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Abstract

In this paper we analyze the impact of ratification uncertainty on the optimal terms
of international environmental agreements (IEAs). We combine the literature on IEAs
with the one on two-level games of ratification by incorporating uncertain preferences of
the pivotal voter in the ratification stage. We find that ratification uncertainty which
has an non-monotonic impact on the strength of the commitment and — depending
on the model specification — on the participation threshold as well. Specifically, for
increasing variance in the ratification the commitment level that is specified in the
agreement first decreases, while for sufficiently large variance it again increases and
returns to the level that is preferred by the negotiators.
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1 Introduction

Achieving meaningful cooperation on global public good provision like greenhouse gas
emission reductions remains an important challenge. The Kyoto protocol and its potential
successor is a prominent showcase of both the tedious negotiation process as well as the
difficulties or failure in several countries to ratify an already signed agreement. Such
problems in formulating successful international agreements hardly come as a surprise for

economists.

A large strand of literature (e.g., Carraro and Siniscalco 1993; Barrett 1994; Hoel and
Schneider 1997; Kolstad and Ulph 2008) deals with self-enforcing environmental agree-
ments. It relies on a multi-stage model where countries first decide whether or not to
join a climate coalition, and, second, coalition members maximize their collective payoff
by choosing their emission reductions. These models derive rather pessimistic results on
the prospects of cooperationﬂ These studies focus on the commitment level only. Several
international agreements do, however, include minimum participation rule. The Kyoto pro-
tocol, for example required a double trigger before entering into force: it had to be ratified
by at least 55 parties to the UNFCCC, incorporating Annex I parties which accounted for
at least 55% of total Annex I carbon emissions in 1990. A few studies analyze the impact

of such minimum participation rules on the success of international agreementsﬂ

In this paper, we consider the choice of both commitment levels and minimum participation
rules in international agreements, but add With this, we relax the frequent assumption

made in this literature that countries act as unitary actors.

This literature models countries as unitary actors and assumes that the negotiated agree-
ment automatically enters into force. In reality, the temporal structure is more complex:
most negotiated agreements must also be ratified by the legislatures of the respective coun-

tries. For example, it took 8 years for the Kyoto protocol to enter into force after it had

!Baker (2005); Kolstad (2003); Ulph and Maddison (1997) and Ulph and Ulph (1996) incorporate
uncertainty and learning about the cost and benefits of climate change in such model framework which
does not qualitatively change the pessimistic insights.

2Black et al. (1993), Carraro et al. (2003), Carraro et al. (2009), Rutz (2001), and Weikard et al. (2009)
analyze exogenous and endogenous minimum participation rules and show that those may even generate
full participation, i.e. a grand coalition if countries are not too heterogeneous.



been signed in 1997. Most prominently, the U.S. did not ratify this protocol. While cer-
tainly strategic aspects may play a role hereﬂ a country’s ratification may also be subject
to political economy considerations after the agreement is signed. For example, ratifica-
tion uncertainty may be caused by potential changes of governments or preferences of the

pivotal voters.

In this paper, we reconsider the choice of commitment levels and minimum participation
rules in international agreements under ratification uncertainty. That is, we employ a
model that allows for ratification failure after an agreement has been signed. Such risk
arises from the fact that countries do not consist of single decision makers but rather of
a plurality of players involved in the negotiation and ratification processes and that those

players may have heterogeneous preferences that are not necessarily common knowledge.

Such interaction between different players involved in the negotiation and ratification pro-
cesses has been described by Putnam (1988). He formulates a metaphor of two tables at
which the negotiator of a country sits: the national and the international one. The negotia-
tor’s task is to reconcile the interests at both tables, that is, to find the overlap in the win
sets (set of all negotiation outcomes that are preferred to the status quo and could therefore
be agreed upon) of all participating countries. If there is no overlap, the agreement fails.
Putnam suggests a two-level game consisting of a negotiation level (international table)
and a ratification level (national table) and describes different aspects that influence the
relation between those two levels. Most approaches of formalizing this metaphor have con-
centrated on a game with two negotiators and one ratifier (e.g., Kibris 2012; Iida 1996; Iida
1993; Kroll and Shogren 2008; Humphreys 2007). Negotiators first decide on the content
of the agreement which is then presented to the ratifier in the ratification stage. Ratifiers
either accept or reject according to their own preferences. Naturally, negotiators need to
take those ratification constraints into account. They can be certain (Humphreys 2007;
Hug 2009; Kroll and Shogren 2008) or, due to asymmetric information, uncertain (Iida
1993; Tida 1996; Kibris 2012; Milner and Rosendorff 1997) to the negotiators.

