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a b s t r a c t
During the economic crisis of 2008 and 2009, governments in Europe stabilized their economies by means
of ﬁscal policy. After decades of absence, deﬁcit spending was used to counteract the heavy decline in
demand. In Germany, public spending went partially into R&D subsidies in favor of small and medium
sized enterprises. Applying the standard open input–output model, the paper analyzes the macroeconomic effects of R&D subsidies on employment and production in the business cycle. Findings in the form
of backward multipliers suggest that R&D subsidies have stimulated a substantial leverage effect. Almost
two thirds of the costs of R&D projects are covered by the enterprises themselves. Overall, a subsidized
R&D program results in a production, value added and employment effect that amounts to at least twice
the initial ﬁnancing. Overall, the R&D program counteracts the decline of GDP by 0.5% in the year 2009. In
the year 2010 the effects are already procyclical since the German economy recovered quickly. Compared
to the strongly discussed alternative uses of subsidies for private consumption, R&D spending is more
effective.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
At the end of 2008, a severe economic crisis dealt a heavy blow
to the global economy as a whole. The decline of effective demand
caused by a loss of conﬁdence and long-term expectations led
to a worldwide economic slowdown which had negative effects
on production, employment, investment and consumption. Consequently, in 2009 the gross domestic product of the four largest
economies in the Euro Zone declined by between 3 and 6% (see
Fig. 1). Most national governments used ﬁscal policy measures to
support and stabilize the demand side of the economy. In Germany,
this ﬁscal policy included public spending in various areas, among
them the Research and Development (R&D) activities of private
enterprises.
The role of R&D in economic growth has been a subject of
economic literature for many years. It is generally acknowledged
that investments in R&D contribute to growth and competitiveness through product and process innovations. Endogenous growth
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theory shows that spillover effects from R&D investments are
essential for long-term economic growth (Grossman and Helpman,
1992; Romer, 1986, 1990). In practice, SMEs typically face problems in recruiting sources to ﬁnance their own R&D (Czarnitzki and
Hottenrott, 2011; Rammer, 2009). During the crisis of 2008–2009
this challenge became even greater and small companies in particular faced difﬁculties in keeping their level of R&D investment
(European Commission, 2011; Archibugi and Filippetti, 2011;
Paunov, 2012). Hence, in order to counteract the negative implications of the economic crisis and to encourage long-term economic
development, the German government decided in February 2009
to increase the budget for one of the largest German R&D programs, the “Central Innovation Program for SMEs” (ZIM), by 900
million Euros for the years 2009 and 2010. At the same time, the
German government decided to enlarge the group of ﬁrms eligible for this program going beyond the ofﬁcial deﬁnition of SMEs
(up to 250 employees). A temporary opening for ﬁrms with up to
1000 employees took place due to the serious and extraordinary
situation. This was a political decision like all actions undertaken
as ﬁscal policy measures during that time (OECD, 2009). The focus
of the R&D program, however, was kept on SMEs. Stabilization of
production and employment are fundamental arguments in favor
of budget increases and widening of the scope of ﬁrms eligible for
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Fig. 1. Growth rates of GDP in the four largest economies of the Euro Zone since 2000.
Source: Eurostat.

R&D subsidies in Germany. Therefore, this paper deals with an
empirical investigation of whether and to what degree this
increased R&D program counteracted the decline in effective
demand during the economic crisis (business cycle). The long term
growth effects which become effective much later due to innovations in the form of new products or production processes also exist,
but they are not related to stabilization policy in the present and
thus not subject to this paper.
At the macroeconomic level, empirical analyses of the impact
of R&D spending focus on productivity spillovers (e.g. Guellec and
van Pottelsberghe de la Potterie, 2001; Levy and Terleckyj, 1983;
OECD, 2008). Some attempts have also been made to quantify the
impact of non-material capital on the development of economic
productivity (van Ark et al., 2009).
Existing macroeconomic studies typically focus on R&D as a
means that in the medium to long-term contributes to an expansion of the production potential and thus to economic growth. In
contrast to this view and with respect to our subject – R&D as a
short-term remedy in an economic crisis – we are interested in
the economic effects which occur immediately when running R&D
projects.
In order to investigate the short-term stabilization effects of
R&D empirically, we need to capture the demand brought about
by additional R&D projects, in other words the pressure on production (and employment) in supplier industries as well as the
effects of the income generated, which in turn stimulates production in consumer goods industries and so forth. In order to study the
short-term effects of the German R&D program, we have applied
the input–output method.
A major innovation of this paper is the fact that we treat R&D in
the input–output model as a process of capital formation (investment) and not as a consumption process, as is usually the case in
national accounting. The re-deﬁnition of R&D as an investment is
made because it comes much closer to capturing the nature of R&D.
In practice, R&D contributes to the stock of knowledge and does not
disappear in one production cycle like an intermediate product;
rather, the results of R&D endure for a longer period. Current discussions are aimed at changing national accounts on exactly this
point (European Commission and United Nations, 2009), but this
has not yet been realized. We anticipate this insight in this paper
and provide a macro analysis where R&D is treated as a capital good.
The next two sections describe the methodology and the data
set used. Section 4 applies the method and analyzes the leverage
effect as well as the effects on production and employment. A discussion of the results and concluding remarks follow in the last
section.

