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Abstract

Several of the most pressing environmental problems involve transboundary is-
sues and can only be solved through international cooperation. Given the pre-
eminence of international environmental agreements as the primary tool for inter-
national cooperation, several questions are of interest to design an efficient policy
response: How can more effective environmental agreements be framed? What
motivates participation in environmental agreements? How can participation in
environmental agreements be increased? These questions have been addressed in
economic research, mostly using game-theoretical approaches, in models that pre-
dict the optimal emission abatement and participation levels. Our survey focuses
on a contiguous body of work: the empirical literature on environmental treaty par-
ticipation. The scope of this paper is to compile the first detailed survey of the
empirical literature on participation in environmental agreements, summarise its
findings and enable a better comparison with theoretical predictions.
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1 Introduction

Several of the most pressing environmental problems involve transboundary issues. Air
pollution, contamination of lakes and rivers, global warming, biodiversity loss, deforest-
ation, desertification, and overfishing are all problems that cross national borders and
seldom impact a single nation. For these types of problems, traditional policy tools are
insufficient or inapplicable because of the absence of a central international authority
capable of enforcing decisions in all of the concerned countries. As a result, agreeing
on mutual and voluntary restraints between nations is often the only viable solution
to address large environmental problems. In a nutshell, transboundary environmental
problems can only be solved through international cooperation.

Among all the available tools for international cooperation, international agreements
are, at least in principle, the most promising. In many ways, international agreements
are similar to a contract between nations — the main difference being that there is
no superior power capable of enforcing the treaty on shirking parties. To date, more
than 3,000 environmental agreements have been identified (Mitchell, 2020) embodying
cooperation on the most disparate environmental issues (See Figure 1). Some agreements
are successful, while others fail. Some attract universal participation, while others die
on the negotiation table. Given the importance of international cooperation for securing
environmental well-being, now more than ever, environmental agreements play a crucial
role in improving environmental protection worldwide. Hence, the following questions
are of great interest to economists: How can more effective agreements be framed?
What motivates participation in environmental agreements? How can participation in
environmental agreements be increased?

These questions have been the core subject of several economic models, mostly using
game-theoretical approaches, that predict both the optimal emission abatement and
participation levels. From the perspective of these models, environmental agreements
are international public goods that deal with transboundary environmental externalities
(Beron et al., 2003). Given the non-excludability and non-rivalry of the environmental
benefits of the agreement, countries often contend with a considerable incentive to free-
ride. The conclusions of classic game-theoretical models are generally pessimistic on the
capacity to solve environmental problems beyond the non-cooperation level (Carraro
and Siniscalco, 1993; Barrett, 1994). In these models, large participation in agreements
can only be achieved with low abatement targets that fall short of the social optimum
(Finus, 2008). This outlook originates from core assumptions of these models, which
frame treaty participation as a one-off non-cooperative choice — just like in a prisoner’s
dilemma.

Later works largely confirmed the free-riding incentive existing in treaty participa-
tion, with some improvement in the participation outlook (Finus et al., 2017). For ex-
ample, participation can be improved if participants can offer side transfers (Barrett and
Stavins, 2003; Barrett, 2001; Fuentes-Albero and Rubio, 2010). Under the right circum-
stances also the inclusion of penalties, trade restriction, minimum participation rules
and permit trading schemes can considerably boost participation (Rubio and Casino,
2005; Carraro et al., 2009; Karp and Zhao, 2010; Harstad, 2015). Moreover, in repeated
games — which allow countries to join the agreement in different moments — the result
are generally more optimistic than in one-off games (Bloch and Gomes, 2006; Biancardi
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Figure 1: Number of environmental agreements by subject

Notes: Data from Mitchell (2020). Bilateral agreements are agreements between two countries.
Multilateral agreements involve three or more countries. “Other” types of agreements relate primarily
to international organisations and supranational bodies. The existing empirical literature has primarily
modelled multilateral agreements.

and Villani, 2015; Wagner, 2016). For example, Battaglini and Harstad (2016) show
that in a dynamic game of treaty formation with non-contractible green investments,
there is an incentive to form large coalition to mitigate the investment hold-up problem.
And in the dynamic models of Kova¢ and Schmidt (2021) more countries participate to
avoid renegotiation delays.

Interestingly, the empirical research on the determinants of participation in envir-
onmental agreements has been developing with little attention from the large body of
game-theoretical literature. While the empirical evidence corroborates several of the
game-theoretical assertions it also presents some points of contrast. Given the prox-
imity of this empirical research with game-theoretical models on treaty participation,
substantial benefits would arise from their cross-fertilisation.

