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Abstract

We analyze the effect of subsidies on firm R&D, conditional on firms’ access to external
financing during the financial crisis when access to external financing was particularly difficult.
Specifically, we determine whether subsidies can mitigate or completely offset the effect of
external financing constraints of firms or banks. Financial constraints are considered through i)
firms’ credit ratings and ii) the capital reserves of their banks. Subsidies were found to help
maintain R&D investments during the crisis, especially when financial constraints were present.
After the crisis, the subsidized firms reached the level of R&D spending they had prior to the
crisis.
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1 Introduction

While R&D expenditures are usually linked to innovation success and are predominantly
beneficial for the economy, private investment in R&D is below the socially optimal level (e.g.,
Hall 2002). This pattern is grounded in market failures caused by, for example, R&D spillovers
to other firms (e.g., Czarnitzki and Kraft 2012; Jirjahn and Kraft 2011) that prevent the full
appropriation of the company’s investments. Besides spillovers, uncertainties in the innovation
process and financing constraints also reduce the incentives of firms to invest in innovation
(e.g., Hall and Lerner 2010; Kerr and Nanda 2015). Subsidies are considered a valuable tool to
overcome these market failures by incentivizing socially efficient research that would otherwise
not be carried out in the private sector (e.g., Dimos and Pugh 2016; Hall 2002). Thus, various
policy initiatives have been enacted with a particular focus on overcoming the above-mentioned

market failures to foster the R&D of private firms (e.g., Mulier and Samarin 2021).

Although it is generally acknowledged that subsidies exert an effect on firm innovation
expenditures and processes (e.g., Busom 2000; Clarysse et al. 2009; Gonzalez et al. 2005;
Zufiga-Vicente et al. 2014), how effective these subsidies are remains subject to debate (Dimos
and Pugh 2016; Galaasen and Irarrazabal 2021; Lach et al. 2021). On the one hand, government
funding could facilitate the investment of additional private R&D by providing incentives to
conduct projects with low private but high social value (Aerts and Schmidt 2008; Dimos and
Pugh 2016). On the other hand, public subsidies could crowd out private R&D expenditures
that would have been invested by substituting them (Marino et al. 2016). While heterogeneity
in terms of firm size and subsidy characteristics were primarily considered in this context (e.g.,
Dimos and Pugh 2016; Dvoulety et al. 2021; Zufiiga-Vicente et al. 2014), there is little evidence
regarding other observable factors (e.g., Dvoulety et al. 2021). This study therefore contributes
to this debate by analyzing the effect of subsidies on firm R&D, conditional on the firms’ access

to external financing during the financial crisis when access to external financing was difficult.



In particular, we analyze the extent to which subsidies can mitigate or completely offset the
effect of external financing constraints of firms or banks. Financing constraints were generally
more relevant in the financial crisis but, especially for innovative firms, access to external
financing deteriorated during this time (e.g., Amore 2015; Archibugi et al. 2013a; Archibugi et
al. 2013b; Filippetti and Archibugi 2011; Paunov 2012). This effect of stress on financial
markets on innovation was shown to be heterogeneously influenced by the banks’ financial
strength (e.g., Huber 2018; Giebel and Kraft 2019; Giebel and Kraft 2020; Granja and Moreira

2023).

To investigate the effect of subsidies and financial constraints of banks and firms on firm R&D,
we combine firm data from the Mannheim Innovation Panel (MIP) with two additional data
sources. In detail, we add information from a leading rating agency on the creditworthiness of
the firms and data on the capital structure of the companies’ main banks. We use this rich dataset
first to examine the dependence of the firms’ R&D expenditures on subsidies in a difference-
in-differences approach and we find a strong positive effect for subsidized firms during the
financial crisis. In the second step, we categorize firms into those which are financially
constrained or unconstrained according to their credit rating. The results imply that firms with
a weak rating showed positive effects of subsidies on R&D expenditures in the financial crisis,
while no effect was found for firms with better credit ratings. Third, we test the impact of
subsidies on R&D when we distinguish the firms’ main banks according to their capital
reserves. The results show that R&D expenditures of corporate customers with a connection to
banks with relatively low reserves reacted to the changing conditions in the financial crisis
when they received no subsidies, while subsidized firms did not. Customers linked to banks
with high capital reserves demonstrated no change in R&D expenditures as a result of receiving
subsidies in the financial crisis. In summary, our results imply that R&D subsidies could at least

partially offset restrictions arising from a link to weakly capitalized banks during the crisis and



could completely offset adverse crisis effects in the post-crisis period. The latter was also found
for firms with weak ratings, however, in the crisis period, the negative effects were only
partially offset. Consequently, subsidies can at least partially compensate for the adverse effects

of a crisis.

Essentially, our study contributes to (i) studies on the effectiveness of subsidies in general (e.g.,
Howell 2017; Lach et al. 2021; Mamuneas and Nadiri 1996), (ii) the relation between subsidies,
financing constraints, and innovation (e.g., Busom et al. 2014; Hyytinen and Toivanen 2005;
Montresor and Vezzani 2022; Takalo and Tanayama 2010), and (iii) the effect of subsidies
during the financial crisis in particular (e.g., Aristei et al. 2017; Brautzsch et al. 2015; Hud and
Hussinger 2015). We contribute to these strands of literature, first, by combining them and,
second, demonstrating that subsidies are an important policy tool for mitigating the financing
constraints of firm R&D. This relation holds not only for the more commonly studied firm
financing constraints but also for bank constraints, which are investigated in this study in the
context of subsidies for the first time. In addition, we extend these strands of literature by
considering the effect of subsidies and financing constraints on R&D in the financial crisis and
the period afterwards. We further contribute to these studies by showing that subsidies could
offset external financing constraints at least partially in the crisis period, and that R&D

expenditures of subsidized firms returned to their initial level after the financial crisis.

2 Subsidies and financing constraints for R&D in the financial crisis

2.1 The role of subsidies for the financing of R&D

The discussion on the impact of spillovers on the incentives for innovative firms to invest in
R&D has existed for many years, and classical contributions include Marshall (1920) and
Arrow (1962), among others. Knowledge spillovers from innovative firms are non-rivalrous,

not (completely) excludable, and produce positive externalities for imitating firms. Since there
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is usually no way to internalize the externalities, the incentives for innovative firms to engage
in innovation activities decrease. Consequently, the social rates of return of R&D are larger
than the private rates of return. This is an argument for welfare-enhancing government
intervention through subsidies to spur innovation. Empirical research suggests that subsidies
are an important source of financing funds for R&D in addition to internal and external
financing (e.g., Almus and Czarnitzki 2003; Becker 2015; Bronzini and Piselli 2016; Clausen
2009; Czarnitzki and Lopes-Bento 2013; Howell 2017; Lach 2002; Zufiga-Vicente et al. 2014).
However, conflicting views on the effect of subsidies on R&D expenditures exist (Dimos and
Pugh 2016). First, subsidies could lead to additional innovation projects that are carried out and
thereby complement the existing innovation program of the firm, this being referred to as the
additionality effect (Dimos and Pugh 2016). Second, in contrast to the additionality effect of
subsidies, they could also crowd out existing R&D funds (e.g., Dimos and Pugh 2016; Marino
et al. 2016). Besides these direct effects, obtaining competitive grants can be considered a
quality signal. That is to say, it can encourage external investors to fund innovation projects
more generously (Meuleman and De Maeiseneire 2012), which could exert a positive effect on

R&D spending as well.

While earlier empirical research provided evidence for crowding-out effects, more recent
studies have pointed to an additional impact of R&D subsidies (Becker 2015, Howell 2017).
Since the empirical evidence regarding the actual effect of subsidies on R&D spending is
inconclusive, more recent developments in the literature have highlighted the importance of
considering its heterogeneous impact (Dimos and Pugh 2016; Dvoulety et al. 2021; Zufiga-
Vicente et al. 2014). This includes firm characteristics such as size, which might reflect the
difficulties in accessing external financing (Dimos and Pugh 2016; Dvoulety et al. 2021). In our
study, we consider the situation of financial markets and particularly the access to external

financing of the firm as additional possible sources of heterogeneity.



2.2 The impact of the financial crisis on financing for innovation

Financial markets rarely conform to Modigliani and Miller’s (1958) ideal world. In practice,
there are often information asymmetries regarding the expected returns from debt-financed
investments, where firms usually have a knowledge advantage (Holmstrom and Tirole 1997;
Stiglitz and Weiss 1981). This is true for capital investments and is even more pronounced for
R&D projects. Moreover, R&D projects offer little collateral, as most of the expenditure is
spent on R&D personnel (e.g., Hall 2002). Consequently, financing innovation projects through
debts is complex, and it is often assumed that these expenditures must be funded through

internal resources (e.g., Hall and Lerner 2010, Kerr and Nanda 2015).

During the financial crisis, the ability of banks to lend was severely limited (e.g., Puri et al.
2011; Kapan and Minoiu 2018). This resulted in increased costs for external financing in terms
of bank credit (e.g., Holton et al. 2014; Kapan and Minoiu 2018; Puri et al. 2011) and a need to
be selective about the firms and the project financing they applied for. Empirical evidence in
that regard implies that innovative companies had even larger problems in obtaining external
capital than before the crisis (e.g., Lee et al. 2015), which in turn had an effect on their
innovative activity (e.g., Amore 2015; Archibugi et al. 2013a; Archibugi et al. 2013b; Filippetti
and Archibugi 2011; Nanda and Nicholas 2014; Paunov 2012). However, not all banks were
hit equally hard during the crisis (e.g., Huber 2018). The results of empirical studies suggest
that firm innovation in the financial crisis was indeed affected heterogeneously, and that this
was in line with the financial strength of their banks (e.g., Huber 2018; Giebel and Kraft 2019;
Giebel and Kraft 2020; Granja and Moreira 2022). Thus, firms associated with banks that have
developed fewer capital reserves are expected to reduce their R&D spending compared to those

with higher capital reserves.



2.3 The effect of R&D subsidies in the financial crisis on innovation

As outlined above, subsidies are an important policy tool to overcome market failures when it
comes to the R&D investments of firms. Empirical research that focuses on this point show that
subsidies can play an important role in reducing the adverse effects of financial constraints on
R&D investments (e.g., Hall et al. 2016) and this was especially the case in the financial crisis
(e.g., Aristei et al. 2017; Brautzsch et al. 2015; Hud and Hussinger 2015). The consequences of
financial constraints can be analyzed graphically, following the representations of David et al.
(2000) and Hottenrot and Peters (2012). In Figure 1 below, the costs and returns of R&D
expenditures are compared to determine the optimal R&D investment for the firm. The options
for R&D projects are ranked according to the expected returns, with the highest on the left (for
relatively low R&D expenditures). The straight MRR line in Figure 1 represents marginal
returns, which decrease with higher R&D investments. The marginal costs of capital consist of
two parts and are indicated as MCC. The horizontal section represents constant marginal costs,
which are relevant as long as internal funds are available. The second part of marginal costs of
capital represents the use of external financing and has a positive slope. The higher the sum of
debts, the higher the marginal costs of capital, which can be explained by asymmetric
information, moral hazard, and adverse selection (Hyytinen and Toivanen 2005). In perfect

capital markets, marginal costs of capital would be constant (Hyytinen and Toivanen 2005).

We assume that, in the initial situation, marginal costs of capital and marginal returns of
innovation projects intersect at the horizontal part of MCC; at the point R;. Now, we consider
a negative shock to the firm concerning the availability of internal funds, which shifts the
MCC, curve to the left to MCC,. In this case, the new equilibrium point is R, at the increasing
part of MCC,. If the debt market also realizes a negative shock, the new MCC5 now turns and
has a higher slope. In this situation, the new equilibrium point is even further to the left at R3.

This represents a realistic scenario during the financial crisis, where many firms faced declining



revenues and rising borrowing costs. In such a case, subsidies can significantly improve the
situation. The subsidies would now replace the firm’s own, reduced revenues and, ideally, the
old equilibrium R} would be realized. Consequently, the positive effects of subsidies are

particularly strong during a financial crisis by at least partially offsetting the adverse impact.