2. Conceptual framework
2.1. Literature review and subject of analysis
R&D subsidies are subject to many theoretical and empirical
studies. One important strand of literature deals with the selection problem of R&D and innovation programs (e.g. Busom, 2000;
Segerstrom, 2000; Takalo and Tanayama, 2010), another with the
signaling effects of R&D subsidies (e.g. Lerner, 1999; Kleer, 2009;
Meuleman and De Maeseneire, 2012). Furthermore, in recent times
there is a growing literature dealing with the effects of R&D subsidies on the economic performance of ﬁrms using microeconometric
methods and micro data (e.g. Alecke et al., 2012; Czarnitzki et al.,
2011; González and Pazó, 2008; Schwartz et al., 2012). David et al.
(2000) in a larger meta study of this type of empirical analyses ﬁnd
mixed results, particularly with respect to crowding out effects.
The objective of these microeconometric studies is not to quantify
the macroeconomic effects of R&D subsidies but to focus on ﬁrm
level behavior and individual performance effects. Finally, there
are analyses with a macroeconomic perspective and methodology,
too. The main focus is long term growth and productivity effects
of R&D as a consequence of knowledge production and enlargement of the production potential (supply side) of an economy (for
an overview see e.g. OECD, 2008), productivity effects that improve
national competitiveness, and the capability of exports in the long
run. The objective of our paper goes beyond these empirical studies. We are interested in the short term stabilization effects of R&D
resulting solely out of the increase of demand for domestically produced products when running R&D projects. That means, we switch
on the demand side of the economy. A typical method to quantify
the macroeconomic demand side effects is the input–output analysis (Miller and Blair, 2009). The methodology will be explained in
more detail below.
Several studies also use the input–output method to analyze
inter-industry ﬂows of embodied R&D. Here it is assumed that an
initial innovation is incorporated in the industry’s product, which
may involve a new or improved commodity or simply the improvement of the production process. The product is regarded as a carrier
of technological progress. Since other industries use this product
as an intermediate input, the innovation becomes embodied in all
products, including those used for ﬁnal demand (consumption, capital formation and exports). This type of inter-industry diffusion is
traditionally analyzed by backward and forward multipliers in an
input–output context (Haukness and Knell, 2009). In this context,
two questions can be answered: (1) How much R&D is embodied in the ﬁnal output of industry j or (2) what portion of R&D
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expenditure in industry i is embodied in each type of ﬁnal output? In an input–output context the ﬁrst question is typically
approached by means of backward multipliers obtained from the
input coefﬁcients (Terleckyj, 1980). The second question can be
answered by means of forward multipliers obtained through the
output coefﬁcients. Dietzenbacher and Los (2002) found that these
multipliers measure exactly the same phenomenon but from two
alternative viewpoints.
From a policy standpoint these two perspectives matter with
respect to the question of the side from which R&D should be stimulated. If the government decides to subsidize R&D in a certain
industry with the aim of gaining a competitive advantage, forward
multipliers state how much of each additional Euro invested in R&D
in industry i ends up in the ﬁnal demand, e.g. in exports. On the
other hand, the government may stimulate R&D by stimulating
additional ﬁnal demand in particular industries, for instance the
automobile industry. In such a case the backward multipliers will
pinpoint the industry for which the total effects of R&D will be the
largest.
In the case of the German R&D program initiated in reaction to
the economic crisis the government has stimulated R&D in a wide
variety of industries. Forward multipliers indicate to what extent
the results of R&D increase ﬁnal output in the long run. However, in
the short-term the stabilizing macroeconomic effect would remain
beyond the analysis and that is exactly where our paper comes in.
Our hypothesis is that a supply push induced by R&D subsidies is
accompanied by a demand push because R&D activities encourage
purchases of goods and services as well as labor by the subsidized
R&D companies. This short-term effect will stabilize production and
employment during an economic crisis.
2.2. R&D in national accounts
In order to investigate the short-term stabilizing effects of R&D
spending empirically, we use the input–output method which is
part of national accounts. Before turning to the input–output model
used in this paper, the status of R&D in national accounts requires
some consideration.
Up to now, R&D in national accounts has been treated as an
intermediate product, produced in a private enterprise or a public
research entity, provided as an intermediate commodity to other
sectors and ﬁnally expended in one production circuit. In national
accounts, R&D on the one hand increases the value added for the
relevant producer (e.g. enterprise or research institute). On the
other hand, in national accounts, R&D reduces the value added
for those producers who use and bear the costs of R&D. Thus, in
the bookkeeping procedures of actual national accounting, R&D
has a positive impact on gross domestic product (GDP) only as far
as it contributes to the value added of ﬁrms. Only in the case of
basic research in the public sector is R&D expenditure considered
in national accounts as a ﬁnal product which increases the GDP.
However, this ofﬁcial treatment of R&D expenditure as consumable goods in national accounts is not consistent with the nature of
R&D and its understanding in economics (Godin, 2007). Therefore,
based on the Frascati Manual (OECD, 2002),2 the United Nations’
Statistical Commission recommends in its revision of the system
of national accounts the redeﬁning of R&D as intangible capital
goods (European Commission and United Nations, 2009). While the
System of National Accounts (SNA) of the UN is not binding, the
European System of Accounts (ESA) is mandatory for EU member
states. At the European level, since 2010 an intensive discussion

