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MANAGEMENT
SUMMARY

This study analyses global pharmaceutical research and development (R&D) ac-
tivities in detail and thus contributes to an ongoing discussion concerning the
commitment of business performed pharmaceutical R&D. Hence, R&D activities
which are performed by the companies themselves are in the main focus. For
the rst time, this study points out the economic value that industrial pharma-
ceutical R&D creates in the global economy.

In the rst part, R&D activities are analysed from a cost perspective in detail.
After determining the overall global gross domestic expenditures on R&D and
showing the share of pharmaceutical R&D expenditures, the analysis will fur-
ther focus on the structure of pharmaceutical R&D activities. In a two-step
differentiation, pharmaceutical R&D expenditures are assigned to performing
sectors and afterwards further divided by types of R&D. Thus, it is possible to
compare different sectors’ efforts in performing certain types of R&D. Hence,
the question of who performs which type of R&D and to what extent it will be
answered.

The second part of the study considers the new approach in international ac-
counting of regarding R&D activities not solely as a cost-factor any longer, but
acknowledges the contribution of R&D to the economy. Thus, the calculation of
the R&D Footprint of the global pharmaceutical industry for the rst time aims
at evaluating these activities and determines their direct, indirect and induced
economic effects. This new and innovative approach is a key tool to suf ciently
display the macroeconomic value that industrial pharmaceutical R&D has for
the global economy and labour market. This kind of analysis is thus best suited
to show the big picture in pharmaceutical R&D. Hence, the results can help
foster the paradigm shift regarding R&D activities from a cost-factor to a value-
contributor driving growth, employment and innovation. In the following g¢-
ure the key results of the research project are summarized.
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FIGURE 1: KEY MESSAGES FROM THE ANALYSIS OF GLOBAL PHARMACEUTICAL R&D

ACTIVITIES.

Pharmaceutical R&D
activities are a very
important contributor to
overall global gross domestic
expenditures on R&D (GERD).

Pharmaceutical companies
perform the majority of
global pharmaceutical GERD.

The pharmaceutical industry
is a reliable partner regarding
basic research activities.

Complementarity of R&D
efforts, and basic research
activities in particular,
leads to success of global
pharmaceutical R&D.

Industrial pharmaceutical
R&D generates a sizeable
gross value added and thus
contributes to global GDP and
economic growth.
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With about $171.6 bn,
pharmaceutical gross domestic
expenditures on R&D (GERD)
make up 9.36% of overall global
GERD.

About 71.1% of total
pharmaceutical GERD was
performed by businesses.

The pharmaceutical industry
performed basic research of
about $7.3 bn in 2014, i.e. almost
as high as Germany’s total
pharmaceutical GERD in 2014.

26.2% of global pharmaceutical
basic research was performed
by businesses, showing its
complementarity between the
different sector’s activities.

Global industrial
pharmaceutical R&D in total
generated gross value added
(GVA) of about $271 bn in 2014,
i.e. about the size of the GDP of
Finland in 2014.

Industrial pharmaceutical R&D
activities support in total about
5.2 million employees in the
world, which is mostly due

to large employment spillover
effects.

The GVA rate of 69.2% indicates
an extraordinary high level of
internal ef ciency in global
industrial pharmaceutical R&D
and thus a substantial level of
vertical integration.

Source: Data from OECD; Data from World Bank; Data from IMF; Data from Eurostat; WifOR calcu-

lation; WifOR illustration.

The results show a condensed picture of the current state of global pharmaceuti-
cal R&D activities with a distinct focus on business performed pharmaceutical
R&D, its impact on the global economy and labour market, and on performed

basic research in particular.
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The most important messages are described in the following paragraphs.
SIZE OF GLOBAL GERD AND GLOBAL PHARMACEUTICAL GERD

Global gross domestic expenditures on R&D (GERD) amount to almost $2 tril-
lion. With $171.6 bn in 2014, pharmaceutical R&D performances make up 9.36%
of it. This is an indication of the high importance that pharmaceutical R&D has
in the global context. As expected, the largest contributors were known R&D
hubs such as the US, Japan, China and Germany.

DIFFERENTIATION BY PERFORMING SECTOR

Global pharmaceutical GERD can be divided by four performing sectors: the busi-
ness sector (i.e. the pharmaceutical industry), the government sector, the higher
educational sector and private non-pro t organizations. The differentiation by
performing sector shows that the overwhelming majority of pharmaceutical
GERD is performed by businesses (71.1%o), followed by the higher educational
sector (15.0%), the governmental sector (11.3%) and private non-pro ts (2.7%).

DISTRIBUTION OF R&D TYPES

The global pharmaceutical industry in total devotes $7.3 bn (5.8% of its total
R&D performance) to basic research activities and is thus a reliable partner in
the overall performance of pharmaceutical basic research. With only $4.7 bn,
governments perform signi cantly less pharmaceutical basic research. The higher
educational sector performs the largest part with $15.8 bn. To put the pharma-
ceutical industry’s commitment into perspective, it can be stated that its
performance of basic research (i.e. the ‘critical path’ of the analysis at hand) is
more than 1.5 times the size of governmental performance. With $7.3 bn it is
almost as high as total pharmaceutical GERD in Germany, i.e. the fourth highest
ranked country in this regard, amounting to $7.8 bn in 2014. In comparison to
the higher educational sector, that is foremost focused on conducting basic re-
search, the basic research performance of the pharmaceutical industry reached
almost half its size.

Focusing on total global pharmaceutical basic research performances alone,
and neglecting the private non-pro t sector due to its marginal size and only
few data on its types of R&D performance available, it is worth noting that phar-
maceutical businesses perform 26.2% of total global pharmaceutical basic re-
search, which is not targeted at developing a speci ¢ product or process. Fur-
ther, industrial pharmaceutical basic research activities, as described by the
‘critical path’, experienced an increase of about 51.7% (on average 11.0% annu-
ally) between 2010 and 2014.! Hence, the results indicate that the pharmaceuti-
cal industry does not heavily rely on public basic research activities, without

1 Referring to a sample of 26 OECD+ countries, representing 67.5% of global GDP in 2014.
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conducting basic research themselves. This nding is also in line with recent
empirical research showing complementarity between internal and external ba-
sic research activities of pharmaceutical companies.

GROSS VALUE ADDED EFFECTS

With this new and innovative approach of calculating the R&D Footprint of global
industrial pharmaceutical R&D activities it is possible for the rst time to quan-
tify direct, indirect and induced effects thereof. The direct gross value added
(GVA) effects of $152.0 bn triggered indirect effects of $65.2 bn and induced
effects of $53.8 bn in the global economy. The resulting total GVA multiplier
of 1.8 constitutes that the total GVA effects, and thus the contribution to global
GDP, amounted to $271.0 bn, i.e. about the size of the GDP of Finland in 2014.

EMPLOYMENT EFFECTS

About 388,000 employees are directly working in industrial pharmaceutical
R&D. In total about 5.2 million employees were supported by industrial phar-
maceutical R&D globally. Consequently, an additional 2.1 million indirect jobs
and furthermore 2.7 million induced employees are related to the business ac-
tivities of the industrial pharmaceutical R&D. The total employment effects, in-
cluding spillover effects, of industrial pharmaceutical R&D thus have a large
impact on the global economy.

GVA RATE IN GLOBAL INDUSTRIAL PHARMACEUTICAL R&D

The high GVA rate (GVA per output) of 69.2% indicates an extraordinary high
level of internal ef ciency in industrial pharmaceutical R&D in comparison
with selected benchmark industries, besides the direct benchmark industry
‘Scienti c research and development’ the wholesale trade industry and the phar-
maceutical industry. It thus shows the substantial level of vertical integration.
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PRELIMINARY
REMARKS

The background of this study is the calculation of the global pharmaceutical
Economic Footprint that was calculated by WifOR and commissioned by the
IFPMA for the last three years. The initial project “Measuring the Economic
Footprint of the Pharmaceutical Industry — Feasibility Study” that was carried
out in 2013, analyzed for the rst time the global economic importance of the
pharmaceutical industry.? Its results pointed out that the pharmaceutical indus-
try is an important driver for growth, employment and innovation.

With about $453 bn, the global pharmaceutical industry generated a larger di-
rect gross value added than the size of Austria’s GDP in 2014.2 From 2005 to 2014,
this absolute value grew on average by 5.2% annually, showing a substantial
and steady trend. In terms of employees, the industry in 2014 directly employed
about 5.1 million persons which is comparable to the population of Norway in
the same year.* Figure 2 shows an extended summary of the analysis’ results.

FIGURE 2: SUMMARY OF IMPORTANT RESULTS OF THE GLOBAL PHARMACEUTICAL
ECONOMIC FOOTPRINT IN 2014.

4 5 3bn of gross value added were generated

by the global pharmaceutical
The pharmaceutical

industry in 2014, which was more
3 than the GDP of Austria in 2014.
industry covered
3.8% K&
. /0 @ 5 ) 2 0/0
of the global share of ~ was the compound annual

gross value ?dd?d of the growth rate (CAGR) of gross
manufacturing |_ndustry value added in the global
in 2014. pharmaceutical industry

from 2005 to 2014.

$89,371

‘ % The Economic Footprint of
was the gross value added per Q P " 5 1m em 10 ees
employee (labour productivity) in the Global Pha'rmaceuucal \| bl the al bPh y tical
the global pharmaceutical Industry in 2014 :Edu:t?yoinazgljrwa?sa il;:a
industry in 2014. )
incustry in m equivalent to the population

of Norway in 2014.

4.1%

was the compound annual growth rate (CAGR)
of employment in the global pharmaceutical
industry from 2005 to 2014.

Source: Data from UNStats; Data from OECD; Data from Eurostat; Data from World Bank; WifOR
calculation; WifOR illustration.

2 Cf. (Ostwald & Knippel, 2013).
3 Cf. (OECD, 2017).
4  Cf. (Statistics Norway, 2014).
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In addition, it can be stated that on regional level the largest absolute growth
of pharmaceutical GVA was realised in Asia, i.e. the region with the highest
level of GVA and employees. With almost 3.5 million employees, more than two-
thirds of the total global pharmaceutical workforce was employed in Asia. In
terms of generated GVA Asia ($168.2 bn) was followed by Europe ($138.9 bn) and
North America ($111.8 bn). Concerning the labour productivity, North America
was the leading region with $400,000 GVA per employee and more than twice
as productive as Europe (in second position). These results show that most high-
skilled pharmaceutical jobs are located in North America and Europe, whereas
in Asia the large amount of generated GVA was achieved by many primarily
low-skilled employees.

Another relevant background information is the importance of R&D activities
and of pharmaceutical R&D in particular. In general, R&D activities are interna-
tionally recognized as a trigger for growth and competitiveness in an economy.
Furthermore, R&D indicators serve as base to evaluate the national technologi-
cal evolution and economic achievements.® The awareness of this key element
was signi cantly raised after the economic crisis of 2009. The OECD describes
its member countries as knowledge-based service economies, where investment
in intangible assets should be weighted with the same importance as capital ex-
penses, e.g. machinery, equipment and buildings. This fact underlines the aim of
policymakers to support a structural change towards a resolute and sustainable
economy. The goal is to nd a strategic path to initiate and preserve long-term
growth by choosing the most bene cial drivers of long-term economic growth.®

The European Commission for example, declared a ten-year jobs and growth
strategy called ‘Europe 2020’ including ve general policy targets. One of these
targets is that 3% of the EU’s GDP should be invested in R&D to remain competi-
tive as European economy.” Among experts, the rate of return for public funded
R&D is evaluated as high. In compliance with various publications, the overall
value enhanced by public funded research lies between three and eight times
above the actual invested amount.® Evidence shows that countries that invest
in R&D recover faster from economic crisis. Furthermore, subsidies for R&D
spending are categorized as a more effective measure to counteract a crisis than
to support other private consumption programs.® In order to track the progress
of the set R&D target, the EU commission has developed a European Innovation
Scoreboard providing indicators for measuring the R&D- and innovation-inten-
sity within the European Union.*®

Cf. (Ernst R. Berndt, 2014) p. 1.

(OECD, Policy Responses to the Economic Crisis: Investing in Innovation for Long-Term Growth,
June 2009).

Cf. (European Commission, 2010).

(Georghiou, 2015) p. 6.

(H.-U. Brautzsch, 2015) p. 623.

10 (OECD, OECD Science, Technology and Industry Scoreboard 2015, 19 October 2015).

© oo ~
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Another system for evaluating the overall economic performance of a country or
region is the concept of National Accounts and the GVA as a key indicator. The
United Nations in cooperation with other governmental institutions developed
a revised global guideline for establishing national accounts. This guideline
was supposed to meet the requirements of macroeconomic statistics within the
changed economic context and is called System of National Accounts (SNA)
2008.1* One of the key changes of the revision is the capitalization of R&D. The
term capitalization thereby refers to the treatment of R&D as gross xed capital
formation.'? The European System of Accounts adapted this revision under the
name ESA 2010.

ESA 2010 — which means the revision — had a signi cant impact on the level
of GDP. Consequently, the nominal GDP of the EU-28 increased by 2.3% due to
methodological changes and by 1.4% due to statistical improvements. Going
deeper into the methodological changes of ESA 2010, the new treatment of R&D
already covered 1.86% of the impact on GDP and had thus the highest over-
all impact. Figure 3 shows the various levels of impacts of the methodological
changes and statistical improvements on GDP, differentiated by EU countries.

FIGURE 3: IMPACT OF METHODOLOGICAL CHANGES AND STATISTICAL
IMPROVEMENTS ON THE LEVEL OF GDP 2010.

CY NL SE UK FI IE CZ PT EU EA IT DE ES FR AT BE DKEE MT SI BG SK ROEL HU PL HR LI LU LV

@® R&D @ Other methodological changes @ Total statistical Changes

Source: (Eurostat, eurostat Statistics Explained, Impact of methodological changes and statistical
improvements on the level of GDP 2010, 2017).

Europe 2020 strategy’s R&D target of 3%, particularly states the important role
of private investments.

11 (UN, 2009).
12 (Eurostat, European System of Accounts, ESA 2010, 2013).
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“[...] The Europe 2020 strategy sets the target of ‘improving the conditions for in-
novation, research and development, in particular with the aim of ‘increasing
combined public and private investment in R&D to 3 % of GDP’ by 2020.”®

Therefore, business enterprise R&D performance has a signi cant impact on
economic growth and is considered a substantial contributor to meet the de-
sired policy targets.** Figure 4 displays the R&D expenditures differentiated by
performing sectors in the EU-28 from 2005 to 2015. Throughout the entire peri-
od observed, the R&D intensity of the business enterprise sector increased from
1.1% of GDP in 2005 to 1.3% in 2014 and 2015. This means an overall elevation
of 18.2%. A closer look at the source of funds for R&D expenditures in the EU-28
underpins the argument of the high importance of industrial research. About
55.3% of R&D expenditures in 2014 were funded by business enterprises, 32.3%
by the government, and 10.0% came from abroad.'®

FIGURE 4: GROSS DOMESTIC EXPENDITURE ON R&D BY SECTOR, EU-28, 2005-2015
(% OF GDP).
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 20162

@ Private non-profit Sector* @ Business enterprose sector
(1) 2006-2005: estimates i .
(2) Provisional @ Higher education sector @® Government sector

Source: (Eurostat, eurostat Statistics Explained, Gross domestic expenditure on R & D by sector,
EU-28, 2005-2015 (% of GDP), 2017).

