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Abstract

How does trade affect the making and implementation of environmental policies? I extend our understanding about this
broad research question with an understudied case: government support for environmental innovation. As the foremost chan-
nel wherein cross-border technology transfer occurs, trade materializes the positive externality of technology investment.
With this in mind, countries may tend to strategically underfund environmental technologies—particularly when their trade
partners enlarge that spending—to have more money to use otherwise and to avoid politically awkward innovation failures.
To substantiate this crowding-out argument, I perform spatial regression with data from 32 OECD countries, 1982-2017,
and find that government spending on environmental R&D in one country is negatively correlated with that of the country’s
trade partners in environmental goods. My research contributes to the literature by adding new to our understanding about the
international trade-environmental policy nexus, depicting a new scenario wherein states underprovide global public goods,
and showing the strategic calculus underlying the use of technology-push strategy in addressing climate change.
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Introduction

With the ever growing globalization, international trade
increasingly affects the making and implementation of each
country’s environmental policies. The race-to-the-bottom
theory, for example, suggests that countries leverage lax
environmental regulations one after another to increase their
export competitiveness (Cao and Prakash 2010, 2012; Porter
1999; Woods 2006). By contrast, a growing body of litera-
ture lends support to the “California effect” (Vogel 1995,
1997), with higher regulatory standards diffusing from a few
first movers to the rest of the world through trade networks
(Prakash and Potoski 2006; Saikawa 2013). Meanwhile,
some studies within this vein of research particularly under-
score the role of trade agreements in the aforesaid green
policy diffusion (Bastiaens and Postnikov 2017; Brandi et al.
2020; Jinnah and Lindsay 2016; Lechner and Spilker 2022;
Prakash and Potoski 2017).

In this article, I extend our understanding about trade’s
implications on environmental policies by focusing on the
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relationship between trade network and the differing extents
of government support for environmental innovation in dif-
ferent countries. Despite being fundamental in addressing
climate change, the development and deployment of environ-
mental innovation is lagging behind that growing threat. For
instance, the renewable share in the world’s total primary
energy consumption only increased from 6 to 11% in the
past 5 decades (BP p.l.c. 2020), whereas the annual car-
bon dioxide emission rocketed from 11 to 37 billion tonnes
during the same period (Friedlingstein et al. 2022). It was
estimated that until 2050 ensuring a global green transition
needs an additional $27-trillion investment—a 30% increase
compared to the current trajectory—in low-carbon technolo-
gies (IRENA 2018).! Nevertheless, the private sector cannot
fill such funding gap due to market failure. For example,
“low-emission infrastructures investment (remained) less
than 1% of the total portfolios of institutional investors”
(OECD 2018, p. 23). In the meantime, government sup-
port has proven irreplaceable to environmental innovation
(Acemoglu et al. 2012, 2016; Fischer et al. 2017). To deliver
the Paris Agreement target, government research funding for
environmental technologies worldwide has to grow at least
twofold (Dechezleprétre et al. 2019).

1 See OECD, World Bank, and UN Environment (2018) for an over-
view on the financing gap in environmental innovation.
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However, in this article, I argue that trade could under-
mine the willingness of governments to fund environmen-
tal innovation. As the foremost channel wherein cross-
border technology transfer occurs (e.g., Keller 2004),
trade materializes the positive externality of technology
investment: one country invests, all others benefit. With
that in mind, countries may tend to strategically underfund
environmental technologies—particularly when their trad-
ing partners enlarge that spending—to have more money to
use otherwise and to avoid politically awkward innovation
failures happening on their own territory.

To substantiate that argument, I use data on government
environmental R&D spending and bilateral trade in envi-
ronmental goods from 32 OECD countries, 1982-2017.
Spatial regression analysis—a typical empirical approach
to test policy interdependence (Franzese and Hays 2007,
2008)—corroborates my theoretical expectation: govern-
ment spending on environmental R&D in one country is
negatively correlated to that elsewhere, with this rela-
tionship being more pronounced between the countries
with more environmental trade flows to each other. Such
crowding-out effect still holds even if the trade data are
inclusive of all goods, but it then becomes absent when
trade partnership is replaced by geographic distance in
regression. The contrast of these two additional results
shows robust and generalized evidence in support of my
argument, while ruling out the alternative, confounding
mechanisms that might underpin my finding.