2
In line with the Frascati Manual (OECD, 2002, p. 30), R&D “comprises creative
work undertaken on a systematic basis in order to increase the stock of knowledge
and the use of this stock of knowledge to devise new applications”.
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including statistical pilot studies for a revision of accounts took
place. The EU will change the ESA in September 2014, and among
other changes, R&D will be re-deﬁned as an investment good. That
means, R&D will become a component of the capital stock. Those
agents conducting R&D activities aim to achieve economic beneﬁts by creating and using knowledge not just once but several
times in the production process, and in several ﬁelds. Transferring
this perspective into national accounts would be more in line with
the economic nature of R&D and the idea of cumulative innovation
(Antonelli, 1997; Malerba, 1992; Pavitt et al., 1989). It would allow
an increase of GDP during the actual operation of an R&D project
(production phase) and would encourage the production of inputs
needed to carry out the R&D activities by the enterprises.
Against this background, backward multipliers will reﬂect the
stabilizing effect of R&D expenditure in the short-term. Thus, the
paper follows this methodological approach, i.e. we treat R&D as a
component of ﬁnal demand.
2.3. The standard open input–output model
The new deﬁnition of R&D expenditure in national accounts as
part of ﬁnal demand has far-reaching consequences when measuring the short-term macroeconomic effects of subsidized R&D
activities. This approach allows for the interpretation of R&D expenditure as a demand push. The push itself extends to both the output
and the income generated in the production process as well as the
utilization of the additionally generated income. With respect to
our subject – stabilization effects from increased R&D expenditure
– the appropriate analytical tool is the open input–output model,
also called Leontief model (Miller and Blair, 2009). The idea behind
ﬁscal policy tools in an economic crisis is to stimulate demand, in
our particular case the demand for domestically produced products necessary to run R&D projects. Thereby, not only a production
effect occurs in ﬁrms realizing the R&D projects, but also in supplier ﬁrms as well as suppliers of suppliers and so forth. Through
this production, income is generated and spent for consumer goods
which in turn induce production in consumer goods industries and
their suppliers (see Fig. 2). The idea is a big chain reaction which
ﬁnally runs across all sectors of the economy. For our study we
need to ﬁnd a method that is able to capture the production effects
and related employment and value added effects of exactly these
processes.
A neoclassical production function approach considers primary
inputs, i.e. capital, labor, and technology, in order to determine
production output (Godin, 2007). In contrast, the input–output
model takes into account primary as well as intermediate inputs
of production. The latter is therefore also called a KLEM production
function (KLEM = capital, labor, energy, and material inputs) (Rose,
1996).
For input–output analyses, the entire economic activity of a
country is separated into a number of producing sectors. Each sector has “a single characteristic activity carried out using the average
mix of technology for that sector in a given year” (Duchin and
Lange, 1995, p. 340). Besides the primary input, the input–output
model displays the interdependencies between the different sectors of the economy based on their intermediate goods linkages in
the sense of direct supplier relations. These linkages are expressed
through input coefﬁcients. Using the Leontief inverse of the input
coefﬁcients, direct as well as indirect supplier relations can be captured (Miller and Blair, 2009). In an input–output model every
increase in ﬁnal demand – in our case R&D as an investment3 –
results in a certain production (employment, value added) effect in

3
By deﬁnition, only ﬁnal demand (in our case R&D investment) has an effect on
the GDP. Since R&D has investment characteristics, and since we re-deﬁned R&D as
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Source: Authors’ illustration.
Table 1
Basic equations.a
Production phase
Output
Value added
Employment

d −1

Use-of-income phase

x = (I − A ) * y
va(1) = x(1) .* v
l(1) = x(1) .* b
(1)

a
The superscript
phase.

(1)

(1)

d −1

x = (I − A ) * y
va(2) = x(2) .* v
l(2) = x(2) .* b
(2)

stands for the production phase,

pc

(2)

In sum
x = x(1) + x(2)
va = va(1) + va(2)
l = l(1) + l(2)

for the use-of-income

all sectors directly and indirectly related to R&D activity. Thereby,
input–output models assume constant returns to scale, i.e. a ﬁxed
amount of each primary and intermediate input is required to
produce one unit of output per sector. Furthermore, it assumes
non-substitutable of inputs which is technically motivated, e.g. in
automobile production one cannot replace steering wheels with
tires, at least within one period of production.
Summing up, the fact that direct as well as indirect effects can be
measured provides an advantage of input–output analyses. Econometric macro models based on a neoclassical production function
are typically one-sector models with a high level of aggregation and
therefore not precise enough for our subject of analysis.
In our study we differentiate between the effects of the demand
push (R&D) which are expected in the phase running the R&D
projects (production phase), and the effects of the utilization
of the additional income generated in this production phase
(use of income phase). For basic equations of the standard open
input–output model see Table 1.
In the ﬁrst step we focus on the total direct and indirect effects
stemming from subsidized R&D activities in the production phase.

an investment (Chapter 2.2), we are able to measure short term stabilization effects
of R&D projects.

The total output x is measured by multiplying the inverse input
coefﬁcients of the open input–output model with the vector of R&D
expenditures y(1) , which constitutes the exogenous variable. The
total production output (x) incorporates a certain value added. The
value added is calculated through the entry-wise multiplication4 of
the column vector of x(1) with a column vector v, whose elements
indicate the share of value added to total output by sectors. This
way we get the total value added va(1) in the production phase as
a derived ﬁgure. In the same way, the entry-wise multiplication of
the vector x(1) with a column vector b, whose elements indicate
the input of the labor force per one million Euros of output, leads to
the total employment l(1) necessary to generate the output (value
added) in the production phase (see Fig. 2). It is important to notice
that we relate all macroeconomic effects (output, value added and
employment) to the total primary impulse of R&D expenditure. The
subsidized R&D projects induce a certain output which corresponds
to a certain value added and employment. All effects comprise the
direct effects (subsidized ﬁrms) as well as the indirect effects (ﬁrms
linked to subsidized ﬁrms as suppliers).
The notations mean:

x
I
Ad

vector of induced total output by sectors (measured in
million Euros);
identity matrix;
matrix of coefﬁcients showing the direct input of intermediate goods produced domestically per unit of gross
output;

4
The symbol .* used in the equation stands for element by element multiplication,
the so-called Hadamard product.
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y(1)

y(pc)
va
v
l
b

R&D expenditure split between the purchase of material
and immaterial capital goods reported in different ﬁnal
demand categories;
private consumption stimulated by the extra income
(measured in million Euros);
vector of induced value added by sectors (measured in
million Euros);
vector whose elements indicate the share of value added
in gross output by sectors;
vector of induced employment by sectors (measured in
1000 persons);
vector whose elements indicate the input of the labor
force per one million Euros of gross output.

