
JANUARY 2O24
Main Report

The Economic Impact of the University 
of Northern Colorado’s College of 
Osteopathic Medicine to Colorado



2 

3 Executive summary

5 Economic impact analysis

9 Taxpayer benefits analysis

10 Introduction

15 The economic impact of UNC COM

18 Short-run capital spending impacts

23 Long-run operations spending impacts

27 Long-run visitor spending impacts

30 Long-run student spending impacts

34 Long-run alumni impacts

40 Total economic impacts from UNC COM

43 Taxpayer benefits from UNC COM

47 Conclusion

49 Appendices

49 Resources and references

56 Appendix 1: Glossary of terms

58 Appendix 2: Example of sales versus income

59 Appendix 3: Lightcast MR-SAM

Contents

Lightcast gratefully acknowledges the excellent support of the staff at the University of Northern Colorado (UNC) in making this 

study possible. Special thanks go to Dr. Andy Feinstein, President, who approved the study, and to Beth Longenecker, DO, Founding 

Dean UNC’s College of Osteopathic Medicine; Norma Juárez, Special Assistant to the College of Osteopathic Medicine leadership; 

Allison Steg Haskett Vice President for University Advancement; and Kirk Leichliter, Chief Facilities Officer and Vice President 

Facilities Management, who collected much of the data and information requested. Any errors in the report are the responsibility 

of Lightcast and not any of the above-mentioned individuals.

Acknowledgments



Executive summary



4Executive summary

T HE UNIVERSITY OF NORTHERN COLOR ADO  (UNC) is a public doc-

toral research university based in Greeley, Colorado. The university’s just-right 

size, expert faculty, and tradition of research and hands-on learning give students 

exceptional opportunities and a personalized education. UNC continues to evolve and 

grow to meet the needs of its students and state and local communities. As part of this 

effort, UNC is planning to open a College of Osteopathic Medicine. According to the 

Health Resources and Services Administration (HRSA), only 34.6% of the state’s need 

for physicians is met. By opening a College of Osteopathic Medicine, UNC will help 

address this physician shortage. This analysis quantifies the economic impacts from 

UNC’s College of Osteopathic Medicine (UNC COM) on the state economy. Note that 

the positive impacts from increased access to healthcare and improved healthcare in 

Colorado as a result of UNC COM are beyond the scope of this analysis.

By opening a College of Osteopathic Medicine, 
UNC will help address this physician shortage.

Colorado
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Short-run capital spending impacts

As the $127.5 million is spent to construct UNC COM, it will create a significant 

amount of new economic activity that will ripple throughout the Colorado 

economy. These impacts span from FY 2025, when the capital spending will begin, to 

FY 2027, when the capital spending is expected to be completed.

From FY 2025 to FY 2027, the capital spending will create a present value of 

$106.3 million in total added income for Colorado.

Long-run operations spending impacts

Utilizing the capacities of UNC COM will create the demand for added faculty 

and staff and their associated day-to-day operational expenditures. These 

operations spending impacts began in FY 2023, when UNC COM employees were 

first hired and UNC COM planning expenses occurred.

Across a 20-year timeframe, from FY 2023 to FY 2042, the operations spending resulting 

from UNC COM will create a present value of $356.7 million in total added income. 

Long-run visitor spending impacts

Out-of-state visitors will be attracted to Colorado for events at UNC COM 

such as new student orientations and white coat and graduation ceremonies. 

These visitors will bring new dollars to the economy through their spending at hotels, 

restaurants, gas stations, and other state businesses. 

Economic impact analysis
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Between FY 2026, when visitors are first expected for new student orientations, and 

FY 2042, the spending from out-of-state visitors will add approximately $4.1 million 

in income for the Colorado economy.

Long-run student spending impacts

UNC COM is expected to start serving students in FY 2027. Many of these 

students will relocate from outside the state. Some students from Colorado 

may leave the state if not for UNC COM. The money that these students will spend 

toward living expenses in Colorado is attributable to UNC COM.

From FY 2027, when the first UNC COM students enroll, to FY 2042, the students’ 

spending will create a present value of $202.6 million in total added income.

Long-run alumni impacts

UNC COM alumni will represent a significant increase in the stock of human 

capital available to the Colorado economy, more specifically and importantly 

the college will fill some of the need for physicians in the state. They will begin to 

positively impact the state economy in FY 2034, when the first graduates become 

active in the state workforce, accounting for an enrollment ramp-up period and time 

spent completing their residency training in their chosen specialty. The higher earnings 

and increased productivity of these alumni will create long-run impacts across the 

state economy. 

By FY 2042, UNC COM will have produced 1,741 physicians, an estimated 409 of 

whom will actively work in the Colorado workforce. From FY 2034 to FY 2042, the 

alumni will create a present value of $691.2 million in total added income to the 

Colorado economy. 

Total impact

From FY 2023 to FY 2042, the present value of short- and long-run impacts created 

by UNC COM will generate a total economic impact on the Colorado economy of 

$1.4 billion in total added income.

By FY 2028, 5.4 years after the start of this project, it is expected that the impacts 

generated by UNC COM will have grown significantly enough to recover the costs of not 

only the initial capital investment, but the annual costs of keeping UNC COM operational.

The implicit multiplier is the present value of added income divided by the present 

value of the initial capital investment in UNC COM and the long-run operational costs 

of the college. From FY 2023 to FY 2042, every dollar spent on UNC COM will create 

a present value of $3.30 in added income throughout Colorado.

Important note

When reviewing the impacts estimated in 
this study, it’s important to note that it pri-
marily reports impacts in the form of added 
income rather than sales. Sales includes all 
of the intermediary costs associated with 
producing goods and services. Income, 
on the other hand, is a net measure that 
excludes these intermediary costs and is 
synonymous with gross state product (GSP) 
and value added. For this reason, it is a more 
meaningful measure of new economic activ-
ity than sales.
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Total impact from FY 2023 to FY 2042
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Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Source: Lightcast impact model.
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Annual impacts

The economic impacts discussed thus far are those summed across the analysis years of FY 2023 to FY 2042 and dis-
counted to present value terms. However, each of the four long-run types of impacts will create an annual impact. These 
break down as follows: 

 ◼ Operations spending annual impact: UNC COM will increase UNC’s operational spending. By FY 2032, when 
operations stabilize, increased operations spending will add around $23.5 million in total income on an annual basis, 
equivalent to supporting 176 jobs per year. 

 ◼ Visitor spending annual impact: UNC COM will attract visitors to the state who would otherwise not have visited 
Colorado. Once the expected number of out-of-state visitors stabilize in FY 2031, the visitors will add $309.3 thousand 
in income per year, supporting five jobs annually, as a result of their spending in the state. 

 ◼ Student spending annual impact: Once the number of students UNC COM is able to serve stabilizes at 632 students 
in FY 2032, $15 million in income will be added per year, supporting 83 jobs annually, as a result of spending from 
retained and relocated students in the state. 

 ◼ Alumni annual impact: UNC COM will produce more alumni every year, who will then accumulate in the state workforce. 
By FY 2042, the last year of this analysis, alumni are estimated to add $158.4 million in total income to the economy 
per year, supporting 3,987 jobs annually. This annual impact is expected to increase every year for many years as 
UNC COM continues to serve more students and they enter the state workforce.

The total annual impact from UNC COM will be at least $197.2 million in added income. This is equivalent to supporting 
4,161 jobs every year.
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Between FY 2023 and FY 2042, state and local taxpayers will receive an estimated 

present value of $83.3 million in added tax revenue stemming from the spending 

from UNC COM’s capital and operations spending and the spending of its visitors 

and students as well as the alumni higher earnings. Savings to the public sector add 

another estimated $929.2 thousand in benefits due to a reduced demand for govern-

ment-funded social services in Colorado. Across the 20-year timeframe, total taxpayer 

benefits amount to $84.2 million, the present value sum of the added tax revenue and 

public sector savings.

Taxpayer benefits analysis

Taxpayer benefits from FY 2023 to FY 2042*
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* These values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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T HE UNIVERSITY OF NORTHERN COLORADO  (UNC) is a public doctoral 

research university based in Greeley, Colorado. Established in 1889, and made a 

university in 1970, UNC serves around 9,000 students every year and offers more than 

200 undergraduate and graduate programs, many of which are nationally recognized. 

The university’s just-right size, expert faculty, and tradition of research and hands-on 

learning give students exceptional opportunities and a personalized education. The 

university boasts a 14:1 student-to-faculty ratio. UNC graduates join a strong network 

of over 140,000 alumni living and working in 50 states and 90 countries who help build 

communities that save and transform lives.

UNC continues to evolve and grow to meet the needs of its students and state and 

local communities. As part of this effort, UNC is planning to open a College of Osteo-

pathic Medicine, a not-for-profit entity within the university. According to the Health 

Resources and Services Administration (HRSA), only 34.6% of the state’s need for 

physicians is met. The HRSA also identifies that 59 of the 63 counties in the state 

contain regions designated as health professional shortage areas in primary care. By 

opening a College of Osteopathic Medicine, UNC will help address this physician 

shortage. With 40 accredited colleges of osteopathic medicine in the U.S.—only seven 

of which are at public colleges and universities—UNC COM would be joining a select 

group of DO colleges that will attract students from not just Colorado and the region, 

but across the country.

Osteopathic Medicine is a philosophy and practice of care with a distinct whole-person 

approach and focus on prevention and wellness. Doctors of Osteopathic Medicine 

(DOs) partner with their patients and work toward achieving optimal health with com-

munity and population health playing key roles in successful outcomes

UNC President, Andy Feinstein said, “I am excited about the possibility of UNC step-

ping up to meet the need of producing more physicians in service to our community 

and region. The creation of an osteopathic medical college at UNC would establish 

a pipeline of additional physicians to provide high-level care to others, including to 

individuals in underserved areas. A new medical college would be a win for Greeley, 

Weld County, the State of Colorado, and UNC.” 

The Founding Dean of the College of Osteopathic Medicine is Beth Longenecker, 

DO, MS, FACOEP, FACEP. Dr. Longenecker brings 20 years of experience in medical 

education to her leadership role. She began in her position as Founding Dean of the 

University of Northern Colorado’s proposed College of Osteopathic Medicine (UNC 

COM) in June 2022.
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This analysis will quantify the new economic activity created by UNC COM in the 

short-run and long-run in addition to the long-run state and local taxpayer benefits. 

The analysis spans 20 years, from FY 2023, when expenses for UNC COM first began, 

to FY 2042. The impacts are broken down into five types of impacts:

 ◼ Short-run capital spending impacts: The initial spending for the construction 

of UNC COM will span from FY 2025 to FY 2027 and total $127.5 million. As this 

money is spent, it will create new economic activity that will ripple throughout 

the Colorado economy. 

 ◼ Long-run operations spending impacts: UNC COM will create the demand for 

added faculty and staff and their associated day-to-day operational expenditures. 

These operations spending impacts began in FY 2023 when the first operational 

expenditures occurred. UNC COM’s operations spending impacts will continue to 

grow as expected expenses grow until FY 2032 when the finances are expected 

to stabilize. 

 ◼ Long-run visitor spending impacts: UNC COM will attract visitors to Colorado 

for new student orientations and white coat and graduation ceremonies as well as 

other academic and business events. The Colorado economy will grow as these 

visitors spend money at restaurants, gas stations, and other businesses. The 

number of out-of-state visitors is expected to grow to nearly 1,000 by FY 2031.

 ◼ Long-run student spending impacts: As UNC COM becomes operational, it will 

begin serving medical students. Many of these students will relocate to the state 

in order to attend the college and others, originally from the state, will remain in 

the state because of opportunities provided by UNC COM. These students will 

spend money on housing, food, and entertainment in the state. This injection of 

money is attributable to UNC COM, which will begin in FY 2027 when UNC COM 

expects to start serving students. 

 ◼ Long-run alumni impacts: The added capacities created by UNC COM will 

help UNC respond to not only the demand of students but also the demands of a 

growing economy. The impact from UNC COM alumni will begin to accrue in FY 

2034, the first year the additional students enter the workforce after graduating and 

completing their residency training in their chosen specialty. By FY 2042, the final 

year of this analysis, an estimated 409 physicians will have been produced and 

working in Colorado as a result of UNC COM. These alumni represent a significant 

increase in physicians in the Colorado economy. The added earnings and increased 

productivity of these alumni will create long-run impacts across the state economy.

Even though this analysis spans across the five types of impacts from FY 2023 to FY 

2042, the long-run impacts will continue long after the final year of this analysis.

In addition to these state impact, or growth in gross state product, state and local 

taxpayers will reap benefits from UNC COM. Taxpayers will experience benefits in 

the form of additional tax revenues stemming from the spending of UNC COM and 

its visitors and students and higher earnings of alumni as well as government savings. 
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Economic impact analyses use different types of impacts to estimate the results. 

The impact focused on in this study is the income impact, which assesses the 

change in gross state product, or GSP. Income may be further broken out into the 

labor income impact, which assesses the change in employee compensation; and 

the non-labor income impact, which assesses the change in income business 

profits. Another way to state the income impact is jobs, a measure of the number of 

full- and part-time jobs that would be required to support the change in income. In the 

next section, jobs are reported on an annual basis rather than total because jobs are 

duplicated across the years. Finally, a frequently used measure is the sales impact, 

which comprises the change in business sales revenue in the economy as a result of 

increased economic activity. It is important to bear in mind, however, that much of this 

sales revenue leaves the state economy through intermediary transactions and costs.1 

All of these measures—jobs, income, and sales—are used to estimate the economic 

impact results. 

The analysis breaks out the impact measures into different components, each based 

on the economic effect that caused the impact. The following is a list of each type of 

effect presented in this analysis:

 ◼ The initial effect is the exogenous shock to the economy caused by the initial 

spending of money, whether to pay for salaries and wages, purchase goods or 

services, or cover operating expenses.

1 See Appendix 2 for an example of the intermediary costs included in the sales impact but not in the income impact.

About economic impact analysis
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 ◼ The initial round of spending creates more spending in the economy, resulting in 

what is commonly known as the multiplier effect. The multiplier effect comprises 

the additional activity that occurs across all industries in the economy and may 

be further decomposed into the following three types of effects:

 ◾ The direct effect refers to the additional economic activity that occurs as 

the industries affected by the initial effect spend money to purchase goods 

and services from their supply chain industries.

