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Headline findings
and observations

+ NCUB estimates that in the UK each £1 of public R&D
stimulates between £0.60 to £1.10 of private R&D investment
in the short term, and between £3.09 to £4.02 in the long term.

+ By comparison, previous estimates by Oxford Economics
for the Department of Business, Energy and Industrial
Strategy in 2020 found a short-term impact of £0.41 to £0.74
and a long-term impact of £1.96 to £2.34 per £1 invested,
NCUB's findings therefore suggest that there is now a more
substantial impact of public R&D investment on private sector
activities over time.

+ Previous analysis indicated that in the UK, a 1% increase in
public R&D investment boosts private R&D spending by 0.23%
to 0.38% within the same year. NCUB analysis, using 2022
data and a similar methodology, found comparable leverage
rates of 0.18% t0 0.33%.

*  60% of the impact of public R&D spending on private R&D
investment is realised in the first 3 years, reflecting a more
pronounced impact in the short term.

+ Inthe short term, the UK shows relatively higher returns on
public R&D investment compared to peers in the G7. However,
the UK compares less favourably to G7 countries when it
comes to achieving long-term, sustained impact from public
funding or private R&D investment levels.

+ The policy implication is that public spending on R&D unlocks
private R&D investment, offering a strong and enduring return
on public investment that benefits the economy. However, the
UK should consider how it might better sustain the impacts
of public funding to achieve the long-term leveraging effect
achieved in other countries with advanced research and innovation systems.

+ More granular analysis to inform policy is currently not possible due to the limited ONS data on expenditures by
UK businesses across sectors and regions. As the UK seeks to further strengthen its research and innovation
system, we recommend that the Government works with the ONS to capture more comprehensive data in future to
inform evidence.
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Introduction

It is well evidenced that public funding of R&D plays a pivotal role in encouraging
private-sector innovation (Romer, 1990; Aghion and Howitt, 1990; Dosi et al. 2010).
This support acts as a catalyst, boosting the confidence of businesses to invest in
new, often high-risk but potentially revolutionary research areas.

The UK government has made significant commitments since 2020 to bolster public investment, a commitment solidified
in the 2021 Spending Review. With substantial resources earmarked for this purpose, it is crucial to monitor and fully
understand the implications of this increased investment. This report aims to deepen understanding by examining how
public R&D spending catalyses private investment in R&D activities, known as the leverage effect.

The leverage effect, or the “multiplier effect”, quantifies the extent to which government funding stimulates private
investment. Recognising that not every pound invested by public funders will result in an equivalent pound invested by
private businesses, the leverage rate offers crucial insight into the effectiveness of public investment in spurring private
sector involvement.

In 2020, as part of the publication of the R&D Roadmap by the Department for Business, Energy, and Industrial Strategy
(BEIS), Oxford Economics were commissioned to analyse the relationship between public and private R&D investments
(Oxford Economics, 2020). Analysing data from 2014 to 2017 across 15 OECD countries, the analysis revealed that whilst
there was largely a positive relationship between public and private investments in R&D the impact was not uniform. In
some countries public investment leveraged strong reciprocal private investment whereas in others the relationship was
less strong.

In the UK specifically the study found that public R&D spending has a leverage effect on private R&D investment. In the short
term (within the same year), every £1 of public investment leveraged a further £0.41 to £0.74 of private R&D investment,
whilst in the long term (cumulative effect up to 10 years), this increased significantly to between £1.96 and £2.34.

This report offers an important update on the insights derived from Oxford Economics’ research, presenting a refined

and current understanding of the leverage effect. It focuses primarily on analysing data concerning the UK, yet through
this examination it also draws insightful comparisons with other OECD nations. Using data from both the ONS and

OECD a panel comprising 15 OECD countries, including the UK, was constructed. This panel data serves as the basis for
econometric modelling, allowing for an assessment of leverage rates while considering the dynamic impact of public R&D
funding, on private sector R&D investment.

The structure of this report is as follows. Section 1 delves into the existing literature, providing a brief overview of the latest
evidence on the leverage effect. Section 2 presents the current data and trends in public and private investment in R&D.
Section 3 elaborates on the data sources and modelling methodology employed while Section 4 presents the data and
results. Finally, Section 5 outlines the conclusions and takeaways from this analysis.
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The relationship between public and private R&D investment is multifaceted, with
varying impacts as highlighted in 2020 analysis by Oxford Economics. To illustrate
this, consider a small biotech company developing a groundbreaking cancer
treatment. Despite the promising research, the high risks and long development
timeline may deter private investors. In such cases, a government grant can
provide essential funding, enabling the project to progress. This public investment
can attract additional private investment by reducing the project’s risk, making

it more appealing to venture capitalists. Thus, public spending can serve as a
catalyst, stimulating increased private investment in R&D.

Economic theory provides a rationale for government support of firms’ innovation efforts due to various market failures (e.g.,
Arrow 1962; Klette et al.,, 2000). These failures cause firms to invest less in R&D than is socially optimal because of factors like
knowledge spillovers, uncertain future returns, market inefficiencies, and limited resources (David et al.,, 2000; Feldman and Kelley,
2006). Furthermore, government intervention can address systemic issues within the innovation ecosystem (Salter and Martin,
2001), such as managing technological shifts, overcoming reliance on existing technologies, and enhancing innovation network
capabilities (Chaminade and Edquist, 2008). The innovation system perspective emphasises the importance of networks where
firms collaborate with other companies, universities, and public research institutions to foster innovation (Lundvall, 1992).

There is a growing and substantial body of research that supports that publicly funded R&D stimulates private R&D (see Table
1), and a summary of survey works by Correa et al.,, 2013; Becker 2015; Bloom, Van Reenen, and Williams 2019 and more
recently Ziesemer, 2021). These findings predominantly emerge from studies that focus on individual companies, examining
firm-level data (Czarnitzki and Toole 2007; Aerts & Schmidt 2008; Gonzalez and Pazo, 2008; Zufiiga-Vicente et al., 2014, Jaffe
and Le 2015, Howell, 2017; and Busom and Velez, 2021; Kantor and Whalley 2023). However, research at the national level over
time is less extensive. There are several studies, including those by Correa et al (2013), Sussex et al., (2016), Montmartin (2015),
and Deloitte (2017), that reveal a positive and statistically significant leveraging effect when governments invest in R&D, with
leverage rates ranging from 0.16 to 0.68.