Figure 1: The optimal R&D investment
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Notes: The figure shows the determination of the optimal R&D investment (R) by the intersection between the
marginal rate of return curve (MRR) and the marginal cost of capital curve (MCC).

3 Data and econometric approach

3.1 Data and variables

To investigate the relationship between subsidies, financing constraints, and R&D, we combine
firm data with information about the main banks with which they are affiliated. For firm
information, we access the Mannheim Innovation Panel (MIP), the German part of the
Community Innovation Survey (CIS). It annually collects information such as R&D, other
innovation-related, and general firm data. Since we analyze firm innovation behavior, our
sample is based on firms from manufacturing and knowledge-intensive sectors (NACE Rev 2.0
codes from 5 to 39, 58 to 66, and 69 to 73). We use a time window for firm information between

2004 and 2012 for several reasons. This excludes a pre-crisis downturn that occurred in the



early 2000s (Hud and Hussinger 2015) and periods after 2012 when financial conditions
changed again (Ehrmann and Fratzscher 2017), but includes a period before the financial crisis,
the periods of the financial crisis 2007 to 2009, and the post-crisis period (2010-2012). This
leaves us with 3982 firms observed in the respective industries and time window, with

information on their subsidy status, R&D expenditures, and baseline firm characteristics.

We follow the literature and use the logarithm of R&D expenditures as the dependent variable
to investigate the effect of financing constraints on innovation activities (e.g., Czarnitzki and
Hottenrott 2011a, b; Mairesse and Mohnen 2004). Since we include firms in our sample that
did not carry out R&D continuously, we applied the transformation In(R&D+1) to retain these
zero-value observations in the sample. Our main variable of interest characterized the firms as
subsidy or non-subsidy recipients. We observe this variable in the 2005, 2007, 2009, 2011, and
2013 survey waves. In these waves, the firms were asked whether they had received a subsidy
in the previous three years.! Based on this information, we construct our main treatment
variable, which takes unit value when the firm was a subsidy recipient in a specific year and
zero otherwise. This is in line with Hud and Hussinger (2015), however we extend the origin
of subsidies by including financial support from the national government, federal state
governments, and the European Union. The share of subsidy recipient firms in the sample over

time was relatively constant and remained at about 40%, as shown in Figure A2, Appendix A.

We also include standard variables used to characterize firms. First, we add three size dummies
for firms with less than 10 employees, between 10 and 49 employees, and between 50 and 249
employees. These size classes refer to the European Union’s definitions of micro, small, and
medium-sized firms. The reference group consists of large firms that have 250 or more
employees. In addition, we control for the firm’s age by following Peters et al. (2017) and
applying three age dummy variables for firms younger than 9 years, 10 to 19 years of age, and

between 20 and 49 years old. Older firms that have existed for 50 or more years form the
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reference group. We further account for the business group affiliation of the focal firm by
including a dummy variable ‘Group membership’. Being part of a business group could be
associated with better access to capital due to internal capital markets (Belenzon and Berkovitz
2010). We also consider international trade activities by the lagged share of exports divided by
sales ‘Export share’. This variable aims to include demand-related influences on R&D
expenditures following studies such as Bricongne et al. (2012), who demonstrate that exporting
activity correlated with the fall in demand during the financial crisis. We include the lagged

value of sales growth ‘Sales growth’ as additional information on the firm’s financial strength.

The identification of the financial constraints rooted in the firm itself is implemented by the
credit rating of the firm ‘Rating’ (e.g., Carreira and Silva 2010; Czarnitzki 2006; Czarnitzki and
Hottenrott 2011a, b; Czarnitzki and Kraft 2007). We use the rating index calculated by
Creditreform, the largest German credit rating agency. The index is constructed based on a
multitude of firm information such as liquidity, balance sheet structure, financing, legal form,
ownership structure, industry, prior credit requests, and ability to repay credits in time (see, e.g.,
Czarnitzki and Hottenrott (2011a) for a detailed description). It consists of values from 100 (the
best result) to 600 (the worst outcome). We discard firms from our sample with rating values

of 500 or above, as this expresses that the firms are about to declare bankruptcy.

To further analyze bank financing constraints, we use the information on the firm-bank relation
represented by a specific bank indicator (Bankleitzahl BLZ). This information was used to
match the MIP with information on bank balance sheet figures from Bankscope, a databank
collected by Bureau van Dijk. We achieved successful matches for about 96% of the initial
3982 firms in the firm-bank matched database, leading to a sample of 3839 firms. This allows
us to include several variables capturing the bank’s financial situation regarding capital
availability. All variables are based on 2006 values to avoid endogeneity issues in case they

were affected by adjustments during the financial crisis.? Following the literature (e.g., Anginer
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et al. 2016; Bayazitova and Shivdasani 2012; Demirguc-Kunt et al. 2013; Kapan and Minoiu
2018), we use tangible common equity to represent the quality of capital. Compared to raw
equity, tangible common equity does not include intangible assets, goodwill, or preferred stock
(Bayazitova and Shivdasani 2012; Kapan and Minoiu 2018). The ratio of tangible common
equity over tangible assets forms the variable ‘Tangible common equity’. A higher level of this
variable equates to the availability of high-quality capital and implies a better ability to absorb
losses and withstand shocks (Kapan and Minoiu 2018). Moreover, investors prefer this ratio to

regulatory ratios like the Tier 1 ratio (Kapan and Minoiu 2018).

Finally, after discarding missing observations, our empirical study is based on a sample of 6515
firm-years for 2872 firms. Thus, we use this as an annual database of unbalanced panel data
since not all firms participate in the survey every year. The distribution of firms over periods
of observations is shown in Figure Al in Appendix A. About 50% of the firms were observed
once. The remainder two quartiles were observed two or more times. Robustness tests

concerning the sample composition are presented in Section 4.3.

3.2 Descriptive statistics

The descriptive statistics for the full sample of firms are shown in Table 1, column (1).® About
25% of all observations showed zero R&D expenses. On average, a firm had 217 employees.
The average firm age was approximately 30 years. Related to the financing constraints
indicators, the following is observed: The average lagged credit rating value was 216, which
implies a good rating evaluation. The tangible common equity ratio was, on average,
approximately 4%. The capital funds amounted to about 6% of bank assets. The mean and
standard deviation of the variables separately for subsidized and non-subsidized firms are
shown in columns (3) to (6). The figures imply that subsidized firms invested more in R&D,

were larger, were more likely exporters, showed higher firm financing constraints, and were
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related to financially weaker banks. The results for tests on the differences in means shown in

column (7) imply that these are statistically significant.
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Table 1: Descriptive statistics

1) ) ©) (4) (5) (6) (7)
All firms Subsidized Non-subsidized Difference
Mean SD Mean SD Mean SD 3) - (5)
Firm variables
Subsidy in year t 0.393 0.489
Subsidy in 2005 and/or 2006 0.398 0.489
Subsidy in each year 0.374 0.484
Log of R&D 9.661 5.797 12.359 3.702 7.911 6.224 4.448***
Size (1-9 employees) 0.115 0.319 0.108 0.311 0.119 0.324 -0.011
Size (10-49 employees) 0.352 0.478 0.393 0.488 0.325 0.468 0.068***
Size (50-249 employees) 0.348 0.476 0.320 0.467 0.366 0.482 -0.046***
Age (0-9 years) 0.136 0.342 0.155 0.362 0.123 0.328 0.032***
Age (10-19 years) 0.405 0.491 0.480 0.500 0.357 0.479 0.124***
Age (2049 years) 0.284 0.451 0.239 0.426 0.314 0.464 -0.075***
Group membership 0.482 0.500 0.449 0.498 0.503 0.500 -0.054***
Sales growth 0.116 1.197 0.146 1.138 0.097 1.233 0.049
Export share 24.213 26.483 26.865 27.008 22.494 25.996 4.370%**
Rating index as of 2006 217.738 41,555  219.088 40.726  216.863 42.067 2.225**
Lagged rating index 215.673 41.052  216.631 40.170  215.051 41.607 1.580
Bank variables

Lagged tangible common equity 4.041 2.389 3.737 2.202 4.238 2.484 -0.502***
Tangible common equity as of 2006 4.036 2.174 3.720 1.801 4.242 2.363 -0.521***
Equity over total assets as of 2006 4.117 2.139 3.796 1.761 4.326 2.329 -0.530***
Capital funds as of 2006 5.804 2.342 5.481 2.054 6.014 2.488 -0.534***
Observations 6515 2563 3952 6515

Note: Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level. The observation counts for the subsidy variables are 3593 for the
variable ‘Subsidy in 2005 and/or 2006° and 5479 for the variable ‘Subsidy in each year’.
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The development of R&D expenditures for the firms in our sample differentiated according to
their subsidization status as shown in Figure 2. It becomes evident that subsidized firms realized
higher R&D expenditures prior to the financial crisis (before 2007). In the years 2007 and later,
the gap became even larger. This implies two preliminary findings: First, the realized R&D
expenditures before the financial crisis show a parallel movement for subsidized and non-
subsidized firms. Second, R&D expenditures of non-subsidized firms decreased to a greater

degree than that of the subsidized firms.

Figure 2: Mean over time for subsidized and non-subsidized firms
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Note: The figure shows R&D expenditures for subsidized and not subsidized firms over time.

3.3 Accounting for selection into the subsidy recipient status

The results in Table 1 imply significant differences in observable firm characteristics between
subsidy and non-subsidy recipients. We address this potential selection problem as firms with
particular characteristics are likely subsidy recipients (e.g., Aguiar and Gagnepain 2017; Hud
and Hussinger 2015; Hinermund and Czarnitzki 2019) by applying the inverse probability
weighting (IPW) model (e.g., Abadie & Cattaneo 2018; Imbens & Wooldridge 2009). This is
realized in two steps. First, using a probit model, the probability of each firm is estimated to be

a subsidy recipient or not. In Appendix B, Table B1, we present the results for the Probit
13



estimation for the pooled sample and separately for the individual years. Splitting the regression
into the annual subsamples leads to a loss of 20 observations that are singletons in a specific
subgroup in a particular year. After performing the annual estimations to obtain the propensity
score we drop 100 observations not in the region of common support. The inverse probability
weights are computed in the second step based on the estimated propensity score.* Table B2 in
Appendix B shows a comparison of the weighted means. It turns out that, after weighting, there
are no significant differences between the means of the two samples. We utilize the calculated
weights in subsequent regressions to adjust for possible differences in observable firm

characteristics.

3.4 ldentification of the effect of financing constraints on R&D
To investigate the impact of subsidies and financing constraints on R&D, we start with baseline
difference-in-differences regressions weighted by inverse probability weights. Consequently,

we estimate the following relationship:

In(R&D + 1);; = By + P1Subsidy; + S, Crisis; + B;PostCrisis; + B,Subsidy; X Crisis; 1)

+BsSubsidy; X PostCrisis; + X'+ ¢; +n; + &;¢

where the dummy variable ‘Subsidy’ captures whether the firm is a subsidy recipient or not.
Further included are indicator variables for the periods marked by severe turmoil on financial
markets. The dummy variable ‘Crisis’ assumes a unit value for the periods 2007 to 2009 and is
zero otherwise.® Moreover, ‘PostCrisis’ is a dummy variable, which marks the periods after the
significant problems on financial markets and takes unit value for the years 2010 to 2012.° In
addition, we include a set of control variables X, that comprise age dummies and a dummy for
firm group membership. Furthermore, we include one-year lagged variables: size dummies,
export share, sales growth, credit rating, and the firm’s main bank’s tangible common equity.
To account for industry and region-specific effects, we also include a set of dummy variables

for the firm’s industry (n;) and the federal state (¢;) in which the firm is located.
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The coefficients of interest are the interaction terms S, and S5. They inform about how subsidies
affected R&D expenditures if financial markets were under stress (financial crisis), and after
that (post-crisis), compared to the time before the financial crisis. As mentioned in Section 3.1,
we use an unbalanced panel database in this study and observe a share of the firms only in one
period. Although the identification of the treatment effect using a difference-in-differences
estimator is usually motivated in a panel data context, recent developments (e.g., Blundell and
Dias 2009; D’Haultfceuille et al. 2023; Lechner et al. 2016; Lee and Kang 2006) and examples
(e.g., Petach and Tavani 2021) have supported the notion that the average treatment effect on
the treated (ATT) is also identified in a repeated cross-sectional setting. A key condition in this
regard is that the observations can be distinguished in the treatment and control group before
the actual treatment occurs and that there is no sampling systematic to either group (Blundell
and Dias 2009; Lechner et al. 2016; Lee and Kang 2006). Concerning the sampling of the
treatment and control firms, we assume that it is non-systematic. To support this notion, the
IPW re-weighting approach described in Section 3.3 accounts for the possibility that the
treatment assignment is non-random. In addition, we apply several robustness tests concerning

potential issues related to the above-mentioned points in Sections 4.1 and 4.3.