 ◾ The indirect effect occurs as the supply chain of the initial industries creates 

even more activity in the economy through their own inter-industry spending.

 ◾ The induced effect refers to the economic activity created by the household 

sector as the businesses affected by the initial, direct, and indirect effects 

raise salaries or hire more people.

The terminology used to describe the economic effects listed above differs slightly 

from that of other commonly used input-output models, such as IMPLAN. For example, 

the initial effect in this study is called the “direct effect” by IMPLAN, as shown in the 

table below. Further, the term “indirect effect” as used by IMPLAN refers to the com-

bined direct and indirect effects defined in this study. To avoid confusion, readers are 

encouraged to interpret the results presented in this section in the context of the terms 

and definitions listed above. Note that, regardless of the effects used to decompose 

the results, the total impact measures are analogous.

Multiplier effects in this analysis are derived using Lightcast’s Multi-Regional Social 

Accounting Matrix (MR-SAM) input-output model that captures the interconnection of 

industries, government, and households in the state. The Lightcast MR-SAM contains 

approximately 1,000 industry sectors at the highest level of detail available in the North 

American Industry Classification System (NAICS) and supplies the industry-specific 

multipliers required to determine the impacts associated with increased activity within 

a given economy. For more information on the Lightcast MR-SAM model and its data 

sources, see Appendix 3.

Lightcast Initial Direct Indirect Induced

IMPLAN Direct Indirect Induced
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T HIS ANALYSIS QUANTIFIES  the economic impacts associated with UNC 

COM, an endeavor beginning in FY 2023. In order to open UNC COM, the college 

will require $127.5 million in funding. Approximately, 99% of the funding is expected 

to come from the state government. The remaining $1.3 million of funds will originate 

from other funding sources such as donors (Table 1).

UNC COM has outlined the proportion of funds that would be spent on construction, 

equipment—such as computers and lab materials—and other needs. Figure 1 outlines 

the total spending in these categories by year for UNC COM.

Short-run capital spending impacts

Long-run operations  
spending impacts

Long-run visitor  
spending impacts

Long-run student  
spending impacts

Long-run alumni impacts

Total impacts

Impacts created  
by UNC COM

Table 1: Funding sources for UNC COM

Funding source Amount % of total

State government $126,266,608 99%

Other sources of funding $1,275,420 1%

Total $127,542,028 100%

Source: Data provided by UNC COM.

Figure 1: Spending by year and function

Values do not account for inflation and are undiscounted.

Source: Data provided by UNC COM.
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UNC COM will create impacts on the Colorado economy in a variety of ways. The 

initial capital investments will consist of the construction of the 100,000 square foot 

state of the art building to deliver the osteopathic medical education, thereby providing 

short-run capital spending impacts. Once the construction is completed, UNC COM 

will serve students whom UNC would otherwise not be able to serve. UNC COM will 

create new jobs for faculty and staff and will increase the day-to-day operational supply 

chain purchases from local businesses. UNC COM will draw out-of-state visitors to 

the state for new student orientations and white coat and graduation ceremonies, and 

these visitors will spend their money at state businesses, growing the state economy. 

Additionally, UNC COM will attract more students to the state and retain students in 

the state that would have left, thus positively impacting the state economy through the 

students’ spending. This will provide a steady stream of long-run spending impacts 

year after year. Lastly, as the students graduate as physicians, they will create long-run 

benefits within the state. 

In this section, we estimate these impacts under five headings: 1) the short-run cap-

ital spending impact from the spending on construction and other purchases; 2) the 

long-run operations spending impact from UNC COM; 3) the long-run visitor spending 

impact from the spending of out-of-state visitors; 5) the long-run student spending 

impact from the day-to-day expenditures of UNC COM students; and 6) the long-run 

alumni impact from the graduates that UNC COM will be able to produce. For the 

purpose of this report, UNC COM’s service area is Colorado. UNC COM also received 

summary reports highlighting its expected impact on the local area of Weld County.
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The capital spending will primarily be used to construct new state-of-the-art facilities 

and to purchase equipment to serve students. As outlined in Figure 1, the spending 

will occur during the course of three years. We refer to this period as the construction 

phase. Over the course of the construction phase, a total of $127.5 million will be spent. 

This spending will create a significant increase in the demand for the 

goods and services that are required to construct UNC COM. The 

initial spending will create subsequent rounds of spending and 

corresponding multiplier effects that will generate still more 

jobs and income throughout the Colorado economy. The 

short-run capital spending impacts only extend until FY 2027, 

when the construction phase ends.

The first step in estimating the multiplier effects of the con-

struction spending is to map the three spending categories 

in Figure 1—construction, equipment, and other—to the 

approximately 1,000 industries of the Lightcast MR-SAM model. We assume UNC’s 

spending patterns on UNC COM approximately match national averages for those 

three categories and apply national spending patterns for NAICS 902612 (Colleges, 

Universities, and Professional Schools (State Government)). 

The next step is to estimate the portion of these expenditures that occur inside the 

state. The expenditures occurring outside the state are known as leakages. We esti-

mate in-state expenditures using regional purchase coefficients (RPCs), a measure 

of the overall demand for the commodities produced by each sector that is satisfied 

Short-run capital spending impacts

Spending toward UNC COM will 
create a net total short-run eco-
nomic impact of $106.3 million in 
added income for Colorado.
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by Colorado suppliers, for each of the approximately 1,000 industries in the MR-SAM 

model. For example, if 40% of the demand for NAICS 52410 (Insurance carriers) is 

satisfied by UNC COM’s suppliers, the RPC for that industry is 40%. 

The remaining 60% of the demand for NAICS 52410 is provided by suppliers located 

outside Colorado. The spending is multiplied, industry by industry, by the corresponding 

RPC to arrive at the in-state spending. Of the $127.5 million spent during the course 

of the construction phase, we estimate $112.7 million will be spent within Colorado 

and $14.9 million will be spent on out-of-state goods and services (Table 2). Finally, 

in-state spending is entered, industry by industry, into the MR-SAM model’s multiplier 

matrix, which in turn provides an estimate of the associated multiplier effects on labor 

income, non-labor income, total added income, and sales.

Table 3 and Figure 2 present the short-run economic impacts of UNC COM by year. 

The first row under each year in the table represents the initial effect of that year’s 

construction spending. Results appear in the section labelled multiplier effect in the 

table. Adding the initial effect and the multiplier effects yields the gross impact. 

UNC COM estimates that 15% of the funds being raised will originate from state 

sources. The state government may be the direct funding for UNC COM’s capital 

projects; however, the state government is expected to raise 85% of these funds 

from sources outside Colorado. Had the 15% of funds originating from Colorado been 

spent on other projects, other economic impacts would be created. This scenario is 

commonly known as a counterfactual; i.e., what has not happened but what would have 

happened if a given event—in this case, UNC COM receiving these funds—had not 

occurred. In economic analysis, impacts that occur under counterfactual conditions 

are used to offset the impacts that actually occur in order to derive the true impact of 

the event under analysis. 

We estimate this counterfactual by simulating a scenario where public monies are 

instead spent on consumer goods and savings. This simulates the public monies being 

returned to the taxpayers and being spent by the household sector. Our approach is 

similar to that described above. We map these public funds to the detailed industries 

of the MR-SAM model using national household expenditure coefficients, use the 

industry RPCs to estimate in-state spending, and run the in-state spending through 

the MR-SAM model’s multiplier matrix to derive multiplier effects. The results of this 

Table 2: Spending by year and place of occurrence

Year In-state (thousands) Out-of-state (thousands) Total (thousands)

FY 2025 $30,394 $4,287 $34,681

FY 2026 $77,040 $9,470 $86,510

FY 2027 $5,234 $1,117 $6,351

Total $112,668 $14,874 $127,542

Values do not account for inflation and are undiscounted.

Source: Data provided by UNC COM and the Lightcast impact model.
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exercise are shown as negative values in the row labelled “Less alternative uses of 

funds” in Table 3. The total net impacts of the construction spending are equal to the 

total gross impacts less the impacts of the alternative uses of funds.

Since construction is so labor intensive, most of the added income stems from labor 

income as opposed to non-labor income. As a result, the non-labor impacts associated 

with spending in the non-construction sectors are larger than in the construction sec-

tors, so the net non-labor impact of construction spending is negative. This means that 

had the construction money instead been spent on consumer goods, more non-labor 

income would have been created at the expense of less labor income. The total net 

impact is still positive and substantial.

Table 3: Short-run capital spending impacts by year

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2025

Initial effect $0 $0 $0 $34,681

Multiplier effect

Direct effect $12,687 $3,796 $16,483 $30,394

Indirect effect $4,393 $1,287 $5,680 $10,738

Induced effect $9,783 $2,970 $12,752 $23,082

Gross impact $26,862 $8,053 $34,915 $98,896

Less alternative uses of funds -$1,625 -$1,397 -$3,021 -$4,182

Net impact $25,238 $6,656 $31,894 $94,714

FY 2026

Initial effect $0 $0 $0 $86,510

Multiplier effect

Direct effect $31,683 $6,192 $37,876 $77,040

Indirect effect $10,989 $2,141 $13,130 $26,732

Induced effect $22,412 $4,385 $26,796 $54,465

Gross impact $65,084 $12,718 $77,802 $244,746

Less alternative uses of funds -$4,053 -$3,484 -$7,536 -$10,432

Net impact $61,031 $9,235 $70,266 $234,314

FY 2027

Initial effect $0 $0 $0 $6,351

Multiplier effect

Direct effect $2,143 $432 $2,574 $5,234

Indirect effect $742 $149 $890 $1,814

Induced effect $1,516 $306 $1,822 $3,698

Gross impact $4,401 $886 $5,287 $17,097

Less alternative uses of funds -$298 -$256 -$553 -$766

Net impact $4,103 $631 $4,734 $16,331

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Table 3 and Figure 2 present undiscounted year-by-year impacts. In order to understand 

the total impact from FY 2025 to FY 2027, we must discount all future impacts to their 

present value in 2023 dollars. This is done using a discount rate of 0.2%, the three-year 

average of the real Treasury interest rate reported by the Office of Management and 

Budget for long-term investments.2 Once the future impacts are discounted, we sum 

the present value of each year’s impacts to reach a total net impact of UNC COM’s 

construction spending from FY 2025 to FY 2027. Results are presented in Table 4. 

Spending toward UNC COM will create a total short-run economic impact of $106.3 

million in added income for Colorado. 

2 A discount rate of 0.2% was used, which represents the three-year average of the real Treasury interest rate reported 
by the Office of Management and Budget for 30-year investments. Office of Management and Budget. “Discount Rates 
for Cost-Effectiveness, Lease Purchase, and Related Analyses.” Real Interest Rates on Treasury Notes and Bonds of 
Specified Maturities (in Percent). https://www.whitehouse.gov/wp-content/uploads/2022/06/M-22-13-Discount-Rates.
pdf. Last revised March 15, 2022.

Figure 2: Short-run capital spending impact by year

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Table 4: Present value of short-run capital spending impacts, total from FY 2025 to FY 2027

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2025 – FY 2027

Initial effect $0 $0 $0 $126,836

Multiplier effect

Direct effect $46,255 $10,365 $56,621 $112,045

Indirect effect $16,035 $3,558 $19,593 $39,067

Induced effect $33,525 $7,620 $41,145 $80,798

Gross impact $95,816 $21,543 $117,358 $358,746

Less alternative uses of funds -$5,942 -$5,108 -$11,050 -$15,294

Net impact $89,874 $16,435 $106,309 $343,451

Source: Lightcast impact model.

Discount rate

The discount rate is a rate of interest that converts future values to present values. For example, $1,000 in future expenses 
spent 10 years in the future is worth much less than $1,000 in the present. The selection of an appropriate discount rate, 
however, can become an arbitrary and controversial undertaking. As suggested in economic theory, the discount rate should 
reflect the investor’s opportunity cost of capital, i.e., the rate of return one could reasonably expect to obtain from alternative 
investment schemes. In this study we use a 0.2% discount rate as provided by the Office of Management and Budget.

Note that this is a real discount rate, not nominal. When a bank promises to pay a certain rate of interest on a savings account, 
it employs an implicitly nominal rate. Bonds operate in a similar manner. If it turns out that the inflation rate is higher than 
the stated rate of return, then money is lost in real terms. In contrast, a real rate of return is on top of inflation. For example, 
if inflation is running at 3% and a nominal percentage of 5% is paid, the real rate of return on investment is only 2%. 
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UNC COM will create a new wave of economic activity that will include payroll for new 

faculty and staff and spending on other supplies (e.g., office supplies and medical 

supplies). In this section, we estimate the economic impact of these new rounds of 

operations spending that will occur. These economic impacts will continue annually as 

long as UNC COM is operational. We estimate the operational 

impacts between FY 2023—when expenses first began for 

employees and planning UNC COM—and FY 2042—the 

final year of this analysis. 

To begin this analysis, we consider the revenue and 

spending needed to operate UNC COM per year. 

UNC COM provided information regarding the esti-

mated revenues and operations spending required. 

The college spent $583.8 thousand for payroll and 

Long-run operations spending impacts

Spending towards UNC COM employ-
ees and other purchases will generate 
$356.7 million in added income for 
Colorado between FY 2023 and FY 2042.

Figure 3: Revenue by year and source

Values do not account for inflation and are undiscounted.

Source: Data provided by UNC COM.
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$498.3 thousand for non-pay expenditures on UNC COM in FY 2023. The spending 

will grow over time until, once stabilized around the 10th year of operations, UNC 

COM will spend $18.3 million per year for its operations (excluding depreciation and 

interest). To fund these operations the college estimates it will receive an additional 

$32.1 million in revenues once stabilized, which is expected to occur in FY 2032. 

Figure 3 and Figure 4 outline the operations revenue and expenditures, respectively, 

by year and type.

The first step in estimating the operations spending impacts is to map these categories 

to the approximately 1,000 industries of the Lightcast MR-SAM model. Again, assuming 

that the spending patterns of UNC COM’s personnel approximately match those of 

the average consumer, we map payroll to spending on industry outputs using national 

household expenditure coefficients supplied by Lightcast’s national SAM. For the other 

expenditure category, we assume the spending patterns approximately match national 

averages and apply the national spending coefficients for NAICS 902612 (Colleges, 

Universities, and Professional Schools (State Government)).