13 (Eurostat, eurostat Statistics Explained, Europe 2020 indicators - research and development, 2017).
14 (OECD, OECD iLibrary, 2017).
15 (Eurostat, eurostat Statistics Explained, R&D expenditures by source of funds, 2017).
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This research report examines the economic impact of global R&D activities of
the pharmaceutical industry. Thereby, the aim is to measure the size and im-
pact of global R&D activities in general, and to focus on pharmaceutical R&D in
particular. Since there is an ongoing debate about R&D activities dealing with
the question of different players’ commitment to R&D, and to certain types of
R&D, the analysis was designed to shed light on these questions. With regard
to the pharmaceutical industry, its commitment to performing R&D in general,
and to performing risky basic research in particular, is often doubted or even
guestioned. Hence, the analysis investigated global R&D activities and tried to
answer the question of who performs which kind of pharmaceutical R&D.

This kind of differentiation will later be applied to global pharmaceutical R&D
expenditures and then analysed in more detail on a global level. Therein, the
focus will be laid on pharmaceutical R&D and on its performing sectors.

Even though the authorities have acknowledged the important role of industrial
R&D, political efforts to measure the economic return of business enterprise
R&D activities are still limited. The European Innovation Scoreboard for in-
stance, currently provides only one indicator to account for business enterprise
R&D activities. This indicator displays the ratio between R&D expenditures in
the business sector as percentage of GDP. Policymakers receive only country
data for business sectors from a cost perspective. It might therefore be valuable
to look at the debate from a different angle by using the revised statistical im-
plemented revaluation method. Further reliable indicators could sharpen the
policy decision-making processes regarding industrial spending on research.
Therefore, this study focuses on global R&D activities and its performers and
presents a quantitative approach to measure the macroeconomic effects of in-
dustrial R&D of the pharmaceutical industry.

The study is structured as follows: Following the above outlined motivation
and aim of the study, the second chapter explains its overall design and meth-
odological approach. The third chapter deals with insights about the key role
of R&D activities in preserving growth and competitiveness in the economy. It
shows the key results of the in-depth analysis of global pharmaceutical R&D
expenditures and the pharmaceutical industry’s R&D Footprint. Pharmaceuti-
cal R&D expenditures are therein investigated in more detail to see how they
can be differentiated by performing sector and by type of R&D. Chapter four
gives insights regarding the underlying methodology. Chapter ve mentions im-
portant limitations as well as discusses the validity of calculations. The sixth
chapter contains a discussion about possible industrial policy implications and
as a last step, the study contains a summary and overall conclusion based on
the knowledge acquired.
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As outlined in Figure 5, starting from an overall global perspective on R&D, the
focus will gradually sharpen on pharmaceutical R&D and on its sectors of per-
formance and speci c¢s on R&D types within those performances. Furthermore,
the focus of the study is to calculate the R&D Footprint of industrial pharma-
ceutical R&D.

FIGURE 5: DESIGN OF ANALYSIS OF GLOBAL PHARMACEUTICAL R&D.

ANALYSIS OF R&D ACTIVITIES R&D FOOTPRINT

GLOBAL PHARMA R&D MACROECONOMIC

GLOBAL R&D
EXPENDITURES

Global R&D
expenditure
gures in 2014

Gross domestic
expenditure on R&D
(GERD) by country

Total global amount
of GERD in 2014

4l

Global perspective
on R&D

GLOBAL PHARMACEUTICAL

R&D EXPENDITURES

Global

pharmaceutical

R&D expenditure
gures in 2014

Pharmaceutical
GERD by country

Total global amount
of pharmaceutical
GERD in 2014

a4l

Global perspective
on pharmaceutical
R&D activities

EXPENDITURE BY SECTOR
AND RESEARCH TYPE

Differentiation by
performing sector:
Business enterprise
sector and other
sectors*

Differentiation by
R&D type: basic,
applied research
and experimental
development.

S

Global perspective
on performed R&D
and types

SPILL-OVER
EFFECTS OF R&D
EXPENDITURES

Calculation of the
direct gross value
added contribution
of pharmaceutical
R&D activities

Differentiation by
R&D type: basic,
applied research
and experimental
development.

>~
5

Global perspective
on performed
R&D and types

Source: WifOR illustration. * Government sector, higher educational sector and private non-profit
organizations.

At rst, a quantitative analysis of global R&D activities will be conducted in
three consecutive modules that all deal with the macroeconomic context of
R&D activities. To gain more insights about global R&D, the rst module creates
a general understanding of it by focusing on global R&D expenditures, includ-
ing an investigation of the contributions of major R&D-hubs.

The second module focuses on pharmaceutical R&D expenditures. Therefore,
data of OECD+ countries'® are extrapolated to a global level. In the third module,
pharmaceutical R&D expenditures are differentiated by performing sectors and
by the type of R&D (e.g. basic research). This detailed analysis enables compari-
sons between performed R&D of sectors and countries, especially by taking into
account the type of R&D that was conducted. Thus, interpretations of the results
regarding speci c criticism on commitment and societal importance of differ-
ent sectors’ R&D activities can be formulated.

R&D activities and R&D expenditures are mostly seen as a cost factor. However, this
study points out the macroeconomic effects of R&D investments on the global econ-
omy. Therefore, the global analysis of R&D activities was conducted, and the R&D
Footprint of the global pharmaceutical industry was calculated for the rst time.

16 “OECD+” describes a sample of countries consisting of the OECD countries and other non-
OECD countries like e.g. China that was used in the analysis of R&D activities.
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An essential component of the R&D Footprint analysis was to derive a quantita-
tive approach to measure the macroeconomic effects of R&D in accordance with
the concept of the System of National Accounts 2008 (SNA 2008). SNA 2008 is
the most recent version of an internationally recognized statistical framework
formulating assumptions and regulations for deriving national macroeconomic
accounts.!” By complying these guidelines, statistical authorities maintain a
comprehensive and internationally comparable computation standard for their
national accounting system. The resulting macroeconomic key gures serve as
a decision-making foundation for policymakers. One novel key component of
SNA 2008 was the recognition of R&D as capital. R&D activities display their
worth in the underlying intellectual property they embody. For this purpose,
they should be assigned to the collective volume of intellectual property prod-
ucts (IPPs) in the national economy.®

The global implementation of revised statistical methodologies in national sta-
tistics is a protracted process. The European Commission for example incor-
porated SNA 2008 recommendations in a revision called ESA 2010 (European
System of Accounts 2010). The current publication of data in line with ESA 2010
was realized for the rst time in 2014 for the European Union area.’® Further-
more, they published an extensive manual of how to measure R&D as macroeco-
nomic activity, which serves as a blueprint for deriving R&D estimates for global
pharmaceutical R&D in this study.?

The calculation design of the global pharmaceutical R&D Footprint contains the
following steps: First, the of cial sum of costs approach is used to quantify the R&D
output (capitalization) value generated by the pharmaceutical industry. The income
approach serves as methodological base to derive the resulting direct gross
value added amount attributable to the R&D activities. The second step contains
the construction of a pharmaceutical R&D satellite account. In the third step, a
specialized form of the open input-output analysis, which comprises the calcu-
lation of gross value added and employment effects that pharmaceutical R&D
triggers within the global economy, is applied. This approach allows for the
guanti cation of indirect and induced, demand-driven macroeconomic effects,
next to direct effects.

The following methodological approach states the basis for analysing global
R&D activities, and to investigate the structure of pharmaceutical R&D in par-
ticular (see also Chapter 4). The three modules analysing global pharmaceutical
R&D activities and the R&D Footprint analysis together form a holistic picture
of the general structures and trends in global pharmaceutical R&D.

17 It has been developed and published by the United Nations, the European Commission, the
Organisation for Economic Cooperation and Development, the International Monetary Fund and
the World Bank Group.

18 (UN, 2009).
19 (Eurostat, European System of Accounts, ESA 2010, 2013).
20 (Eurostat, Manual on measuring Research and Development in ESA 2010, 2014).
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SIZE AND DISTRIBUTION OF GLOBAL R&D EXPENDITURES

The starting point of the analysis was to rst consider global total R&D expen-
ditures to quantify the overall amount that could later be broken down with
regard to pharmaceutical R&D. In this process, data on gross domestic R&D
expenditures (GERD), i.e. the main aggregate to compare international R&D ex-
penditures, was gathered for a suf ciently large sample of countries and the
world as a whole. It covers “total intramural expenditure on R&D performed in
the national territory during a speci c period”.?! Because the analysis’ focus was
on showing different countries’, industries’ and sectors’ performances of R&D,
this particular indicator was seen as best suited for the conducted analyses.?

DISTRIBUTION OF GLOBAL PHARMACEUTICAL R&D EXPENDITURES

In a second step, the focus was then on investigating global pharmaceutical R&D
expenditures, i.e. pharmaceutical GERD, and how it is distributed among major
economies. In addition, a total global value was calculated. Therefore, a suf ciently
large sample of countries was analysed and their joint amount of pharmaceutical
GERD extrapolated to the global level.

DIFFERENTIATION OF GLOBAL PHARMACEUTICAL R&D BY SECTORS AND
R&D TYPES

After quantifying the size of global R&D expenditures in total, and of pharma-
ceutical R&D in particular, the analysis sharpened its focus on this topic. In
this process, total pharmaceutical R&D expenditures were split up in a two-
stage differentiation that revealed valuable insights about how those expendi-
tures were used in detail (see Figure 6).

21 Cf. (OECD, Frascati Manual 2015; Guidelines for collecting and reporting data on research and
experimental development, 2015) p.372.

22 Please note that even though the term GERD includes the word “expenditures”, it does not
regard for the source of funds, but solely shows who performed the particular R&D activities.
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FIGURE 6: TWO-STAGE DIFFERENTIATION OF PHARMACEUTICAL R&D EXPENDITURES.
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At rst, total pharmaceutical R&D expenditures were differentiated by the sec-
tor they were performed in. The analysis distinguished between the four sectors
of business enterprises, government, higher education (including universities)
and private non-pro t organizations. Hence, gross domestic expenditures on
R&D (GERD) were assigned to the four gures business enterprise expenditure
on R&D (BERD), government expenditure on R&D (GOVERD), higher education
expenditure on R&D (HERD)?®and research and development expenditure of pri-
vate non-pro t organizations (RDNP)?4.

In a second step, the beforehand derived values of BERD, GOVERD, HERD and
RDNP2? were divided by types of R&D; i.e. basic research (BR), applied research
(AR) and experimental development (ED). Therefore, it was possible to assess
the value of speci ¢ R&D activities of interest, e.g. the amount of basic research
conducted by the pharmaceutical industry, in monetary units.

Since the data availability for such a two-stage differentiation was limited, the
in-depth analysis focused on a sample of 32 OECD+ countries®. They embody

23 Cf. (OECD, Frascati Manual 2015; Guidelines for collecting and reporting data on research and
experimental development, 2015) p. 365 ff.

24 Cf. (Statistics Canada, 2017).

25 Even though the terms GERD, BERD, GOVERD, HERD and RDNP seem to represent only R&D
expenditures and are used here and in the following, it should be stressed that they stand for the
(monetary) value of R&D that was performed by the regarding sector. See also (OECD, Frascati Manual
2015; Guidelines for collecting and reporting data on research and experimental development, 2015).

26 The sample covers the 29 OECD countries Australia, Austria, Belgium, Canada, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Israel, Italy, Japan, Korea,
Mexico, the Netherlands, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden,
Switzerland, Turkey, the United Kingdom, and the United States, and the non-OECD countries
China (People’s Republic of), Romania and Singapore. (all country names and classifications are
in accordance with the OECD database) In the second stage, Canada and Mexico were dropped
from the sample due to insufficient data on types of R&D.
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an important share of the global economy and of conducted pharmaceutical
R&D, and thus served as basis for the extrapolation of global values.

The ‘critical path’ of the analysis was de ned by business performed basic re-
search (see marked path in Figure 6), because its size can show the pharmaceu-
tical industry’s commitment to ‘risky’ R&D activities questioned by critics.

CALCULATION OF THE R&D FOOTPRINT OF INDUSTRIAL PHARMACEUTICAL R&D

In addition to the analysis of R&D activities, the calculation of the global R&D
Footprint reveals the importance of R&D activities of the pharmaceutical indus-
try by providing useful results about direct as well as indirect and induced eco-
nomic effects. Hence, an important part of the calculation is focused on demand-
driven effects, initiated through purchases in supplier industries and the resulting
ripple effect on the supply chain. The calculation of the global pharmaceutical R&D
Footprint can help change the perception of R&D. In contrast to regarding R&D
from a cost perspective, it assigns an economic value to R&D activities themselves.

The key gures provided in this study allow an objective view on short-term
stabilizing effects of industrial pharmaceutical R&D. In addition, the results
are able to provide a new and innovative indicator for measuring the economic
value of business enterprise R&D and to serve as quantitative evidence for deci-
sion-making processes to foster economic growth.
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The aim of the analysis is to shed light on the speci c question of who per-
forms which kind of pharmaceutical R&D. Thus, it enables the reader to com-
pare different performing sectors’ R&D efforts and eventually enrich the public
discussion.

On the one hand, the cause for conducting this kind of analysis is rooted in the
general desire to investigate, and in consequence, better understand the cur-
rent state of global pharmaceutical R&D activities in more detail. On the other
hand, there is an ongoing debate about its exact status-quo and if the burden of

nancing and performing speci c types of pharmaceutical R&D is fairly dis-
tributed. Core elements of this critique are that the pharmaceutical industry is
not suf ciently committed to conducting R&D and that society pays twice.?” In
this discussion, the role of basic research is essential. It is de ned to be “without
any particular application or use in view”.?® Hence, many critical questions are
related to the pharmaceutical industry’s commitment and investment in basic
research.

To deal appropriately with this criticism, it is essential to scienti cally and ac-
curately point out the main aspects of investigation of the following analysis.
Hence, to compare basic research activities of pharmaceutical companies and
public performers, it is most important to investigate the ‘critical path’ of busi-
ness performed basic research (cf. Figure 6). In the process of analysing this par-
ticular aspect, it is of high importance not to overstate the value of the ‘critical
path’ by any means. Therefore, it is necessary to mention that all estimations
or approximations which have been necessary, were chosen in a conservative
manner. The following sections show the results of the outlined analysis and
are thus able to contribute to the discussion with sound and reliable results.

3.1. PHARMACEUTICAL R&D ACTIVITIES ARE A VERY IMPORTANT
CONTRIBUTOR TO OVERALL GLOBAL GROSS DOMESTIC
EXPENDITURES ON R&D (GERD)

In total, the global gross domestic expenditures on R&D amounted to almost
$2 trillion in 2014. Thereof, $171.6 bn were pharmaceutical GERD, representing
about 9.36% of total global GERD. As expected, the largest contributors were
R&D hubs such as the US, Japan, China and Germany.

With regard to global gross domestic R&D expenditures, the selected sample
of 41 OECD+ countries together performed R&D activities of $1,634 bn. The in-
dividual countries’ contributions to this sum were varying a lot. As expected,

27 Cf. (Providence Journal, 2015) and (United Nations Secretary-General’s High-Level Panel on
Access to Medicines, 2016).

28 Cf. (OECD, Frascati Manual 2015; Guidelines for collecting and reporting data on research and
experimental development, 2015) p. 365.
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major economies and known R&D hubs were among the largest contributors.
To develop a feeling for the absolute and relative size of GERD in the selected
country-sample Figure 7 shows the top 10 countries in terms of overall GERD
(for an illustration of the rest of the sample see Annex).

FIGURE 7: GROSS DOMESTIC EXPENDITURE ON R&D (GERD) IN 2014 - TOP 10
COUNTRIES.
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Source: Data from OECD; WifOR illustration.