In our paper, we extend this literature to include more than two negotiation parties. This

allows us to study the role of ratification uncertainty on two design elements: (i) the

3Ratification constraints may be exploited to achieve advantageous bargaining positions (Schelling 1960).



commitment level and (ii) a minimum participation requirement. Importantly, we find
that ratification uncertainty has a non-monotonic impact on the commitment level: for
an increasing variance of the preferences of the pivotal voters in the ratification stage, the
commitment level first decreases, before increasing again. While this result may appear
counter-intuitive at a first glance, the intuition is rather straightforward. Relative to a
situation without uncertainty, the negotiators may try to reduce the commitment level
of the agreement in order to increase the chances of the agreement to be ratified and
to enter into force. For very large uncertainty, however, the marginal impact of such a
compromise in the commitment level on the probability of ratification is rather small such
that the commitment level returns to the one that is preferred by the negotiators. We

derive similar insights for the optimal minimum participation level.

Two caveats need to be given. First, we focus on ex ante symmetric countries such that
the commitment level which is specified in the agreement is identical for all countriesﬁ
Second, we concentrate on the formulated terms of the agreement once the parties sit on
the negotiation table. That is, we do not study the decision of countries to enter the

negotiationsﬂ

The remainder of the paper is structured as follows. We formulate to basic model in section
We then turn to the non-cooperative case in section before discussing the probability
of ratification in section [2.2]and the optimal design in section[2.3] Section [3illustrates some

results based on numerical simulations before we conclude in section [l

4An extension would involve a multi-dimensional negotiation space as commitment levels for all respec-
tive parties need to be specified. For this an extension of the literature on two-level games is necessary.
Kibris (2012), Iida (1993) and lida (1996) consider a single dimension, while Hug (2009) considers two-
dimensional negotiation space. Humphreys (2007) claims to provide a model which can account for public
goods by introducing a multi-dimensional policy-variable. However, he does not introduce the specific pref-
erence structure of public goods. Kroll and Shogren (2008) study a bilateral public good setting where own
and foreign contributions are negotiated.

5Such an entry decision corresponds to the decision of countries to join a coalition in the case without
ratification uncertainty.



2 Basic setup of the theoretical model

Let the number of countries be denoted by n. Each country must choose its abatement level
of a global pollutant ¢; (¢ = 1,...,n) which induces some abatement costs C'(g;) that are
assumed to be strictly increasing and convex in the abatement level, C'(-) > 0, C"(-) > 0
and identical across countries. Abatement creates benefits B;(Q) = b;Q, where Q = >, ¢;
denotes the aggregate abatement level and b; > 0 is a country specific benefit parameter.
In line with a large part of the coalition formation literature, we thereby assume benefits
to be linear in abatement. The payoff of a country ¢ from abatement related activities is
therefore given by I1;(¢;, Q) = b;Q — C(q;).

We use the benefit parameter b; to incorporate uncertainty regarding ratification. While bZR
denotes the (known) benefit preference of the representative of country i, i.e. the negotiator,
the preference bf) of the pivotal agent in the ratification process (e.g., median voter) in
country ¢ is unknown to the negotiator at the time the agreement is negotiated. We
assume that it is given by

b =blf 46+ 0 (1)

Here, ¢; reflects a country-specific shock of the preference parameter and 6 refers to a
shock that is common to all countries. We assume that countries are ex ante symmetric, i.e.
bﬁ = b® and that ¢; are independently identically distributed with a cumulative distribution
function G(-) (density g()) with mean zero. Any differences in expected value between
voters and negotiators preferences are thus captured by the distribution of the global shock

6 whose cumulative distribution function is denoted by H(-) with density h(). We denote

the mean of 8 by d. For simplicity, we assume that both distributions are uniform:lﬂ
€~ Ul=Aq A

and
0 ~Uld— Ag,d+ Ag).

