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Summary

Using an updated, more complex, and most current input-output “I-O” approach to estimating the economic
impact of academic licensing, assuming no detrimental product substitution effects, and summing that impact
over 22 years of available data for academic U.S. AUTM Survey respondents,

total contribution of these academic licensors to industry gross output ranges from $723 billion to $1.7
trillion, in 2012 U.S. dollars;

contributions to gross domestic product (GDP) range from $374 billion to $865 billion, in 2012 U.S.
dollars; and

estimates of the total number of person years of employment supported by these academic licensors’
licensed-product sales range from 2.676 million to 5.883 million over the 22-year period.

The high end of the range, in particular the $1.7 trillion contribution to gross output, $865 billion contribution to
GDP, and providing support for 5.883 million jobs over the 22-year period, is based on an assumption of a 2%
earned royalty rate on licensees’ product sales.

The low end of the range, in particular the $723 billion contribution to gross output, $374 billion contribution to
GDP, and providing support for 2.676 million jobs over the 22-year period, is based on an assumption of a 5%
earned royalty rate on licensees’ product sales.

A history of using the I-O approach to estimate the economic impact of academic licensing is provided, along
with reasons for evolving to the current implementation.

An explanation of the 1-O approach is provided, and the assumptions used and the potential effects of the
assumptions on the estimates are discussed.

AUTM associated contributions to GDP, calculated using the 1-O approach, are compared with U.S. GDP as a
whole and with selected industry, as defined by North American Industry Classification System (NAICS) codes,
contributions to GDP.

Introduction to the 10th Anniversary Application of the 1-O Model to Nonprofit Licensing Activity
This 2019 report marks the 10th anniversary of using an input-output (I-O) model to estimate the economic
impact of licensing activity at nonprofit institutions, and the fifth 1-O report using AUTM data.! AUTM
(formerly the Association of University Technology Managers) membership includes individuals who work in
technology transfer at universities and other nonprofit academic research organizations, such as academic
medical centers.

The model takes microeconomic data, in this case, the annual AUTM survey (“AUTM Survey”?) respondent

license and earned royalty income, and, in combination with empirically documented patterns of transactions in
the U.S. economy, estimates AUTM Survey respondents’ and their licensees’ contribution to the U.S. economy
using standard economic metrics: gross domestic product (GDP), gross output (GO), and jobs. In order to apply

1 There was a 2018 report for the National Institute of Standards and Technology (NIST) using data from the federal laboratories.
2The FY2017 Survey is available here: http://www.autmsurvey.org/id 2017.pdf.
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these macroeconomic empirical generalizations, it is necessary to make assumptions about the types of products
made and sold by AUTM licensees and where and how the products are made. It is also necessary to make
assumptions about earned royalty rates in AUTM member license contracts, as reported earned royalties on
product sales divided by an assumed royalty rate is used to estimate the dollar value of licensees’ product sales.

Prior reports® using AUTM data simply put the licensed products in “manufacturing” and assumed that all
production of licensed products occurred in the United States. A further simplification was made that none of
the sales of the licensed products were to final demand, or what a licensing professional might describe as the
last sale in a value chain.

For this report, a decision was made to model the licensees as being in research intensive* industries, as defined
empirically by their research expenditure patterns, rather than to model them as being in “manufacturing.” To
better reflect a more globally integrated economy, and by again using empirically gathered data on industry
specific patterns (not actual information about where the licensees’ products are made), this report revises the
modeled location of manufacturing of the licensed products, and their position in a value chain. Finally, it was
decided to model the industries of the licensees of the hospitals and research institute AUTM Survey
respondents differently from the industries of the licensees of the university AUTM Survey respondents because
of the preponderance of health technologies invented at and licensed by the former.®

Motive for Developing the 1-O Model

The demonstrable benefits of research expenditures are of considerable interest to a variety of stakeholders.
Businesses must justify research expenditures to their shareholders as leading ultimately to higher productivity.
Governments and nonprofits have an analogous duty to taxpayers. They want to show how their stewardship of
taxpayer-funded research contributes to the well-being, including the economic well-being, of their citizens.
Recent legislation, Public Law No. 115-435 as of January 14, 2019, the Foundations for Evidence-Based
Policymaking Act of 2018,° draws attention to the need for empirical studies to inform policymaking.

