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Abstract

This study investigates the determinants of participation in environmental agree-
ments. To this end, we collated the largest ratification dataset in the literature.
Unlike previous data sets, ours includes both global and regional agreements and
identifies all countries eligible for membership in each agreement. This allows us
to correct an identification bias affecting previous empirical estimates. We improve
upon past unobserved heterogeneity by using a multilevel survival approach and
Markov Chain Monte Carlo (MCMC) estimator. Our findings show that countries’
participation choices are interrelated and primarily driven by the agreement’s char-
acteristics. We also find that the quality of institutions and environmental lobbying
positively affects participation in environmental agreements, while the effect of in-
dustrial lobbying is statistically insignificant. This result is robust to changes in
specification and proxies used. Our results motivate several policy suggestions. We
emphasise regional agreements’ capacity to deliver higher participation than global
agreements and highlight the importance of securing the early participation of key
players.
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1 Introduction

International cooperation is required to solve some of the most severe environmental
problems of our times. Air pollution, contamination of lakes and rivers, global warm-
ing, biodiversity loss, deforestation, desertification, and over-fishing are all problems
that cross national borders and simultaneously affect several nations. In these cases,
no single policymaker possesses the power to enforce environmental policies in all con-
cerned countries. This decentralisation of power calls for a horizontal approach based
on cooperation (Barrett, 2005). In theory, there is a clear incentive to cooperate since
total welfare increases when environmental issues are addressed multilaterally (Carraro
& Siniscalco, 1998). However, cooperation is not guaranteed because there are also in-
centives to free ride when no central authority can enforce an international agreement
(Barrett, 2008).

International environmental agreements (IEAs) are the primary cooperative tool to
solve such transboundary issues. To date, there are more than three thousand bilat-
eral and multilateral environmental agreements (Mitchell, 2017) in force. However, our
understanding of their dynamics is limited. So far, participation in environmental agree-
ments has mainly been studied with game-theoretical modelling, and it has remained
relatively under-explored from an empirical perspective (Finus et al., 2017).

This study aims to provide a better understanding of the drivers of participation
in environmental agreements. To this end, we collated a new data set on ratification
of environmental agreements which identifies the potential ratifiers for each agreement.
This characteristic allows us to study the determinants of participation in regional envir-
onmental agreements and solve an identification bias that had affected previous results
in the literature. Moreover, this study contributes to the economic literature by intro-
ducing a modelling strategy and estimation technique that is more robust to unobserved
heterogeneity than previous methods. This is also the first large-sample study look-
ing at the effect of domestic interest groups on participation. This line of enquiry is a
direct response to the recent developments in the theoretical literature that emphasise
the domestic choice-making process of treaty participation (e.g. Habla & Winkler, 2013;
Marchiori et al., 2017; Battaglini & Harstad, 2020; Hagen et al., 2021).

In the next section, we briefly introduce our new ratification data set. Section 3 looks
at the existing literature on environmental agreement participation. Then, in section 4,
we outline our theoretical framework and empirical approach. In section 5, we report the
analysis’ results and use them to simulate the ratification probabilities of agreements. We
conclude the paper by listing a few stylised facts and discussing the policy implications of
our findings. For the interested reader, we provide two supplementary online appendices
documenting our data and reporting the full results of our robustness and convergence
checks.

2 A new data set to study participation in environmental
agreements

Participation in an agreement is fundamental for its success because international agree-
ments are only binding for participating countries. Participation in an agreement gen-



erally involves two stages: thesignature followed by the rati cation °. Our data set and
the rest of our analysis will focus on rati cation because this is the step that formally
commits a nation, whereas signature entails no obligations.

We analyse rati cation with a newly collated data set comprising 263 multilateral
environmental agreements and 198 countries between 1950 and 2017. We make this data
set available online for future research. Our data tracks the rati cation decisions for
almost 20,000 treaty-country dyads. It is one of the largest data sets applied in this eld
of research; the only one of comparable size is the data set assembled by Bernauer et al.
(2010). Their data set was used in several studies of environmental treaty rati cation,
such as Bernauer et al. (2013b), Behmelt et al. (2015), Spilker & Koubi (2016), Hugh-
Jones et al. (2018) and Koubi et al. (2020). Nonetheless, it has important limitations
that our data collation sought to overcome.

Table 1: Rati cation data sets

Data set Treaties Countries  Years Regional treaties
Our data set 263 198 1950{2017 Yes
Bernauer et al. (2010) 255 180 1950{2000 No
Leinaweaver (2012) 55 193 1980{2010 Yes
Schulze & Tosun (2013) 21 25 1979{2010 Yes, all
Schulze (2014) 64 21 1971{2003 No
Cazals & Sauquet (2015) 41 99 1976{1999 No

First of all, Bernauer et al. (2010) included many agreements that are not strictly
related to the environment, such as those concerning nuclear energy or the Moon Agree-
ment (1979), the Convention on Conditions for Registration of Ships (1986), the Conven-
tion on the Law of the Sea (1982), and Disarmament Convention on Biological Weapons
(1972)°. On the other hand, our sample of treaties includes exclusively agreements dir-
ectly connected with environmental issues and explicitly mention their environmental
scope either in the title or in the text of the treaty.