Importantly, we assume that domestic and foreign representatives have identical beliefs

5The qualitative insights of our paper do not depend on this assumption.



about country ¢’s votersm We interpret the uncertainty as originating from the temporal
features of ratification processes: once an international agreement is signed, or for the pur-
pose of the argument, a domestic legislation is proposed, time may passes that generates
new information to the voters and thereby may change their final decision. Examples reach
from nuclear accidents as Chernobyl or Fukushima which subsequently changed the atti-
tudes of median voters towards nuclear power to elections taking place in the country and
exchanging the decision makers in the ratification process and thereby possibly changing
the ratifiers preferences. Alternatively, the uncertainty may stem from potential changes

in the government.

In the following, we study the impact of uncertainty on the terms of international agree-
ments. Importantly, we start with the assumption of all n countries sitting at the negotia-
tion table. That is, we do not consider an initial decision to enter negotiationsf| We assume
that the agreement has the following structure: First, it specifies a minimum number 7 of
countries that have to ratify the agreement before it enters into force. Second, it specifies
a commitment level ¢ for ratifying countries have to deliver in case that the agreement

becomes active ]

We assume that all uncertainty with respect to all bf-D is resolved before the ratification pro-
cesses in the countries start. Further, we assume that ratification takes places sequentially.
The order is randomly determined after the agreement is formulated. This assumption
makes countries ex ante symmetric, i.e. all countries are identical at the time of the nego-

tiations. We denote the set of ratifying countries by R.

If r > 7 countries ratify the agreement, it enters into force. In this case, ratifying countries
i € R are bound to abate ¢; > ¢, while other countries (i € R do not face any obligation.
In case that less than # countries ratify, no country faces any obligation as the agreement

does not enter into force.

"For a theoretical treatment of strategic use of uncertainty in case of asymmetric information between
domestic and foreign representatives, see Iida (1996).

8We hope to be able to address this in further research.

9 Alternatively, the commitment level could be a more complicated function of the number of ratifying
countries. Our assumptions reflects the style in which the Kyoto protocol was set up.



2.1 The non-cooperative case

We first consider the case in which no agreement exists. Here, the representative can

implement his personally desired policy:

max 0] (q; + Q-) — Cla;) &  C'(q)=0b" (2)

qi

where Q—; = @ — ¢;. The linear benefits imply a dominant strategy. The solution is
denoted by ¢".

We assume that the representatives can implement their unilaterally optimal level and that

voters’ preferences only affect the acceptance of a potential international agreement.

2.2 The ratification decisions

In order to investigate the optimal design of an agreement, we need to solve the game back-
ward, i.e first derive the conditions under which countries ratify the agreement. Remember
that we assumed a sequential ratification process which happens under full information

about all countries’ realizations of preferences of pivotal voters bf .

It is obvious that countries that do not ratify the agreement will choose ¢~ as derived in
(2). Taking this into account, a country may only ratify the agreement if its ratification
is needed to achieve the minimum participation threshold 7. If at least 7 other countries
ratify, a country will not do so since its ratification does not affect the contributions of any

other country. As a consequence, no more than 7 countries will ever ratify the agreement.

Assume that a country is decisive for reaching the minimum participation threshold. It
then may consider ratifying only if this (weakly) increases its payoff relative to the case
when it does not ratify, i.e. when the agreement does not enter into force and all countries

fall back to their non-cooperative level ¢'V:



where 8 = (4, 7) denotes the minimum benefit parameter that makes ratification of a
given agreement (7, §) worthwhile to a country. That is, the country may only ratify if its
benefits from the additional abatement by all 7 ratifying countries exceed its additional

abatement costs.

Under the assumed sequential ratification process, it thus follows that the last 7 countries
for which blP > [ will ratify the agreement. The agreement thus enters into force if bzP >
holds for at least 7 countries. With , this requires ¢; > f—b®—6 such that the probability
of this participation threshold 7 being reached is given by

n

w=nia)= [ [Z (M) a6 - oyeE -t oy ame) @

r=r

We will later illustrate our model based on two special cases. Case (1) assumes no country-
specific shocks (A¢ = 0) such that all uncertainty is captured by H(-). Here, reduces
to:

7 =7 (@7) = 1 H(B - V) )

Case (2) assumes no global shocks (Ag = 0) such that the realizations of b/ are independent

across countries:

=) =3 (1) a- 66 -1 - ay G- v - ay )

r=ft

where d was defined as the mean of 0, i.e. the expected difference between representatives

and pivotal voters preferences.