As explained above, an essential step of our study is to identify the effect of firm and bank
constraints on R&D expenditures. Thus, we include two possible causes of financial constraints.
First, only the financial constraints attributable to the companies are included in the baseline
specification via the ratings. To determine whether a firm is financially constrained, we take
the rating value as of 2006, before the financial crisis occurred. We use this variable as of 2006,
because our measure was not partly determined by the financial crisis itself nor by the coming
into force of the Basel 11 guidelines in 2007. Due to these, banks placed a greater emphasis on
credit risk, and the borrower risk is evaluated by ratings (internal or external credit ratings). We

define a firm as constrained if it has a credit rating weaker than the 25% of firms with the best
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rating scores.’” Firms with a rating above this threshold are characterized as unconstrained. Thus,

we estimate our baseline regression (1) for firms with low and high firm financing constraints.

Second, the banks’ capital resources supplement the firm information in the next step. This
allows us to investigate the effects of changes in external financing due to problems of the house
banks and their interaction with the financing constraints of the firms themselves. We apply
bank capital as an indicator of bank balance sheet strength. Empirical studies showed that banks
with higher capital reserves offered more lending to their customers (e.g., Kapan and Minoiu
2018; Gambacorta and Shin 2018) and were less vulnerable to default (e.g., Berger and
Bouwman 2013) in the recent financial crisis. Based on information from the Bankscope
databank, we define a bank as having been affected by the financial crisis if its capital
endowment was in the lower quartile of all German banks.® This expressed that a bank shows
a tangible common equity ratio below 5.17%. Our baseline regression is accordingly divided

into firms with high and low capitalization.

As mentioned in Section 3.1, a significant part of our observations had zero values for our
dependent variable, as these firms did not conduct R&D regularly. Since an estimation with an
ordinary least squares’ estimator would be biased and discarding the zero values would induce
a sample selection bias, we follow the literature (e.g., Amore and Murtinu 2021; Czarnitzki and
Hottenrott 20103, b; Grimpe and Kaiser 2010; Mairesse and Mohnen 2004) and account for this
left censoring by applying a Tobit model (Greene 2003). An important feature of the Tobit
model in this context is that it allows for the determination of two marginal effects: First, the
extensive margin, which is the effect of a change in a variable on the probability of observing
non-zero R&D expenditures. Second, the intensive margin represents the marginal effect of a

change in a variable on the observed, non-zero degree of R&D expenditures.

It is well known that, in the case of heteroscedasticity, a standard Tobit model leads to

inconsistent coefficients, aside from inconsistent standard errors (Amore and Murtinu 2021,

16



Czarnitzki and Hottenrott 2010a, b). In our model, Wald tests reject the homoscedasticity
assumption. Therefore, we follow the literature (e.g., Amore and Murtinu 2021; Czarnitzki and
Hottenrott 2009) and apply the heteroscedastic Tobit model (Greene 2003) by inserting size,

age, and industry dummies into the heteroscedasticity correcting term.

4 Results

4.1 Baseline results

We first analyze the role of subsidies for R&D before, during, and after the financial crisis. The
results are shown in Table 2, columns (1) to (8). First, for the crisis period, the size of the
interaction coefficients of interest Subsidy x Crisis remains relatively stable from column (1)
to (8) when additional control variables are included. Second, the interaction term for the time
beyond the crisis period Subsidy x PostCrisis implies that firms that are subsidy recipients also
benefited in times after the turmoil on financial markets. Both observations hold for both
calculated margins. Thus, firms that received subsidies were more likely to perform R&D than

their non-subsidized counterparts (extensive margin) and spent more (intensive margin).

Moreover, we perform tests to compare the development of R&D expenditures within groups
over time. The first two tests, T; and T, aim to determine whether the subsidized firms showed
a significantly different pattern in R&D expenditures during and after the financial crisis
compared to the period before. When applying control variables (columns 3, 4 and 7, 8), the
tests reported at the bottom of Table 2 imply that subsidized firms experienced a reduction in
R&D expenditures in the financial crisis but caught up in the post-crisis period. For the group
of non-subsidized firms, however, the development of R&D spending decreased in the crisis

and pre-crisis period as indicated by tests T; and T,.

To sum it up, firms that received a subsidy realized higher R&D expenditures than non-
subsidized firms before the crisis, but also in times of turmoil on financial markets and beyond.

This coincides with the development of R&D expenditures depicted in Figure 2 above. Thus,
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the effect is rather rooted in the fact that non-subsidized firms experienced a decrease in R&D
expenditures, while subsidized firms experienced this decrease to a much lesser degree (T; and
T,).° Our results also show that subsidized firms returned to the pre-crisis level of R&D
expenditures after the crisis. This was not the case for non-subsidized firms. Consequently,

subsidies were important in mitigating financing constraints.

In the second step, we determine the heterogeneity of the effect over time. Thus, we include the
measure of subsidies and interact this variable with year dummies, with which we identify the
possible effects in the individual years. As a reference year, we utilize 2006 as this is the last
year before the beginning of the financial crisis. As shown in Figure 3 and Table C3 in
Appendix C, there is no significant difference in the coefficients for the years 2004 to 2005 to
the baseline year 2006, which supports the common trend assumption (Table 2). For the period

after 2007, the pattern diverges from the pre-crisis trend.

Figure 3: Subsidyxyear interactions for the baseline specification

o

2
1

1
1

Interaction coefficient

Notes: The figure shows the plotted interaction coefficients of the measure of subsidy and year dummies. The year
2006 serves as a reference period. The whiskers represent 95% confidence intervals.
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Table 2: Impact of subsidies on R&D

D ) ©)) 4) (5) (6) () 8
Log of R&D
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 3.039*** 0.088*** 3.000*** 0.084*** 2.955%** 0.087*** 2.954%** 0.085***
(0.237) (0.010) (0.226) (0.009) (0.238) (0.009) (0.225) (0.009)
Crisis -1.486*** -0.043*** -1.265*** -0.035*** -1.377*** -0.041*** -1.194*** -0.034***
(0.291) (0.009) (0.272) (0.008) (0.275) (0.009) (0.262) (0.008)
PostCrisis -1.547*** -0.045*** -1.287*** -0.036*** -1.488*** -0.044*** -1.240%** -0.036***
(0.317) (0.010) (0.300) (0.009) (0.296) (0.009) (0.285) (0.009)
Subsidy x Crisis 0.765** 0.022** 0.708** 0.020** 0.774** 0.023** 0.689** 0.020**
(0.357) (0.0112) (0.338) (0.010) (0.342) (0.010) (0.325) (0.009)
Subsidy x PostCrisis 1.062*** 0.031*** 1.076*** 0.030*** 1.037%** 0.031*** 1.046%** 0.030***
(0.371) (0.011) (0.355) (0.010) (0.348) (0.011) (0.336) (0.010)
Hy: Subsidy X year, = 0V t < 2006
p-value 0.390 0.399 0.467 0.473 0.441 0.445 0.462 0.466
Tests for the development of R&D expenditures (p-value)
Ty:Bo+ B =PBo+ P+ B2+ B 0.001 0.001 0.006 0.008 0.003 0.004 0.010 0.012
Ty:Bo+Bi=PBo+ P+ Bs+PBs 0.013 0.014 0.300 0.303 0.017 0.018 0.316 0.317
Ts: By = Bo + B> 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tu: By = Bo + B3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Firm control variables No Yes No Yes
Industry fixed effects No No Yes Yes
Federal state fixed effects No No Yes Yes
Log Likelihood -35872.722 -35088.748 -35268.138 -34710.830
Left censored observations 1590 1590 1590 1590
Uncensored observations 4825 4825 4825 4825
Observations 6415 6415 6415 6415

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights:

In(R&D + 1);; = By + B1Subsidy; + B,Crisis, + B;PostCrisis, + B,Subsidy; x Crisis, + BsSubsidy; x PostCrisis, + X'+ ¢; + n; + €,
The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a subsidy recipient. Included
are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age squared, firm rating, sales growth, and export share. Cluster-robust
standard errors are in parentheses, clustered at the firm level. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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4.2 Accounting for firm and bank constraints

Next, we determine the effect of subsidies on R&D for financially constrained and non-
constrained firms. For this purpose, we utilize information from the firm and bank perspective
and then separately estimate equation (1) for firms with low and high constraints as described
in Section 3.4. First, the results for firm financing constraints are shown in Table 3, columns
(1, 2) and (2, 3). They imply that particularly constrained firms benefitted from subsidies in the
financial crisis and beyond. The tests at the bottom of the table imply that the reduction of R&D
is only partially offset by the subsidy in the crisis (T;), but that this is completely offset in the
post-crisis period (T,). No significant effect in the financial crisis is found for the group of firms
with low financing constraints. This indicates that these firms did not react more sensitively to

subsidies in times of turmoil on financial markets.

We then move on to determine financing constraints from the supply side by dividing banks
into a high and a low-capitalized group according to their capital base. The results of estimating
equation (1) for these firm categories are shown in Table 3, columns (5, 6) and (7, 8).
Interestingly, for the group of firms associated with relatively poorly capitalized banks
(columns 7, 8), subsidies increased R&D expenditures during the crisis and afterwards. The
tests at the bottom of the table reveal that for both periods, the subsidy offset the adverse effects
on financial markets (T; and T,). However, this did not apply to firms linked to well-capitalized
banks (columns 5, 6). In the sample of these firms, subsidies had no effect on R&D investment

above that measured in the base category.
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Table 3: Impact of subsidies on R&D accounting for firm and bank constraints

1) (2 ©)) 4) ®) (6) (7 8
Log of R&D
Firm financing constraints Bank financing constraints
High Low High

Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 2.593*** 0.030*** 2.748%** 0.094*** 2.841%** 0.083*** 2.957*** 0.082***

(0.405) (0.006) (0.265) (0.011) (0.400) (0.014) (0.266) (0.010)
Crisis -1.002** -0.011* -1.332%** -0.045*** -1.220*** -0.036*** -1.156*** -0.032***

(0.471) (0.006) (0.314) (0.011) (0.414) (0.013) (0.325) (0.010)
PostCrisis -0.975* -0.011* -1.328*** -0.045*** -1.461%** -0.043*** -1.148*** -0.032***

(0.546) (0.007) (0.332) (0.012) (0.536) (0.016) (0.346) (0.010)
Subsidy x Crisis 0.739 0.008 0.824** 0.028** 0.156 0.005 0.903** 0.025**

(0.569) (0.007) (0.379) (0.013) (0.569) (0.017) (0.381) (0.011)
Subsidy x PostCrisis 0.477 0.005 1.318*** 0.045*** 1.052 0.031 1.063*** 0.030***