We now have two vectors of expenditures: one for payroll and another for UNC COM’s 

purchases of supplies and services. Using the RPCs, we estimate the portion of these 

expenditures that occur inside the state. The vectors of expenditures are multiplied, 

industry by industry, by the corresponding RPC to arrive at the in-state expenditures 

associated with the 100,000 square foot state of the art building to deliver osteo-

pathic medical education. Finally, in-state spending is entered, industry by industry, 

into the MR-SAM model’s multiplier matrix, which in turn provides an estimate of the 

associated multiplier effects on labor income, non-labor income, total added income, 

sales, and jobs.

Figure 4: Expenditures by year and type (excluding depreciation & interest)

Payroll

Operation and maintenance

Other

Values do not account for inflation and are undiscounted.

Source: Data provided by UNC COM.
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Table 5 presents the economic impact of UNC COM’s operations for the first year of 

operations, FY 2023, and the last year, FY 2042, whereas Figure 5 presents the impact 

every year. For each year, the top row shows the initial effects of UNC COM’s operations 

in terms of labor income, non-labor income, total added income, and sales. However, 

the funding for these operations had to come from somewhere. Consequently, we 

must account for any alternate uses of these funds. This is similar to the counterfactual 

we considered in the short-run capital spending impacts section. However, we also 

consider that the majority of student tuition will be paid by federal loans, representing 

an immediate new injection of money into the state economy that would not have been 

there without UNC COM. For the alternative uses of funds, we only consider tuition 

and other revenue sources coming from state sources. The results of this exercise are 

shown as negative values in the row labeled “Less alternative uses of funds” in Table 5.

Table 5 and Figure 5 present undiscounted year-by-year operations spending impacts. 

The total impacts, summed across FY 2023 to FY 2042 and discounted to 2023 dollars, 

are presented in Table 6. From FY 2023 to FY 2042, the present value of increased 

operations spending resulting from UNC COM will create $356.7 million in total 

added income. 

Table 5: Operations spending impacts, first and last year of analysis

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2023

Initial effect $584 $0 $584 $1,082

Multiplier effect

Direct effect $99 $70 $169 $279

Indirect effect $39 $23 $62 $109

Induced effect $265 $215 $480 $802

Gross impact $987 $308 $1,295 $2,272

Less alternative uses of funds -$224 -$192 -$416 -$576

Net impact $763 $116 $879 $1,696

…

FY 2042

Initial effect $11,773 $0 $11,773 $18,262

Multiplier effect

Direct effect $1,474 $851 $2,325 $4,000

Indirect effect $563 $286 $849 $1,521

Induced effect $4,874 $3,856 $8,729 $14,725

Gross impact $18,684 $4,992 $23,676 $38,509

Less alternative uses of funds -$120 -$103 -$223 -$309

Net impact $18,564 $4,889 $23,453 $38,199

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Figure 5: Operations spending impacts by year

Values do not account for inflation and are undiscounted.

Source: Data provided by UNC COM.
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Table 6: Present value of operations spending impacts, total from FY 2023 to FY 2042

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2023 – FY 2042

Initial effect $183,926 $0 $183,926 $285,241

Multiplier effect

Direct effect $22,971 $13,304 $36,275 $62,373

Indirect effect $8,778 $4,463 $13,241 $23,732

Induced effect $76,100 $60,243 $136,343 $229,963

Gross impact $291,774 $78,010 $369,784 $601,309

Less alternative uses of funds -$7,010 -$6,026 -$13,036 -$18,044

Net impact $284,764 $71,984 $356,748 $583,265

Source: Lightcast impact model.

Annual operations spending impacts

While the total impacts that occur from FY 2023 to FY 2042 are relevant because of the temporal nature of UNC COM’s 
operations spending, it is critical to understand that there will be a recurring annual operations spending impact. These 
are the true long-run operations spending impacts. Without making any assumptions for growth beyond the first 20 years 
of analysis, the Colorado economy will enjoy an annual impact of $23.5 million in total added income. This is equivalent 
to supporting 176 jobs every year.
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Hundreds of out-of-state visitors are expected to visit UNC COM to attend various 

events, including new student orientations and white coat and graduation ceremonies. 

UNC COM estimated that 150 visitors will attend events hosted in FY 2026 and of those 

60 will come from outside Colorado. Table 7 presents the average expenditures per 

person-trip for accommodation, food, transportation, and other personal expenses 

(including shopping and entertainment). 

The accommodation and transportation costs are adjusted downward to account for 

the idea that visitors will most likely share those costs. Table 8 shows the number of 

out-of-state visitors and their corresponding spending by year. The visitors spending 

impacts continue until FY 2042, the cutoff date in this study’s time horizon. 

Estimating the impacts generated by visitor spending follows a procedure similar 

to that of the impacts described above. We distribute the spending to the industry 

sectors of the MR-SAM model, apply RPCs to reflect in-state spending, and run the 

spending figures through the MR-SAM model to derive multiplier effects. In this case, 

the initial effect is purely output-oriented and there is no change in labor or non-labor 

income. The impact of visitor spending thus falls entirely under the multiplier effect. 

Table 9 outlines this process for the first and last year of the visitor spending impact, 

FY 2026 and FY 2042.

Long-run visitor spending impacts

Table 7: Average spending per visitor in Colorado

Accommodation $156

Food and dining $195

Transportation $15

Personal expenses $30

Total expenses per person per trip $396

The accommodation and transportation costs are adjusted downward to account for the idea that visitors such as family members 
are most likely sharing those costs. Costs are adjusted for an average of three days stayed in the state.

Source: Data provided by UNC COM. 



28The economic impact of UNC COM

Table 8: Visitors and their spending by year

Year Total visitors* Out-of-state visitors Spending per visitor
Total spending* 

(thousands)

FY 2026 150 60 $396 $24

FY 2027 360 144 $396 $57

FY 2028 636 254 $396 $101

FY 2029 929 372 $396 $147

FY 2030 1,356 542 $396 $215

FY 2031 1,549 620 $396 $245

FY 2032 1,617 647 $396 $256

FY 2033 1,662 665 $396 $263

FY 2034 1,806 722 $396 $286

FY 2035 1,790 716 $396 $284

FY 2036 1,750 700 $396 $277

FY 2037 1,636 654 $396 $259

FY 2038 1,656 662 $396 $262

FY 2039 1,750 700 $396 $277

FY 2040 1,783 713 $396 $282

FY 2041 1,762 705 $396 $279

FY 2042 1,749 700 $396 $277

* Lightcast worked with UNC COM to arrive at the number of visitors. The number of visitors varies depending on the students’ year of study, for example graduating 
students will have visitors for commencement. The number of visitors varies each year in accordance with the varying size of student cohorts.

Values do not account for inflation and are undiscounted. Numbers may not add due to rounding.

Source: UNC COM and Lightcast impact model.

Table 9: Visitor spending impacts, first and last year of analysis

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2026

Initial effect $0 $0 $0 $24

Multiplier effect

Direct effect $7 $5 $12 $21

Indirect effect $3 $2 $5 $9

Induced effect $6 $4 $10 $17

Total impact $15 $11 $27 $70

…

FY 2042

Initial effect $0 $0 $0 $277

Multiplier effect

Direct effect $80 $60 $140 $245

Indirect effect $32 $23 $56 $100

Induced effect $66 $48 $114 $199

Total impact $178 $131 $309 $821

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Table 9 and Figure 6 present the undiscounted visitor spending impacts that accumu-

late year-by-year between FY 2026 and FY 2042. The total visitor spending impacts, 

summed across those years and discounted to 2023 dollars, are presented in Table 10. 

From FY 2026 to FY 2042, the visitor spending from UNC COM will add $4.1 million 

in total added income. 

Figure 6: Visitor spending impacts by year

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Table 10: Present value of visitor spending impacts, total from FY 2026 to FY 2042

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2026 – FY 2042

Initial effect $0 $0 $0 $3,699

Multiplier effect

Direct effect $1,073 $795 $1,868 $3,276

Indirect effect $429 $313 $742 $1,335

Induced effect $877 $643 $1,520 $2,655

Total impact $2,379 $1,751 $4,130 $10,965

Source: Lightcast impact model.

Between FY 2026 and FY 2042, visitors for 
UNC COM events will add $4.1 million to 
the Colorado economy.

Annual visitor  
spending impacts

While the total impacts that occur 
from FY 2026 to FY 2042 are rele-
vant because of the temporal nature 
of UNC COM, there will be recurring 
annual visitor spending impacts as 
long as the college continues to 
attract visitors for its events. These 
are the true long-run UNC COM vis-
itor spending impacts. By FY 2031, 
once the number of out-of-state visi-
tors stabilizes, the Colorado economy 
will benefit from an annual impact of 
$309.3 thousand in total added 
income from the UNC COM visitor 
spending, which is equivalent to sup-
porting five jobs every year.
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Students will contribute to the economic impact of UNC COM. Approximately 40% of 

UNC COM students will originate from outside the state. Many of these students will 

relocate to the state in order to attend the college. These students will bring monies 

with them to spend on living arrangements, food, transportation, and so forth.

Once stabilized, of the 632 additional students served each year, an estimated 379 

of them will be from Colorado. However, not all of them will remain in the state if not 

for UNC COM. We apply an assumption that 80% of these 

students will leave Colorado for other education oppor-

tunities if UNC COM does not exist. The money that 

these students, called retained students, will spend 

on groceries, accommodation, transportation, and 

so on will now remain in the state. 

The spending of these relocated and retained stu-

dents while they attend the college can be attributed 

to UNC COM. The student spending impacts are expected to start in FY 2027, when 

the first students will be served, and last until FY 2042, the final year of this analysis. 

The average costs for students appear in Table 11, equal to $28,500 per student. 

Table 12 outlines the total number of students UNC COM expects to serve each year. 

By multiplying the expenses per student by the number of relocated and retained 

students and adjusting for monies paid to student workers, we arrive at a net total of 

$14.9 million in annual sales, once stabilized.3 The student spending impacts continue 

until FY 2042, the cutoff date in this study’s time horizon.

3 Numbers may not match by multiplying due to rounding. 

Long-run student spending impacts

Once stabilized in FY 3032, UNC COM 
expects to serve 632 students each year.
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Estimating the impacts generated by the student spending follows a procedure sim-

ilar to that of the other impacts previously described. We distribute the sales to the 

industry sectors of the MR-SAM model, apply RPCs to reflect in-state spending, and 

run the sales figures through the MR-SAM model to derive multiplier effects. Unlike 

the previous subsections, the initial effect is purely sales-oriented and there is no 

change in labor or non-labor income. The impact of student spending thus falls entirely 

under the multiplier effect. Table 13 outlines the annual impacts for FY 2027, when the 

first students enroll in UNC COM, and FY 2042, the final year of our analysis. Figure 7 

outlines the impact for every year of the analysis.

Table 12: Added students and total sales by year

Year Students Relocated students* Retained students
Net sales* 

(thousands)

FY 2027 80 32 38 $2,002

FY 2028 201 80 96 $5,036

FY 2029 359 142 170 $8,883

FY 2030 515 201 241 $12,539

FY 2031 593 227 272 $14,166

FY 2032 632 240 288 $14,950

FY 2033 632 238 286 $14,863

FY 2034 632 237 285 $14,794

FY 2035 632 239 286 $14,864

FY 2036 632 239 286 $14,873

FY 2037 632 238 286 $14,856

FY 2038 632 238 286 $14,850

FY 2039 632 237 285 $14,798

FY 2040 632 238 286 $14,851

FY 2041 632 239 286 $14,871

FY 2042 632 238 286 $14,858

* The number of relocated and retained students do not stabilize because student state residency changes in students’ third year 
of enrollment and the makeup of the student cohorts during each analysis year continues to fluctuate.

Values do not account for inflation and are undiscounted.

Source: Data provided by UNC COM and the Lightcast impact model.

Table 11: Average annual student spending

Room and board $19,000

Personal expenses $6,063

Transportation $3,437

Total expenses per student* $28,500

* Numbers may not add due to rounding.

Source: Data provided by UNC COM.
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The total long-run student spending impacts, summed across those years and dis-

counted to 2023 dollars, are presented in Table 14. From FY 2027 to FY 2042, UNC 

COM students will add $202.6 million in total added income for the Colorado economy. 

Table 13: Student spending impacts, first and last year of analysis

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2027

Initial effect $0 $0 $0 $2,002

Multiplier effect

Direct effect $392 $555 $947 $1,592

Indirect effect $138 $189 $327 $563

Induced effect $317 $426 $743 $1,242

Total impact $847 $1,170 $2,017 $5,399

…

FY 2042

Initial effect $0 $0 $0 $14,858

Multiplier effect

Direct effect $2,907 $4,123 $7,030 $11,818

Indirect effect $1,027 $1,402 $2,429 $4,181

Induced effect $2,355 $3,162 $5,517 $9,223

Total impact $6,288 $8,687 $14,975 $40,081

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.

Figure 7: Student spending impacts by year

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Table 14: Present value of student spending impacts, total from FY 2027 to FY 2042

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2027 – FY 2042

Initial effect $0 $0 $0 $200,978

Multiplier effect

Direct effect $39,318 $55,771 $95,089 $159,859

Indirect effect $13,889 $18,963 $32,852 $56,551

Induced effect $31,849 $42,771 $74,620 $124,753

Total impact $85,056 $117,505 $202,561 $542,140

Source: Lightcast impact model.

Annual student spending impacts

While the total impacts that occur from FY 2027 to FY 2042 are relevant because of the temporal nature of the student spending, 
there will be recurring annual student spending impacts as long as UNC COM serves students. These are the true long-run UNC 
COM student spending impacts. The Colorado economy will benefit from an annual impact of $15 million in total added income 
from student spending activities, which is equivalent to supporting 83 jobs annually.



34The economic impact of UNC COM

While UNC COM will create economic impacts through capital, operations, visitor, and 

student spending, the real mission and purpose of UNC COM is to educate students 

to become physicians. By FY 2042, an estimated 1,741 alumni will have graduated from 

UNC COM to continue on to their residency, an estimated 409 of whom will be active 

in the state workforce.4 

UNC COM’s medical students will receive knowledge, skills, and 

abilities that will increase their productivity and allow them 

to command a higher wage once they enter the workforce. 