In the second step (use-of-income phase), we include macroeconomic effects caused by the use of additional income of employees
active in the production phase. Persons directly or indirectly
employed in the production process, running R&D projects, use
part of their income to purchase consumer goods. Hence, through
the circular ﬂow of income, further production is stimulated and
jobs are secured or even newly created. However, the gross income
earned in the production phase cannot all be spent on consumption by private households (see Fig. 2). It is reduced by taxes,
contributions to the social security system, savings, etc.5 Here
it is presumed that the components of additional private consumption y(pc) correspond to the average composition of private
consumption according to the national input–output data. From a
theoretical perspective, this is in line with the permanent income
hypothesis (Friedman, 1957) which implies that consumers maintain their consumption behavior over the business cycle. Therefore,
we assume a typical basket of goods here. Other input–output studies typically rely on this approach too (e.g. Hujer and Kokot, 2001).
Moreover, the consumption expenditure is split between the purchase of domestic and imported goods. As imports do not stimulate
additional production in the home country, their share in the total
expenditure on consumable goods is excluded. The “gains” to value
added va(2) and employment l(2) corresponding to x(2) arise from
the entry-wise multiplication with the vectors v and b respectively.
Thus, the calculation approach as such is the same in the production phase and the use of income phase. The total macroeconomic
effects calculated through the input–output method are all traced
back to the primary impulse of R&D spending.
The total output effect produced by the R&D subsidies in both
phases is given by the sum of x(1) and x(2) . The total effects on value
added and employment in both phases are calculated in a similar way. Finally, the results of the input–output model provide the
empirical basis for the estimation of backward multipliers which
capture the impact of the impulse via supplier linkages in the
national economy (Fig. 2 provides an illustration of the research
design). For example, the output multiplier M(x) concerning both
phases is calculated as follows, where i indicates a row unit vector:
M(x) = i ∗ (x(1) + x(2) )/i ∗ y(1)
In order to measure the macroeconomic impact of the R&D program
we have used the ofﬁcial German input–output tables for the year
2007, the year before the economic crisis. At the beginning of the
crisis it was the only available database for ex-ante estimates of
economic effects of R&D subsidies. Later on input–output tables of
the year in the crisis (2009) can be used to control for these effects.
However, this approach meets some speciﬁc challenges as the input

5
In the following only the second round effects are considered. In other words,
the production, employment and income effects of the income induced employment
l(2) etc. are ignored.
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output coefﬁcients of an “extraordinary” year reﬂect a variety of
different impacts, and it is difﬁcult to split up these impacts on
estimation results.
Sectors of the input–output table are classiﬁed by homogenous production sectors, not by industries comparable to NACE
classiﬁcation. R&D activities in the input–output tables build one
production sector regardless of the industry in which R&D is conducted. SMEs usually engage in R&D activities as a secondary
business. For the purposes of our analysis we assume that R&D
in SMEs follows the same structural logic as in specialized R&D
units. Thus, in our empirical study the ﬁnancial impulse of the
R&D program will be passed on to the national economy solely via
the interactions of the production sector “Research and development services”. We use input coefﬁcients for domestic production
in order to capture the effects of R&D spending on the demand of
domestically produced inputs for running R&D projects.
3. Data on R&D subsidies
The German “Central Innovation Program for SMEs” (ZIM) on
which we focus in our study offers funding for R&D projects conducted by SMEs with up to 250 employees. SMEs undertake the
projects either alone (ZIM SOLO) or in cooperation with other
enterprises or public research organizations (ZIM KOOP). If they
cooperate with other enterprises, these enterprises of course have
to qualify as SMEs according to the program regulations if they want
to get funding. The Federal Ministry of Economics and Technology
launched this program in July 2008 regardless of the economic crisis. It started with a call for proposals for ZIM-KOOP projects in July
2008 and a call for proposals for ZIM-SOLO projects in January 2009.
The ﬁrst ZIM-KOOP projects started in the last quarter of the year
2008, further projects in both lines followed successively.
ZIM was initiated in the year 2008, but it was an update of
existing programs. Thus, SMEs in Germany were familiar with
application procedures. Accordingly, the time to apply for funding took 1–30 days (median: 10 days) for the beneﬁciaries in the
ZIM program (Kulicke et al., 2010). This is clearly below other comparable R&D support schemes in Germany (Günther et al., 2008,
115f., 2010, 93ff.). This was in favor of more rapid effects during
the economic crisis.
Beneﬁciaries are private SMEs running individual R&D projects
and, in the case of cooperative projects also include public research
institutes and universities. SMEs with up to 250 employees are eligible for 35–50% of their total R&D costs while larger mid-sized
ﬁrms with up to 1000 employees can get reﬁnanced 25–35% of their
total R&D costs. The exact rate depends on the program line (ZIM
SOLO or ZIM KOOP) and the location of the ﬁrm (Eastern or Western Germany). The funding is not allowed to exceed 350 000 Euros.
Research organizations can claim back 90–100% of their R&D costs.
The maximum grant for cooperation projects is two million Euros.
Enterprises and research organizations apply for R&D funding at
one of the program management agencies in charge. The program is
open to any technological ﬁeld or industry; only projects with a feasible business plan and innovative ideas are subject to the selection
process, however.
In reaction to the global economic crisis the budget of the R&D
program was substantially increased for the years 2009 and 2010.6
In addition to the originally approved basic budget of 626 million, the government approved a further 900 million Euros. This
extra budget formed one component of the overall stabilization
program in Germany. Firms could apply for project funding within
the stabilization program from February 2009 after the European

6
Once approved, projects may extend beyond 2010. The maximum duration of
R&D projects within ZIM is three years.
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Table 2
R&D primary impulse for the years 2009–2011 – in million Euros, as of
January/February 2011.

1200
1000

977

extra budget
ZIM basic budget

basic budget

800
600

342

400
200
0
ZIM KOOP

ZIM SOLO

Fig. 3. Granted R&D subsidies as of January/February 2011 (in million Euros).
Source: Federal Ministry of Economics and Technology, authors’ illustration.

