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Abstract

This paper is part of alarger projectin whi ch we develop methods for estimating the causal
effects of variables on (1) the duration of bargaining processes,broadly debned, and (2) the
survival of bargained outcomes when both are simultaneously determined. There are many
potential applications in political scienceincluding, but not limited to, the duration of war and
survival of cease-be agreements, coalition formation and government survival, and negotia-
tions over and enforcement of international agreements. Our primary claim is that, in most
cases,it is inappropriate to estimate the effects of variables on these two durations -the bar-
gaining and the outcome- in isolation. Our argument is motivated by game theoretic models
that show bargaining duration is correlated with the survival of bargained outcomes because
players incorporate their beliefs about the survival of bargained outcomes into their decision-
making at the bargaining stage. To addressthis problem, we develop, and examine the proper-
ties of amaximum likelihood estimator using a bivariate Weibull distribution. Compared with
the existing estimators, ours provides a more RRexible functional form and allows for stronger
correlation acrossinterdependent duration processesWe use our estimator to analyze the du-
ration of government formation and survival in a sample of European parliamentary democra-
ciesover the period 1945to 1998. We conclude that estimated effects basedon single equation
models of either government formation or survival, the predominant method of analysis in
the existing literatur e, are likely biased becausethey fail to capture signibcant indir ect effects
generated by strategic and other forms of interdependencethat link the two durations.

Scholarly interestin the empirical determinants of government formation and dissolution in par-
liamentary democraciesis longstanding. Two of the most popular topics in this literatur e are
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explaining the durations of both coalition bargaining over ministerial portfolios and government
survival. There is good reasonfor this focus. The failur e of parliamentary parties to form gov-
ernments quickly (e.g.,the recentcrisis in Belgium) and chronic government instability (e.g.,ltaly
for much of the postwar period) have signibcant social costsand are viewed assymptoms of dys-
functional democracy.

We argue that the lengths of coalition bargaining and government survival are interdependent
duration processes.Unfortunately , to this point, the two have been studied largely in isolation.
This practice is inefbcient at best. We can use information about the relationship between forma-
tion and dissolution to get more preciseestimatesof the determinants of each. At worst, the single
equation studies suffer from multiple sourcesof bias. One potential problem is omitted variable
bias causedby unobservablesthat correlate with key contextual factors and cabinet attributes. Si-
multaneity is a concern for studies that do connectgovernment formation and dissolution in sin-
gle equation models by putting variables like crisis duration or the number of cabinet formation
attempts on the right-hand-side of government survival regressions. Finally, when government
formation and survival are interdependent, single equation models fail to capture the indir ect
effects of variables that determine both durations. This is troubling given that most of the vari-
ablesfound in empirical studies of government formation also show up in government survival
regressions.

Our paper is organized asfollows. First, we brieRy review the existing duration reseach on gov-
ernment formation and survival. Our main concernis the failur e, particularly in empirical work,
to take the implications of interdependence seriously. Second,we show the potential for strate-
gic interdependencetheoretically using the stochasticbargaining model of Diermeier, Eraslan and
Merlo (2003). This and other sourcesof interdependenceimply that empirical models of govern-
ment formation and survival should be estimated simultaneously. Third, we consider the relative
merits of using the bivariate exponential and Weibull distributions for this purpose, concluding
the latter distribution is superior to the former. Fourth, we estimate a joint model of government
formation and survival. We bnd evidence of positive duration interdependence,and our results
suggest that existing single equation studies produce biased estimates of counterfactual effects.
We conclude with a discussion about the ubiquity and importance of interdependent duration
processesacross political sciencesubpbelds and mention some possible theoretical and empirical
rebnementsto the models we present.

1 Existing Studies of Coalition Bargaining and Cabinet Survival

Cabinet formation and government survival are among the most central topics in the comparative
study of advanced industrial democracies. The quantitative empirical literatur e is already large
and growing rapidly. Typically, the empirical studies explore a set of contextual and cabinet-
specibcfactors that determine both kinds of durations. The effects are estimated separately (e.g.,
for the coalition bargaining duration, Diermeier and Roozendaal 1998;Martin and Stevenson2001;
and for the cabinet survival, Warwick and Easton 1992;King and Alt 1994,and Diermeier and
Stevenson1999). This is not to say that interdependence has been completely ignored. King et
al. (1990)and Warwick (1992),among others, put government formation duration, what they call
crisis duration, and the number of formation attempts on the right-hand-side of their government
survival models.