This article contributes to the scholarship in environ-
mental politics and beyond in various frontiers. First of
all, I add new to the inconclusive, ongoing debate about
international trade’s implications on environmental poli-
cies with an understudied case: government support for
environmental innovation. On the one hand, the trade-
driven underinvestment in environmental technologies I
find is opposite to what the “California effect” implies.
On the other hand, in spite of my finding demonstrating
that trade undermines policy independence in a negative
way, the underlying mechanism—free riding—is differ-
ent from that seen in the race-to-the-bottom theory either.
Additionally, the “California effect” is particularly relevant
to the North—South trade, whereas the race-to-the-bottom
theory is established upon the trade competition between
the global South countries (Cao and Prakash 2010, 2012;
Porter 1999; Woods 2006; Vogel 1995, 1997); yet by draw-
ing conclusion based on the trade within the global North,
my research echoes Lechner and Spilker (2022), among
others, who reminded scholars of having more focus on the
trade relationships that would otherwise draw less atten-
tion. Simply put, I show a new dynamic that enriches our
understanding of the nexus between international trade
and environmental policies and broaden the scope of the
said literature.
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When it comes to the transnationally contagious cli-
mate inaction, most previous studies emphasize on how
some toothless international institutions, such as the United
Nations Framework Convention on Climate Change (UNF-
CCQ), fails to keep countries fully committed to climate
mitigation (Aklin and Mildenberger 2020; Bittig and Ber-
nauer 2009; Urpelainen 2013). In contrast, I show in this
article that trade could also exacerbate the underprovision
of global public goods, with the trade-driven technology
transfer materializing the positive externality of govern-
ment spending on environmental innovation. Research in the
future may further explores the cross-national connections
that affect each country’s willingness to address the growing
threat of climate change.

Last, most of the research to date shows how governments
employ regulatory instruments, such as renewable portfo-
lio standards or feed-in tariff, to speed up the deployment
of environmental technologies (e.g., Baldwin et al. 2019;
Bayer and Urpelainen 2016; Stokes 2020). But beyond these
demand-pull policy interventions, little is known about the
equally important technology-push strategies in addressing
environmental problems, i.e., how governments support the
development of environmental technologies in the first place.
This article fills this gap by showing the strategic calcu-
lus behind the government underfunding of environmental
innovation. With that, I also shed light on the politics of
innovation in general, which the existing literature primar-
ily addresses through the lens of domestic dynamics such
as institution and the relationship between government and
business (e.g., Bayer and Urpelainen 2016; McLean and
Plaksina 2019; Meckling and Nahm 2018; Taylor 2007,
2016). Focusing on the interplay between different countries
instead, the present article expands the analytical scope of
the relevant research.

Trade and underspending on environmental
innovation

Before developing my argument that international trade
undermines the willingness of governments to spend on
environmental innovation, it is necessary to discuss why
governments are reluctant to fully fund that business at all.
First, government support for environmental innovation
faces great technological and market uncertainties. In their
investigation into the carbon capture and storage technolo-
gies in the USA, for instance, Abdulla et al. (2020) found
that more than 80% investments ended up with failure in
spite of generous funding from the federal government. A
similar study concludes that these projects oftentimes over-
run their budgets and are not cost-competitive without tax-
payer bailouts, which leads the government to the sunk cost
fallacy (Food & Water Watch 2020; Stokes 2020).
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Second, funding environmental technologies enthusiasti-
cally could even bring political troubles for governments.
For example, after the massive power outage in Texas, early
2021, the Republicans heavily criticized the incumbent’s
renewable energy subsidies to direct the public outrage over
the unreliable power supply to the Democrats’ support for
environmental innovation (The New York Times 2021).
Among others, the collapse of Solyndra LLC might constitute
one of the most high-profile cases that illustrates the potential
political cost of funding environmental technologies. This
famous energy start-up company received a $535-million
federal grant from the Obama administration but then soon
went into bankruptcy at the end of 2011, just a year ahead of
the presidential election. Seeing Solyndra’s failure as an elec-
toral opportunity, Obama’s opponents launched an 18-month
investigation in Congress and spent $6 million on advertise-
ments against the president’s mishandling of the issue (Reu-
ters 2012; The Wall Street Journal 2012).