Commission had authorized the program in an accelerated
approval procedure on February 13, 2009. This was important
because the deep recession called for quick procedures. Selection
procedures lasted about four months7 so that ﬁrst projects supported within the stabilization program started from mid 2009. By
the end of the year 2009, 450 million Euros arrived in SMEs to be
used for R&D activities.
With the authorization of the extra budget, the scope regarding
companies was extended and enterprises with up to 1000 employees became eligible. But according to the understanding of the
German government and policy makers involved, the program predominantly remained an SME support scheme. Big corporations
were excluded. The ﬁrms with up to 1000 employees were referred
to as “larger mid-sized ﬁrms”. ZIM SOLO, originally restricted to
SMEs in Eastern Germany, was opened up to SMEs and “larger
mid-sized ﬁrms” located in Western Germany. Overall, it was the
intention to reach a larger group of ﬁrms in order to quicker distribute the extra budget and stabilize the economy.
According to Fig. 3, R&D projects carried out in cooperation
with other enterprises or research organizations (ZIM KOOP) were
funded to the amount of 977 million Euros (representing 75% of
all means), whereas the total support for individual projects (ZIM
SOLO) amounted to 342 million Euros (representing 24% of the total
means). As of January 2011, the total number of approved applications amounted to 13 291 for the years 2009 and 2010. Thereby,
the number of ﬁrms supported increased strongly, especially with
respect to ZIM SOLO. The budget increase led to 4237 additional
R&D projects through the extra budget as compared to 924 projects
granted within the basic budget. Collaborative R&D projects also
increased from originally 4271 selected projects within the basic
budget to a total of 8130 through the extra budget among them,
2710 applied for by research organizations and 5420 by private
ﬁrms.
As regards the size of ﬁrms “lager mid-sized ﬁrms” with up to
1000 employees accounted for 12% of all ﬁrms participating in the
program lines ZIM SOLO and ZIM KOOP (Depner et al., 2011). Thus,
the characteristic of an SME program was kept.
In order to investigate the macroeconomic effects of the R&D
program, the primary ﬁnancial impulse must ﬁrst be determined,
i.e. the total sum of R&D expenditure consisting of the public subsidies plus private funds additionally stimulated by the R&D program.
According to the legal framework of the R&D program, a large share
of R&D expenditure must be covered by the SMEs themselves. In

7
This is comparable to other R&D support programs (Günther et al., 2008, p. 118).
It shows that the increased number of applications through the ZIM extra budget
did not cause additional time lags.

R&D primary impulse, total
Thereof, purchases of:
capital goods
intermediate goods

1493.9
212.5
1280.4

ZIM extra budget
2.235.1
306.6
1928.5

ZIM total
3728.1
519.2
3208.9

Source: Federal Ministry of Economics and Technology, authors’ calculations.

January 2011, the sum of R&D subsidies amounted to 1.3 billion
Euros.8 Together with the private co-ﬁnancing of the SMEs (and
partially by research organizations) the total volume spent on R&D
activities amounted to 3.7 billion Euros. This is 2.8 times the sum
of the initial public funding. This sum of 3.7 billion is the primary
impulse expected to contribute to a stabilization of demand and
thus production and employment during the crisis.
In investigating the macroeconomic stabilization effects, it is
necessary to identify the transmission channels and the extent of
ﬁnal demand brought about by the R&D program. It is also important to identify which economic agents (e.g. enterprises or private
non-proﬁt organizations) received the stimulus. Being itself interpreted as immaterial capital goods it can be assumed that the
processing of R&D requires the purchase of both capital goods (e.g.
machinery, equipment, software) as well as intermediate goods
(e.g. raw materials, fuel, chemicals, services, etc.). These purchases
correspond to transmission channels affecting various sectors and
have a different impact on the economy as a whole.
The total R&D expenditure of 3.7 billion Euros is split between
the purchase of capital goods and of intermediate goods since they
induce production and related value added as well as employment in different areas of the economy with quantitatively different
macro effects. In order to disentangle our ﬁgures on R&D spending
between capital goods and intermediate goods we use a scheme
developed within a Eurostat project. This has been applied to convert German R&D statistics into categories of national accounts
by the German Federal Statistical Ofﬁce (Oltmanns et al., 2009).
This conversion scheme was developed to prepare for the revision
of national accounts. It constitutes a reference scheme to convert
ofﬁcial R&D statistics (Frascati Manual) into the classiﬁcation of
National Accounts, which is suitable for input output analyses. In
this context and based on ofﬁcial R&D statistics for Germany in the
year 2003, Oltmanns et al. (2009) show for each industrial sector
how much of the R&D spending is devoted to the purchase of capital
goods for R&D projects.9 The rest is R&D spending on intermediate goods. We use the reference scheme of Oltmanns et al. (2009)
in order to appropriately disentangle the ZIM data on R&D spending, which for our study is only available as total R&D spending by
industries.
As a result, the lion’s share of R&D expenditure applies to the
purchase of intermediate goods, with 3.2 billion Euros or 86% of
the total primary impulse (Table 2). The amount of R&D spending
dedicated to the purchase of capital goods accounts for only 0.5 billion Euros or 14% of the total primary impulse. This differentiation