But the reward of increased productivity does not stop there. 

Talented professionals make capital, such as buildings, pro-

duction facilities, and equipment, more productive too. The 

employers of UNC COM’s alumni enjoy the fruits of this 

increased productivity in the form of additional non-labor 

income (i.e., higher profits). In this section, we estimate the 

economic impacts stemming from the higher labor income of these alumni in combi-

nation with the increased productivity that will be enjoyed by their future employers. 

The time horizon for this portion of the analysis falls between FY 2034 and FY 2042—

the earliest point in time when the additional alumni will be working in the Colorado 

workforce (accounting for a three-to-six-year delay in receiving physician earnings 

because of residency training in their chosen specialty) and the final year of this anal-

4 Lightcast worked with UNC COM to determine the expected number of additional alumni, including their workforce 
settlement rates.

Long-run alumni impacts

By FY 2042, an estimated 1,741 
additional alumni will have grad-
uated from the college as a result 
of UNC COM.
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ysis. Note that, unlike the alumni impact in the economic impact study conducted by 

Lightcast for UNC for FY 2018, for this analysis, only those students that graduated 

with a degree are measured. The analysis uses 4- and 6-year graduation rates as 

provided by UNC COM.

There is an important difference between the alumni impact and the impacts estimated 

in the previous sections. Whereas the short- and long-run spending impacts stem from 

an injection of new sales into the state economy, the alumni impact stems from the 

increased human capital that will accumulate in the Colorado workforce as a result of 

UNC COM. The initial effect of alumni is comprised of two main components. The first 

and largest of these is the added labor income of physician graduates. The second 

component is the added non-labor income of the businesses that will employ these 

additional alumni.

To estimate the added labor income created each year, we use the number of alumni 

produced and their incremental added labor income stemming from their educations. 

The number of alumni is calculated using the enrollment as outlined in the student 

spending impact (Table 12) and multiplying them by the graduation rate. The incre-

mental labor income is the difference between the earnings of physicians and the 

earnings at the level of education the students had when entering UNC COM. Since 

UNC COM will be serving additional students seeking a professional degree and the 

majority of these students will enter with a bachelor’s degree, the incremental added 

labor income associated with an alumnus with a professional degree is the difference 

between the average earnings for someone with a professional degree and someone 

with a bachelor’s degree. The average earnings in Colorado associated with each level 

of educational attainment are found in Table 15 and Figure 8. The added labor income 

created each year is equal to the sum of the incremental earnings of each year’s new 

alumni working in the state workforce. 

Table 15: Average annual earnings by education level in Colorado at career midpoint

Annual  
earnings

Increase  
in earnings

Once stabilized,  
annual graduates

Bachelor’s degree in healthcare $57,800 n/a n/a

Professional degree in Osteopathic Medicine $265,600 $207,800 147

Source: Lightcast impact model.

Figure 8: Average annual earnings by education level in Colorado at career midpoint

Source: Lightcast impact model.

Bachelor’s degree  
in healthcare

Professional degree in 
Osteopathic Medicine

Annual earnings

$300,000$200,000$150,000$100,000$0 $50,000 $250,00022+100
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Because we only want to consider alumni that would graduate as a result of UNC 

COM, there are two counterfactuals we must consider. First, there are alternative 

education opportunities. In the scenario where UNC COM does not exist, a portion of 

these additional alumni may receive an alternative comparable education elsewhere 

and work post-graduation in Colorado. The incremental labor income that accrues 

to these students cannot be counted towards the added labor income created by 

UNC COM. We assume 5% of these alumni would receive an alternative comparable 

education and work in Colorado post-graduation. This means that 5% of the added 

labor income from the alumni would be generated in the Colorado economy anyway, 

even without the added capacities from UNC COM. 

Second, we need to account for the importation of labor. Suppose UNC COM is not 

built. These alumni would not graduate and there would be fewer physicians in Col-

orado. However, businesses could still satisfy some of their need for skilled labor by 

recruiting from outside Colorado. We refer to this as the labor import effect. Lacking 

information on its possible magnitude, we assume 20% of the jobs that students fill at 

state businesses could be filled by physicians recruited from outside the state. 

As seen in Table 16, the average wage increase per additional alumnus is $187,084. 

This differential was dampened to adjust for “ability bias” to account for other factors 

besides education that influence individual behavior. After accounting for the two 

above counterfactual scenarios, the net wage increase per alumnus is $140,313.

It is important to understand that the alumni impacts are cumulative as more alumni 

are produced. For example, for the purposes of this analysis we use a 100% time to 

complete graduation rate (4 years) as well as a 150% time to complete graduation rate 

(6 years) for those that did not graduate in 4 years. The first alumni graduate at the 

end of FY 2030, four years after the first students are enrolled. Then, students begin 

their residency training in their chosen specialty, which can last between three and six 

years. Thus, the earliest year of completion of their degree and residency is FY 2033. 

The added labor income from FY 2030 cohort of students will begin in FY 2034 when 

those alumni become active in the state workforce, the year following the completion 

of their residency training. Alumni are also produced in FY 2031 from the second cohort 

of students, who are now able to gain their degree as a result of UNC COM. The total 

incremental added labor income in FY 2035 will equal the sum of the alumni added 

labor income who graduated in FY 2034 and FY 2035. This continues until FY 2042, 

the cutoff date in this study’s time horizon. These alumni are then adjusted for various 

measures of attrition such as unemployment and migration to determine how many 

Table 16: Earnings increase per additional alumnus

Average wage increase per alumnus $187,084

Alternative education variable 5%

Labor import effect 20%

Net wage increase per alumnus $140,313

Source: Lightcast impact model.



37The economic impact of UNC COM

are active in the state workforce. Table 17 shows the accumulation of alumni. Using 

these active alumni, we then calculate added labor income by year.

Now that we have the labor income portion of our initial effect, we estimate the non-la-

bor income portion of the initial effect. As discussed earlier in this section, businesses 

that employ alumni from UNC COM enjoy higher profits as a result of the increased 

productivity of their capital assets. To estimate this additional income, we allocate the 

initial increase in labor income to the six-digit NAICS industry sectors where students 

are most likely to be employed. We do so by using inverse staffing patterns, which 

break down the industries in which physicians are most likely to be employed. Finally, 

we apply a matrix of wages by industry and by occupation from the MR-SAM model 

to map the occupational distribution of the initial labor income effects to the detailed 

industry sectors in the MR-SAM model.5

Once these allocations are complete, we apply the ratio of non-labor to labor income 

provided by the MR-SAM model for each sector to our estimate of initial labor income. 

This computation yields the non-labor income attributable to UNC’s additional alumni. 

Summing initial labor and non-labor income together provides the total initial effect of 

5 For example, if the MR-SAM model indicates that 65% of wages paid to workers in SOC 29-1062 (Family and General 
Practitioners) occur in NAICS 621111 (Offices of Physicians, except Mental Health Specialists), then we allocate 65% 
of the initial labor income effect under SOC 29-1062 to NAICS 621111.

Table 17: Additional alumni and labor income by year

Fiscal year Graduates
Cumulative alumni  

working in state*
Added labor income 

(thousands)**

FY 2030 68 0 $0

FY 2031 106 0 $0

FY 2032 114 0 $0

FY 2033 152 0 $0

FY 2034 156 20 $2,477

FY 2035 148 56 $6,809

FY 2036 145 97 $11,948

FY 2037 119 151 $18,727

FY 2038 147 208 $25,979

FY 2039 147 263 $33,057

FY 2040 147 316 $40,014

FY 2041 147 359 $45,960

FY 2042 147 409 $52,690

Total 1,741 409 $237,660

* Alumni will not receive most of the higher earnings until after they complete their residency training in their chosen specialty 
and then following next fiscal year when they become active in the state workforce.

** The added labor income is calculated using the annual alumni after applying a graduation rate.

Values do not account for inflation and are undiscounted.

Source: Data provided by UNC COM and the Lightcast impact model.
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these alumni in the Colorado economy, as represented by the “Total added income” 

column. We now have a complete initial effect from which we can derive the multiplier 

effects. To do so, we convert the industry-specific income figures generated through 

the initial effect to sales using sales-to-income ratios from the MR-SAM model. We 

then run the values through the MR-SAM’s multiplier matrix, as described at the begin-

ning of this section. Table 18 outlines this process in detail for FY 2034, when the first 

graduates from UNC COM enter the state workforce, and FY 2042, the final year of 

the analysis. Figure 9 presents the impacts every year of the analysis.

Table 18 and Figure 9 present the undiscounted alumni impacts that accumulate year-by-

year between FY 2034 and FY 2042. The total long-run alumni impacts, summed across 

those years and discounted to 2023 dollars, are presented in Table 19. From FY 2034 

to FY 2042, the additional alumni will add $691.2 million in total added income. 

Table 18: Alumni impacts, first and last year of analysis

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2034

Initial effect $2,477 $820 $3,297 $5,092

Multiplier effect

Direct effect $517 $313 $830 $1,294

Indirect effect $230 $134 $364 $571

Induced effect $1,837 $1,119 $2,956 $4,557

Total impact $5,061 $2,386 $7,447 $11,514

…

FY 2042

Initial effect $52,690 $17,444 $70,134 $108,327

Multiplier effect

Direct effect $11,002 $6,659 $17,661 $27,538

Indirect effect $4,895 $2,851 $7,747 $12,139

Induced effect $39,074 $23,808 $62,882 $96,942

Total impact $107,661 $50,763 $158,424 $244,946

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Figure 9: Alumni impacts by year

Table 19: Present value of alumni impacts, total from FY 2034 to FY 2042

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2034 – FY 2042

Initial effect $229,893 $76,111 $306,004 $472,642

Multiplier effect

Direct effect $48,001 $29,055 $77,057 $120,153

Indirect effect $21,359 $12,441 $33,800 $52,962

Induced effect $170,485 $103,877 $274,361 $422,968

Net impact $469,738 $221,485 $691,222 $1,068,724

Source: Lightcast impact model.

Annual alumni impacts

Similar to the long-run spending impacts, recurring alumni impacts will continue as long as UNC COM serves students. 
However, unlike the long-run spending impacts, the alumni impacts will continue to accumulate as more and more alumni 
are produced and as long as these alumni remain in Colorado. UNC COM expects to graduate 147 alumni per year once 
stabilized. Many of these students will work in the state. By FY 2042, the accumulation of alumni will create an annual impact 
of $158.4 million in total added income. This is equivalent to supporting 3,897 jobs per year for Colorado. This annual 
impact is expected to increase every year for many years as UNC COM continues to graduate more students and they 
enter the state workforce.

Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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In this analysis, we estimate five types of economic impacts created by UNC COM: 

short-run capital spending impacts and long-run operations spending impacts, visitor 

spending impacts, student spending impacts, and alumni impacts. Given each type of 

impact has different timelines, they occur at different points in time across our analysis 

timeframe of FY 2023 to FY 2042. Figure 10 presents the undiscounted year-by-year 

totals of the five impacts. Note that the positive impacts from increased access to 

Total economic impacts 
from UNC COM

Figure 10: Total impacts by year
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Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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healthcare and improved healthcare in Colorado as a result of UNC COM are beyond 

the scope of this analysis.

To understand what these impacts mean in present value terms, we discount them 

back to 2023 dollars using a discount rate of 0.2%. From FY 2023 to FY 2042, the 

discounted short-run and long-run impacts created by UNC COM will provide a total 

economic impact on the Colorado economy of $1.4 billion in total added income. 

Table 20 presents the present value sum of the total impacts from FY 2023 to FY 2042. 

By FY 2028, 5.4 years after the start of this project, it is expected that the impacts 

generated by UNC COM will have grown significantly enough to recover the costs 

of not only the initial capital investment, but the annual costs of keeping UNC COM 

operational (Figure 11).

Figure 11: Net cash flow from FY 2023 to FY 2042

Table 20: Present value total impacts from FY 2023 to FY 2042

 
Labor income 

(thousands)
Non-labor income 

(thousands)
Total added income 

(thousands)
Sales  

(thousands)

FY 2023 – FY 2042

Initial effect $413,818 $76,111 $489,929 $1,085,697

Multiplier effect

Direct effect $157,619 $109,290 $266,909 $454,457

Indirect effect $60,491 $39,738 $100,228 $172,323

Induced effect $312,835 $215,154 $527,989 $858,504

Gross impact $944,763 $440,293 $1,385,056 $2,570,981

Less alternative uses of funds -$12,952 -$11,133 -$24,085 -$33,338

Net impact $931,811 $429,160 $1,360,971 $2,537,642

Source: Lightcast impact model.
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Values do not account for inflation and are undiscounted.

Source: Lightcast impact model.
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Implicit multiplier

The implicit multiplier is the present 
value of added income divided by 
the present value of the initial capi-
tal investment in UNC COM and the 
long-run operational costs of the col-
lege. From FY 2023 to FY 2042, every 
dollar spent on UNC COM will create 
a present value of $3.30 in added 
income throughout Colorado.
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Annual impacts

The economic impacts discussed thus far are those summed across the analysis years of FY 2023 to FY 2042 and dis-
counted to present value terms. However, each of the four long-run types of impacts will create an annual impact. These 
break down as follows: 

 ◼ Operations spending annual impact: UNC COM will increase UNC’s operational spending. By FY 2032, when 
operations stabilize, increased operations spending will add around $23.5 million in total income on an annual basis, 
equivalent to supporting 176 jobs per year. 

 ◼ Visitor spending annual impact: UNC COM will attract visitors to the state who would otherwise not have visited 
Colorado. Once the expected number of out-of-state visitors stabilize in FY 2031, the visitors will add $309.3 thousand 
in income per year, supporting five jobs annually, as a result of their spending in the state. 

 ◼ Student spending annual impact: Once the number of students UNC COM is able to serve stabilizes at 632 students 
in FY 2032, $15 million in income will be added per year, supporting 83 jobs annually, as a result of spending from 
retained and relocated students in the state. 

 ◼ Alumni annual impact: UNC COM will produce more alumni every year, who will then accumulate in the state workforce. 
By FY 2042, the last year of this analysis, alumni are estimated to add $158.4 million in total income to the economy 
per year, supporting 3,897 jobs annually. This annual impact is expected to increase every year for many years as 
UNC COM continues to serve more students and they enter the state workforce.