Our data set's second and arguably most substantial contribution is that it solves
an identi cation problem existing in previous works. Past studies implicitly assumed
in their models that all the countries that failed to ratify could do so. This works
well for universal treaties, but the assumption is violated if regional or less-than-global
agreements are included in the studied sample. The centrality of this rather crucial
assumption has been gravely overlooked in past works. If not addressed properly, it
introduces a bias in the estimates, leading to a systematic underestimation of rati cation
probabilities.

Not all of the treaties are universal in the data set of Bernauer et al. (2010) (as well

5In this study, we use the term rati cation to indicate both the act of rati cation and accession.
Rati cation is de ned by Art. 2 of the Vienna Convention (1969) as the act \whereby a State establishes
on the international plane its consent to be bound by a treaty". For multilateral agreements, the
procedure involves the deposition of a rati cation document. On the other hand, accession is the act of
joining a treaty that has already been negotiated (Art. 2, Vienna Convention, 1969). It has the same
value as rati cation, and the procedure is established in the agreement's text. Accession often happens
for states that did not exist or did not take part in the negotiations.

8Cf. the bibliography for the full title of these agreements.



Figure 1: Potential rati cations by country

Notes: Not all countries have access to the same number of agreements. The number of
agreements rati ed by a nation depends on the number of agreements it can potentially

ratify.

as in most other major data sets); indeed, some could only be rati ed by a subset of
countries. We provide two examples of agreements that are in di erent ways incorrectly
included in their data set: i) the convention on LRTAP (1979), which is only open
to members of the Economic Commission for Europe (UNECE countries) according to
Article 15 of the same convention, andii) the Convention for the Protection of the
Mediterranean Sea against Pollution (1976), which would not be rati ed by distant
nations such as Nicaragua or South Korea. Bernauer et al. (2010) are aware that some
of the agreements could bede facto open just to a restricted number of countries. In
the appendix, they decide to run their model on a reduced sub-sample of treaties with
no obvious regional nature: the total number of treaties is halved to include only 113
environmental agreements.

We addressed this by identifying for each of the 263 agreements in our data set,
all the countries that could potentially ratify, that is, the set of potential ratifying
countries. As shown in gure 1, countries di er in their inherent opportunity to ratify
agreements, and hence the composition of the \rati able agreement" sets di er in size
and type across countries. Our identi cation procedure is based on the scope and text
of the agreements. For full reference, we provide a detailed explanation of the data and
the criteria used for identifying potential rati ers in the online data appendix. This
feature is fundamental because it allows us to include regional treaties into our analysis.
This, in turn, leads to the third limitation of previous works: since most agreements are
regional, we may get a distorted picture by looking only at global treaties. Apart from



Leinaweaver (2012), this is the only study covering regional treaties. Management of
freshwater resources, protection of habitats and ecosystems, pollution of seas and lakes,
etc.. Most environmental issues are geographically narrow and, consequently, involve a
limited number of countries. Environmental agreements re ect this aspect; the largest
part of the international environmental cooperation is regional (Figure 2).

Figure 2: Number of rati ers in environmental agreements

Notes: Most of the agreements have fewer than 50 members. The low number of rati ers
is not the consequence of countries' reluctance to ratify (Fig 4). Instead, it re ects the fact
that a large part of environmental cooperation occurs regionally. Hence the relevance of
including regional agreements in the analysis.

3 Studies on environmental treaty participation

3.1 Theoretical literature

The prevailing theoretical framework views nations as unitary agents engaged in max-
imising domestic social welfare. Environmental issues a ecting a group of countries can
be solved by negotiating and participating in international environmental agreements.
However, countries also have an incentive to free-ride on environmental agreements to
obtain environmental bene ts without paying the costs associated with the agreement
(Pearson, 2011). This situation has been extensively treated in game-theoretical models
predicting both the optimal treaty abatement and participation levels.

The classic participation game has two stages. In the rst stage, countries decide
if they want to form (and ratify) an environmental treaty, while in the second stage,
countries decide their emission levels. In such models, a country joins the coalition of
rati ers only if doing so is deemed bene cial. Hence, a treaty can only be formed if it is
self-enforcingli.e. the incentive structure induces a stable cooperating coalition|but
these cases are traditionally deemed rare and do not apply to the most pressing envir-
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onmental issues (Barrett, 2008). Moreover, participation in environmental agreements
is usually assumed to rely on the same criteria used to model cartel stability; thus, the
equilibrium is often precarious.