(0.614) (0.007) (0.376) (0.013) (0.643) (0.019) (0.393) (0.011)
Hy: Subsidy X yeary = 0Vt < 2006
p-value 0.949 0.949 0.354 0.357 0.879 0.880 0.239 0.245
Tests for the development of R&D expenditures (p-value)
Ti:Bo+P1=Bo+ b1+ B+ Ba 0.394 0.406 0.020 0.023 0.009 0.015 0.227 0.231
Ty:Bo+B1 =B+ b1+ B+ Bs 0.119 0.129 0.962 0.962 0.311 0.316 0.695 0.695
Ts5:Bo = Bo + B 0.034 0.051 0.000 0.000 0.003 0.004 0.000 0.001
Ty: Bo = Bo + Bs 0.074 0.090 0.000 0.000 0.006 0.009 0.001 0.002
Firm control variables Yes Yes Yes
Industry fixed effects Yes Yes Yes
Federal state fixed effects Yes Yes Yes
Log Likelihood -8815.248 -25479.649 -9600.880 -24946.055
Left censored observations 1285 506 1084
Uncensored observations 3519 1298 3527
Observations 4804 1804 4611

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights, for financially constrained and
unconstrained firms: In(R&D + 1);; = B, + B1Subsidy; + B,Crisis, + B;PostCrisis, + B,Subsidy; X Crisis, + BsSubsidy; X PostCrisis, + X' + ¢; + n; + &;;

The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a subsidy recipient. Included
are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age squared, firm rating, sales growth, and export share. Firms are
defined as having low (high) firm financing constraints if their credit rating is among (weaker than) that of the 25% of the firms in the sample with the best rating score. For bank
financing constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a tangible common equity share which is above that of the 25% of
all German banks in the Bankscope data set with the lowest reserves. Cluster-robust standard errors are in parentheses, clustered at the firm level. Significance: * significant at the

10% level, ** significant at the 5% level, *** significant at the 1% level.
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4.3 Limitations and robustness tests

We begin by testing for the reliance of the results on the weighting approach. First, we trim the
propensity score by discarding values which are smaller or larger than the values at 1% or 99%
of the distribution, respectively. Based on the remaining 98%, we calculate the inverse
probability weights as described above. Second, we follow the approach suggested by Li et al.
(2019) and calculate overlap weights. This approach places greater emphasis on units with the
largest overlap between treated and control units and accords less weight to those observations
in the tails of the distribution (Li et al. 2019). The results in panels A and B of Table D1,

Appendix D, look similar to the baseline results.

We further analyze the robustness of the results to the definition of the subsidy variable. It
should be noted that the subsidy variable covered all types of subsidies questioned in the MIP
survey (European, national or federal states subsidies). Furthermore, we have no information
on firms which unsuccessfully applied for subsidies, which would be useful in considering the
differences between the ‘winners’ and ‘losers’ of such contests. We also cannot directly observe
whether firms that face financing constraints are less likely to apply for subsidies. In
consideration of the argumentation above, however, we assume that the design of the empirical
study is geared towards the limitation of this potential problem. However, we test the reliance
of the results on the definition of the subsidy variable in two ways. First, we define subsidy
recipients as companies that had received subsidies in each year of our sample period. Second,
we define subsidy recipients as having received subsidies in the period before the crisis, i.e., in
the years 2005 and/or 2006. The results presented in Table D2, Appendix D are similar to the

earlier ones.1°

We apply two tests to account for the possibility that the results are driven by the definition of
the firm financing constraints variables. First, we re-define the cut point for constrained and
unconstrained firms according to their rating value as of 2006. Thus, firms are characterized as
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having low constraints if they have a rating value lower than the lowest 33% of firms in the
sample. The results are shown in Appendix D, Table D3, columns (3) and (4) and are
comparable to those in Table 3. Second, we use the lagged rating value that is commonly
applied as a measure for firm financing constraints (e.g., Czarnitzki and Hottenrott 2011a,
2011b). Firms are characterized as a low constraint type if their rating value was better than that
of the 25% of firms in the rating distribution with the weakest rating value. The results in Table

D3, Appendix D, columns (5) and (6), again, point in the same direction as the baseline results.

We utilize two further measures to account for the potential dependency of the results on the
measures of bank financing constraints. First, we apply the ratio of equity over total assets that
reflects the inverse of leverage (e.g., Adrian et al. 2018; Berger and Bouwman 2013; Jiménez
et al. 2012). A higher value indicates a higher capitalization of the bank and, therefore, a better
ability to cope with shocks on financial markets (Adrian et al. 2018; Berger and Bouwman
2013). The results when applying this measure are shown in Table D4, Appendix D, columns
(3) and (4). These are similar to the baseline results. Next, a variable ‘Capital funds over total
assets’ is included, defined as the ratio of capital funds to total assets (Avdjiev et al. 2019;
Nguyen 2012). Capital funds consist of equity, hybrid capital, and subordinated debts (Avdjiev
et al. 2019). Subordinated debt and hybrid capital are part of Tier 2 capital, can alleviate losses,
and could be used for increasing capital adequacy of banks (e.g., Demirguc-Kunt et al. 2013;
Ito and Sasaki 2002; Montgomery 2005). The results in columns (5) and (6) of Table D4,
Appendix D are similar compared to those in Table 3. In a final test in this category, we apply
the one year lagged tangible common equity bank financing constraints measure as an annually-
varying variable. The results of this test are presented in columns (7) and (8) of Table D4,

Appendix D and remain similar to the baseline estimates.

To account for potential issues related to the definition of the outcome variable, we provide two

additional tests. First, we alternatively apply the inverse hyperbolic sine transformation as
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ihs(R&D) = In(R&D + VR&DZ + 1) (e.g., Bellemare and Wichman 2020), which leads to
similar results as presented in Table D5, Appendix D. Second, we test whether the occurrence
of zero R&D values is a particular driver for the results. To account for this issue in an
alternative way, we perform a test with a sample that consists only of firms that carried out
R&D in any year in the sample period. Thus, we discard every firm observed just once with
zero R&D and firms observed more than once but which never carried out R&D. The remaining
5777 observations still consist of about 16% firm-years with zero R&D expenditures (but every
firm made at least one R&D expenditure). The results when using this sample are presented in

Table D6, Appendix D and are similar to the baseline results.

Next, we check for possible selectivity effects from matching the different data sources. Here,
the bank identifier is required to match Bankscope with firm data and it is realistic to expect
that only financially sound firms reported the bank identifier and, hence, impacted the
distribution of firms over industries. We compare the sample in our study with studies using
similar data (e.g., Czarnitzki and Hottenrott 2011b) and it transpired that the distribution, size,
and age of firms is quite similar.** As described in Section 3.1, we use unbalanced panel data
but observe a share of firms only once. It could be argued that unobserved factors related to
time invariant characteristics might affect the R&D strategy of firms and lead to biased results.
To test for the robustness of our results using linear fixed effects, we refine our sample in two
ways: i) restriction to entities observed at least twice ii) restriction to firms observed at least
twice and once in the pre-crisis and once in the crisis period. The results are presented in Table
D7, Appendix D, panels A and B. Although the samples are reduced to a strong degree, the
results remain comparable to the baseline estimates presented in Section 4.1. This implies, first,
that unobserved time-invariant effects do not drive the effect and that, second, a more restrictive

sample of firms reinforces the baseline effect.
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5 Conclusion

We analyzed the effects of subsidies on R&D during the financial crisis, a period with
exceptionally severe problems in financing innovation projects. Our study combined financial
constraints in two ways: restrictions faced by the firms themselves and, second, restrictions by
the banks of the firms under consideration. Our results show that both types of financial
constraints led to reductions in R&D expenditures. Companies that received subsidies reduced
their R&D expenditures less. The subsidies partially or fully offset the adverse effects of the
financial crisis and the financial constraints. Consequently, our study reinforces the results in
studies such as Hud and Hussinger (2015) and extends them by adding the previously
mentioned two dimensions of financial constraints. Our results show that subsidized firms
returned to the pre-crisis level of R&D expenditures after the crisis. This is not the case for the

non-subsidized firms.

Regarding the possible crowding-out effect of subsidies on firms> R&D investments (e.g.,
Dimos and Pugh 2016; Dvoulety et al. 2021; Zufiga-Vicente et al. 2014), our findings indicate
that especially the financially constrained firms did not show any crowding out. Whatever the
cause of the financial problems, the relevance of public subsidies for the continuity of R&D
investments, even in bad times, is an important result for economic policy. It is well known that
very risky R&D projects have significant problems obtaining external financing (Lee et al.
2015). However, these projects often promise high social and private returns in the long term
(Hall et al. 2010). Here, subsidies can be of considerable benefit. Without them, it would not
be possible to carry out the projects in question, meaning growth opportunities would not be

exploited.

In crises, the existence of innovative firms might be threatened and, if this is the case,
management may be tempted to close departments that are not essential to survival. This might

be a short-run solution but it has unfortunate, long-run consequences. For instance, it is well
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known that employees in innovation departments have a high level of firm-specific knowledge
in the execution of innovation projects, and these valuable resources would be lost in the case
of dismissals. In such situations, subsidies can facilitate the survival of firms and ensure that
specific human capital is retained. Furthermore, not only is the short-run problem solved but,
given that not pursuing innovation can severely threaten firm survival (e.g., Cefis and Marsili
2019), the long-run perspective is thereby also improved. Thus, subsidies in a crisis can enhance
the long-run growth of an economy, and one implication of our study is the recommendation of
countercyclical subsidy programs (see also Hud and Hussinger 2015). However, not only the
specific time frame is important, but also the characteristics of firms, as outlined in our study.
To account for this fact, for example, targeted subsidy programs might be a valuable approach
to support firms (e.g., Hottenrott and Lopes-Bento 2014). In this context, a very recent policy
initiative to fund European deep-tech companies by the European Innovation Council Fund
(European Commission 2023) is presumably aimed at ensuring the realization of high-risk

projects that would otherwise not be possible.

As regards future research, it should be kept in mind that the recent COVID-19 crisis has led to
firm bankruptcies, reductions in employment, and a decline in investment (Belghitar et al. 2022;
Buchheim et al. 2020; Dorr et al. 2022). The importance of policy initiatives to aid firms in
general, particularly financially weak firms, has been discussed and shown in this context (e.g.,
Belghitar et al. 2022; Didier et al. 2021; Dorr et al. 2022). Therefore, a fruitful approach would
be to compare the financial crisis with the COVID-19 crisis. Of particular interest would be an
investigation into whether innovative companies came through the two crises better or worse
than non-innovative companies. Dissimilarities between the two crises are also possible, since
the COVID-19 crisis had a different impact on banks. The influence of individual constraints

at the firm level could also be compared. Presumably, the many subsidy programs in the
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COVID-19 crisis played a significant role in the survival of firms, and the effectiveness of the

subsidies could be studied in more detail.
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! The original question in the 2007 survey wave reads: “Did your enterprise receive public financial support for
R&D/innovation projects in the years 2004 to 2006?”. The yes/no answer opportunities were: ‘Federal states
(federal government departments)’, ‘National government departments’ (with the sub-groups ‘Ministry of
Economics (BMWi)’ and ‘Ministry of Science (BMBF)”), and ‘European Union agencies’.

2 |t should be noted that using lagged values could also lead to biases as the values could be affected by the financial
crisis. We present robustness tests using other variable timings in Section 4.3.

3 See Tables Al and A2 in Appendix A for the distribution of firms over industries and federal states. Furthermore,
we provide a correlation matrix in Table A3 in Appendix A

4 The inverse probability weight w depends on the propensity score ps and is computed as w = 1/ps for the
subsidy recipients and w = 1/(1 — ps) for the firms not funded by subsidies.

5 This definition is in line with (i) the literature that points out the fact that the first effects of the financial crisis in
the banking sector were noticeable in Germany in 2007 (Puri et al. 2011) and (ii) the introduction of the Basel 1l
guidelines in the same year that affected the financial conditions of firms and banks (Schindele and Szczesny
2016). Thus, the definition of this variable reflects that we put particular emphasis on external financing
constraints, which makes it important to account for these early crisis effects.

6 As outlined above, this period was marked by the European sovereign debt crisis that moderately affected
Germany (Ehrmann and Fratzscher 2017). Using 2010 as the first post-crisis year also aligns with studies such as
Hud and Hussinger (2015).