The available evidence also shows some variation across studies when it comes to capturing the dynamic effects of public
R&D investment on private R&D investment. As observed in the second column of Table 1, most of the available evidence

only captures leverage rates in the short run, capturing immediate impacts (i.e., the immediate increase in private sector R&D
investment in response to a current increase in public R&D funding). An important element across the different studies is that
very few capture leverage rates in the long run, or the cumulative effect of public R&D funding on private-sector R&D investment
over a longer period. This considers the indirect and lagged effects of public support that might not be immediately apparent.

Table 1. Leverage rates from recent studies

Correa et al,, (2013) Short run: 0.166-0.252 Various Meta-analysis
Montmartin (2015) Long run: 0.43 OECD-25 Country panel
Sussex et al. (2016) Short run:0.68 UK Country-level Biomedical and health R&D
expenditure
Deloitte, (2017) Short run:0.2 OECD-17 Country panel
Oxford Economics (2020) Short run: 0.24- 0.38 OECD-10 Country-level
Longrun: 1.01t0 1.32
Moretti et al. (2023) Short run: 0.5-0.6 OECD Industry-country level Military R&D funding
Pallante, Russo, and Short run: insignificant EEUU Industry-country level Military R&D funding
Roventini (2023) Longrun:0.11t0 0.14
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SECTION 2

The value of
private and public
R&D expenditure in
the UK
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This section presents the current UK data on R&D expenditures by the private and
public sector, focusing on the period between 2014 and 2022. The data for both
sectors comes from the Office for National Statistics (ONS).

By private R&D this report refers to business enterprise expenditure on R&D (BERD), which represent the component

of Gross Expenditure on R&D incurred by the business enterprise sector, regardless of the origin of funds. According to
the Frascati Manual (OECD, 2015), the business enterprise sector includes “all firms and organisations and institutions
whose primary activity is the production of good and services (other than higher education) for sale to the general public at
an economically significant price and the privet non-profit institutions mainly serving them”. This report uses private and
business R&D interchangeably.

The ONS releases distinct statistics detailing Research and Development (R&D) expenditure by the public sector. This
encompasses both direct expenditure and funding facilitated by various entities under the purview of the UK Government,
including its departments, agencies such as UKRI, and the devolved administrations. However, it is worth noting that
expenditures attributed to higher education establishments are not included in these statistics. The figures presented in
this section reflect a net expenditure perspective. This entails the aggregation of R&D activities conducted “in house” by
the public sector, along with R&D initiatives procured or financially supported by public funds, while deducting any funding
received for R&D purposes.

In 2023 the ONS changed the methodology used to captured data on business enterprise expenditure on R&D. This has
had a sizeable impact on the data reported and on the extent of data captured. Specifically, there is no time series data
available on sectoral or regional variations.

Acknowledging the significance of the ONS methodological adjustments to data on business enterprise expenditure
on R&D, it is important to note that these changes pose limitations to capturing sectoral and regional variations, as well
as exploring various types of public funding. To achieve a more comprehensive understanding of R&D activity trends,
the provision of time series breakdowns of Business Enterprise Research and Development and Gross Expenditure

on Research and Development data by industry sector, company size, and innovation type would be beneficial and we
encourage the Government to work with the ONS to achieve this.

THE VALUE OF PRIVATE AND PUBLIC R&D EXPENDITURE IN THE UK

Unlocking growth: The impact of public R&D spending on private sector investment in the UK 8



Levels of private expenditure on R&D in the UK

The data from the ONS on Business Expenditures on Research and Development in the UK shows a clear upward

trend from 2014 to 2021 (Figure 1)'. Starting from £37.8 billion in 2014 there is a steady increase each year, peaking at
£50.1 billion in 2021. There is a slight and temporary decrease in 2020 to £46.1 billion, which could be attributed to the
economic impact of the COVID-19 pandemic. However, by 2022 business R&D expenditure appears to plateau, which
may be an early sign of a cessation of growth. The average annual growth rate of private R&D investment between 2014
and 2022 is 3.4% in real terms.

Figure 1. R&D performed by the business sector and R&D funded by the public

Source: NCUB based on ONS.? Data in constant prices, with the year 2022 as the base year (2022=100)°.
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Levels of public expenditure on R&D in the UK

Between 2014 and 2022 expenditure within the public sector for research and development mostly grew (Figure 1).
Starting at £13.4 billion in 2014, the funding remained relatively stable until 2016, after which a notable uptick is evident.
Funding increased to £16.2 billion in 2020, subsequently declining to £15.7 billion in 2021 and further to £15.5 billion in
2022. Across this timeframe, the average annual growth rate stands at 1.7%. Looking ahead, the spending review in 2021
indicates that the government budget on R&D will increase to £19.4 billion for the financial year 2023/24, scaling up to
£20.0 billion in 2024/25.4 These increases represent a significant 19% real terms increase in 2023/24 and a 3.1% increase
in 2024/25, aligning to the UK's deliberate growth strategy to improve research intensity and bring public funding for
research closer in line with competitor nations.

Balance of public to private investment in R&D in the UK

Table 2 presents a general overview of the distribution of R&D expenditure in the UK between the public and private sectors
from 2014 to 2021, along with the ratio of private to public R&D spending. The proportion of public sector investment

in R&D hovered between 23% and 26%, while the private sector’s contribution ranged from approximately 74% to 76%.
Correspondingly, there is a consistent trend that for every pound spent by the public sector, the private sector spent over
three pounds. Analysing the ratio of private to public R&D spending is crucial because it offers insights into the balance of
investment between the two sectors, reflecting the extent of reliance on private funding for research and innovation activities.

1 The time series experienced a notable break in 2074 due to the implementation of a new methodology by the ONS for measuring BERD. Consequently, data post-2014 is
considered provisional and reflects this methodological shift. This updated approach to estimating R&D spending has led to a significant increase in the reported figures
from 2074 onwards. However, it's important to note that this data is not directly comparable with the historical time series data due to the change in methodology. The
inclusion of the historical time series in our analysis serves primarily to illustrate the relative changes in private R&D spending over time. For assessments of current
levels of spending, it is advisable to rely on the latest data.

2  https:/www.ons.gov.uk/economy/governmentpublicsectorandtaxes/researchanddevelopmentexpenditure/bulletins/businessenterpriseresearchanddevelopment/2021

3 https//www.gov.uk/government/collections/gdp-deflators-at-market-prices-and-money-gdp

4 https/assets.publishing.service.gov.uk/media/61c495ebe90e07196d2b8383/Budget AB2021_Print.pdf
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Table 2. Public and private R&D distribution and ratio of private to public.