The top ten countries have, in terms of total GERD, a great impact on global
R&D expenditures. With approximately $1.4 tn, they represent 76.6% of global
GERD. The most important country in this regard is the US with almost $480 bn
of GERD in 2014. In general, the 41 OECD+ countries of the sample together are
responsible for the overwhelming majority of global R&D expenditures (with
about 89.2%). In total, global GERD in 2014 amounted to approximately $1.8 tn%,
representing about 1.66% of global GDP=°.

To go further into detail about global R&D expenditures, the focus is in the fol-
lowing narrowed on pharmaceutical R&D expenditures in particular. Due to
a more challenging data availability, the sample of OECD+ countries for this
analysis was reduced to 32 remaining countries. They together performed phar-
maceutical R&D activities of about $145.2 bn in 2014. When analysing the differ-
ences between speci ¢ economies, it can be noticed that by narrowing the focus
on pharmaceutical R&D the variation of values between countries increased.
This can also be noticed when, again, looking at the results of the top ten coun-
tries (see Figure 8 for top ten countries and Annex for rest of the sample).

29 Global value in current PPP US dollars and taken from (UNESCO Institute for Statistics (UIS), 2017).

30 The global GDP figure was taken from the World Bank’s “World Development Indicators”
database (GDP in current PPP US dollars). Cf. (World Bank, 2017).
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FIGURE 8: PHARMACEUTICAL GROSS DOMESTIC EXPENDITURE ON R&D IN 2014 -
TOP 10 COUNTRIES.
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Source: Data from OECD; Data from World Bank; WifOR calculation; WifOR illustration; CHF in
2012; US in 2013.

Again, the highest value was realized by the US, amounting to $79.6 bn of phar-
maceutical GERD. In comparison to overall GERD however, the gap to the sec-
ond-largest contributor is much larger. This indicates the outstanding impor-
tance of the US regarding pharmaceutical R&D activities. The top ten countries
together represent $135.1 bn of pharmaceutical GERD, i.e. 93.0% of the sample
of countries.

In total, the countries in the sample together stand for $145.2 bn, which was in
a further step extrapolated to a global level by estimating the remaining global
expenditures.®! As a result, global pharmaceutical GERD in 2014 amounted to
$171.2 bn and made up about 9.36% of overall global GERD.

In general, it can be summarized that, as expected, most of the world’s R&D —
overall and pharmaceutical — was performed in industrialized countries. The
given sample of countries is thus believed to be able to show a comprehensive
picture of the state of global R&D performance today.

3.2. PHARMACEUTICAL COMPANIES PERFORM THE MAJORITY OF
GLOBAL PHARMACEUTICAL GERD

Pharmaceutical R&D activities were primarily performed by the business sector
(with 71.1%0), followed by the higher education sector (15.0%) and the governmen-
tal sector (11.3%). The US is the largest contributor especially concerning busi-
ness performed pharmaceutical R&D which amounted to $56.6 bn.

31 For adescription of the extrapolation see Chapter 4.
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The above mentioned $145.2 bn of jointly performed pharmaceutical R&D ac-
tivities of the OECD+ country sample can be differentiated by performing sector,
i.e. businesses, government, higher education and private non-pro ts, as shown
in Figure 9. With 71.1% of the sample’s total pharmaceutical GERD, businesses
performed the predominant share, in total amounting to $103.2 bn in 2014. The
government ($16.4 bn and 11.3%), higher education ($21.7 bn and 15.0%) and
private non-pro t ($ 3.9 bn and 2.7%) sectors played a signi cantly smaller role
and together performed less than 30% of pharmaceutical R&D activities.

FIGURE 9: PHARMACEUTICAL R&D EXPENDITURES BY PERFORMING SECTOR.
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Source: Data from OECD; Data from World Bank; WifOR calculation; WifOR illustration; CHF in
2012; AUS, AUT, BEL, FRA, IRL, SGP, SWE in 2013.

The absolute values of the sample with regard to the different sectors’ perfor-
mance of pharmaceutical R&D can again be extrapolated to a global level. Hence,
it can be noted that global pharmaceutical BERD amounted to $121.9 bn, global
pharmaceutical GOVERD to $19.3 bn, global pharmaceutical HERD to $25.7 bn
and global pharmaceutical R&D expenditures of private non-pro ts to $4.7 bn.

A closer look at the top 10 countries of the sample® reveals their importance
with respect to pharmaceutical BERD. They together embody more than 94%
of the sample’s total value. Focusing on the outstanding leader in this regard, it
can be stated that the importance of business performed pharmaceutical R&D
in the US alone is signi cantly larger than the sum of the entire sample’s respec-
tive performances of all other three sectors combined ($56.6 bn vs. $42.0 bn).
Further, pharmaceutical BERD of the US made up 39% of the sample’s joint
pharmaceutical GERD.

32 Ranked by total pharmaceutical GERD.
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In general, it can be subsumed that industrial pharmaceutical R&D makes up an
overwhelmingly large proportion of total pharmaceutical GERD with 71.1% and
thus shows an extraordinary commitment of the industry to invest in the future.

3.3. THE PHARMACEUTICAL INDUSTRY IS A RELIABLE PARTNER
REGARDING BASIC RESEARCH ACTIVITIES

The distribution of pharmaceutical BERD, GOVERD and HERD on different
types of R&D remarkably varied between different countries and between the
three sectors of performance in general. While the pharmaceutical industry de-
voted 5.8% to basic research ($7.3 bn), 19.5% to applied research ($24.5 bn) and
74.7% to experimental development ($94.0 bn), this distribution differs substan-
tially for governments, with 22.9% ($4.7 bn) of BR, 33.4% ($6.6 bn) of AR and
43.7% ($8.6 bn) of ED, and the higher education sector, with 59.8% ($15.8 bn) of
BR, 31.4% ($8.3 bn) of AR and 8.8% ($2.3 bn) of ED. 3

After assessing the size and importance of pharmaceutical BERD, GOVERD and
HERD?®, it is of special interest to see how these values can be differentiated by
research type.* Focusing on pharmaceutical BERD rst, it can be stated that, as
outlined in Figure 10, most pharmaceutical BERD in 2014 was performed as ex-
perimental development with 74.7% (or $94.0 bn), followed by applied research
with 19.5% (or $24.5 bn) and basic research with 5.8% (or $7.3 bn). Intuitively,
the focus of pharmaceutical businesses’ R&D is mainly on developing new med-
icines that cure patients’ diseases and can enter the market for pharmaceuticals
as soon as possible. Nevertheless, basic research performed by pharmaceutical
businesses corresponded to a value of about $7.3 bn, i.e. almost as high as to-
tal pharmaceutical GERD in Germany, amounting to $7.8 bn in 2014 (see Sec-
tion 3.1). This is a remarkable result since Germany is the world’s fourth largest
country in terms of pharmaceutical GERD.

33 Please note that due to changing data availability of different sectors’ distributions of R&D
types in the sample countries, the absolute values mentioned in this chapter are entirely global
values. However, in any case the data used to extrapolate to global levels was taken from sample
countries that together at least stand for 70% of global pharmaceutical gross value added.

34 Since R&D expenditures of private non-profits (RDNP) were rather marginal in their size and
could not be sufficiently analysed with regard to their types of R&D due to a very limited data
availability, they were neglected in the following discussion of results.

35 Please note that values of total pharmaceutical BERD, GOVERD, and HERD are in aggregation
larger in section 3.3 than in section 3.2 due to differences in the degree of extrapolation
necessary. Still, the differences remain small.
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FIGURE 10: BUSINESS ENTERPRISE EXPENDITURE ON PHARMACEUTICAL R&D BY
TYPE OF R&D.
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tration; most recent country data, CHF in 2012, all other countries in 2013 or 2014.

Looking again at the top 10 countries in the OECD+ sample that together repre-
sent 94.2% of the sample’s pharmaceutical BERD, it can be stated that the dis-
tribution of research types varies signi cantly. While Chinese businesses only
performed 0.1% of their pharmaceutical BERD as basic research, it was 13.1%
that were devoted to basic research in Korea, 11.1% in Belgium and 6.1% in the
Us, i.e. the largest single contributor.

Apart from pharmaceutical BERD, it is also important to look at the distribu-
tion of types of R&D of pharmaceutical GOVERD, which is another large build-
ing block of performed R&D. Figure 11 shows that the share of basic research
(22.9% or $4.7 bn) and applied research (33.4% or $6.6 bn) are larger than in
the business sector. Experimental development (43.7% or $8.6 bn) is in rela-
tion performed less. This difference in the distribution of R&D performance on
types of R&D can be explained by the reduced pressure from competition that
enables governments, in contrast to businesses, to perform more basic and ap-
plied research. Looking at the most prominent contributors to global efforts in
terms of pharmaceutical GOVERD, it must be concluded that there are different
approaches among countries. While Germany performed 54.6% of pharmaceu-
tical GOVERD as basic research activities, it was only 13.4% in China. But with
of 57.1% in China and 50.6% in the US, both countries performed a larger share
in experimental development activities, whereas Germany only performed 5.7%
of pharmaceutical GOVERD as experimental development.
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FIGURE 11: GOVERNMENTAL EXPENDITURE ON PHARMACEUTICAL R&D BY TYPE
OF R&D.
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tration; most recent country data, CHF in 2012, all other countries in 2013 or 2014.

Next to business and government performed pharmaceutical R&D, it is impor-
tant to analyse the activities of the higher education sector in detail. After the
comparison of pharmaceutical BERD and GOVERD, it is worth noting that the
increasing importance of basic research is even larger in pharmaceutical HERD.
Hence, the described shift away from experimental development and the result-
ing larger shares of basic and applied research increased. While the share of
applied research with 31.4% ($8.3 bn) is almost equal to the share in GOVERD,
the performance of basic research and experimental development are varying
substantially (see Figure 12). With 8.8% ($2.3 bn), experimental development is
performed only to a very limited extent, whereas basic research activities are
performed predominantly, with 59.8% ($15.8 bn).

FIGURE 12: HIGHER EDUCATIONAL EXPENDITURE ON PHARMACEUTICAL R&D BY
TYPE OF R&D.
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The comparison of distributions of R&D types in pharmaceutical BERD,
GOVERD and HERD generally gives a good impression of the importance of
the different types therein. In addition to that, it is important to put the above
outlined results into perspective by comparing absolute values of the performed
R&D types, too.

In absolute terms, pharmaceutical BERD performed as basic research reached
$7.3 bn in 2014 and was thus more than 1.5 times as high as governmental per-
formed basic research activities amounting to $4.7 bn. This shows that despite
the smaller share of pharmaceutical BERD devoted to basic research, the ab-
solute value of business performed basic research, i.e. the ‘critical path’ of the
analysis of pharmaceutical R&D activities, reached a remarkable size. Even
when compared to basic research performed in pharmaceutical HERD, i.e.
$15.8 bn, the ‘critical path’ in absolute terms amounted to almost half of its size
(46.1%). Especially in light of recent criticism questioning the commitment of
the pharmaceutical industry to R&D activities that are not primarily focussed
on fast and low-risk product development, the ‘critical path’ shows a strong
commitment to ‘risky’ basic research by the pharmaceutical industry. This par-
ticular focus on the ‘critical path’ is described in the next section in more detail.

3.4. COMPLEMENTARITY OF INTERNAL AND EXTERNAL BASIC
RESEARCH ACTIVITIES LEADS TO SUCCESS OF TOTAL GLOBAL
PHARMACEUTICAL BASIC RESEARCH

The distribution of global pharmaceutical basic research activities by perform-
ing sector reveals that 26.2% of it was performed by businesses. This does not
only show the industry’s commitment to perform basic research itself, but in-
dicates that there is a certain degree of complementarity between the different
sectors’ performed basic research. This is in line with other research on basic
research activities of pharmaceutical companies. In addition, the ‘critical path’
persistently increased (by 11.0% annually on average) from 2010 to 2014 and
thus showed a growing commitment of the pharmaceutical industry, too.

Focusing on global pharmaceutical basic research, and on the ‘critical path’ in
particular, itis importantto rst quantify the overall importance of pharmaceu-
tical basic research activities, regardless of the sector of performance. Figure 13,
neglecting the performance of private non-pro ts due to its marginal size and to
data availability constraints, shows the distribution of the three different types
of R&D. With 61.0%, most pharmaceutical R&D activities were performed as
experimental development, followed by applied research with 22.9% and basic
research with 16.1%.
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FIGURE 13: DISTRIBUTION OF TYPES OF PHARMACEUTICAL R&D.
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Source: Data from OECD; Data from World Bank; Data from NSF; WifOR calculation; WifOR illus-
tration; most recent country data, CHF in 2012, all other countries in 2013 or 2014; excluding RDNP,
due to data availability issues.

This result indicates the importance of basic research in pharmaceutical R&D
in general. To analyse this particular part of pharmaceutical GERD further, its
distribution on the three sectors of performance was investigated. As outlined
in Figure 14, about 26.2% of global pharmaceutical basic research activities was
performed by businesses. This not only shows the pharmaceutical industry’s
commitment to perform basic research itself, but suggests that there exists a
certain degree of complementarity between the different sectors’ basic research
activities.

FIGURE 14: ABSOLUTE GLOBAL PHARMACEUTICAL BASIC RESEARCH ACTIVITIES BY
SECTOR OF PERFORMANCE.
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Source: Data from OECD; Data from World Bank; Data from NSF; WifOR calculation; WifOR illus-
tration; most recent country data, CHF in 2012, all other countries in 2013 or 2014.

The question of complementarity of basic research activities between pharma-
ceutical companies and other performers of basic research, was also the subject
of a study by Leten, Kelchermanns and Belderbos in 2010. The authors therein
investigated the relationship of internal (own-account) and external basic re-
search and if they could be characterised as complements or substitutes. The
main result of the study is that pharmaceutical companies that perform more
internal basic research themselves, also bene t more from external basic re-
search than companies with little internal basic research. Hence, internal and
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external basic research can be seen as complements, because it is rational for
companies to perform more internal basic research themselves in order to be
able to exploit external basic research more effectively.*® This logic can also
be applied to the previously outlined criticism the pharmaceutical industry
faces. This is because it shows that it is rational for rms to perform more basic
research themselves than to heavily rely on public efforts.

Another indication that leads to the conclusion that pharmaceutical basic re-
search activities performed by different sectors are rather complements than
substitutes, is contained in the development of the ‘critical path’ over time.
Hence, the calculation of a trend (increasing, decreasing or constant) can under-
line the global pharmaceutical’s commitment to basic research. After conduct-
ing such a development analysis to indicate a trend, it was established that the
‘critical path’ was increasing by 51.7% (on average 11.0% annually) from 2010 to
2014. Thereby, a stable sample of 26 OECD+ countries was analysed. It provided
suf cient relevant data and represented 67.5% of global GDP in 2014. Hence, the
analysis did not reveal any kind of adverse effects on business performed phar-
maceutical basic research or the industry’s commitment.

3.5. INDUSTRIAL PHARMACEUTICAL R&D GENERATES A SIZEABLE
GROSS VALUE ADDED AND THUS CONTRIBUTES TO GLOBAL
GDP AND ECONOMIC GROWTH

Global industrial pharmaceutical R&D activities in total contributed about
$271.0 billion to global GDP in 2014 i.e. more than the GDP of Finland in the
same year. Thereof, $152.0 bn were attributable to GVA directly and $119.0 bn
generated as spillover effects. Hence, the total GVA multiplier amounted to 1.8
in the global economy.