" This threshold is based on the finding in the literature that firm financing constraints are of high importance for
firm innovation (e.qg., Hottenrott and Peters 2012; Schéfer and Stephan 2017). See, e.g., the analysis of Hottenrott
and Peters (2012), which implies that financing constraints impact innovation negatively even when the firm rating
is only moderately weak. Moreover, Schéfer and Stephan (2017) show that internal firm funds are of much higher
importance to innovation than bank financing.

8 See Gambacorta and Shin (2018) for a similar approach. The identification of bank constraints is based on the
whole sample of German banks (1452), for which Bankscope offers information. Our matched firm-bank data
includes 333 of these banks. Since constrained banks are likely larger and related to more firms, the share of firm-
year observations for firms with a bank having a low or high degree of bank financing constraints differs from the
one-quarter to three-quarter definition applied to the bank sample.

® It should be noted that T; and T, test for this relation. This becomes evident when subtracting 8, + 5; from both
sides of equations T; and T,, which yields 8, + B, = 0 for T, and 85 + Bs = 0 for T, respectively.

10 1t should be noted that we observe a share of the firms only once in the sample period. To account for this fact,
we re-run the analysis in this sub-section for the firms observed at least twice. The results remain comparable.

11 Comparisons of the firm distribution of industries and federal states for the various data combination steps of
this analysis imply that the sample composition remains comparable.
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Appendix A — Descriptive statistics

Figure Al: Distribution of firms over periods
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Table Al: Distribution of firms over federal states

Name Firms Percentage share
Baden-Wuerttemberg 429 14.937
Bavaria 404 14.067
Berlin 104 3.621
Brandenburg 105 3.656
Bremen 46 1.602
Hamburg 54 1.880
Hesse 176 6.128
Lower Saxony 201 6.999
Mecklenburg-Vorpommern 53 1.845
North Rhine-Westphalia 485 16.887
Rhineland-Palatinate 93 3.238
Saarland 28 0.975
Saxony 332 11.560
Saxony-Anhalt 127 4,422
Schleswig-Holstein 56 1.950
Thuringia 179 6.233
Total 2872 100
Table A2: Distribution of firms over industries
Name NACE Rev. 2.0 code Firms  Percentage share
Mining 5-9, 19, 35 90 3.134
Food/Tobacco 10-12 100 3.482
Textiles 13-15 114 3.969
Wood/Paper 16-17 101 3.517
Chemicals 20-21 196 6.825
Plastics 22 136 4.735
Glass/Ceramics 23 81 2.820
Metals 24-25 265 9.227
Electrical equipment 26-27 443 15.425
Machinery 28 317 11.038
Retail/Automobile 29-30 114 3.969
Furniture /Toys/Medical technology/Maintenance 31-33 205 7.138
Energy / Water 36-39 59 2.054
Media services 18, 58-60 82 2.855
IT/Telecommunications 61-63 232 8.078
Technical services/R&D services 71-72 263 9.157
Consulting/Advertising 69, 70.2, 73 74 2.577
Total 2872 100
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Table A3:

Correlation matrix

(@) (@3] (©) 4) ©) (6) @ () (©) (10) (11) (12 (13) (4 (35 (16 (17
1) Subsidy in year t 1.000
2) Log of R&D 0.375 1.000
3) Size (1 -9 employees) -0.016  -0.146 1.000
4 Size (10 — 49 employees) 0.070 -0.115  -0.265 1.000
(5) Size (50 — 249 employees) -0.047  0.019 -0.263 -0.538  1.000
(6)  Age (0—9 years) 0.046 0013 0150 0021 -0.080  1.000
(7 Age (10 — 19 years) 0.123  -0.023  0.041 0.169  -0.079 -0.327  1.000
8) Age (20 — 49 years) -0.081 -0.012 -0.068 -0.018 0.055 -0.250 -0.521  1.000
9) Group membership -0.052 0.146 -0.182 -0.297 0117 -0.016 -0.088  0.046 1.000
(10)  Sales growth 0.020 0.005 0.000 -0.020 -0.002 0.075 -0.029 -0.017 0.016 1.000
(11)  Export share 0.081 0.295 -0.163 -0.187 0.093 -0.017 -0.136 0.021 0.205 0.051 1.000
(12)  Rating index as of 2006 0.026 -0.149 0.249 0.256 -0.142 0.181 0.132 -0.054 -0.234 -0.002 -0.166 1.000
(13)  Lagged rating index 0.019 -0.144  0.250 0.262  -0.154  0.192 0.125 -0.058 -0.225 0.017 -0.165 0.787  1.000
(14)  Lagged Tangible common equity -0.103  -0.108  0.025 0.079  -0.009 -0.027 -0.071 0.067 -0.129 -0.011 -0.060 0.072 0.080 1.000
(15)  Tangible common equity as of 2006 -0.117  -0.103  0.027 0.073  -0.007 -0.015 -0.075 0.059 -0.115 -0.019 -0.063 0.064 0.081 0.857 1.000
(16)  Equity over total assets as of 2006 -0.121  -0.102  0.026 0.068 -0.003 -0.015 -0.078 0.060 -0.107 -0.020 -0.061 0.062 0.079 0.849 0.996 1.000
(17)  Capital funds as of 2006 -0.111  -0.107 _ 0.030 0.060 0.008 -0.015 -0.040 0.036 -0.101 -0.021 -0.059 0.078 0.087 0.684 0.810 0.820  1.000
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Table B1: Probit estimation results to obtain the propensity score for the construction of the inverse probability weights

1) (2) 3) 4) ®) (6) ) (8) ©)] (10)
2004-2012 2004 2005 2006 2007 2008 2009 2010 2011 2012
Size (1 — 9 employees) -0.371%** -0.093 -0.256 -0.222 -0.142 -0.477** -0.618* -0.359* -0.968** -0.721***
(0.079) (0.231) (0.279) (0.201) (0.292) (0.206) (0.373) (0.201) (0.377) (0.249)
Size (10 — 49 employees) -0.169*** -0.059 -0.305 -0.133 -0.150 -0.170 -0.039 -0.131 -0.565* -0.442**
(0.061) (0.176) (0.216) (0.157) (0.237) (0.156) (0.273) (0.152) (0.290) (0.199)
Size (50 — 249 employees) -0.158*** -0.147 -0.009 -0.066 -0.031 -0.147 -0.219 -0.220* -0.611** -0.378**
(0.052) (0.143) (0.178) (0.132) (0.202) (0.134) (0.233) (0.130) (0.254) (0.173)
Age (0 — 9 years) 0.309*** 0.307* 0.236 0.119 0.208 0.215 0.355 0.402** 0.266 0.814***
(0.068) (0.185) (0.233) (0.169) (0.270) (0.180) (0.321) (0.182) (0.396) (0.279)
Age (10 — 19 years) 0.203*** 0.134 0.017 0.174 0.280 0.176 0.118 0.315** -0.178 0.309*
(0.057) (0.171) (0.211) (0.146) (0.222) (0.148) (0.248) (0.139) (0.272) (0.174)
Age (20 — 49 years) -0.025 0.158 -0.205 -0.103 -0.164 -0.144 0.050 0.039 -0.237 0.204
(0.055) (0.167) (0.210) (0.146) (0.226) (0.146) (0.245) (0.131) (0.243) (0.159)
Part of firm group -0.128*** -0.049 0.005 -0.016 -0.120 -0.189* 0.119 -0.243** -0.389** -0.231*
(0.039) (0.115) (0.144) (0.100) (0.146) (0.101) (0.161) (0.098) (0.172) (0.119)
Export share 0.005*** 0.010*** 0.003 0.002 0.006* 0.004** 0.004 0.007*** 0.002 0.005**
(0.001) (0.002) (0.003) (0.002) (0.003) (0.002) (0.003) (0.002) (0.004) (0.002)
Sales growth 0.011 -0.012 -0.025 0.178** 0.159 0.015 0.125 0.140 0.444* 0.028
(0.014) (0.052) (0.025) (0.086) (0.162) (0.180) (0.197) (0.120) (0.253) (0.126)
Rating -0.001 0.001 0.001 0.000 -0.002 -0.002* 0.003 -0.001 -0.004 -0.001
(0.000) (0.001) (0.002) (0.001) (0.002) (0.001) (0.002) (0.001) (0.003) (0.001)
Tangible common equity -0.019** -0.035 -0.028 -0.014 -0.058* -0.029 0.027 -0.016 -0.011 0.005
(0.008) (0.029) (0.034) (0.025) (0.032) (0.021) (0.034) (0.017) (0.031) (0.021)
Constant -0.681*** -0.990** -0.467 -0.733* -0.515 -0.094 -2.483%** -0.136 0.512 -0.433
(0.152) (0.417) (0.546) (0.411) (0.614) (0.386) (0.655) (0.364) (0.727) (0.434)
Year fixed effects Yes No No No No No No No No No
Industry fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Federal state fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Ps. R-squared 0.127 0.199 0.182 0.122 0.177 0.127 0.189 0.131 0.181 0.157
Observations 6495 846 561 981 525 1021 399 1080 358 724

Notes: The Table shows the probit regressions to calculate inverse probability weights. The dependent variable is ‘Subsidy’ that indicates whether a firm is subsidy recipient or not.
Standard errors are shown in parentheses. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Table B2: Comparison of means after matching

1 (2) 3) 4 ©) (6) ) (8) C)]

2004 2005 2006 2007 2008 2009 2010 2011 2012

Size (1 — 9 employees) -0.018 -0.013 -0.010 0.006 -0.015 -0.009 0.000 -0.027 -0.030
(-0.758) (-0.490) (-0.441) (0.142) (-0.707) (-0.288) (0.003) (-0.867) (-1.133)

Size (10 — 49 employees) -0.011 -0.028 -0.003 0.001 -0.005 0.011 -0.018 -0.014 0.002
(-0.263) (-0.583) (-0.090) (0.028) (-0.157) (0.178) (-0.514) (-0.228) (0.034)

Size (50 — 249 employees) 0.010 0.027 0.021 -0.004 0.013 -0.008 0.014 0.048 0.028
(0.209) (0.484) (0.541) (-0.078) (0.352) (-0.128) (0.411) (0.786) (0.573)

Age (0 — 9 years) -0.016 -0.014 -0.010 -0.003 -0.002 -0.019 0.015 -0.004 -0.002
(-0.499) (-0.394) (-0.359) (-0.081) (-0.087) (-0.496) (0.567) (-0.158) (-0.119)

Age (10 — 19 years) -0.027 -0.006 -0.007 0.015 0.010 -0.005 -0.019 -0.017 -0.014
(-0.626) (-0.122) (-0.184) (0.283) (0.279) (-0.084) (-0.574) (-0.266) (-0.353)

Age (20 — 49 years) 0.010 0.009 -0.001 0.008 -0.014 0.020 -0.002 0.016 -0.001
(0.247) (0.161) (-0.028) (0.161) (-0.421) (0.372) (-0.055) (0.253) (-0.021)

Part of firm group 0.030 0.025 0.005 0.014 -0.008 0.017 0.003 0.012 -0.019
(0.631) (0.479) (0.132) (0.265) (-0.214) (0.266) (0.092) (0.182) (-0.436)

Export share -0.341 1.071 -0.004 -0.467 0.135 0.668 0.312 -0.122 -0.642
(-0.146) (0.361) (-0.002) (-0.182) (0.070) (0.218) (0.174) (-0.039) (-0.258)

Sales growth -0.025 -0.088 -0.022 0.008 0.000 -0.001 0.010 -0.008 0.001
(-0.495) (-0.540) (-0.833) (0.282) (0.014) (-0.016) (0.328) (-0.233) (0.034)

Rating -4.443 -2.467 -0.602 0.402 -0.124 -2.080 0.709 -0.694 -1.982
(-0.933) (-0.534) (-0.196) (0.089) (-0.038) (-0.370) (0.184) (-0.135) (-0.601)

Tangible common equity -0.057 -0.114 0.042 -0.056 -0.022 0.151 0.035 0.119 0.044
(-0.356) (-0.535) (0.289) (-0.224) (-0.124) (0.508) (0.182) -0.027 (0.189)