Some impacts occur close in time and place to when and where the research was performed. Others occur far
removed in time and far away geographically from where the research was first done. This report is about
research done at U.S. academic institutions and at other nonprofits, subsequently licensed to the private sector,
and its ensuing visible economic contribution to U.S. GDP, gross output, and employment. Visibility under this
model ends when the requirement to report product sales under the license does.

The nonprofit licensing data were gathered by AUTM members initially for internal office management and
benchmarking, and then to help describe the impact of their technology transfer activities outside their home
institutions. AUTM has been surveying its members since 1995, using its practitioner-generated survey

3 Rev 2 in the NIST report, as in this update, considered some nondomestic production and modeled some of the licensed products going to final
demand. Though Rev 2 in the NIST report added selected IT industries to the basket of industries, it did not use “research intensive” industries as
has been done here. The Rev 2 NIST industries and the research intensive industries overlap but are not the same. See Table S-2, which shows how
the industries overlap and differ between the reports.

4 “Research intensive” means these industries spend a large percentage of their top-line revenue on research. See Li and Hall (2018).

5 From here on, university AUTM Survey respondents will be called “Universities,” and hospital and research institute AUTM Survey respondents
will be called interchangeably “Hospitals and Research Institutes,” “Hospitals,” or “HRIs.”

6 https://www.congress.gov/bill/115th-congress/house-bill/4174. See also Robert Hahn, 2019, “Building Upon Foundations for Evidence-Based
Policy,” Science 364 (6440): 534-535, https://science.sciencemag.org/content/364/6440/534.

7 The data collected were from 1991-95 in the first survey.




instrument known as the AUTM Survey. In 1998 AUTM started systematically soliciting product
commercialization narratives, now called the Better World Project.?

Using a combination of AUTM Survey data and product commercialization narratives, AUTM developed
various approaches to describing the impacts of its members’ activities. For example, to illustrate societal
impacts, AUTM has used the Better World Project and tracked start-ups formed and operational and new
AUTM member licensed technologies that became available to the public.® In the mid-1990s, AUTM developed
its own impact model that included measures of preproduction impact,'® ** used i) earned royalties and an
assumed royalty rate'? to estimate licensees’ sales, and ii) Census Bureau data on salaries at technology
companies to estimate jobs supported by licensing activities. These economic estimates were published in the
AUTM Survey in the mid- and late 1990s.

The model described in this report grew out of AUTM and the Biotechnology Innovation Organization’s (B1O)
desire to move beyond practitioner-generated approaches and to describe the economic impact of nonprofit
technology transfer activities using standard economic metrics: GDP, GO, and employment. Consequently, in
2009 BIO commissioned David Roessner, Professor of Public Policy at the Georgia Institute of Technology,
Sumiye Okubo and Mark Planting, retired economists from the Bureau of Economic Analysis (BEA), and
Jennifer Bond, former Director of the Science and Engineering Indicators Program at the National Science
Foundation (NSF), to develop an economic impact model using standard economic approaches. This report is
based on that model, first published in a 2009* report, then in the peer-reviewed journal Research Policy in
2013.14

History of the Implementation of the 1-O Model
Counting the initial 2009 report and the 2013 publication, this is the sixth calculation and evolution of the
original model. The changes are described in Table S-1 and summarized below.

The 2012 report® included AUTM member Hospitals and Research Institutes (HRIs) and included jobs
supported by the licensees’ sales. The 2009 report and Research Policy paper included only Universities and did
not include jobs supported by the licensees’ product sales.

The 2015 report!® was the first report shown in 2009 dollars, and used updated and increased BEA value added
ratios, which increased the GDP estimates. The 2015 updated value added ratios better reflected the

8 http://www.betterworldproject.org/

% See http://www.autmsurvey.org/id 2017.pdf re definitions of start-ups, start-ups operational and licensed technologies available.