The total annual impact from UNC COM will be at least $197.2 million in added income. This is equivalent to supporting 
4,161 jobs every year.



Taxpayer benefits 
from UNC COM
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T O DETERMINE THE BENEFITS  to taxpayers as a direct result of UNC COM, 

the pivotal step is to determine the public benefits that will specifically accrue 

to the state government. For example, benefits resulting from earnings growth are 

limited to increased state tax payments. Similarly, savings related to improved health, 

reduced crime, and fewer welfare and unemployment claims, discussed below, are 

limited to those received strictly by the state government. In all instances, benefits to 

private residents, local businesses, or the federal government are excluded.

Growth in tax revenues

As a result of their time at UNC COM, alumni will earn more because of the skills they 

learned while attending the college, and businesses will earn more because alumni 

skills make capital more productive (buildings, machinery, and everything else). This 

in turn raises profits and other business property income. Together, increases in labor 

and non-labor (i.e., capital) income are considered the effect of a skilled workforce. 

These in turn increase tax revenues since the state government is able to apply tax 

rates to increased income.

Estimating the effect of UNC COM alumni on increased tax revenues begins with the 

present value earnings of the alumni who work in the state. To these higher earnings, 

we apply a multiplier derived from Lightcast’s MR-SAM model to estimate the added 

labor income created in the state as alumni and businesses spend their higher earn-

ings.6 As labor income increases, so does non-labor income, which consists of monies 

gained through investments. To calculate the growth in non-labor income, we multiply 

the increase in labor income by a ratio of the Colorado gross state product to total 

labor income in the state. We also include the spending impacts that were created 

from capital, operations, visitor, and student spending. To each of these, we apply the 

prevailing tax rates so we capture only the tax revenues attributable to state and local 

government from this additional revenue.

Not all of these tax revenues may be counted as benefits to the state, however. Some 

alumni will leave the state during the course of their careers, and the higher earnings 

they receive as a result of their education leaves the state with them. To account for 

this dynamic, we combine an alumni settlement data from the college with data on 

migration patterns from the Internal Revenue Service and UNC COM to estimate the 

number of alumni who will leave the state workforce over time.

6 For a full description of the Lightcast MR-SAM model, see Appendix 3.

Taxpayer benefits

Increased tax revenue

Avoided costs to  
state/local government
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We apply another reduction factor to account for the students’ alternative education 

opportunities. This is the same adjustment that we use in the calculation of the alumni 

impacts and is designed to account for the counterfactual scenario where UNC COM 

does not exist. The assumption in this case is that any benefits generated by students 

who could have received an education even without the college cannot be counted as 

new benefits to state and local taxpayers. For this analysis, we assume an alternative 

education variable of 5%, meaning that 5% of the student population at UNC COM 

would have generated benefits anyway even without the college. 

After adjusting for attrition and those students who will graduate anyway, we calculate 

the present value of the future added tax revenues that will occur in the state from FY 

2023 to FY 2042, equal to $83.3 million. The present value represents the sum of the 

future benefits that accrue each year over the 20-year period of this analysis, discounted 

to current year dollars to account for the time value of money. We use the discount rate 

of 0.2%. This is the three-year average of the real Treasury interest rate recommended 

by the Office of Management and Budget (OMB) for 30-year investments.7 

Government savings

In addition to the creation of higher tax revenues to the state and local government, 

education is statistically associated with a variety of lifestyle changes that generate 

social savings, also known as external or incidental benefits of education. These repre-

sent the avoided costs to the government that otherwise would have been drawn from 

public resources absent the education provided by CSUCI. Government savings appear 

in Figure 12 and Table 21 and break down into three main categories: 1) health savings, 

2) crime savings, and 3) income assistance savings. Health savings include avoided 

medical costs that would have otherwise been covered by state and local government. 

Crime savings consist of avoided costs to the justice system (i.e., police protection, 

judicial and legal, and corrections). Income assistance benefits comprise avoided costs 

due to the reduced number of welfare and unemployment insurance claims.

The model quantifies government savings by calculating the probability at each edu-

cation level that individuals will have poor health, commit crimes, or claim welfare and 

unemployment benefits. Deriving the probabilities involves assembling data from a 

variety of studies and surveys analyzing the correlation between education and health, 

crime, and income assistance at the national and state level. We multiply the marginal 

differences by the number of students who achieved a professional degree. The sum 

of these marginal differences counts as the upper bound measure of the number of 

students who, due to the education they received at the college, will not have poor 

health, commit crimes, or demand income assistance. We dampen these results by 

the ability bias adjustment discussed earlier to account for factors (besides education) 

that influence individual behavior. We then multiply the marginal effects of education 

times the associated costs of health, crime, and income assistance. Finally, we apply the 

7 Office of Management and Budget. “Discount Rates for Cost-Effectiveness, Lease Purchase, and Related Analyses.” 
Real Interest Rates on Treasury Notes and Bonds of Specified Maturities (in Percent). https://www.whitehouse.gov/
wp-content/uploads/2022/06/M-22-13-Discount-Rates.pdf. Last revised March 15, 2022.
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same adjustments for attrition and alternative education to derive the net savings to the 

government. Total government savings appear in Figure 12 and sum to $929.2 thousand.

Table 21 displays all benefits to taxpayers. The first row shows the added tax revenues 

created in the state, equal to $83.3 million, from UNC COM’s construction and oper-

ations spending, the spending of its visitors and students, and UNC COM alumni’s 

higher earnings. The sum of the government savings and the added income in the 

state is $84.2 million, as shown in the bottom row of Table 21. These benefits are 

limited to those that will be received as a direct result of UNC COM and is limited to 

the 20-year timeframe of this analysis.

Figure 13 presents the benefits to state and local taxpayers from UNC COM each year 

from FY 2023 to FY 2042. These benefits will continue long after the final year of this 

analysis. After FY 2042, state and local taxpayers will annually see at least $8.5 million 

of additional benefits because of UNC COM. 

Table 21: Present value of added state tax revenue and government savings  
from UNC COM, FY 2023 to FY 2042 (thousands)

Added tax revenue $83.3 million

Government savings  

Income assistance savings $106.6 thousand

Health-related savings $659.2 thousand

Crime-related savings $163.4 thousand

Total government savings $929.2 thousand

Total taxpayer benefits $84.2 million

Source: Lightcast impact model.

Figure 12: Present value of government 
savings from UNC COM

Health
$659.2 thousand

Income  
assistance
$106.6 thousand

Source: Lightcast impact model.

1818+1111+7171+U$929.2  
thousand

Total government 
savings

Crime
$163.4 thousand

Figure 13: State and local taxpayer benefits from UNC COM, FY 2023 to FY 2042
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T HE RESULTS OF THIS STUDY  demonstrate that UNC COM will create value 

for the Colorado economy through many avenues. From the very beginning, its 

construction phase of the 100,000 square foot state of the art building will positively 

impact the state economy. UNC COM will bring money into the state, generating 

additional spending impacts. UNC COM will attract out-of-state visitors to attend new 

student orientations and white coat and graduation ceremonies, and these visitors will 

spend money at state businesses, growing the state economy. UNC COM will allow 

UNC to serve more students, helping meet the growing student demand and Colo-

rado’s physician needs. These students’ daily spending will grow the state economy. 

Finally, as these students graduate from UNC COM, they will help meet the needs of 

the state economy and add to the productivity of the state workforce.

UNC COM is expected to generate a total economic impact of $1.4 billion in total 

added income for the state economy between the 20-year period of FY 2023 to FY 

2042. This represents the sum of several different impacts, including the college’s:

 ◼ Short-run capital spending impact ($106.3 million);

 ◼ Long-run operations spending impact ($356.7 million);

 ◼ Long-run visitor spending impact ($4.1 million);

 ◼ Long-run student spending impact ($202.6 million); 

 ◼ Long-run alumni impact ($691.2 million). 

After FY 2042, the total annual impact from UNC COM will be at least $197.2 million 

in added income. This is equivalent to supporting 4,161 jobs every year. Note that 

the positive impacts from increased access to healthcare and improved healthcare 

in Colorado as a result of UNC COM are beyond the scope of this analysis.

In addition, state and local taxpayers will benefit from UNC COM. Between FY 2023 

and FY 2042, state and local taxpayers will receive an estimated present value of 

$83.3 million in added tax revenue stemming from the spending from UNC COM’s 

construction and operations and the spending of its visitors and students as well as 

the alumni higher lifetime earnings. Savings to the public sector add another estimated 

$929.9 thousand in benefits due to a reduced demand for government-funded social 

services in Colorado. Total taxpayer benefits amount to $84.2 million, the present 

value sum of the added tax revenue and public sector savings.



Appendices

49Resources and references

Administration for Children and Families. “Fiscal Year 2016 TANF Financial Data.” Office of Family Assis-

tance, TANF Financial Data. 2018. https://www.acf.hhs.gov/ofa/resource/tanf-financial-data-fy-2016. 

Baryla, Edward and Douglas Dotterweich. “Student Migration: Do Significant Factors Vary by Region?” 

Education Economics 9, no. 3 (2001).

Becker, Gary S. Human Capital: A Theoretical and Empirical Analysis, with Special Reference to Education. 

New York: Columbia College Press for NBER, 1964.

Bilkic, Natasa, Thomas Gries, and Margarethe Pilichowski. “Stay in School or Start Working? The Human 

Capital Investment Decision under Uncertainty and Irreversibility.” Labour Economics 19, no. 5 

(October 2012): 706-717.

Bureau of Economic Analysis. “Table 1.1.6. Real Gross Domestic Product, Chained Dollars.” GDP and 

Personal Income. Last modified January 27, 2017. http://www.bea.gov/iTable/iTableHtml.cfm?reqid=9&-

step=3&isuri=1&903=6.

Bureau of Justice Statistics. “Table 2: Prisoners under the Jurisdiction of State or Federal Correctional 

Authorities, by Jurisdiction, December 31, 2015 and 2016.” Prisoners in 2016, NCJ 251149, 2018. 

https://www.bjs.gov/content/pub/pdf/p16.pdf. 

Bureau of Labor Statistics. “Medical care commodities in U.S. city average, all urban consumers, not 

seasonally adjusted.” CPI for All Urban Consumers (CPI-U). Accessed March 2022. https://beta.bls.

gov/dataViewer/view/timeseries/CUUR0000SAM1. 

Bureau of Labor Statistics. “Table 3. Employment status of the civilian noninstitutional population by age, 

sex, and race” Current Population Survey, Labor Force Statistics, Household Data, Annual Averages. 

Last modified January 20, 2022. https://www.bls.gov/cps/cpsaat03.htm.

Bureau of Labor Statistics. “Table 7. Employment status of the civilian noninstitutional population 25 years and 

over by educational attainment, sex, race, and Hispanic or Latino ethnicity.” Current Population Survey, 

Labor Force Statistics, Household Data Annual Averages, 2019. http://www.bls.gov/cps/cpsaat07.pdf. 

Resources and references Appendices

Lightcast provides colleges and universities with labor market data that help create better outcomes for students, businesses, and 
communities. Our data, which cover more than 99% of the U.S. workforce, are compiled from a wide variety of government sources, job 
postings, and online profiles and résumés. Hundreds of institutions use Lightcast to align programs with regional needs, drive enrollment, 
connect students with in-demand careers, track their alumni’s employment outcomes, and demonstrate their institution’s economic impact 
on their region. Visit lightcast.io/solutions/education to learn more or connect with us.

https://www.acf.hhs.gov/ofa/resource/tanf-financial-data-fy-2016
http://www.bea.gov/iTable/iTableHtml.cfm?reqid=9&step=3&isuri=1&903=6
http://www.bea.gov/iTable/iTableHtml.cfm?reqid=9&step=3&isuri=1&903=6
https://www.bjs.gov/content/pub/pdf/p16.pdf
https://beta.bls.gov/dataViewer/view/timeseries/CUUR0000SAM1
https://beta.bls.gov/dataViewer/view/timeseries/CUUR0000SAM1
https://www.bls.gov/cps/cpsaat03.htm
http://www.bls.gov/cps/cpsaat07.pdf


Appendices

50Resources and references

Bureau of Labor Statistics. Consumer Price Index. “All items in U.S. city average, all urban consumers, 

not seasonally adjusted.” Accessed March 2022. https://data.bls.gov/timeseries/CUUR0000SA0?-

years_option=all_years.

Bureau of Labor Statistics. “Table A-10: Unemployment rates by age, sex, and marital status, seasonally 

adjusted.” Labor Force Statistics from the Current Population Survey. March 4, 2021. Accessed March 

2022. https://www.bls.gov/web/empsit/cpseea10.htm. 

Bureau of Labor Statistics. “Table 5.1 Unemployment rates and earnings by educational attainment, 2021.” 

BLS Employment Projections. April 29, 2022. Accessed May 2022. https://www.bls.gov/emp/tables/

unemployment-earnings-education.htm.

Buss, Christian, Jeffrey Parker, and Jon Rivenburg. “Cost, Quality and Enrollment Demand at Liberal Arts 

Colleges.” Economics of Education Review 23, no. 1 (February 2004): 57-65.

Card, David. “The Causal Effect of Education on Earnings.” Handbook of Labor Economics 3 (1999): 1801-1863.

Card, David. “Estimating the Return to Schooling: Progress on Some Persistent Econometric Problems.” 

Econometrica 69, no. 5 (September 2001): 1127-1160.

Carson, Ann E. “Prisoners in 2018.” Bureau of Justice Statistics NCJ 253516, April 2020. https://www.bjs.

gov/content/pub/pdf/p18.pdf. 

Center on Budget and Policy Priorities. “Policy Basics—How Many Weeks of Unemployment are Available?” 

April 2018. https://www.cbpp.org/sites/default/files/atoms/files/policybasics-uiweeks.pdf. 

Centers for Disease Control and Prevention. “Current Cigarette Use Among Adults (Behavior Risk Factor 

Surveillance System) 2018.” Behavioral Risk Factor Surveillance System Prevalence and Trends Data 

[Data set]. https://www.cdc.gov/statesystem/cigaretteuseadult.html. 