In the more theoretically oriented literatur e, Str¢m et al. (1994)highlight the importance of cab-
inet termination and dissolution rules for government formation. Laver and Shepsle(1996)also
explore these and related connections, though their emphasisis more on the making than break-
ing of governments. One paper, discussed in more detail below, that explicitly formalizes the
interdependence of government formation and survival is Diermeier, Eraslan and Merlo (2003).
All of thesestudies make important contributions, but fall short of the kind of systematic integra-
tion that we seeas necessary Before turning to our own empirical analysis, we briel3y describe
the Diermeier et al. model to illustrate one mechanism through which the durations of coalition
bargaining and cabinet survival are jointly determined.

2 One Formalization of Strategic Interdependence

The backbone of the Diermeier et al. model is the formateur Ogequilibrium) choice of a proto-
coalition that it will proposeto other relevant parties. The formateur choosesa protocoalition that
maximizes its utilit y, which is a function of (a) the expected government duration y”, which is
determined by the current state of the world s, (b) acceptanceof the proposal by other parties (=
the bargaining duration = costof longer bargaining), (c) the expected payoff for the formateur that
is dir ectly associatedwith the proposed proto-coalition, (d) the time horizon to the next election,
and (e) someinstitutional characteristicsthat possibly affect government duration.

(a) Expected government duration: First, the size of the cake in this bargaining is government
duration. This isintuitive in that the utility of partiesis derived from being in power. The expected
cake size (the expected government duration) y” is characterized as

yP(s, T,Q,! )" E(TPIs, T,Q,1 P), 1)

where s is the current state of the world, T is the time horizon to the next election, Q is a set of
institutional factors, T is the realized government duration and ! ” is the share of seatsin the
legislature.

The state of the world s follows some stochasticprocess,and this is the key element of a stochastic
bargaining model. This randomness of the state of the world actually createsthe delay in the
bargaining process,by making the players expect a better state of the world in the near futur e,
under which the cake size is larger. This uncertainty or expectation by players dir ectly explains
the delay, and hencethe duration of the bargaining process.

(b) Acceptance of the proposal by other parties: In equilibrium, parties acceptthe proposal of
proto-coalition D only when their expected share of the cake (the government duration) y” is
greaterthan a certain reservation duration y';

yP(s, T,Q,! ) # y (D, T,Q "), (2)
where the reservation duration y' solves
y' (D, T,Q!7) =" /max{yD<s".T‘,Q,! P),yP(s,T,Q,! P)}dF,(s). (3

s is the possible state of the world in the futur e, and this setsa rule that parties never accepta
proposal if the expected government survival y? in the futur eis strictly greaterthan the expected
survival in the current period.



(c) Expected payoff for the formateur from the chosen proto-coalition: This is simply the payoff
for the formateur Wy, from proto-coalition D if the coalition is formed. The payoff W, is expressed
by the following function

Wi (D, T,Q,! ) =Vi(D,T,Q,! ) + #2, (4)

where Vi (D, T,Q,! )" E("7"$P). " $ (0,1) is the common discount factor for the parties, i.e.,
the partiesdegree of impatience. %’ denotesthe period in which a proposal is acceptedby proto-
coalition D, given the state of the world. E(" TD$iD) denotes is a von Neumann- Mor genstern
payoff for eachparty i, which is the presentvalue of the share of the cake that each party gains
form the bargaining outcome. #kD hereis simply the OformateurOsastesCor its coalition partners.
It is assumedto bei.i.d. and the formateur certainly knows what coalition partners are preferred,
but we (those who are outside the model) cannot observe this preference. (4) tells us that the
payoff for the formateur from choosing a certain proposal is dependent on its tastesfor coalition
partners # and a von Neumann-Mor genstern payoff Vk(D,'I:, Q,! D) that the formateur would
gain from the outcome of the bargaining.

(d)(e) Some exogenous factors: The time horizon to the next election T and some institutional
characteristics Q affect the equilibrium outcomes through the functions mentioned in (a)-(c).

