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Executive Summary 
 
The following impact analysis, prepared for the University of Arizona (“University”), quantifies the 
potential economic benefits of the University’s quantum initiative to develop quantum technology and 
create a quantum network hub in Southern Arizona.  
 
Quantum networks have the potential to transform the way we transmit and process secure and high-
speed information. The development and implementation of quantum networks will not only unlock 
unparalleled capabilities in terms of encryption, communication, and data transfer but also have a 
significant impact on the economy. This report analyzes those potential economic impacts.  
 
Quantum network development and the realization of the economic benefits are not without its 
challenges. The development and implementation of quantum networks demand substantial investments 
in research, development, equipment, and infrastructure.  
 
Furthermore, quantum technology is still in its early development stage and will take time to have 
practical, large-scale applications. The development and scaling of quantum networks will require 
overcoming numerous technological hurdles and potential roadblocks. This makes forecasting the precise 
extent of the economic impact of quantum networks difficult.  
 
Several 10-year forecasting models were developed to estimate the potential economic benefits of the 
University’s quantum initiative. These forecast scenarios provide a range of outputs, offering perspective 
into the potential economic impacts. The forecasts are based on the examination of case studies, industry-
specific projections, and the current trajectory of quantum network development.  
 
The research and development required to advance quantum networks will likely be a gradual process. 
However, as the technologies mature and gain wider adoption, the economic impacts will be increasingly 
larger. Therefore, it is important to acknowledge that the potential impacts will be greater at the tail end 
of the 10-year forecasts. 
 
The following sections of the report illustrate the various models and scenarios that have been developed 
to forecast the potential economic impacts of the University’s quantum initiative. The impacts are 
estimated in terms of job-years, labor income, economic output, and tax revenues over a 10-year period.  
 
Job-years is simply one person working a full-time job over a 1-year period. Labor income is the sum of all 
employee-earned wages. Economic output captures total economic activity similar to how Gross Domestic 
Project (“GDP”) is calculated. Tax revenues include the federal, state, county, and municipal tax revenues 
that are projected to be collected.  
 
The economic impacts capture the wide-ranging benefits of both the direct and secondary (indirect and 
induced) effects. Direct effects capture the immediate changes in the economy, such as the quantum 
research and development jobs supported by public and private investments. The secondary impacts 
result as a consequence of the direct effects, such as job growth in supporting industries and increased 
local spending driven by consumers. 
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The following is a summary of the key findings of the economic impact analysis. These sections provide 
additional context and describe the approach and methodologies utilized in developing the forecasts and 
quantifying the impacts.  
 
Key Findings – Arizona Quantum Initiative  
 
• Quantum network technologies hold immense potential and will likely lead to significant 
economic growth. 
 
• Although advancements will be a gradual process and the benefits will be increasingly larger over 
time, the benefits of developing and implementing quantum networks and technology can be 
enhanced and realized within a shorter timeline with additional investments in research and 
development.  
 
• The University's hub for quantum networking in Southern Arizona will be a key component to 
the development of quantum technologies, which will bring exceptional economic gains to the 
state and region.  
 
• According to a forecast published in 2023 by the International Data Corporation (“IDC”), a leading 
global provider of market intelligence and advisory services for the information technology 
market, investments in the quantum technology market will reach $16.4B by the end of 2027 (a 
5-year compound annual growth rate of 11.5%) and consumer spending in the quantum 
technology market will reach $7.6B by the end of 2027 (a 5-year compound annual growth rate 
of 48.1%).1  
 
• Within 10 years, the University’s quantum initiative has the potential to stimulate between 
$17.5M and $25.9M in annual public and private investments in quantum technology and 
networks (a 10-year compound annual growth rate of 46.7%) in Arizona.2   
 
• Over the 10-year forecast period, the potential job impact of the University’s quantum initiative 
will support a total of 1,220 to 1,271 job-years earning a combined $76.0M to $78.7M in labor 
income.3 
 
• The University’s quantum initiative has the potential to generate between $218.6M and 
$226.1M in economic activity over the next 10 years.4  
 
• It is estimated that the federal government, state of Arizona, counties and municipalities of 
Arizona will likely collect $19.3M to $20.3M in tax revenues. Of the total, federal income taxes 
will total between $10.3M and $10.7M, the state of Arizona will collect between $4.1M and 
$4.3M in tax revenues from multiple sources, and local governments (i.e., counties, cities, and 
town) in Arizona will collect between $4.9M and $5.2M in tax revenues.  
 