In a synthesis of the main results of the classic participation games, Barrett (1994)
states three stylised points about the e ectiveness of environmental agreements:

1. Agreements codify commitments that countries would undertake unilaterally even
without the agreement;

2. When the number of participants to the agreement is large, the agreement brings
few obligations and implies a low abatement e ort;

3. International cooperation is harder to attain when it is most needed.

These conclusions constitute the \paradox of cooperation” (Barrett, 1994). The implic-
ations for rati cation are straightforward: high rati cation rates are achieved only when
the commitment level is low, whereas stringent agreements should not attract rati ca-
tion. These dire conclusions originate from the structure of the model. Transboundary
environmental issues are analysed with games framed as prisoner's dilemmas, where the
Nash equilibrium lies in a non-cooperative solution. Later works have corroborated the
trade-o underpinning the paradox, with some improvements in the views expressed
in the latest contributions (Finus et al., 2017). For example, if instead of framing the
problem as a one-o decision, countries are allowed to participate in di erent periods,
outcomes are generally more encouraging. Higher participation rates are attained in re-
peated games, especially when communication is allowed or when the treaty is linked to
other issues (Bloch & Gomes, 2006; Biancardi & Villani, 2015; Wagner, 2016; Ko &
Schmidt, 2021). An important contribution in this area comes from Harstad (2015) and
Battaglini & Harstad (2016). They build a unifying framework to understand treaty
participation in a dynamic setting in which countries can invest in green R&D and
renegotiate agreements with varying duration. They show that short-term agreements
can create signi cant disincentives to investment in green technologies (investment hol-
dup problem), thus reducing the free-riding problem and increasing participation in the
agreement. This could explain why observed coalition sizes are usually larger than what
classic participation games imply.

A growing body of literature seeks to incorporate public choice theory within the
classic treaty participation game. Public choice theory promotes an endogenous view of
policy decisions in which environmental policies are described as the outcome of tensions
between di erent domestic interests. Kirchgassner & Schneider (2003) and Kollmann &
Schneider (2010) state that decisions over environmental policies are in uenced by the
following domestic agents: i) electors, ii) public institutions and administration, iii )
interest groups, andiv) politicians. A broad body of literature sought to incorporate
the tensions between these agents into endogenous models of environmental policy se-
lection. In recent years, this e ort has been extended from environmental policies to
environmental agreements. So far, research has focused on embedding the e ects of lob-
bying practices (Ha oudhi, 2005; Marchiori et al., 2017; Hagen et al., 2021) and electoral
incentives (Habla & Winkler, 2013; Battaglini & Harstad, 2020) into the classic game-
theoretical framework of treaty participation. In the lobbying models, environmental
and industrial lobbies in uence the rati cation of environmental agreements through the
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policymaker's \political support" function. The political interactions are then grafted

on a classic non-cooperative two-stage game of environmental agreement patrticipation
(Ha oudhi, 2005; Hagen et al., 2021). In other cases, an additional stage is included
either to re ect domestic rati cation procedures (Keke & Lange, 2017) or to simulate
the bargaining among domestic stakeholders (Marchiori et al., 2017). The models sug-
gest that the traditional trade-o of treaty participation could be easily mitigated if
there is a su cient domestic support in favour of rati cation. These models o er a more
realistic representation of the domestic-international interplay of treaty rati cation @ la
Putnam, 1988), notably missing in the classic participation literature.

3.2 Empirical literature

To date, much of the empirical research e ort has focused on understanding the main
drivers of participation in environmental agreements. These factors can be grouped
into four main categories: i) economic factors that shape incentive to participate and
free-ride, such as income or trade openness (Neumayer, 2002k)) Political factors that

in uence the rati cation process, such as the type of regime and quality of democracy
(Congleton, 1992; Schulze, 2014; Cazals & Sauquet, 2015); ) Treaty characteristics,
which determine the attractiveness of the treaty and the cost of participation (von Stein,
2008; Bernauer et al., 2013b);iv) Country interdependence which mitigates the free-
riding incentive (Bernauer et al., 2010; Yamagata et al., 2017). A comprehensive survey
of this empirical literature and its methodology can be found in Bellelli et al. (2021).
Our discussion here will focus on two topics of interest to this paper: regional agreements
and the role of domestic interest groups.

Early empirical literature focused on a handful of large environmental agreements.
Before 2010, virtually all empirical studies modelled rati cation of either climate change
treaties (the UNFCCC or Kyoto Protocol) or Ozone-Depleting Substances agreements
(e.g. Vienna Convention or Montreal Protocol). Hence, the evidence of these early
studies was speci c to a very narrow subset of famous global agreements. A key con-
tribution was made by Bernauer et al. (2010), the rst study attempting to model
rati cation choices by pooling a large number of environmental agreements. Subsequent
studies copied this approach (e.g. Leinaweaver, 2012; Bshmelt et al., 2015; Hugh-Jones
et al., 2018; Koubi et al., 2020). However, the emphasis remained on large multilat-
eral agreements|even though most environmental cooperation takes place on a regional
scale (Mitchell, 2003). So far, regional agreements were either excluded from the sample
of these studies or incorrectly incorporated in their analysis. In both cases, results are
biased and cannot generalise to the whole population of agreements. We will discuss
this point in greater detail in the methodology section.