Proportion of UK expenditure

Ratio of private R&D to public
I R N

2014 25.8% 74.2% £2.88
2015 25.0% 75.0% £2.99
2016 24.0% 76.0% £3.16
2017 24.2% 75.8% £3.13
2018 23.7% 76.3% £3.21
2019 24.3% 75.7% £3.12
2020 25.8% 74.2% £2.88
2021 23.9% 76.1% £3.18
2022 23.7% 76.3% £3.22

According to provisional estimates from the OECD, private R&D contributed 1.9% to the UK’s Gross Domestic Product
(GDP) in 2018, while public R&D accounted for 0.5%, resulting in a total R&D contribution of 2.5% (Figure 2). Data suggests
that the direct contribution of R&D expenditure on GDP has since increased. In 2020 and 2021, both private and public R&D
increased by 2.1% and 0.6%, respectively, resulting in a total R&D/GDP ratio of 2.9% for both years. These figures reflect
the direct impact of private and public R&D investments on the UK's overall economic output. It is important to note that
this does not capture the wider economic impact of R&D on factors like productivity and long-term economic growth.

Figure 2. R&D performed by the business sector and R&D funded by the public
Source: NCUB, based on OECD main Science and Technology Indicators, 2024.

Note: Data includes UK and devolved governments, UKRI, higher education, and higher education
funding councils. Data in constant prices, with the year 2022 as the base year (2022=100).
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In summary, the examination of R&D expenditure in the UK illuminates several noteworthy patterns. Private investment in
R&D grew from 2014 to 2021, culminating in a peak of £50.7 billion in 2021, albeit with a slight downturn in 2020 attributed
to the COVID-19 pandemic. However, 2022 data might be showing early warning signs of private R&D investment growth
stagnating. Public sector R&D investment has also demonstrated steady growth over the same period, averaging a 2.4%
annual increase. Despite occasional fluctuations, private investment consistently surpassed public investment, with the
private-to-public spending ratio consistently exceeding £3.00. Noteworthy is the contribution of private R&D to the UK’s
GDP, which stood at 1.9% in 2018 and 2019, compared to public R&D’s 0.5%, resulting in total R&D/GDP ratios of 2.5% and
2.6%, respectively. These figures underscore the profound impact of combined private and public R&D investments on

the UK's economic output, indicating a balanced yet predominantly privately funded research landscape. The subsequent
section will delve into the data and modelling to identify the leverage effect of public investment on private sector R&D.

THE VALUE OF PRIVATE AND PUBLIC R&D EXPENDITURE IN THE UK
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This part of the report explains the data and the methods used to analyse the
leverage effect of public R&D funding on private R&D investment. As mentioned
earlier, it is important to be clear about how the analysis was done to strengthen
the evidence provided. Being transparent about the methods helps others
understand both the strengths and weaknesses of our approach.

Data

For the modelling conducted in this report two primary sources of data are relied upon:

data from the UK's Office for National Statistics (ONS) on business enterprise research and development expenditure (BERD)
and research and development expenditure of the UK government (GERD), covering the timeframe from 2014 to 2022.

the OECD’s Main Science and Technology Indicators (MSTI) database. The OECD has aggregated R&D data for the
United Kingdom, which was provided by the Office for National Statistics (ONS) in February 2023.

The analysis presented in the report spans 2014 to 2022, providing a longitudinal perspective on R&D trends across 15
OECD countries, including the UK. This timeframe was selected due to a significant shift in the UK’s R&D data, which has
only been backdated to 2014.

In the analysis presented, R&D expenditure data is depicted in terms of purchasing power parity (PPP) in US dollars, adjusted
to constant 2015 prices. The report estimates leverage rates by converting PPP into local currency and then deflating the
series using GDP deflators. The UK deflators are based on market prices, with 2022 serving as the reference base year.

DATA AND MODELLING
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Model

The empirical model is specified as a dynamic panel data model, where the current business R&D expenditure of a country
cattimet (LogBUSBERD,,) is a function of its past expenditure levels (logBUSBERD,.;), public sector R&D funding
PubGERD, and a set of control variables that capture country-specific characteristics and macroeconomic factors. The
leverage rate is captured by B.. The lagged dependent variable captures the persistence of R&D investment over time,
reflecting the cumulative nature of R&D activities.

LogBusBERD.; = do + a; logBUSBERD ., + B 10g(PUDGERD) st + Xct# Ect [1]

To determine country-specific leverage rates, including the UK's, we partitioned public funding by a dummy variable
(i.e., the log(PubGERD)., is multiplied by a dummy variable which for the case of the UK, takes the value of 1 and 0
elsewhere). This means that each country has its own model with a unique interaction term, allowing us to estimate
and test whether their leverage rates differ significantly from the overall sample. The vector x.: captures all control
variables. The model also assumes a random error term g

The leverage rate, representing the impact of public R&D support on business R&D within a specific country, is denoted as
B.. This short-term elasticity is crucial for understanding immediate effects. Meanwhile, the long-term elasticity, crucial for
gauging sustained impacts, is expressed as B./(1-a:), whereas the level of business R&D persistence is captured by a.

Dependent variable
The dependent variable in our analysis is business enterprise research and development expenditure (LogBusBERD.,),
adjusted to account for the impact of government R&D tax credits.

The business R&D investment records R&D funded through tax credits as privately funded, even though it is essentially
backed by a tax reduction — a type of indirect R&D support. R&D tax credits likely correlate with overall government
funding for R&D and can significantly influence business investment in this area. To address this, data was used from
the OECD R&D Tax Incentives database® to quantify the indirect government support provided through tax credits.
There was an adjustment made on Business expenditure on Research and Development based on the percentage of
business R&D expenditures attributable to these tax credits. This adjustment helps ensure the estimates are not biased.

Main independent variable

The aim is to examine the influence of public ly-funded R&D — encompassing government, research councils, and higher
education funding — on private-funded R&D, which includes business, private non-profit, and foreign contributions. This
approach enables an assessment of the broader impact of public funding for R&D, capturing both direct and indirect
leverage effects. The aim is to quantify the full spectrum of spillovers leading to these effects, without delving into the
specific mechanisms of their occurrence.

Control variables

In order to address factors associated with both public R&D funding and private investment, and to avoid potential flaws
or biases in conclusions, the report incorporates controls for key determinants identified in previous studies, aligning with
the BEIS (2020) analysis. The first set of controls focuses on the broader economic context. This dimension includes
variables such as GDP growth rate, employment growth rate, and investment (Gross fixed capital formation, GFCF) growth
rates within the specifications. Additionally, interest rates serve as an indicator of the cost of accessing finance for R&D
initiatives. To assess the skills of the workforce, the number of R&D workers and the growth rate of R&D employment

are included as controls. A third set of controls involves the Herfindahl Hirschman Index (HHI) to capture the level of
competition in product markets. Lastly, the export share of GDP is introduced as a control variable to address the influence
of trade on private R&D investment.