10 Lori Pressman, Sonia K. Gutterman, Irene Abrams, David E. Geist, and Lita Nelsen, 1995, “Pre-Production Investment and Jobs Induced by MIT
Exclusive Patent Licenses: A Preliminary Model to Measure the Economic Impact of University Licensing,” Journal of the Association of University
Technology Managers, Volume VII: 49-82.

11 peter B. Kramer, Sandy Scheibe, Donyale Reavis, and Louis Berneman, 1997, “Induced Investments and Jobs Produced by Exclusive Patent
Licenses: A Confirmatory Study,” Journal of the Association of University Technology Managers, Volume IX: 79— 97.

12 Ashley J. Stevens, “Measuring Economic Impact,” AUTM Advanced Licensing Course, Arizona, December 1994,

13 David Roessner, Jennifer Bond, Sumiye Okubo, and Mark Planting, The Economic Impact of Licensed Commercialized Inventions Originating in
University Research, 1996—-2007, September 3, 2009, http://www.bio.org/sites/default/files/BIO final report 9 3 09 rev 2 0.pdf, accessed April
23, 20109.

14 David Roessner, Jennifer Bond, Sumiye Okubo, and Mark Planting, “The Economic Impact of Licensed Commercialized Inventions Originating in
University Research,” Research Policy, May 26, 2013, 10.1016/j.respol.2012.04.015,

https://econpapers.repec.org/article/eeerespol/v_3a42 3ay 3a2013 3ai 3al 3ap 3a23-34.htm, accessed April 23, 2019.

15 Lori Pressman, David Roessner, Jennifer Bond, Sumiye Okubo, and Mark Planting, “The Economic Contribution of University/Nonprofit Inventions
in the United States: 1996—2010,” June 20, 2012, https://www.bio.org/sites/default/files/BIOEconomiclmpact2012June20.pdf, accessed April 23,
2019.




contribution of research expenditures to the U.S. economy, including their contributions to growth and
productivity similar to other capital goods.'” This change in the treatment of R&D expenditures is the subject of
an upcoming paper by Carol Moylan and Sumiye Okubo, and was the fruit of many decades of international
consensus and collaboration. Beginning with the 1-O accounts released in 2014, BEA recognized R&D
expenditures as investment. With the new treatment, R&D expenditures by businesses were reclassified from
spending on intermediate inputs to investment. Spending on R&D by nonprofits and by general government was
reclassified from consumption to investment.

A key step leading to comfort capitalizing research in the national accounts was devising a way to depreciate
intangible research capital, as eventually, more quickly in certain industries than in others, it will become
obsolete. Metaphorically, when does research “wear out”? One of the methods developed?® assumes that (i)
firms pursuing profit maximization will invest in research optimally such that the marginal benefit equals the
marginal cost, (ii) there are diminishing marginal returns to research expenditures, and (iii) the expected return
on an intangible asset is the same as the expected return on a tangible one — and the latter number can be
empirically observed for non-financial businesses.

The 2017 report®® used the same general approach as the 2015 report. While working on the 2017 report, the
team began developing and testing a more realistic model that was published for the first time in a 2018 report?
for the National Institute of Standards and Technology (NIST). In this more realistic and complex model, not all
products are assumed to be produced domestically, and at least some of the licensees’ sales are considered final
sales, permitting use of output multipliers. The team also tested revising the industries used to model the
products sold by the licensees, and explicitly incorporated software and IT products and services into the mix.

This 2019 estimate builds on all the prior work, applying the more complex and realistic method published for
the first time in the 2018 NIST report to AUTM data. In addition, this 2019 report changes the industries used to
model the products sold by the licensees to the research intensive industries identified and studied by the BEA?
in preparation for treating research as a capital expenditure in the national accounts. These industry changes
overlap with, but are not identical to, the industry changes used in what was called “Rev 2” in the NIST report,
and are described in Table S-2.