The objective of this paper is to compile a survey of the empirical literature on par-
ticipation in environmental agreements. This survey answers to the following questions:
What are the main determinants of participation in environmental agreements and how
can participation be increased? This survey has the scope of summarising the progress
achieved so far in the empirical studies and present their main findings for a more sys-
tematic comparison with theoretical predictions. For the interested readers, we also
supply an online addendum containing a detailed account of the data and techniques
used in these studies, and highlighting the strength and limits of each empirical strategy.
To the best of our knowledge, there is no comprehensive survey on this topic, hence this
effort fills an evident gap in the literature.
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Figure 2: Key stages of an international agreement

2 What did we learn from the empirical literature on rat-
ification?

The life of an agreement can be divided in three key stages: the formation, particip-
ation and implementation stage (Figure 2). During the formation stage, the delegates
of different countries come together to negotiate the terms of the agreement. If the
negotiations are successful, they produce an agreement text that is signed by national
representatives. The act of signature is usually carried out by the executive power and
signals the approval with the content of the agreement. Nonetheless, at this stage, the
agreement is not yet effective. Implementation requires that the treaties are ratified.
Ratification has a legally binding power, and it usually is a prerogative of the legislative
body of the nation — although rules may change from country to country. Ratifica-
tion plays a pivotal role because it transforms the treaty into a binding contract for the
ratifier, whereas signature does not imply any formal obligation for the signatories. To
all intents and purposes, ratification is the moment that marks the decision to particip-
ate in the implementation of the agreement. For this reason, the empirical literature
has mostly focused on ratification and the two terms, participation and ratification, are
henceforward used interchangeably.

A close inspection of international environmental agreements reveals that ratification
is a complex event. There are many potential reasons for a country to ratify a specific
treaty: economic, political, cultural, strategic, institutional and of course environmental.
Ratifications are intrinsically heterogeneous. They refer to the act of participation in
treaties that are structured differently, created by diverse groups of countries under
different circumstances, involving various economic agents and dealing with disparate
environmental problems on a very dissimilar geographic scale. In essence, ratifications
are quite diverse. Nonetheless, some common threads are recurrently linked to rati-
fication. The empirical research has sought to dissect and understand these common
threads, with interests ranging from the role of electoral rules and political systems, to
the incentives provided by trade openness and economic partnership.

We will now survey the main results of the empirical ratification literature by group-
ing them along the principal determinants of environmental treaty ratification: 1) the
content of the agreement, ii) the political system of the ratifying country, iii) the eco-
nomic incentives and disincentives to ratification, and iv) the international interaction
between countries. Whenever possible, we compare the empirical findings with the pre-
dictions of the game-theoretical literature. Nonetheless, an exhaustive review of the
game-theoretical research is beyond the scope of this paper, which focuses on the empir-



ical literature. For a detailed account of the game-theoretical literature on the formation
and participation in environmental agreements, the reader can refer to Calvo and Rubio
(2013), Marrouch and Chaudhuri (2015) or Finus et al. (2017). For a more technical
review of the data and modelling approaches we invite the reader to refer to the sup-
plementary online appendix, which also lists all the surveyed studies in three tables
providing information about their sample and models.

2.1 Treaty design and participation trade-o

First and foremost, the reason for the success or failure of a treaty is, of course, the
content of the treaty itself. Stricter agreements impose higher costs on the parties and,
all else equal, should attract fewer rati cations. The empirical research on this subject
is not well developed; its main limitation is the availability of data. This type of studies
requires data that classi es environmental treaties on their characteristics. At present,
the main sources of information on the rati cation of environmental agreements are
either the text of the treaties or treaty databases such as Mitchell (2020) and CIESIN
(2013). Neither of these sources has a detailed classi cation of the characteristics of
the agreements. As a result, the studies tend to be either on few agreements or on a
limited number of features. In the second case there is often a problem of objectivity
and consistency in the classi cation of agreements: some parameters can be classi ed in
a clear-cut manner, but many notions are more nuanced.