 
1 https://www.idc.com/getdoc.jsp?containerId=prUS51160823 
2 Based on an expected percentage of total worldwide investments in the industry that Arizona may be able to capture.  
3 Job impacts are based on the range of forecast scenarios that were developed for this analysis over the 10-year period.  
4 The total economic output projected over the 10-year period. 
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10-Year Economic Impact of the  
University of Arizona’s Quantum Initiative  
 
 
1,220 - 1,271 
Job-Years 
$218.6M - $226.1M 
Economic Output 
$76.0M - $78.7M 
Labor Income 
$19.3M - $20.3M 
Tax Revenues 
    
Total Direct, Indirect, and 
Induced Jobs 
The Total Value of the 
Economic Activity 
The Employee-Earned 
Wages 
The Sum of Federal, 
State, and Local Tax 
Revenues 
 
    
    Note: The range of impact estimates include the cumulative direct, indirect, and induced impacts over 10 years (FY24-FY33) 
    Source: Rounds Consulting Group, Inc. 
 
 
 
Additional Considerations 
 
While the economic impacts are impressive, they do not fully capture the extent to which the impacts can 
be substantially increased with additional investment in quantum network research and development. 
Increased research and development efforts can accelerate the development of quantum technologies 
and applications, potentially speeding the timeline for the economic benefits.  
 
Another reason to be optimistic about the state’s future in quantum networks relates to the state 
government’s aggressive economic development policies and local economic development organizations. 
Proactive policies related to business development will attract additional investments and companies to 
the state.  
 
Furthermore, collaboration with the universities, government bodies, and private companies will be 
instrumental in advancing the impacts of quantum networks. Such partnerships can expedite research, 
foster innovation, and expand the practical applications of quantum technologies.  
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Introduction 
 
Rounds Consulting Group, Inc. (“RCG”) was contracted by the University of Arizona (“University”) to 
estimate the potential effects of the University’s quantum initiative to develop quantum technology and 
create a quantum network hub in Southern Arizona.  
 
The Arizona Quantum Initiative 
 
University of Arizona is leading the National Science Foundation Engineering Research Center, the Center 
for Quantum Networks (“CQN”).5 According to University of Arizona News published on August 4, 2020, 
the institution was awarded $26M in a 5-year grant by the National Science Foundation (“NSF”) with an 
additional 5-year $24.6M extension.6  
 
Partnered with ten total universities (Harvard, MIT, and Yale included as the core partners), CQN seeks to 
demonstrate the first U.S.-based quantum network that can distribute secure quantum information at 
high speeds, over long distances, to multiple user groups. The revolutionary technology has been in the 
public eye, with the White House in February 2020 stating, “By leading the way in quantum networking, 
America is poised to revolutionize national and financial security, patient privacy, drug discovery, and the 
design and manufacturing of new materials, while increasing our scientific understanding of the 
universe.”5  
 
CQN has been compared to ARPANET's critical role as the precursor of the modern-day internet. Offering 
Master of Science programs in quantum information science and engineering, the University of Arizona is 
fostering a new generation of quantum innovators through the CQN and its partnerships. 
 
In addition to attracting the country’s leading technology innovators, the Center has assembled the 
economic interest of a 22-company innovation ecosystem, including the Quantum Economic 
Development Consortium.  
 
Through an additional partnership with research centers in the Republic of Ireland and Northern Ireland 
– dubbed the Convergent Quantum Research Alliance in Telecommunications (CoQREATE), CQN aims to 
form a foundation for the next generation of the internet.  
 