Centers for Disease Control and Prevention. “Heavy drinkers (adult men having more than 14 drinks per week 

and adult women having more than seven drink per week).” Alcohol Consumption—2018, Behavioral 

Risk Factor Surveillance System Prevalence and Trends Data. https://nccd.cdc.gov/BRFSSPrevalence/

rdPage.aspx?rdReport=DPH_BRFSS.ExploreByTopic&irbLocationType=StatesAndMMSA&islClass=-

CLASS01&islTopic=Topic30&islYear=2018. 

Centers for Disease Control and Prevention. “Table. Characteristics of Current Adult Cigarette Smokers.” 

National Health Interview Survey, United States, 2016. https://www.cdc.gov/mmwr/volumes/67/wr/

mm6702a1.htm#T1_down.

Centers for Medicare and Medicaid Services. “Table 05 National Health Expenditures, by Type 

of Sponsor.” NHE Tables. December 2021. Accessed March 2022. https://www.cms.gov/

Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/

NationalHealthAccountsHistorical.

College Board. “Figure CP-1. Average Estimated Full-Time Undergraduate Budgets (Enrollment Weighted) 

by Sector, 2020-21.” The College Board, Annual Survey of Colleges, Trends in College Pricing and 

Student Aid 2020. Accessed July 2021. https://research.collegeboard.org/trends/college-pricing.

Criminal Justice Expenditure and Employment Extracts Program. “Table 4. Justice System Expenditure by 

Character, State and Type of Government, Fiscal Year 2015” Justice Expenditure and Employment 

Extracts 2015 (preliminary) NCJ 251780. https://www.bjs.gov/index.cfm?ty=dcdetail&iid=286. 

https://data.bls.gov/timeseries/CUUR0000SA0?years_option=all_years
https://data.bls.gov/timeseries/CUUR0000SA0?years_option=all_years
https://www.bls.gov/web/empsit/cpseea10.htm
https://www.bls.gov/emp/tables/unemployment-earnings-education.htm
https://www.bls.gov/emp/tables/unemployment-earnings-education.htm
https://www.bjs.gov/content/pub/pdf/p18.pdf
https://www.bjs.gov/content/pub/pdf/p18.pdf
https://www.cbpp.org/sites/default/files/atoms/files/policybasics-uiweeks.pdf
https://www.cdc.gov/statesystem/cigaretteuseadult.html
https://nccd.cdc.gov/BRFSSPrevalence/rdPage.aspx?rdReport=DPH_BRFSS.ExploreByTopic&irbLocationType=StatesAndMMSA&islClass=CLASS01&islTopic=Topic30&islYear=2018
https://nccd.cdc.gov/BRFSSPrevalence/rdPage.aspx?rdReport=DPH_BRFSS.ExploreByTopic&irbLocationType=StatesAndMMSA&islClass=CLASS01&islTopic=Topic30&islYear=2018
https://nccd.cdc.gov/BRFSSPrevalence/rdPage.aspx?rdReport=DPH_BRFSS.ExploreByTopic&irbLocationType=StatesAndMMSA&islClass=CLASS01&islTopic=Topic30&islYear=2018
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsHistorical
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsHistorical
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsHistorical
https://research.collegeboard.org/trends/college-pricing
https://www.bjs.gov/index.cfm?ty=dcdetail&iid=286


Appendices

51Resources and references

Damodaran, Aswath. “Historical Returns on Stocks, Bonds and Bills: 1928-2021” Stern School of Business 

at New York University. March 2022. Accessed March 2022. http://pages.stern.nyu.edu/~adamodar/

New_Home_Page/datafile/histretSP.html. 

Dickerson, Andy, and Steven McIntosh. “The Impact of Distance to Nearest Education Institution on the 

Post Compulsory Education Participation Decision.” Urban Studies 50, no. 4 (2013): 742-758.

Dynarski, Susan M. “Does Aid Matter? Measuring the Effect of Student Aid on College Attendance and 

Completion.” American Economic Review 93, no. 1 (2003): 279-288.

Federal Bureau of Investigation, Criminal Justice Information Services Division. “Table 1: Crime in the 

United States.” Crime in the United States 2016, Offenses Known to Law Enforcement. https://ucr.

fbi.gov/crime-in-the-u.s/2016/crime-in-the-u.s.-2016/tables/table-1.

Federal Bureau of Investigation, Criminal Justice Information Services Division. “Table 18: Estimated 

Number of Arrests, United States, 2016” in “Uniform Crime Reports.” Crime in the United States, 2016, 

Persons Arrested. https://ucr.fbi.gov/crime-in-the-u.s/2016/crime-in-the-u.s.-2016/tables/table-18. 

Federal Deposit Insurance Corporation. “Monthly Rate Cap Information as of February 22, 2022.” National 

Rates and Rate Caps—Monthly Update. Accessed March 2022. https://www.fdic.gov/regulations/

resources/rates/. 

Federal Reserve Economic Data. “Gross Domestic Product: Implicit Price Deflator, Index 2012=100, 

Quarterly, Seasonally Adjusted.” January 2022. Accessed March 2022. https://fred.stlouisfed.org/

series/GDPDEF.

Finkelstein, Eric A., Marco da Costa DiBonaventura, Somali M. Burgess, and Brent C. Hale. “The Costs of 

Obesity in the Workplace.” Journal of Occupational and Environmental Medicine 52, no. 10 (October 

2010): 971-976.

Greenberg, Paul, Andree-Anne Fournier, Tammy Sisitsky, Crystal Pike, and Ronald Kesslaer. “The Economic 

Burden of Adults with Major Depressive Disorder in the United States (2005 and 2010)” Journal of 

Clinical Psychiatry 76:2, 2015. 

Hamadeh, Mohamad and Roy Khoueiri. “Demand Elasticities for Higher Education in the United States.” 

International Journal of Business and Economic Perspectives 5, no. 2 (2010): 60-67.

Henderson, James M. and Richard E. Quandt. Microeconomic Theory: A Mathematical Approach. New 

York: McGraw-Hill Book Company, 1971.

Hernández-Murillo, Rubén, Lesli S. Ott, Michael T. Owyang, and Denise Whalen. “Patterns of Interstate 

Migration in the United States from the Survey of Income and Program Participation.” Federal Reserve 

Bank of St. Louis Review 93, no. 3 (May/June 2011): 169-186. https://files.stlouisfed.org/files/htdocs/

publications/review/11/05/169-186Hernandez.pdf. 

Hilliard, Tom. “Out of Reach: Too Few New Yorkers are Earning a High School Equivalency Diploma.” Table 3. 

High School Equivalency Attainment in the United States, 2012-2016. Center for an Urban Future. 

October 2018. Accessed July 2021. https://nycfuture.org/research/out-of-reach.

Jaeger, David A. and Marianne E. Page. “New Evidence on Sheepskin Effects in the Returns to Education.” 

The Review of Economics and Statistics 78, no. 4 (November 1996): 733-740.

http://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/histretSP.html
http://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/histretSP.html
https://ucr.fbi.gov/crime-in-the-u.s/2016/crime-in-the-u.s.-2016/tables/table-1
https://ucr.fbi.gov/crime-in-the-u.s/2016/crime-in-the-u.s.-2016/tables/table-1
https://ucr.fbi.gov/crime-in-the-u.s/2016/crime-in-the-u.s.-2016/tables/table-18
https://www.fdic.gov/regulations/resources/rates/
https://www.fdic.gov/regulations/resources/rates/
https://fred.stlouisfed.org/series/GDPDEF
https://fred.stlouisfed.org/series/GDPDEF
https://files.stlouisfed.org/files/htdocs/publications/review/11/05/169-186Hernandez.pdf
https://files.stlouisfed.org/files/htdocs/publications/review/11/05/169-186Hernandez.pdf
https://nycfuture.org/research/out-of-reach


Appendices

52Resources and references

Jamal Ahmed, Elyse Phillips, Andrea S. Gentzke, David M. Homa, Stephen D. Babb, Brian A. King, and 

Linda J. Neff. “Current Cigarette Smoking Among Adults—United States, 2016.” Morbidity and Mor-

tality Weekly Report 2018 67:53-59. DOI: http://dx.doi.org/10.15585/mmwr.mm6702a1.

Kelchtermans, Stijn and Frank Verboven. “Participation and Study Decisions in a Public System of Higher 

Education.” Journal of Applied Econometrics 25, no. 3 (2010): 355-391.

Leigh, Andrew and Chris Ryan. “Estimating Returns to Education Using Different Natural Experiments 

Techniques.” Economics of Education Review 27 (2008): 149-160.

Leonesio, Michael V. “The Economics of Retirement: A Nontechnical Guide.” Social Security Bulletin 59, 

no. 4 (Winter 1996): 29-50.

Lightcast Labor Market Data and Software. https://lightcast.io/. 

Loughead, Katherine. Tax Foundation. “State Individual Income Tax Rates and Brackets, 2021.” February, 

2021. Accessed March 2022. https://taxfoundation.org/state-income-tax-rates-2021/#Prior. 

McCollister, Kathryn E., Michael T. French, and Hai Fang. “The Cost of Crime to Society: New Crime-Specific 

Estimates for Policy and Program Evaluation.” Drug and Alcohol Dependence 108, no. 1-2 (April 2010): 

98-109. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2835847.

Mincer, Jacob. “Investment in Human Capital and Personal Income Distribution.” Journal of Political 

Economy 66, no. 4 (August 1958): 281–302.

Mincer, Jacob. Schooling, Experience and Earnings. New York: National Bureau of Economic Research, 1974.

National Center for Education Statistics. Integrated Post-secondary Education Data System (IPEDS). 

http://nces.ed.gov/ipeds.

National Center for Health Statistics. “Table 58. Normal Weight, Overweight, and Obesity Among Persons 

20 Years of Age and Over, by Selected Characteristics: United States, Selected Years 1988-1994 

through 2011-2014.” Centers for Disease Control and Prevention, Health, United States, 2015. https://

www.cdc.gov/nchs/data/hus/2015/058.pdf. 

National Employment Law Project. “Unemployment Insurance: An Overview of the Challenges 

and Strengths of Today’s System.” 2016. https://waysandmeans.house.gov/wp-content/

uploads/2016/09/20160907HR-Testimony-Conti.pdf. 

National Survey on Drug Use and Health. “Table 20: Illicit Drug Use Disorder in the Past Year, by Age Group 

and State: Percentages, Annual Averages, and P Values from Tests of Differences between Percentages, 

2015-2016 and 2016-2017.” Comparison of 2015-2016 and 2016-2017 Population Percentages (50 

States and the District of Columbia). https://www.samhsa.gov/data/report/comparison-2015-2016-

and-2016-2017-nsduh-population-percentages-50-states-and-district.

National Survey on Drug Use and Health. “Table 31: Major Depressive Episode in the Past Year, by age group 

and state: Percentages, annual averages, and P values from tests of differences between percentages, 

2015-2016 and 2016-2017.” Comparison of 2015-2016 and 2016-2017 Population Percentages (50 

States and the District of Columbia). https://www.samhsa.gov/data/report/comparison-2015-2016-

and-2016-2017-nsduh-population-percentages-50-states-and-district. 

http://dx.doi.org/10.15585/mmwr.mm6702a1
https://lightcast.io/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2835847/
http://nces.ed.gov/ipeds/
https://www.cdc.gov/nchs/data/hus/2015/058.pdf
https://www.cdc.gov/nchs/data/hus/2015/058.pdf
https://waysandmeans.house.gov/wp-content/uploads/2016/09/20160907HR-Testimony-Conti.pdf
https://waysandmeans.house.gov/wp-content/uploads/2016/09/20160907HR-Testimony-Conti.pdf
https://www.samhsa.gov/data/report/comparison-2015-2016-and-2016-2017-nsduh-population-percentages-50-states-and-district
https://www.samhsa.gov/data/report/comparison-2015-2016-and-2016-2017-nsduh-population-percentages-50-states-and-district
https://www.samhsa.gov/data/report/comparison-2015-2016-and-2016-2017-nsduh-population-percentages-50-states-and-district
https://www.samhsa.gov/data/report/comparison-2015-2016-and-2016-2017-nsduh-population-percentages-50-states-and-district


Appendices

53Resources and references

National Survey on Drug Use and Health. “Table 8.39B: Major Depressive Episode (MDE) or MDE with 

Severe Impairment in Past Year among Persons Aged 18 or Older, and Receipt of Treatment for 

Depression in Past Year among Persons Aged 18 or Older with MDE or MDE with Severe Impairment 

in Past Year, by Demographic Characteristics: Percentages, 2017 and 2018.” https://www.samhsa.

gov/data/report/2018-nsduh-detailed-tables. 

National Survey on Drug Use and Health. “Table 8.40B: Major Depressive Episode (MDE) or MDE with 

Severe Impairment in Past Year among Persons Aged 18 or Older, and Receipt of Treatment for 

Depression in Past Year among Persons Aged 18 or Older with MDE or MDE with Severe Impairment 

in Past Year, by Geographic, Socioeconomic, and Health Characteristics: Numbers in Thousands, 

2017 and 2018.” https://www.samhsa.gov/data/report/2018-nsduh-detailed-tables. 

Nowotny, Kathryn, Ryan Masters, and Jason Boardman, 2016. “The relationship between education and 

health among incarcerated man and women in the United States” BMC Public Health. September 

2016. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5009667/. 

OECD (2022). “Household savings.” Accessed March 2022. https://data.oecd.org/hha/household-savings.

htm#indicator-chart. 

Office of Management and Budget. “Discount Rates for Cost-Effectiveness, Lease Purchase, and 

Related Analyses.” Real Interest Rates on Treasury Notes and Bonds of Specified Maturities (in 

Percent). November 19th, 2020. Accessed March 2022. https://www.whitehouse.gov/wp-content/

uploads/2020/12/discount-history.pdf.

Office of Management and Budget. “Table 14.1—Total Government Receipts in Absolute Amounts and 

as Percentages of GDP: 1948-2021.” OMB Historical Tables. Accessed May 2022. https://www.

whitehouse.gov/omb/historical-tables/. 

Ogden, Cynthia L., Molly M. Lamb, Margaret D. Carroll, and Katherine M. Flegal. “Figure 3. Prevalence of 

Obesity among Adults Aged 20 Years and Over, by Education, Sex, and Race and Ethnicity: United 

States 2005-2008.” Obesity and Socioeconomic Status in Adults: United States 2005-2008, National 

Center for Health Statistics no. 50. (2010).