For all variables within the analysis, quality checks, outlier detection, and treatment are performed. Table A1 presents the
main descriptive statistics, while Table A2 displays a correlation matrix between key variables and controls. As indicated
in Table A2, defence R&D is strongly correlated with both private and public R&D. The correlation coefficients for other
control variables are either moderate or not statistically significant.

DATA AND MODELLING
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Estimation strategy

In order to facilitate a comparison with Oxford Economics’ work, we have adopted a similar approach. However, our estimates
differ because we use updated data for business R&D investment, coming from a sample of a whole business population.® This
difference impacts elasticities and leverage rates. We also include more countries in our analysis to calculate leverage rates and
employ a distinct instrumental variable. As in BEIS (2020), we use a two-step System GMM estimator, as proposed by Arellano and
Bover (1995) and Blundell and Bond (1998), to obtain consistent and efficient parameter estimates. The validity of the instruments
is tested using the Hansen J-test of overidentifying restrictions, and the absence of second-order serial correlation in the residuals
is verified using the Arellano-Bond test. This methodological framework enables us to estimate the leverage effect of public R&D on
private R&D expenditure, providing insights into the effectiveness of public policies in stimulating private sector R&D.

The System GMM estimator combines equations in differences with equations in levels, using lagged levels as instruments
for the differenced equations and lagged differences as instruments for the level equations. This dual nature enhances the
efficiency of the estimator and mitigates potential biases arising from fixed effects and unobserved heterogeneity.

To establish identification in our analysis, we adhere to the methodology outlined by Moretti et al. (2019) by employing the
predicted level of public defence R&D as an instrumental variable for public R&D funding as follows:

In(DR)s% = share.; defo, + ye + Vi 2]

where In(DR)& corresponds to the natural logarithm of R&D defence spending for country ¢ and year t; share., corresponds to a
one-year lag of the share of government defence R&D; y. and v; represent a country and year fixed effect respectively.

Our rationale behind selecting the predicted defence R&D as an instrumental variable stems from its ability to isolate variations in
public funding. This choice is grounded in the observation that defence R&D exhibits a correlation with public R&D over time, and
there is substantial variability across countries. Moreover, its influence on private R&D is perceived as solely occurring through the
channel of public funding, reinforcing its suitability as an instrumental variable in our analysis. When it comes to overall military
procurement, changes in national military R&D obligations seem to be influenced more by geopolitical events than by the business
cycle or productivity levels, as proposed by Ramey (2011), Moretti et al. (2023), and Pallante, Russo, and Roventini (2023).

As deployed by Oxford Economics, we also used interest rates as an instrumental variable and our results qualitatively
hold regardless of the instrumental variable (see robustness check in section 4.3).

A summary of the analytical framework used is shown in Figure 3. The approach involves dynamic panel data modelling to
determine the leverage rate for the UK, using data from the ONS and the OECD on both public and private R&D investment. The
main model results provide leverage rates, including the level of R&D persistence and the short-term leverage rate. From these
leverage rates and the ratio of R&D investment to public R&D spending, we derive the monetary impacts and time profile of a
£1 increase in public R&D spending on private R&D investment. The next section of the report will outline the primary findings
of this analysis.

Figure 3. Analytical framework for determining leverage rates and monetary impacts of public R&D
spending on private sector R&D investment.

Ratio of R&D investment to
public R&D spending

6 See latest update of BERD data by the ONS (https.//www.ons.gov.uk/economy/governmentpublicsectorandtaxes/researchanddevelopmentexpenditure/bulletins
businessenterpriseresearchanddevelopment/2022)
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This section delineates the primary findings derived from the analysis. Initially,

it presents regression results, employing various specification models and
statistical tests to underscore the consistency of conclusions. Through rigorous
regression analysis, this section identifies critical factors influencing leverage
rates and elucidates their monetary implications for the UK. Moreover, it delves
into the dynamic impact of public R&D funding on private R&D expenditure.

The subsequent segment conducts robustness checks, ensuring the validity of pivotal analytical choices. Finally, the
section compares the UK's leverage rates with those of a selected set of economies (the G7 group), shedding light on both
short-term and long-term leverage trends for comparative purposes.

Leverage rates

Before we set out key findings from this analysis it is important to demonstrate how the models used performed against
relevant diagnostic tests to ensure the inferences drawn can be considered valid and reliable. Table 3 showcases our
selected models, which have successfully passed relevant diagnostic tests. The key coefficients are not only significant
but also align with theoretical expectations. Columns (1) to (6) display various specifications, underscoring the robustness
of the regression analyses. The number of observations and countries remains consistent across all specifications. Both
the Arellano Bond (AR) test for autocorrelation and the Hansen test for overidentified restrictions meet the 1% significance
level criteria. This confirms the robustness of the models against serial correlation and validates the suitability of the
instruments used in our analysis. First stage regression models are in Table A3 in the appendix.

Table 3. Dynamic panel-data estimation, one-step system GMM (selected specifications)

(1) (2) (3) 4) 6) )
model1 model2 model3 model4 model5 model6
Log_BUSBERD (t-1) 0.72%% Of872es 0IS8zas 0,765+ 0,775 0,765
(0.05) (0.05) (0.05) (0.05) (0.06) (0.05)
Log_PubGERD (others) 0.27%** 0.719%x* 0.18*** 0.26%** 0.37%** 0.27%**
(0.07) (0.05) (0.05) (0.05) (0.06) (0.05)
Log_PubGERD (UK) 0.26%** 027 0. 205 0.2z %%+ 033 0.29%**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
In_gdp 0.26%**
(0.02)
gdp_growth 0.077%**
(0.00)
inventories 0.01*%*
(0.00)
gfcf 0.01*%*
(0.00)
hhi -0.24%
(0.00)
exports ="
(0.00)
Observations 90 115 117 117 109 709
Number of countries 16 15 16 15 14 14
Number of instruments 27 27 25 27 27 27
Arellano-Bond AR 0.337 0.665 0.589 0.680 0.472 0.499
Sargan test (p-value) 0.274 0.452 0.160 0.756 0.166 0.652

Note: All regressions contain country and year fixed effects. Missing values are not imputed. Stars indicate statistical significance at the 1% (***), 5% (**), 10% (*) level. Standard
errors in parenthesis are robust to heteroskedasticity. Arellano-Bond test for AR(2) shows the P-VALUE. Sargan test for exogenous restrictions. A high p-value indicates that the
instruments are suitable for our analysis. Log_BUSBERD, Log_PubGERD, and all controls are treated as endogenous and instrumented. Defence R&D spending is treated as
instrumental variable.