Fundamentally, the research e ort has focused on thedepth vs participation trade-o .
This phenomenon is well-rooted in the game-theoretical literature on treaty participa-
tion (Barrett, 1998), in which free-riding incentives dominate the participation choices
of countries. An early contribution is made by von Stein (2008), who analysed how
the design of treaties a ects participation levels. The author de nes the strictness of
environmental agreements based on several characteristics. The main ones are whether
or not the treaty entails obligations for the parties, the institution of decision bodies,
exibility mechanisms and the precision of environmental targets. They conclude that
exibility mechanisms are e ective means to facilitate rati cation and can be used to
mitigate the dissuasive e ect of tighter obligations. The problem of this study is that
it is based solely on the UNFCCC (1992) and the Kyoto Protocol (1997), two large
treaties on climate change; hence, it is hard to generalise the results to environmental
agreements as a group. Leinaweaver (2012) expands the sample of the analysis to a total
of 55 regional and global environmental agreements. According to Leinaweaver (2012),
the cost of committing to a treaty is mainly captured by three aspects: the presence
of binding obligations, the acceptance of reservations and the existence of monitoring
provisions. These are very similar to the factors discussed by Bernauer et al. (2010).
The ndings of Leinaweaver (2012) show that agreements with precise targets and parti-
cipation thresholds for the entry into force tend to attract more rati cations, supposedly
by increasing the credibility of the commitment. This latter result is consistent with
the game-theoretical nding that minimum participation rules can be used to enhance
the size of stable coalitions in non-cooperative games (Rubio and Casino, 2005; Carraro
et al., 2009).

With 200 environmental agreements, Bernauer et al. (2013a) is the largest cross-
sectional study on this topic. They argue that \depth" is a complex concept that is
re ected in several design features of an environmental treaty. The existence of formal
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obligations for the parties, monitoring, enforcement mechanisms, dispute settlement
mechanisms, assistance mechanisms, and organisational apparatus are all factors that
de ne the \depth" of an agreement according to the authors. Their ndings indicate
that tighter obligations do reduce patrticipation to agreements, but, contrary to expecta-
tions, stricter monitoring and enforcement do not reduce the likelihood of rati cation. In
another large study, Bellelli et al. (2020) compare the rati cation of regional and global
agreements. One of their main ndings is that regional agreements are consistently |
and substantially | more likely to attract rati cation. Therefore, the authors conclude

that it is preferable to frame environmental cooperation through smaller regional in-
terconnected agreements than large global treaties. Again, this result corroborates the
conclusion of game theoretical works. For instance, the models of Asheim et al. (2006)
and of Osmani and Tol (2010) postulate that global agreements can only sustain small
coalitions, whereas a combination of regional agreements can achieve higher participation
for the same issue. Much of the existing empirical literature has focused on large mul-
tilateral environmental agreements. However, most of international cooperation takes
places on a smaller scale, either regionally or bilaterally (see Figure 1). Future research
should investigate these types of agreements in more detail.

Finally, Spilker and Koubi (2016) consider di erent treaty designs and control for
internal voting requirements for the approval of rati cation. Their data is derived from
Bernauer et al. (2010) and adopts similar de nitions to Bernauer et al. (2013a) for
measuring the strictness of environmental agreements. However, unlike Bernauer et al.
(2013a), they use a survival model. Spilker and Koubi (2016) results strengthen the
idea that stricter agreements deter participation. They also nd that treaties that grant
nancial or technical assistance to developing countries have a higher chance of being
rati ed. This result echoes Mohrenberg et al. (2016), who observe that the institution
or participation of a fund in the treaty reduces commitment costs and increases the
likelihood of rati cation. These ndings reinforce theoretical predictions on the size of
coalitions when countries are allowed to o er side payments (Barrett, 2001; Barrett and
Stavins, 2003; Fuentes-Albero and Rubio, 2010).

Altogether, the ndings strongly con rm the free-riding incentives induced by tighter
environmental agreements. This result is highly concordant with theoretical predictions.
However, empirical evidence also seems to suggest that some treaty features (e.g. monit-
oring and enforcement rules, minimum participation rules, technological transfers, nan-
cial assistance) have the property of increasing the abatement level of the treaty without
deterring participation (Bernauer et al., 2013a). These results could be useful to frame
more e cient environmental agreements. Given the patchy nature of existing results,
we believe there is scope for further empirical research on the impact of treaty design on
participation and abatement levels. Finally, it should also be noted that all the empirical
studies implicitly assumed that the rati cation of a given treaty is independent of the
rati cation of other treaties. In other words, any connection that could exist between
di erent environmental agreements is ignored. However, there could be cases in which
agreements are directly linked. For example, two agreements could be substitutes be-
cause they deal in contrasting ways with the same issue, hence patrticipation in one of
the agreements precludes participation in the other one. This situation could subsist
between countries that fail to agree on a uni ed course of action or when competing
solutions are o ered. A set of agreements could also be linked in the opposite way, that



is to say, having complementary rati cations. We believe the assumption of independ-
ence is reasonable in most cases, however there is scope for a deeper inspection of this
assumption. Future research could investigate the presence and extent of links between
agreements, and how they in uence participation.

