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Abstract: 

Tax incentives on research and development (R&D) are an important and widely used policy 

instrument to elevate business enterprise expenditure on R&D (BERD). In times of economic 

distress, firms tend to reduce their R&D investments, although it is crucial for long-term 

economic growth to keep those at a stable level. To evaluate the suitability for such policy 

goals, this paper investigates the relationship between the pre-existing level of R&D tax 

incentives and BERD during times of economic crisis. 

Country-level data from the OECD member states is used to investigate the mentioned 

relationship for three times of economic distress: the early 2000s recession, the Great 

Recession, and the European sovereign debt crisis. Separate cross-sectional data sets are 

created and analysed with a linear regression approach. The results show a significant and 

positive relationship only for the early 2000s recession period and thereby do not provide clear 

evidence of an increased BERD resilience as result of higher pre-existing tax incentives. 

Thereby, these findings indicate the need for different policy measures to be applied for an 

automatic or short-term stabilization of BERD in times of economic distress. 
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1. Introduction 

Innovation plays a central role as driver of continuous economic growth and thereby has 

become an important topic in the making of growth-focused policy. Innovation activity of 

private market participants, often measured as business enterprise expenditure on research and 

development (BERD), is subject to a range of market failures (e.g., knowledge spill-over and 

credit constraints) and therefore requires government intervention to reach the optimally 

efficient level. This study investigates the specific policy measure of tax incentives and their 

relationship with the resilience of BERD in times of economic crisis.  

While there are various measures which are used to promote BERD and innovation 

overall (e.g., the protection of intellectual property, government research or direct funding), 

research and development (R&D) tax incentives have become increasingly popular and an 

important part of the policy mix in many countries. Times of economic distress have been 

chosen for the investigation this policy measure as such periods usually come along with higher 

risk averseness, increased credit constraints, general business spending cuts as well as reduced 

investment payoff expectations and thereby pose a threat to the stability and continues growth 

of BERD. Data from past periods shows that, on average, the BERD growth suffers 

significantly, often even turns negative in times of recession (OECD.Stat, n.d.–b). However, 

stable R&D investments are especially important in times of economic distress to ensure long-

term growth, maintain R&D networks as well as project structures and avoid the general loss 

or national drain of human capital.  

An increase of the level of BERD as reaction to an increase of the tax subsidy rate is the 

primary objective of this policy tool and therefore has been studied extensively. However, few 

investigations have focussed on the impact that pre-existing tax incentives have on the often-

observed decline of BERD in an economic crisis. Therefore, the objective of this paper is to 

study the relationship between the degree of pre-existing R&D tax incentives and the change 

of BERD during times of economic distress. For that purpose, relevant periods of economic 

distress will be identified over the period of 1997-2019 and further investigated through a linear 

regression model while using country-level data of member states of the Organization for 

Economic Co-operation and Development (OECD). While all 37 member states are part of the 

scope of this study, missing observations will reduce the number of countries that will finally 

be included in the regression analysis.  
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Results from this investigation could have important implication on national R&D 

subsidy policy. A stabilizing effect of R&D tax subsidies on BERD in times of economic 

distress could strengthen the position of this measure as part of the policy mix. No such effects 

would imply that governments need to focus on other policy instruments (e.g., as part of fiscal 

stimulus packages) to stabilize the national R&D spending during crises. 

In the following chapter, the literature review will provide an overview of previous 

research and the current state of knowledge regarding the relationship between private sector 

R&D and tax incentives. Subsequently, chapter 3 will explore the theoretical background 

regarding innovation and its importance, the specific role of private sector R&D and challenges 

imposed by economic distress. The empirical analysis in chapter 4 will firstly investigate 

relevant times of economic distress, secondly explain the applied regression methodology, 

thirdly describe the variables as well as data and, lastly, presents the results. Thereafter, the 

discussion will focus on the findings which are offered by comparing the different times of 

economic distress and the conclusion will reflect on the main findings as well as aspects for 

future research and thereby complete this paper. 

2. Literature review 
 

R&D tax incentives as policy instrument and the effect on BERD generally have been 

examined in much detail. The OECD (2020b) provides yearly detailed information on the 

national use of these instruments, which is often used as basis for analysis and policy 

recommendations (Appelt et al., 2016; OECD, 2013). Further exploration of policy relevant 

aspects is provided by the European Commission (2014) or publications of the International 

Monetary Fund (Benedek et al., 2017; Guceri & Liu, 2017). More specifically, the following 

review aims to inform about publications that investigate the effect of R&D tax incentives on 

BERD as well as the role of economic distress. In the course of that, it will we pointed out how 

this study provides new insights by focussing on the effect that the pre-existing level of R&D 

tax subsidies has on the BERD growth rate in times of economic crisis. 

Falk (2004) studied factors causing the difference in R&D intensity among OECD 

countries by using panel data over the period from 1970 till 2002. He found out that R&D tax 

incentives have a significant positive effect on business-sector R&D, thereby matching the 

findings of prior research done by Bloom et al. (2002) as well as Guellec and van Pottelsberghe 

De Potterie (2003). While the confirmed effectiveness of tax incentives is crucial to justify its 
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general use as policy instrument, no assumptions can be made on the effect that such 

instruments have on the rather short-lived BERD responsiveness to economic distress.  

As part of the microBeRD project, the OECD (2020a) took a microdata (firm level) based 

approach to study the mechanisms and effects of R&D tax incentives. Conclusions are, among 

other things, an expenditure increasing effect and an input additionality similar to direct 

government funding of R&D. Furthermore, tax incentives are highlighted as potentially more 

suitable to target advanced experimental development rather than research.  

Multiple studies have focussed on the impact of R&D subsidies specifically during 

economic crisis, in recent years most often the Great Recession. An investigation of regional 

Spanish public policy effects on the R&D spending resilience was carried out by Cruz-Castro 

et al. (2018) for the period of 2008-2012. Their results show that access to pre-crisis public 

financial R&D support led, under specific knowledge exploitation related circumstances, to a 

higher resilience of BERD during the years of the crises. However, the investigated public 

support was not limited to R&D tax subsidies and can be assumed to be influenced by factors 

specific to the national framework.  

Another country specific investigation was carried out by Hud and Hussinger (2015) who 

studied the R&D spending behaviour of German small and medium-sized enterprises (SMEs) 

during the Great Recession. Their findings include a positive effect of R&D subsidies but also 

indicate crowding-out effects during the recession year of 2009. However, also this firm-level 

study included all forms of R&D subsidies and not tax incentives exclusively. Furthermore, 

the exposure to subsidies in form of received support was taken into consideration and not the 

national availability or its proposed degree of subsidization. 

In the course of investigating the effect of the Global Financial Crisis on research and 

development policies, Izsak et al. (2013) point out that the business R&D funding over the 

period from 2008 to 2011 was resilient in most of the countries that had R&D tax incentives in 

place. Although this finding addresses the core question to be answered with this study, it is 

based on a rather broad comparison of the BERD growth during and before the crisis while not 

controlling for other factors or using statistical methods to investigate the degree of this 

relationship or its significance (Izsak et al., 2013, p. 46). 