The role of domestic interest groups has attracted far less attention in empirical stud-
ies than in theoretical ones. Only handful of studies have tackled this issue, probably
because of data limitations. To the best of our knowledge, the in uence of domestic in-
terest groups has been studied empirically for the rst time by Fredriksson et al. (2007).
In their framework, the rati cation decision of a corruptible policymaker considers the
welfare gains from improvements in the quality of the environment. However, it is also
a ected by the contributions, bribes, and pressure of environmental and industry lob-
bies. Fredriksson et al. (2007) de ne the corruption level as the intensity of the state's
preference for the contributions over gains in social welfare. Given this de nition, more



Figure 3: A model of environmental agreements in three stages

corrupted governments should be more sensible to lobbying activity. To test their hy-
potheses empirically, the authors use data on rati cation of the Kyoto Protocol by 170
countries. They build two models based on a binary (logit) and a survival dependent
variable (Cox PH model strati ed for Annex | countries with time measured in days).
The results show that the rati cation probability increases with environmental lobby-
ing, and the more the government is prone to corruption, the stronger is this e ect.
Interestingly, the estimates for industrial pressure are not found to be statistically sig-
ni cant. On the other hand, environmental lobbying is consistently found to have a
positive impact on the rati cation probability. Our paper generalises the analysis of
Fredriksson et al. (2007) by extending it to a large sample of environmental agreements
and improving the methodological treatment of unobserved heterogeneity.

4 Empirical approach

4.1 Analytical framework

As previously mentioned, the decision to participate in a treaty is implemented in two
stages: signature and rati cation. We focus on rati cation because it is the nal and
de nitive act marking participation in the agreement, whereas the signature stage is
costless as it does not entail any formal commitment to ratify and it does not legally
bind the country to environmental actions.

We take the model described in Keke & Lange (2017) as a conceptual reference.
The model comprises three stages: the rst stage corresponds to the formation of the
treaty and its signature by a coalition of countries; in the second stage, the coalition
members may or may not ratify the agreement; in the third stage, countries implement
their environmental policies. Our study aims to evaluate countries' rati cation choices
corresponding to the second stage of Keke & Lange (2017) model.

Following Almer & Winkler (2010), we assume that a country behaves rationally and
rati es the environmental agreement only if its net expected benet from rati cation,

B, is deemed positive ex-ante. The sign of ex-ante net benet cannot be observed
directly, but we postulate it is a function of a series of domestic factors D), international
interactions (1) and treaty characteristics (T). These factors constitute our model's

"Keke & Lange (2017) model presumes that only coalition members can ratify. This is not true in
reality.



variables and in uence either positively or negatively the net bene t of rati cation. The
rati cation choice is presented as follows:

L if Bij Di;l ;T >0

= 1
! O; if Bij Di;| ij;Tj 0 ()

WhereY; = 1 denotes rati cation of treaty j by country i, while Y =0 if country i does
not ratify treaty j. Domestic factors, denoted byD, include the income level, the quality
of the environment, and other variables of interest, such as the strength of domestic
pressure groups or the quality of institutions. International interactions, |, encompass
the in uence of foreign nations ( i) on the decision to ratify. The decision by country

i is linked to the rati cation of other nations with which it shares economic, diplomatic
or cultural ties. | is treaty-speci c; the rati cation of a treaty j by a foreign nation i

a ects the net benet from rati cation by nation i solely for treaty j (i.e. agreements
are independen).

Bij Di;l ij;Tiji j=l Bij Di;l ij;Tiji j=O =0;8 iand j (2)

In principle, it is possible to have interrelated rati cation choices for groups of en-
vironmental agreements. However, this seldom occurs in current theoretical models and
linkage is more often modelled across di erent types of issues (e.g. environment and trade
agreements) than two agreements dealing with separate environmental issues. Finally,
encloses those agreement features that in uence rati cation cost. For instance, it might
include whether a treaty is regional or global, the stringency of its obligations, whether
it includes transfers for developing countries, or other design features, such as minimum
participation rules, the presence of escape clauses or penalties for non-compliance. Since
we assume that agreements are independent, the net bene t of ratifying treatyj is only
impacted by the characteristics of treaty | .

Assuming that Bjj is continuously di erentiable in D, | and T, we can derive the
marginal e ect of variables of interest on the willingness to join the environmental agree-
ment. The marginal e ects would be obtained conditional on the variables inBj; and
assuming that the agreementj has been negotiated|i.e. we can only observe the agree-
ments that take shape. Thus, our framework speci cally answers the question:Given
that an agreement has been agreed, what motivates participation?

4.2 Empirical model

The analytical framework outlined above can be translated into an empirical model of
rati cation. We model rati cation with a survival analysis approach. This approach
allows us to accommodate the time dynamics and deal with the right-censoring problem
of observing ongoing rati cation processes.

An alternative to survival analysis would be to perform a count analysis of rati c-
ation (e.g. Egger et al., 2011; Davies & Naughton, 2014). However, this approach is
inappropriate because it fails to answer an important question: what treaty is rati ed?
After all, not all of the agreements are alike. Each treaty has its own peculiar mix of
obligations and economic implications. It is theoretically possible to analyse if a treaty
has been rati ed at one point in time (i.e. cross-sectionally) with a binary regression, but



Figure 4: Rati cation rate

Notes: The gure unveils substantial heterogeneity in the rati cation rate of environmental
agreements. What factors explain the success or failure of a treaty? We argue that coun-
try and treaty characteristics are responsible for this variability. The rati cation rate is
calculated as the number of rati ers over potential rati ers up to 2017.

this approach has important limitations. First of all, whether rati cation occurred de-
pends on the point in time chosen to assess it. There is a second and more fundamental
reason to consider a time dimension. Rati cation is intrinsically dynamic: what matters

is not only if, but also when a country rati ed. If we merely focus on the occurrence of
rati cation, we are ignoring precious information.