Observations 833 554 966 516 1016 397 1076 341 716

Notes: The Table shows the comparison of means after the matching process. The corresponding t-values are shown in parentheses. Significance: * significant at the 10% level, **
significant at the 5% level, *** significant at the 1% level.
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Appendix C — Tables — Effect heterogeneity over time
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Table C1: Impact of subsidies on R&D

1) ) @) (4) (©) (6) (@) 8)
Log of R&D
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 3.039*** 0.088*** 3.000*** 0.084*** 2.955*** 0.087*** 2.954*** 0.085***
(0.237) (0.010) (0.226) (0.009) (0.238) (0.009) (0.225) (0.009)
Crisis -1.486*** -0.043*** -1.265*** -0.035*** -1.377*** -0.041*** -1.194*** -0.034***
(0.291) (0.009) (0.272) (0.008) (0.275) (0.009) (0.262) (0.008)
PostCrisis -1.547*** -0.045*** -1.287*** -0.036*** -1.488*** -0.044*** -1.240%** -0.036***
(0.317) (0.010) (0.300) (0.009) (0.296) (0.009) (0.285) (0.009)
Subsidy x Crisis 0.765** 0.022** 0.708** 0.020** 0.774** 0.023** 0.689** 0.020**
(0.357) (0.011) (0.338) (0.010) (0.342) (0.010) (0.325) (0.009)
Subsidy x PostCrisis 1.062*** 0.031*** 1.076*** 0.030*** 1.037*** 0.031*** 1.046*** 0.030***
(0.371) (0.011) (0.355) (0.010) (0.348) (0.011) (0.336) (0.010)
Size (1 — 9 employees) -3.015*** -0.102*%** -3.121*** -0.108***
(0.316) (0.022) (0.308) (0.021)
Size (10 — 49 employees) -2.185*** -0.076*** -2 247*** -0.077***
(0.262) (0.017) (0.246) (0.017)
Size (50 — 249 employees) -1.593*** -0.063*** -1.451*** -0.057***
(0.201) (0.017) (0.185) (0.017)
Age (0 -9 years) 0.562** 0.014 0.434* 0.011
(0.246) (0.022) (0.232) (0.021)
Age (10 — 19 years) 0.481** 0.010 0.373* 0.011
(0.206) (0.018) (0.204) (0.017)
Age (20 — 49 years) 0.488** -0.000 0.204 -0.006
(0.201) (0.019) (0.182) (0.018)
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Table C1: continued

1) ) ®) (4) (©) (6) ) ®)
Log of R&D
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Part of firm group 0.266 0.007 0.226 0.007
(0.216) (0.006) (0.203) (0.006)
Export share 0.040*** 0.001*** 0.027*** 0.001***
(0.003) (0.000) (0.004) (0.000)
Sales growth -0.104 -0.003 -0.111 -0.003
(0.071) (0.002) (0.076) (0.002)
Rating -0.003 -0.000 -0.004* -0.000*
(0.002) (0.000) (0.002) (0.000)
Tangible common equity -0.015 -0.000 -0.030 -0.001
(0.039) (0.001) (0.039) (0.001)
Firm control variables No Yes No Yes
Industry fixed effects No No Yes Yes
Federal state fixed effects No No Yes Yes
Log Likelihood -35872.722 -35088.748 -35268.138 -34710.830
Left censored observations 1590 1590 1590 1590
Uncensored observations 4825 4825 4825 4825
Observations 6415 6415 6415 6415

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights:

In(R&D + 1);; = By + B1Subsidy; + B,Crisis, + B;PostCrisis, + B,Subsidy; x Crisis, + BsSubsidy; x PostCrisis, + X'+ ¢; + n; + €;;
The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a subsidy recipient or not.
Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age squared, firm rating, sales growth and export share. Cluster-
robust standard errors are in parentheses, clustered at the firm level. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Table C2: Impact of subsidies on R&D accounting for firm and bank constraints

1) ) @) (4) (®) (6) ) 8)
Log of R&D
Firm financing constraints Bank financing constraints
Low High Low High
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 2.593*** 0.030*** 2.748*** 0.094*** 2.841%** 0.083*** 2.957*** 0.082***
(0.405) (0.006) (0.265) (0.011) (0.400) (0.014) (0.266) (0.010)
Crisis -1.002** -0.011* -1.332%** -0.045*** -1.220*** -0.036*** -1.156*** -0.032***
(0.471) (0.006) (0.314) (0.011) (0.414) (0.013) (0.325) (0.010)
PostCrisis -0.975* -0.011* -1.328*** -0.045*** -1.461*** -0.043*** -1.148*** -0.032***
(0.546) (0.007) (0.332) (0.012) (0.536) (0.016) (0.346) (0.010)
Subsidy x Crisis 0.739 0.008 0.824** 0.028** 0.156 0.005 0.903** 0.025**
(0.569) (0.007) (0.379) (0.013) (0.569) (0.017) (0.381) (0.0112)
Subsidy x PostCrisis 0.477 0.005 1.318*** 0.045*** 1.052 0.031 1.063*** 0.030***
(0.614) (0.007) (0.376) (0.013) (0.643) (0.019) (0.393) (0.011)
Size (1 — 9 employees) -5.069*** -0.097 -2.648*** -0.120*** -2.736%** -0.125*** -3.116*** -0.103***
(1.967) (0.059) (0.332) (0.027) (0.575) (0.044) (0.366) (0.023)
Size (10 — 49 employees) -3.598*** -0.066*** -1.714%** -0.076*** -1.977*%** -0.071** -2.271%** -0.081***
(0.566) (0.024) (0.281) (0.024) (0.506) (0.034) (0.278) (0.018)
Size (50 — 249 employees) -2.045%** -0.014 -0.863*** -0.068*** -0.975** -0.010 -1.575%** -0.075***
(0.266) (0.012) (0.246) (0.025) (0.430) (0.033) (0.203) (0.018)
Age (0 — 9 years) -1.376 -0.069* 0.434 0.078*** 0.773* 0.030 0.250 0.003
(1.117) (0.036) (0.285) (0.029) (0.423) (0.039) (0.280) (0.024)
Age (10 — 19 years) 0.077 0.014 0.490* 0.052* 0.651* 0.045 0.266 0.002
(0.345) (0.014) (0.277) (0.028) (0.339) (0.029) (0.252) (0.020)
Age (20 — 49 years) 0.269 -0.014 0.335 0.043 0.534* -0.013 0.097 0.001
(0.270) (0.016) (0.266) (0.028) (0.318) (0.032) (0.224) (0.021)
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Table C2: continued

@ 2 3 4) 5) (6) O )]
Log of R&D
Firm financing constraints Bank financing constraints
Low High Low High
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Part of firm group -0.232 -0.003 0.307 0.010 0.667* 0.020* 0.113 0.003
(0.398) (0.005) (0.220) (0.008) (0.365) (0.011) (0.237) (0.007)
Sales growth 0.026*** 0.000*** 0.024*** 0.001*** 0.027*** 0.001*** 0.029*** 0.001***
(0.007) (0.000) (0.004) (0.000) (0.006) (0.000) (0.004) (0.000)
Export share -0.269** -0.003** -0.004 -0.000 0.228 0.007 -0.148* -0.004*
(0.123) (0.001) (0.054) (0.002) (0.150) (0.004) (0.076) (0.002)
Rating 0.000 0.000 0.001 0.000 -0.005 -0.000 -0.004* -0.000*
(0.004) (0.000) (0.003) (0.000) (0.003) (0.000) (0.003) (0.000)
Tangible common equity -0.146** -0.002** 0.001 0.000 -0.063 -0.002 0.017 0.000
(0.067) (0.001) (0.047) (0.002) (0.091) (0.003) (0.065) (0.002)
Firm control variables Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes
Federal state fixed effects Yes Yes Yes Yes
Log Likelihood -8815.248 -25479.649 -9600.880 -24946.055
Left censored observations 305 1285 506 1084
Uncensored observations 1306 3519 1298 3527
Observations 1611 4804 1804 4611

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights, for financially constrained and
unconstrained firms: In(R&D + 1);; = B¢ + B1Subsidy; + B,Crisis, + B;PostCrisis, + #,Subsidy; x Crisis; + BsSubsidy; x PostCrisis; + X'+ ¢; + n; + &;;

The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a subsidy recipient or not.
Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age squared, firm rating, sales growth and export share. Firms
are defined as having low (high) firm financing constraints if their credit rating is among (weaker than) that of the 25% of the firms in the sample with the best rating score. For
bank financing constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a tangible common equity share which is above (among) that
of the 25% of all German banks in the Bankscope data set with the lowest reserves. Cluster-robust standard errors are in parentheses, clustered at the firm level. Significance: *
significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Table C3: Impact of subsidies on R&D - effect over time

@ (2 3) 4) 5) (6) (7 C))
Log of R&D
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 2.778*** 0.080*** 2.764*** 0.077*** 2.707*** 0.080*** 2.716%*** 0.078***
(0.297) (0.011) (0.284) (0.010) (0.288) (0.010) (0.277) (0.009)
Subsidy x 2004 0.395 0.011 0.386 0.011 0.413 0.012 0.405 0.012
(0.437) (0.013) (0.416) (0.012) (0.425) (0.013) (0.406) (0.012)
Subsidy x 2005 0.513 0.015 0.430 0.012 0.435 0.013 0.402 0.012
(0.392) (0.011) (0.382) (0.011) (0.379) (0.011) (0.370) (0.011)
Subsidy x 2007 1.137** 0.033* 1.048* 0.029* 1.048* 0.031* 0.958* 0.028*
(0.573) (0.017) (0.542) (0.015) (0.557) (0.017) (0.529) (0.015)
Subsidy x 2008 0.627 0.018 0.561 0.016 0.678 0.020 0.589 0.017
(0.444) (0.013) (0.427) (0.012) (0.426) (0.013) (0.413) (0.012)
Subsidy x 2009 1.911*** 0.055*** 1.810*** 0.051*** 1.874%** 0.055*** 1.760*** 0.051***
(0.706) (0.021) (0.667) (0.019) (0.685) (0.021) (0.649) (0.019)
Subsidy x 2010 0.915** 0.026** 0.855** 0.024** 0.921** 0.027** 0.851** 0.024**
(0.435) (0.013) (0.417) (0.012) (0.417) (0.013) (0.402) (0.012)
Subsidy x 2011 1.801** 0.052** 1.741** 0.049** 1.602** 0.047** 1.690** 0.049**
(0.733) (0.022) (0.716) (0.021) (0.707) (0.022) (0.693) (0.021)
Subsidy x 2012 1.727%** 0.050*** 1.816*** 0.051*** 1.702%** 0.050*** 1.763*** 0.051***
(0.607) (0.018) (0.576) (0.017) (0.565) (0.017) (0.546) (0.016)
H,: Subsidy X year, = 0V t < 2006
X? 1.881 1.835 1.521 1.496 1.638 1.620 1.544 1.527
p-value 0.390 0.399 0.467 0.473 0.441 0.445 0.462 0.466
Firm control variables No Yes No Yes
Industry fixed effects No No Yes Yes
Federal state fixed effects No No Yes Yes
Log Likelihood -35846.029 -35061.824 -35243.415 -34685.703
Left censored observations 1590 1590 1590 1590
Uncensored observations 4825 4825 4825 4825
Observations 6415 6415 6415 6415

Notes: The table shows the results of calculated average marginal effects after estimating equation (2), weighted by inverse probability weights. The dependent variable is the
logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a subsidy recipient or not. Included are firm control
variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age squared, firm rating, sales growth and export share. Cluster-robust standard errors
are in parentheses, clustered at the firm level. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Table C4: Impact of subsidies on R&D accounting for firm and bank constraints — effect over time

1) ) ®) (4) (®) (6) (@) 8)
Log of R&D
Firm financing constraints Bank financing constraints
Low High

Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 2.541%** 0.029*** 2.443%** 0.083*** 2.916%** 0.086*** 2.555%** 0.071***

(0.498) (0.007) (0.324) (0.012) (0.506) (0.017) (0.335) (0.011)
Subsidy x 2004 0.165 0.002 0.661 0.023 -0.290 -0.009 0.716 0.020