8
Data on subsidized R&D projects was provided by the project management agencies acting on behalf of the Federal Ministry of Economics and Technology. We
thank the Ministry and the project management agencies for the data provision
and friendly support.
9
Thereby, Oltmanns et al. (2009) use information from an additional data source,
the socalled “cost structure survey” of the German statistical ofﬁce. The conversion
was done using R&D statistics for the year 2003. More recent empirical calculations
that could be used as a reference scheme are not available. We assume that in the
aggregate the share of R&D spending devoted to capital goods has not changed
substantially.
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is crucial for a proper determination of the overall macroeconomic
effects.
For the purposes of empirical analysis, the two categories, capital goods (0.519 billion Euros) and intermediate goods (3.2 billion
Euros), now need to be ascribed to the relevant and effective sectors
of the economy in the context of input–output tables.
The sectors from which enterprises typically purchase capital
goods were identiﬁed through the cross investment matrix provided by the Federal Statistical Ofﬁce. With regard to the R&D
spending on intermediate goods, we assume that R&D in SMEs
follows a pattern comparable to actors specialized in R&D activities (see Chapter 2). Thus, the sum of the purchased intermediate
goods is attributed to the sector “Research and Development” in
the input–output context.
4. Results
R&D projects generated by the German R&D program ZIM are
expected to stabilize economic output in a crisis and to secure
or increase employment. Not only are immediate beneﬁciaries of
the R&D program affected; indirect effects also occur, especially
through the actions of suppliers linked to beneﬁciaries of the R&D
program. We can measure both direct and indirect effects on output, value added and employment using the input–output model
as described above. First, the direct and indirect effects occur during the stage at which the R&D projects are conducted (production
phase). Subsequently, employees spend a portion of their income
on consumption, which in turn increases output, value added and
employment in the relevant consumer goods industries (use-ofincome phase). Accordingly, we differentiate between the effects
of the production phase and those of the use-of-income phase, the
“phase speciﬁc effects”, as well as the overall effect which is the
sum of both phases. In the following section, the macroeconomic
effects are determined for the two categories of goods purchased
by the beneﬁciaries of ZIM, capital goods and intermediate goods.
4.1. Direct and indirect effects of R&D spending on capital goods
As indicated above, SMEs and research organizations use some
of their ﬁnancial means to purchase new machinery, equipment
or software for running R&D projects. Approximately 14% of the
original primary impulse is used for the purchase of capital goods
(see Chapter 3). Between the years 2009 and 2011 the total production effect of these investments made up 882 million Euros which
represents an added value of 361 million Euros (see Table 3).
In addition, the production of capital goods secured or created
approximately 5500 jobs. The spending of income by these employees in turn increased production, employment and income in
consumer goods industries as well as in the directly and indirectly
linked supplier industries. The production effect in the use-ofincome phase amounted to 152 million Euros which translates as
an added value of 80 million Euros. Furthermore, 1500 jobs were
secured or newly created in the consumer goods industries. To sum
up, the share of the production phase made up to approximately
80–85% of the total effects. The multipliers which describe the relationship between the primary impulse and the total effect amount
to 2–2.4 (see Table 4).
4.2. Direct and indirect effects of R&D spending on intermediate
goods
The largest share of the primary impulse – 86% of the total or 3.2
billion Euros – is used for the purchase of intermediate goods (see
Chapter 3). The purchase of intermediate goods for R&D projects
stimulates production via supplier linkages in the same way as
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Table 3
Total effects of R&D spending by ZIM for the purchase of capital goods – in million
Euros.
2009

2010

2011

Total

Output effect
Production phase
Use-of-income phase
Sum
Share of the production phase in %

102.8
17.7
120.5
85.3

346.7
59.4
406.1
85.4

432.8
74.4
507.3
85.3

882.3
151.5
1033.8
85.3

Value added effect
Production phase
Use-of-income phase
Sum
Share of the production phase in %

42.1
9.3
51.4
81.9

141.5
31.2
172.8
81.9

177.4
39.1
216.5
81.9

361.0
79.6
440.7
81.9

Employment effect (in 1000 persons)
Production phase
Use-of-income phase
Sum
Share of the production phase in %

0.6
0.2
0.8
79.1

2.2
0.6
2.7
79.0

2.7
0.7
3.4
79.0

5.5
1.5
7.0
79.0

Income effect
Production phase
Use-of-income phase
Sum
Share of the production phase in %

27.0
4.7
31.7
85.2

90.8
15.7
106.5
85.2

113.7
19.7
133.4
85.2

231.5
40.2
271.6
85.2

Source: Authors’ calculations.
Table 4
Multipliers of the primary impulse from the purchase of capital goods.
Total effect in relation to primary impulse

Output
Value added
Employment
Income

2009

2010

2011

Total

2.0
2.2
2.4
2.0

2.0
2.3
2.4
2.0

2.0
2.3
2.4
2.0

2.0
2.3
2.4
2.0

Source: Authors’ calculations.

expenditure on capital goods. Yet, it must be taken into consideration that different sectors of the economy beneﬁt from the
purchase of intermediate goods. The total output effect of spending
on intermediate goods amounts to 5315 million Euros (see Table 5).
In the context of purchases of intermediate goods, nearly 50 000
employees beneﬁt from the expanded production, ten times the
Table 5
Total effects of R&D spending by ZIM for the purchase of intermediate goods – in
million Euros.
2009

2010

2011

Total

Output effect
Production phase
Use-of-income phase
Sum
Share of the production phase in %

592.8
150.9
743.7
79.7

2110.3
537.2
2647.5
79.7

2611.9
664.9
3276.8
79.7

5314.9
1353.0
6668.0
79.7

Value added effect
Production phase
Use-of-income phase
Sum
Share of the production phase in %

302.8
79.3
382.1
79.2

1077.8
282.4
1360.2
79.2

1334.0
349.5
1683.5
79.2

2714.6
711.1
3425.8
79.2

Employment effect (in 1000 persons)
Production phase
5.5
1.5
Use-of-income phase
7.0
Sum
79.0
Share of the production phase in %

19.6
5.2
24.8
79.0

24.3
6.4
30.7
79.0

49.4
13.1
62.5
79.0

820.7
142.4
963.1
85.2

1015.8
176.2
1192.0
85.2

2067.0
358.7
2425.7
85.2

Income effect
Production phase
Use-of-income phase
Sum
Share of the production phase in %
Source: Authors’ calculations.

230.5
40.0
270.5
85.2
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Table 6
Multipliers of the primary impulse from the purchase of intermediate goods.
Total effect in relation to primary impulse

Output
Value added
Employment
Income

2009

2010

2011

Total

2.1
2.4
2.4
2.0

2.1
2.4
2.4
2.0

2.1
2.4
2.4
2.0

2.1
2.4
2.4
2.0

Source: Authors’ calculations.

Table 7
Overall effects from the purchase of capital and intermediate goods (production
phase plus use-of-income phase) – in million Euros.

Primary impulse
Output
Value added
Employment (1000 persons)
Income

2009

2010

2011

Total

418.5
864.1
433.5
7.8
302.2

1478.2
3053.6
1533.0
27.5
1069.6

1831.4
3784.1
1900.0
34.1
1325.4

3728.1
7701.8
3866.4
69.5
2697.3

4.4. Alternative use of subsidies

Source: Authors’ calculations.

Table 8
Overall multipliers from the purchase of capital and intermediate goodsa (production phase plus use-of-income phase).

