estimate both as a point of
comparison and to establish a range of possible benefits.

Telemedicine

The significant benefits of telemedicine are evident in the existing literature. Schadelbauer estimates the economic
returns of telehealth to be over $180,000 in annual potential savings per medical facility due to telehealth expansion
in rural areas [23]. Grabowski and O'Malley acknowledge the use of telemedicine in reducing hospitalizations of
nursing home residents and generating savings for Medicare [24]. The Northeast Regional Alliance program (NERA)
is conducting an ongoing multistate research project that is finding that technology that connects aging adults in
rural areas with health experts through telemedicine improves physical health through effective diet and activity
consultation.
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Studies on the economic impact of telemedicine emphasize the cost-savings involved with going virtual for
healthcare. Whitacre quantifies the economic impact of telemedicine using site visits to 24 rural hospitals of varying
size over a four state area [10]. He finds that telemedicine services contribute between $20,000 to $1.3 million
dollars annually to local economies in the United States, with an average of $522,000 per year. A recent published
study by Gordon, Adamson, and Devries compares the costs of virtual doctor visits versus in-person visits [24]. They
conclude that virtual healthcare appears to be a low cost alternative to healthcare administered in-person. The
authors mention that patients are not only using virtual medical services as a first step before seeking in-person
care, since there are options to seek further care through virtual services subsequent to their first visit. The caveat
mentioned in their study is that adequate resolution must be satisfied for the benefits to be fully realized, due to the
need for quality video consultation required to provide these telehealth services.

Online and video consultation are not the only advancements in the field of telehealth. The patient-centered medical
home is a model for improving access to healthcare locally and at lower cost, and requires broadband to operate.
Rosenberg et al. reveal positive (and cost-effective) results from a patient-centered medical home pilot [25]. These
patient-centered medical homes achieved lower medical and pharmacy costs, and more efficient service delivery,
such as lower hospital admissions and readmissions, and less use of hospital emergency departments. However,
these benefits are not captured in our study, as we focus specifically on telehealth provided either on the home
computer or nearby centers that provide telehealth services from specialists far away.

Keeping these categories in mind, this study aims to estimate the benefits of telemedicine specifically for select
rural counties neighboring Lafayette, Indiana. We estimate these benefits through translation of past studies to
our study area, using appropriate assumptions. Throughout the calculation of benefits for telemedicine, we use
the assumption on annual connected households adopted for the entire study period of 20 years. The annual
connected households in the Tipmont service territory is outlined in the introduction. We also assume that one
person per household per year, would require health services, as a conservative estimate in year one.

The categories for telehealth benefit estimation are presented in the following order:

Primary care cost savings from outsourcing procedures

Lab/pharmacy work performed locally

Reduced use of emergency departments, overnight stays, ambulance services, number of referrals, etc.
Initial health consultation via web

Transportation savings to center patients

m Missed work income savings to center patients

The order of benefit categories is strategic in that all benefits arising from the hospital provider side are listed first
(benefit categories one to three), followed by all benefits accruing to the patient side (benefit categories four to
six). This is important to mention before examining the specifics of each benefit, as we can confidently say there is
no double counting of benefits across these categories, as benefits are accruing to different societal stakeholders.
Possible double counting within categories, or within the provider or patient side separately, are addressed within
each category.
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Primary care cost savings from outsourcing procedures

For this category we use the study conducted by Gordon, Adamson, and Devries [26]. This study is of particular
interest to our analysis as their study area is within Indiana and includes virtual care provided by Anthem through
LiveHealth Online. This would likely be the telehealth service that broadband customers would utilize in the Tipmont
service area. The authors estimate cost savings of $162 per patient visit at a primary care physician. This number

is multiplied by the number of households (and assuming one person per household uses healthcare services per
year). This yields benefits of over $2 million in the Tipmont service area - $2,126,409 in year three.

Using the median medical specialists’ salary in the United States ($316,000) from Medscape (2017), the Whitacre
study approach could be used. Whitacre estimates a reduction of specialist positions from a 1.0 full time position
to a 0.2 time position due to telehealth services. One hundred fifty-eight specialists were found from the three
surrounding hospitals from the Franciscan Health website (https://www.franciscanhealth.org/find-adoctor?searchty

pe=all&sortby=fpn&zipcode=47906&radius=25). We assume that the savings would accrue to only one-fourth of the
specialists. Multiplying the specialists’ median salary by the number of specialists and further multiplying by a factor
of one-fifth (reduction to 0.2 time position), yields an annual cost savings of $2,496,400 in year three.

Lab/Pharmacy work performed locally

The lab/pharmacy category is guided by the work of Gordon, Adamson, and Devries [26]. The authors find there
is a cost savings of 12.56 percent for virtual visit lab rates versus in-person visits. Typical costs for laboratory
medical services range from $40 to $2,500 per visit (Blue Shield, 2017). Using the midpoint of this range, $1230,
cost reductions of 12.56 percent result in a savings of approximately $148 per laboratory medical service. For all
households in the service area, and assuming one person per household visits the lab or pharmacy per year, this
amounts to $1,942,645 in year three savings.

Gordon, Adamson, and Devries also state that there is a cost savings of forgone imaging rates, and this savings
amounts to 6.62 percent in their study. The average MRI or CAT scan range from $400 to $1,300 (Blue Shield,

2017) and 6.62 percent of the midpoint of $900 is $60 in savings per visit. This is assumed to be MRIs or CAT scans
foregone on the average, because telehealth provides other options for the patients. We assume the imaging
savings would apply to one-half of the patients. Over all households, this amounts to $393,779 in year three savings.

Reduced use of emergency departments, overnight stays, ambulance services, number of referrals, etc.

Gordon, Adamson, and Devries was also used for this category. They estimate cost savings of $1,735 per patient visit
at emergency departments, including overnight savings, ambulance services and number of referrals performed.
This would be the cost savings by foregoing use of these services due to a patient substitution in behavior towards
the use of telehealth services as an alternative. The Centers for Disease Control and Prevention (CDC) provides an
estimate of number of emergency department visits per 100 persons per year in the United States. The most recent
data found was in the National Hospital Ambulatory Medical Care Survey: 2014 Emergency Department Summary

Tables (https://www.cdc.gov/nchs/data/nhamcs/web_tables/2014_ed_web_tables.pdf). The survey sampled a portion
of the population and extrapolated those findings to reveal a national average of 45.1 emergency department visits
per 100 persons per year (45.1 percent of the population). As the total number of households (including the take
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rate) in the Tipmont area is 13,126, and assuming there is an average of two people per household, there are an
estimated 26,252 people in the Tipmont service area and 45.1 percent of this value is 11,840. Dividing this number
by the total number of households, 90.2 percent of the Tipmont service area would utilize the emergency room in
the span of a year.