This partnership was made possible by a $3M investment by the NSF, the Science Foundation Ireland, and 
the Northern Ireland Department for the Economy.7 With the investment, the CoQREATE project can fund 
at least 10 research positions to help develop a technology that will provide revolutionary connectivity 
between quantum computers over short and long distances through quantum principles such as 
superposition and entanglement.  
 
Simply put, quantum computing utilizes “qubits,” instead of traditional ones and zeroes, to perform 
computations magnitudes faster and more complex than the “classical” computer. According to Saikat 
 
5 The Center for Quantum Networks is funded by NSF #1941583 
6 https://news.arizona.edu/story/university-arizona-awarded-26m-architect-quantum-interne  
7 https://news.arizona.edu/story/uarizona-leads-international-partnership-boost-development-internet-future 
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Guha, Director of CQN, the next generation in computing will utilize both quantum and classical systems 
to pave the way for a technology revolution: “CoQREATE is an effort to figure out how these two 
technologies can work together.” 
 
CQN has made significant advances. The Center demonstrated a quantum-state transfer over a 43-km 
fiber link, made early designs for satellite-based quantum networks, and developed a new master’s 
program in optical sciences with an emphasis on quantum.8  
 
The Arizona Quantum Initiative (AQuI) is an outgrowth of the CQN. The initiative is building a quantum 
community at the University and beyond. The Arizona Quantum Initiative is a prominent program at the 
University of Arizona that is dedicated to advancing the field of quantum information science and 
engineering (QISE) in Arizona. AQuI's primary goal is to establish Arizona as a world leader in QISE by 
providing high-quality education, conducting groundbreaking research, and forming strong partnerships 
with industry and academia.  
 
As part of its mission, AQuI aims to attract top talent and investment to Arizona in order to drive the 
development of quantum technology in the state. Through their cutting-edge research, AQuI is exploring 
the fundamental principles of quantum mechanics and developing new technologies that could 
revolutionize fields such as communications, computing, and sensing.  
 
In addition to their research efforts, AQuI is also committed to providing educational opportunities that 
will prepare the next generation of leaders in the field of QISE. They offer a range of courses and programs 
that cover topics such as quantum computing, quantum sensing, and quantum communication.  
 
Overall, AQuI is an essential program at the University of Arizona that is driving the development of 
quantum technology in Arizona and beyond. With their dedication to education, research, and 
partnerships, AQuI is well-positioned to make significant contributions to the field of QISE and to establish 
Arizona as a leading hub for quantum technology development. 
 
About Rounds Consulting Group, Inc. 
 
Rounds Consulting Group advises both public and private sector entities on matters of economics and 
policy development. The firm specializes in economic development and tax policy analysis; education 
research; healthcare economics; transportation economics; fiscal planning including revenue forecasting 
and budget development; strategic planning and marketing; environmental economics; impact and 
market studies; tourism analysis, and litigation support.  
 
The knowledge and skills of Rounds Consulting Group’s 
personnel have helped policymakers, businesses, 
advocacy groups, non-profits, government organizations, 
and other entities make informed decisions related to 
economic development, public policy, finance, real estate, 
community planning, market trends, and other related 
areas. For more info visit: https://roundsconsulting.com.  
 
8 https://nationalsecurity.arizona.edu/technologies/quantum-networking 
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Model Methodology  
 
Economic and fiscal impact models effectively demonstrate the regional implications of a particular 
project, policy, business, development, or other activity in a given area. The study area can range from a 
single neighborhood or city to an entire state or country. Typically, the level of effects resulting from the 
activity is estimated in terms of output, labor income, employment, and tax revenues.  
 
For this analysis, RCG developed an economic and fiscal impact model to analyze the effects resulting 
from the University of Arizona quantum initiative. The custom model employs an input-output 
methodology commonly used by economists to determine impacts. This method was used to estimate 
the “multiplier” or “ripple” effects caused by the activities.  
 
The basis for multiplier effects is the interdependencies between industries, how one industry impacts 
other sectors, and the cycle of spending and re-spending within the regional economy. These multipliers 
quantify relationships among industries and estimate the extent that the area being analyzed can capture 
sales, earnings, and job impacts within the region.   
 