Reasons for Changing the Industries to Research Intensive Industries and Using a More Complex Model

16 | ori Pressman, David Roessner, Jennifer Bond, Sumiye Okubo, and Mark Planting, The Economic Contribution of University/Nonprofit Inventions
in the United States: 1996—2013, Prepared for the Biotechnology Industry Organization, March 2015,
https://www.bio.org/sites/default/files/files/BIO 2015 Update of I-O Eco Imp.pdf, accessed April 23, 2019.

17 See Barbara M. Fraumeni and Sumiye Okubo, R&D in the National Income and Product Accounts: A First Look at Its Effect on GDP, August 2005;
and Marissa J. Crawford, Jennifer Lee, John E. Jankowski, and Francisco A. Moris, Measuring R&D in the National Economic Accounting System,
November 2014.

18 Wendy C. Y. Li and Bronwyn Hall, 2018, “Depreciation of Business R&D Capital,” Review of Income and Wealth, DOI: 10.1111/roiw.12380,
https://onlinelibrary.wiley.com/doi/10.1111/roiw.12380.

19 Lori Pressman, Mark Planting, Robert Yuskavage, Sumiye Okubo, Carol Moylan, and Jennifer Bond, The Economic Contribution of
University/Nonprofit Inventions in the United States: 1996—2015, prepared for the Biotechnology Innovation Organization and the Association of
University Technology Managers, June 2017, https://www.bio.org/sites/default/files/June%202017%20Update%200f%20I-
0%20%20Economic%20Ilmpact%20Model.pdf.

20 | ori Pressman, Mark Planting, Robert Yuskavage, Jennifer Bond, and Carol Moylan, A Preliminary Application of an I-O Economic Impact Model to
US Federal laboratory Inventions: 2008-2015, prepared for NIST, July 2018,
https://www.nist.gov/sites/default/files/documents/2018/09/20/prelimappioeconimpactmodelfedlabinventions2008-2015.pdf.

2% Carol A. Robbins and Carol E. Moylan, 2007, “Research and Development Satellite Account Update: Estimates for 1959-2004, New Estimates for
Industry, Regional, and International Accounts,” Survey of Current Business 87 (October): 49-92.
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AUTM member institutions typically license early-stage technology requiring a lot more development by their
licensees. There is considerable evidence that nonprofit technology is developed by its licensees for years after
it is licensed but before products are sold. This additional development often requires sizable private sector
investment.

Elapsed time from license to product introduction: Roger Ditzel, from the University of California, plotted the
amount of earned royalty income received in the year ending June 30, 1989, against the year in which an
invention accounting for that income was received. Figure 5 of that article shows that 95% of this type of
income is generated by inventions reported eight years before or earlier.?? A team from MIT? presented
unpublished data on the timing of licensees’ product sales relative to license execution at an American
Association for the Advancement of Science meeting, visible here?* on slide 3. For 150 products associated with
850 MIT patent licenses executed between 1980 and 1998, most sales occur five years after the license was
executed.

See also Figure 6A of “DNA Patent Licensing Under Two Policy Frameworks,”?® which shows
commercialization timelines of products covered by patents having DNA sequences in their claims, “DNA
Patents.” This group of patents was selected for study because of the interest in commercialization timelines for
diagnostics, often thought to be easier and thus faster to commercialize than therapeutics. Looking only at the
20 products associated with university exclusive or partly exclusive licenses, the average time the products were
in development by the private sector after licensing but before they were sold is about four years and highly
variable. The standard deviation of the distribution which peaks at four years is about three years. Some of these
products first became available for sale more than a decade after the license was executed. As the licenses were
either exclusive or partly exclusive, they likely had contractual requirements to actively work on
commercializing invention, implying that the licensee would have introduced the product more quickly if it had
been able to do so.

Commercialization timelines and costs in the biological sciences: Many nonprofit licenses are to life science
companies. AUTM data from 1996 and 1997,2® copied into Tables S-3 and S-4 as a convenience, suggest that
for Universities, about 80% of the income is from licenses in the life sciences. For Hospitals and Research
Institutes, 90% or more of the income is from licenses in the life sciences. In addition, public anecdotal
information about high economic impact inventions places many, though not all, of them in the biological
sciences.