2.2 Political system

We have talked about di erence in participation between treaties However, participation
in environmental agreements also varies considerablpetween countries Figure 3 shows
that these di erences are not random, rather, they seem to be clustered geographically,
suggesting that country characteristics also play a role in treaty participation. The e ect
of these country characteristics are studied by regressing these variables on measures of
treaty participation. Early studies tended to use as a dependent variable the number of
treaties rati ed by each country. But later, the dominant approach shifted towards the
use of a survival analysis approach | i.e. modelling the expected time to rati cation.
The advantage of survival analysis is that it incorporates both information about the
occurrence (did the country ratify the treaty?) and the timing (how long did it take to
ratify?) of rati cation. Moreover, its estimates are robust to right-censoring | the fact
that certain rati cations are not observed because they take place after the observation
period.

These models have been used to test several hypotheses on the e ect of country char-
acteristics on rati cation probabilities. To start with, the rati cation of environmental
treaties is the outcome of a political decision. Therefore, a common thesis is that the
political and institutional arrangements of a country have a bearing on their rati cation
behaviour.

2.2.1 The role of democracy

The early literature has been particularly keen on emphasising the role played by political
factors (e.g. Congleton 1992, Neumayer 2002a). According to Neumayer (2002a) and
Bernauer et al. (2010), citizens of democratic states can exert more e ective political
pressure on governments thanks to well functioning civil liberties, which also allow to
channel the ideas and preferences of citizens more e ectively and increase the likelihood
of joining international environmental treaties.

These ideas have their root in the endogenous model of environmental policy selection
by Congleton (1992). In their model, decisions in democracies depend on the electoral
behaviour of the median voter, whereas in authoritarian regimes they are assumed to
depend on the dictator's vote or the median voter of the ruling oligarchy. All other agents
or pressure groups are ignored. The model set-up implies that authoritarian states have
a higher equilibrium price for the abatement than democracies. As a consequence, it
predicts that authoritarian states are less likely to implement environmental policies and
to participate in environmental agreements.

The relationship introduced by Congleton (1992) has been extensively tested empir-
ically. Congleton (1992) formally tests his hypothesis on two treaties on Ozone Depleting
Substances (ODS), he nds that democracies are more likely to ratify when compared
to autocratic nations. Again, Neumayer (2002a) explores the link between democracy
and environmental commitment, measured by di erent indicators, one of which is rat-



Figure 3: Number of multilateral environmental agreements rati ed by country

Notes: Treaty rati cation data from Mitchell (2020). The mapped sample includes only
environmental multilateral agreements (no bilateral agreement) signed in the period 1950{2017.

i cation. Democracies tend to engage in environmental agreements consistently more
than non-democracies. With a similar scope, Fredriksson and Gaston (2000) focus on
the speed of rati cation of the UNFCCC. They nd that civil liberties and CO , emis-
sions are strong determinants of rati cation delay. There is a general consensus that
democracy | in particular when measured by their citizens' access to civil liberties and
political rights | tends to encourage rati cation. In all the studies that followed, with

no exception, researchers have systematically controlled for the democratic characteristic
of states and found it to be positively related with rati cation (e.g. von Stein, 2008; Per-
rin and Bernauer, 2010; Seelarbokus, 2014; Mohrenberg et al., 2016; Hugh-Jones et al.,
2018). The most common measures for democratic government forms are the two indices
by Freedom House (2017) and Marshall et al. (2016).

2.2.2 Electoral dynamics and veto players

The process leading to rati cation often goes through several institutional bodies within
the state. In most of the cases, rati cations require the approval of the parliament,
but some countries consent rati cation by the head of government (e.g. Israel and
Bangladesh). As a result, the rati cation of agreements may depend on multiple veto
players | i.e. entities that have the power to block the rati cation approval either as
individual (e.g. head of state) or as a group of individuals (e.g. upper house of par-
liament). Hugh-Jones et al. (2018) nd that the higher the number of veto players in
a country, the less likely a country is to ratify the Kyoto Protocol. On a similar note,
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