Input-output models measure impacts based on their source. Direct effects are the result of the initial 
activity being analyzed. The multiplier effects, or secondary effects, are measured as either indirect or 
induced. These are defined as: 
 
Direct Impacts – Capture the initial and immediate change to the economy as a result of 
a new development or business activities.  
 
Indirect Impacts – Are generated by supply chain businesses as a result of the increased 
demand from the new development or business activities. 
 
Induced Impacts – Include the increased consumer spending in the local economy as a 
result of the wages earned from those employed at the direct activities and the supply 
chain.  
 
Total Economic Impact – The sum of direct, indirect, and induced impacts.  
 
Direct economic impacts are derived from the University’s quantum-related operations, including 
employing scientists, engineers, researchers, professors, office administrators, and other staff as well as 
the projected public and private investments in the industry for research and development.  
 
These direct impacts create additional indirect and induced impacts as money is spent and re-spent 
locally, creating additional jobs, income, economic activity, and tax revenues.  
 
Economic Impact Methodology 
 
An economic impact model provides a quantifiable method to estimate the economic effects of a 
particular activity in a given area. Impacts can be used to measure existing activity and potential 
expansions/contractions of an area’s economy resulting from changes in economic activity. Typically, the 
 9 
level of economic effects resulting from the activity is estimated in terms of output, labor income, and 
employment. 
 
Output captures the broader level of economic activity, or the total value of goods and 
services produced in the region. This is similar to how statistics like Gross Domestic 
Product (“GDP”) capture economic volume in individual states and across the country. 
 
Labor income, which is a component of output, represents employee-earned wages and 
benefits. The earnings component measures the total change in income throughout the 
economy due to economic or business activity.   
 
Employment is the total number of full-time (or equivalent) jobs created in the economy 
on an annualized basis. A Job-year is simply one person working a full-time job over a one-
year period. For example, a person working on a project for 5 years is equal to 5 job-years 
(i.e., 1 job x 5 years = 5 job-years). On the other hand, 10,000 job-years over a 5-year 
period is equal to 2,000 persons working full-time each year on average (i.e., 10,000 job-
years/5 years = 2,000 jobs). 
 
A common input-output model used to generate economic multipliers is IMPLAN (short for “impact 
analysis for planning”). Originally developed by the U.S. Forest Service in the 1970s, the responsibility for 
developing IMPLAN data sets shifted to the University of Minnesota as demand grew for regional models. 
Now, IMPLAN runs as a private organization and is the leading provider of nationwide economic impact 
data and analytical software.   
 
The RCG custom economic impact model employs this input-output model methodology and uses 
Arizona-specific IMPLAN multipliers. However, the model is further customized to capture dynamic 
economic impacts that typical input-output models do not capture. 
 
Fiscal Impact Methodology 
 
Fiscal impact models estimate government revenues generated by a particular project, policy, business, 
development, or activity in a given area. Typically, fiscal impacts examine revenues from a project or 
activity and are determined by the study area’s tax structure.  
 
In general, the types of government taxes analyzed include sales taxes, excise taxes, lease taxes, income 
taxes, and property taxes. A few types of activities subjected to these taxes include payroll, retail sales, 
utility use, and leases.  
 
Fiscal impacts are categorized similarly to economic impacts and are broken down at the direct, indirect, 
and induced levels from which they are created.  
 
In general, direct revenues can be estimated by definable sources such as the sales taxes generated 
through the purchase of taxable goods and services. Indirect and induced revenues are generated by the 
wages, residency, and spending of those indirect and induced jobs supported by direct activity.  
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The RCG fiscal impact model employs this methodology. The model was designed to produce revenue 
information under the federal and local governments’ tax structures. The tax revenue impacts include the 
revenues generated throughout Arizona in various counties and municipalities.  
 
Forecast Model Methodology 
 
A comprehensive econometric forecasting model was developed to project the potential economic 
impacts of the University’s quantum Initiative over the next 10 years (i.e., FY23-FY33). The model 
combines moving average and exponential smoothing forecasting techniques, utilizing both quantitative 
and qualitative information.  
 