However, the trade-driven technology transfer enables
national governments to take advantage of the environmen-
tal innovation funding made by others and, thus, to prevent
politically awkward innovation failures and to have more
money to spend elsewhere. New technologies travel across
borders with or without the notice of innovators them-
selves, because one can access the technological informa-
tion embodied in the directly traded items by imitating or
revere-engineering. Coe and Helpman (1995), Coe et al.
(1997), among others, found that a nation’s domestic R&D
input significantly increases others’ total factor productivity,
an oft-used indicator for technology-empowered economic
output. This relationship evidently shows the considerable
impact that technology transfer has on innovation. A con-
sensus among scholars, policymakers, and practitioners is
that international trade in goods and services is the fore-
most channel wherein technology transfer occurs (Maskus
2004). Wacziarg (2001) provided strong evidence in support
of this claim by discovering a positive relationship between
trade liberalization and technology transfer across different
countries.’

From the late 1970s to the early 2000s, the global export
rate of green inventions climbed from 10 to 30% with an
accelerating trend (Dechezleprétre et al. 2011). Drawing
from the case studies on pollution mitigation measures and
photovoltaics, de la Tour et al. (2011), Lanjouw and Mody
(1996) concluded that it is trading on related products rather
than domestic R&D that propels a nation’s technological
catch-up. Perkins and Neumayer (2009) showed that a coun-
try’s carbon efficiency increases as a result of the deepening
trade relationships with the carbon-efficient economies. This

2 See Keller (2004) for a review of the economics research on the
trade-driven technology transfer.

finding implies that through trade, environmental technolo-
gies elsewhere could serve as an alternative to a country’s
own innovation. Using the gravity model, Garsous and
Worack (2021) directly demonstrated that international trade
allows countries to acquire advanced renewable technologies
that are otherwise challenging for them to develop.

Because of the trade-driven transfer of environmental
technologies, the government funding of environmental
R&D is providing a global public good, up to a point. In
other words, it entails a positive externality, with all others
benefiting from a single country’s investment without bear-
ing the fiscal cost and facing the technological and politi-
cal risks (Gersbach et al. 2018; Jaakkola and van der Ploeg
2019). Although state-funded environmental R&D is not
completely non-excludable—so it is an impure public good,
the impact of intellectual property rights on environmental-
technology transfer in particular is in fact limited. As the
UN Agenda 21 posited, many environmental technologies
are in the public domain and off-patented, allowing them to
travel across borders more easily at lower costs (Less and
McMillan 2005). Dechezleprétre and Sato (2017) found the
spillover of low-carbon technologies indeed faster than oth-
ers. In addition, the trade-driven environmental-technology
transfer is advocated by the international trade regime. For
instance, the WTO’s 2001 Doha declaration explicitly asked
countries to reduce and even eliminate any tariff and non-
tariff barriers on environmental goods and services (WTO
2001). In their evaluations on the impact of the Eco-Patent
Commons, a royalty-free patent pool of environmental tech-
nologies initiated by a dozen of giant multinationals, Con-
treras et al. (2018), Hall and Helmers (2013) ended up with
null findings, implying that intellectual property’s chilling
effect on environmental-technology transfer is not as large
as many may expect.