Further, we reduce this multiplier value (90.2 percent) in half, as urgent care clinics are increasingly being used as a
substitute for emergency departments (depending on the severity of the condition), and the benefits of urgent care
clinics have already been established in benefit category number four. To avoid any double counting of benefits this
may bring, we assume only 0.451 (half of 0.902) of the Tipmont households would utilize the emergency services
(including overnight stays, ambulance services, and number of referrals) in a year period. The cost savings of

$1,735 per patient visit are reduced to yield $10,270,882 in year three savings. These numbers include medical and
pharmacy costs involved with emergency department stays.

Initial health consultation via web

Once again drawing on the research of Gordon, Adamson, and Devries, they estimate that the cost savings in

this category is approximately $36 per patient visit at retail health clinics. This initial health consultation would be
the first point of contact with the healthcare system over a home computer (this could be to consult a physician
about a physical injury, or it could be the first point of contact when a patient is feeling ill and eventually requires a
prescription). Over all households in the service area, and assuming one person per household uses these services
per year, $472,535 of savings is estimated for year three.

Gordon, Adamson, and Devries also reveal the cost savings of $153 per visit for urgent care clinics, as opposed to
retail health clinics. Over all households, this is $2,008,275 in yearly savings.

Transportation savings to center patients

For this calculation, the average distance to the three hospitals in the Tipmont service area are required. The three
hospitals are Franciscan Health (FH) centers: FH Crawfordsville, FH Lafayette East and FH Lafayette Central. Using
the data on individual distances of each household to the closest of these three hospitals, an average is calculated
for mean distance to each hospital, as seen in Table 4. Further, the average distance for all households to all three
hospitals was then calculated.

The Internal Revenue Service (IRS) mileage rate is 53.5 cents per mile. Multiplying this by the average distance of
8.85 miles, and further multiplying by the number of households yields the cost savings of foregoing travel to a
healthcare facility. This totals $62,148 in year three. It is important to note that this calculation is performed for
in-home telemedicine. What can currently be more common is for patients to drive to their nearest hospital and
use the teleconferencing equipment there to consult with a specialist in an urban center, who would otherwise

be one to three hours away by car. Therefore, the savings would be different in this instance, and would only be

for the proportion of the population requiring the needs of a specialist. For this reason, the transportation savings
calculation performed here can be considered a conservative baseline estimate, as it does not take into account the
forgone one to three hour drive to see a specialist in a specific urban center.
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Table 4. Average distances to each of the three hospitals in the Tipmont service area

Hospital Average Distance

Franciscan Health Crawfordsville 13.17 miles
Franciscan Health Lafayette East 6.50 miles
Franciscan Health Lafayette Central 6.88 miles
Average 8.85 miles

I Missed work income savings to center patients

The missed work income from attending medical appointments in-person is calculated using the estimated time to
drive to the appointment/health service and spend time at the appointment/health service.

The estimated time to drive was calculated using the average distance to hospitals, calculated above, divided by
an assumption of 40 miles per hour on rural roads. This yielded an average of 0.44 hours driving time (0.22 x 2,
for travel to and from), plus an hourlong appointment was assumed, including waiting time to see the healthcare
provider.

The average hourly wage rate is then calculated from Tipmont demographic data for their service area. Table 1
above provides the demographic data used to find an average household salary of $73,092. This calculation is
performed taking the number of households in each category and multiplying by the midpoint of each income
category, shown in the far left column. The first and last categories do not provide a range, so $15,000 and $125,000
are used for the first and last columns, respectively. An average is then calculated of all households in all income
categories for the Tipmont service area.

The estimated time to drive to and from the medical service, plus appointment time, is multiplied by the average
hourly wage rate for households in the Tipmont service area, using the average salary explained above (assuming
37.5 hours a week multiplied by 50 weeks worked in a year). Over all households in the service area, $736,777 of
work hours are used to attend medical appointments and services in a year. This is viewed as the cost savings of
telemedicine.

Calculation:

Full Equation: Estimated time to drive + 1 hour appointment x hourly wage rate x number of households

73,092

Hourly wage rate: = 38.98/hour
(37.5 per week x 50 weeks)

(8.85 miles / 40 mph = 0.22 hours) x 2 + 1 hour appointment = 1.44 hour appointment x $38.98/hour x 13,126
households = $736,777 in value of work hours saved in year three
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Overall Benefits of Telemedicine i
The total value of benefits is $20,509,851 in year three, as seen in Table A5 in '\/\—\/

the Annex. Similar to prior literature on telemedicine, this study reveals large ——

1o

benefits arising from the use of quality broadband to rural areas for medical
purposes. A key caveat is that we may have some duplication in these numbers
across categories. Examples of where this may occur have been stated

within each category above, such as in the reduced use of emergency rooms
category. Conversely, there may be other unrealized benefits to both patients
and providers not included here. Examples of this are the patient centered
medical home, as well as the benefits from connecting with any medical
specialist anywhere in the world through broadband access. Nonetheless, this
work provides a good structure of the analysis and a good estimate for the
aggregate benefits of telemedicine to the Tipmont service territory.

Education

Education is an area for which it is clear that there would be economic and
social benefits, but they are very difficult to quantify. For children enrolled

in K-12, the web is increasingly being used by teachers for homework,

extra practice exercises, etc. There is also a longer term benefit that as
broadband becomes more widely available, the whole approach to primary
and secondary education is likely to evolve and become more efficient [6]. But
what are the efficiencies worth in dollar terms? The Organization for Economic
Cooperation and Development (OECD) conducted a study estimating the links between
educational attainment and economic growth [27]. Their study was done at the national

level, but it is clear that there is a strong and powerful link between educational attainment and
economic success. In fact, the study produced estimates of up to $200 trillion over the next 80 years
with substantially improved educational attainment in OECD countries. A report from the U.S. Chamber

of Commerce provides a good description of the kinds of benefits that broadband brings to K-12 education:

+ Increases the number of learning environments

+ Enhances educational opportunities for disabled students
* More interactive and personalized instruction

« Enhances learning outcomes

+ Promotes the development of 21 century skills

While the study does not quantify the value of these advantages in dollar terms, it does provide multiple case
studies and examples of how broadband changes and improves educational attainment. Following is a description
of enhanced learning outcomes,
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Studies have consistently found that Internet-based technologies and tools enhance learning
outcomes. For example, a 2002 study found that, in households with broadband connections,
“children ages six to 17 reported that high-speed access affected both their online and offline
activities, including schoolwork.” According to this study, since getting broadband, 66 percent

of participating children spent more time online, 36 percent watched less TV, and 23 percent
[improved their] grades.” Moreover, a recent report by the U.S. Department of Education concluded
that, “on average, students in online learning conditions performed better than those receiving face-
to-face instruction.” Additional studies have found similarly positive impacts of Internet usage on
student achievement in reading, literacy, mathematics, and science.[28]

K-12 education benefits have both public good and private good aspects.