Source: NCUB analysis based on OECD main science and technology indicators, April 2024 and ONS BERD, March 2024.
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To derive leverage rates, two key factors are essential. Firstly, there is the short-run elasticity or leverage rate, indicating
the immediate impact of public R&D investments on private R&D. This rate, coupled with the ratio of private to public R&D,
is crucial for calculating the short-term monetary effect of public R&D on its private counterpart. Secondly, there is the
level of private R&D persistence, reflecting the delayed effects on private R&D investments over time. This signifies that
adjustments in R&D investment between years are not instantaneous but unfold gradually.

The long-run elasticity needed to calculate the long-term monetary impacts can be derived from the level of persistence
and the leverage rate. Table 4 contains the main ingredients of the leverage rates for the UK and their corresponding
impact on cash investment, based on the results obtained in Table 3.

Our estimated short-run leverage rate spans from 0.18 to 0.33, meaning that a 1 percent increase in public R&D
translates to a 0.18% to 0.33% increase in business R&D within the same year. This translates to a monetary impact
ranging from £0.60 to £1.10 per pound invested by the public in private R&D. Although the leverage rates obtained are
similar to those reported by Oxford Economics (0.25% to 0.38%), the monetary impact with the latest data on private and
public R&D levels is higher than their estimates (£0.50 to £0.74 for every pound invested).

Regarding the level of private R&D persistence, it varies between 0.74 and 0.81. These positive coefficients suggest
persistence, meaning a higher value of private R&D investment in the past leads to a higher value of private R&D in the
future, indicating a positive feedback loop. For example, a persistence value of 0.74 (as in model 5) implies that a 1%
increase in private R&D investment in the previous year leads to a 0.74% increase in current private R&D investment. The
level of persistence identified aligns with the boundaries reported by Oxford Economics.

Based on these key ingredients, the leverage rate and the level of private R&D spending, the results indicate that public R&D
influences private spending in subsequent years. The modelling reveals that the long-run impact of public R&D on private
R&D ranges from 0.93 to 1.21, implying that each £1 of public R&D eventually stimulates between £3.09 and £4.02 of
private R&D. While the long-run impact aligns with ranges identified by Oxford Economics (1.01 to 1.06), the observed
monetary impact in their study is lower (£1.96 to £2.34).

Table 4. Leverage rates and monetary impact (UK)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Leverage rate (Bu) 0.26 0.21 0.18 0.28 0.33 0.29
Private R&D persistence (a;) 0.75 0.81 0.78 0.84 0.74 0.78
Long run elasticity (Bu/(1-as) 0.93 1.17 1.06 1.17 1.14 1.21
Short run monetary impact £0.87 £0.70 £0.60 £0.93 £1.10 £0.97
Long run monetary impact £3.09 £3.88 £3.52 £3.88 £3.79 £4.02

Note: Monetary impacts are calculated using a ratio of private to public R&D of £3.33 across the UK sample between 2014 and 2021.

Now based on the leverage rates and their corresponding monetary impact, a time profile is constructed to visualise how
public funding’s effect unfolds and accumulates over time. This profile serves as an experiment to illustrate the outcome
of increasing private R&D investment by £71 for each model considered. Across the six selected models, we assume that
the level of private R&D persistence ranges between 74% and 80%, as determined by the regression models. This indicates
that while public funding may take time to translate into higher business R&D expenditure, the primary impact occurs
within a relatively short timeframe (1 to 5 years).

The time profile depicts an experimental scenario where each year is hypothetical, with year O representing the pivotal
moment when public funding experiences its £1 increase. Subsequent years then unfold, mirroring the realisation of
this initial investment boost and its subsequent impact on private R&D investment. This approach allows for a dynamic
exploration of the evolving effects of public R&D expenditure over time, shedding light on both short-term and long-term
trends in private sector R&D.
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The time profile depicting the impact on private R&D investment in the UK resulting from a £1 investment in public R&D is
presented in Figure 4. This visual demonstrates consistent impact across all models, highlighting that the most significant
effects manifest within the initial years, gradually diminishing thereafter. The analysis uncovers a discernible trend across
the various models. Generally, the bulk of the impact occurs in the short term, with incremental private R&D investment
experiencing more substantial growth in the early years. For example, according to Model 1, the impact escalates from £0.76
in the first year to £1.10 in the second year, indicating a significant early influence. Overall, across all models, approximately
60% of the impact occurs within the first 3 years. These diminishing returns imply that the immediate post-funding period
plays a pivotal role in stimulating private R&D, with the impact gradually diminishing in subsequent years.

When comparing the selected models, several notable differences emerge. Firstly, Model 1 exhibits the lowest cumulative
effect over time, plateauing at a long-run impact of £3.09 by year 10 and maintaining a steady trajectory thereafter.
Following closely, Model 3 demonstrates the second lowest cumulative effect, reaching £3.52 by year 10.

Conversely, Models 2, 4, 5, and 6 display very similar trajectories over time, producing nearly identical cumulative effects
ranging from £3.79 (Model 5) to £4.02 (Model 6). These disparities across models bear significance when projecting the
impact of public and private R&D investment on GDP. For instance, the most conservative model (Model 1) results in the
lowest impact on GDP, while Model 6 potentially generates the highest impact due to its highest short-term and long-term
leverage rates.

It is important to highlight that establishing confidence intervals around leverage rates and monetary impacts is crucial
for comprehensively assessing both immediate and long-term implications for economic growth and innovation. By
quantifying the level of uncertainty inherent in the data, confidence intervals help to identify the degree of confidence in
the estimated leverage rates and monetary impacts. Wider intervals indicate greater variability or uncertainty, prompting
caution in interpretation, while narrower intervals instil greater confidence in the results. Overall, models 2, 4, 5, and 6
provide the most stable and consistent leverage rates, offering reliable estimates for policy considerations, whereas
models 1 and 3 could be regarded as conservative scenarios and, to some extent, extreme cases, emphasising the
importance of considering a range of potential outcomes in decision-making processes.