Ouput
Value added
Employment
Income

in SMEs. In the following 2 years it contributed to the growth of
GDP, by 1.5% in 2010 and 2.2% in 2011 as a share in the absolute
increase of GDP.
Despite the difﬁculties using input output coefﬁcients of
“extraordinary” years for the purpose of our paper (see Chapter 2.3),
we run a robustness check with data comparing the years 2008 and
2009, which were compiled by the German Federal Statistical Ofﬁce
in the same conceptual manner.10 The main results of this ex-post
examination are: If the coefﬁcient matrix of the “extraordinary”
year 2009 is used in the model, the multipliers differ compared
to the year before the crisis (2008). In sum, the output multiplier
hardly changes whereas the multipliers of value added, employment and income sink by about three to ﬁve per cent. To what
extent these changes can be attributed to statistical reasons or to
the impact of policy measures against the economic crisis cannot be
further disentangled here. Overall, in an ex-post framework of analysis, production effects would hardly differ while the value added,
employment, and income effects might be slightly overestimated.

2009

2010

2011

Total

2.1
2.3
2.4
2.0

2.1
2.3
2.4
2.0

2.1
2.3
2.4
2.0

2.1
2.3
2.4
2.0

Source: Authors’ calculations.
a
Overall effect in relation to the primary impulse.

employment effect stemming from the purchase of capital goods
(see Table 5). The increase in output corresponds to an increase in
value added amounting to 2715 million Euros. This leads to 2067
million Euros in income for employees. The total effect of the primary impulse on the four indicators is shown in Table 6.
Again, private households spend part of their additional income
on consumer goods. This in turn increases production, employment
and income in consumer goods industries and the directly and
indirectly linked supplier industries. The production effect in the
use-of-income phase amounts to 1353 million Euros, again nearly
ten times the effect observed for the purchase of capital goods for
R&D projects. Yet, the share of the production phase in the total
effects amounts to 80%, similar to the observations for the expenditure on capital goods.
4.3. Overall effects of the R&D program
To sum up, the initial funding of the subsidized R&D program
results in an output, value added and employment effect that
amounts to at least twice the initial funding. This is indicated by
the multipliers presented in Table 8, all of which are above two.
The activities of the production phase are most strongly effective.
They account for 80% of the total effect. Over the years 2009–2011,
an additional, cumulative production of 7.7 billion Euros results,
which includes a value added of 3.9 billion (see Table 7). Furthermore, up to 69 500 jobs were secured or newly created, with a total
income of 2.7 billion Euros.
Compared to the downswing of the German economy during
the economic crisis, the stabilizing effect of the R&D program ZIM
seems to be relatively small. However, it prevented a decline of GDP
by about 0.5% in the most critical year of the economic crisis, 2009.
Moreover, it has generally stabilized the enterprises’ expectations
and counteracted the vulnerability of production and employment

Finally, our results raise the question of the macroeconomic
effects in the case of an alternative use of public money. Fiscal policy measures used during the economic crisis covered a variety of
applications. The R&D program which can be added to investments
in infrastructure was only one type of measure. There is much proof
that public investment in infrastructure leads to the highest multipliers (Heppke-Falk et al., 2006; Romp and de Haan, 2007). But
limits due to absorptive capacity can occur which call for a variety of stabilization schemes. Other measures, for example, aimed
to relieve the regulations of short time work or to increase private
consumption via tax cuts, vouchers or allowances for buying a new
car. Thus, one could argue that a direct subsidization of private consumption would also have been effective as a means of stabilization.
In fact, in Germany there were also means within the ﬁscal policy
program to subsidize consumption. Some of them were directly
supporting private consumption, such as the grants for buying a
new automobile. A number of other means indirectly supported
private consumption through income tax reductions, automobile
tax relief for new cars, allowances for tax payers with children,
allowances for employees commuting to their workplace, etc. These
means were aimed to stimulate the consumption of private households, but one cannot exactly determine how much extra demand
was created due to these tax reliefs and allowances. Therefore,
we cannot directly contrast the effects of R&D subsidization (ZIM)
with the effects due to the stimulation of private consumption. Our
scenario calculation (simulation) therefore answers the question
of what had happened if the primary impulse in the amount of
3.2 billion Euro would have been directed into consumption as an
alternative use.
To make the scenario calculation comparable we used the
input–output method as described above (Chapter 2.3). Different
from above, we introduced the primary impulse into typical consumption good purchases instead of R&D purchases. We assume
a primary impulse of the same size (3.2 billion Euro). The underlying idea is that the purchase of consumption goods stimulates
production in sectors different from R&D purchases and thus leads
to different macroeconomic effects. As a result, the effects on

10
After the year 2007, in the countries of the EU the conceptual framework of
the national accounts (incl. the compilation of input–output tables) was changed
through an ofﬁcial revision. This heavily restricts the comparability of results
between the year 2007 and all later years as revisions especially refer to the classiﬁcation of the R&D sector. Therefore, we provide the robustness check with data
comparing the years 2008 and 2009, which were compiled by the German Federal
Statistical Ofﬁce in the same conceptual manner.
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Table 9
Total effects of R&D spending by ZIMa and alternative use of public funds (private
consumption).

Total effect
Output
Value added
Employment (1000 Persons)
Income
Multiplier
Output
Value added
Employment
Income

R&D spending
by ZIMa

Alternative
use

R&D
projects = 100

6668.0
3425.8
62.5
2425.7

5486.8
2897.1
53.3
1458.1

82
85
85
60

2.1
2.4
2.4
2.0

1.7
1.8
1.7
1.9

82
78
70
93

Source: Authors’ calculation.
a
Without purchases of capital goods (compare Chapter 4.2).