Of course the households connected to the broadband would see benefits
directly for their children as described above. In addition, there would be
spillover benefits that would accrue to other children as teachers became
more likely to use web based enhanced educational opportunities. Given this
blend of public and private benefits, we decided to use a blended benefit
estimation approach. For the public benefits and absent prior estimates

of the value of all the attributes described above, we decided to assume a
productivity increase based on education expenses for teacher salaries and
benefits. In the Tippecanoe County School district, by far the largest part of
the Tipmont service area (15,460 of 19,870 surveyed households), the 2016-
17 budget for K-12 teacher salaries and benefits was $50,987,789. We assume
that salary base would grow two percent real over time. Given all the benefits
ascribed to broadband in education, we believe it is entirely reasonable to
assume a five percent improvement in the teacher function. In early years,
the benefit would be scaled by the fraction of households compared with

the assumed 58 percent take rate. To assure that at least the direct private

benefits to connected customers were included, we multiplied the connected
customer number each year by an assumed $365/year ($1/day) educational enhancement benefit. We then took
the lower of these two values as the benefit that would be applied each year. The estimated benefit in year three is
$1,538,383.

These estimates are likely to underestimate the true value of broadband access for K-12 education because
Tippecanoe is only one of the school districts in the Tipmont service area. In addition, this approach makes the very
conservative assumption that the educational value provided by teachers is worth what it costs and no more. We
know from all the studies that obtaining a high school diploma pays off many times its cost. The same is true with

a college degree. Also, over time, a high penetration of rural broadband likely would significantly change the way
instruction is delivered and lead to much higher educational attainment.
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The other major area for which broadband is likely to be vital is adult education. Adult education is a rapidly growing
segment of the total education market. A good example is Purdue’s acquisition of Kaplan, which allows Purdue to

be a major player in the distance education market. Without question, continuing education will be an important
component of expected job skills in the future. However, there are no estimates we could find of the quantitative
value of broadband access for continuing education.

Again, this is an area where we know benefits would occur, but they are hard to quantify. Data collected on 57
percent of Tipmont customers by an external source (see Table 2) indicated that 46 percent had a high school
education. Improvement in job skills would likely be greater with broadband access. Distance courses, greater
access to job openings, MOOCs, etc. would likely lead to higher levels of educational attainment and consequently
more or better paying jobs. The median household income in the Tipmont service area (from its survey data

in Table 1) is $73,092. If we assume that one individual in five of those households would either get new jobs

or better jobs valued at five percent of household income, then the initial annual benefit would be $9.6 million
($73,092*0.05*13,126*0.20).

Business investment and general economic development

This category of benefits, like some of the others, is one in which most believe there will be significant economic
benefits. For example, several authors have estimated increases in business location in rural areas with broadband
access. But how can the value of these added investments be quantified? Whitacre et al. estimated the difference in
growth in household income between rural counties with and without broadband access. We employ their approach
to calculate the estimated direct increases in household income. Lobo, et al. used a multiplier approach to estimate
the indirect benefits to the county derived from the investment in broadband facilities. We will also adopt that
approach to quantify indirect or multiplier benefits.

Household income increase attributable to broadband access

Whitacre estimates a 1.3 percent 10 year difference in household income for counties adopting and those not
adopting broadband [13]. Our original thinking was that this growth in household income was largely independent
of the other categories. However, upon further reflection, we decided to take a more conservative approach and
assume it is largely included in the adult education category.

Multiplier income from the broadband investment

Another category of income increase for any type of economic investment is what is called multiplier benefits. These
benefits essentially derive from the fact that any investment induces spending and income increases elsewhere in
the local economy. Multiplier analysis commonly also estimates job increases, both direct and indirect, due to the
investment. Since our focus is on evaluation of benefits and costs, we only include the income multipliers in this
analysis. Lobo et al. estimated the multiplier impacts of a potential high-speed broadband investment in Hamilton
county, Kentucky using the well-established IMPLAN model. The total projected capital investment for the Hamilton
county system was $193.67 million, so it is a larger investment than envisioned by Tipmont. This does not really
impact our analysis since we simply use the multiplier calculated for the Hamilton county investment. The multiplier
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in that study is applied to both capital and operating cost. The Hamilton county multiplier for the broadband

investment is 1.99. In this type of multiplier analysis, the Tipmont expenditures end up getting counted both as a

benefit and as a cost. That is, when Tipmont spends $100 million, that spending becomes income for workers and

companies in the region. Furthermore, that income is spent and re-spent so the multiplier is greater than one. Use

of multipliers is somewhat controversial. To take a more conservative approach for the base case, we apply the

spending and re-spending part of the multiplier (0.99) and not count the Tipmont direct expenditures. The base case

reporting in this paper uses the spending and re-spending multiplier of 0.99 and multiplies it by system costs.

Using the Bureau of Economic Affairs RIMS multipliers, the Hudson Institute analysis applies a multiplier for Indiana

of 1.3264 [8]. We do sensitivity using that multiplier as well. The overall net benefits section contains results with the

full multiplier as a sensitivity case. In either case the multiplier benefits are quite large for the proposed broadband

investment.

Consumer savings through broadband

The Ohio report cites one study which claimed consumers saved $9,000

per year in various types of consumer purchases [22] by using broadband.
That estimate comes from an advocacy group and likely overstates the
consumer savings. However, a study conducted in the United Kingdom by
Price Waterhouse Coopers estimates consumers save £560 ($754) per year
in insurance, energy, general shopping and for services online [29]. We will
apply that value to the annual connected households in the Tipmont area.
We consider this to be a more reasonable estimate. We will assume that this
value remains constant in real terms over the life of the project, although it is
likely to grow. The Hudson Institute report also argues that online shopping
savings of all kinds represent a large benefit area. For the U.S. rural broadband
penetration already achieved, they put the annual benefit at $1 billion. Our
third year consumer savings estimate is $9,896,989.