Figure 4. UK time profile of the impact on private R&D investment of £1 of public R&D investment
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Summing up, NCUB analysis focuses on clarifying the complex relationship between public and private R&D investments
in the UK, including the short-term and long-term effects. Two critical factors, short-run elasticity and private R&D
persistence are pivotal to understanding this dynamic. Short-run elasticity, delineating the immediate impact of public R&D
on private R&D, coupled with the ratio of private to public R&D, is essential for calculating short-term monetary effects.
Meanwhile, private R&D persistence reflects the delayed effects of private R&D investments over time, indicating a gradual
unfolding of adjustments rather than instantaneous changes. Leveraging these factors, the study unveils leverage rates
ranging from 0.18 to 0.33, signifying that a 1 percent increase in public R&D translates to a 0.18% to 0.33% increase

in business R&D within the same year, with corresponding monetary impacts ranging from £0.60 to £1.10 per pound
invested. Furthermore, the analysis identifies private R&D persistence levels between 0.74 and 0.81, implying a positive
feedback loop where higher past private R&D investment leads to increased current investment.

Ultimately, this study underscores the long-term influence of public R&D on private investment, with £1 of public R&D
stimulating between £3.09 and £4.02 of private R&D eventually. An experiment of the dynamics of the effects illustrates
that while the bulk of the impact occurs in the short term, the influence gradually diminishes over time, revealing that
although long-term impacts are discernible, the most substantial reaction from the private sector tends to occur within the
initial years. The policy implication is that public spending on R&D unlocks private R&D investment, offering a strong and
enduring return on public investment that benefits the economy.

Cross country comparison of short run and long run impacts

This study also explores how the UK compares globally by using data from the OECD panel to estimate the leverage rates
of other OECD countries.

Employing the identical OECD R&D dataset and control variables utilised in the previous section, the short and long-term
effects of public R&D investment on private R&D investment are estimated. The analysis concentrates on G7 nations for a
comparative perspective.

To start with, an analysis of the short-term impacts of public R&D investment shows a number of trends that demonstrate
the variable nature that leverage rates have in different countries. Figure 5 shows that when examining the short-term
impacts of £1 of public R&D investment across countries the UK stands out with relatively higher effects compared to

G7 countries, including Japan, France, and the overall OECD average. This implies that, in the short term, the UK often
sees a comparatively higher return on investment in public R&D compared to other nations with advanced research and
innovation systems.

Figure 5. G7 economies: comparison of short-run impacts from £1 of public R&D investment (impacts in £)

Min Max
us 0.85 l i 1.25
UK 073 @ @ 1.03
Japan 0.6 @ @ 0.91
Germany 0.52 @ @ 0.86
OECD 0.54 @ @ 0.8
France 0.45 @ @® 0.76
Canada 039 @ @ 0.53
ltaly 034 @ @ 0.53
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

Note: the ranges might be a bit broader since we're working with time series data limited to just 8 years. Estimates cover the period of 2074 to 2021. Canada data for 20217 is missing.

FINDINGS
Unlocking growth: 19



However, in the long term (Figure 6) the landscape shifts, exposing a more moderate trajectory for the UK's returns in
comparison to specific global counterparts. The long-term impacts stemming from £1 of public R&D investment in the UK
range between £3.09 and £4.02, while the OECD average spans from £2.98 to £4.46. Notably, the UK’s monetary impact
trails behind that of the US, Germany, Japan, and France, surpassing only that of Canada and Italy.

Figure 6. G7 economies: comparison of long-run impacts from £1 of public R&D investment (impacts in £)

Mini iMax
us 4.9 7.36

Germany 45 @ @ 7.18
Japan 1@ @ 4.56
OECD 298 @ @ 4.46
France 2.67 @ @ 4.21
UK 3.09 @ @ 4.02
Canada 1.93 @ @ 2.8
Italy 149 @ @ 2.52
1 1.5 2 25 3 35 4 4.5 5 5.5 6 6.5 7 7.5

Consistent with findings from Oxford Economics, the NCUB analysis underscores that the effect of £1 of spending
varies significantly across countries, surpassing disparities in estimated leverage rates. This discrepancy stems from the
fact that even minor variations in leverage rates can amplify when considering the impact of an additional £1 of public
expenditure, owing to differences in the ratio of private to public R&D expenditure.

Echoing the insights gleaned from Oxford Economics’ analysis, the NCUB findings reveal strikingly similar short-term
leverage rates across nations, with one notable exception: the US demonstrates a higher short-term leverage rate in the
NCUB analysis compared to Oxford Economics (0.85 to 1.25 versus 0.55 to 0.65). However, in the long run, the NCUB
analysis indicates more substantial impacts than those identified by Oxford Economics. Moreover the US consistently lags
behind the UK in Oxford Economics’ analysis.

Robustness checks

A series of robustness checks were carried out to validate the findings, as detailed in the appendix. Initially, the potential
use of interest rates as an alternative exogenous variable was examined (see Table A4). However, certain models,
particularly 3 and 4, did not produce satisfactory model specifications. Nonetheless, it is important to highlight that despite
these variations, the leverage rates consistently fell within the previously identified ranges.

In addition, an alternative specification wherein business expenditure on research and development (BERD) was employed
that included indirect government support through R&D tax incentives as a proportion of GDP (R&D tax) as a control
variable. This variable was sourced from the OECD main Science and Technology database. The results presented in Table
A5 align with selected estimations, demonstrating consistency in leverage rates. Moreover, the coefficients associated
with R&D tax credits were found to be statistically significant.

The sensitivity of the dependent variable was assessed by using an alternative variable, Gross Expenditure in Research and
Development financed by the Business Enterprise sector (BussGERD). For the UK, this variable is currently a provisional
estimate obtained from the OECD database and dates from 2018, as the ONS has not yet produced GERD values.
Estimation results in Table A6 indicate that the coefficients exhibit the expected signs and lie within the same magnitude
observed in the main findings. However, coefficients of short-term leverage rates for the UK in certain models, particularly
2 and 3, lost their level of significance, potentially due to a limited time series.

Finally, a sensitivity analysis was conducted to assess whether the results were influenced by any single country. In this
analysis, all selected models were rerun while systematically excluding one country at a time. The purpose was to examine
whether the absence of any particular country would significantly affect the outcomes. Remarkably, the results remained
robust across all iterations, with no single country exerting a disproportionate influence or biasing the findings.
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SECTION 5

Conclusions
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This report aims to examine the impact of public R&D investment on private
sector activities within the UK. Using a blend of data from the Office for National
Statistics (ONS) and an OECD country panel, the NCUB analysis endeavours to
discern the effects of a £1 increase in public R&D expenditure on private sector
R&D spending. This effect, termed the monetary impact of the leverage rate,
delineates how much private sector R&D activity escalates in response to a £1
uptick in public R&D funding.