Quantitative forecasting methods rely heavily on the available data and historical trends. Various federal 
and state government and private sector data was collected and analyzed as part of the quantitative 
research. Qualitative forecasting is based on expert judgements or speculations about the trends of the 
factors that affect the projections.  
 
Both moving average and exponential smoothing forecast techniques rely on the assumption that 
patterns seen in historical data will continue in the future but are adjusted based on expert knowledge. 
The patterns are generally characterized as 1) part of a trend, 2) seasonal, 3) cyclical, 4) an inflection point, 
or 5) a random component. 
 
Each of these patterns, combined with current quantum trajectories, unique economic conditions, or 
other interventions, can impact future employment growth; and different forecast techniques account 
for these variances with differing degrees of accuracy. Identifying which patterns impact employment 
statistics is critical in providing a thorough forecast. 
 
Three forecast scenarios (i.e., a low, baseline, and high) were developed to account for uncertainty, 
measure the sensitivity of the projections, and capture different possible combinations of the factors. This 
provides a range of potential outcomes and their associated probabilities. 
 
The three forecast scenarios are defined as: 
 
1) Low Forecast: The low forecast represents a scenario where economic conditions or factors are 
expected to be less favorable or more challenging. It assumes that certain negative events or 
limitations might occur, leading to less-than-optimal outcomes. 
 
2) Baseline Forecast: The baseline forecast represents the most likely or expected scenario. It 
assumes that conditions will unfold as anticipated without significant deviations or major 
disruptions. The baseline forecast serves as the reference point for other scenarios and is often 
considered the most probable outcome. 
 
3)  High Forecast: The high forecast represents a scenario where conditions or factors are expected 
to be more favorable or advantageous. It assumes that positive events or developments might 
occur, leading to better-than-expected outcomes. The high forecast is the most optimistic 
scenario and reflects the best-case situation among the possible outcomes. 
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The following is a brief description of the econometric modeling techniques used to analyze patterns 
and produce employment forecasts. 
 
Moving Average Technique 
 
A moving average technique is a very common and reliable method of forecasting. It is often used as a 
baseline on which to compare other forecasting techniques. The moving average technique smooths any 
outliers in the data to isolate a reliable trend by averaging observed data points in the period considered 
under consideration.  
 
For example, a 3-year moving average for a dataset would consist of the average of years one, two and 
three. The next point in the trend would be the average of the values in years two, three and four. This 
process continues until the trend is established.  
 
This historical trend is then assumed to continue, following a similar pattern. The forecast is then made 
based on the trend. Additionally, the accuracy of the forecast can be enhanced by assigning weights to 
the various data points observed.  
 
For example, if the trend suggests a smooth and continued growth pattern, then a greater weight can be 
assigned to the most recent observations. The moving average can be defined by the following equation.  
Where 𝑥!	is defined as the employment estimate being forecasted, 𝑤"  is the set of weights assigned, 𝑓 is 
the number of future periods, and 𝑝 is the number of past periods. 
 𝑀!,# =	∑ 𝑤$𝑥#%$&$'()∑ 𝑤$&$'()  
 
Exponential Smoothing Technique  
 
Exponential smoothing is a popular method of leveling a data series when there is not an easily identified 
trend but has a mean that changes over time. This technique is similar to the moving average technique 
in the sense that varying weights are given to different observations in the time series. In this case, 
however, the weight applied to past observations declines automatically. An exponential smoothing 
model can be defined by the following equation.  
 𝑆* =	 (1 − 𝛼)#𝑆+ + 𝛼. (1 − 𝛼),,'#(*,'+ + 𝑥#(, 
 
In this case, 𝛼 is the smoothing parameter that has a value between 0 and 1. This can be thought of as a 
weight or probability that removes the uncertainty or “noise” from the estimate 𝑥!. The value for 𝛼 is 
chosen by the forecaster after consideration of various factors such as national, regional, or local 
economic conditions, world events, etc. 
 