Farm income changes

While there are numerous papers or notes that refer to farm benefits of
broadband access, we found two main studies that delve more deeply into
this topic [19, 21]. Both studies discuss ways in which farmers could benefit
from broadband access. Stenberg et al. provide a broader perspective on rural
broadband benefits including education, telework, telemedicine, etc., so much
of their work overlaps benefit categories already included in our analysis [21].
Kandilov, et al. discuss reduced costs of interaction with spatially dispersed
market participants. They also mention the fact that internet provides better
access to weather and price information, which can help improve management
decisions [19]. Moreover, broadband access can facilitate adoption of new
technology, facilitate use of GIS software, aerial scouting with drones and

more.
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This source also describes how good internet access could help farmers increase total revenue - enhancing their
ability to find new customers and enabling farmers to get better prices for their outputs. Furthermore, they describe
the process of using high-speed internet to help diffuse new management information or technologies. In the
quantitative section of their paper, they estimate that farmers are able to realize increases in sales of about 19
percent over a seven year period, while farm expenses expand approximately 10 percent over that same period. If
we take the difference, the increase is a little over one percent per year. This applies to counties near metropolitan
areas. More remote counties distant from a metropolitan center do not realize the benefits. However, Tipmont is
adjacent to metropolitan areas, so the quantitative estimates would apply. The fact that sales increased more than
expenses implies that output or at least the value of output increased due to broadband access. However, there
were statistical problems in this study in determining the change in net profit, because some farms in the study
area had negative profit for some years. Also, the further analysis showed that the increase in sales and profits was
mainly due to crop activities, not livestock.

In Tippecanoe county which represents the largest share of the Tipmont service area, agricultural crop sales in 2012
were $132,619,000 [30]. One approach would be to use the implied profit increase of one percent and scale it using
participation as we did for K-12 education benefits and also limiting the applicability to 50 percent of farm sales. As
for K-12, we also included a minimum benefit in this case of $500 a year per connected household. And as for K-12
we took the lower of these two values as the applicable benefit each year. The year three benefit is $663,095.

Civic engagement

There are two important studies that examine the impact of broadband access on civic engagement [20, 31].

The Stern et al. study examines the role of broadband in development and use of rural social networks and in
stimulating volunteer activity. They find that rural broadband had positive impacts on social networking and
community involvement. No estimates of the economic value of that benefit are developed. Whitacre and Manlove
find that adoption of broadband is the most influential of the factors they examined in stimulating civic engagement.
Their study represents a quantitative assessment of the key drivers of civic engagement in rural areas. However,
again, they make no attempt to quantify the value of the civic engagement benefits.

Thus, while we have no doubt that there would be important civic engagement benefits of a well connected
populace; we have no basis for estimating the value of these benefits.

== System Costs

All of the cost data were provided to the Purdue research team by the Tipmont REMC. They performed detailed
engineering estimations of both capital and operating costs of the system. Table 5 summarizes the capital costs.
Three of the capital cost categories vary depending on the take rate. In this analysis we are assuming a price of
$60 and a take rate of 58 percent. However, there is also an assumed small membership growth, which increases
the mature level of customers as a fraction of initial membership to 61.1 percent. Therefore, those categories are
adjusted based on that rate, and the revised capital cost is $105,792,832. We assumed it would all be incurred in
year one, although it is possible it might spill over into year two.
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Table 5. Tipmont estimated broadband capital costs

Adjusted

Capital Cost Amount ($) Amount
Distribution Fiber 86,080,296 86,080,296
Core Network 1,625,000 1,625,000
Substation Electronics* 4,561,405 2,787,674
Drop Installation* 12,359,200 7,553,248
Subscriber Electronics* 12,675,600 7,746,614
Total Build Capital Cost 117,301,501 105,792,832

*Based on 100 percent take rate

There are nine different categories of operating cost for the system, and they are explained in Table 6. Several

of the operating cost categories depend on number of customers opting for broadband. We used the take rate
assumptions from Tipmont for years one to three, which are 14.5 percent, 37.7 percent and 58 percent, respectively.
In other words, the full anticipated take rate at a fee of $60 per month is reached in year three. However, we
assumed a small growth in the customer base of 0.75 percent per year such that the customer base goes from
22,631 to 23,846 in year 10 and remains constant at that rate afterwards. The take rate remains 58 percent of
customer base. Table A2 in the Annex provides the operating cost estimates for each of the assumed 20 years in the
analysis.

Table 6. Tipmont estimated operating costs for broadband system

Category Explanation

There are many components of fixed operating cost, but we have aggregated them for

Fixed this analysis.
Labor costs were estimated for years one to 10 and are projected to remain constant in
Labor
real terms after that.
Tax Tax is estimated as 1.4 percent of customer revenue each year, which is $60 times the
number of subscribers that year.
New subscribers $12 for each new subscriber
Billing $0.65/subscriber/month or $7.80/subscriber/year
Churn Four percent of subscribers times $200
Bad debt One percent of revenue
Marketing $100,000 in year one plus (30, 25, 15, 10, 10, 7.50) per new subscriber. The value re-

mains at $7.50 per new subscriber after year six.

The access fee is a large component of total operating cost. For years one to three, the
Access fee monthly fees per customer are $15.68, $20.70, and $22.23. For years four to 20 the
monthly fees range from $25.91 to $27.01 depending on the year.