In conclusion, various studies have focussed on the general relationship of R&D tax 

incentives and BERD. However, crisis-specific investigations have predominantly occurred on 
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a firm-based level and focussed on all subsidies rather than tax policy instruments in specific. 

A lack of empirical evidence exists for the resilience effect that pre-existing R&D tax subsidy 

schemes might have on BERD, which therefore will be the subject of the following 

investigation. 

3. Theoretical framework 

This chapter aims to explain why R&D tax incentive have become an increasingly popular 

policy instrument and why it is relevant to understand which factors contribute to the resilience 

of R&D spending in times of economic distress.  

For that purpose, the first section will examine the role of innovation and R&D as well 

as role of BERD and government intervention. Afterwards, the more specific functioning and 

measurement of R&D tax incentives, as one of various policy instruments, will be explained. 

Lastly, the focus will shift to times of economic distress, how such periods influence the R&D 

spending and which implications for tax incentives arise.  

3.1 Innovation and R&D 
 

Innovation is not only essential for consumers to be able to continuously improve their quality 

of life but also for companies to stay competitive and for countries to ensure long-term growth 

and prosperity. Into economic growth models, innovation has mostly found its way in the form 

of technological progress (Romer, 1990; Solow, 1957), which constitutes one of the central 

driving forces of continues growth. Furthermore, the widely ongoing transformation towards 

knowledge-based economies makes the promotion of innovation increasingly relevant for 

growth-orientated economic policy.  

While governments can contribute to innovation in various forms (e.g., protection of 

intellectual property rights, governmental research or financing), the central figure in 

innovation systems of market economies remains the profit seeking business sector, which is 

driven by the prospect of achieving competitive advantages (OECD, 2021). The R&D 

performed by the business sector is most commonly disclosed as BERD, which is precisely 

defined in the Frascati Manual (OECD, 2015) to allow international comparability. For the 

OECD, BERD accounted for 1.8% of the GDP in 2019, thereby representing 71.5% of the 

gross domestic expenditure on R&D (OECD.Stat, n.d.–b). 
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In its models, endogenous economic growth theory (Romer, 1990) lays emphasize on the 

central role of businesses and their private enterprise R&D sector which uses the inputs of 

human capital as well as the existing stock of knowledge to generate new ideas. For the 

individual company (which is forming the R&D sector with its activities), the theoretical 

foundation build around the work of Griliches (1979) suggests that the result of R&D activity 

becomes part of the company’s production function (not considering spill-over effects at this 

point). It is thereby one of the input variables (next to, e.g., labour and capital) that collectively 

determine the quantity of the final output. Taking this theoretical stance allows to utilize 

microeconomic theory (Snyder et al., 2015) in order to determine the firm’s level R&D activity. 

In the factor market of R&D, the firm’s quantity of R&D is in equilibrium where marginal cost 

and marginal benefits are equal. The marginal benefit is derived from product market (of the 

final production output of the firm), which is important when the impact of economic distress 

is considered (see section 3.3). The marginal cost can be influenced by tax incentives, which 

is essential for the examination of such policy in the following section.  

Despite the private sector’s core role of performing R&D, the government intervenes into 

this market for reasons like the promotion of green innovation, the development of national 

security relevant technology and, most importantly, market failure in the form of knowledge 

spill-over. The latter one is a positive externality, leading to a private return that is less than 

the social return and thereby to an underfunding by the market (Snyder et al., 2015, pp. 504–

528). Most government give financial support to R&D performing entities in order lift the 

degree or R&D to an optimal level. Next to direct funding, R&D tax incentives are one of the 

most used policy tools to address such market failure and will thoroughly be described in the 

following section. 

3.2 R&D tax incentives 

The purpose of R&D tax incentives is to reduce the costs that occur to firms that carry out 

R&D. As result of a reduced marginal cost, firms have the incentive to increase their spending 

on R&D to a level where the marginal cost and marginal benefits are equal again. Thereby, the 

government can achieve the socially optimal level of R&D in the face of market failures like 

financing constraints or spill-over effects.  

The national specifications of the tax incentive systems strongly vary and can include 

different entitlements, limits and other features (OECD, 2020b). As described by Warda (2001, 
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p. 187), the most common forms of tax incentives are tax credits (leads to a reduced tax 

liability), tax allowances (leads to a reduced taxable income) and tax deferrals (e.g., in form of 

an accelerated depreciation). An important characteristics of tax incentives is that these are 

usually not limited to specific industries. Besides a relatively high compliance with 

international trade and subsidy rules, this market allocation (opposed to the government picking 

industries to be promoted) is mentioned as a second strong arguments for such instruments and 

might have contributed to the increased popularity (OECD, 2021). 

In order to allow international comparability of national tax incentive schemes, the 

OECD calculates and publishes an implied R&D tax subsidy rates on a yearly basis 

(OECD.Stat, n.d.–e). Rather than a specific reading of expenditure reimbursement, it can be 

understood as measurement of the generosity of each national scheme. Underlying to that rate 

is the B-index, a calculation of the pre-tax profit that is required to break even on one unit of 

R&D expenditure (Warda, 2001, p. 192). The R&D tax subsidy rate is constructed as 1 minus 

the B-index value. In the calculation of the implied tax subsidy rate, it is differentiated between 

rates for profitable vs. loss-making firms as well as large firms vs. SMEs. Each country 

therefore can be recorded with up to 4 different implied tax subsidy rates per year.  

It is noteworthy that R&D activity of businesses can be supported with a variety of 

different policies and is therefore not easily comparable. Despite remaining limitations, the 

here introduced measure of an implied R&D tax subsidy rate and the underlying B-index focus 

on one of the most important and most comparable aspects of BERD support and have therefore 

become an often used tools for studies on BERD and general R&D intensity (Bührle, 2018; 

Guellec & van Pottelsberghe De Potterie, 2003). It will therefore also here be used as variable 

for the empirical investigation in chapter 4.  

3.3 R&D in times of economic distress 

Schumpeterian growth theory (Schumpeter, 1942/1994) introduced the force of creative 

destruction that finds its basis in times of economic distress and thereby assigns a certain 

counter-cyclical characteristic to R&D spending. Although counter-cyclical R&D spending 

can occur for some companies, industries and possible even countries, it is generally agreed 

and empirically proven that the largely aggregated spending remains procyclical (Cincera et 

al., 2012; Roper & Turner, 2020).  
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As outlined by the OECD (2021), there are a variety of factors that lead to this spending 

pattern. Firstly, R&D has a longer time-horizon and takes often multiple years till the result 

might lead to positive cashflows. When companies need to improve their liquidity situation, 

sales operations can be given priority while overall costs are cut. Secondly, an economic 

downturn often reduces the future sales outlook and creates price pressure. Therefore, the 

expected marginal benefit of R&D activity decreases, and firms may react by reducing their 

R&D spending until the marginal cost equals the marginal benefit again (see theory presented 

in section 3.1). Activities that are focussed on resource-saving and cost-reduction, might be 

subject to a different reasoning.  