Rati cation could be a ected in two ways: i) by changing the nal outcome (i.e. whether
or not the country rati es), and i) by delaying rati cation. We believe the latter is cru-
cial in understanding the e ects of certain variables on rati cation. This is especially
true for agreements that attracted almost universal rati cation. In which case, a strategy
based solely on the outcome would fail to capture the heterogeneity across countriés
The same applies to smaller agreements that are rati ed by almost all of the potential
rati ers. Agreements with high rati cation rates represent a substantial share of our
sample (gure 4). Finally, timing is also inherently important in understanding the
sequence of rati cation by di erent countries. It is impossible to disentangle foreign
in uence on rati cation without a temporal observation of rati cation.

In the context of survival data analysis, treaty rati cation is de ned by two sets
of information: whether rati cation takes place (outcome) and the time to rati cation
(duration). For existing countries, the rati cation timing starts with the signature of

8For example, the UNFCCC (1992) and the Montreal Protocol (1987) both achieved universal rat-
i cation with 197 parties. However, rati cations did not occur simultaneously: Canada ratied the
UNFCCC in 1992 (soon after signing), France in 1994, Turkey in 2004 and Andorra in 2010. Similarly,
the Montreal protocol was rati ed in 1992 by Australia, Belgium in 1996, Angola in 2000 and Iraq in
2009.



Figure 5: Kernel density estimates of duration for treaty rati ers

Notes: Rati cations tend to concentrate in the ten years following the signature. Some
agreements experience more than one wave of rati cations (e.g. Kyoto Protocol), but the
chances of being rati ed generally decay rapidly with time.

the agreement. This is when the text of the treaty is agreed upon and becomes formally
open to rati cation. If a country did not exist at the point of signature, the timing
starts from the year it came into existence (e.g., by acquiring independence). Each
survival spell ends either with rati cation or a missed rati cation, in which case we have
right-censored data (Figure 6). Fortunately, this should not a ect our estimates in a
survival analysis framework because we can assume independent censoring|the duration
of truncated spells depends uniguely on the exogenous year of signature and the xed
observation point. A third case for the end of the survival spell is the extinction of the
country itself. In our data set, only a handful of countries experience extinction: East
Germany, USSR, Yugoslavia, Czechoslovakia, South Yemen, South Vietnam. Despite
the low incidence, extinction is a potential source of bias from competing risk. For this
reason, we removed dissolved countries from the risk set. With our data, left-censoring
is impossible by de nition because the act of signature and rati cation is always public,
and the observation period is uninterrupted until 2017 (the observation year).

Despite the continuous nature of the rati cation process, we group it into yearly
observations to match the observation frequency of the explanatory variables. We can
handle discrete survival analysis with a binomial regression by considering this data as
a series of success/failure trials for which we observe a yearly binary response (Prentice
& Gloeckler, 1978). For every country-treaty-year combination, we have a dichotomous
response variable that takes the value of 1 if rati cation occurred and O otherwise. We
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Figure 6: Censoring in rati cation data

Notes: Survival spells for a representative environmental agreement. The gure also il-
lustrates the di erence between the age of the treaty and the concept of duration. The
duration is subjective to the country-treaty dyad because the starting points for the survival
spells may di er across countries.

de ne the hazard function h(t) as the probability of observing rati cation during the
time interval t, given no earlier rati cation :

hj ()=Pr yj()=1jy(t 1)=0 3)
Whereyj; andt are respectively the response variable and the duration for every country-

treaty combination ij . Time is a discrete variable and the hazard is assumed constant
over the time interval. Then, our model has the following form:

cloglog hy () = ()+Di(t) +13(t 1) +T(t) +u+uy (4)
()= o+ at+ Ht?+ 3t (5)
u N (0; 2 u N (0; 2 (6)

uj

WhereD, | and T are vectors containing domestic, international and treaty explanatory
variables, and , and are their respective vectors of conformable parameters. Unlike
some types of survival models, this speci cation allows the explanatory variables to be
time-varying; for this reason, we express them as a function of time. We use one-year
lagged indicators for international interactions (I ) to avoid simultaneity bias. The lagged
values ofl are not strictly independent since they depend on past values of country's
rati cation decisions. However, past rati cation status is a given condition in estimating
the rati cation hazard (equation 3) because it is estimated only for treaty-country dyads
that did not already ratify.
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The baseline hazard function is denoted by (t). Following the approach proposed
by Carter & Signorino (2010), we model baseline hazard with a cubic polynomial (equa-
tion 5). The cubic polynomial speci cation is also preferred in the existing rati cation
literature. For instance, Bernauer et al. (2010), Leinaweaver (2012), Behmelt et al.
(2015) and Spilker & Koubi (2016) all use cubic polynomials. It is also possible to use
a non-parametric baseline hazard. To ensure the robustness of our results, we estimate
also estimate our main model with non-parametric speci cation in appendix.