EE PAGE 22




Table 7. Tipmont broadband benefits by category

Net present values

Capital cost 99,804,558
Operating cost 89,613,882
Total cost 189,418,440
Telemedicine
Primary care savings 22,977,791
Specialist 28,633,511
Transport 671,568
Missed Work 7,961,549
Pharmacy 20,992,056
Imaging 4,255,146
Web consultation 5,106,176
Urgent care 21,701,247
Emergency care 110,986,276
Total telemedicine 223,285,320
K-12 education 18,981,795
Adult education 103,672,388
Multiplier impacts 187,524,256
Consumer savings 106,946,014
Farm income increase 7,165,348
System revenue 102,123,515
Total benefits 749,698,635
Net benefits 560,280,195

= Characterization of Overall Tipmont
Broadband Net Benefits

In this section, we summarize the calculation of net benefits
and present the overall study results. Table 7 contains the net
present value (NPV) of broadband benefits by category. Annual
benefit and cost flows are contained in appendix table A1.
Appendices tables A3 and A4 provide detailed annual estimates
for the telemedicine and other categories, respectively. The
total present value of net benefits (benefits after all costs

are deducted) is $560 million. The benefit-cost ratio is 3.96,
meaning that approximately $4 is returned to the economy
for each dollar expended. For reasons stated earlier in this
report, we believe this to be a conservative estimate. These
benefits can be expressed in different ways. For example, the
annualized net benefit is $48,847,781. In other words, the net
benefit can be seen as an annual flow of almost $50 million
to the Tipmont service area. Alternatively, we can divide the
total net present value by the number of Tipmont customers
to produce a per customer NPV of $24,757. On an annualized
basis, this amounts to an annual net benefit per customer of
$2,158. Another metric that could be used is to deduct NPV of
Tipmont revenues from the NPV of benefits and then divide
that number by the NPV of revenues. That ratio is 4.5 and
represents the ratio of benefits received per dollar spent by
Tipmont customers. Detailed benefit and cost flows for the 20
year period are provided in the annex.

Yet another indicator that emerges from the analysis is the projected revenue to Tipmont from customers as a

fraction of total expected costs over the 20-year period. The ratio of NPV revenue divided by NPV total costs is 0.54.

This result highlights the fact that many of the benefits accrue to the local economy and not to the broadband

provider. Thus, this is a clear example of a case for which public support will be needed to achieve the high level of

public benefits possible from the broadband investment.

While there is uncertainty in any of the benefit estimates, the category that merits special attention for sensitivity

analysis is the multiplier impacts. Table 8 provides sensitivity analysis for the multiplier impact analysis. As indicated

above, the base case multiplier is 0.99. Table 8 provides multiplier impacts, total NPV and benefit-cost ratios for 1.32

and 1.99 as well.

PAGE 23




Table 8. Sensitivity analysis on multiplier impacts

Multiplier value NPV Multiplier Impact Total NPV Benefit-cost ratio
0.99 187,524,256 560,280,195 3.96
1.32 250,032,341 622,788,280 4.29
1.99 376,942,696 749,698,635 4.96

= Conclusions

The bottom line conclusion is that investing in rural broadband provides benefits that far exceed the costs. For every

dollar Tipmont spends in developing and operating the system, approximately $4 is returned to the economy of the

region. There should be no doubt that public sector support for this investment is warranted.

Research & Policy INsights

BENEFIT-COST ANALYSIS FOR IMPLEMENTATION OF RURAL

BROADBAND IN THE TIPMONT COOPERATIVE IN INDIANA

PAGE 24




Sz 39vd 1|
96'¢€ oljeJ 1s0d-31y9uag

/S1'vT Jaquiaw Jad 1yauaq 19N

S61'082'09S §€9'869'617L GlLS'eTL'col 8YE's9LL 71096901 95C'ves'L8L 88€'7/9'€0L S6.'186'81L 0cg'sg'eee ovr'8Li'681L AdN
G/9'996'7S 650'705'€9 7/1'856'6 10£'869 6l¥'8zi'ol G89'796'8 ¥0Z'601°01L §/1'692'C YOL'LLY'LT 9/1'6%9'8 0¢
097'7T6'vS 795'0G1'€9 7/1'856'6 10£'869 6lY'8ZY'0lL €69'€G5'8 ¥702'601°01 0LT'STT'C YoL'LLY'LT 760'079'8 6l
666'8L8'7S 960'0L£'€9 7L1'856'6 10£'869 6l¥'8ci'0l 098'916'8 ¥0Z'60L°0L L€9'18LC YOL'LLY'LT 688'C09'8 8l
£8L'9€8'VS 78¢€'LLT'E9 2L1'856'6 10L'869 6l¥'8Cr'0L €26'09Y'8 70Z'601°0L 098'8€1'C YOL'LLY'LT L8E'97S'8 Ll
rL'v6L 'S 566'6£C'€9 7L1'856'6 10£'869 6l7'8Cr'0L YLV LLY'S 70Z'60L°0L 126960 YOL'LLY'LT ¥¥0'£SS'8 9l
9/5'€SL'YS 008'c0T'€9 2/1'856'6 102869 6L1'8Zy'0l 96£'9/¥'8 702'601'0L S08'350'C YOL'LLY'LT 910'295'8 Gl
€SE'ELLYS G88'7SL'€9 7L1'856'6 10£'869 6l¥'8Tr'olL L6L'L9V'8 70Z'601°0L S6%'510C YOL'LLY'LT ¥ZE'ess’8 14
LLS'€L9'PS L6L'0rL'€9 TL1'856'6 10£'869 6l¥'8Tr'olL gLZ'eer's 70Z'601°0L 9/6'SL6'L YOL'LLY'LT 900'645'8 €l
SEL'VEI'PS 659'LLL'E9 7L1'856'6 10£'869 6l¥'8Tr'0L 6¢8'705'8 702'601°0L LET'LE6 L YOL'LLY'LT 91.,'885'8 4"
806'965 7S 8£0'850'€9 TL1'856'6 10£'869 6l7'8Cr'0L €T [8Y'8 702'601°0L 9vZ'668’L YOL'LLY'LT 796745’ Ll
¥€0'095'7S €/5'786'79 7/1'856'6 10£'869 6l¥'8Tr'0l 896058 ¥02'60L°01L 900'798°L YOL'LLY'LT LEE'9ES'S ol
20S'9¢L'vS ¥69'0L¥'29 Zr0'v88'6 661'€69 88/'05€01 10£'09¢'8 0S6'€€00l L06'L18L 808'sec’le 51'syi's 6
L209LL'ES 78189079 €9%'018'6 LEE'889 seL'eLcol TL9'LLE'S 65’6566 9S1'e9L’L ¥95's6l'LT S6C'79Y'8 8
098'00€'€S 2SL'9%G'L9 [ASAIAS €12'€89 9sz'L61'01 ¥S9'LLT'8 £11'588'6 oLL'SLL'L §9€'950'Le 90¢'SSE’8 L
€89888'CS 990'C¢L'L9 S¥6'799'6 LT1'8L9 sve'lel'ol 79€'89Z'8 0€S’'LL8'6 €595'699'L 10Z'816'0C 788'LSE’8 9
0/1'6/%'TS 166'062'09 866'C65'6 6/0'€/9 0009001 YZ/L'vEE'S Z61'8€L'6 2€9'v29’L 990°1L8£'0C €16'8LY'8 S
812'LL0'TS 11511209 9851256 890899 91Z'LL6'6 €/1'8S1'8 £66'599'6 616'085°L 756'779'0C ¥8L'L¥rT'8 14
L61'€89'LS LGOVLL'6S 90,056 S60'€99 686'968'6 986'09'L L¥0'v65'6 €8¢'8¢G’L 1S8'605'0C 6v£'9€5"L €
SLE'LEV'PE 795’960V 6S6'CP7L'9 zLo'Ley EVO'EEY’9 6£6'996'S LT1'9€T'9 re'086 EvL'SOCL L12°£209 4
LLLYOL'EL £S0'786'CCL 9/9'79€'C YLL'99L LYT'YLY'T Ser'LLZ'80L 015'86€EC 199'69¢ €91'666'9 0L¥'70€'601L L