To generate a holistic picture of the global industrial pharmaceutical R&D’s im-
pact on the global economy, it is important to quantify its direct effects (as
described in more detail in Section 4.3) as well as its indirect and induced (so-
called spillover) effects. Direct effects describe the immediate economic impact
within the industry, while indirect effects arise due to demand for inputs or
intermediate consumption and their usage in pharmaceutical R&D activities.
Induced economic effects originate from the spending of income by employees
working in both, pharmaceutical R&D and for its suppliers.® Figure 15 displays
the composition of the pharmaceutical R&D’s generated GVA effects in 2014.

36 (Leten, Kelchtermans, & Belderbos, 2010).

37 A more detailed explanation of direct effects and how they were derived in the special case of
industrial pharmaceutical R&D will be given in the next chapter dealing with the methodological
approach. The intuition and methodology behind indirect and induced effects is given in the
Annex.
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FIGURE 15: DIRECT, INDIRECT AND INDUCED GVA EFFECTS OF GLOBAL
PHARMACEUTICAL R&D IN 2014.
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Source: Data from OECD; Data from WIOD; Data from Eurostat; WifOR calculation; WifOR
illustration.

The directly generated GVA of $152.0 bn leads to a total GVA effect of $271.0 bn,
which is larger than the GDP of Finland in 2014.%® Thereof, the demand for in-
termediate inputs created indirect ($65.2 bn) and induced ($53.8 bn) GVA effects
of $119.0 bn. Hence, for every dollar of direct GVA, $0.8 were additionally generated
in the overall economy leading to a total GVA multiplier of 1.8. In comparison
with relevant benchmark industries, namely the pharmaceutical industry (3.00),
the wholesale trade industry (1.99) and the direct benchmark industry of “Sci-
enti ¢ research and development” (3.01), the pharmaceutical R&D’s total GVA
multiplier is smaller. This is due to the unique demand structure of R&D activi-
ties, which will be discussed in the following and in Section 3.7 in more detail.

Figure 16 thus shows the distribution of intermediate inputs of pharmaceutical
R&D on different supplier industries in 2014.

38 Cf. (OECD, 2017).
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FIGURE 16: MOST IMPORTANT SUPPLIER INDUSTRIES IN 2014.

Supplier Industries' Ranking in 2014 m$ %
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Wholesale trade, except of motor vehicles and 2692 4%
motorcycles
Scientific research and development 2.598 4%
All Other Supplier Industries 41.018 62%

Source: Data from OECD; Data from WIOD; Data from Eurostat; WifOR calculation; WifOR illustration.

It can be seen, that industrial pharmaceutical R&D has numerous suppliers.
This means, that every of the industry’s R&D spending affects a lot of different
suppliers in a global supply chain. With 8% (and $5.3 bn), the largest share was
spent on “Administrative and support service activities”, followed by further
services like publishing, programming, legal and accounting activities, head
of ces, real estate activities, and other R&D activities. These results show that
industrial pharmaceutical R&D did not demand products from any particular
industry on a large scale, but affected a number different sectors in the global
economy.

Furthermore, R&D activities do not require a high amount of raw and auxiliary
materials as inputs compared to other industries. As a result, the GVA rate will
likely be larger than in those industries, but the indirect and induced GVA effects
will be smaller.

3.6. INDUSTRIAL PHARMACEUTICAL R&D ACTIVITIES ACCOUNT FOR
A LARGE EMPLOYMENT EFFECT WITHIN THE GLOBAL LABOUR
MARKET

In 2014 about 338,000 employees were working in industrial pharmaceutical
R&D and in total about 5.2 million employees were supported by it globally. The
employment multiplier thus reached a value that was larger than in all selected
benchmark industries. Further, the extraordinary high labour productivity indi-
cates the high level of ef ciency as well as education, skill and training among
employees. None of the selected benchmark industries was able to reach a com-
parable labour productivity.

The impact of global pharmaceutical R&D on the labour force is very important
to measure. As outlined in Figure 17, about 388,000 persons were directly em-
ployed in the pharmaceutical R&D sector in 2014 and an additional 4.8 million
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jobs were supported by its activities indirectly (2.1 million) and induced
(2.7 million). Hence, industrial pharmaceutical R&D activities accounted for
a total employment effect of 5.2 million jobs globally. The extraordinary high
total employment multiplier of 13.4 implies that every directly created job in
pharmaceutical R&D, supported 12.4 additional jobs globally. In terms of total
employment multipliers, this value is larger than the multipliers of the pharma-
ceutical industry with 13.10, the wholesale trade industry (2.88) and the direct
benchmark industry of “Scienti c research and development” (5.95). This shows
that in industrial pharmaceutical R&D most demanded intermediate inputs are
labour-intensive and hence also trigger larger employment effects than for ex-
ample the purchase of raw materials.

FIGURE 17: DIRECT, INDIRECT AND INDUCED EMPLOYMENT EFFECTS OF GLOBAL
PHARMACEUTICAL R&D IN 2014.
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Source: Data from OECD; Data from WIOD; Data from Eurostat; WifOR calculation; WifOR
illustration.

Since labour costs make up 36% of pharmaceutical R&D’s total costs, it is im-
portant to assess how ef cient this input is used. Therefore, it is useful to look at
the labour productivity, which states how much GVA is generated per employ-
ee. In comparison with benchmark industries (pharmaceutical industry with
$103,000, wholesale trade industry with $47,000 and the R&D industry with
$59,000) global pharmaceutical R&D reached an extraordinary high level of la-
bour productivity of about $392,000. One explanation for this is the high level
of education, skill and training that is required in conducting pharmaceutical
R&D activities.
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3.7. THE DEVELOPMENT PROCESS IN INDUSTRIAL PHARMACEUTICAL
R&D IS CHARACTERIZED BY A LARGE SHARE OF INTERNALLY
GENERATED GVA

The previously outlined small GVA multiplier indicates that most of the indus-
trial pharmaceutical R&D’s GVA was generated within the respective company,
resulting in a GVA rate of 69.2%. This shows the extraordinary high level of
internal ef ciency that could not be achieved in any of the selected benchmark
industries.

As another consequence of its lower level of outsourcing, global pharmaceuti-
cal R&D has the largest GVA rate in comparison with the previously discussed
benchmark industries. This is an indication that the value creation is mainly
achieved intra-sectoral®. The GVA rate of 69.2% indicates that for every dollar of
production value generated by global pharmaceutical R&D, $0.69 of direct gross
value added were created.*® As outlined in Figure 18, the benchmark industries
do not reach this level (pharmaceutical industry 37.0% [grey], wholesale trade
industry 47.5% [black] and “Scienti c research and development” 61.0% [pur-
ple]). This result is very intuitive, since R&D activities in general require less
primary inputs than production processes like in the pharmaceutical industry,
e.g. less raw materials.

FIGURE 18: COMPARISON OF GLOBAL GVA RATES.
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Source: Data from OECD; Data from WIOD; Data from Eurostat; WifOR calculation; WifOR illustra-
tion; benchmark industries in 2014 and biased.

It is worth noting that in general there exists a trade-off between the GVA multi-
plier and the GVA rate. If, for example, a company is mainly focused on internal
production that is carried out by its own staff, it will have a high GVA rate but
at the same time a rather low GVA multiplier. This is because the high level of
vertical integration reduces the demand for intermediate goods and services.
The size of the GVA multiplier cannot be judged as good or bad, but rather gives
detailed insights about the business model. With regards to industrial pharma-
ceutical R&D activities, the high GVA rate shows a substantial level of vertical
integration.

39 Please note that intra-sectoral refers to industrial pharmaceutical R&D. Hence, different
pharmaceutical companies’ R&D demanding intermediate inputs from each other are treated as
part of the same unit, i.e. in this case the same ‘sector’ of pharmaceutical R&D.

40 The GVA rate indicates the efficiency of pharmaceutical R&D in terms of its inputs to production.
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This chapter describes the underlying methodology, the used data bases and the
formulated assumptions of the conducted analyses in more detail.

4.1. DATA BASE, ASSUMPTIONS AND CALCULATION STEPS TO
DISTINGUISH BETWEEN DIFFERENT PERFORMING SECTORS OF
PHARMACEUTICAL R&D AND TYPES OF R&D

To understand and evaluate the results of the analysis of global pharmaceutical
R&D activities, it is necessary to shed light on the methodological toolbox and
the origin of used data. Further, it is crucial to state and explain the conducted
calculations and formulated assumptions. This section provides explanations
in a condensed form and is thus focused only on the main aspects (see Annex
for a more detailed documentation).

SIZE AND DISTRIBUTION OF GLOBAL R&D EXPENDITURES

In the process of determining global R&D expenditures, country-speci ¢ data
about total GERD, BERD, GOVERD and HERD* was taken from the OECD data-
base “Main Science and Technology Indicators”, covering OECD countries and
selected non-OECD countries.*? One of the main advantages of using this da-
tabase was the amount of countries covered and the comparability with the
later used data (in further steps of the analysis). As a result, it was possible to
determine total GERD for 41 countries in 2014%. Hence, it was possible to com-
pare overall GERD for major economies. To determine a value of global GERD,
we used, instead of extrapolating the country-sample’s total amount, the pub-
lished total global GERD number from the UNESCO Institute for Statistic (UIS)
database.**

DISTRIBUTION OF GLOBAL PHARMACEUTICAL R&D EXPENDITURES

The basis of the calculation of global pharmaceutical R&D expenditures, i.e.
pharmaceutical GERD, is the total R&D expenditures in the pharmaceutical in-
dustry.* This pharma-speci c data is the best available to be used in the out-
lined analysis. The reason being that country-speci c data on pharmaceutical
GERD is not available. Furthermore, the data base covers the expenditures in

41 In current PPP USD.
42 (OECD, Main Science and Technology Indicators (MSTI database), 2017).

43 Values for Switzerland in 2012 and for Australia, New Zealand and South Africa in 2013 in this
aggregation.

44 |t was seen as best suited, because the database contained the same country-specific values
that were contained in the OECD database (MSTI) and in addition a value of global GERD. This
database however, was not suited for later analysis, since it only contained total GERD.

45 This number covers total R&D expenditures in the pharmaceutical industry, following the ISIC Rev.
4 industry classification. It was of high relevance especially in later calculation steps and is thus
explained in more detail later. It was taken from the “STAN R&D expenditures in Industry (ISIC
Rev. 4)” database of the OECD. Cf. (OECD, Structural Analysis, 2016).
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the pharmaceutical industry, following an of cial, and thus comparable, indus-
try classi cation®. Since this number only covers pharmaceutical BERD, it was
necessary to derive pharmaceutical GERD indirectly. Thus, the ratio of BERD
and GERD in the overall economy (and not only in the pharmaceutical industry)
was calculated rst, and then used to generate values for pharmaceutical GERD.
The underlying assumption is that the ratio between BERD and GERD in the
overall economy is approximately equal to the ratio within the pharmaceutical
industry. Hence, the absolute values of pharmaceutical BERD were multiplied
with the inverse ratio of BERD and GERD. As a result, we obtained pharmaceu-
tical GERD for the selected sample of 32 OECD+ countries in 2014%. Then, an
extrapolation to the global level was performed. Thus, global pharmaceutical
GERD was estimated using the share of the sample countries’ pharmaceutical
GVA on global pharmaceutical GVA in 2014, i.e. 84.6% (see Annex for a more
detailed explanation of the extrapolation).

DIFFERENTIATION OF GLOBAL PHARMACEUTICAL R&D BY PERFORMING
SECTORS AND R&D TYPES

The process of realising the earlier outlined two-step differentiation, by per-
forming sectors and different types of R&D, was a very challenging exercise due
to restrictions in data availability (see also Chapter 5). An extended documenta-
tion of the used data, conducted calculation steps and formulated assumptions
is given in the Annex.

As before, the starting point of the differentiations were data of total GERD,
BERD, GOVERD and HERD, taken from the OECD database “Main Science and
Technology Indicators”.* Analogous to the previous section, ratios of BERD,
GOVERD, HERD and RDNP with GERD were then calculated. The earlier men-
tioned data about pharmaceutical BERD, namely “ANBERD: business enterprise
R&D broken down by industry (ISIC Rev. 4)”, was then used in the following
calculations. It follows the International Standard Industrial Classi cation, Re-
vision 4 (ISIC Rev. 4) and can thus be compared to other data on industrial per-
formance (e.g. GVA in the R&D Footprint analysis).*® Hence, speci ¢ BERD data
about the pharmaceutical industry® could be used in the following calculations.
In accordance with the calculation of pharmaceutical GERD, the beforehand

46 Cf. (OECD, The OECD ANalytical Business Enterprise Research and Development (ANBERD)
Database, 2017).

47 CHFin 2012; AUS, AUT, BEL, FRA, IRL, SGP, SWE in 2013.

48 Calculation of pharmaceutical GVA following methodology in (Ostwald & Knippel, 2013).

49 Since the database did not contain data about total RDNP, this number was calculated as a
residual with the assumption that GERD is the sum of BERD, GOVERD, HERD and RDNP.

50 Cf. (OECD, Structural Analysis, 2016). Since this data input is of special relevance and importance,

the Annex provides an extended description and discussion of this indicator. See also (OECD,
The OECD ANalytical Business Enterprise Research and Development (ANBERD) Database, 2017).

51 Following the ISIC Rev. 4 classification’s industry “Manufacture of pharmaceuticals, medicinal
chemical and botanical products” and institutional classification according to main economic
activity.
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determined ratios and data about pharmaceutical BERD were then used to cal-
culate pharmaceutical GOVERD, HERD, and RDNP as well. They completed the
rst step of differentiating pharmaceutical GERD i.e. by performing sectors.

To perform the second step of differentiation, the distinction of R&D types,
OECD data on overall R&D expenditures by sector of performance and type
of R&D was used. It served as the basis to calculate country-speci c shares of
basic research, applied research and experimental development on total BERD,
GOVERD, HERD, and RDNP.>2 Thereby absolute values, for example of BR in
total BERD, were used to calculate the respective shares in the overall economy.
These shares of research types were then multiplied with the actual, previous-
ly calculated, values of pharmaceutical BERD, GOVERD, HERD, and RDNP to
complete the second differentiation stage. Hence, it was possible to compare
absolute values as well as the sample’s distribution on BR, AR and ED for busi-
ness and public performed pharmaceutical R&D. Since the OECD database did
not cover the second stage’s data on R&D types for the US, and since the US
is the largest single contributor to global pharmaceutical R&D, the respective
shares were taken from the National Science Foundation’s database.®® In order
to be consistent with all other calculations, the second step of differentiation
also generated values for 2014 by using pharmaceutical BERD etc. in 2014 and
country-speci c shares from 2013 as an estimation.*

FURTHER IMPORTANT ASSUMPTIONS OF THE ANALYSIS

In addition to the mentioned assumptions, two further important assumptions
should be discussed brie y. The rst one deals with the underlying price con-
cept that was used in the analysis of pharmaceutical R&D activities. As out-
lined, values of GERD, BERD, GOVERD, and HERD, as well as pharmaceutical
BERD, were taken from the OECD database in current purchasing power parity
(PPP) USD. This is in line with the aim to quantify the monetary value of per-
formed R&D activities. Especially because the focus was not on the costs of R&D
or R&D funds, but on answering the question of who performs certain types of
pharmaceutical R&D. Hence, the results can be understood as a quanti cation
of the monetary value of global performed R&D.%

The second assumption was necessary due to a limited data availability for the
given country sample. It deals with the differences between the source of funds

52 Cf. (OECD, Research and Development Statistics, 2017). Data of “R-D expenditure by sector of
performance and type of R-D” was used to calculate the ratios.