It will be important how the probability 7 of the agreement entering into force (or, in the
special cases, 7' and 72) depends on the design of the agreement, i.e. the choice of the

commitment level ¢ and the minimum participation 7. We obtain the following Lemma.

Lemma 1 The probability that the agreement enters into force is decreasing in the chosen
commitment level q. For a sufficiently small variance of the country-specific shocks ¢; (e.g.,
case 1 where these do not exists), the probability increases in the minimum participation

threshold 7. In general, the probability ™ may be decreasing of increasing in 7.



Proof of Lemma |1} Equation immediately shows that the probability 7 is decreasing
in 8 as this increases the probability of individual countries ratifying the agreement. Since

[ is increasing in §:

98 _ 08(¢,7) _ C'(@)(d—q")
By a4 7(

qN

Q>

where we used the convexity of the cost function C(-). Similarly § is decreasing in 7:

08 _08(a.7) _ B
o o il ®)

<

which already proves the claim regarding the impact of ¢ and — by continuity — regarding
the impact of 7 on 7 for small variance (see . Increases in 7 have, however, a directly
declining effect on 7 even when [ is kept fixed as more countries are required to ratify
before the agreement enters into force (see . The potentially decreasing effect of 7 on
7 can be easily seen by comparing the extreme cases of 7 = 1 and 7 = n for the case 2 in

which no global shock exists:

(1) = 1-G(f - —a)"
©(@n) = (1-G(Ba— 0" —d))"

where 3, = (g, 1)/r. Here 72(4,1) > 7%(G,n) would be obtained if 1 > G(B; — bf —d)" +
(1 — G(Bn — b® — d))™ for which examples can easily be created. O]

Intuitively, a larger commitment level increases benefits linearly while costs are convex such
that a larger benefit parameter is needed to make ratification worthwhile. A larger par-
ticipation threshold has two separate effects: (i) it increases the gains from the agreement
for an individual country and thereby increases the willingness to ratify, but (ii) requires
more countries to succeed in their ratification process which may lower the probability of
reaching this threshold if country-specific shocks are significant. This latter effect is absent
if no such country-specific shocks exist since then either all countries or no country would

be able to ratify.

Figure [1] illustrate the probability m as a function of the design parameter ¢ and  of the



agreement.

1.0

Figure 1: Probability of the agreement entering into force for case 2 of fully independent
country shocks, i.e. with no global shock, for ¢ € [1,150] and 7 € [2,100]. Cost functions
are chosen as C(q) = 50¢%/2, the parameter set at n = 100, bf* = 50, d = 0, A, = 50,
Ay = 0.

2.3 The optimal design of the agreement

We will now use the insights from the previous section to study the optimal design of the

agreement, i.e. the optimal choice of 1 and 7.

We assume that countries maximize the sum of expected utility of negotiating country
representatives. Given our symmetric setting and, in particular, the assumption that the
sequence in which countries’ ratification processes occur is randomly determined after the

agreement is signed, this optimization is equivalent to each country maximizing its expected



utility. The sum of expected utility is given by:

W (F,q) = (1 —w(f é))[ bR (ng") — nC(g")]
q) [nb™(7G + (n — #)g") — ((n — #)C(q"V) + #C(q))]
= n[b%q )—C(qN)]+W(f,é)f [nb™(G—¢™) — (C(G) — C(d™))]  (9)

The first part states the welfare of the welfare of all countries without any agreement. The
second part adds the gains from the agreement which enters into force with probability 7
and makes 7 countries change their abatement level. This change leads to a cost difference,

but also creates a additional benefits to all n countries.