1yauag
19N

1yauag
|exol

9NU3AdY

swoou|
wiie4

s3uines
Jawnsuo)

Ja1diny

UNpyY

4%
uonesnpg

1S0) |ejo |

Je9A

(@sns 1us44nd) sueak gz Jano Alewwuns 3sod-1jauag LY d|gel

XANNY =




9Z 39Vd BN

9LL'6Y9'8 | 9ES'SEVY | 9v8'8LL 78566 9r9'0LL 08801 0 LY'6EL 2L1'856'%6 | LE'EL 000'SZET | LLT'TSTL 0c
v60'0v9'8 | S69'0EV'y | 9v8'8LL 78566 9r9'0LL 08801 0 vLY'6EL 2L1'856'6 | LEREL 000'SZE'T | 0£0'8YT'L 6l
688'709'8 | 0SL'S6EY | 9v8'8LL 78566 9r9'0LL 08801 0 LY'6EL 2L1'856'%6 | LEQ'EL 000'SZET | OLE'OVT'L 8l
[8E'9YS'8 | STU'8YEY | 9v8'8LL 78566 9r9'0LL 08801 0 LY'6EL TL1'8S6'6 | LES'EL 000'SZE'T | T68'9€T'L Ll
¥pO'LSS'® | 98L'T9E'Y | 9v8'8LL 285'66 9r9'0LL 088'L01 0 LY'6EL 2L1'8S6'6 | LES'EL 000'SZE'T | 068'Z€T'L 9l
910'795'8 | VLS'ELEY | 9v8'8LL 285'66 9r9'0L1L 088'01 0 71Y'6E L 2L1'8S6'6 | LES'EL 000'SZE'T | €L0'LTT'L sl
VZE'ESS'e | EEL'BI9EY | 9v8'8LL 285'66 9r9'0L 1L 088'£0L 0 ¥LY'6EL 7L1'856'6 | LES'EL 000'sZ€'T | TTT'ETTL vl
900'6£5'8 | €61'86€" | 9v8'8LL 78566 9r9'0LL 088201 0 ¥ 1Y'6EL 2L1'856'6 | LE'EL 000'SZE'T | vhi'6LT'L €l
9lL'885'8 | 809'LLY'y | 9v8'8LL 78566 9v9'0LL 088201 0 ¥LY'6EL 2L1'856'6 | LEB'EL 000'SZE'T | 8EL'SLT'L 4!
296'7LS'8 | 8LL'L6EY | 9V8'SLL 78566 9r9'0LL 08801 0 LY'6EL 2L1'856'%6 | LES'EL 000'SZET | SLE'ELTL Ll
LEE'9ES'S | LLV'EIEY | 9v8'BLL 78566 9r9'0LL 08801 9€T'L v1y'6EL 2L1'856'6 | LES'EL 000'SZE'T | 6YZ0LT'L oL
SL'syr's | 96€'892 | SLS'LLL 0r8's6 £28'60L LL0'0L 9zl LLE'BEL Tw0'r8s's | 8TLEL 000'SZET | 868'81LT'L 6
SeT'Tov's | 1S6'6LTY | ¥6L'9LL S01'86 S00'60L 082'901 L1271 OVE'LEL €9Y'018'6 | 9Z9'€L 000'SZ€'T | L6L'6TT'L 8
907'SSE's | 996'S67 | Z88'YLL VLE'L6 v61'801 68Y'S0L 802'1 vZE'IEL CEVLEL'S | pTSEL 00572’ | 697'E6L'L L
788'lSE'8 | 8EV'LOEY | 08S'ELL 679'96 88€'L0L 0,701 6611 60€'SEL SY6'799'6 | YTH'EL 00S'ZvZ'T | SLL'68L'L 9
€16'8lY'8 | 661767 | LLL'6TC 0€6'S6 685'901 vZ6'€01 0611 20E'vEL 866'765'6 | VTEEL 00§72’z | 295°01T'L S
v8L'LYZ'8 | 796'98T'y | L00'8TT 9126 S6L'S0L LSL'E0L 181’1 20€EEL 985'125'6 | YTTEL 00S'7Z1'Z | 0L0'S9L'L ¥
6VE'9ES'L | €60'LOS'E | SIV'6EE L0576 800501 €8€'201 6C1'SS 0LE'ZEL 90L'050'6 | 9TL'EL 052’9107 | S0Z'061'L 3
LLZ'L20'9 | L6Y'6LL'T | SLL'S9S 0EY'19 55789 675'99 S00'€9 100'98 6S6'7l'9 | 7€5'8 0ST'LY8'L | SSP'SSLIL z
8EY'LISE | 6LY'LLY 0€6'8LL LT9'ET 2579t 965'5T 8LE'6E LL0'EE 9,9'79€'T | 18TE 0SL'860'L | 6v5'898 !