53 For a detailed description of all matters concerning the second stage calculations, and the
calculations regarding the US in particular, see Annex. At this point it should only be noticed that
data in the calculation of US shares was taken from “U.S. R&D expenditures, by performing sector,
source of funds, and type of work”. Cf. (National Science Foundation, 2017).

54 CHF and ZAF in 2012; CHN, JPN, KOR, SVK and TUR in 2014.

55 By using PPPs, it is possible to compare R&D activities internationally, because it enables to
correct for price levels and purchasing powers in the regarding countries. Hence, it is possible to
compare one imaginary “R&D unit” worth 100 USD across countries.
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of R&D and the ultimately performing sector. As discussed, the analysis at hand
was designed to focus on performed R&D and used indicators that display R&D
performances regardless of the origin of funding.

FIGURE 19: FUNDING AND PERFORMANCE DIMENSIONS OF R&D ACTIVITIES.
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Since these indicators did not contain any information about the source of
funds, it was important to formulate a reasonable assumption. In general, it is
possible that one performing sector performed a large amount of R&D activities,
while the therefore used funds originated from other sectors (see Figure 19).5
Because there was no information about this speci c¢ problem contained in the
used data, it was necessary to classify the impact of possible cross-funding.
Hence, the calculations and interpretations of results were conducted assuming
that in general, cross-funding between different sectors approximately evens
out and can thus be neglected. In addition, the size of cross-funding regarding
business performed R&D was assumed not to be in the industry’s favour and
largely characterised by self-funding activities. This assumption was supported
by data on several major economies’ funding and performance structures with
regard to R&D. The individually gathered data of Canada, France, Germany, the
Netherlands, the United Kingdom and the US% support the formulated assump-
tion of negligible cross-funding and the high degree of self-funding of the busi-
ness sector (see Annex for an extended documentation).

56 For example, governments could fund private R&D activities or businesses could support
university research.

57 The sample of major economies includes five G7 member states.
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4.2. CURRENT STATE OF RESEARCH ON R&D CAPITALIZATION

As stated in the introductory remarks, the internationally established frame-
work of national accounting systems had a major revision in the year 2008. This
framework refers to the SNA 2008, a set of stringent accountings principles for-
mulated in accordance with existing economic principles.®® SNA 2008 was the
result of an international collaboration of the European Commission, the Inter-
national Monetary Fund, the OECD, the United Nations and the World Bank.

As already discussed, one recommendation of this framework was the recogni-
tion of R&D as gross xed capital formation (GFCF) in the national account-
ing system. Therefore, R&D performance should be measured as an intellectual
property product (IPP). Several regional and national working groups estab-
lished a blueprint with detailed implementation recommendations. The “Hand-
book on Deriving Capital Measures on Intellectual Property Products” from the
OECD initially dealt with the issue of how to measure basic prices for own-
account produced GFCF, if no marketable assets equivalent are available. In
this case, the price has to be estimated by means of the net current value of the
future or the sum of costs approach.*® If market prices for own-account GFCF
are not available, the value of output should be derived by summing up:

- Intermediate consumption;

e  Compensation of employees;

- Consumption of xed capital formation;

- Net return to xed capital formation; and
=  Other taxes less subsidies on production.®®

The term intermediate consumption describes materials and supplies necessary
for producing an asset, in this case, associated with GFCF. Intermediate inputs
can be de ned as overheads assigned to the employed staff, e.g. management
costs, training, of ce equipment, electricity, rent, etc. and other consumables
relevant for the production of the asset.’! Regarding the quanti cation of the
compensation of employees, it is necessary to obtain the amount of staff respon-
sible for the production of the IPP. This amount has to be multiplied by the aver-
age percentage of working time as well as with the average per capita compensa-
tion. The result displays the total compensation of employees’ amount directly
assignable to the IPP. Another cost factor listed above is the consumption of

xed capital, also known as the depreciation of xed assets.®? The net return of

xed capital, as described in the OECD handbook, refers to the later used term

58 Cf. (UN, 2009) p. 1.

59 The sum of costs approach is the fundament that is applied in order to quantify the direct
economic impact of global pharmaceutical R&D in this study.

60 (OECD, Handbook on deriving Capital Measures of Intellectual Property Products, 2010). pp. 22-23.
61 (OECD, Handbook on deriving Capital Measures of Intellectual Property Products, 2010), p. 23.
62 (OECD, Handbook on deriving Capital Measures of Intellectual Property Products, 2010), p. 23.



42 RESEARCH REPORT UNDERSTANDING PUBLIC AND PRIVATE FUNDING FOR PHARMACEUTICAL R&D: DOES SOCIETY REALLY PAY TWICE?

net operating surplus (NOS). It is an operating margin for the bene t of share-
holders.%® The last gure describes taxes less subsidies on production including
all taxes and subsidies connected with the generation of the IPP.54

The IPP measurement approach is directly applicable for the capitalization (out-
put calculation) of R&D. The sum of costs approach is associated with own-
account enterprise R&D, where due to the lack of observable market prices, the
output has to be estimated. The R&D output measurement of specialized com-
mercial research laboratories and institutes is quanti ed by means of the ob-
tained sales, contracts, commissions, etc., which re ects the common way to
guantify output in the SNA. Another form of R&D output quanti cation refers
to activities carried out by governmental units, universities and non-pro t re-
search institutes. Here, the output is solely valued by the sum of costs (no mark-
up included).®

In this study, the R&D output generated by the pharmaceutical industry was
measured. This means, the economic value of intramural industrial R&D per-
formed within the pharmaceutical sector. To guarantee a consistent approach,
the sum of costs approach was applied for the global pharmaceutical R&D out-
put quanti cation. This was due to the lack of detailed data for global pharma-
ceutical R&D activities regarding the generated reimbursement and the value
of marketable own-account R&D. Eurostat provides a numerical example of
the output calculation (capitalization) of intramural R&D for market producers,
which is explained in the Annex.

The database for the R&D capitalization within the national accounting system,
is based on of cial statistics that are aligned with the guidelines for collecting
and reporting data on research and experimental development established in
the ‘Frascati Manual’. For the desired calculation approach, the labour costs
of R&D personnel and the current costs of R&D are relevant.®® These positions
are assumed to be consistent with the SNA de nitions on intermediate con-
sumption (current costs) and labour costs (compensation of employees).’” Cal-
culations of international and national R&D satellite accounts comprising of
the above outlined database, as well as the methodological approach, contain
further insights.®® The following section therefore describes the database, eco-
nomic assumptions and necessary proxies used speci cally for the calculation
of the R&D output value of the global pharmaceutical industry as well as its
R&D Footprint.

63 (Eurostat, Manual on measuring Research and Development in ESA 2010, 2014), p. 37.
64 (OECD, Handbook on deriving Capital Measures of Intellectual Property Products, 2010), p. 23.
65 (Eurostat, Manual on measuring Research and Development in ESA 2010, 2014), p. 6.

66 An extensive definition of these figures is available in (OECD, Frascati Manual 2015; Guidelines for
collecting and reporting data on research and experimental development, 2015).

67 (Eurostat, Manual on measuring Research and Development in ESA 2010, 2014), p.23.

68 Compare with (Sumiye Okubo, 2006), (Myriam van Rooijen-Horsten, 2008), (Gyting, 2006),
(Oltmanns, 2009).
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4.3. METHODOLOGY OF THE PHARMA R&D SATELLITE ACCOUNT

Various databases were used in the calculation of the pharmaceutical industry’s
R&D capitalization value. The starting point of the calculation were the earlier
discussed “STAN R&D expenditures in Industry (ISIC Rev. 4)” from the OECD,
displaying R&D expenditures for pharmaceuticals, medicinal chemical and bo-
tanical products for 32 OECD+ countries.®® As outlined earlier, the sample’s to-
tal value of pharmaceutical BERD was extrapolated to a global value (see Annex
for methodology). The only difference to Section 4.1 was, that all calculations of
the R&D Footprint analysis were performed using current USD.™

Global pharmaceutical BERD was then differentiated in labour costs and cur-
rent costs by means of business enterprise R&D expenditures by industry (ISIC
Rev.4) and type of costs in an OECD+ country sample.”* Due to superior data
availability, year 2013 was picked to determine the average percentage distribu-
tion of current costs (intermediate inputs) and labour costs (compensation of
employees) for the country sample. This distribution was then used as proxy
for the global industry. By multiplying the proxy distribution with global phar-
maceutical BERD, the labour cost and current cost (intermediate consumption)
were determined for industrial pharmaceutical R&D in 2014.

The derived labour costs of industrial pharmaceutical R&D were then divided
by business enterprise R&D personnel in the pharmaceutical industry.”? By do-
ing so, it was possible to determine the per capita labour costs (average labour
cost) of global industrial pharmaceutical R&D. The division of global total la-
bour costs and average labour costs resulted in the number of global pharma-
ceutical R&D staff.

The last necessary calculation steps contained the estimation of the consump-
tion of xed capital, net operating surplus and taxes less subsidies on produc-
tion (also known as GVA main aggregates) associated with global pharmaceu-
tical R&D. For this estimation, the detailed breakdown of main aggregates by
industry provided by Eurostat was used.” The aggregated sample data on con-
sumption of xed capital was divided by aggregated net value added (in the
R&D sector, i.e. sector 72). Analogous, the taxes less subsidies were divided by
labour cost (in the R&D sector) and the net operating surplus was divided by

69 (OECD, Structural Analysis, 2016). Also see Section 4.1.

70 See Annex, for details regarding the extrapolation. Even though a different price concept was
applied, the methodology of extrapolation remained the same. Please note that since the
calculation of spillover effects was realized using a world input-output table in current USD, all
data had to be in current USD, too.

71 (OECD, Research and Development Statistics, 2017), covering 25 OECD+ countries.

72 (OECD, Research and Development Statistics, 2017), in FTE and using the same sample of 25
OECD+ countries.

73 (Eurostat, 2017), covering of 26 EU members.
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labour cost (in the pharmaceutical industry).” The resulting ratios were used
as proxies for the calculation of global main aggregates of industrial pharma-
ceutical R&D. By multiplying the proxy-ratios with the derived labour costs of
global pharmaceutical R&D and the later derived net value added’, the absolute
amounts of consumption of xed capital, net operating surplus and taxes less
subsidies on production were calculated. An illustration of the methodology, as
well as the calculation steps, the used data inputs and assumptions are avail-
able in the Annex.

After the determination of the main components for the output (capitalization)
and gross value added calculation, the sum of costs approach was applied as
described in Section 4.2.

FIGURE 20: THE CALCULATION OF OUTPUT AND GVA OF INDUSTRIAL
PHARMACEUTICAL R&D IN 2014.

Direct Economic Effects of Global Pharma R&D Unit 2014
Intermediate Consumption m$ 67.740
+ Labour Cost m$ 42.027
+ Net Operating Surplus m$ 49.084
+ Taxes less Subsidies on Production m$ -2.123
+ Consumption of Fixed Capital m$ 63.050
= Output (Capitalization Value) m$ 219.779
Labour Cost m$ 42.027
+ Net Operating Surplus m$ 49.084
+ Taxes less Subsidies on Production m$ -2.123
+ Consumption of Fixed Capital m$ 63.050
= Gross Value Added (GVA) m$ 152.039

Source: Data from OECD; Data from Eurostat; WifOR calculation; WifOR illustration.

To calculate the GVA, the intermediate consumption was deducted from the
output value. Another way of calculating GVA is by summing up the value
added components containing the labour cost, net operating surplus, taxes less
subsidies on production and consumption of xed capital.”

To conduct the input-output analysis in order to measure the global pharma-
ceutical R&D Footprint, it was necessary to nd a reliable database containing
input-output tables (I0Ts). It was important that such a global IOT covers most

74 Following (Oltmanns, 2009), p. 134.

75 The net value added was derived by the summation of absolute values of labour cost, net
operating surplus and taxes less subsidies on production.

76 Please compare with the calculation example in the Annex.
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parts of the world and that it provides a high data quality.”” We choose the World
Input-Output Database (WIOD)™, because it covers 43 individual countries that
together represent more than 85% of global GDP and includes an estimation of a
‘rest of the world’ (RoW) region.” The annual time-series of world input-output
tables from 2010 to 2014 is based on of cially published national input-output
tables and uses a conceptual framework based on the system of national ac-
counts (SNA).8° Hence, the WIOD input-output tables were evaluated as the best
available database for the creation of a global IOT. The used table is available in
an industry-by-industry classi cation and contains the countries’ data in 2014
in separate rows and columns. To create a summed multiregional world-I1OT,
the rows and columns had to be aggregated. In a rst step, the row-vectors of all
countries (and RoW) were aggregated by the respective industry and in a second
step the remaining column-vectors were aggregated by industry as well. The
result was a world-IOT covering the aggregated intermediate demand structure
of 43 major economies and the RoW in one industry-by-industry 10T.

One possible criticism is that the aggregation was performed by cumulating in-
dustry-by-industry I0Ts and not by aggregating the underlying supply-and-use
tables (SUTs). Nevertheless, the above described procedure re ects a scienti -
cally widely accepted approach of constructing a world-10T. In general, the dif-
ference between the two approaches tends to be small, even though for speci ¢
industries effects might be more substantial .

Apart from the aggregation of I0OTs and the creation of a world-IOT for 2014,
the number of employees and their compensation by industry, i.e. the socio-
economic accounts, had to be determined. Because the WIOD 2016 release did
not yet contain matching socio-economic accounts for the world-10T, they had
to be determined. To create the socio-economic accounts for the year 2014 in
the new industry classi cation (ISIC rev. 4), several data sources were used. The
basis was provided by the EU KLEMS release from September 2017. However,
several data gaps remained and were lled using information from the OECD
national accounts, the OECD trade database and the socio-economic accounts
of the WIOD 2013 release.??

77 Aninput-output table provides information about gross value added, production value,
intermediate consumption, final uses and interlacing of industries within an economy. Itis a
matrix that contains information about intermediate consumption records of the considered
production areas. Cf. (Destatis, 2010) and (Heeger, 2013).

78 Cf. (Timmer, Dietzenbacher, Los, Stehrer, & de Vries, 2015).

79 Namely the 28 EU member states (as of July 1, 2013) and the 15 other major economies Australia,
Brazil, Canada, China, India, Indonesia, Japan, Mexico, Norway, Russia, South Korea, Switzerland,
Taiwan, Turkey and the US. See (Timmer, Los, Stehrer, & de Vries, 2016) p. 17.

80 (Timmer, Los, Stehrer, & de Vries, 2016) The database is based on SNA 2008 and thus regards
R&D following the new approach in international accounting. The 10Ts of the 2016 release
include 56 sectors.

81 Cf.(Timmer, et al., 2012) pp. 41-43.

82 Cf. (Jager, 2017), (OECD, 2017), (Timmer, Dietzenbacher, Los, Stehrer, & de Vries, 2015).
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In general, the aim of an input-output analysis is to determine direct, indirect
and induced economic effects that an object of investigation (e.g. a company, a
sector or like in this analysis industrial pharmaceutical R&D) triggers by its
business activities. Since the columns in an IOT represent the demand vectors
of intermediate consumption of all industries, it is possible to detach a certain
subset (e.g. a company, pharmaceutical R&D) form the regarding industry. This
so-called ‘satellite account’ then only covers the demand of intermediate con-
sumption of the object of investigation and is subtracted from the associated
industry’s vector. The aim of the analysis was to create such a demand vector
of industrial pharmaceutical R&D from the respective industry, i.e. “Scienti ¢
research and development”, to calculate it’s direct as well as indirect and induced
economic effects within the global economy.