The rati cation model includes two random-e ects to account for the unobserved
heterogeneity at both country and treaty levels. Fixed e ects are not used in survival
analysis because they would perfectly predict non-occurrence in many units (Greene,
2002). If used, the resulting estimates would be based solely on the units that exper-
ienced the event and consequently biased. Hence, in the context of survival analysis,
unobserved heterogeneity is modelled with frailty terms, which correspond to the inclu-
sion of a random e ect. Previous studies did not usually deal with this problem. A
common solution consists in using robust standard errors clustered on countries (e.g.
Perrin & Bernauer, 2010; Bahmelt et al., 2015; Koubi et al., 2020). The problem is that
observations are not only clustered on countries, but also on treaties. That is, not only
are the rati cations of treaty A and treaty B by France correlated, but also the Russian
and French rati cations of treaty A will not be entirely independent. The use of robust
standard errors can alleviate the problems linked to the correlation of units, but it fails
to correct the bias deriving from unobserved heterogeneity. This is particularly seri-
ous in the case of environmental agreements because rati cation depends on numerous
and unmeasurable agreement characteristics. Notably, rati cation is very likely to be
a ected by the stringency of the agreement|as pointed out by the \depth vs participa-
tion" trade-o widely discussed in the game-theoretical literature. Moreover, for longer
durations, the risk set will increasingly consist of dyads with low risk of rati cation.
These will participate in the estimation of the baseline hazard and, if we do not control
for unobserved heterogeneity, they could tend to accentuate the e ect of negative factors
on the length of duration and understate the e ect of positive factors.

In equation 4, the complementary log-log link function is preferred over a logit or
probit function because it approximates a standard survival model with grouped obser-
vations. Prentice & Gloeckler (1978) demonstrate that the coe cients of a continuous
proportional hazards model with grouped data are identical to those obtained from a
discrete binary regression using thecloglog link function. In addition, the results ob-
tained from a complementary log-log link function can be interpreted in terms of hazard
ratios, which is more intuitive than the odds of hazard.

4.3 Model variables

We introduce the variables included in the domestic characteristics D ), international
interactions (I ) and treaty characteristics (T) of equation 4. These have been chosen
based on the the main determinants identi ed in the theoretical and empirical particip-
ation literature. For ease of reference, Table 2 summarises the explanatory variables in
our model and provides information on data sources.

Main variables
Recent theoretical models depict rati cation choices as the outcome of con icting in-
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Table 2: De nitions and sources

Variables

Variable de nitions and sources

ENGO

ResourceRent

Institutions

ENGO
ResourceRent

Institutions
I nstit

loglncome

CivilLiberties

T hreatenedSpecies

logF orest

RatRegion

Ratus

RatChina

RatRussia

Ratlndia

RatGermany

Number of ENGOs memberships to the International Union for
the Conservation of Nature by country in 2017. Data from IUCN
website (IUCN, 2017a). We assume a constant value over the
entire time period because no panel data is available. In the
appendix, we perform robustness checks with other time-varying
proxies for environmental lobbying.

Sum of fossil fuels (gas, coal, oil, mineral and forest) rent as per-
centage of GDP, where rents are the di erence between the average
production cost and commodity price. It captures the extent of
monopolistic power in the fossil fuel industry | which we assume
correlates with industrial lobbying potential. Data from the WDI
dataset (World Bank, 2017a).

Control of Corruption indicator from the World Governance In-
dicators (World Bank, 2017b). Expressed in units of a standard
normal distribution.

Interaction term between ENGO and Institutions
Interaction term between ResourceRent and Institutions

Natural logarithm of the GDP per capita in current USD. Data
from the UN National account estimates (UNSD, 2017a).

Freedom House index of civil liberties. On a scale from 1 to 7,
where a lower score indicates greater freedom. Data from Freedom
House (2017).

Based on the Red List Index, an index of the conservation status
of species groups in a territory. A higher risk of extinction is
associated with lower scores. Data from IUCN website (IUCN,
2017b).

Natural logarithm of the forest area expressed in thousands of
squared kilometres (FAO, 2017).

Share of countries in the same M49 sub-region (UNSD, 2017b)
that rati ed the agreement.

Dummy variable that takes the value of 1 if the United States
already rati ed the agreement.

Dummy variable that takes the value of 1 if China already rati ed
the agreement.

Dummy variable that takes the value of 1 if Russia already rati ed
the agreement.

Dummy variable that takes the value of 1 if India already rati ed
the agreement.

Dummy variable that takes the value of 1 if Germany already
rati ed the agreement. Since EU countries tend to ratify en bloc,
we use this as a proxy for EU rati cation. The results do not
di er if we take France as our proxy.
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Variable de nitions and sources (continued)

Variables De nitions and sources

Regional Dummy variable taking the value of 1 if the treaty is not open to all
countries or if the scope of the agreement is regional (e.g. a treaty
on the protection of a river basin or EU environmental agree-
ments). The variable has been coded based on the agreement's
text as reported in the IEA Database Mitchell (2017). More in-
formation on how the treaties are coded can be found in the online
data appendix.

FrameworkAgreement Dummy variable that takes the value of 1 if the agreement is
a framework agreement according to the lineage classi cation of
Mitchell (2017).

t Duration: number of years the treaty-country combination has
spent in the risk set.

terests within the country (Habla & Winkler, 2013; Marchiori et al., 2017; Keke & Lange,
2017; Lui, 2018). For this reason, it makes sense to analyse the e ect on rati cation of the
two opposing tensions within the country: the environmental (supporting rati cation)
and industrial lobbying (opposing rati cation). Industrial and environmental lobbying
are proxied by the variablesENGO and ResourceRent These are, respectively, the
number of environmental NGOs of the country and the sum of fossil fuel rents as a per-
centage of GDP. To ensure that our results are robust, we test four additional proxies
for industrial lobbying and two more proxies for environmental lobbying.