Ogden Cynthia L., Tala H. Fakhouri, Margaret D. Carroll, Craig M. Hales, Cheryl D. Fryar, Xianfen Li, David S. 

Freedman. “Prevalence of Obesity Among Adults, by Household Income and Education—United 

States, 2011–2014” National Center for Health Statistics, Morbidity and Mortality Weekly Report, 

66:1369–1373 (2017). https://www.cdc.gov/mmwr/volumes/66/wr/mm6650a1.htm?s_cid=mm6650a

1_w#suggestedcitation.

Polachek, Solomon W. “Earnings Over the Lifecycle: The Mincer Earnings Function and its Applications.” 

Foundations and Trends in Microeconomics 4, no. 3 (2008): 165-272.

Polachek, Solomon W. “Mincer’s Overtaking Point and the Lifecycle Earnings Distribution.” Review of the 

Economics of the Household 1, no. 4 (December 2003): 273-304.

Ramey, Valerie and Neville Francis. “A Century of Work and Leisure.” American Economic Journal: Mac-

roeconomics 1, no. 2 (2009): 189-224.

https://www.samhsa.gov/data/report/2018-nsduh-detailed-tables
https://www.samhsa.gov/data/report/2018-nsduh-detailed-tables
https://www.samhsa.gov/data/report/2018-nsduh-detailed-tables
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5009667/
https://www.whitehouse.gov/wp-content/uploads/2020/12/discount-history.pdf
https://www.whitehouse.gov/wp-content/uploads/2020/12/discount-history.pdf
https://www.whitehouse.gov/omb/historical-tables/
https://www.whitehouse.gov/omb/historical-tables/


Appendices

54Resources and references

Sacks, Gonzales, Bouchery, Tomedi, & Brewer (2015). 2010 National and State Costs of Excessive Alcohol 

Consumption. American Journal of Preventive Medicine, 49(5), E73-E79. https://www.ajpmonline.

org/article/S0749-3797(15)00354-2/pdf/. 

Sevilla, Almudena, Jose Ignacio Gimenez-Nadal, and Jonathan I. Gershuny. “Leisure Inequality in the 

United States: 1965-2003.” IZA Discussion Paper no. 6708 (July 2012).

Social Security Administration. “Retirement Benefits.” Full Retirement Age. January 2022. https://www.

ssa.gov/pubs/EN-05-10035.pdf.

State of Obesity. “Adult Obesity in the United States.” Adult Obesity Rate by State, 2018. https://

stateofobesity.org/adult-obesity/. 

Substance Abuse and Mental Health Services Administration. “Table A.2. Spending by Payer: Levels and 

Percent Distribution for Mental Health and Substance Abuse (MHSA), Mental Health (MH), Substance 

Abuse (SA), Alcohol Abuse (AA), Drug Abuse (DA), and All-Health, 2014.” Behavioral Health Spending 

& Use Accounts, 1986–2014. HHS Publication No. SMA-16-4975, 2016. https://store.samhsa.gov/

shin/content/SMA16-4975/SMA16-4975.pdf. 

Substance Abuse and Mental Health Services Administration. “Table 5.3B—Illicit Drug Use Disorder in 

Past Year among Persons Aged 12 or Older, by Age Group and Demographic Characteristics: Per-

centages, 2017 and 2018.” SAMHSA, Center for Behavioral Health Statistics and Quality, National 

Survey on Drug Use and Health, 2017 and 2018. https://www.samhsa.gov/data/sites/default/files/

NSDUH-DetTabs-2016/NSDUH-DetTabs-2016.htm#tab5-4B. 

Substance Abuse and Mental Health Services Administration. “Table 5.4B—Alcohol Use Disorder in Past 

Year among Persons Aged 12 or Older, by Age Group and Demographic Characteristics: Percentages, 

2017 and 2018.” SAMHSA, Center for Behavioral Health Statistics and Quality, National Survey on 

Drug Use and Health, 2017 and 2018. https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/

NSDUHDetailedTabs2018R2/NSDUHDetailedTabs2018.pdf. 

Supplemental Nutrition Assistance Program. “State Activity Report Fiscal Year 2016.” Food and Nutri-

tion Service, Supplemental Nutrition Assistance Program, Program Accountability and Admin-

istration Division (September 2017). https://fns-prod.azureedge.net/sites/default/files/snap/

FY16-State-Activity-Report.pdf. 

Taylor, Paul, Rich Morin, D’Vera Cohn, and Wendy Wang. “American Mobility: Who Moves? Who Stays Put? 

Where’s Home?” Pew Research Center. December 2008. https://www.pewresearch.org/wp-content/

uploads/sites/3/2011/04/American-Mobility-Report-updated-12-29-08.pdf

U.S. Census Bureau. “National Demographics Analysis Tables: 2020” in “Table 1. Total U.S. Resident Pop-

ulation by Age, Sex, and Series: April 1, 2020 (in thousands).” Accessed March 2022. https://www.

census.gov/data/tables/2020/demo/popest/2020-demographic-analysis-tables.html. 

U.S. Census Bureau, Current Population Survey, 2018 Annual Social and Economic Supplement. 

“Table 1. Educational Attainment of the Population 18 Years and Over, by Age, Sex, Race, and 

Hispanic Origin: 2018.” https://www.census.gov/data/tables/2018/demo/education-attainment/

cps-detailed-tables.html. 

https://www.ajpmonline.org/article/S0749-3797(15)00354-2/pdf/
https://www.ajpmonline.org/article/S0749-3797(15)00354-2/pdf/
https://www.ssa.gov/pubs/EN-05-10035.pdf
https://www.ssa.gov/pubs/EN-05-10035.pdf
https://stateofobesity.org/adult-obesity/
https://stateofobesity.org/adult-obesity/
https://store.samhsa.gov/shin/content/SMA16-4975/SMA16-4975.pdf
https://store.samhsa.gov/shin/content/SMA16-4975/SMA16-4975.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHDetailedTabs2018R2/NSDUHDetailedTabs2018.pdf
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHDetailedTabs2018R2/NSDUHDetailedTabs2018.pdf
https://fns-prod.azureedge.net/sites/default/files/snap/FY16-State-Activity-Report.pdf
https://fns-prod.azureedge.net/sites/default/files/snap/FY16-State-Activity-Report.pdf
https://www.pewresearch.org/wp-content/uploads/sites/3/2011/04/American-Mobility-Report-updated-12-29-08.pdf
https://www.pewresearch.org/wp-content/uploads/sites/3/2011/04/American-Mobility-Report-updated-12-29-08.pdf
https://www.census.gov/data/tables/2020/demo/popest/2020-demographic-analysis-tables.html
https://www.census.gov/data/tables/2020/demo/popest/2020-demographic-analysis-tables.html
https://www.census.gov/data/tables/2018/demo/education-attainment/cps-detailed-tables.html
https://www.census.gov/data/tables/2018/demo/education-attainment/cps-detailed-tables.html


Appendices

55Resources and references

U.S. Census Bureau, Current Population Survey, 2020 Annual Social and Economic Supplement. “Table 1. 

General Mobility, by Race and Hispanic Origin, Region, Sex, Age, Relationship to Householder, Edu-

cational Attainment, Marital Status, Nativity, Tenure, and Poverty Status: 2019 to 2020.” December 

2020. Accessed June 2021. https://www.census.gov/data/tables/2020/demo/geographic-mobility/

cps-2020.html. 

U.S. Census Bureau. “Educational Characteristics of Prisoners: Data from the ACS.” 2011. https://www.

census.gov/library/working-papers/2011/demo/SEHSD-WP2011-08.html. 

U.S. Census Bureau. “Social Insurance and Human Services.” The 2012 Statistical Abstract. http://www.

census.gov/compendia/statab/cats/social_insurance_human_services.html.

U.S. Department of Agriculture, Office of Policy Support. Supplemental Nutrition Assistance Program 

Nutrition Assistance Program Report Series. “Characteristics of Supplemental Nutrition Assistance 

Program Households: Fiscal Year 2018.” https://fns-prod.azureedge.net/sites/default/files/resource-

files/Characteristics2018.pdf. 

U.S. Department of Education, Federal Student Aid Office. “The Standard Repayment Plan.” https://

studentaid.ed.gov/sa/repay-loans/understand/plans/standard.

U.S. Department of Education. National Reporting System for Adult Education. 2011 & 2015 Aggregate 

Reports for All Regions. Table 3: Participants by Program Type and Age. June 30th, 2012 and June 

30th, 2016. Accessed 7/21/21. https://nrs.ed.gov/index.php/rt/reports/aggregate.

U.S. Department of Health and Human Services. “Welfare Indicators and Risk Factors: Fourteenth Report 

to Congress” Annual Report to Congress, 2015. https://aspe.hhs.gov/system/files/pdf/116161/Final%20

Fourteenth%20Report%20-%20Final%209%2022%2015.pdf. 

U.S. Department of Health and Human Services. “Welfare Indicators and Risk Factors: Seventeenth 

Report to Congress” Annual Report to Congress, 2018. https://aspe.hhs.gov/system/files/pdf/259196/

WelfareIndicators17Threport.pdf. 

U.S. Department of Health & Human Services, National Vital Statistics System, United States Life Tables, 

2019. March 22, 2022. Accessed May 2022. https://www.cdc.gov/nchs/data/nvsr/nvsr70/nvsr70-19.pdf. 

U.S. Department of Health and Human Services, Office of Family Assistance. “Characteristics and Financial 

Circumstances of TANF Recipients, Fiscal Year 2018.” https://www.acf.hhs.gov/sites/default/files/ofa/

fy18_characteristics_web_508_2.pdf. 

U.S. Department of Health & Human Services. “The Health Consequences of Smoking—50 Years of 

Progress.” A Report of the Surgeon General, 2014. https://www.ncbi.nlm.nih.gov/books/NBK179276/

pdf/Bookshelf_NBK179276.pdf. 

U.S. Department of Labor. “Unemployment Insurance Data Summary, 3rd Quarter 2019.” https://oui.doleta.

gov/unemploy/data_summary/DataSum.asp. 

Walden, Michael, “The Local Economic Impact of the Cooperating Raleigh Colleges: Update 2013.” March 

2014. http://crcraleighcolleges.org/files/crcimpact2013-final.pdf.

https://www.census.gov/data/tables/2020/demo/geographic-mobility/cps-2020.html
https://www.census.gov/data/tables/2020/demo/geographic-mobility/cps-2020.html
https://www.census.gov/library/working-papers/2011/demo/SEHSD-WP2011-08.html
https://www.census.gov/library/working-papers/2011/demo/SEHSD-WP2011-08.html
http://www.census.gov/compendia/statab/cats/social_insurance_human_services.html
http://www.census.gov/compendia/statab/cats/social_insurance_human_services.html
https://fns-prod.azureedge.net/sites/default/files/resource-files/Characteristics2018.pdf
https://fns-prod.azureedge.net/sites/default/files/resource-files/Characteristics2018.pdf
https://studentaid.ed.gov/sa/repay-loans/understand/plans/standard
https://studentaid.ed.gov/sa/repay-loans/understand/plans/standard
https://nrs.ed.gov/index.php/rt/reports/aggregate
https://aspe.hhs.gov/system/files/pdf/116161/FINAL%20Fourteenth%20Report%20-%20FINAL%209%2022%2015.pdf
https://aspe.hhs.gov/system/files/pdf/116161/FINAL%20Fourteenth%20Report%20-%20FINAL%209%2022%2015.pdf
https://aspe.hhs.gov/system/files/pdf/259196/WELFAREINDICATORS17THREPORT.pdf
https://aspe.hhs.gov/system/files/pdf/259196/WELFAREINDICATORS17THREPORT.pdf
https://www.cdc.gov/nchs/data/nvsr/nvsr70/nvsr70-19.pdf
https://www.acf.hhs.gov/sites/default/files/ofa/fy18_characteristics_web_508_2.pdf
https://www.acf.hhs.gov/sites/default/files/ofa/fy18_characteristics_web_508_2.pdf
https://www.ncbi.nlm.nih.gov/books/NBK179276/pdf/Bookshelf_NBK179276.pdf
https://www.ncbi.nlm.nih.gov/books/NBK179276/pdf/Bookshelf_NBK179276.pdf
https://oui.doleta.gov/unemploy/data_summary/DataSum.asp
https://oui.doleta.gov/unemploy/data_summary/DataSum.asp
http://crcraleighcolleges.org/files/crcimpact2013-final.pdf


Appendices

56Appendix 1: Glossary of terms

Alternative education: A “with” and “without” measure of the percent of students who 

would still be able to avail themselves of education if the college under analysis 

did not exist. An estimate of 10%, for example, means that 10% of students do not 

depend directly on the existence of the university in order to obtain their education.

Alternative use of funds: A measure of how monies that are used to fund UNC COM 

might otherwise have been used if UNC COM does not exist.

Attrition rate: Rate at which students leave the workforce due to out-migration, 

unemployment, retirement, or death.

Counterfactual scenario: What would have happened if a given event had not 

occurred. In the case of this economic impact study, the counterfactual scenario 

is a scenario where the university’s UNC COM do not exist.

Demand: Relationship between the market price of education and the volume 

of education demanded (expressed in terms of enrollment). The law of the 

downward-sloping demand curve is related to the fact that enrollment increases 

only if the price (tuition and fees) is lowered, or conversely, enrollment decreases 

if price increases.

Discounting: Expressing future revenues and costs in present value terms.

Earnings (labor income): Income that is received as a result of labor; i.e., wages.

Economics: Study of the allocation of scarce resources among alternative and 

competing ends. Economics is not normative (what ought to be done), but 

positive (describes what is, or how people are likely to behave in response to 

economic changes).

Externalities: Impacts (positive and negative) for which there is no compensa-

tion. Positive externalities of education include improved social behaviors such 

as improved health, lower crime, and reduced demand for income assistance. 

Educational institutions do not receive compensation for these benefits, but 

benefits still occur because education is statistically proven to lead to improved 

social behaviors.

Gross state product: Measure of the final value of all goods and services produced 

in a state after netting out the cost of goods used in production. Alternatively, gross 

state product (GSP) equals the combined incomes of all factors of production; 

i.e., labor, land and capital. These include wages, salaries, proprietors’ incomes, 

profits, rents, and other. Gross state product is also sometimes called value added 

or added income.