To determine the economic effects of global R&D, it was necessary to accurately
separate industrial pharmaceutical R&D activities from the associated industry
(“Scienti c research and development”) in the input-output-table. Hence, a speci ¢
vector of global pharmaceutical R&D’s intermediate inputs had to be established.
Therefore, it was necessary to determine the value of intermediate consumption
of global pharmaceutical R&D by subtracting imports and taxes less subsidies
on products from it rst.®2 The resulting value of net intermediate consumption
was then distributed according to the distribution of intermediate inputs in
the “Scienti c research and development” industry. The resulting vector repre-
sents the speci c intermediate input structure of global pharmaceutical R&D
and was subtracted from “Scienti c research and development” in the IOT. The
industry’s remaining vector still included all other (non-pharmaceutical) R&D,
because only pharmaceutical R&D’s intermediate consumption was subtracted.

A more detailed description of the input-output analysis is given in the Annex.
All calculation steps and the speci ¢ methodology are outlined therein.

83 It was assumed that the distribution of those three values is the same for pharmaceutical R&D
and in the respective industry, i.e. “Scientific research and development”.
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The detailed analysis of pharmaceutical R&D activities, including its distribu-
tion among sectors of performance and types of R&D, contributed important
results and insights to an ongoing discussion in politics and society. It deliv-
ered quantitative evidence to answer open questions and to respond to critics
in the eld of pharmaceutical R&D performance. Nevertheless, as discussed in
the previous chapter, there were challenges with regard to data availability. For
the analysis, speci c required data was only available for a varying sample of
countries that always represented at least 70% of global GDP. Hence, the results
could be improved in the future with more accurate data or databases includ-
ing more countries. At this point in time however, the analysis was designed to
include the most detailed, up-to-date data available. Thereby, the focus was to
always try to use comparable data. Hence, most of it was taken from the OECD
database since it covered the largest sample of countries and the best suited
variety of indicators for the analysis at hand.

Since this analysis is the rst time that global industrial R&D activities were
guanti ed in detail, its results might be improved by further research. Hence,
it also aimed at pointing out shortcomings in reporting and supplying data on
R&D. For example, all screened international databases did not include a dis-
tribution of types of R&D by industry. Hence, the used distributions did only
represent the respective country’s overall distribution among BR, AR and ED.
In these cases, assumptions had to be formulated to be able to continue with the
analysis (for a summary of assumptions see Annex).

Nevertheless, this kind of analysis alone was not able to fully assess the holistic
picture of global pharmaceutical R&D and its impact on the global economy. The
analyses were only investigating R&D as costs, whereas the current approach of
statistical of ces and international bodies is to consider R&D activities as itself
contributing value added to the economy and thus to society. Therefore, the
focus was laid on applying the new approach. Hence, the R&D Footprint quan-
ti ed the size of direct, indirect and induced effects of global pharmaceutical
R&D. This new and innovative analysis enabled to quantify the global impact of
pharmaceutical R&D in a novel analytical approach.

The input-output analysis was based on the WIOD input-out tables (industry-
by-industry) in current prices for the year 2014.2* The provided country input-
output tables, as well as the rest of the world (RoW), were aggregated by industry
to acquire a world input-output table for the analysis. One general implication
associated with the use of the open static input-output analysis, refers to the
fact that economies of scale are ignored because there is a xed relationship
between a sector’s input and output. Furthermore, the calculation approach as-
sumes that the sectors use inputs in determined proportions.2s With regard to

84 (Timmer, Dietzenbacher, Los, Stehrer, & de Vries, 2015); Release 2016.
85 Cf. (Ronald E. Miller, July 2009), p. 16.
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the used socio-economic accounts, the WIOD release 2016 did not yet provide
them until the nalization of this analysis. This resulted in the need to estimate
them by using different other sources, as outlined before.

The presented research on the global pharmaceutical R&D Footprint in 2014
represents a status-quo analysis. Thus, it is not possible to state forecasts with
conditional statements, e.g. “if A and then B”. Hence, the results should be con-
sidered as zooming in on the interdependencies of the economy starting from
the production of pharmaceutical R&D.



0. INDUSTRIAL
POLICY
IMPLICATIONS




6. INDUSTRIAL POLICY IMPLICATIONS 51

This study displays pioneer work in the eld of deriving reliable and compara-
ble economic key gures which represent the value of R&D activities paved by
frameworks of statistical authorities.

On the one hand, the results of the rst part of the conducted analyses regard-
ing global pharmaceutical R&D activities were able to show a broad picture
of global gross domestic expenditures on R&D (GERD) and the share of global
pharmaceutical GERD. This created the possibility to measure their overall
magnitude and to compare them with benchmarks. On the other hand, it en-
riched the public and societal discussion with in-depth data on performing sec-
tors of pharmaceutical R&D and speci cally, it enabled to show which types of
pharmaceutical R&D were performed by whom and to what extent.

Especially in light of current criticism, e.g. “cherry-picking”, and of relevant
research on internal and external BR in the pharmaceutical industry®, the re-
sults can shed light on speci c issues and questions. As outlined earlier, the
results of analysing pharmaceutical R&D in a two-stage differentiation, i.e. by
performing sectors and by types of R&D, revealed the commitment of the phar-
maceutical industry in conducting basic research (‘critical path’). Despite all
criticism about the pharmaceutical industry showing no commitment to R&D
efforts, and risky ones like basic research in particular,® the results of the con-
ducted analyses on R&D activities prove that this commitment is real and were
able to quantify its size in comparison to public efforts.

As outlined before, Leten, Kelchermanns and Belderbos analysed the relation-
ship between internal basic research (performed by companies) and external
basic research (performed by others, especially public entities) and their impact
on the technological performance of pharmaceutical rms. They nd thatitis
not rational, and thus also not likely, for pharmaceutical companies to heavily
rely on publicly performed basic research. Moreover, the companies’ bene ts
from external BR increase with the size of their own internal BR activities. As
the authors formulate:

“I...] the predicted effect of external basic research [is] more than 10 times larger
for rms with the strongest internal research capabilities as compared to rms
with little internal basic research.”®

“Hence, internal basic research and the exploitation of external basic research
are complements, suggesting that internal basic research provides rms with the
skills to exploit external basic research more effectively.”®®

86 Cf. (Leten, Kelchtermans, & Belderbos, 2010).
87 (Providence Journal, 2015).

88 (Leten, Kelchtermans, & Belderbos, 2010) p. 19.
89 (Leten, Kelchtermans, & Belderbos, 2010) p. 1.
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They further nd that the effects of internal basic research are higher when it
is conducted in collaboration with universities. Thus, their empirical evidence
suggests that internal and external BR are complements, and that collaboration
increases economic performances. This could be con rmed by the results of
the previously conducted analyses on pharmaceutical R&D activities for the
pharmaceutical industry on a global level. As of cial data reveals, there is no
adverse effect of publicly performed BR on internal BR performed by pharma-
ceutical companies. This interrelation was found to be stable on a global level
and showed that it is not one against the other (internal vs. external BR) and
more important (and effective) to join in efforts and collaborate, because inter-
nal and external basic research are complements.

In the second stage of the analysis, i.e. the calculation of the R&D Footprint, the
perception shift regarding R&D — from a cost driver to a value contributor — is
accounted for (cf. Figure 21). In general, a re-focus of R&D performance, innova-
tion policy as well as the effort to close the gap between science and markets
can be observed.®®

FIGURE 21: PERCEPTION SHIFT ASSOCIATED WITH R&D EXPENDITURES - FROM
COST DRIVER TO VALUE CONTRIBUTOR.

OLD APPROACH NEW APPROACH

R&D activities as value contributor, e.g.

R&D iviti f -
&D activities as cost factor growth, employment, demand-stimulus

Pharmaceutical companies perform the Value of own-account R&D independent of
majority of global pharmaceutical GERD. the outcome (patents, new products, etc.)

Value of own-account R&D assigned to

. . Value-based R&D indicator
output (innovation that generates value)

Source: WifOR illustration.

The healthcare sector is recognized as a high impact contributor to stabilize
economic growth and to guarantee employment. One prominent example in
this regard is a statement by the former Director-General of the World Health
Organisation (WHO), Margaret Chan, concerning the rst meeting of the high-
level commission on health employment and economic growth:

“The Commission calls for a change in the way policy-makers look at the health
sector, not as a drain on resources but as a source of opportunities [...]. Employ-
ment in the health sector can operate as a counterforce to the world’s growing
inequalities in income levels and opportunities.”!

90 (European Union Delegation to the United States, 2010).
91 (WHO, 2016).
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By using the derived data for governmental outreach, the debate about policy
instruments that ensure growth and job creation in the pharmaceutical in-
dustry would be extended in a novel perspective. The current scoreboards re-
garding innovations only include one indicator for own-account R&D of busi-
ness enterprises. Hence, some of the here presented key gures could extend
the existing indicator portfolio (see Figure 22). Since the revision of the SNA
2008 R&D expenditures are treated as a subset of GVA themselves. Therefore,
it would be misleading to still use the ratio of R&D expenditures and GVA, be-
cause thereby dimensions would be mixed up and indicators that do not re ect
the actual state of R&D would be calculated. A recent working paper from the
OECD published in 2016, analyses the taxonomy of economic activities based
on R&D intensities. The authors stated that the SNA 2008 revision accelerates
the GVA among research-intensive sectors in the economy. The data displays a
systematically higher result due to the new accounting principles regarding the
capitalization of R&D in national accounts.

“All the ratios standardized by value added (especially R&D intensity) are im-
pacted. [...], the output data are based on data compiled and reported under the
SNA 1993.792

This research study aims at expressing the necessity of a revision of business
enterprise R&D expenditure indicators. It is not a satisfying scienti ¢ handling
to depend on data based on old statistical frameworks like the SNA 1993. Be-
sides the currentness issue, additional substantial opportunities with new es-
tablished indicators were gained by comparing the value of intramural R&D
of companies, industries or sectors. One prominent example is the GVA rate,
which indicates the ef ciency of inputs to production when ranking various
players. The analysis implicated a GVA rate for global industrial pharmaceuti-
cal R&D of 69.2% and therefore an above average value in comparison to the
benchmark industries (cf. Section 3.7). This kind of information could serve as
a base for important decisions regarding the adoption of regulations, e.g. R&D
tax incentives for certain enterprises or public subsidized programs.

Figure 22 shows that the quanti cation of the R&D Footprint delivers several
important ef ciency measures for R&D, apart from the old approach of only
calculating the R&D intensity. Due to the construction of R&D satellite accounts
and the application of the input-output analysis, the embodied technology dif-
fusion of R&D can be quanti ed in a new manner. Therefore, not only the direct
impact is made available to categorize R&D activities, but the indirect economic
contribution through purchasing intermediate inputs as well.

92 (Fernando Galindo-Rueda, 2016), p. 7.
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FIGURE 22: CREATION OF A NEW PORTFOLIO OF R&D EFFICIENCY MEASURES.

DIRECT R&D :  R&DGROSS R&D GROSS
Common  INTENSITY OF : VALUE ADDED : / VALUE ADDED
INDUSTRY i OF INDUSTRY : OF INDUSTRY

R&D gross value added of industry

R&D gross output of industry

Assign directly
value to R&D

<
Shift of perspective: }
<
<

|
|
| R&D gross value added rate of industry
|

R&D labour productivity of industry

Source: (Fernando Galindo-Rueda, 2016), p. 7; WifOR illustration.

A time series analysis of backward multipliers for pharmaceutical R&D can fur-
ther reveal if this economic activity counteracts economic downturns more suc-
cessfully than other public funded programs: e.g. investments in new buildings
and infrastructure that deal with construction permissions, planning and other
factors, before even starting.®

For example, the employment multiplier comparison indicates that the pharma-
ceutical R&D sector has a higher spillover effect than the associated benchmark
industry (cf. Section 3.6).

By performing a comparison of the derived employment multipliers, political
decision makers are able to gain a clear picture about employment supporting
effects of certain origins. In case the industrial policy strategy endeavours to
support the labour market, these key gures could deliver a set of evidence-
based arguments about potential impact trends.

The eld of application is manifold, while the here presented research still
stands at its beginning. Nevertheless, it was able to present a brief overview of
suggestions of how the available economic framework could be used to sharpen
analyses for industrial policy purposes. This study thus serves as the starting point
for a necessary paradigm shift regarding the nature of R&D, which is increas-
ingly gaining importance in the political discussion and strategy formulation.

93 Cf. (H.-U. Brautzsch, 2015), p. 623.
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This study addresses current criticisms about the pharmaceutical industry’s
commitment to R&D efforts by performing an in-depth analysis about R&D ac-
tivities. The results draw important conclusions on how the pharmaceutical
industry is contributing to R&D in general and by performing basic research in
particular. To investigate the impact of industrial pharmaceutical R&D on the
global economy and labour markets, the R&D Footprint was able to show not
only direct, but also indirect and induced (so-called spillover) economic effects.
This was achieved by following the new approach of regarding R&D itself as a
value-contributor and not solely as a cost factor. Hence, the analysis was able
to assign an economic value to industrial pharmaceutical R&D activities on a
global level for the rst time.

Summarizing the study’s results, the following aspects and key results should
be pointed out and highlighted.

ANALYSIS OF PHARMACEUTICAL R&D ACTIVITIES
The following key messages resulting from the analysis of pharmaceutical R&D

activities are able to give important insights to deal with criticism regarding the
commitment of the pharmaceutical industry.

The commitment of the global pharmaceutical industry
amounted to $121.9 bn of pharmaceutical BERD in 2014, i.e.
71.1% of total pharmaceutical GERD.

Commitment

to R&D

The questioned commitment of the pharmaceutical industry in performing R&D
was shown to make up about 71.1%, i.e. $121.9 bn in absolute values, of overall
pharmaceutical GERD and thus indicates a more than signi cant commitment
to tackle the challenges of the future.

The analysis of the ‘critical path’ reveals that industrial
performed pharmaceutical basic research in total amounted
to $7.3 bn in 2014, i.e. almost as high as
total pharmaceutical GERD in Germany.

Performance

of Basic
Research

Regarding the analysis’ ‘critical path’ of performed basic research by pharma-
ceutical companies, it can be stated that the industry in total performed basic
research worth $7.3 bn. This shows that there is a commitment to invest at the
‘high-risk side’ of R&D to a signi cant extend.
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4 )

Business performed pharmaceutical basic research (the
‘critical path’) in 2014 was more than 1.5 times as high as
governmental performed basic research and almost half the size

Basi . . .
asie of higher educational performed basic research.

Research and
Public R&D

There was no indication of any adverse effect on business
basic research activities, which grew by more than 51% (11%
\_ annually) from 2010 to 2014. )

One aim of the analysis of pharmaceutical R&D activities was to develop pro-
found and meaningful statements about who performs which kind of phar-
maceutical R&D and to what extent. By comparing business performed basic
research (‘critical path’) with public efforts, i.e. governmental and higher edu-
cational basic research, it can be stated that pharmaceutical businesses in total
performed a remarkable amount of basic research. Especially in light of critics
guestioning the industry’s commitment, the analysis’ results provide impor-
tant insights. In 2014, the ‘critical path’s’ total value was 1.5 times the size of
governmental pharmaceutical basic research and almost half the size of higher
educational pharmaceutical basic research. In addition, there was no adverse
effect (or reduced commitment) in the years from 2010 to 2014, and pharmaceu-
tical businesses’ basic research grew by 11.0% annually. This is in line with
current empirical research on internal and external basic research activities
and how they interact in the pharmaceutical context. The results of the here
shown analyses con rm the ndings: business basic research and public basic
research are complements and are most ef ciently performed in collaboration
with each other.