Another major reasons for decreasing R&D spending in times of economic distress is the 

financing side. Guellec and Wunsch-Vincent (2009) mention failures in the financing of R&D 

which result from the fact that it can be difficult to borrow against future innovation if the 

overall credit situation deteriorates, venture capital withdraws, and cash flow dries up. 

While various factors lead to the procyclical reduction in R&D spending, there are strong 

reasons why it would be crucial to maintain a stable level or even invest as measure against the 

crisis. In addition to the loss of research infrastructure and networks, it also is the loss of human 

capital which either remains unused or leaves the region (brain drain) that is particularly hard 

hit by the economic downturn (Izsak et al., 2013, pp. 4–6). Furthermore, R&D projects usually 

have longer time horizons and require long-time planning. Hence, projects cannot easily be 

carried out with higher intensity and make up for the lost time once a crisis is over. The 

importance of innovation for economic growth (see section 3.1.) also illustrates that an even 

temporary reduction leads to a long-run productivity loss and possible loss of competitiveness 

in the international context. 

As reaction to these challenges, policy makers may include R&D specific support in 

fiscal stimulus packages and direct funding of research projects can be used as counter-cyclical 

response. However, these measures take planning and execution time and therefore can arrive 

too late to compensate for most of the R&D spending reduction that is caused by the economic 

uncertainty. Therefore, it would be of high interest to promote R&D friendly policies that have 

an automatically stabilizing effect, especially on BERD. Such policy measure would generally 

be in place and not require further political decision-making to provide incentives for 

companies to keep their BERD stable when economic uncertainty or distress impacts 
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investment planning. Izsak et al. (2013) report indications that the pre-existence of generous 

R&D tax incentives schemes might have such a stabilizing effect. 

As described in Chapter 2, empirical studies have found a generally positive relationship 

between increases of the tax subsidy rate and BERD. The subsidy reduces the marginal cost of 

the R&D-performing firm and therefore incentivizes the increase of R&D spending until the 

marginal cost equals the marginal benefit again. Under the assumption of a falling marginal 

benefit (ceteris paribus) in times of economic distress, a firm would still (despite the initial 

R&D spending increase as result of tax incentives) have reason to significantly reduce its R&D 

spending since the marginal cost exceeds the marginal benefit. Hence, based on the used 

theoretical framework, no significantly positive relationship can be expected between the 

degree of the pre-existing tax incentive rates and the resilience of BERD spending during a 

crisis – contradicting the finding of Izsak et al. (2013). 

4. Empirical analysis 
 

The aim of this study is to investigate the impact of R&D tax incentives in times of economic 

distress, which therefore requires a specification of such periods. While various 

macroeconomic indicators may serve as a suitable tool to, at least partially, determine a 

situatiom of economic distress, significant changes in the real GDP growth rate likely 

represents one of the most comprehensive and plain measurements for strong changes of the 

economic state. Figure 1 displays a 23-year development of the real GDP growth rate for the 

OECD as well as European Union. 

Based on this data, recent times of economic distress, where the growth rate significantly 

sank to a level below its long-term trend, are identified as: 

- Early 2000s recession following the dot-com bubble burst (2001-2003). 

- Great Recession caused by the Financial Crisis (2008-2009). 

- European sovereign debt crisis (2011-2012).  

An inclusion of the COVID-19-caused recession of 2020 is not possible since the 

necessary data is not completely available yet. A separate investigation of these 3 time periods 

seems useful as each crisis can be expected to have a specific dynamic and thereby effect on 

the BERD spending. However, it is important to be aware that the crises periods, due to the 

nature of the aggregated data, have been identified on a rather global level while having a 
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strongly varying impacts on different regions and countries. The descriptive statistic of section 

4.3 therefore aims to provide a better understanding of the degree and breadth of economic 

distress in the observed countries. 

 

Figure 1 – Annual growth rate of the real GDP (expenditure approach), 1997-2019. 

Source: Author’s illustraition, based on data from OECD.Stat (n.d.–a) 

The following section will explain the chosen method of empirical analysis and its 

characteristics. Afterwards, section 4.2 will provide a detailed description of all chosen 

variables, their data source and underlying economic reasoning. An additional overview of 

these variables is provided with Table A1 of Appendix A. The descriptive statistic is presented 

in section 4.3 and focuses on the characteristics as well as nature of the used dataset. Lastly, 

the results of the regression analysis will be presented. 

4.1 Methodology 
 

For the subject of this study, aggregated country-level data, yearly published by international 

organizations (e.g., OECD or World Bank), is used. This generally allows to perform cross-

sectional as well as panel data based investigations. Panel data would here be characterized as 

the reoccurring (yearly) observation of multiple countries over time and thus has two 

dimensions (cross-sections and time). While such approach therefore is able to take dynamic 

effects as well as heterogeneity of each entity into consideration, it can also leads to a higher 

degree of econometric complexity (Greene, 2018, p. 373). For investigations of the effect of 

tax subsidy changes on BERD, panel data is widely used (Falk, 2004; Guellec & van 

Pottelsberghe De Potterie, 2003; OECD, 2020a) as the time dimension allows to observe 
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changes of the tax subsidy rate while the increased number of observations adds further 

information value.  

The here studied relationship, the BERD change as result of the pre-existing level of tax 

subsidy rates at specific times of economic distress, does however not fundamentally rely on 

the observation of tax subsidy rate changes over time. Much rather, the difference between 

countries is determined as most essential by the research question. Hence, a cross-sectional 

study of the individual periods presents a viable option - which has been chosen for this paper 

and was also used by, e.g., Aristei et al. (2017). In this context, cross-sectional data stands for 

the single-point observation of multiple countries. A disadvantage, compared to panel data, is 

that less information on the chronological development in included. However, cross-sectional 

data also comes with a higher degree of freedom regarding the modelling of the variables, 

which will be used to capture specific multi-year developments and trends between time 

periods. 

To describe the relationship between the dependent and independent variables of the 

chosen cross-sectional data, linear regression analysis will be used. The choice of the specific 

estimator depends on the characteristics of the data and the resulting ability to fulfil estimator-

dependent preconditions. As described in detail by Verbeek (2017), the use of the ordinary 

least squares (OLS) estimation method allows to obtain the best linear approximation if all 

necessary assumptions, often defined by the Gauss-Markov conditions, are met. Most 

importantly, these conditions refer to the nature of the error term and thereby also reveal certain 

weaknesses of the procedure underlying OLS (the minimization of the sum of the squared 

errors), like the responsiveness to outliers and multicollinearity. The detailed testing of the data 

and model was performed and is provided in Appendix B. The software used for the statistical 

work of this paper is Stata 16.1. 

4.2 Data & model 

The aim of this study is to cover as many of the 37 OECD member states as possible. However, 

missing variables result in a reduction to 22 (2001-2003), 28 (2008-2009) and 29 (2011-2012) 

entities considered in the regression calculations. A list of all in- and excluded countries per 

period can be found in Table C1 of Appendix C. 