994 SS920Y

Sunayuen

1q°qQ ped

uiny)

‘qns maN

9NUBAQY

s1aquiasgns

JogeT

paxid

(@sn$ 1ua4and) sieak gz Jan0 eade d1AJ9s Juowdi] ay3 uj uondope pueqgpeo.q Joj S31502 SunesadQ gy algel

XINNYV &




£Z 39Vd BN

Oze'ssT'Eze | 9LT'98E'0LL | L¥T'LOL'LT 9£1'901'S orL'SSTy | 950'766'0C 675'196'L 895'1L9 LLS'EE9'8T 16L'LL6'CT AdN
vOL'LLY'LT 68€'228'01 7LL9LLT 606'L6Y 26 LYy 856'910' 6€€'9LL S8Y'S9 007’961 685012’ 0z
vOL'LLY' LT 68€'728'01 ZLL9LLT 606'L6Y v26' Ly 856'970'C 6€€'9LL S8Y'S9 007’961 685012’ 6l
vOL'LLY' LT 68€'728'01 L9z 606'L6Y vZ6'r Ly 856'970'C 6€€'9LL 58%'S9 00v'96Y' 685012’ 8l
vOL'LLY' LT 68€'728'01 L9z 606'L6Y vZ6'y Ly 856'970'C 6€€'9LL 58%'S9 00v'961' 685012’ LL
vOL'LLY' LT 68€'728'01 ANRCTARS 606'L6Y vZ6'r Ly 856'970'C 6€€'9LL 58Y'S9 00967 685012’ 9l
vOL'LLY' LT 68€'728'0L ZLLLe 606'L6 vZ6'y LYy 856'970'C 6€€'9LL 58Y'S9 007’961 685'077' Sl
vOL'LLY'LT 68€'728'01 ANRCTAR 6066 261y 856'9%0'7 6€€'9LL 58Y'S9 007’961 685'072' vl
YOL'LLY'LT 68€'728'01 ZiLLe 60661 261y 856'9%0' 6€€'9LL 581’59 007’96 685'072' €l
YOL'LLY'LT 68€'728'01 ZiLLe 606'L6Y vZ6'r LY 856'9%0' 6€€'9LL S8v's9 00v'961' 685012’ 4!
vOL'LLY'LT 68€'728'01 TLL9LLT 60661 vZ6' Ly 856'9%0' 6€€'9LL S8Y'S9 007’961 685°072' L
vOL'LLY'LT 68€'728'01 ZLL9LLT 60661 vZ6' Ly 856'9%0'7 6€€'9LL S8Y'S9 007’961 685°012' oL
808'SEE'LT S28'LyL'0l 6S€°001'7 20¢'v6Y SE8'LLY 02L'LE0'T 095'0£L 86679 007’961 606'€22' 6
95'561'L2 198'199°01 €£2L'780' £25'067 69L'80% $65'910'7 v28'79L 1579 007’961 vSE'L0T'T 8
S9€'950'1Z £6v'285°01 702'690' 2L8'98Y 92L's0y £85'L00' 0E1'65L PE0'P9 00v'967' 226'061' L
102'816'02 SLL'E05'01 L08'€50'7 LyT'EsY 90L'20% £89'986'L 6LY'ESL £SS'€9 007967 E19'7L1' 9
9901802 £25'STr0L 215'8€0'C 0S9'6LY 80L'66€ v68'1£6'L 0L8'LyL 80'€9 00967 STr'8sLT S
256'779'0C 16'LVEOL LEE'ET0'T 6L0'9LY €€L'96€ S1T'L56'L €0€'ZhL 19'79 00’961 LSE'TYL'T ¥
158'605°0Z 788'0LT01 SLT'800' SESTLY 6LL'E6E SY9'Tr6'L LLL'9EL 8129 00’96 607'9Z1' €
E71'S0T'Y £0'9£9'9 6LE'SOE'L 8Y1'L0€ £S6'S52 61L'79T'L S06'8LY 96€'0t 00’96 991'Z8€'L z
£9.'666'9 12L'195' 690'20S PEL'BLL Svv'86 199's8Y 61781 LES'SL 00’96 209'LES L

fousSiswg

uasin

}NSUOD gaM

SuiBew|

Aewueyd

SIOM PISSIN

1odsuel |

isije1nads

s3uines Alewlud

JeaA

(@sN$ 3us.nd) s1eak 0 J9AO S)YUSQ SUPIPSWSDL (€Y d|geL

XINNYV =




8Z 3DVd BN

SLS'€TL'Z01 8YE'SIL'L 710'9%6'901 952'2S 81 88€'7£9'€01 S6L'186'81 AdN
2L1'856'6 10£'869 6L7'82r'01 $89'795'8 02'601'0L SL1'697'C 0z
2L1'856'6 10£'869 617’8200l €69'€55'8 70Z'601'0L 0LT'sze'e 6l
2L1'856'6 10£'869 617'827'01 098'915'8 02'601'0L LEY'18L'T 8l
2L1'856'6 10£'869 617'82r'01 £26'097'8 02'601'0L 098'8€1' Ll
2L1'856'6 10£'869 617'827'01 YLY'LLY'S 02'601'0L 126'960'C 9l
2L1'856'6 10£'869 6L7'82r'01 96€'9L1'8 02'601'0L S08'S50' sl
2L1'856'6 10£'869 617’8200l 16L'L9%'8 ¥02'601'01 Sev's1L0' vl
2L1'856'6 10£'869 617’8270l 917'E6Y'8 70Z'601'0L 9L6'SL6'L €l
2L1'856'6 10£'869 617’8270l 678'705'8 0Z'601'0L LET'LE6'L 4!
2L1'856'6 10£'869 617'82r'01 €T L8Y'8 02'601'0L 9rT'668'L L
2L1'856'6 10£'869 617'827'01 896'05'8 02'601'0L 900'298'L oL
7r0'788'6 66v'€69 88L'0SE'01 10£'09€"8 0S6'E€0°01 L06'L18'L 6
£9Y'018'6 LE€'889 SEL'ELTOL 2L9'LLE'S SST'656'6 9S1'€9L'L 8
Cev'LEL'S €17'€89 957',61°01 ¥S9'1L2'8 £11'588'6 9LL'SLLL L
SY6'799'6 LT1'8L9 Sve'lzL'ol v9€'892'8 0£5'118'6 £55'699'1 9
866'765'6 6L0°EL9 000'970°01 vZL'VEE'S Z6v'8EL'S 2€9'T9'L S
985'125'6 890'899 912'LL6'6 €LL'851'8 £66'599'6 616'085'L ¥
90'05'6 560'€99 686'968'6 986'09%'L LY0'765'6 £8€'8€5'L 3
656'771'9 Z10'LEY EV0'EEY'9 6£6'996'S LTL'9ET'9 Zre'086 z
9L9'79€' v/2'S9L LYTYLY'T sey'LiT'sol 015'86€' 199'69€ _

9NUDIAIY

awoou| wie4

sSuines Jawnsuo)

Ja1dninn

Z1-) uoneonpy

(@sn$ 1ua44nd) sieak Oz JaA0 SIyaUQ JBYIO Y dlqel

XINNV &




10.