R&D FOOTPRINT OF THE GLOBAL PHARMACEUTICAL INDUSTRY

The R&D Footprint of industrial pharmaceutical R&D assigned a macroeconomic
value to R&D expenditures on a global level for the rst time. Furthermore, the
calculations determined not only direct, but also indirect and induced econom-
ic effects. Hence, the following three powerful key messages can be formulated:

Investing in With about 120 billion dollar in 2014, the global
innovation pharmaceutical industry was investing in R&D on a large scale.

The innovation message that can be drawn from the analysis states the large
aggregated absolute amount of R&D expenditures that were contributed by the
global pharmaceutical industry in 2014.
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Powering The direct value contribution to global GDP amounted to
growth $152.0 bn. Furthermore, global pharmaceutical R&D activities
in the world supported a total value added effect of $271.0 bn in 2014.

The growth message summarizes the impact of industrial pharmaceutical R&D
on the global economy. The $152.0 bn of directly generated GVA were multiplied
by a factor of 1.8 and thus contributed a total GVA of $271.0 bn, i.e. larger than
the GDP of Finland, to the global economy in 2014.

The estimated pharmaceutical R&D activities in 2014
supported 388 k employees directly and in total about 5.2
million globally.

Driving

Employment

The employment message states that industrial pharmaceutical R&D activities
in total supported about 5.2 million jobs in the global labour market in 2014.
This total effect can be explained by a large spillover multiplier that exceeded
all benchmark industries.

In addition to those powerful key results that state the important global impact
of the pharmaceutical industry’s performed R&D activities in 2014, the indus-
try was able to thereby also achieve an extraordinary high labour productivity.
This is an indicator of the high level of ef ciency as well as the level of education,
skill and training required and achieved in performing R&D activities in the
pharmaceutical industry. The GVA rate of 69.2%, i.e. higher than in all bench-
mark industries, shows that these kinds of activities in general require predomi-
nantly human resources and less materials and pre-products, as it would be
necessary in a production process. Further, it indicates that most intermediate
consumption is spent on services, and is a sign of high internal ef ciency and a
high degree of vertical integration.

Pharmaceutical R&D on a global level reached a GVA rate of
69.2% showing its extraordinary high level of internal efficiency
and in-house value creation.

GVA
Rate

In total, the outlined results show that the pharmaceutical industry contributed
to a large degree to the global economy, labour markets and innovation by per-
forming R&D activities. These R&D activities themselves include an important
amount of high-risk basic research that in comparison to public efforts is equal-
ly signi cant. Further, it shows the industry’s commitment to invest in mean-
ingful R&D projects improving people’s lives, and their health in particular.
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RESULTS FOR FURTHER COUNTRIES OF THE REGARDING SAMPLE

FIGURE 23: GROSS DOMESTIC EXPENDITURE ON R&D IN 2014 — REST OF THE SAMPLE.
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Source: Data from OECD; WifOR calculation; WifOR illustration. CHF in 2012; AUS, NZL, ZAF in 2013.

FIGURE 24: GROSS DOMESTIC PHARMACEUTICAL EXPENDITURE ON R&D IN 2014 -
REST OF THE SAMPLE.
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Source: Data from OECD; WifOR calculation; WifOR illustration. AUS, AUT, IRL, SGP, SWE in 201
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SCHEMATIC PRESENTATION OF THE CALCULATIONS IN THE TWO-
STEP DIFFERENTIATION

FIGURE 25: SCHEMATIC PRESENTATION OF DATA INPUTS, DATA FLOW,

CALCULATION STEPS AND ECONOMIC ASSUMPTIONS IN THE ANALYSIS OF GLOBAL
PHARMACEUTICAL R&D ACTIVITIES IN 2014.
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FIGURE 26: DATA, CALCULATIONS AND ASSUMPTIONS REGARDING THE US.
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FIGURE 27: USED DATA INPUTS.

. Data inputs

Number Name Source Description

Total BERD
1 (etc.) in USD
(current PPP)

OECD Total BERD, GOVERD, HERD and GERD in the total
(MSTI) economy in PPP USD. (By country and year)

Total R&D expedires in the pharmaceutical industry

2 Total BERD  OECD (ISIC Rev. 4) [performed by the pharma industry] in
Pharma (ANBERD) current prices, PPP Dollars. (by country and year), by
main economic activity
Data on R&D expenditure by sector of performance
BERD (etc) OECD (busmesg enterprise, governmenlt, higher educat.lon, private
3 by R&D type (RDS) non-profit) and typeof R&D (basic research, applied research,
y yP experimental development, total) in the overall economy, in
current prices, PPP Dollars. (by country and year)
"U.S. expenditures, by performing sector, course of
BERD (etc.) funds, and type or work” (data from the National
<6> 4 by R&D type NSF Science Foundation); Data on R&D expenditure by
for the US sector of performance and type or R&D (calculated

rates regardless of source of funds) in USD

Source: WifOR illustration.

FIGURE 28: CONDUCTED CALCULATION STEPS.

. Calculation Steps

Number Description Formular

Missing values of total RDNP (in PPP USD) BERD+GOVERD+HERD+RDNP =
I were calculated as a residual of other given =~ GERD <—> RDNP = GERD-BERD-

data. GOVERD-HERD
I Calculation of ratios between BERD (etc.) Share BERD_GERD =
and GERD in order to determine shares. Total BERD / Total GERD

Calculating pharmaceutical GOVERD (etc.) by

using the given Total BERD Pharma numbers

and the shares of BERD and GERD as well as
GOVERD (etc.) and GERD.

Total GOVERD Pharma = Total
BERD Pharma * (Share GOVERD_
GERD / Share BERD_GERD)

For each performing sector of R&D (business
etc.) absolute values of R&D types (BR etc.)  Share BR_BERD = (Total BR in Total
were divided by total BERD (etc.) values to get BERD) / Total BERD
a percentage share.

For each performing sector of R&D (business
@ Va etc.) absolute values of R&D types (BR etc.) Share BR_BERD_US = (Total BR in
were divided by total BERD (etc.) values to get ~ Total BERD US) / Total BERD US
a percentage share.

Absolute values of pharmaceutical R&D by
performing sector (business etc.) and type
of R&D, are calculated by multiplying the
previously calculated percentage shares
(BR_BERD etc.) with the performing sector's
pharmaceutical R&D (Total BERD Pharma).

Total BR in Total BERD Pharma
= Share BR_BERD * Total BERD
Pharma

Source: WifOR illustration. Calculation step II: This was necessary, especially when compared to
somewhat similar numbers of total BERD in data input 3 (BERD etc. by type of R&D), because the
calculated numbers are, even though with only small differences to data input 3, available for a
larger sample of countries, especially the US. Hence, it was worth calculating these values instead
of ‘only’ relying on values of data input 3.
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FIGURE 29: FORMULATED ASSUMPTIONS.

A Assumptions

In order to get a number for total RDNP in PPP USD
(not available) it was assumed that BERD+GOVERD+
HERD +RDNP = GERD. Thus, RDNP could be
calculated as a residual.

BERD+GOVERD+HERD+RDNP =
GERD <—> RDNP = GERD-BERD-
GOVERD-HERD

Al

It is assumed that the data included in the ANBERD
database are best suited for an international
A2 comparison of industrial pharmaceutical R&D
performances, because it follows the ISIC Rev.
4 classification, and measures performances,
regardless of the origin of funding.

Total BERD Pharma = ANBERD
D21: Pharmaceuticals, etc.
(ISIC Rev. 4)

The ratio between BERD and GERD as well as
between GOVERD and GERD (etc.) in the overall
economy is assumed to be the same as in the
pharmaceutical industry.

A3

It is assumed that the distribution of the different
sectors' R&D expenditures (BERD etc.) on R&D
A4 types (BR, AR, ED) is the same in the total economy
and the pharmaceutical industry in the respective
country (approximation).

Cross-relationships are assumed to even out
(approximation), such that R&D expenditures
funded by businesses and performed by other
sectors (e.g. government) and R&D expenditures
funded by other sectors and performed by
businesses are assumed equal.

A5

Source: WifOR illustration.

EXTRAPOLATION OF PHARMACEUTICAL BERD

As mentioned before, global pharmaceutical BERD was extrapolated by means of
GVA estimates for the global pharmaceutical industry. The sample of 32 OECD+
countries in 2014 represented 84.6% of global industrial pharmaceutical GVA.
This share was derived by using GVA gures from the latest update of the Eco-
nomic Footprint of the pharmaceutical industry in 2014.% Therefore, it was as-
sumed that the available data of pharmaceutical BERD referred to 84.6% of global
pharmaceutical BERD in 2014 as well. Following this assumption, the given data
of global pharmaceutical BERD was extrapolated for the missing 15.4%. Hence,
an absolute value of global pharmaceutical BERD in 2014 was quanti ed.

94 Following the methodology in (Ostwald & Knippel, 2013).



70 RESEARCH REPORT

UNDERSTANDING PUBLIC AND PRIVATE FUNDING FOR PHARMACEUTICAL R&D: DOES SOCIETY REALLY PAY TWICE?

CROSS-FUNDING ASSUMPTION - EXAMPLES

FIGURE 30: MAJOR FLOWS OF R&D FUNDING IN CANADA IN 2009.

SOUR F R&D FUNDING ($)
Federal Provincial Business Higher Private Foreion
Government Governments Education Non-Pro t 9
o @ [
1,513M 1m0 909M
' 14.172m 101M 2,66M
2,619M 2,780M

2,619M 2,780M 267M

2,619M 2,780M

10,413M 16,146M
2.692M
@ 369V
Federal Provincial Higher Business
Government Governments Education

R&D PERFORMING SECTOR

Source: (Statistics Canada, 2017); includes only flows > $100 m.

FIGURE 31: MAJOR FLOWS OF R&D FUNDING IN THE UNITED KINGDOM IN 2013.

million

Higher
Education
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Non-Pro t
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£300
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Overseas
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Government funding R&D .
Public
Government HEF Cs Research £660 million Research
Departments £2,297 Councils cos il Institutes
£3,214 million million £2,899 million e (Performing
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£61 £380milion | |45 101 gvlsx
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Business

£74 miIIionJ

£1,646 miIIionJ

Source: (Office for National Statistics, 2017).
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FIGURE 32: FUNDING AND PERFORMANCE OF RESEARCH AND DEVELOPMENT IN
FRANCE IN 2012.

Public sector (40%) Funding Firms (60%)
€19.6 billion GNERD = €48.4 billion €28.8 billion
0.94 of GDP 2.32% of GDP 1.38% of GDP

€2.3
billion

€3.1
billion

€14.9

billion Abroad

€0.8 billion
€0.89

billion

€2.8
billion

Public sector (35%) PERFORMANCE Firms (64%)
GOVERD = €16.5 billion GERD = €46.5 billion BERD = €30.1 billion
0.79% of GDP 2.23% of GDP 1.44% of GDP

Source: (Ministére de I'Enseignement supérieur, de la Recherche et de I'Innovation, 2017) ; please
note that there is a typo in the original figure: Firms to Firms is € 24.9 bn (wrong decimal dot in
original source).

FIGURE 33: U.S. R&D EXPENDITURES BY PERFORMING SECTOR, SOURCE OF FUNDS,
AND TYPE OF WORK: 2013.

Sector of Source of Source of  Source of funding: Source of funding: Total by
funding: funding: Other domestic Other non- sector of
performance : :
Companies Government sources domestic sources  performance
Companies 6.096 143 17 1.414 7.670
Higher 345 3.388 290 370 4.393
education
Research
AT 222 1.007 65 340 1.634
institutions

Total by source

. 6.663 4.538 372 2124 13.697
of funding

Source: Data from (National Science Foundation, 2017), WifOR illustration; in millions of USD.

FIGURE 34: GROSS R&D SPENDING IN GERMANY BY SECTOR OF PERFORMANCE
AND SOURCE OF FUNDING IN 2013.

Total by
sector of
performance

Sector of . Private non- Non-domestic
Companies  Government :
profits sources

performance

Companies 48.958 1.800 105 2.703 53.566

Government and

! ‘ 1.222 9.864 141 635 11.862
private non-profits

Higher education 1.996 11.534 0 771 14.302
Total by source of 52176 23.198 246 4110 79.730

funding

Source: Data from (Bundesministerium fir Bildung und Forschung, 2017); in million euro.
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FIGURE 35: R&D SPENDING IN THE NETHERLANDS BY SECTOR OF PERFORMANCE
AND SOURCE OF FUNDING IN 2015.

o Other Total by
Sector of . Universities .
Business Government nonprofit sector of
performance and Colleges o
organizations  performance
Business 292.153 29.556 0 819 322.528
Government 180 49965 0 181 50.326
Lliereliies e 3.502 40.461 15.240 5.477 64.680
Colleges
Other nonprofit 1.444 5939 0 11178 18.561
organizations
Total by source of 297.279 125.921 15.240 17.655 456.095

funding

Source: Data from (Rathenau Instituut, 2017); in million euro, other domestic sources include pri-
vate non-profit organisations and higher educational institutions’ own funds.

CAPITALIZATION OF INTRAMURAL R&D - EUROSTAT EXAMPLE

A corporation generates an output of €50 m by using €20 m of materials and
€19 m of services. Furthermore, the compensation of all employees and the op-
erating surplus amount to €15 m and €5 m. In addition, the consumption of capi-
tal formation (CFC) accounts for €5 m. The assumption in the manual states that
the corporation carries out R&D for one year resulting in intellectual property.
For the own-account R&D carried out within this corporation, the following in-
formation are available: The materials, services and compensation of employees
assigned to R&D production in each case amount to €5 m. The consumption of
capital assets for the creation of R&D is valued at €1 m. For the output calcula-
tion of R&D, we sum up the materials (€5 m), services (€5 m), compensation of
employees (€5 m), capital consumption (€1 m) and an imputed operating sur-
plus of €1 m. Hence, the output value sums up to €17 m.%

95 (Eurostat, Manual on measuring Research and Development in ESA 2010, 2014), p. 9.
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FIGURE 36: ESA 2010 TREATMENT, RECOGNIZING R&D AS CAPITAL FORMATION
AND VALUING OUTPUT OF R&D WITH THE SUM OF COSTS APPROACH.

Production account

Uses

Resources

Main activity R&D Main activity R&D
Materials 15 5 50 17
Services 5 5
e 0w
Value added 30 7

Generation of income account

Uses Resources

Main activity R&D Main activity R&D
eC;r;zf/g:tion of 10 5 Value added 30 7
CFC 4 1
Operating surplus, net 16 1

Capital account

Changes in assets

Changes in liabilities and net worth

Main activity R&D Main activity R&D
Capital formation (R&D) 17 Saving, net 16 1
CFC _4 -1
Net lending/borrowing 20 -15

Source: (Eurostat, Manual on measuring Research and Development in ESA 2010, 2014), p. 11.

The above gure transfers the numerical example in the SNA principles. The
upper part shows the calculation of the output by means of the production ap-
proach implemented in the production account. The middle area quanti es the
value added contribution by summing up the compensation of employees, CFC
and the NOS. One last accounting depiction is the actual capitalization of the
output value. In this context, the quanti ed output value for R&D is evaluated as
capital formation (main methodological change within SNA 2008).
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SCHEMATIC PRESENTATION OF THE CALCULATIONS IN THE R&D
FOOTPRINT ANALYSIS

FIGURE 37: SCHEMATIC PRESENTATION OF DATA INPUTS, DATA FLOWS,
CALCULATION STEPS AND ECONOMIC ASSUMPTIONS IN THE CALCULATION OF
THE GLOBAL PHARMACEUTICAL R&D FOOTPRINT IN 2014.