The fact that tax subsidy rates are predominantly set on a national level, is the core 

argument for comparing data that has been aggregated to country level. However, this process 
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also leads to a loss of information and potential difficulties in the regression process, e.g., due 

to unobserved heterogeneity. Further inaccuracies are likely caused by working with annual 

values. It is noteworthy that any global economic crisis impacts countries at different times and 

specifically the necessary division in time sections (e.g., for the determination of time periods 

of economic distress) can lead to the loss of important effects. Nonetheless, the chosen 

variables, which will now be described in further detail, predominantly present aggregated 

values of multi-year periods. An overview of all variables, their description and expected 

relationship with the dependent variable is provided with Table A1 of Appendix A. 

Dependent variable  

BERD growth (berd_gwth) – To measure the change of private sector R&D expenditure during 

the periods of economic distress, the compound growth rates of BERD (constant prices) are 

computed for the relevant periods (e.g., the change from 2001-2003 for the early 2000s 

recession period). This data is available as part of the OECD main science and technology 

indicators (OECD.Stat, n.d.–b) and is, like the remaining R&D related OECD-data, defined 

and gather in accordance to the Frascati Manual (OECD, 2015). In line with that, it is 

noteworthy that BERD includes all R&D expenditures stemming from units of the business 

enterprise sector, but also includes non-business financed R&D activity (e.g., subject to direct 

government funding) which therefore should not be influenced by R&D tax incentives. 

However, business-financed BERD represents the largely dominant share (OECD.Stat, n.d.–b) 

and using the overall BERD-indicator was further favoured by a higher quality of data. 

Independent variables 

BERD growth before the crisis (prior_berd_gwth) – Countries have different dynamics of 

BERD growth and to control for these, the average of the compound annual BERD growth rate 

(same OECD-indicator as used for the dependent variable) of the years before the period of 

economic distress is used as independent variable. A high pre-crisis BERD growth is expected 

to have a positive relationship on the depend variable, the BERD growth during the crisis. 

Tax subsidy rate on R&D (subsidy_rate) – R&D tax incentives and their effects have 

been described in detail in chapter 3, where the implied R&D tax subsidy measure was 

introduced as well. For this investigation, the rate for loss-making large companies has been 

chosen. The loss-making rate, which is based on the refundability or carry-forward allowance 

of relevant tax incentives, is particularly relevant for the investigated times of economic 
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distress since companies are more likely to not operate profitably. In accordance with prior 

research (Falk, 2004; Guellec & van Pottelsberghe De Potterie, 2003), the rate for large firms 

has been chosen since these generally are responsible for the majority of BERD (OECD.Stat, 

n.d.–b). For the investigated time-periods (e.g., 2001-2003), the average of the available rates 

was calculated. It allows to easily handle changes within that period (the degree of those will 

be looked at as part of the descriptive statistic) and further reduces missing variables if single 

years have not been reported (e.g., due to a lack of response to the underlying tax incentive 

survey). As described in section 3.3, the tax subsidy rate is expected to have no significant 

impact on the change of the dependent variable. 

GDP growth difference between crises years and pre-crises periods (gdp_gwth_diff) – As 

mentioned in the introduction of this chapter, each country is affected by global economic 

distress in a unique way. The stronger a country is impacted by the crises, the worse the revenue 

and profitability expectations will likely turn (among other effects), which can lead to the 

expected marginal benefit of R&D activities to falls below the level of the marginal costs, and 

thereby to companies reducing their R&D expenditures. Cincera et al. (2012) describe that, 

although there also are theoretical arguments for R&D spending to have an anti-cyclical 

character, companies overall still tend to cut their spending in an economic downturn. This 

finding matches the theory presented in chapter 3.3. As broad measure of the economic activity 

and thereby of the crisis impact, the real GDP growth rate is taken from OECD.Stat (n.d.–d). 

However, considering only the GDP change during the crisis would not properly account for 

how much the economic situation and expectations might have changed compared to before 

the crisis. Therefore, the GDP growth of the years before the crisis (equally many years as 

crisis years) is subtracted from the sum of the GDP growth during the crisis. This variable is 

therefore expected to have a positive relationship with the dependent variable.   

Real interest rate (interest_rate) – R&D spending can be considered as investment with 

an economic payoff that lies in the distant future. Therefore, the cost of (long-term) financing 

plays an important role in determining such spending decisions for businesses. The national 

long-term interest rates, supplied and described by OECD.Stat (n.d.–c), is based on the yield 

of long-running government bonds (predominantly 10-year bonds) and constitutes an important 

factor regarding the cost of credit for the private sector. It is therefore used as indicator to 

compare the cost of capital between countries. Obviously, the actual cost of financing for a 

R&D performing entity further depends on other critical factors (e.g., the company specific 
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credit rating and capital structure). Nevertheless, this variable shall provide a broad indication 

of the general level of capital cost. For the conversion into the real interest rate, the GDP 

deflator based annual inflation, provided by the World Bank Group (2021), has been used. For 

the investigated periods, the average of the real annual interest rates is used as independent 

variable. Thereby, the focus lies on the general level of real interest during the time of economic 

distress, rather than the year over year change. As argued by Guellec and Ioannidis (1997, 

p. 130), higher interest rates lead to a higher cost of external financing while also affecting the 

discounting of each long-term investment. Therefore, the real interest rate is expected to have 

a negative relationship with the dependent variable. 

Regression model 

Based on the described methodology and choice of variables, the following linear regression 

model will be applied for all three periods of economic distress: 

����_���ℎ = �� + �������_����_���ℎ + ���������_���� + �����_���ℎ_����

+ ����������_���� + � 

(1) 

where the variation of the BERD growth during the chosen period is explained by the constant 

(��), the 4 described independent variables as well as the error term (�), which captures the 

effects that remain unexplained by the estimated coefficients. The detailed testing of the model 

can be found in Appendix B. 

4.3 Descriptive statistics 

In the following, the data for the investigated periods of the early 2000s recession (2001-2003), 

the Great Recession (2008-2009) and the European sovereign debt crisis (2011-2012) will be 

presented and compared. Fundamental differences between those data sets can arise for 

different reasons. Firstly, each crisis has a specific effect on the international community (e.g., 

demand vs. supply shocks, impacted industries, degree of impact or speed of recovery). 

Secondly, some regions and countries remain less harmed from international shocks than 

others. Regarding the investigated periods of distress, it can be assumed that the Great 

Recessions impacted a large share of the OECD countries quite strongly while the European 

sovereign dept crisis was most severe for only a specific group of countries of the European 

Union, thereby increasing the degree heterogeneity between the OECD countries. Thirdly, the 

formerly mentioned choice of annual data over specific periods can create differences between 
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the crisis by, e.g., already including parts of the recovery while excluding effects that some 

countries experienced when impacted earlier than the majority. Being aware of these aspects 

can be essential to understand the differences between the three regression results. 

Table 1 presents the data of the chosen variables. The mean of the BERD growth over 

the periods of distress (berd_gwth) shows that the Great Recession (mean 2.22) had, on 

average, a lot stronger impact on private sector R&D decisions than the other two crises (mean 

9.61 and 9.11). A comparison of the max values and standard deviation indicates that there was 

a lack of countries with strong increases as well as a more uniform trend towards reduced 

spending during the Great Recession. 