Previous theoretical and empirical studies have also highlighted that the e ect of
lobbying may be non-linear. In particular, the theoretical models discussed in section 3,
usually assume that the e ects of lobbying depend on the policymaker's preference for
contributions over social welfare (e.g. Ha oudhi, 2005; Marchiori et al., 2017)|i.e. how
corruptible it is. We control for this by including the variable Institutions , which is the
control of corruption index by World Bank (2017b) and inserting an interaction term
between the quality of institutions and environmental/industrial lobbying ( ENGO
Instit and ResourceRent Instit ).

We address international interactions (I ) between countries' rati cations by including
the share of neighbours that already rati ed the agreement RatRegion) and a series of
dummies for the rati cation of key international players ( RatUS, RatChina , RatRussia,
Ratindia and RatGermany for EU countries). These variables capture the e ect of
foreign decision on domestic rati cation. All foreign rati cations refer to period t 1 to
avoid simultaneity bias.

Finally, we include the dummy Regional, which takes the value of 1 if only a subset
of nations are potential rati ers to the agreement. All else equal, we expect regional
agreements to be more likely to be rati ed. Barrett (1999) shows that global agreements
can only sustain small coalitions, but he argues that a combination of regional agreements
can achieve higher participation for the same issue. The same result is obtained by
Osmani & Tol (2010) under less stringent assumptions, such as asymmetric payo s and
accounting for di erent levels of environmental damage.

Other controls
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In addition to the variables above, we control for the main determinants identi ed
by the theoretical and empirical literature. We include the logarithm of GDP per cap-
ita and its squared value to account for the relationship with income and any inverted
bell-shaped relationship as suggested by some previous works (Bernauer et al., 2010;
Sauquet, 2014; Bshmelt et al., 2015; Koubi et al., 2020) in analogy with the Environ-
mental Kuznet Curve. We also control for the quality of democracy with the index
CivilLiberties ; democracy has consistently been linked to higher probabilities of ratify-
ing (Congleton, 1992; Fredriksson & Gaston, 2000; Neumayer, 2002a). This should also
ensure the results we obtain forinstitutions are isolated from the democratic quality of
governments. We control for the state of the environment with T hreatenedSpecies an
index on species conservation. We choose this proxy over the more popular air pollut-
ant emissions (e.g. Leinaweaver, 2012; Spilker & Koubi, 2016; Hugh-Jones et al., 2018)
because it captures a broader set of human impacts on the environment. Temperat-
ure change, habitat disruption, water pollution, poaching, deserti cation, air pollution
and/or deforestation all have a devastating impact on animal habitat. Moreover, we
include the logarithm of forest area (ogF orest) to account for the country's natural
capital endowment. Countries that are rich in environmental assets might engage more
often in environmental cooperation and receive stronger international pressure to ratify.
Lastly, we include a dummy (FrameworkAgreement) to distinguish framework agree-
ments from protocols, which might have more stringent obligations. Other unobserved
treaty characteristics are captured by the treaty frailty term.

4.4 Model estimation

Because of the multilevel structure and binary dependent variables, the likelihood of the
observed data does not have a closed-form expression. Therefore estimation methods
involve approximation. Some of the most popular methods are quasi-likelihood (such as
Goldstein & Rasbash 1996 or Breslow & Clayton 1993), Laplace approximation, adaptive
quadrature, and Markov chain Monte Carlo (MCMC).

This type of model can be tted through iterative algorithms based on generalised
least squares (e.g. IGLS or RIGLS) giving quasi-likelihood estimates obtained by al-
ternating between random and xed parts until convergence is reached. Marginal quasi-
likelihood (MQL) and Penalized (or predictive) Quasi-Likelihood (PQL) are applicable
even though they tend to perform worse with dichotomous variables (Browne & Draper,
2002) and convergence is harder to reach with larger data sets (Capanu et al., 2013).
Another common alternative is the use of Laplacian approximation. However, because
of the low variation in survival data and the complex structure of random e ects, this
type of estimation takes a very long time on large data sets, and convergence is sel-
dom reached. Compared to maximum likelihood methods, MCMC improves estimation
precision at the cost of estimation time (Ng et al., 2006). Browne & Draper (2002)
demonstrated that for multilevel cross-classi ed binary regressions, the results are more
precise when estimated with MCMC than quasi-likelihood methods. MQL and PQL have
a notorious tendency to bias the variance components downwards (Browne & Draper,
2002). Furthermore, MCMC performs well even when the normality assumptions of the
random e ects are violated.