 
  
 12 
Analytical Qualifiers  
 
This analysis is subject to certain limitations arising from the limited availability of comparable data and 
expertise and knowledge of the individuals involved. These limitations should be taken into consideration 
when interpreting and generalizing the findings of this analysis. 
 
The data and assumptions used in this report are subject to marginal uncertainty and variation. Therefore, 
actual impacts may vary, and some impacts may not materialize due to unanticipated events and changing 
circumstances. However, RCG has made extensive efforts to confirm the accuracy of the information 
contained in this analysis. 
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Economic and Fiscal Projections 
 
Quantum network development and the realization of the potential economic benefits are not without 
their challenges. The development and implementation of quantum networks demand substantial 
investments in research, development, equipment, and infrastructure.  
 
Furthermore, quantum technology is still in its early development stage and will take time to have 
practical, large-scale applications. The development and scaling of quantum networks will require 
overcoming numerous technological hurdles and potential roadblocks. This makes forecasting the precise 
extent of the economic impact of quantum networks difficult.  
 
Three 10-year forecasting models were developed to estimate the potential economic benefits of the 
University’s quantum initiative. These forecast scenarios provide a range of impacts, offering perspective 
into the potential economic impacts. The forecasts are based on the examination of case studies, industry-
specific projections, and the current trajectory of quantum network development.  
 
The research and development required to advance quantum networks will likely be a gradual process. 
As the technologies mature and gain wider adoption, the economic impacts will be increasingly larger, so 
it is important to acknowledge that the potential impacts will be greater at the tail end of the 10-year 
forecasts. 
 
10-Year Cumulative Impacts 
 
The following summarizes the 10-year cumulative economic and fiscal impacts under the 3 forecast 
scenarios. Impacts include both the direct and secondary impacts, and include the impact on the federal 
government, the state of Arizona, and counties, cities, and towns within Arizona. 
 
It is estimated that the University’s quantum initiative will support between 1,220 and 1,271 job-years in 
Arizona over 10 years. In other words, the initiative will support an average of 122 to 127 jobs per year 
over the 10-year period.  This includes the direct jobs supported by quantum research and development, 
the indirect jobs supported by supply chain businesses, and the induced jobs supported by increases in 
local consumer spending. 
 
The identified jobs will earn approximately $76.0M to $78.7M in direct, indirect, and induced labor income 
over the 10-year period. Labor income is equivalent to employee-earned wages, generating both federal 
and state income taxes.  
 
The University’s quantum initiative will add between $218.6M and $226.1M in economic activity to 
Arizona’s economy over 10 years. On average, the initiative will generate between $22.0M and $22.6M 
in economic output each year. 
 
The federal government will collect between $10.3M and $10.7M in personal income taxes over the 10-
year period (excludes any potential corporate income taxes) from the activity generated in Arizona by the 
University’s quantum initiative. The State of Arizona will collect between $4.1M and $.3M in tax revenues 
from payroll taxes, sales taxes, use taxes, etc.  
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Counties in Arizona will collect between $1.5M to $1.6M in tax revenues over 10 years. These tax revenues 
include the taxes collected by property taxes and sales taxes, among others. Cities and towns within 
Arizona will collect between $3.4M to $3.6M in tax revenues from property taxes and sales taxes, among 
others, over the 10-year period.  
 
10-Year Cumulative Impacts of the University of Arizona’s Quantum Initiative 
Impact Type Low Scenario Baseline Scenario High Scenario 
Job-Years 1,220 1,254 1,271 
Labor Income $75,952,000 $77,773,200 $78,681,800 
Economic Output $218,604,400 $223,592,600 $226,081,300 
Tax Revenues $19,295,800 $19,941,000 $20,264,100 
Federal Taxes $10,329,400 $10,577,100 $10,700,700 
State Taxes $4,055,100 $4,240,700 $4,333,700 
County Taxes $1,498,700 $1,556,100 $1,584,800 
City Taxes $3,412,600 $3,567,100 $3,644,900 
Note: May not sum to total due to rounding. 
Source: Rounds Consulting Group, Inc.  
 
 
 