Table 1. Descriptive statistic of the variables. 

Variable Obs Mean Std. Dev. Min Max 
      

Early 2000s recession 

berd_gwth 22 9.61 18.47 -16.30 64.45 

prior_berd_gwth 22 27.56 63.89 -7.35 297.92 

subsidy_rate 22 0.04 0.08 -0.03 0.23 

gdp_gwth_diff 22 -4.06 7.66 -15.59 13.81 

interest_rate 22 2.71 1.98 -0.93 6.78 

Great Recession 

berd_gwth 28 2.22 13.02 -25.08 26.07 

prior_berd_gwth 28 9.23 10.77 -6.93 43.89 

subsidy_rate 28 0.09 0.11 -0.02 0.38 

gdp_gwth_diff 28 -12.12 7.85 -39.60 -3.50 

interest_rate 28 2.81 2.04 -1.79 8.45 

European sovereign debt crisis 

berd_gwth 29 9.11 19.74 -31.69 65.60 

prior_berd_gwth 29 5.74 7.03 -5.21 20.42 

subsidy_rate 29 0.11 0.11 -0.02 0.35 

gdp_gwth_diff 29 -2.99 3.45 -8.55 5.80 

interest_rate 29 2.58 3.49 -0.89 17.64 

The mean and max values of the average BERD change pre crises (prior_berd_grwth) 

indicates a long-term trend of decreasing BERD growth rates over the times of observation. 

However, the period related to the early 2000s recession shows an extraordinarily high standard 

deviation as well as mean and max value. The testing of the data and model in Appendix B 

revealed the existence of a statistical outlier (Lithuania), which is responsible for most of these 

extreme aggregated values and will be excluded in a second regression run. 
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The mean of the average tax subsidy rates (subsidy_rate) confirms an increased use as 

policy tool while the min values show that some of the observed countries do not tax subsidize 

R&D at all. Negative rates result from a lack of subsidies paired with corporate taxation. 

The difference of GDP growth during and before the times of distress (gdp_gwth_diff) 

shows that the Great Recession had the by far strongest impact on the observed economies 

while the European sovereign dept crisis had the weakest negative average influence, possibly 

caused by the concentration on fewer countries. The Great Recession is also the only period in 

which no observed country’s real GDP grew faster than before the crisis (negative max value). 

Little difference can be observed in the mean of the average real interest rate (interest 

rate) of those 3 periods. However, the high standard deviation and max value during the 

European sovereign debt crisis is a sign of the experienced distress of government debt, whose 

rising yields pose the basis of this variable.  

More information on the change of the tax subsidy rate is given with Table 2. In the 

following regression, only the level of the subsidy rate, not the change between the years will 

be considered. Significant changes of the subsidy rate could create an unexplained impact on 

the BERD growth rate. The calculated values of Table 2 show that increases dominate 

decreases in each of the three periods. However, the mean change remains moderate. 

Furthermore, it should be considered that such changes would not necessarily cause strong 

immediate effects on the growth rate but might be stretched over a longer period (depending 

on the time of announcement and expectations of further policy changes). 

Table 2. Number of observed countries with changes of 

the tax subsidy rate over the investigated time periods. 

Time Period Increased Decreased Mean change 

2001-2003 8.00 2.00 0.04 

2008-2009 6.00 3.00 0.00 

2011-2012 8.00 3.00 0.06 

 

Overall, the data confirms that there are significant differences in how the observed 

variables behaved during the chosen times of economic distress. For the important aspects of 

real GDP growth and BERD growth, the period of the Great Recession shows the most 

homogeneity, potentially increasing the quality of the following regression results. 
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4.4 Results & discussion 
 

This section will describe and discuss the results of the regressions analysis, which are 

presented in Table 3. A separate regression was run for each of the chosen periods of economic 

distress. For the early 2000s recession, an additional regression was performed while excluding 

Lithuania, which was found to be an outlier with potentially strong influence on the results (see 

Appendix B). 

Table 3. Final estimation results based on OLS. 

  

Early 2000s 

recession 

Early 2000s 

recession ex 

Lithuania 

Great 

Recession 

European 

sovereign debt 

crisis 

prior_berd_gwth 0.182** -0.075 0.187 1.955*** 

 (0.067) (0.141) (0.218) (0.561) 

subsidy_rate 87.441** 86.064** -15.414 -7.082 

 (40.764) (37.462) (21.736) (24.687) 

gdp_gwth_diff 0.101 -0.028 1.303*** -0.125 

 (0.522) (0.484) (0.355) (0.896) 

interest_rate -0.137 -1.023 2.626* 0.795 

 (1.853) (1.758) (1.431) (0.678) 

constant 1.799 6.823 10.281** -3.738 

  (5.921) (5.975) (4.414) (6.139) 

Numb. of obs. 22 21 28 29 

R2 0.503 0.294 0.382 0.483 

Notes: standard errors (SE) in parentheses; robust SE for European sov. debt crisis. 

* p<0.1, ** p<0.05, *** p<0.01   

The R2-values state how much of the variation of the dependent variable is explained by 

the model. The exclusion of Lithuania from the early 2000s recession period led to a noticeable 

decrease of the R2-value – explaining approx. 20%-units less of the variation than the 

unrestricted version. It thereby exposes the impact of this single observation, which results 

from and is further illustrated by the decrease of the coefficient as well as fading statistical 

significance of the variable controlling for the pre-crisis BERD growth dynamic 

(prior_berd_gwth). 

More importantly, the coefficient of the variable of main interest, the tax subsidy rate, is 

only slightly impacted by the exclusion of Lithuania and remains significant at the 5% level. 

In terms of marginal effect, on average and while keeping all other factors constant, a 0.1 points 

higher tax subsidy rate on R&D led to 8.7%-units additional BERD growth over the period of 



 

17 
 

2001-2003. However, it is important to note that the results from the Great Recession and 

European sovereign debt crisis do not support this relationship by presenting negative and 

insignificant estimation results for the tax subsidy rate variable. One problem that arises from 

the use of aggregated country-level data is the relatively low number of observations, which 

can lead to an elevated risk of insignificant results. Furthermore, the existence of predominantly 

also insignificant control variables could also be an indication of problems with the underlying 

model itself. Overall, the displayed results lack strong evidence that the pre-existing level of 

tax subsidy rates leads to a higher resilience of BERD spending during a time of economic 

distress and cannot confirm the tendencies identified by Izsak et al. (2013). 

When the estimated coefficients of the control variables are compared over the three 

investigated periods, a similar inconsistency can be noticed. For the European sovereign debt 

crisis, an additional annual BERD growth of 1%-unit in the pre-crisis period led to, on average 

and ceteris paribus, additional 2%-units BERD growth over the crisis years of 2012-2013. 

Although this estimation is significant at the 1% level, no similar trends can be observed for 

the other time periods. One possible explanation is that the European sovereign debt crisis had, 

on average, the least sever impact on the economy while it was preceded by already moderate 

BERD growth rates (see Table 1). Hence, companies made little change to their R&D spending 

behaviour and the pre-existing trend continued during the time of economic distress. On the 

other hand, the early 2000s recession and the Great Recession were characterized by a more 

severe and comprehensive impact on businesses, which made the pre-existing BERD trend less 

relevant. 