We decide to estimate the model using the MCMC estimator because of its robust-
ness properties. It can be applied to the binary cross-classi ed model by using the
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Metropolis-Hasting algorithm (Hastings, 1970) as a sampler. This Bayesian simulation
method estimates the complete distribution of the parameters. We also prefer MCMC
because alternative estimation methods often fail to converge for complex models and
large survival data sets like ours, which characteristically have low variability in the
dependent variable. Furthermore, with uniform priors and large samples, MCMC yields
asymptotically equivalent estimates to MLE (Steele et al., 2004). This property is derived
from the Bernstein-von Mises theorem, which states that with large-enough samples, the
samples' information dominates the in uence of the prior and the posterior distribution
is asymptotically equal to a normal distribution centred upon the maximum likelihood
estimate (Nickl, 2013). The main downside of MCMC is its very long estimation time.
We estimate our model with MLwiN (Charlton et al., 2017), a software developed spe-
ci cally to deal with large and complex multilevel models maintained by the Centre for
Multilevel Modelling of the University of Bristol.

We start the estimation procedure by rst tting a simpli ed hierarchical model with
a quasi-likelihood method (MQL procedure). This should accelerate the convergence of
the Markow chains by providing good initial values for the parameters. The following
di use priors are used in the MCMC analysis:

Pr( )/ 1 PrC 5 ; )/ 1 (7)

Where =1 o; 1; 2; 30are the coe cients of the baseline hazard and ; ; are
the coe cients of the independent variables of the model. For the variance parameters,
we use the following priors, which correspond to a uniform prior for the logarithm of the
variance.

Pr( w)/ (%) Pr( )/ Mty t=10°3 @)

We simulate as many iterations as needed to guarantee the convergence of the series
and reliable inference from the posterior distribution. We run no less than 500,000
iterations. The convergence to the target distribution is evaluated through several tests
and measures reported in the appendix. To accelerate the convergence rate and improve
the e ciency of MCMC estimation, we use orthogonal reparametrisation. Browne et al.
(2009) document how this reparametrisation a ects the mixing and convergence time in
estimating cross-classi ed multilevel survival models. Application to our data seems to
corroborate their thesis: the number of independent samples obtained with this technique
increases, and we notice a general improvement in the mixing of the Markov chains.
Orthogonal reparameterisation involves a substitution of the model's parameters with an
orthogonal vector of predictors that are then used for estimation. These new parameters
have the advantage of facilitating sampling by reducing the correlation between variables.
The initial set is then retrieved at the end of the estimation (see Browne, 2017).

5 Results

We report our main results in Table 3. Five di erent model speci cations are presented
(Model | to V). The rst two are the study's reference speci cations; the estimates
correspond to the mean of the marginal posterior distributions, which are also presented
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in terms of hazard ratios’. The only di erence between models | and |l is that the latter
does not have an interaction term between the quality of institutions and the lobbying
variables. Model V is identical to model | but estimated on a sub-sample composed
exclusively of global environmental agreements. In Model Ill the income and democracy
variables are replaced with a di erent proxy for the level of economic development, and
Model IV is a simpli ed speci cation of model I. All models are estimated with MCMC
by performing almost one million iterations per model.

5.1 Regional agreements and treaty characteristics

Figure 7 provides a good summary of our rati cation models. The mean survival probab-
ilities of every treaty in the data set are plotted along with the general population mean.
Some lines are interrupted before reaching 50 years because they correspond to more
recent agreements, which are right-censored at the observation date. The gure shows
that a hypothetical average treaty has approximately a 50% chance of being eventually
rati ed. Nevertheless, participation upturn varies widely among treaties. The random
part of the model shows that most of the variation is explained by heterogeneity at
the treaty level, which greatly exceeds the impact of unobserved country characteristics
(roughly eleven times larger). Even after controlling for regional nature of a treaty and
whether or not a treaty is a framework agreement, di erences among treaties remain the
fundamental cause of disparities in rati cation. This result is unsurprising; the success
or failure of a treaty depends chie y on the agreement's content and only secondarily on
the country's characteristics or other strategical interaction. This result also emphas-
ises the importance of accounting for unobserved treaty heterogeneity since we cannot
properly measure the agreement's stringency. Future research should attempt to better
measure treaty features; to date, this aspect remains under-explored.

Our results highlight that regional agreements regularly attain a higher participa-
tion rate than global agreements. The regionality of the agreement is the single most
important factor explaining rati cation likelihood in our model. On average, the hazard
of rati cation of a regional agreement is 2.37 times that of a global agreement. This
shows that treaties can be a very e ective tool to solve regional environmental issues
because they can easily engage small groups of countries. On the contrary, the negoti-
ation of global agreements is evidently more arduous. Finding a compromise for a large
number of nations is a complex exercise and could end up penalising participation in the
agreement or its environmental e ectiveness.

Besides the impact of treaty features, Figure 7 also shows how the probability of
rati cation changes over time. Most rati cation decisions take place in the initial ten
years. Some simple algebra reveals that in our model, conditional on the other variables,

°A hazard ratio higher than 1 indicates an increase in the hazard of rati cation, while a hazard ratio
between 0 and 1 suggests a reduction in the hazard of rati cation. Hazard ratios indicate the relative
risk of an event between two groups of reference. For example, in the case ofRatUS, it compares the
hazard for treaty-country-year dyads for which the United States has already rati ed the agreement with
the ones in which it has not. In the case of continuous variables (e.g. ENGO or ResourceRent), the
comparison is with dyads with a unit increase in the variable.
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