The positive externality of government spending on envi-
ronmental innovation, and its materialization through inter-
national trade, incentivizes the cost-minimizing governments
to strategically underfund environmental technologies. That
is to say, the government spending on environmental inno-
vation elsewhere crowd out one’s very own spending, with
trade bringing environmental technologies from overseas to
home and thus weakening the government’s justification for
the R&D expense. We would therefore expect that countries
reduce their government environmental R&D spending as a
response to the increasing spending from their trade part-
ners. Or put differently, government spending on environ-
mental R&D in one country is negatively correlated with
that in the country’s trade partners.

Having said that, any budgetary decision—which is usu-
ally made on a yearly basis—takes time to materialize. So
should a country wants to free ride off the environmental
R&D investments made elsewhere, the reduction of its envi-
ronmental R&D spending is unlikely to become effective
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instantly. Due to the concurrence of budgetary making
across many different countries, in addition, it is more likely
that policy makers do their strategic calculation according to
each other’s previous spending records. Thus, it is more rea-
sonable to expect that the current government spending on
environmental innovation in a country is, if any, influenced
by that overseas in the preceding year. Also, since larger
bilateral trade flows in general spread more environmental
technologies, countries are more responsive, i.e., making
more funding cuts, to the increasing environmental innova-
tion spending of their larger trade partners, while remain-
ing relatively insensitive to the expanding funding from the
smaller trade partners.

Data and variables
Dependent variable

My sample is restricted to OECD countries, 1982-2017,
because only the OECD provides high-quality, sector-spe-
cific, and cross-nationally comparable government research
funding data with sufficient temporal coverage. Since devel-
oped countries are major investors and contributors in envi-
ronmental innovation worldwide, the limited sample here
only asserts a minimal impact on my research’s substantive
significance.® By focusing on OECD countries, I avoid intro-
ducing excessive cross-sectional heterogeneities by pooling
categorically different countries together, which may con-
found my statistical results. I access the data for my depend-
ent variable—government spending on environmental
R&D—from the OECD’s official statistics.* Among the 34
high-income OECD members as of 2017, I drop Chile and
Switzerland from my sample since their data have a large
number of missing values for undocumented reasons.’ The
raw distribution of my dependent variable is right-skewed,
so [ use the natural logarithm to transform it.

Figure 1 shows my dependent variable’s considerable
spatiotemporal variation. From the 1980s to 2010s, Ger-
many and the USA always outspent the others in funding

3 Because China’s environmental innovation is largely driven by
its techno-nationalism and bid for global leadership (e.g., Kennedy
2013), the country’s government environmental R&D spending is
theoretically irrelevant to the crowding-out argument made in this
article. Thus, the exclusion of China from my empirical analysis
should not bias my conclusion.

4 This is done by using the R package OECD: Search and Extract
Data from the OECD (Persson 2019) with the query GBARD_
NABS2007. But readers can also view and manually download the
data from https://bit.ly/42upTw1 (last accessed October 26, 2021).
By spending, the said data only capture direct budgetary allocations
without considering implicit expenditures due to tax incentives.

5 See Appendix Fig. Al for missing values of other countries.
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environmental R&D, notwithstanding their irresolute spend-
ing trajectory, while Japan soon joined the leading camp in
the 2000s. By contrast, the expenditures made by the Nordic
countries, which are generally viewed as green campaign-
ers, actually almost stagnated in the past decades. The east-
ern European and Benelux countries also experienced a
similar spending stagnation. Although the large economies
expanded their environmental R&D expenditures over time,
the trend of their funding expansions was wavering, indi-
cating the probable hesitating and strategic spending deci-
sions. My argument and the descriptive evidence shown in
Fig. 1 implies that the countries in my sample would spend
more on environmental R&D if there was no crowding-out
effect in a counterfactual world. Therefore, I contend that
my involuntary sample selection does not introduce a ceiling
effect into the following empirical analysis.