The welfare function @ immediately implies that the optimal # maximizes the expected

number of ratifying countries for a given ¢, i.e.
max (7, §)7 (10)
T

From Lemma [I| we know that the probability is always increasing in 7 if country-specific
shocks are of minor importance, e.g. in case 1 where only global shocks may occur. In
this case, it is therefore optimal to choose 7 = n. In general, however, a larger number of
ratifying countries may lead to a decline in the probability such that an interior solution

may result. We therefore immediately obtain the following proposition.

Proposition 1 If uncertainty regarding the ratification originates from global shocks only,
the agreement should require full participation (7 = n). If country-specific shocks are dom-

inant, it can be optimal to require only partial participation (I < n).

Proposition [1| shows that uncertainty may only impact the optimal participation threshold
7 if country-specific shocks exists (i.e. if A, > 0. It is instructive, however, to see to which
level the optimal participation threshold converges when the variance in the distribution

of country-specific shocks goes to infinity. Here, we obtain the following result:

Proposition 2 For A, — oo, the optimal participation threshold converges to a level 7

10



given by

n
_ o n
7 = arg max E
7 r
r=r

Proof of Proposition This follows immediately from and when noting that
for any given Ag, G(3 — b® — 0) converges to 0.5 when A, — co. O

We illustrate the dependence between this limit of the participation threshold 7 and n
in Figure 2] The relationship is surprisingly linear, the best linear fit is given by 7 =
—1.08777 + 0.440294n and describes the data well for n > 20 (derivation using Wolfram
Mathematica 8)@

50 100 150 200
Figure 2: Relationship between participation threshold and number of players for A — oo.

For determining the optimal choice of the commitment level ¢, we need to consider its
marginal impact on welfare:
OW (#,4)

— = 7f [an -C'(Q] +

YPrecisely, 7 >."_, () is increasing in r as long as #() < >0_..; (7).

11



The first part reflects the optimal commitment level ¢*® from the perspective of the rep-
resentatives, given by C’(§**) = nb®, who would like to internalize all mutual benefits.
However, they also need to consider the impact of ¢ on the probability that the agreement
enters into force. This is given by the second part of . Note that the term in the
brackets is positive as representative would formulate only an agreement that makes them

better off than would could be achieved unilaterally (¢™).

For the case of an interior solution, ([11]) leads to the following first order condition:

[nb(q — ™) = (C(g) - C(a™))] (12)

Lemma [I] stated that 7 is decreasing in ¢. Therefore the right-hand side is positive which
implies sbf > C’(§) and ¢ < ¢*f*. In general, representatives therefore need to reduce the

commitment level below their personally preferred ¢*%.

Proposition 3 Under ratification uncertainty, the commitment level in international agree-

ments is generally chosen below the level preferred by the representatives.

Proposition [3] states the the benefits from abatement across countries will only be par-
tially internalized from the perspective of representatives who negotiate the agreement.
Intuitively, this is driven by a simple consideration: reducing the abatement requirement

increases the chances of the agreement to take effect.

Note that a similar compromise may already be necessary without uncertainty if the voters’
preferences differ sufficiently from those of representatives. They would agree only if 8 <
b% + d. Here, the representative may need to reduce the commitment in order to generate
acceptance of voters if d is sufficiently negative. However, uncertainty adds an important
insight: The extent to which representatives lower the commitment below their preferred
level depends crucially on the quantitative impact on the probability of ratification in the
respective countries. If the variance of voters’ preference (i.e. if Ay or A) is very large,

0m/0q is close to zero such that condition leads to a commitment level close to ¢*%.

We obtain an interesting non-monotonic impact of uncertainty:

12



Proposition 4 The variance of voters’ preferences has a non-monotonic impact on the

optimal commitment level q if

C(¢™*) — C(¢")

dgﬁ(q*Rﬂl): n(q*R—qN)

Increases in Ag or Ae, first lead to reduced optimal commitment levels before increasing
them again.
If
C(q™) - C(d")
n(g*f —gN)

the optimal commitment level under ratification uncertainty with sufficiently large variance

d> B(¢*" n) =

is larger than under certainty (Agp = A = 0.

For Ag 4+ Ac — 00, the optimal commitment level converges to ¢*F.