Because of the preponderance of health-related inventions, timelines in biotech are also relevant to a
consideration of how long it takes, after invention, to produce a commercial product. Studies on these

22 See figure 5 of Roger G. Ditzel, 1991, “Public Law 96-517 and Risk Capital: The Laboratory-Market Connection,” Journal of the Association of
University Technology Managers, Volume 3 (September): 1-21.

23 Lori Pressman and Don Kaiser, “Measuring Product Development Outcomes of Patent Licensing at M.I.T.,” AAAS Annual Meeting, Washington,
D.C., February 17-20, 2000, Session 4201.

24 Slide 3, http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.198.3934&rep=rep1&type=pdf . Originally presented at an AAAS meeting:
“Measuring Product Development Outcomes of Patent Licensing at M.L.T.,” AAAS Annual Meeting, February 7, 2000, Washington, D.C.

25 Lori Pressman, 2012, “DNA Patent Licensing Under Two Policy Frameworks: Implications for Patient Access to Clinical Diagnostic Genomic Tests
and Licensing Practice in the Not-For-Profit Sector,” Life Sciences Law & Industry Report (March),
https://www.uspto.gov/sites/default/files/aia_implementation/gene-comment-pressman.pdf.

26 FY1996 AUTM Survey, pp 9-10, and FY 1997 AUTM Survey, p. 10.




timelines?” show that many inventions are developed for years if not decades before a first sale, and require
hundreds of millions, if not more, to shepherd from lab to bedside for commercial distribution.

Complementary cultures: Per the Science and Engineering (S&E) Indicators, and standard practice among those
who study research, research has been divided into three types: Basic Research, Applied Research, and
Experimental Development. Most research done at AUTM Survey respondents is categorized as Basic
Research.?® See Figure 1. The Universities are in the “Higher Ed” category,?® and the Hospital and Research
Institutes fall under “Other Nonprofit.”%

Figure 1: Basic R&D Expenditures By % by PerformeHigher Ed,
Other Nonprofit, Federal, and Business.
Source Appendix Tables 4-02 and 04-03 2018 S&E Indicators
90% —e— %Basic Higher Ed/All Higher Ed
80% AT RARRARAR —O6— % Basic Other Nonprofit/All Other
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Figure 2 shows that about 70% of all U.S. R&D (composed of Basic Research, Applied Research and
Experimental Development) is performed by businesses, and Figure 3 shows that 70% to 80% of Basic
Research in the U.S. is performed by nonprofits.

27 Joseph A. DiMasi, Henry G. Grabowski, and Ronald W. Hansen, 2016, “Innovation in the Pharmaceutical Industry: New Estimates of R&D costs,”
Journal of Health Economics 47 (February 12): 20-33; Steven M. Paul, Daniel S. Mytelka, Christopher T. Dunwiddie, Charles C. Persinger, Bernard H.
Munos, Stacy R. Lindborg, and Aaron L. Schacht, 2010, “How to Improve R&D Productivity: The Pharmaceutical Industry’s Grand Challenge,” Nature
Reviews Drug Discovery 9 (March): 203-214.

28 The S&E indicators provide definitions for “Basic Research,” “Applied Research,” and “Experimental Development,” copied in the Glossary as a
convenience. https://www.nsf.gov/statistics/2018/nsb20181/report/sections/overview/glossary.

29 |n this report, the terms “higher ed” and “academic” are used interchangeably as is done in the Science and Engineering Indicators 2008 (NSB-
2018-1).

30 The National Science Foundation has conducted a new survey of the nonprofit research activities that include hospital research institutes and
other nonprofit foundations for FY2016. It will be forthcoming in fall 2019. The survey includes organizations that receive federal R&D funds
including those familiar with the names of AUTM HRI Survey respondents, such as Massachusetts General, Mayo Clinic, Fred Hutchinson, Memorial
Sloan Kettering, Brigham and Women'’s Hospital, Boston Children’s Hospital, City of Hope Cleveland Clinic, and St. Jude Children’s Research
Hospital. It will only have total categories and will not single out R&D expenditures by individual institution.