Spatial lag

To substantiate my argument, I employ spatial regression
model, wherein the explanatory variable is commonly
known as spatial lag. For a single country, it is a weighted
average of the government spending on environmental R&D
elsewhere, and it thus can quantify how this country’s spend-
ing is influenced by that of others. Taken together, spatial
lag captures how different countries mutually influence
each other. Dictated by my argument that the extent of such
mutual influence is materialized by the international trade
through which environmental technologies diffuse, I use the
bilateral trade flows of environmental goods as the weights
here. The colloquial term environmental goods, according
to the OECD (1999), encompass three broad categories,
namely pollution management, cleaner technologies and
products, and resource management (including renewable
energy). For the required data, I first access the fine-grained
dyadic trade flows disaggregated by the Harmonized Com-
modity Description and Coding System (HS).® After that,
the data filtering is done based upon the OECD’s Combined
List of Environmental Goods (see Sauvage 2014). Some
exemplary environmental goods in my data include filtering
or purifying machinery, wind turbines, and photosensitive
semiconductor devices.

Following the common practice in the policy interdepend-
ence literature, I temporally lag my explanatory variable,
Spatial lag by environmental trade flows, by 1 year (Drolc
et al. 2019; Wimpy et al. 2021; Beck et al. 2006). Noting
my argument that the crowding-out effect of environmental

% These data are originally provided by the United Nations Interna-
tional Trade Statistics Database (UN Comtrade). I download them
through the API wrapper programmed by Vargas (2019). See Appen-
dix Fig. A2 for missing data.
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Fig. 1 Government environmental R&D expenditures of OECD countries, 1982-2017

R&D spending elsewhere is more likely to occur after
some delay, this lagging exercise is foremost theoretically
informed. Having said that, it also has something to do with
the endogenous spatial weights, which may blur the causal
direction in this research (Pinkse and Slade 2010; Qu et al.
2021). Trade network influences a country’s environmental
R&D by technology transfer but, at the same time, environ-
mental R&D also changes how a country trades with oth-
ers. Yet a temporally lagged spatial lag is not subject to this
simultaneity bias.

It is also worth noting that I do not row-standardize the
spatial weights; otherwise, I would make the homogeneous
exposure assumption, which assumes all of my observations

having identical overall trade volumes to all others (Neumayer
and Pliimper 2016). This assumption not only discards the
contemporaneous variation of trade volumes between different
countries but also ignores the fact that most countries trade
more over time as globalization deepens.

My regression equation takes the following form:

n /
Yie =P Zi# Wijit X Vi1 + X, B+ €15

in which y; , is country i’s environmental R&D spending in
year t, with w; ;,_, denoting the environmental trade flows
between this country i and its trade partner j in the preceding
year (t — 1) and y; ,_, being the environmental R&D spending
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in country i’s trade partner j in year ¢ — 1. In other words,
Z?#wi’j,,_] X ¥;,—118 the time-lagged spatial lag prese,nted in
a scalar fashion and p is the coefficient of interest. X, isa
vector of control variables discussed below.

Control variables

Joining the spatial lag on the right-hand side of my regres-
sion equation is selected covariates that are correlated to
my dependent variable according to some previous studies.
The extent to which a country relies on fossil fuels reveals
the degree of carbon lock-in and the political power that
environment-unfriendly industries may have (e.g., Aklin
and Urpelainen 2013), which are likely to weaken the gov-
ernment’s ability and willingness to fund environmental
innovation. Conversely, a country’s high reliance on fossil
fuels could encourage the environmentally progressive gov-
ernment to expand its financial support for environmental
innovation even faster. Fossil fuel rents/GDP in percentage is
therefore included in light of these two possibilities. How do
national governments spend on environmental R&D is natu-
rally influenced by their very own ideological position on
environmental issues. I thus use data from the Comparative
Manifesto Project to control the government’s environmen-
tal progressiveness (Volkens et al. 2020). Following Ward
and Cao (2012)’s exercise, specifically, I aggregate the seat
share-weighted environmental protection progressiveness of
each party in every election and then use the aggregate value
from one election until the next to proxy the government’s
environmental position during a certain period.