Drawing upon the insights from the 2020 Oxford Economics analysis commissioned by the Department for Business,
Energy & Industrial Strategy (BEIS), the NCUB analysis reveals that the UK's leverage rate ranges from 0.18 to 0.33. This
indicates that a 1% increase in public R&D translates to a 0.18% to 0.33% increase in business R&D within the same fiscal
year, culminating in a monetary impact ranging from £0.60 to £1.10 per pound invested by the public in private R&D. While
the obtained leverage rates align closely with those reported by Oxford Economics (0.25% to 0.38%), the monetary impact,
reflecting the latest data on private and public R&D levels, exceeds their estimates (£0.50 to £0.74).

Examining the temporal evolution of the monetary impact, the NCUB analysis underscores that 60% of the impact is
realised within the initial three years, demonstrating the swift and substantial influence of public R&D on private sector
R&D activities. In the long term, the NCUB analysis finds that the monetary impact ranges between £3.09 to £4.02. These
findings resonate with existing literature on the positive influence of public R&D support on private R&D investment,
accentuating the significance of strategic and timely investments in public R&D to foster sustained growth and innovation
within the UK economy. This illustrates the importance of the critical early years following R&D investment, as well as the
need for continued support and momentum over the long term to maximise the benefits of innovation-driven economic
development.

When comparing leverage rates across peer countries within the G7, the UK's R&D landscape paints an interesting

picture. Initially, government investments appear to catalyse more private R&D spending in the short term (up to 5

years) compared to other countries. This phenomenon, however, exhibits a diminishing trend over time. In assessing the
immediate impacts of £1 of public R&D investment across countries, the UK emerges with notably higher effects relative
to G7 counterparts, including the United States, Japan, France, and the overall OECD average. This suggests that, in the
short term, the UK often experiences a comparatively superior return on investment in public R&D compared to its peers.
Yet, as time progresses, the scenario shifts, revealing a more moderate trajectory for the UK's returns in comparison to
specific global counterparts. The long-term impacts stemming from £1 of public R&D investment in the UK range between
£3.09 and £4.02, while the OECD average spans from £2.98 to £4.46. Remarkably, the UK’s monetary impact trails behind
that of the US, Germany, Japan, and France, surpassing only that of Canada and Italy. This underscores the importance of
strategic foresight in achieving sustained and impactful outcomes from public R&D investments over an extended period.

The observed phenomenon of higher short-term returns and lower long-term returns in the UK’s leverage rates compared to
other G7 countries can likely be attributed to a combination of microeconomic, macroeconomic, and institutional factors.
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At the microeconomic level, academic research suggests that firms receiving public funding for R&D initially benefit from
advantages such as exploring novel research avenues, seizing early-mover advantages, and mitigating risks (Mudambi
and Swift, 2014; Barrero, Bloom, and Wright, 2017). However, this influence gradually diminishes as the most commercially
lucrative areas are explored first. Additionally, the dominance of small and medium-sized enterprises (SMEs) in the UK’s
R&D landscape plays a significant role, as these entities often lack the resources for long-term investments (Czarnitzki,
2006; Czarnitzki and Hottenrott, 2011).

On the macroeconomic and institutional fronts, scenarios of economic uncertainty such as Brexit and global events tend
to drive policies and funding towards short-term initiatives. Furthermore, distinctive financial structures in the UK may
discourage investments with long-term returns (Alaynade et al., 2023). Additionally, shifts in the focus of public research
initiatives might prompt certain private investment decisions to be temporarily deferred.

Overall, these intertwined factors contribute to the observed pattern of higher short-term returns and lower long-term
returns in the UK's leverage rates, highlighting the complex interplay of microeconomic behaviours, macroeconomic
conditions, and institutional dynamics shaping R&D investment outcomes.

Future research endeavours should delve deeper into analysing leverage rates across various sectors and geographical
regions. Additionally, investigating the impact of both public and private R&D investment on GDP (or R&D intensity) would
provide valuable insights into the broader economic implications of R&D expenditure. As the Office for National Statistics
(ONS) publishes more detailed breakdowns of R&D data and extends time series, NCUB will be poised to undertake more
comprehensive examinations of these issues. Expanding the scope of analysis to encompass sectoral and geographical
variations, alongside a holistic assessment of R&D investment’s influence on economic indicators, would enrich our
understanding of the intricate dynamics at play in innovation ecosystems.
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Appendix

Table A1. Summary statistics: Full sample, UK and selected economies

(1) (2) (3) 4 (5 (6)
Full sample UK United States France Germany Italy
Business R&D tax 9.48 10.50 12.65 10.33 11.14 9.58
adjusted (log) 1.754 (0.343) (0.199) (0.053) (0.170) (0.167)
Business R&D (log) 9.46 10.29 12.62 10.43 11.05 9.55
(1.737) (0.388) (0.286) (0.148) (0.236) (0.250)
Public R&D (log) 8.88 9.58 11.70 9.93 10.31 9.45
(1.537) (0.108) (0.135) (0.0879) (0.194) (0.112)
GDP (log) 13.79 14.65 16.57 14.66 15.04 14.57
(1.518) (0.191) (0.177) (0.177) (0.159) (0.108)
GDP growth 2.26 1.98 2.47 1.53 1.32 0.68
(3.040) (3.183) (1.919) (2.367) (2.111) (2.966)
Inventories (log) 22.27: 2277 24.67 23.31 23.71 22.46
(1.547) (0.714) (0.519) (0.647) (0.685) (0.796)
Gross fixed capital formation 278 2.26 3.34 2.10 1.15 1.21
(log) (6.479) (4.676) (4.487) (3.873) (3.669) (5.828)
Herfindahl Index 0.11 0.05 0.06 0.06 0.04 0.05
(0.130) (0.00509) (0.00795) (0.0103) (0.00427) (0.00938)
Trade 40.32 27.47 11.27 27.63 37.98 26.58
(22.18) (2.510) (1.373) (2.583) (8.982) (2.987)
Defence R&D (log) 6.57 7.85 10.95 7.82 7.15 4.81
(3.753) (0.386) (0.136) (0.665) (0.248) (0.880)
N 428 28 28 28 28 28

mean coefficients; sd in parentheses.
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Table A2. Pairwise correlation

Variables

(1) Business R&D tax adjusted
(2) Business R&D

(3) Public R&D

(4) GDP

(5) GDP growth

(6) Inventories

(7) Gross fixed capital formation
(8) Herfindahl Index

(9) Trade

(10) Defence R&D

-0.05

0.35

-0.03

-0.12

-0.50

0.79

-0.05

-0.03

-0.12

-0.51

1.00

0.21

-0.07

0.33

-0.05

-0.12

-0.53

0.82

1.00

-0.10

-0.06

-0.09

-0.02

-0.34

-0.07

0.23

-0.06

-0.20

0.35

1.00

0.06

0.08

0.08

1.00
0.01 1.00
-0.12 -0.51

1.00

Table A3. First stage regression models

(1) ()] ()]
Full sample 1 UK sample Full sample 2
L.defence R&D 0.07*** 0.03*** 0.06%**
(0.01) (0.00) (0.02)
Constant 5.99%x* VA 5.90%+*
(0.06) (0.09) (0.15)
Country FE Yes No Yes
Year FE No No Yes
Observations 115 27 115
Number of countries 15 1 15
r2_within 0.29 0.82 0.28
r2_between 0.32 0.32 0.34
r2_between 0.29 0.82 0.33

Standard errors in parentheses. Note: Unlike full sample 1, full ssmple 2 includes year fixed effects.