output, value added and employment are lower when the money
is used for consumption as compared to R&D. Also the multipliers
are smaller in this scenario (see Table 9).
5. Discussion and conclusions
As a rule, R&D subsidies raise the question of windfall gains
and possible crowding out effects. The question is whether public
funding stimulates additional private spending or crowds out private activities. In general, and independent of the type of subsidy,
windfall gains can never be completely excluded. Empirical studies,
typically those using micro data and matching techniques, provide
mixed results on the issue (Aerts and Schmidt, 2008; Czarnitzki
et al., 2011; David et al., 2000; González and Pazó, 2008). But in our
context we need to discuss the effective use of public money spent
in the speciﬁc circumstances of an economic crisis when governments decide to counteract the overall economic crash.
During the economic crisis of 2008 only a few ﬁrms were able
to increase their R&D expenditure; the majority had to reduce
their R&D budgets considerably (Archibugi et al., 2013; Archibugi
and Filippetti, 2011). In Germany, SMEs and larger mid-sized ﬁrms
constitute an important segment of the economy, and of technology intensive industries. A shortfall or disruption of R&D projects
would have had negative consequences during the time of crisis
and beyond. A survey among beneﬁciaries of the R&D program ZIM
found that without public funding, the vast majority of ﬁrms would
have been forced to cancel or postpone their R&D projects or to
downsize them as a result of the crisis (Kulicke et al., 2010). In
this regard, the R&D programs had a stabilizing effect on demand
in general and R&D in particular. In other words, R&D subsidization takes primarily the function of ﬁscal policy, which later on
also unfolds technological progress. Our analysis deals solely with
the short term stabilization effects, not with the long term growth
effects that will later on derive from the innovations. The latter
would focus on the supply side of R&D projects, i.e. the introduction
of new products or processes to be applied in domestic production
processes as well as abroad. The supply side, does of course exist,
but only in the long run and not as a part of quick stabilization
policy.
In single cases, crowding out effects and thus an overestimation
of macroeconomic effects cannot be excluded, but in a deep recession with negative growth and strong pessimism crowding out is
less problematic. The crucial question for policy makers during an
economic crisis is the timing of ﬁscal policy schemes. When should
the state authorities intervene and when should the state authorities retreat from stabilization activities? Depending on the type
of stabilization measures, ﬁscal policy programs become effective
only with a (strong) time lag. Then there is a risk that ﬁscal policy
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schemes are still in place when the crisis is already overcome. We
do face this problem here as well. But as compared to other stabilization measures, the ZIM program, allowed a comparatively quick
realization so that extra demand became effective promptly. A legal
framework, awareness of the program, familiarity with application
procedures as well as administrative infrastructure already existed.
This accelerated the stimulation of macroeconomic production and
employment effects as compared for example to large construction
and infrastructure programs, which require much more time for
ofﬁcial approval procedures, planning and realization.
The German government intended to stabilize the economy and
to prevent large scale unemployment by using different measures
of the ﬁscal policy program. The employment effects determined
above are substantial, and in fact large scale unemployment did
not materialize during the economic crisis in Germany. There is evidence that the R&D program contributed to this situation. But when
looking at the ﬁgures – 69 500 newly created or secured jobs – one
must keep in mind that not all extra employees came out of unemployment or had no income before this. For this reason we calculate
an upper limit or maximum income effect. If we assume a minimum income before newly created employment, effects decrease
between 9% (income) and 12% (value added) but multipliers remain
close to or above two.
Another limitation of the analysis lies in the assumption that
ﬁrms and research organizations spend the money for R&D projects
when the public agency in charge pays out the funding. This
assumption was needed in order to assign the primary effect (3.7
billion) to the years 2009, 2010 and 2011. The pay out date is a
precisely documented information throughout all projects. But we
have reason to believe that in practice the ﬁrms and research organizations make advance payments and claim back the R&D costs
afterwards. In our context this means that the real stabilizing effects
are higher in the respective years. On the other hand, when looking
at the size of the annual effects, we have to be aware that the use
of income phase at least for some part becomes effective only with
a time lag.
As described above, the big advantage of the input–output
method is that we are able to analyze direct and indirect macroeconomic effects stimulated by a certain primary impulse (R&D
expenditure). Thereby, the general limitation is that input–output
models do not account for price effects and ﬁnancial feedbacks
(Grady and Muller, 1988). Macroeconomic feedback mechanisms
can only be captured through macroeconometric models which
in turn are unable to account for indirect effects and treat every
increase in demand within one sector. Like others focusing on a
particular sector, we have decided to use a structural approach
(input–output) (e.g. Katz et al., 2010). Macro models are more suitable for evaluating the overall effects of a complete stabilization
package where volumes are much higher and the sectoral disaggregation is out of interest here.
In this paper we have realized the idea that R&D is not a commodity as it is still treated statistically in national accounts. We
employed a technique that is more in line with the nature of R&D,
namely that it is an investment which already generates economic
effects (outcome, value added, employment) at the moment of running the R&D project. But the stabilizing short-term effects derived
from R&D activities – subject to our analysis – are only one part of
the picture. In addition, R&D activities imply long-term effects – not
subject to our analysis – i.e. an important contribution to growth
as well as to the national and international competitiveness of the
enterprises.
As far as policy issues are concerned, our analysis shows the
dilemma between the unexpectedness of an economic crisis and
the (unavoidable) time lag before government action. Decisions on
whether or not to use ﬁscal policy, how to design programs, running
the application and selection process, etc. takes valuable time, time
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in which the economic crisis deepens. In fact, the R&D program ZIM
was introduced in mid-2008 anyway so that a functioning program
structure already existed. The additional budget and widening of
the program were realized as quickly as possible within the program infrastructure. The ﬁrst projects started in the second half of
2008, running for 2–3 years. Additional projects ﬁnanced through
the ﬁscal policy scheme against the crisis became real already in
the second half of the year 2009. Projects approved in late 2009
and 2010, often running until 2011, no longer had to contend with
the economic crisis. As we demonstrated above, the R&D program
counteracted the economic decline in Germany in the year 2009,
but by the years 2010 and 2011 it coincided with the recovery of the
German economy. However, as compared to investments into new
buildings and infrastructure, which require construction permissions, architectural planning, etc. before realization, R&D projects
once approved could start immediately.
Further research calls for a comparative analysis of the macroeconomic effects stemming from R&D programs before, during, and
after the economic crisis. This would require the availability of further R&D subsidization data. Another direction of research would
tie in with the literature on R&D cyclicality more generally (e.g.
Aghion et al., 2012; Archibugi et al., 2013; Barlevy, 2007; Shleifer,
1986). A comparison of input coefﬁcients before, during and after
the economic crisis would allow insight to what extend R&D follows
a cyclical development.
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