Compared to other countries, EU members have to meet
their supernational, environmentally ambitious targets col-
lectively, so their spending on environmental R&D are
likely to converge. With that in mind, I control the binary
EU membership, which equals 1 if a country in a given year
is a member state of the EU. Next, I add the KOF political
globalization index (Gygli et al. 2019), which measures to
extent is a country engaged in multilateral institutions where
norm cascade and policy learning usually take place (Cao
2009; Finnemore and Sikkink 1998; Holzinger and Knill
2005). That is to say, I take the possibility that countries may
follow one another to spend even more on environmental
R&D—the competing theoretical expectation against my
argument—into account directly.

A country’s stage of development arguably determines its
ability and willingness to innovate for the environment, and
I therefore add GDP per capita on the right-hand side. Next,
I also include GDP growth since governments are found
to be less motivated to address environmental issues dur-
ing economic downturns (Abou-Chadi and Kayser 2017). I
then take Total population into account to make countries
of differing sizes, which are influential to the scale of R&D
spending, more comparable to each other. The final control
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variable is Total government R&D spending, which quanti-
fies the overall budget constraint that the government fund-
ing of environmental R&D faces. Since it is hard for data
collectors to locate environmental R&D precisely and exclu-
sively in all times, including this variable also alleviates the
concern about measurement error in my dependent variable.’
In consistency with the spatial lag, I temporally lag all of
the aforementioned control variables too (Drolc et al. 2019).

Empirical analysis
Regression results

I include two-way fixed effects throughout the empirical
analysis. The inclusion of country-fixed effects absorbs
time-invariant or sluggish heterogeneities between different
countries, such as political institutions or geography. The
inclusion of year-fixed effects takes the common time trend
or exogenous shocks, such as energy crises or international
environmental movements, into account. Considering the
incrementalism in the budget-making process, my estima-
tion is made to allow autoregressive random errors. Last,
the standard errors are “panel-corrected” such that they are
robust to unobserved spatial interdependence (Beck and
Katz 1995).

Table 1 reports my main regression results. I regress my
dependent variable to the stand alone spatial lag to present
a baseline result in column (1). The purpose of doing so is
to show that my subsequent results are not just the artifact
of some particular covariates (Lenz and Sahn 2020). Next,
column (2) shows the full specification which incorporates
all of the variables discussed so far. Across these two col-
umns, the coefficient estimates of my explanatory variable,
Spatial lag by environmental trade flows—are all negatively
signed and is consistent with my theoretical expectation. The
negative sign, specifically, indicates that a country reduces
its own government environmental R&D spending follow-
ing the increasing funding made by its trade partners in the
preceding year. This “strategic-substitute” spending sug-
gests that national governments indeed take advantage of
one another when it comes to funding environmental innova-
tion (Franzese and Hays 2008). The statistical significance
levels of these two spatial lag coefficients are both below
the conventional 0.05 threshold, indicating there is sufficient
statistical evidence in support of my argument.

7 This variable is also from the OECD’s official statistics and down-
loadable through Persson (2019). All other variables, unless specifi-
cally cited, are from the World Bank’s World Development Indica-
tors. See Appendix Table Al for summary statistics.
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Table 1 Government environmental R&D spending crowded out by
that elsewhere, OECD Countries, 1982-2017

(1) Baseline  (2) Full
Spatial lag by environmental trade flows ~ —0.154"" —0.125™
(0.000) (0.000)
Fossil fuel rents/GDP —0.003
(0.019)
Gov. environmental position 0.021
(0.051)
EU membership 0.059
(0.121)
KOF political globalization index 0.065
(0.005)
GDP per capita 0.022
(1.007)
GDP growth 0.013
(0.015)
Total population 2.606™
(1.052)
Total gov. R&D spending 0.062
(0.006)
Number of observations 905 888
Number of countries 32 32
Root-mean-square error 0.422 0.397