At a first glance, the non-monotonic impact of uncertainty may appear surprising. However,
the intuition for proposition 4] is straightforward. Representatives may choose a smaller
commitment level in order to increase the chances for the agreement to be ratified and to
enter into force. Aslong as the variance is relatively small, a reduction in commitment effort
can increase ratification probability substantially and is traded-off against the negative
impact on welfare under the agreement. If, however, the variance of voters’ preferences is
too large, the marginal impact of such a reduction on the probability of ratification is very
small. As a consequence, the representatives return to their preferred commitment level.

We give an analytical proof in the Appendix.

So far, we based our discussion of the impact of ratification uncertainty on limiting cases
of large variance of the distributions. In general, the optimal design (§,7) of an interna-
tional agreement is jointly determined by and . In order to gain insights into the

intermediate cases we turn to numerical simulations in the next section.

13



3 Comparative statics: impact of uncertainty

We employ a quadratic specification of the cost function, C(q) = ¢*. We use this to illus-
trate the impact of the average difference between voters’ and representative’s preferences
d as well as the variance of the global shock (Ap) and the country-specific shock (A). For
illustration purposes, we concentrate on the Cases 1 and 2, i.e. only consider a non-zero

variance for one distribution.

We base the illustrations on the following functional forms:

Clg)=¢*/2 =50 n=100

fig/fig_casel.pdf

Figure 3: Relationship between optimal commitment level § and difference between voters
and representatives’ preferences (d) for different levels of Ag (Case 1, A =0)

14



fig/fig_case2q.pdf

Figure 4: Relationship between optimal commitment level § and difference between voters
and representatives’ preferences (d) for different levels of A, (Case 2, Ag =0)

4 Conclusion

In this paper we analyzed the impact of the ratification process on the optimal design of
an international environmental agreement (IEA). We relaxed the frequent assumption of
countries being unitary actors and introduced a ratifying agent (e.g. the pivotal voter) who
has veto power in the decision of his country to ratify the agreement. The preference of the
voter is subject to uncertainty at the time when the agreement is formulated. With our
paper, we took a first step in combining the literature on IEAs with the one on two-level
games of ratification and created a link between individual preferences and the negotiation

outcomes in IEAs.

For IEAs with an endogenous minimum participation threshold, we demonstrated how un-
certainty of the ratifiers preferences and the relative position of his preference distribution
to the negotiators preferences influence both the chosen level of commitment as well as the
chosen minimum participation threshold. Doing so, gives interesting insights into the op-

timal structure of international agreements. Larger uncertainty in terms of larger variance

15



fig/fig_case2r.pdf

Figure 5: Relationship between optimal participation threshold 7 and difference between
voters and representatives’ preferences (d) for different levels of A¢ (Case 2, Ag =0)

in the distribution of preferences does not necessarily lead to weaker agreements. Instead,
increases in the variance of voters’ preferences generally have an non-monotonic impact
on the optimal commitment level: for small variances, negotiating representatives may
compromise upon their own desired commitment level in order to increase the chances of
the agreement being ratified in individual countries and therefore entering into force. For
larger variance, however, such compromise does not substantially impact the probability of
ratification such that negotiators return to implementing their own preferred commitment
level in the TEA.

The optimal minimum participation threshold crucially has to take potential country-
specific shocks into account. If such exists, less than full participation is generally optimal.
Intuitively, it would be very unlikely for all countries to succeed in their ratification pro-
cesses. Based on simulations, we found that the optimal participation threshold can also

depend on the variance of the distribution in a non-monotonic way.

We believe that this paper makes important contributions: (i) it contributes to a more

realistic modeling of the temporal structure of international agreements by including a

16



ratification stage, (ii) it identifies reason for requiring only partial participation for an
agreement to enter into force, (iii) it shows a surprising, yet intuitive non-monotonic rela-

tionship between the optimal commitment level and the variance of ratification decisions.

Naturally, our results only provide a first step in understanding the formulation of inter-
national agreements in presence of ratification uncertainty. We concentrated on the case
of symmetric countries and simple agreements that only specify the level of commitment
and the participation threshold. It appears worthwhile to extend the analysis to account
for heterogeneities by allowing country-specific commitments that may also vary with the
set of countries that end up ratifying the agreement. Similarly, the number of countries
that initially engage in negotiations can be made endogenous in order to embed our model

in a coalition formation framework. We leave these extensions for future research.
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