Appendix 1: Glossary of terms



Appendices

57Appendix 1: Glossary of terms

Initial effect: Income generated by the initial injection of monies into the economy 

through the payroll of the university and the higher earnings of its students.

Input-output analysis: Relationship between a given set of demands for final goods 

and services and the implied amounts of manufactured inputs, raw materials, and 

labor that this requires. When educational institutions pay wages and salaries and 

spend money for supplies in the state, they also generate earnings in all sectors 

of the economy, thereby increasing the demand for goods and services and jobs. 

Moreover, as students enter or rejoin the workforce with higher skills, they earn 

higher salaries and wages. In turn, this generates more consumption and spending 

in other sectors of the economy.

Multiplier effect: Additional income created in the economy as the university and its 

students spend money in the state. It consists of the income created by the supply 

chain of the industries initially affected by the spending of the university and its 

students (i.e., the direct effect), income created by the supply chain of the initial 

supply chain (i.e., the indirect effect), and the income created by the increased 

spending of the household sector (i.e., the induced effect). 

Non-labor income: Income received from investments, such as rent, interest, and 

dividends.
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Lightcast’s economic impact study differs from many other studies because we 

prefer to report the impacts in terms of income rather than sales (or output). Income 

is synonymous with value added or gross state product (GSP). Sales include all the 

intermediary costs associated with producing goods and services. Income is a net 

measure that excludes these intermediary costs: 

Income = Sales – Intermediary Costs

For this reason, income is a more meaningful measure of new economic activity than 

reporting sales. This is evidenced by the use of gross domestic product (GDP)—a 

measure of income—by economists when considering the economic growth or size 

of a country. The difference is GRP reflects a state and GDP a country. 

To demonstrate the difference between income and sales, let us consider an example 

of a baker’s production of a loaf of bread. The baker buys the ingredients such as eggs, 

flour, and yeast for $2.00. He uses capital such as a mixer to combine the ingredients 

and an oven to bake the bread and convert it into a final product. Overhead costs for 

these steps are $1.00. Total intermediary costs are $3.00. The baker then sells the 

loaf of bread for $5.00. 

The sales amount of the loaf of bread is $5.00. The income from the loaf of bread is 

equal to the sales amount less the intermediary costs: 

Income = $5.00 − $3.00 = $2.00

In our analysis, we provide context behind the income figures by also reporting the 

associated number of jobs. The impacts are also reported in sales and earnings terms 

for reference.

Appendix 2: Example of 
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Lightcast’s MR-SAM represents the flow of all economic transactions in a given region. 

It replaces Lightcast’s previous input-output (IO) model, which operated with some 

1,000 industries, four layers of government, a single household consumption sector, 

and an investment sector. The old IO model was used to simulate the ripple effects 

(i.e., multipliers) in the state economy as a result of industries entering or exiting the 

region. The MR-SAM model performs the same tasks as the old IO model, but it also 

does much more. Along with the same 1,000 industries, government, household and 

investment sectors embedded in the old IO tool, the MR-SAM exhibits much more 

functionality, a greater amount of data, and a higher level of detail on the demographic 

and occupational components of jobs (16 demographic cohorts and about 750 occu-

pations are characterized). 

This appendix presents a high-level overview of the MR-SAM. Additional documen-

tation on the technical aspects of the model is available upon request.

Data sources for the model

The Lightcast MR-SAM model relies on a number of internal and external data sources, 

mostly compiled by the federal government. What follows is a listing and short expla-

nation of our sources. The use of these data will be covered in more detail later in 

this appendix.

Lightcast Data are produced from many data sources to produce detailed industry, 

occupation, and demographic jobs and earnings data at the local level. This information 

(especially sales-to-jobs ratios derived from jobs and earnings-to-sales ratios) is used 

to help regionalize the national matrices as well as to disaggregate them into more 

detailed industries than are normally available.

BEA Make and Use Tables (MUT) are the basis for input-output models in the U.S. 

The make table is a matrix that describes the amount of each commodity made by 

each industry in a given year. Industries are placed in the rows and commodities in 

the columns. The use table is a matrix that describes the amount of each commodity 

used by each industry in a given year. In the use table, commodities are placed in the 

rows and industries in the columns. The BEA produces two different sets of MUTs, 

the benchmark and the summary. The benchmark set contains about 500 sectors 

and is released every five years, with a five-year lag time (e.g., 2002 benchmark 

MUTs were released in 2007). The summary set contains about 80 sectors and is 

released every year, with a two-year lag (e.g., 2010 summary MUTs were released in 

late 2011/early 2012). The MUTs are used in the Lightcast MR-SAM model to produce 

an industry-by-industry matrix describing all industry purchases from all industries.

Appendix 3: Lightcast MR-SAM
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BEA Gross Domestic Product by State (GSP) describes gross domestic product 

from the value added (also known as added income) perspective. Value added is 

equal to employee compensation, gross operating surplus, and taxes on production 

and imports, less subsidies. Each of these components is reported for each state 

and an aggregate group of industries. This dataset is updated once per year, with a 

one-year lag. The Lightcast MR-SAM model makes use of this data as a control and 

pegs certain pieces of the model to values from this dataset.

BEA National Income and Product Accounts (NIPA) cover a wide variety of eco-

nomic measures for the nation, including gross domestic product (GDP), sources of 

output, and distribution of income. This dataset is updated periodically throughout the 

year and can be between a month and several years old depending on the specific 

account. NIPA data are used in many of the Lightcast MR-SAM processes as both 

controls and seeds.

BEA Local Area Income (LPI) encapsulates multiple tables with geographies down 

to the county level. The following two tables are specifically used: CA05 (Personal 

income and earnings by industry) and CA91 (Gross flow of earnings). CA91 is used 

when creating the commuting submodel and CA05 is used in several processes to 

help with place-of-work and place-of-residence differences, as well as to calculate 

personal income, transfers, dividends, interest, and rent.

Bureau of Labor Statistics Consumer Expenditure Survey (CEX) reports on the 

buying habits of consumers along with some information as to their income, consumer 

unit, and demographics. Lightcast utilizes this data heavily in the creation of the national 

demographic by income type consumption on industries.

Census of Government’s (CoG) state and local government finance dataset is used 

specifically to aid breaking out state and local data that is reported in the MUTs. This 

allows Lightcast to have unique production functions for each of its state and local 

government sectors.

Census’ OnTheMap (OTM) is a collection of three datasets for the census block level 

for multiple years. Origin-Destination (OD) offers job totals associated with both 

home census blocks and a work census block. Residence Area Characteristics 

(RAC) offers jobs totaled by home census block. Workplace Area Characteristics 

(WAC) offers jobs totaled by work census block. All three of these are used in the 

commuting submodel to gain better estimates of earnings by industry that may be 

counted as commuting. This dataset has holes for specific years and regions. These 

holes are filled with Census’ Journey-to-Work described later.

Census’ Current Population Survey (CPS) is used as the basis for the demographic 

breakout data of the MR-SAM model. This set is used to estimate the ratios of demo-

graphic cohorts and their income for the three different income categories (i.e., wages, 

property income, and transfers).
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Census’ Journey-to-Work (JtW) is part of the 2000 Census and describes the 

amount of commuting jobs between counties. This set is used to fill in the areas where 

OTM does not have data.

Census’ American Community Survey (ACS) Public Use Microdata Sample 

(PUMS) is the replacement for Census’ long form and is used by Lightcast to fill the 

holes in the CPS data.

Oak Ridge National Lab (ORNL) County-to-County Distance Matrix (Skim Tree) 

contains a matrix of distances and network impedances between each county via 

various modes of transportation such as highway, railroad, water, and combined 

highway-rail. Also included in this set are minimum impedances utilizing the best 

combination of paths. The ORNL distance matrix is used in Lightcast’s gravitational 

flows model that estimates the amount of trade between counties in the country.

Overview of the MR-SAM model

Lightcast’s MR-SAM modeling system is a comparative static model in the same general 

class as RIMS II (Bureau of Economic Analysis) and IMPLAN (Minnesota Implan Group). 

The MR-SAM model is thus not an econometric model, the primary example of which 

is PolicyInsight by REMI. It relies on a matrix representation of industry-to-industry 

purchasing patterns originally based on national data which are regionalized with the 

use of local data and mathematical manipulation (i.e., non-survey methods). Models 

of this type estimate the ripple effects of changes in jobs, earnings, or sales in one or 

more industries upon other industries in a region.

The Lightcast MR-SAM model shows final equilibrium impacts—that is, the user enters 

a change that perturbs the economy and the model shows the changes required to 

establish a new equilibrium. As such, it is not a dynamic model that shows year-by-

year changes over time (as REMI’s does).

National SAM

Following standard practice, the SAM model appears as a square matrix, with each row 

sum exactly equaling the corresponding column sum. Reflecting its kinship with the 

standard Leontief input-output framework, individual SAM elements show accounting 

flows between row and column sectors during a chosen base year. Read across rows, 

SAM entries show the flow of funds into column accounts (also known as receipts or 

the appropriation of funds by those column accounts). Read down columns, SAM 

entries show the flow of funds into row accounts (also known as expenditures or the 

dispersal of funds to those row accounts).

The SAM may be broken into three different aggregation layers: broad accounts, 

sub-accounts, and detailed accounts. The broad layer is the most aggregate and will 

be covered first. Broad accounts cover between one and four sub-accounts, which in 

turn cover many detailed accounts. This appendix will not discuss detailed accounts 

directly because of their number. For example, in the industry broad account, there 

are two sub-accounts and over 1,000 detailed accounts.
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Multi-regional aspect of the MR-SAM

Multi-regional (MR) describes a non-survey model that has the ability to analyze the 

transactions and ripple effects (i.e., multipliers) of not just a single region, but multiple 

regions interacting with each other. Regions in this case are made up of a collection 

of counties.

Lightcast’s multi-regional model is built off of gravitational flows, assuming that the 

larger a county’s economy, the more influence it will have on the surrounding counties’ 

purchases and sales. The equation behind this model is essentially the same that Isaac 

Newton used to calculate the gravitational pull between planets and stars. In Newton’s 

equation, the masses of both objects are multiplied, then divided by the distance 

separating them and multiplied by a constant. In Lightcast’s model, the masses are 

replaced with the supply of a sector for one county and the demand for that same 

sector from another county. The distance is replaced with an impedance value that 

accounts for the distance, type of roads, rail lines, and other modes of transportation. 

Once this is calculated for every county-to-county pair, a set of mathematical opera-

tions is performed to make sure all counties absorb the correct amount of supply from 

every county and the correct amount of demand from every county. These operations 

produce more than 200 million data points.

Components of the Lightcast MR-SAM model

The Lightcast MR-SAM is built from a number of different components that are gath-

ered together to display information whenever a user selects a region. What follows 

is a description of each of these components and how each is created. Lightcast’s 

internally created data are used to a great extent throughout the processes described 

below, but its creation is not described in this appendix.

County earnings distribution matrix

The county earnings distribution matrices describe the earnings spent by every industry 

on every occupation for a year—i.e., earnings by occupation. The matrices are built uti-

lizing Lightcast’s industry earnings, occupational average earnings, and staffing patterns.

Each matrix starts with a region’s staffing pattern matrix which is multiplied by the 

industry jobs vector. This produces the number of occupational jobs in each industry 

for the region. Next, the occupational average hourly earnings per job are multiplied 

by 2,080 hours, which converts the average hourly earnings into a yearly estimate. 

Then the matrix of occupational jobs is multiplied by the occupational annual earnings 

per job, converting it into earnings values. Last, all earnings are adjusted to match the 

known industry totals. This is a fairly simple process, but one that is very important. 

These matrices describe the place-of-work earnings used by the MR-SAM.

Commuting model

The commuting sub-model is an integral part of Lightcast’s MR-SAM model. It allows 

the regional and multi-regional models to know what amount of the earnings can be 
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attributed to place-of-residence vs. place-of-work. The commuting data describe the 

flow of earnings from any county to any other county (including within the counties 

themselves). For this situation, the commuted earnings are not just a single value 

describing total earnings flows over a complete year but are broken out by occupation 

and demographic. Breaking out the earnings allows for analysis of place-of-residence 

and place-of-work earnings. These data are created using Bureau of Labor Statistics’ 

OnTheMap dataset, Census’ Journey-to-Work, BEA’s LPI CA91 and CA05 tables, and 

some of Lightcast’s data. The process incorporates the cleanup and disaggregation of 

the OnTheMap data, the estimation of a closed system of county inflows and outflows 

of earnings, and the creation of finalized commuting data.

National SAM

The national SAM as described above is made up of several different components. 

Many of the elements discussed are filled in with values from the national Z matrix—or 

industry-to-industry transaction matrix. This matrix is built from BEA data that describe 

which industries make and use what commodities at the national level. These data are 

manipulated with some industry standard equations to produce the national Z matrix. 

The data in the Z matrix act as the basis for the majority of the data in the national 

SAM. The rest of the values are filled in with data from the county earnings distribution 

matrices, the commuting data, and the BEA’s National Income and Product Accounts.

One of the major issues that affect any SAM project is the combination of data from 

multiple sources that may not be consistent with one another. Matrix balancing is 

the broad name for the techniques used to correct this problem. Lightcast uses a 

modification of the “diagonal similarity scaling” algorithm to balance the national SAM.

Gravitational flows model

The most important piece of the Lightcast MR-SAM model is the gravitational flows 

model that produces county-by-county regional purchasing coefficients (RPCs). RPCs 

estimate how much an industry purchases from other industries inside and outside of 

the defined region. This information is critical for calculating all IO models.

Gravity modeling starts with the creation of an impedance matrix that values the difficulty 

of moving a product from county to county. For each sector, an impedance matrix is 

created based on a set of distance impedance methods for that sector. A distance 

impedance method is one of the measurements reported in the Oak Ridge National 

Laboratory’s County-to-County Distance Matrix. In this matrix, every county-to-

county relationship is accounted for in six measures: great-circle distance, highway 

impedance, rail miles, rail impedance, water impedance, and highway-rail-highway 

impedance. Next, using the impedance information, the trade flows for each industry 

in every county are solved for. The result is an estimate of multi-regional flows from 

every county to every county. These flows are divided by each respective county’s 

demand to produce multi-regional RPCs.