The difference of the GDP growth between crisis and pre-crisis period had a significant 

positive effect on the dependent variable only for the Great Recession. Namely, on average and 

ceteris paribus, 1%-unit additional GDP growth difference (e.g., resulting from 1%-unit 

additional GDP growth during the crisis or 1%-unit fewer GDP growth pre-crisis) led to 1.3%-

units additional BERD growth during the crisis (significant at the 1% level). The estimates for 

the other two periods reveal no significant relationship for this variable and when the 

underlying GDP growth data is compared, the most notable fact is that the Great Recession 

had, on average, the by far strongest impact on the GDP growth.  

For the interest rate, only the Great Recession results show a weakly significant (at 10% 

level) and positive relationship with the dependent variable. Based on the coefficient, on 

average and ceteris paribus, a 1%-unit higher real interest rate level led to 2.6%-units additional 
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BERD growth over the period of 2008-2009. Based on the differing coefficients for the other 

investigated periods, also for the interest rate, a certain inconsistency of the regression 

estimates must be noted. 

Despite the overall explanatory power of the model, insignificance and inconsistency of 

most variables indicate challenges which also weaken the informative value regarding the 

tested hypothesis. One factor can be, as mentioned, a low number of observations which 

resulted from the nature of the data set and various missing values (leading to the exclusion of 

countries). Furthermore, the cross-sectional approach limited the ability to account for 

unobserved country heterogeneity. This includes dynamics resulting from specific industries 

but also the dynamic of catching-up countries which have been observed to benefit from 

strategic R&D resilience (European Commission, 2011, 62, 67-68). 

It is in the interest of public policy to promote measure that lead to a stabilization of 

BERD during times of economic crisis. The presented results do not provide strong evidence 

that such effects origin from R&D tax incentives and therefore show the importance of 

alternative measure that can be used for this purpose. As described by Guellec and Wunsch-

Vincent (2009), possible measures of short-term support can be public-private partnerships, 

investments into research infrastructure as well as the optimal design and use of public 

procurement. While there are various other tools that are used to stimulate private sector R&D 

as part of fiscal stimulus packages, it is mentioned that the use of existing instruments is 

essential to allow a timely reaction to economic distress.  

5. Conclusions 

R&D in the business sector plays a decisive role in the creation of innovation and therefore 

growth and prosperity. Due to its procyclical nature, BERD is especially vulnerable in times 

of economic distress, which can cause harm to innovation structures and therefore the recovery 

as well as long-run growth perspective. It is therefore important to find ways to improve the 

resilience of BERD in time of crisis. R&D tax subsidies are a policy tool that is widely used to 

counter national underfunding of R&D, which exists as result of market failures like knowledge 

spill-over. The aim of this paper was to investigate if the existence of such R&D tax incentives 

leads to a higher resilience of BERD in times of economic distress and therefore should 

increasingly be used under the aspect of automatic stabilization in times of crisis. 
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In this paper, business R&D was considered as part of the firm’s production function and 

in this context theoretically examined regarding spending changes during times of economic 

distress. This evaluation led to the theoretical rejection of a relationship between pre-existing 

R&D tax subsidies and the resilience of BERD. For the purpose of an empirical investigation, 

three times of economic distress were chosen: 2001-2003 (early 2000s recession following the 

dot-com bubble burst), 2008-2009 (Great Recession, caused by the Financial Crises) and 2011-

2012 (European sovereign debt crisis). Furthermore, three control variables (pre-crisis BERD 

growth, the change in GDP growth and the long-term interest rate) were selected and cross-

sectional data of the OECD member states gathered. However, missing variables led to an 

exclusion of various countries and thereby to 22 (2001-2003), 28 (2008-2009) and 29 (2011-

2012) remaining entities. 

The linear regression was performed with an OLS estimator while using 

heteroskedasticity robust standard errors for the period of the European sovereign debt crisis. 

For the early 2000s recession, the result confirmed a positive relationship between the tax 

subsidy rate and BERD growth. For the remaining two periods, no significant relationship 

between these variables was found. While the models explained between 30% and 50% of the 

variation in the dependent variables, inconsistent (among the time periods) results for the 

control variables suggested difficulties with accounting for the country and crisis specific 

characteristics. 

With the lack of strong evidence for a resilience improving effect of R&D tax subsidies, 

the findings cannot support this policy measure as suitable to address undesired R&D 

reductions in times of economic distress. In future studies, alternative empirical approaches 

(e.g., the use of panel data) or a model that accounts for more country-specific characteristics 

(by including, e.g., the share and export growth of R&D-intense sectors or the overall industrial 

structure) could be used to address the mentioned challenges. 
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Appendix A 
 

Table A1. Variables and variable description per investigated period. 
 

Variable Description 
Expected 

relationship 

      
   

Early 2000s recession (2001-2003)  
   
berd_gwth BERD, compound growth 2001-2003  

(in %, constant prices) 
responding var. 

prior_berd_gwth BERD, average annual compound growth 

1999-2000 (in %, constant prices) 
positive 

subsidy_rate Implied tax subsidy rate on R&D exp., avg. 

2001-2003 (loss-making, large comp.) 
neutral 

gdp_gwth_diff Real GDP, growth 2001-2003 less growth 

1998-2000 (in %, expenditure approach) 

positive 

interest_rate Real long-term interest rate, average  

2001-2003 (per annum, in %) 
negative 

      
   

Great Recession (2008-2009)  
   
berd_gwth BERD, compound growth 2008-2009  

(in %, constant prices) 

responding var. 

prior_berd_gwth BERD, average annual compound growth 

2006-2007 (in %, constant prices) 

positive 

subsidy_rate Implied tax subsidy rate on R&D exp., avg. 

2008-2009 (loss-making, large comp.) 

neutral 

gdp_gwth_diff Real GDP, growth 2008-2009 less growth 

2006-2007 (in %, expenditure approach) 

positive 

interest_rate Real long-term interest rate, average 2008-

2009 (per annum, in %) 

negative 

      
   

European sovereign debt crisis (2012-2013)  
   
berd_gwth BERD, compound growth 2012-2013  

(in %, constant prices) 

responding var. 

prior_berd_gwth BERD, average annual compound growth 

2010-2011 (in %, constant prices) 

positive 

subsidy_rate Implied tax subsidy rate on R&D exp., avg. 

2012-2013 (loss-making, large comp.) 

neutral 

gdp_gwth_diff Real GDP, growth 2012-2013 less growth 

2010-2011 (in %, expenditure approach) 

positive 

interest_rate Real long-term interest rate, average  

2012-2013 (per annum, in %) 

negative 
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Appendix B 

The following describes the performed tests of the data and model as well as the resulting 

adjustments. Each of the three chosen time periods was tested separately and will be described 

accordingly. 