The following are the two key characteristics of the equilibrium written in a way that illustrates
the connectednessof the two durations. The brst equation (5) determines the time period in which
a proposal is accepted;i.e., this determin esthe duration of coalition bargaining. Becauseof the
stochasticfactor s, delay of bargaining occurs evenin equilibrium (note that this is dif ferent from
the typical equilibrium in deterministic bargaining models). The duration of coalition bargaining,
or the timing of acceptance%? in turn affectsthe equilibrium coalition D}, through (6). The actual
government duration TP is realized based on this equilibrium coalition D}C, and TP determines
y? ascan be seenin (5) that determines the timing the delay of bargaining. This is how the model
describesthe endogenous cycle between the two durations.

y' %y? " E(TPIs,T,Q,1 7). (5)
D, = argmgXWk
= argmax (Vi +#) (6)

= argmax (E(" 7 $P) +#D).

3 Some Empirical Implications of the Diermeier et al. Model:
Simultaneity and Omitted Variable Biases

The main purpose of Diermeier, Eraslanand Merlo (2003)is to analyze the conditions under which
certain types of coalitions are formed. As an empirical matter, their interestlies in estimating the
probability that a particular type of coalition is chosen: durations of bargaining and government
survival still play important rolesin their model, but those durations are not the primary focus of
their analysis. On the other hand, our interestlies in analyzing the effects of various contextual
and cabinet-specibcfactors on thesetwo durations. As mentioned previously, comparativists have



been estimating these effectson eachduration separately. The Diermeier et al. model implies that
such single equation approachesare problematic. The simultaneity problem is obvious from the
recursive structure of the model (even if a solution is not!). Bargaining and survival durations
are clearly related, but the causalarrow points both ways. If we naively put one duration on the
right hand side of a model explaining the otherbasis frequently done in studies of government
survivalbour estimateswill be biased by the reversecausalrelationship.

Perhaps more interesting is the insight the Diermeier et al. model gives us about unobservables
and omitt ed variable bias. Again, the problem is caused by unobservable factors that are corre-
lated with any of the contextual and cabinet-specibcdeterminants of government formation and
survival. What, in the formal model, is the unobservable factor that is determining both the bar-
gaining and the government durations? The OformateurOgastesCfor its coalition partners, #, is
something that formateurs know in their world but is unobservable for us (those who are outside
the model). A formateur Odastes are likely to be correlated with at least some of their contex-
tual factors, such asthe state of economic and political system and political and economic events
occurring while government is in power. To give another example, it is reasonableto think that
legislative polarization, a variable that we usein our own empirical analysis below, is correlated
with the preferencesof formateurs over possible coalitions. To the extent that this is true, the
causal effect of an exogenous change in legislative polarization would not be identibed in a sin-
gle equation set-up. The following is a brief description of the mechanism through which the
formateur Ogaste affects the durations. First of all, the taste #kD is one of the determinants of the
equilibrium coalition choice D, ascan be seenin the following expression(recall (6));

D = arg max Wy, = arg max (E (" 8P) +#).

Now, in the equilibrium, coalition choice D} in turn affectsthe government duration T2, through
the following inequality that requiresthe expected government duration y” to be at least aslong
asthe reservation duration y' (recall (5));

E(TPIs,T,Q,!' ?)" yP(s,T,Q,! P)# y' (D, T,Q,! P), ©)

wherey' (D, T,Q,!' P) =" [max{yP(s,T,Q,! P),yP(s,T,Q,! P)}dF,(s"). Thus the #”, which
is unobservable for us (Otheeconometricians()),determines the cabinet duration T2, and also the
bargaining duration. *

The clear empirical implication of this formal model is that we should not estimate coalition bar-
gaining and government survival durations separately, or naively put one duration on the right-
hand-side of a single-equation regressionthat hasthe other duration on the left-hand-side. In the
next section, we demonstrate a more appropriate empirical strategy and suggestthe use of a new
bivariate Weibull distribution.

!Note that the bargaining duration is determined also by (7) and therefore affected by ¢, becausethis condition
(7) is the criteria used by the non-formateur parties to decide whether or not they should acceptthe proposal by the
formateur.



4 Empirical Strategy:

ML Estimation with a Bivariate Weibull Distribution

4.1 The Gumbel Exponential Distribution in the Existing Studies

To estimate the effects of covariates on interdependent durations, we suggest using a bivariate
Weibull distribution that has not been employed in political science. Maximum likelihood (ML)
estimation using this distribution offers a possible solution to the problem of unobservablesfrom
which the existing literature may suffer. As described in the previous section, thereis no guarantee
that we can estimate the effects of the structural and the stochastc factors on the two durations
Ncoalition bargaining and cabinet survivalNwithout bias, if we estimate those effects on each
duration separately. Thus one task is to determine how to estimate the effects of the explanatory
variables taking into account the correlation between the two durations due to unobservables.
Our estimator doesthis; it addresses,or can be used to address,the simultaneity problem; and it
also provides estimatesof dir ectand indir ect effects generated by interdependence