11.

12.

13.

14.

15.

16.

17.

18.

References

Friedman, T.L., Forget Trump and Discover the World, in New York Times. November 28, 2017.

Fuel of the future - Data is giving rise to a new economy, in The Economist. May 6, 2017.

Technology cannot solve all of Africa’s problems, but it can help with many, in The Economist. November 11, 2017.
Greenstein, S. and R. McDevitt, Measuring the broadband bonus in thirty OECD countries. 2012.

Rubmann, M., et al., Industry 4.0: The future of productivity and growth in manufacturing industries. 2015, Boston
Consulting Group.

Gallardo, R. and M. Rembert. Broadband economic benefits: why invest in broadband infrastructure and adoption?

2017; Available from: http://www.dailyyonder.com/broadband-economic-benefits-invest-broadband-infra-
structure-adoption/2017/08/07/20695/.

Devaraj, S., et al., Human development & technology in US counties: technology quality & accessibility considerations
for Policy Makers, in RUPRI Center for State Policy. 2017, Ball State University.

Kuttner, H., The economic impact of broadband, in Briefing Paper, Hudson Institute, Editor. 2016.

Gallardo, R., B. Whitacre, and A. Grant Broadband'’s insight: a brief literature review. Research and Policy Insights,
2017.

Whitacre, B.E., Estimating the economic impact of telemedicine in a rural community. Agricultural and resource
economics review, 2011. 40(2): p. 172.

Ong, D. and M. Jambulingam, Reducing employee learning and development costs: the use of massive open online
courses (MOOC). Development and Learning in Organizations: An International Journal, 2016. 30(5): p. 18-21.

Whitacre, B., R. Gallardo, and S. Strover, Broadband'’s contribution to economic growth in rural areas: moving to-
wards a causal relationship. Telecommunications Policy, 2014. 38(11): p. 1011-1023.

Whitacre, B., R. Gallardo, and S. Strover, Does rural broadband impact jobs and income? Evidence from spatial and
first-differenced regressions. The Annals of Regional Science, 2014. 53(3): p. 649-670.

Kim, Y. and P.F. Orazem, Broadband internet and new firm location decisions in rural areas. American Journal of
Agricultural Economics, 2017: p. aaw082.

Kolko, J., Broadband and local growth. Journal of Urban Economics, 2010. 1(1).
Sosa, D., Early evidence suggests gigabit broadband drives GDP. Analysis Group, 2014.

Lobo, B.J., A. Novobilski, and S. Ghosh, The economic impact of broadband: estimates from A regional input-output
model. The Journal of Applied Business Research, 2008. 24(2): p. 103-114.

Audretsch, D.B., D. Heger, and T. Veith, Infrastructure and entrepreneurship. Small Business Economics, 2015.
44(2): p. 219-230.

EE PAGE 29



http://www.dailyyonder.com/broadband-economic-benefits-invest-broadband-infrastructure-adoption/2017/08/07/20695/
http://www.dailyyonder.com/broadband-economic-benefits-invest-broadband-infrastructure-adoption/2017/08/07/20695/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kandilov, AM., et al., The impact of broadband on US agriculture: an evaluation of the USDA broadband loan
program. Applied Economic Perspectives and Policy, 2017. 39(4): p. 635-661.

Whitacre, B.E. and J.L. Manlove, Broadband and civic engagement in rural areas: What matters? Community
Development, 2016. 47(5): p. 700-717.

Stenberg, P., et al., Broadband internet’s value for rural America. Washington, DC: U.S. Department of Agriculture, in
Economic Research Service, Economic Research Report (78). 2009.

Rembert, M., B. Feng, and M. Partridge, Connecting the dots of Ohio’s broadband policy, in Swank Program in Rural-
Urban Policy. 2017, The Ohio State University.

Schadelbaer, R. Anticipating economic returns of rural telehealth. 2017; Available from: http://www.frs.org/images/
AnticipatingEconomicReturnsOfRuralTelehealth.pdf.

Grabowski, D. and A. O'Malley, Use of telemedicine can reduce hospitalizations of nursing home residents and
generate savings for medicare. Health Affairs, 2014. 33(2): p. 244-250.

Rosenberg, C.N., et al., Results from a patient-centered medical home pilot at UPMC health plan hold lessons for
broader adoption of the model. Health Affairs, 2012. 31(11): p. 2423-2431.

Gordon, A.S., W.C. Adamson, and A.R. Devries, Virtual visits for acute, nonurgent care: a claims analysis of episode-
level utilization. Journal of Medical Internet Research, 2017. 19(2).

Hanushek, E.A. and L. Woessmann, The high cost of low educational performance, in Programme for International
Student Assessment, Orgainzation for Economic Cooperation and Development, Editor. 2010: Paris, France.

Davidson, C.M. and M.J. Santorelli, The impact of broadband on education. 2010, U.S. Chamber of Commerce.

UK Government. Government digital inclusion strategy. 2014; Available from: https://www.gov.uk/government/
publications/government-digital-inclusion-strategy/government-digital-inclusion-strategy#contents.

U.S. Department of Agriculture, U.S. Census of Agriculture County Profile - Tippecanoe County. 2012.

Stern, M.J., A.E. Adams, and J. Boase, Rural community participation, social networks, and broadband use: examples
from localized and national survey data. Agricultural and resource economics review, 2011. 40(2): p. 158-171.

EE PAGE 30



http://www.frs.org/images/AnticipatingEconomicReturnsOfRuralTelehealth.pdf
http://www.frs.org/images/AnticipatingEconomicReturnsOfRuralTelehealth.pdf

41 . . =
sl Center for Regional Develo
A8

»” ion : E

PCRD seeks to pioneer new ideas and strategies that contribute to regional collaboration,
innovation and prosperity. Founded in 2005, the Center partners with public, private, nonprofit
and philanthropic organizations to identify and enhance the key drivers of innovation in
regions across Indiana, the U.S. and beyond. These drivers include a vibrant and inclusive civic
leadership, a commitment to collaboration, and the application of advanced data support
systems to promote sound decision-making and the pursuit of economic development
investments that build on the competitive assets of regions.

XK

Purdue Schowe House Lionel J. Beaulieu 765-494-7273

1341 Northwestern Avenue lib@purdue.edu Ask for Bo Beaulieu
West Lafayette, IN 47906

Purdue University is an equal access/equal opportunity institution.



mailto:robertog@purdue.edu