Two-way FEs included; SEs in parentheses; standardized coefficients;

“p<0.050, “p<0.010, ““p <0.001

Substantive effects

The spatial lag coefficients shown in Table 1 quantify the
negative correlation between a country’s very own govern-
ment funding of environmental R&D and that elsewhere in
(weighted) sum. Yet it would be more substantively inter-
esting to see how the increased government environmental
R&D spending in a single country asserts a global impact.
To this end I adopt the method advocated by LeSage and
Pace (2009), Ward and Gleditsch (2008), Whitten et al.
(2021), among others, to recover country-specific spillover
effects.

At the first step, 1000 simulated coefficients of Spatial lag
by environmental trade flows are drawn parametrically from
a multivariate normal distribution based upon the estimates
from column (2), Table 1. I then use these simulated values
with the spatial weights, bilateral trade on environmental
goods, to calculate 1000 “effect matrices,” of which the off-
diagonal entries correspond spillover effects from column
countries to row countries.® So the sum of a column rep-
resents the global spillover effect a single country asserts.

8 For the spatial weights I use the cross-section of 2017, the latest
time point in my sample.

With simulation, there are 1000 different global spillover
effects from any single country, enabling the intuitive calcu-
lation of uncertainty estimates (King et al. 2000).°

Figure 2 visualizes these spillover effects by each coun-
try in descending order of magnitude. Across all cases the
upper bounds of the 95% confidence interval fall below zero,
indicating the estimated effects are all statistically significant
here. The negative signs, again, suggest that the increased
funding in environmental R&D in a country crowds out that
in the country’s trading partners. Unsurprisingly, such lead-
ing innovators in environmental technologies as Germany
and the USA come with significantly more sizable crowding-
out effects than others. For instance, a 10% increase in envi-
ronmental R&D spending made by the German government
would actually suppress the spending made by other govern-
ments by about 1.1%. This unintended crowding-out effect
sharply contradicts the growing threat of climate change,
which begs governments worldwide to generously invest in
green technologies sooner rather than later.

Importantly, the spillover effect from, say, Germany
includes a part that crowds out some environmental R&D
expenditures in, for example, the USA, and vice versa.
Hence, my finding implies that not only latecomers or small
countries take advantage of the environmental innovation
made by first-movers and large countries—as expected
by conventional wisdom, but also the crowding-out effect
undermines the “willingness to innovate” of the leading
countries in environmental technologies as well. In other
words, these countries would contribute more to the devel-
opment of environmental technologies without their strate-
gic calculus on environmental R&D spending.

Robustness checks

Defining what goods are environment-related accurately and
exclusively amid international trade is not easy. And beyond
the narrowly defined environmental goods, environmental
technologies may diffuse internationally through the trade
on general commodities as well, since environmental inno-
vation itself is an intersectoral process (Nemet 2012). For
these two reasons, I replicate Table 1 while using Spatial
lag by aggregate trade flows instead. The updated spatial
lag coefficients are both negative and statistically significant,
providing robust and generalized evidence in support of my
argument (see Appendix Table B1).

Bilateral trade is necessarily correlated with various
dyadic attributes. Considering that, some may ask to what
extent my empirical finding really involves the trade-driven
technology transfer—the mechanism I argue—rather than
some other cross-national connections. To address this

° Readers may consult panel data spatial econometrics textbooks,

such as Elhorst (2014), LeSage and Pace (2009), for the detailed
matrix algebra.
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Fig.2 Negative spillover (crowding-out) effects of each country’s government environmental R&D spending

concern, I use geographic distance between countries to
replace trade as the placebo spatial weights to replicate my
main regression model. The first law of geography claims
that “everything is related to everything else, but near things
are more related than distant things” (Tobler 1970, p. 236).
If my finding was an artifact of some confounding factors
that are interrelated to trade, rerunning regression with
Spatial lag by geographic distance would return a statisti-
cally significant spatial lag coefficient, whereas a statistical
insignificance result from the said placebo replication could
rule out alternative mechanisms. Appendix Table B2 lends
support to the latter, as the placebo spatial lag’s effect is not
statistically distinguishable from 0 once control variables
are taken into account.