To solve similar problems, including the selection bias problem, the Gumbel (exponential) distri-
bution (Gumbel 1960)has been used in political science(e.g., Boehmke 2006; Boehmke, Mor ey
and Shannon 2006). Of the two dif ferent forms of bivariate exponential distributions in Gumbel
(1960), political sciencescholars have been using the second type, which is characterized by the
following joint cumulative and density functions;

F(ynys) = (1& &) (1& € ¥?)[1 + &* VI 2];y # 0;y, # 0

f(y1,y2) = € ¥1# 21 4 &(2e%1 & 1)(26”2 & 1)], ®

wherey; # 0,yo # 0Oand &1 % & % 1. & is adependency parameter.

However, this distribution allows the correlation of y; and y, only within the range of -.25 and
25(&.25 %' % .25).> This narrow range of correlation is a potentially serious limitation and
should not be ignored given the interdependent nature of many of the durations we study in
political science. It should also be noted that by using an exponential distri bution, we would
have to impose avery strong assumption regarding the shapeof the distribution of the dependent
variables: the exponential distribution does not have a free shape parameter.

4.2 The Bivariate Farlie-Gumbel-Morgenstern Weibull Distribution

Instead of the Gumbel (exponential) distribution, we suggest a bivariate Weibull to deal with

the problems of unobservables, simultaneity, and indir ect effects. Since GumbelOsexponential

distribution is a special caseof a Weibull distribution, what we are suggesting here is, in a sense,
a generalization of the Gumbel (Figure 1 and 2). In fact, scholars from other disciplines have
attempted to generalize Gumbel to generate potential ly useful bivariate Weibulls for the purpose
of estimating models of correlated event durations. For example, Johnson,Evansand Green(1990)
mention two dif ferent types of bivariate Weibulls that were originally derived in Hou gaard (1986)
and Lu and Bhattacharyya (1990) respectively. However, both of these bivariate Weibulls were

2This is due to the fact that p is given by p = g and aconstraintona,! 1" a" 1. This constraint on o comesfrom
acondition that hasto hold for any bivariate distribution, F(y1,y2)" F(y1) or equivalently F(y1,y2)" F(y2).
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generated from the first type of bivariat e exponential distribution intr oduced in Gumbel (1960),
and this first type suffers from a drawback: the correlation (') is restricted to &.40365 % "' % 0.
Accordingly, the generated bivariate Weibulls also have correlations restricted to 0 %' % 1 (for
the Hougaard (1986)one), and &.20 %' % .32 (for the Lu and Bhattacharyya (1990)one). Since
thesedistrutions are asymmetric, highly asymmetric in many casesthey are not ideally suited for
empirical reseach in political science.

[Figure 1 ABOUT HERE]
[Figure 2 ABOUT HERE]

Instead of generalizing the first type of the exponential distribution intr oduced in Gumbel (1960),
we suggestusing the second type to construct a Weibull distribution. This second type belongsto
the Farlie-Gumbel-Mor genstern family of distributions, and the following general characteristics
are proven in Gumbel (1958):

A bivariate distribution function can be constructed from two marginal probability
functions, F (y,) and F (y2), by the following copula with a constraint on the depen-
dence parameter & &1 % & %1,

Fyy2) = F(y1)F (y2)[1 + &1 & F (y)H 1 & F(y2)}], ©)
where &1 % & % 1. The associated joint density function is given as
Flynye) =f (yof (v2)[1 +&{2F (y1) & 1H 2F (y2) & 1}]. (10)

The joint cumulative and the joint density functions of the bivariate Weibull distribution, which
can be obtained from the copula (9) and (10), are

)\1 yg\z yi‘l yg\z
FlyLy:) =(1&€ r)1& € 7 )(1+&" " )
(1 (2 291 # y2 M 1 Aot y! by 0 n? 1D
f(yy2) = 11),° o7 ey ly et g & 2860 & 286 + (1+8&)e 7],

wherey; # 0,yo # 0,&1 % & %1,);1 > 1,)2> 1,0< (1 and 0 < (.. Again, & is a dependence
parameter, which induces the correlation between y; and y, just asin (8), and the ( s are shape
parameters that determine the curvatur e of the distribution. )s are scale parameters. Note that
this becomesthe Gumbel (exponential) distribution ((8)) when); =)o =1and (1 =(2=1.