(0.684) (0.008) (0.467) (0.016) (0.733) (0.022) (0.484) (0.013)
Subsidy x 2005 -0.056 -0.001 0.315 0.011 0.074 0.002 0.606 0.017

(0.522) (0.006) (0.404) (0.014) (0.626) (0.018) (0.445) (0.012)
Subsidy x 2007 0.767 0.009 1.136* 0.039* 0.877 0.026 1.240** 0.034**

(0.907) (0.010) (0.608) (0.021) (1.072) (0.031) (0.557) (0.016)
Subsidy x 2008 1.027 0.012 0.635 0.022 -0.048 -0.001 0.941* 0.026*

(0.793) (0.009) (0.456) (0.016) (0.728) (0.021) (0.494) (0.014)
Subsidy x 2009 0.169 0.002 2.419%** 0.082*** -0.389 -0.011 2.272%** 0.063***

(0.723) (0.008) (0.794) (0.028) (1.052) (0.031) (0.765) (0.022)
Subsidy x 2010 -0.040 -0.000 1.258*** 0.043*** 1.348* 0.040* 0.695 0.019

(0.720) (0.008) (0.451) (0.016) (0.757) (0.023) (0.477) (0.013)
Subsidy x 2011 0.720 0.008 2.025** 0.069** 0.834 0.024 1.940** 0.054**

(1.191) (0.014) (0.789) (0.028) (1.331) (0.039) (0.834) (0.024)
Subsidy x 2012 1.569 0.018 2.011*** 0.069*** 0.438 0.013 2.319%** 0.064***

(1.096) (0.013) (0.601) (0.021) (1.142) (0.033) (0.597) (0.018)
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Table C4: continued

1) ) ®) (4) (®) (6) ) ®)
Log of R&D
Firm financing constraints Bank financing constraints
Low High Low High
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Hy: Subsidy X year, = 0V t < 2006
X2 0.105 0.105 2.075 2.062 0.258 0.255 2.865 2.811
p-value 0.949 0.949 0.354 0.357 0.879 0.880 0.239 0.245
Firm control variables Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes
Federal state fixed effects Yes Yes Yes Yes
Log Likelihood -8806.461 -25445.570 -9588.383 -24914.861
Left censored observations 305 1285 506 1084
Uncensored observations 1306 3519 1298 3527
Observations 1611 4804 1804 4611

Notes: The table shows the results of calculated average marginal effects after estimating equation (2), weighted by inverse probability weights, for financially constrained and
unconstrained firms. The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a
subsidy recipient or not. Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age squared, firm rating, sales growth
and export share. Firms are defined as having low (high) firm financing constraints if their credit rating is among (weaker than) that of the 25% of the firms in the sample with the
best rating score. For bank financing constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a tangible common equity share which is
above (among) that of the 25% of all German banks in the Bankscope data set with the lowest reserves. Cluster-robust standard errors are in parentheses, clustered at the firm level.

Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Appendix D — Results of robustness tests
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Table D1: Calculation of the inverse probability weights

(@) @ (©) 4) (©) (6) ) ®) 9) (10)
Log of R&D
Baseline Firm financing constraints Bank financing constraints
Low High Low High
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Panel A: Trimming of the inverse probability weights
Subsidy 2.947%** 0.084*** 2.539*** 0.029*** 2.732%** 0.092*** 2.861*** 0.083*** 2.947*** 0.081***
(0.228) (0.008) (0.415) (0.006) (0.266) (0.011) (0.402) (0.014) (0.270) (0.010)
Crisis -1.126%** -0.032%** -1.072** -0.012** -1.217%** -0.041%** -1.233%** -0.036*** -1.050%** -0.029***
(0.253) (0.008) (0.477) (0.006) (0.298) (0.010) (0.423) (0.013) (0.311) (0.009)
PostCrisis -1.252%** -0.036*** -1.116** -0.013* -1.273%** -0.043%** -1.407** -0.041** -1.190%*** -0.033***
(0.282) (0.008) (0.556) (0.007) (0.327) (0.012) (0.548) (0.016) (0.341) (0.010)
Subsidy x Crisis 0.636** 0.018** 0.814 0.009 0.728** 0.024** 0.137 0.004 0.823** 0.023**
(0.321) (0.009) (0.576) (0.007) (0.368) (0.012) (0.576) (0.017) (0.374) (0.010)
Subsidy x PostCrisis 1.093*** 0.031*** 0.619 0.007 1.335%** 0.045%** 0.991 0.029 1.157%** 0.032***
(0.336) (0.010) (0.628) (0.007) (0.374) (0.013) (0.652) (0.019) (0.391) (0.011)
H,: Subsidy X year, = 0Vt < 2006
p-value 0.472 0.476 0.993 0.993 0.376 0.378 0.849 0.851 0.243 0.250
Observations 6287 1584 4703 1770 4517
Panel B: Overlap weights
Subsidy 2.902*** 0.077*** 2.327%** 0.025*** 2.735%** 0.086*** 2.711%** 0.069*** 2.952%** 0.079***
(0.232) (0.009) (0.412) (0.006) (0.266) (0.011) (0.414) (0.013) (0.271) (0.010)
Crisis -1.192*** -0.032*** -1.161** -0.012** -1.303*** -0.041*** -1.301*** -0.033*** -1.120*** -0.030***
(0.278) (0.008) (0.513) (0.006) (0.325) (0.011) (0.473) (0.013) (0.334) (0.009)
PostCrisis -1.306*** -0.035%** -1.103** -0.012* -1.404%** -0.044*** -1.695%** -0.043%** -1.173%** -0.031***
(0.292) (0.008) (0.558) (0.006) (0.339) (0.011) (0.580) (0.016) (0.347) (0.010)
Subsidy x Crisis 0.778** 0.021** 0.824 0.009 0.911** 0.029** 0.235 0.006 0.938** 0.025**
(0.329) (0.009) (0.621) (0.007) (0.378) (0.012) (0.575) (0.015) (0.385) (0.011)
Subsidy x PostCrisis 1.254%** 0.033*** 0.692 0.007 1.504*** 0.047*** 1.392** 0.036** 1.196*** 0.032***
(0.330) (0.009) (0.628) (0.007) (0.371) (0.012) (0.624) (0.017) (0.388) (0.011)
H,: Subsidy X year, = 0Vt < 2006
p-value 0.445 0.451 0.993 0.993 0.451 0.454 0.754 0.758 0.249 0.258
Observations 6415 1611 4804 1804 4611

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by weights as indicated in the panel sub-heading. The dependent
variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a subsidy recipient or not, as defined in
the panel sub-headline. Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age squared, firm rating, sales growth
and export share. Firms are defined as having low (high) firm financing constraints if their credit rating is among (weaker than) that of the 25% of the firms in the sample with the
best rating score. For bank financing constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a tangible common equity share which is
above (among) that of the 25% of all German banks in the Bankscope data set with the lowest reserves. Cluster-robust standard errors are in parentheses, clustered at the firm level.

Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.

51



Table D2: Definitions of the subsidy variable

(@) @ (©) 4) (©) (6) ) ®) 9) (10)
Log of R&D
Baseline Firm financing constraints Bank financing constraints
Low High Low High
Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Panel A: Received a subsidy in each period
Subsidy 3.517%** 0.096*** 3.201%** 0.032*** 3.245%** 0.105%** 3.219*** 0.089*** 3.409*** 0.090***
(0.255) (0.010) (0.456) (0.008) (0.305) (0.013) (0.444) (0.015) (0.303) (0.012)
Crisis -1.216%** -0.033*** -0.616 -0.006 -1.321%** -0.043%** -0.817* -0.023* -1.286%** -0.034***
(0.317) (0.009) (0.503) (0.005) (0.376) (0.013) (0.463) (0.013) (0.394) (0.011)
PostCrisis -1.261%** -0.035%** -1.361** -0.014* -1.237%** -0.040%** -1.419** -0.039** -1.200%** -0.032%**
(0.328) (0.010) (0.674) (0.008) (0.377) (0.013) (0.627) (0.018) (0.393) (0.011)
Subsidy x Crisis 0.719* 0.020* -0.028 -0.000 0.921** 0.030** -0.294 -0.008 1.200%** 0.032**
(0.382) (0.011) (0.636) (0.006) (0.436) (0.014) (0.624) (0.017) (0.444) (0.012)
Subsidy x PostCrisis 1.138*** 0.031*** 0.885 0.009 1.310*** 0.043*** 1.815** 0.050%** 1.122** 0.029**
(0.375) (0.011) (0.767) (0.008) (0.429) (0.015) (0.745) (0.022) (0.446) (0.012)
H,: Subsidy X year, = 0Vt < 2006
p-value 0.423 0.427 0.983 0.983 0.359 0.361 0.805 0.805 0.331 0.341
Observations 5282 1278 4004 1480 3802
Panel B: Received a subsidy in the pre-crisis period (2005 and/or 2006)
Subsidy 2.869*** 0.072%** 2.360%** 0.020%*** 2.479%** 0.074*** 3.570%** 0.068*** 2.713%** 0.070%**
(0.269) (0.010) (0.559) (0.006) (0.321) (0.013) (0.460) (0.015) (0.315) (0.012)
Crisis -1.339%** -0.034*** -0.045 -0.000 -1.885%** -0.056*** 0.165 0.003 -1.416%** -0.037***
(0.378) (0.010) (0.442) (0.004) (0.470) (0.016) (0.736) (0.014) (0.451) (0.013)
PostCrisis -1.075** -0.027** -1.143 -0.010 -1.264** -0.037** -0.053 -0.001 -1.128** -0.029*
(0.465) (0.012) (0.992) (0.009) (0.531) (0.017) (0.480) (0.009) (0.552) (0.015)
Subsidy x Crisis 0.971** 0.024** -0.131 -0.001 1.562%** 0.046%** -1.337 -0.026 1.453*** 0.038***
(0.453) (0.012) (0.507) (0.004) (0.533) (0.017) (0.860) (0.018) (0.508) (0.014)
Subsidy x PostCrisis 0.390 0.010 0.725 0.006 0.795 0.024 -0.847 -0.016 0.812 0.021
(0.550) (0.014) (0.995) (0.009) (0.618) (0.019) (0.569) (0.012) (0.609) (0.016)
H,: Subsidy X year, = 0Vt < 2006
p-value 0.633 0.638 0.532 0.554 0.678 0.687 0.915 0.914 0.430 0.439
Observations 3411 971 2440 937 2474

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights, for financially constrained and
unconstrained firms. The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is subsidy
recipient or not, as defined in the panel sub-headline. Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age
squared, firm rating, sales growth and export share. Firms are defined as having low (high) firm financing constraints if their credit rating is among (weaker than) that of the 25%
of the firms in the sample with the best rating score. For bank financing constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a
tangible common equity share which is above (among) that of the 25% of all German banks in the Bankscope data set with the lowest reserves. Cluster-robust standard errors are
in parentheses, clustered at the firm level. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Table D3: Definitions of firm financing constraints

(Y] @ ©) 4) (©) (6) @) (©) 9) (10) (11 (12)
Log of R&D
Baseline Cut point at 33% Lagged rating value
Low High Low High Low High

Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 2.593%** 0.030%*** 2.748%** 0.094%*** 2.913%** 0.038*** 2.790%*** 0.101*** 3.039%*** 0.044%*** 2.859%** 0.095%***

(0.405) (0.006) (0.265) (0.011) (0.370) (0.008) (0.283) (0.013) (0.472) (0.009) (0.255) (0.011)
Crisis -1.002** -0.011* -1.332%** -0.045%** -0.920** -0.012** -1.409*** -0.051*** -0.419 -0.006 -1.383*** -0.046***

(0.471) (0.006) (0.314) (0.011) (0.429) (0.006) (0.340) (0.013) (0.456) (0.007) (0.310) (0.011)
PostCrisis -0.975* -0.011* -1.328*** -0.045%** -0.642 -0.008 -1.328*** -0.048*** -1.063* -0.015* -1.249%** -0.041***

(0.546) (0.007) (0.332) (0.012) (0.487) (0.006) (0.354) (0.014) (0.584) (0.009) (0.324) (0.011)
Subsidy x Crisis 0.739 0.008 0.824** 0.028** 0.465 0.006 0.929** 0.034** 0.097 0.001 0.778** 0.026**

(0.569) (0.007) (0.379) (0.013) (0.529) (0.007) (0.402) (0.015) (0.567) (0.008) (0.373) (0.012)
Subsidy x PostCrisis 0.477 0.005 1.318*** 0.045*** 0.034 0.000 1.387*** 0.050*** 0.629 0.009 1.135%** 0.038***

(0.614) (0.007) (0.376) (0.013) (0.587) (0.008) (0.394) (0.015) (0.707) (0.010) (0.366) (0.013)
H,: Subsidy X year, = 0Vt < 2006
p-value 0.949 0.949 0.354 0.357 0.798 0.805 0.241 0.243 0.918 0.919 0.305 0.309
Observations 1611 4804 2065 4350 1566

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights, for financially constrained and
unconstrained firms. The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is subsidy
recipient or not, as defined in the panel sub-headline. Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm age
squared, firm rating, sales growth and export share. The definition of firm constraints is indicated in the column heading. Cluster-robust standard errors are in parentheses, clustered
at the firm level. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.