Period 1: Early 2000s recession (2001-2003) 

The joint distribution of the variables was examined with a scatterplot matrix, which is useful 

to spot anomalies like outliers or non-linear relationships. The result is displayed in Figure B1 

and it is visible that there is one entity with extreme values regarding the BERD growth – both 

during the crises (2001-2003) and pre-crises (1999-2000). The observed country is Lithuania, 

which had a compound BERD growth of 64.4% from 2001-2003 and an average annual 

compound BERD growth of 297.9%.  

 

Figure B1. Distribution matrix of variables (early 2000s recession). 

Although the OECD data shows that various countries, which formerly were part of the 

Union of Soviet Socialist Republics, still experienced strong changes of the economic structure 

and growth in the late 1990s and early 2000s, the values of Lithuania still are extraordinary 

high. In specific, it is the BERD growth rate of the year 2000 (485.3%), which has a strong 

effect on the pre-crises growth average and leads to Lithuania’s position as a statistical outlier. 

The OECD database does not hold values for the BERD-financing of Lithuania prior to the 

year of 2000 and therefore does not deliver further explanations regarding the financing sources 
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that caused this increase. Furthermore, no evidence of a change in data classification or 

underlying data entry error was found. However, due to the potentially high impact on the 

regression results, as visible in Figure B2, the estimation for the early 2000s recession period 

will be performed twice - with and without Lithuania. Thereby, a better evaluation of the impact 

and results in each scenario is possible. 

 

Figure B2. Scatterplot of the dependet variable over pre-

crisis BERD growth (early 2000s recession). 

The correclation matrix (Table B1) and variance inflation factors (Table B2) were used 

to evaluate the relationship between the regressors. The results indicate that there is no present 

issue of multicollinearity. 

Table B1. Correlation matrix (early 2000s recession). Table B2. Variance 

inflation   factor (early 

2000s recession). 

  

berd 

_gwth 

prior 

_berd 

_gwth 

subsidy 

_rate 

gdp 

_gwth 

_diff 

interest 

_rate 

berd_gwth 1     
prior_berd_gwth 0.60 1    
subsidy_rate 0.30 0.12 1   
gdp_gwth_diff 0.29 0.53 -0.22 1  
interest_rate 0.19 0.42 -0.15 0.01 1 

       

 

 

Variable VIF 

prior_berd_gwth 1.85 

gdp_gwth_diff 1.60 

interest_rate 1.35 

subsidy_rate 1.09 

Mean VIF 1.47 
 

The normality of the residuals was investigated graphically as well as with the Shapiro-

Wilk test for normal data. Based on the computed p-value (0.77), the test could not reject 

normally distributed residuals. A distribution adequately close to normal was further supported 

by the density function display (Figure B2) and the residual plots of Figure B3, B4 and B5.  
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Figure B3. Distribution of residuals – Kernel 

density (early 2000s recession). 

Figure B4. Distribution of residuals – 

standardized normal probability (early 

2000s recession). 

Figure B5. Distribution of residuals – 

quantiles (early 2000s recession). 

The regression residuals were plotted over the regressors to graphically detect signs of 

non-linear patterns, heteroskedasticity as well as endogeneity - none of which were found. The 

absence heteroskedasticity was confirmed by evaluating the plot of residuals over fitted values 

(Figure B6) and by the Breusch-Pagan and Cook-Weisberg test (p-value: 0.81) as well as 

White’s test for heteroskedasticity (p-value: 0.32). Furthermore, the Breusch-Pagan and Cook-

Weisberg test was applied to test for heteroskedasticity of the residuals over measures of the 

2001 population size (World Bank Group, 2021), USD-GDP of 2001 (World Bank Group, 

2021) and GDP per capita of 2001 (calculated from the two mentioned values). This option 

was explored since the BERD expenditure of smaller or less diversified countries could be 

assumed to be more strongly impacted by individual characteristics (like a strong reliance on a 

certain industry) which are not controlled for, thereby increasing the variance of the residuals. 

However, the performed test did not support this theory (population, p-value: 0.8; GDP, p-

value: 0.85; GDP per capita, p-value: 0.22) and thereby led to an overall rejection of 

heteroskedasticity. 
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Figure B6. Scatterplot of residuals versus fitted values 

(early 2000s recession). 

Plots of the residuals over these additional measures also allowed to graphically check 

for patterns of autocorrelation (under the assumption of population, GDP or GDP per capita to 

pose a natural ordering of the observed countries). The results provided no indication of 

existing autocorrelation issues. 

To investigate a possible misspecification of the model, the Ramsey RESET (Regression 

Equation Specification Error Test) test was carried out. The test failed to reject the assumption 

that the model has no omitted variables (p-value: 0.22). This finding was further confirmed by 

the specification link test for single-equation models (p-value of the squared prediction 

variable: 0.38).  

The restricted version of the data set for the early 2000s recession period (excluding 

Lithuania for reasons mentioned in the beginning of this appendix) was tested in the same way 

as described so far. While the distribution of the residuals showed some expectable 

improvement (p-value of Shapiro-Wilk test: 0.89), no other meaningful changes were detected. 
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Period 2: Great Recession (2008-2009) 

The display of the joint distribution of the variables (Figure B7) was checked for non-linear 

relationships and statistical outliers. While no strong indication of non-linear relationships was 

found, few observations of extreme value were revealed by the real GDP and BERD growth 

variables. However, considering the economic distress caused by the preceding financial, no 

values were categorized as unreasonably high or low. 

 

Figure B7. Distribution matrix of variables (Great Recession). 

A correlation matrix (Table B3) was used to investigate the correlation among the 

variables and allowed to rule out multicollinearity. This finding was supported by the variance 

inflation factors (Table B4).  

Table B3. Correlation matrix (Great Recession). Table B4. Variance 

inflation   factor (Great 

Recession). 

  

berd 

_gwth 

prior 

_berd 

_gwth 

subsidy 

_rate 

gdp 

_gwth 

_diff 

interest 

_rate 

berd_gwth 1     
prior_berd_gwth 0.10 1    
subsidy_rate 0.07 0.33 1   
gdp_gwth_diff 0.50 -0.18 0.05 1  
interest_rate -0.05 0.32 0.26 -0.60 1 

       

 

 

Variable VIF 

prior_berd_gwth 1.21 

gdp_gwth_diff 1.70 

interest_rate 1.86 

subsidy_rate 1.25 

Mean VIF 1.51 
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Based on the Shapiro-Wilk test for normal data, a normal distribution of the residuals 

could not be rejected (p-value: 0.66). Despite slight tendencies of skewness that (visible in 

Figure B8), the overall distribution was found symmetrical (skewness: 0.22) and adequately 

close to a normal distribution, as further confirmed by Figure B9 and B10. 

 

Figure B8. Distribution of residuals – Kernel density 

estimate (Great Recession). 

  

Figure B9. Distribution of residuals – 

standardized normal probability (Great 

Recession). 

Figure B10. Distribution of residuals – 

quantiles (Great Recession). 