Data
input Total BERD Pharma

—_ (current prices,
national currency) <a>

Total BERD Pharma

(current prices, current USD) TN
Results:

A3 1. Global labour cost in

L » pharmaceutical R&D

Business enterprise R&D
e expenditures of pharma 2. Global current cost in
industry by type of cost . pharmaceutical R&D
II
l & Aa

Result:

Global average
labour costs in
pharmaceutical R&D

Business enterprise
—_— R&D staff in the A5
pharmaceutical industry

Result:

Global R&D
staff in the
pharmaceutical
industry

Result: Percentage distribution ___/
of global pharma R&D

expenditures by type of cost

(labour, current and capital cost)

Accounts aggregates for taxes less subsidies in
the pharmaceutical industry A6
global pharma R&D

2. Proxy ratio of net operating
surplus in global pharma R&D
3. Proxy ratio of consumption
of xed capital in global
pharma R&D

A7l

Results:

1. Global other taxes less
subsidies in pharma R&D
2. Global net operating
surplus in pharma R&D
3. Global consumption
of xed capital in
pharma R&D

EU System of National ?e;ults: i0 of oth
. Proxy ratio of other

. Data Inputs . Calculation Steps A Assumptions

Source: WifOR illustration.
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FIGURE 38: DATA INPUTS FOR THE GLOBAL PHARMACEUTICAL R&D FOOTPRINT IN

2014.

Data inputs

Total BERD
Pharma (STAN

Total R&D expenditures in the pharmaceutical
industry (ISIC Rev. 4) [performed by the pharma
OECD industry] in current prices, national currency. (by

! R&D expenditures (ANBERD) country and year), by main economic activity for D21:
in Industry (ISIV g . . . -
Pharmaceuticals, medicinal chemical and biotanical
Rev. 4))
products.
Differentiation of R&D expenditures by labour
“Business enterprise costs, current costs and capital expenditures in
R-D expenditure OECD+ countries; Labour costs = compensation
. OECD . T
2 by industry and by (RDS) of employees; Current costs = intermediate inputs;
type of cost (ISIC Capital expenditures = gross fixed capital formation,
Rev.4) national currency. (year 2013 picked due to highest
data validity)
Business enterprise OECD Total R&D personnel in the pharmaceutical industry,
3 R-Dpersonnel by gy in FTE, in 2013
industry  (ISIC 4) !
Country sample of 25 EU countries; Data in 2013;
System of National Data for SNA aggregates: GVA, compensation of
Accounts Main employees, depreciation, net operating surplus
4 Aggregates (NACE EUROSTAT and taxes less subsiocies on production in the
Rev. 2) pharmaceutical industry and in the R&D industry

(sector 72).

Source: WifOR illustration.

FIGURE 39: CALCULATIONS STEPS OF THE GLOBAL PHARMACEUTICAL R&D
FOOTPRINT IN 2014.

. Calculation Steps

Number

Description

Missing values of global pharmaceutical BERD
were extrapolated by means of GVA estimates
of the global pharmaceutical industry. The
subsample of OECD+ countries had a coverage
of 84.6% of global pharmaceutical GVA. It was
assumed that 15.4% were still missing to the
overall global value.

Formular

Pharma BERD amounted to = $99.5
bn; GVA of country subsample
refered to 84.6% of global
coverage; Backward calculation

pf 100% of global pharma BERD =
($99.5 bn/84.6%)*100= $117.6 bn;
Missing countries =15.4% *$117.6
bn = $18.1

Calculation of the precentage distribution of type
of costs. The estimation for 2014 was based on
2013 OECD data.

Estimation of global labour costs and current
costs of industrial pharmaceutical R&D by
mutliplying the ratios from calculation step Il with
the absolut amount of global pharma BERD.

Labour costs: 35.8% * $117.6 bn =
$42.0 bn; Current costs: 57.7% *
$117.6 bn = $67.7 bn

Calculation of a proxy for average labour cost of
global pharmaceutical R&D by means of country-
specific data.

Division of the sum of sample
countries' labour costs of pharma
R&D by the sum of sample
countries' pharma R&D personnel.
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. Calculation Steps

Number Description Formular

Division of estimated labour costs
Calculation of global R&D staff in the of global pharma R&D from step |lI
pharmaceutical industry. by average labour costs for pharma
R&D from step IV.

Proxy net operating surplus = net
operating surplus / labour cost
(from pharma industry); Proxy taxes
less subsidies = taxes less subsidies
/ labour cost (from R&D sector);
Proxy consumption of fixed capital
= consumption of fixed capital / net
value added (from R&D sector)

Calculation of proxy ratios for pharmaceutical
R&D's main SNA aggregates by using a Eurostat
country sample. Therefore, division of the

Vi sample's main aggregates by labour costs (in case
of net operating surplus and taxes less subsidies)
and net value added (in case of consumption of
fixed assets).

Calculation of absolut values of main SNA Multiplication of proxy ratios from

i . . VI with | f
aggregates in global pharmaceutical R&D. IsltleaF;d nv:ttopaek:g;:;;ossutrp:ﬁ? step
Calculation of current USD values from national

R currency units by using exchange rates from the

OECD (and in case of Romania from the World
Bank, and in case of Singapore from Eurostat).

Source: WifOR illustration.

FIGURE 40: ECONOMIC ASSUMPTIONS MADE FOR THE GLOBAL PHARMACEUTICAL
R&D FOOTPRINT IN 2014.

A Assumptions

Number Description

By extrapolating pharmaceutical BERD it was assumed that industrial pharmaceutical
GVA is the best suited proxy for its distribution among countries. Further it was
assumed that the all not covered countries' sahres of pharmaceutical BERD are
onaverage approximately equal to their shares of pharmaceutical GVA.

Al

The OECD business enterprise R&D expenditure of the pharmaceutical industry by type
A2 of costs ratios served as base for the calculation of a sample average. This average was
assumed to be the best available proxy for a global distribution, too.

The in calculatiuon step Il derived global precentage distribution serves as base for
A3 differentiating the extrapolated global pharma BERD in labour costs and current costs
in 2014. It was believed to be the best available proxy.

After the calculation of the sample's average labour costs (labour costs per capita), it

A4 served as a proxy for global pharmaceutical R&D's labour cost per capita in 2014.

The global pharma R&D staff estimation was based on a backward calculation by means
of the global average labour costs in pharmaceutical R&D and global labour cost in
pharmaceutical R&D. Due to limited data availablity it was seen as the best option to
determine gloabl pharmaceutical R&D staff.

A5

The EU main aggregates serve as proxies for calculating global main aggregates of
pharmaceutical R&D. A country sample of 25 EU members in 2013 serves as base for the
calculation of the global pharma R&D main aggregates. The OECD database did not
cover enough data for a comparable calculation of these proxys.

Ab

The proxy ratios were used for the estimation of global pharmaceutical R&D's main SNA

A7
aggregates.

Source: WifOR illustration.
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THE CALCULATION MODEL OF THE DIRECT AND SPILLOVER
EFFECTS

Since direct effects are effects that are directly generated by the object of inves-
tigation, these effects can be investigated by simple data collection. However, to
analyse the spillover effects, various types of input-output models exist. These
models can be classi ed into:

e  Open and closed models,
e  Quantity and price models,
e  Statistical and dynamic models.%

If the variables of the input-output analysis are mostly independent, the un-
derlying model is an open input-output model. This means that parts of the

nal demand are exogenous and remain constant throughout the whole analy-
sis. Feedback of e.g. increase of income due to a rise in production, are not con-
sidered. On the other hand, within closed models, all variables are endogenous
and depend on each other.’” Quantity models analyse the consequences of a
change in nal demand. Central to these models is how many and which type
of intermediate consumption has to be produced to satisfy the nal demand for
goods. On the other hand, price models investigate the impact of alterations of
prices of the intermediate consumption. Statistical and dynamic models dif-
fer in terms of the considered time periods. Statistical models do not model
changes over time. The models only involve a single time period.®®

In this research project, the statistic open quantity model is applied to investi-
gate the indirect and induced economic effects. The origin of this model is the
domestic IOT, which is represented in the following system of equations:

X11 + +X1j +X1n +Y1 = X1
Xi1 + +xl~j +xin +Yl = Xi, M
Xni + o Xy e X Y = X

where X; represents the gross output or respectively the total demand of a sector i.
It is the sum of the intermediate consumption that i sector demands from sector J,
denoted by X;;, and the nal consumption of sector i, Y;. To receive a linear cor-
relation between the gross output X; and the intermediate consumption X;j, the
input coef cients,

)

96 Cf. (Holub, 1997).
97 Cf. (Ostwald, Henke, & Kim, 2013).
98 Cf. (Ostwald, Otte, Henke, Strauch, & Loser, 2013).
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are derived. The input coef cienta;;j shows the share of contribution of product
i to produce product j. The matrix of input coef cients A reads as follows:

aiq alj v Qqn
A= a1 Qi o Qip, (3)
ant - anj . Apn

Equation (2) and (3) can be substituted into Equation (1):

a11X1 + +a1]X] +a1an +Y1 = Xl
aile + +aUX] +aian +YL = Xi, (4)
X1 . FapiX; .o taXn, Y, = X,

yielding the following equation in matrix notation;

Ax +y =x, (5)

with x denoting the vector of gross output, y is the vector of nal consumption.

In the present model, the economic impulse of the object of investigation to-
wards the rest of the economy is assumed to be the PV. A change in the output
leads to a change in the matrix of intermediate consumption. This in turn, trig-
gers economic activity in the supplying industries. This effect is the rst round

of effects. However, if the supplying industries increase their production, they
also send out impulses to the economy and so on and so forth. There are in -
nitely many rounds of indirect economic effects which are mathematically rep-
resented by the boundary value of the Leontief inverse matrix. An illustration

of the causality of the effect relationship is given in Figure 41.
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FIGURE 41: CAUSALITY REGARDING INVESTIGATION OF THE INDIRECT EFFECTS.

Impulse to
the economy

Increased output through economic activity of the object of investigation

Additional income
Additional employment

Additional production
of inputs causes

Multiplier
process
Additional production Zoditionalincome
of inputs —CC"’“S“ Additional employment
Data base: == : —

input-output table

i
| —— Total indirect income

Total effects | roduction causes
| P Total indirect employment
|

Source: WifOR illustration based on (Ostwald, Otte, Henke, Strauch, & Léser, 2013) and (Ostwald,
Henke, & Kim, 2013).

To examine changes in gross output triggered by changes in demand, Equation
(5) is solved for the gross output x:

x=0U-A)"y, ®)

with I being the identity matrix. The rst term is called the Leontief inverse
matrix L:

L=(—-A)"1o 7)

Furthermore, the Leontief inverse matrix L is standardized, i.e. the main diago-
nal elements contain the value 1 only. This new matrix T, the technology matrix,
is crucial for changes in output given a change in demand, hence it is crucial for
calculation of the indirect effects:

T =L X [diag(L)]™? 8)

To quantify the induced economic effects as a consequence of the economic
activity of the object of investigation, the consumption demand is endogenised.
The compensation of employees leads to an increased demand for goods and
services across the economy for which an enhanced production is needed. The
compensation of employees for this enhanced production leads to a further in-
crease in the demand. Theoretically, there are in nitely many rounds that are
shown in Figure 42.

99 Cf. (Ostwald, Henke, & Kim, 2013).
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FIGURE 42: CAUSALITY REGARDING INVESTIGATION OF THE INDUCED EFFECTS.

Impulse to

Increased output through economic activity of the object of investigation
the economy

Additional causes Additional causes Additional
production income consumption

Multiplier
rocess
P Additional fauses Additional fauses Additional
production income consumption
causes causes
Data base:

input-output table

Total induced Total induced income
e Ve o) Total induced employment

Source: WifOR illustration based on (Ostwald, Otte, Henke, Strauch, & Loser, 2013) and (Ostwald,
Henke, & Kim, 2013).

Total effects

Hence, in the process of calculating the induced effects the share of income that
is spent on consumption ¢, and on savings respectively, is crucial. Therefore, a
world savings rate and the tax wedge had to be assumed in order to calculate ¢
as a residual. Since OECD data about net household savings was not available
for asuf ciently large sample of countries and since there was a lot of variation,
it was decided to use an estimation by Grigoli, Herman & Schmidt-Hebbel (2014)
who estimate the worldwide savings rate to be at 20%.1°° Further, the tax wedge
was assumed to be equal to the OECD-average of 35.48% which was the best
available approximation.’®* Thus, ¢ was calculated to be 44.52%.1%

Similar to the indirect effects, a matrix of coef cients has to be derived to cal-
culate the induced effects. However, this matrix C does not contain input coef-

cients (cf. matrix A), but rather consumption coef cients. These coef cients
reveal information about how much is spent in terms of salaries and wages
for the generation of a speci c¢ output. These coef cients are computed by the
product of the vector of the consumption rate ¢ and a vector of coef cients of the
compensation of employees w:

C=cXw, ©)

100 Cf. (Grigoli, Herman, & Schmidt-Hebbel, 2014).
101 Cf. (OECD, 2016).

102 ¢ = 100% - 20% - 35.48% = 44.52%. The household is assumed to use its income either for
consumption, as savings or to pay taxes.
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where w is a vector consisting of the ratio of the compensation of employees in
the production sector j, W;, and the output of the production sector j, X;:

Wi 103 (10)
Xj

The standardized technology matrix for calculation of the induced economic
effects then reads as follows:

T" =L x[diag(L)]™"* (11)

with:
L'=U-0)1 (12)

PRODUCTION VALUE EFFECTS

To compute the PV effects, the technology matrices T and T* are multiplied with
the initial impulse, the PV X;. First, the sum of the direct and indirect PV effect,
Xd+i, is reached:

Xa+i =T Xj, (13)

with X; being equal to the direct PV effect, xg:

Xj =Xg4. (14)
Subtraction of the direct effect, yields the indirect PV:
Xindi = Xd+i — Xq-104 (15)
The following equation yields the total production effect:
x, =T - Xj 16)

from which the direct and indirect effects are subtracted to achieve the induced

PV effect:
Xindu = Xt — Xgq+i-105 (17)

GROSS VALUE ADDED EFFECTS

To compute the value added effects, the model is expanded by a matrix with G
the following elements on the main diagonal:

Gj
gj = Z (18)

The coef cients g; result from the GVA of the production areas j, G;, and the PV
of the same production area j, X;.

103 Cf. (Ostwald, Henke, & Kim, 2013).
104 Cf. (Ostwald, Henke, & Kim, 2013).
105 Cf. (Ostwald, Henke, & Kim, 2013).
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With these coef cients, the indirect and induced GVA effects are calculated (cf.
Equation (20) and (22)):

Ja+i =G T-X; (19)
Yindi = Yd+i — YGa (20)
9e =G T X; 21)
Yindu = It — Ga+i- (22)

EMPLOYMENT EFFECTS

The calculation of the employment effects operates similar to the calculation
of the GVA effects. The model is expanded by a matrix E with the employment
coef cients e; on the main diagonal:

E;
— ]
ej -

= X; ) (23)

where E; represents the employment of the production area j and X; being the
PV of the production area j.

With these coef cients, the indirect and induced employment effects are calculated:

eqri = E-T-X;j (24)
€indi = €d+i — €d (25)
ee=E-T -X; (26)

€indu = €t — €d+i- (27)
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