53



Table D4: Definitions of bank financing constraints

®

@

®

@) (5) (6) 0] @®) (9) (10) (11) (12) (13) (14) (15) (16)
Log of R&D
Baseline Equity over total assets Capital funds over total assets Yearly baseline measure
Low High Low High Low High Low High

Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 2.841%** 0.083*** 2.957*** 0.082*** 2.771%** 0.085*** 3.044*** 0.079*** 2.855%** 0.084*** 2.954%** 0.082*** 2.660*** 0.078*** 3.002%** 0.082***

(0.400) (0.014) (0.266) (0.010) (0.333) (0.013) (0.288) (0.010) (0.401) (0.014) (0.265) (0.010) (0.438) (0.015) (0.255) (0.010)
Crisis -1.220%** -0.036*** -1.156*** -0.032%** -1.133%** -0.035*** -1.250%** -0.033*** -1.179*** -0.035%** -1.168*** -0.033*** -1.445%** -0.042%** -1.051%** -0.029***

(0.414) (0.013) (0.325) (0.010) (0.347) (0.011) (0.359) (0.010) (0.415) (0.012) (0.325) (0.010) (0.443) (0.013) (0.318) (0.009)
PostCrisis -1.461%** -0.043*** -1.148*** -0.032*** -0.997** -0.031** -1.402%** -0.037*** -1.422%** -0.042** -1.161%** -0.032*** -1.060** -0.031** -1.372%** -0.037***

(0.536) (0.016) (0.346) (0.010) (0.409) (0.013) (0.408) (0.011) (0.537) (0.016) (0.346) (0.010) (0.495) (0.015) (0.381) (0.011)
Subsidy x Crisis 0.156 0.005 0.903** 0.025** -0.039 -0.001 1.075%** 0.028** 0.113 0.003 0.919** 0.026** 0.601 0.018 0.655* 0.018*

(0.569) (0.017) (0.381) (0.011) (0.491) (0.015) (0.412) (0.011) (0.572) (0.017) (0.381) (0.011) (0.575) (0.017) (0.383) (0.011)
Subsidy x PostCrisis 1.052 0.031 1.063*** 0.030*** 0.623 0.019 1.414%** 0.037*** 1.023 0.030 1.076%** 0.030*** 0.805 0.024 1.369*** 0.037***

(0.643) (0.019) (0.393) (0.011) (0.486) (0.015) (0.448) (0.013) (0.644) (0.019) (0.393) (0.011) (0.578) (0.017) (0.422) (0.012)
H,: Subsidy X year, = 0Vt < 2006
p-value 0.879 0.880 0.239 0.245 0.955 0.955 0.273 0.287 0.849 0.851 0.234 0.240 0.177 0.197 0.140 0.147
Observations 1804 4611 2648 3767 1795 4620 2080 4335

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights, for financially constrained and
unconstrained firms. The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a
subsidy recipient or not, as defined in the panel sub-headline. Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm
age squared, firm rating, sales growth and export share. For bank financing constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a
tangible common equity share which is above (among) that of the 25% of all German banks in the Bankscope data set with the lowest reserves. Cluster-robust standard errors are
in parentheses, clustered at the firm level. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Table D5: Inverse hyperbolic sine transformation of R&D

(@) @ (©) 4) ©®) (6) ) ®) 9) (10)
Inverse hyperbolic sine transformation of R&D
Baseline Firm financing constraints Bank financing constraints
Low High Low High

Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 3.082%** 0.083*** 2.680*** 0.029%*** 2.871*** 0.092*** 2.964*** 0.082*** 3.083*** 0.081***

(0.237) (0.008) (0.424) (0.006) (0.279) (0.011) (0.420) (0.014) (0.279) (0.010)
Crisis -1.258*** -0.034*** -1.049** -0.011* -1.403*** -0.045*** -1.282%** -0.035*** -1.215%** -0.032***

(0.276) (0.008) (0.494) (0.006) (0.332) (0.011) (0.437) (0.012) (0.342) (0.010)
PostCrisis -1.308*** -0.035*** -1.022* -0.011* -1.402%** -0.045%** -1.543%** -0.043*** -1.207*** -0.032***

(0.301) (0.009) (0.572) (0.006) (0.351) (0.012) (0.566) (0.016) (0.365) (0.010)
Subsidy x Crisis 0.731** 0.020** 0.769 0.008 0.873** 0.028** 0.173 0.005 0.949** 0.025**

(0.343) (0.009) (0.596) (0.007) (0.399) (0.013) (0.599) (0.017) (0.401) (0.011)
Subsidy x PostCrisis 1.109*** 0.030*** 0.505 0.005 1.396*** 0.045*** 1.122* 0.031 1.120*** 0.029***

(0.354) (0.010) (0.642) (0.007) (0.396) (0.013) (0.677) (0.019) (0.414) (0.011)
H,: Subsidy X year, = 0Vt < 2006
p-value 0.472 0.476 0.944 0.944 0.361 0.363 0.885 0.886 0.244 0.250
Observations 6415 1611 4804 1804 4611

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights, for financially constrained and
unconstrained firms. The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a
subsidy recipient or not, as defined in the panel sub-headline. Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm
age squared, firm rating, sales growth and export share. For bank financing constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a
tangible common equity share which is above (among) that of the 25% of all German banks in the Bankscope data set with the lowest reserves. Cluster-robust standard errors are
in parentheses, clustered at the firm level. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Table D6: Discarding zero-only observations

(@) @ (©) 4) (©) (6) ) ®) 9) (10)
Log of R&D
Baseline Firm financing constraints Bank financing constraints
Low High Low High

Reported margin Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive Intensive Extensive
Subsidy 2.306*** 0.031*** 2.348*** 0.013*** 2.016*** 0.034*** 2.360*** 0.033*** 2.312%** 0.030%***

(0.210) (0.004) (0.358) (0.004) (0.248) (0.006) (0.378) (0.008) (0.239) (0.005)
Crisis -1.277%** -0.017*** -0.633 -0.004 -1.622%** -0.027*** -0.933** -0.013** -1.355%** -0.018***

(0.261) (0.004) (0.426) (0.003) (0.321) (0.006) (0.412) (0.006) (0.320) (0.005)
PostCrisis -0.985*** -0.013*** -0.319 -0.002 -1.203*** -0.020*** -0.906* -0.013 -0.977*** -0.013***

(0.279) (0.004) (0.469) (0.003) (0.326) (0.006) (0.534) (0.008) (0.330) (0.005)
Subsidy x Crisis 0.782** 0.010** 0.318 0.002 1.104%** 0.019*** -0.016 -0.000 1.068*** 0.014%**

(0.321) (0.004) (0.512) (0.003) (0.383) (0.007) (0.566) (0.008) (0.376) (0.005)
Subsidy x PostCrisis 0.751** 0.010** -0.303 -0.002 1.072%** 0.018*** 0.310 0.004 0.859** 0.011**

(0.323) (0.005) (0.538) (0.003) (0.364) (0.007) (0.603) (0.009) (0.376) (0.005)
H,: Subsidy X year, = 0Vt < 2006
p-value 0.035 0.050 0.840 0.845 0.223 0.239 0.200 0.246 0.117 0.142
Observations 5777 1497 4280 1587 4190

Notes: The table shows the results of calculated average marginal effects after estimating equation (1), weighted by inverse probability weights, for financially constrained and
unconstrained firms. The dependent variable is the logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether a firm is a
subsidy recipient or not, as defined in the panel sub-headline. Included are firm control variables as described in Section 3.1. These are firm size, firm size squared, firm age, firm
age squared, firm rating, sales growth and export share. For bank financing constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a
tangible common equity share which is above (among) that of the 25% of all German banks in the Bankscope data set with the lowest reserves. Cluster-robust standard errors are
in parentheses, clustered at the firm level. Significance: * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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Table D7: Sample of firms and time invariant characteristics

1) ) @) (4) (®)
Log of R&D
Baseline Firm financing constraints Bank financing constraints
Low High Low High
Panel A: Firms are observed at least twice in the sample period
Subsidy 0.948** 0.558 1.062** 1.771%* 0.635
(0.401) (0.622) (0.505) (0.784) (0.486)
Crisis -1.043*** -0.400 -1.277*** -0.411 -1.221%**
(0.277) (0.477) (0.334) (0.526) (0.332)
PostCrisis -1.354*** -0.710 -1.608*** -0.623 -1 474%**
(0.343) (0.639) (0.404) (0.665) (0.404)
Subsidy x Crisis 1.001** 0.775 1.002** -0.396 1.446%**
(0.390) (0.579) (0.498) (0.819) (0.437)
Subsidy x PostCrisis 1.568*** 1.265 1.624*** -0.500 2.123***
(0.460) (0.771) (0.561) (0.975) (0.535)
H,: Subsidy X year, = 0V t < 2006 p-value
0.628 0.419 0.431 0.789 0.588
Observations 4970 1299 3671 1362 3608
Panel B: Firms are observed in the pre-crisis and crisis period
Subsidy 1.195%** 1.077* 1.204** 2.321*** 0.816
(0.431) (0.617) (0.554) (0.807) (0.531)
Crisis -1.068*** -0.412 -1.323*** -0.376 -1.261***
(0.291) (0.495) (0.354) (0.561) (0.347)
PostCrisis -1.389*** -0.565 -1.678*** -0.484 -1.506***
(0.381) (0.714) (0.452) (0.747) (0.448)
Subsidy X Crisis 1.011** 0.816 1.021** -0.515 1.588***
(0.399) (0.595) (0.511) (0.830) (0.455)
Subsidy x PostCrisis 1.482%** 0.543 1.773%** -0.498 1.957%**
(0.477) (0.841) (0.561) (0.862) (0.577)
H,: Subsidy X year, = 0V t < 2006 p-value
0.476 0.794 0.361 0.373 0.611
Observations 3239 908 2331 854 2385

Notes: The table shows the results of using linear fixed-effects models for estimating equation (1), weighted by
inverse probability weights, for financially constrained and unconstrained firms. The dependent variable is the
logarithm or R&D expenditures as described in Section 3.1. The variable of interest, ‘Subsidy’ indicates whether
a firm is a subsidy recipient or not, as defined in the panel sub-headline. Included are firm control variables as
described in Section 3.1. These are firm size, firm size squared, firm age, firm age squared, firm rating, sales
growth and export share. Firms are defined as having low (high) firm financing constraints if their credit rating is
among (weaker than) that of the 25% of the firms in the sample with the best rating score. For bank financing
constraints, firms are defined as having low (high) constraints if the firm is related to a bank that has a tangible
common equity share which is above (among) that of the 25% of all German banks in the Bankscope data set with
the lowest reserves. Cluster-robust standard errors are in parentheses, clustered at the firm level. Significance: *

significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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