*p<.1, % p<.05, ¥+ p<.07
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Table A4. Dynamic panel-data estimation, one-step system GMM (Interest rates as instrumental variables)

(1) (2) (3 4) 6) (6)
model1 model2 model3 model4 model5 model6
Log_BUSBERD (t-1) 0.85** 082 0.86*** 0.80*** @705+ I878c
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
Log_PubGERD (others) 0.24%%% 0.718*** 0.18*** 0.22%** 0.37 %% 0.27%%%
(0.07) (0.05) (0.05) (0.05) (0.06) (0.05)
Log_PubGERD (UK) 0255 Q.20 .15 0.2+ 0.34%x* 0275
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
In_gdp 0.077%**
(0.02)
gdp_growth 0.077**
(0.00)
inventories 0.018
(0.00)
gfcf 0.01
(0.00)
hhi -1.28*%
(0.00)
exports 075
(0.00)
Observations 78 100 700 100 92 92
Number of countries 14 14 14 14 13 13
Number of instruments 27 27 25 27 27 27
Arellano-Bond AR 0.379 0.228 0.424 0.426 0.518 0.516
Sargan test (p-value) 0.477 0.114 0.155 0.069 0141 0.815

Note: All regressions contain country and year fixed effects. Missing values are not imputed. Stars indicate statistical significance at the 1% (***), 5% (**), 10% (*) level. Standard errors in
parenthesis are robust to heteroskedasticity. Arellano-Bond test for AR(2) shows the P-VALUE. Sargan test for exogenous restrictions. A high p-value indicates that the instruments are
suitable for our analysis. Log_BUSBERD, Log_PubGERD, and all controls are treated as endogenous and instrumented. Interest rates are treated as instrumental variable.

Source: NCUB analysis based on OECD main science and technology indicators, April 2024 and ONS BERD, March 2024.
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Table AS5. Dynamic panel-data estimation, one-step system GMM
(BERD as key independent variable, controlling for R&D tax credits)

Log_BUSBERD (t-1) 0.77:%% 0813 0 7/ 0, 78y== @.767= 0.l

(0.04) (0.04) (0.05) (0.05) (0.04) (0.04)
Log_PubGERD (others) 0.32%%* 0.718*** 0.25%** 0.22%** 0.26%** 0.20%**

(0.05) (0.04) (0.05) (0.05) (0.05) (0.04)
Log_PubGERD (UK) 0.34%%* Q.20 Q.27 0.24%%* 0. 28855+ 0.27%

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
R&D_tax 0.38%** 0.15 0.47%x* 0.27%* 0.19 0.24*

(0.15) (0.12) (0.13) (0.13) (0.13) (0.13)
In_gdp -0.05%**

(0.01)
gdp_growth 0.077%**

(0.00)
inventories 0.01*
(0.00)
gfcf 0.07**
(0.00)
hhi -0.20%*
(0.10)
exports -0.01%*
(0.00)

Observations 90 117 117 17 109 109
Number of countries 16 16 16 16 15 15
Number of instruments 26 26 26 26 26 26
Arellano-Bond AR 0.618 0.904 0.663 0.959 0.705 0.746
Sargan test (p-value) 0.693 0.300 0.405 0.111 0.252 0.724

Note: All regressions contain country and year fixed effects. Missing values are not imputed. Stars indicate statistical significance at the 1% (***), 5% (**), 10% (*) level. Standard errors in
parenthesis are robust to heteroskedasticity. Arellano-Bond test for AR(2) shows the P-VALUE. Sargan test for exogenous restrictions. A high p-value indicates that the instruments are
suitable for our analysis. Log_BUSBERD, Log_PubGERD, and all controls are treated as endogenous and instrumented. Defence R&D spending is treated as instrumental variable.

Source: NCUB analysis based on OECD main science and technology indicators, April 2024 and ONS BERD, March 2024.
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Table A6. Dynamic panel-data estimation, one-step system GMM
(Log_BUSGERD as key independent variable)

Log_BUSGERD (t-1) 0.75%% 01878 0).B8y+ 01878 187ca8 0.78%**
(0.05) (0.04) (0.04) (0.04) (0.05) (0.05)
Log_PubGERD (others) 0.38*** 0.18** 0.17* 0.19% 0.20%** 0.24%%*
(0.07) (0.04) (0.04) (0.05) (0.05) (0.05)
Log_PubGERD (UK) 0.40%*%* 0.19%* 0.17* 0.19* 0.2 025555
(0.01) (0.00) (0.00) (0.00) (0.00) (0.00)
In_gdp 0.077%**
(0.01)
gdp_growth 0.077**
(0.00)
inventories 0.00
(0.00)
gfcf 0.07%%*
(0.00)
hhi -0.25%**
(0.09)
exports 0.0
(0.00)
Observations 103 103 103 103 95 95
Number of countries 15 15 15 15 14 14
Number of instruments 27 27 27 27 27 27
Arellano-Bond AR 0.157 0.011 0.112 0.049 0.247 0.372
Sargan test (p-value) 0.641 0.003 0.000 0.111 0.241 0.258

Note: All regressions contain country and year fixed effects. Missing values are not imputed. Stars indicate statistical significance at the 1% (***), 5% (**), 10% (*) level. Standard errors in
parenthesis are robust to heteroskedasticity. Arellano-Bond test for AR(2) shows the P-VALUE. Sargan test for exogenous restrictions. A high p-value indicates that the instruments are
suitable for our analysis. Log_BUSGERD, Log_PubGERD, and all controls are treated as endogenous and instrumented. Defence R&D spending is treated as instrumental variable.

Source: NCUB analysis based on OECD main science and technology indicators, April 2024 and ONS BERD, March 2024.
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