Government spending in environmental R&D has some
“memory.” Compared to just allowing autoregressive errors
in model estimation, I directly add the time-lagged depend-
ent variable on the right-hand side in Appendix Table B3.
While adding this term along with two-way fixed effects (as

@ Springer

in my case) causes the Nickell bias by construction (Nick-
ell 1981) and may also render posttreatment bias (Morgan
and Winship 2014), ignoring this temporal dynamic when
it is actually present is likely to give rise to spurious spa-
tial interdependence (Drolc et al. 2019; Pliimper and Neu-
mayer 2010), which would nullify the crowding-out effect I
argue. In the absence of a solely “correct” answer, regression
results when the time-lagged dependent variable is added
anyway show that my finding is not model-dependent.
Finally, I demonstrate that my finding is insensitive to
different functional forms with regards to the nexus between
the stage of development and government spending on envi-
ronmental R&D. Following the well-known environmental
Kuznets curve, there might exist a U-shaped relationship
between, say, GDP per capita and my dependent variable
(Grossman and Krueger 1995), not to mention the pos-
sible N-shaped relationship as discovered by Allard et al.
(2018). I take these two possibilities into account by put-
ting GDP per capita in quadratic polynomial and cubic
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polynomial, respectively, and replicate my main regression
model. As shown in Appendix Table B4, there is empiri-
cal evidence in support of the N-shaped relationship, but
importantly the conclusion regarding my central argument
remains unchanged in either case. The triangular relation-
ship involving innovation, economic development, and envi-
ronmental quality (including climate mitigation) is of course
more complicated. Though beyond my article’s scope, future
research could explore this research question that is of both
strong theoretical potential and impactful policy relevance.

Concluding remarks

In its ambitious infrastructure proposal, the American Jobs
Plan, the Biden-Harris administration called on Congress
to make a $35-billion investment in environmental tech-
nologies, the largest ever federal funding increase on R&D
outside defense.'® According to the theories on the transna-
tional diffusion of norms and policies, it would “rally the rest
of the world to meet the threat of climate change,”!! a key
component of the Biden-Harris campaign. Specifically, the
international socialization theory suggests that the USA’s
strong demonstration effect and leadership in international
organizations would persuade other countries to conform to
the norm that governments should fund environmental R&D
generously (Finnemore and Sikkink 1998). The policy learn-
ing theory and the “California effect” contend that coun-
tries with some similarities or close economic relationships
with the USA would also follow its massive environmental
innovation spending plan (Bennett 1991; Rose 1991; Vogel
1995, 1997).

In this article, nonetheless, I argue that such progressive
diffusion might not happen as the trade-driven technology
transfer incentivizes national governments to underfund
environmental innovation. Using data on government envi-
ronmental R&D expenditures and bilateral trade flows from
32 OECD countries, 19822017, spatial econometric analy-
sis corroborates the said crowding-out argument.

My finding presents a specific yet important case where
the diffusion of progressive norm and policy ceases to exist
and even goes to the opposite side. By drawing a different
conclusion from the influential “California effect,” I add new
to the inconclusive and ongoing debate about international
trade’s implications on environmental policies. I also show
a new context—international trade—under which countries
take advantage of each other’s climate action. Joining the
conventional, institution-centric studies, my research adds
new to the dynamics underlying the transnationally con-
tagious climate inaction. Last, by focusing on government

10 https://bit.ly/3pBhs3u (last accessed May 18, 2021).
1 https://bit.ly/456SEAL (last accessed May 18, 2021).

funding for environmental R&D, the present article contrib-
utes to our understanding of the use of technology-push poli-
cies, compared to demand-pull policies which are the focus
of most of the research to date, in addressing the growing
threat of climate change.
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