Plots of the residuals over the regressors were used to visually inspect non-linear patterns, 

heteroskedasticity as well as endogeneity – all of which were rejected. The White’s test (p-

value: 0.27), the Breusch-Pagan and Cook-Weisberg test (p-value 0.87), as well as the 

corresponding plot of residuals over fitted values (Figure B11) provided further confirmation 

of prevailing homoskedasticity. For reasons described earlier in connection with the early 

2000s recession, the Breusch-pagan and Cook-Weisberg test was also carried out to test for 

heteroskedasticity of the residuals over the measures of the 2008 population size (World Bank 

Group, 2021), USD-GDP of 2008 (World Bank Group, 2021), and GDP per capita of 2008 

(calculated from the two mentioned values). All results (population, p-value: 0.35; GDP, p-
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value: 0.47; GDP per capita, p-value: 0.87) could not reject homoskedasticity. No indication 

of autocorrelation was found in the plots of the residuals over the 3 additional variables. 

 

Figure B11. Scatterplot of residuals versus fitted values 

(Great Recession). 

A misspecifiaction of the model was ruled out on basis of the Ramsey RESET test (p-

value: 0.81) and the specification link test for single equation models (p-value of the squared 

prediction variable: 0.72). 

Period 3: European sovereign debt crisis (2012-2013)  

The joint distribution matrix (Figure B12) allowed to rule out non-linear relationships but 

revealed other anomalie. Firstly, the dependet variable (BERD compound growth 2012-2013) 

has heavy tails in its distribution. Sencondly, the real long-term interest rate data contains one 

extreme value. Options of variable transformation were examined for both variables but were 

found not suitable in regards to improvement of the distribution as well as model interpretation. 

With respect to the real long-term interest rate, there are specific effects caused by the nature 

of the European sovereign debt crisi. The the long-term interest rate, as provided by the 

OECD.Stat (n.d.–c) is based on the yield of long-running government bonds (predominantly 

10-year bonds). During the European sovereign debt crises, the government bonds of several 

European countries experienced high levels of distress that lead to sharply increasing bond 

yields (Mankiw & Taylor, 2014, pp. 793–797) and thereby impacted the mentioned calculation 

of the long-term interest rate. In the used data set, the observed outlier is Greece, who’s 

government bonds were especially hard hit this crisis. Although government bonds are no 
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perfect representation of private enterprise financing conditions, their distress still quickly 

impacted the national financial and economic system (Krugman et al., 2015, pp. 660–662) and 

therefore, the resulting variations are in line with the intentions underlying the model and 

variable choice. Furthermore, Figure B13 demonstrates that the impact on the regression 

estimate can be expected to remain rather limited. 

 

Figure B12. Distribution matrix of variables (European sovereign 

debt crisis). 

 

Figure B13. Scatterplot of the dependet variable over the 

interest rate (European sovereign debt crisis). 
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Mulitcollinearity was rejected based on the correlation matrix (Tabel B5) and 

consistently low variance inflation factors, which are provided in Table B6. 

Table B5. Correlation matrix (European sovereign debt crisis). Table B6. Variance 

inflation   factor (European 

sovereign debt crisis). 

  

berd 

_gwth 

prior 

_berd 

_gwth 

subsidy 

_rate 

gdp 

_gwth 

_diff 

interest 

_rate 

berd_gwth 1     
prior_berd_gwth 0.68 1    
subsidy_rate -0.02 0.01 1   
gdp_gwth_diff -0.12 -0.19 0.11 1  
interest_rate 0.04 -0.13 0.12 0.32 1 

       

 

 

Variable VIF 

prior_berd_gwth 1.05 

gdp_gwth_diff 1.16 

interest_rate 1.13 

subsidy_rate 1.02 

Mean VIF 1.09 
 

The density fuction of the residuals (Figure B14) illustrates the expected issue of Kurtosis 

(4.51). While the probablity plot (Figure B15) shows a high degree of alignment with a normal 

distribution, the quantile plot (Figure B16) demonstrates the observed issue of existing outliers. 

The Shapiro-Wilk test for normal data was preformed and could not reject normally distributed 

residuals at an α-level of 0.05 (p-value 0.097) and therefore, it was proceeded with the existing 

setup. 

 

Figure B14. Distribution of residuals – Kernel 

density (European sovereign debt crisis). 
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Figure B15. Distribution of residuals – 

standardized normal probability (European 

sovereign debt crisi). 

Figure B16. Distribution of residuals – 

quantiles (European sovereign debt 

crisis). 

While the result of the White’s test (p-value 0.4) did not support claims of 

heteroskedasticity, strong evidence was given by the graphical inspection of the residuals over 

the pre-crisis BERD growth, the 2012 GDP per capita as well as the fitted values (Figure B17). 

Since the Breusch-Pagan and Cook-Weisberg test confirmed these findings (p-value: 0.0009), 

a choice for the use of heteroskedasticity robust standard errors was made for this time period. 

Plots of the residuals over the indipendent variables were inspected and allowed to reject non-

linearity and endogeneity while plots of the residuals over the 2012 population size (World 

Bank Group, 2021), USD-GDP of 2012 (World Bank Group, 2021) and GDP per capita of 

2012 (calculated from the two mentioned values) allowed to reject autocorrelation. 

 

Figure B17. Scatterplot of residuals versus fitted values 

(European sovereign debt crisis). 

Lastly, the Ramsey RESET test (p-value: 0.17) as well as the specification link test for 

single-equation models (p-value of the squared prediction variable: 0.62) provided no evidence 

of model misspecifications. 
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Appendix C 

Table C1. OECD-countries in- and excluded (due to missing observations) from the 

 regression. 

OECD-countries 

Time-period: 2001-2003 2008-2009 2011-2012 

     

Countries 

included: 

Australia  Australia Austria 

Belgium  Austria Belgium 

 Canada  Belgium Canada 

 Czech Republic  Canada Chile 

 Finland  Colombia Colombia 

 Germany  Czech Republic Czech Republic 

 Hungary  Denmark Denmark 

 Iceland  Finland Finland 

 Ireland  France France 

 Israel  Germany Germany 

 Italy  Hungary Greece 

 Japan  Iceland Hungary 

 Korea  Ireland Ireland 

 Lithuania*  Israel Israel 

 Latvia  Italy Italy 

 Mexico  Japan Japan 

 Netherlands  Korea Korea 

 Poland  Lithuania Lithuania 

 Portugal  Latvia Latvia 

 Slovak Republic  Mexico Mexico 

 Slovenia  Netherlands Norway 

 United States  Norway Poland 

   Poland Portugal 

 
*Lithuania is 

additional 

excluded in a 

restricted version  

 Portugal Slovak Republic 

  Slovak Republic Slovenia 

  Sweden Spain 

  United Kingdom Sweden 

  United States United Kingdom 

   United States 

     

Countries 

excluded: 

Austria Norway Chile Australia 

Chile Spain Estonia Estonia 

 Colombia Sweden Greece Iceland 

 Denmark Switzerland Luxembourg Luxembourg 

 Estonia Turkey New Zealand Netherlands 

 France United Kingdom Slovenia New Zealand 

 Greece  Spain Switzerland 

 Luxembourg  Switzerland Turkey 

 New Zealand  Turkey  