We make strong assumptions about the shape of the distributions when we use a bivariate expo-
nential (i.e., a constant hazard rates). The Weibull distribution, by contrast, is much more Bexible
in the sensethat it can take different shapes,including the exponential®svhen its shape param-
etersare setto 1. In Appendix 2, we demonstrate by simulation how problematic Nin terms of
estimation accuracyN it can be to impose the assumption of constant hazards when the true dis-
tributionOsfailur e rates are not constant. In addition, the bivariate Weibull distribution expands
the possible range of ' to &.322409 % ' % .322409. Figure 3 plots the correlation ' against the
dependence parameter & when (; = (2 = (.2 The threelines correspond with the caseswhere
( =3.29,( =1and ( = .5respectively.

3As shown in Appendix 1, the scaleparameter 6 does not affect p.



[Figure 3 ABOUT HERE]

To our knowledge, this particular form of bivariate Weibull has not beenfully explored or used
for empirical analysis in political science. Recentwork by Flores (2006) mentions the limitations
of the Gumbel distribution and the possibility of a bivariate Weibull. However, Flores(2006)only
describesthe functional forms of the joint cumulative and density functions of a bivariate Weibull
and does not discuss the crucial properties of the distribution such asthe conditions required to
satisfy the axioms of probability, including the range of ' ,* and he does not estimate his models
using a bivariate Weibull distribution.

We summarize some of the mathematical properties of this bivariate Weibull in Appendix 1 for
those who are interested. Theseresults provides the basis for maximum likelihood estimation.
Appendix 2 compares the performance of Gumbel and Weibull-based estimators using Monte
Carlo methods.

5 Application:

The Determinants of the Coalition Bargaining and Cabinet Survival Duration

In this section, we examine the empirical determinants of government formation and survival du-
rations. We start with a description of the explanatory variables, provide some descriptive statis-
tics, and then presentresults from both univariate (single equation) and bivariate (simultaneous
equation) regressions.

5.1 Description of Explanatory Variables

Table 1 is the list of variables that are (theoretically) relevant for our purposes. Most of theseare
common in the existing literatur e. They are conceptualized and measured in the following ways:

[Table 1 ABOUT HERE]

¥ Investiture: Investitur e is adummy variable that indicates whether there is a legal require-
ment that the parliament approve any government, by vote, beforeit is invested with power.
This could affect both the formation and survival durations. Becausea cabinet hasto be ap-
proved by the legislature, a party might have to form a coalition with other undesireble
parties, with which the the party would never form a coalition otherwise. This could be a
hurdle that increasesthe duration of the coalition formation process,and forming a coalition
with an undesirable party could causethe government to fail relatively quickly.

¥ Continuation: Continuation is adummy variable that indicates whether anincumbent gov-
ernment may stay in ofpce, becoming the brst proposer of a proto-coalition for the next
government, without resigning. We expect that continuation rules shorten the formation
process,by allowing the incumbent governments to start negotiating while they are still in
ofpce.

4Although this is not a major point, the bivariate Weibull suggestedin Flores (2006)does not include a shape pa-
rameter.



¥ Number of effective parties: The number of parties in parliament increasesthe possible
combinations of coalition partners. The conventional wisdom is that larger numbers are as-
sociated with longer formation durations. But is it the number of parties itself that makes
the bargaining processlonger? It is not clear until we take into account the effects of polar-
ization or ideological diversity among parties within parliament. We also expectthat there
might be a relationship between the number of parties and the survival of governments for
the similar reasons.

¥ Polarization: The variable polarization capturesthe diversity of preferencesof the parties
in the parliament. It is measured asthe percentage of seatsheld by extremist parties. There
are two different ways to think about the effects of polarization. If the extremist parties in
the parliament are somehow excluded from the coalition bargaining, for example, the bar-
gaining could proceedrelatively quickly among the restof the parties. Larger share of seats
held by extremists, however, could also indicate dif bPcult bargaining if they are included in
the bargaining process. We expect that higher polarization is likely to shorten the survival
of cabinets, but it could also unify governing coalitions and make them more stable.

¥ Returnability: The variable returnability indicates the proportion of parties that stay in the
new government after a collapse of the old one. It is measured as an overall proportion of
government parties that entered the next government following acollapse or early termina-
tion. We expect that the formation processmight be short for the high returnability counties.
For example, if the sameparties return, then they are familiar with eachother Opreferences,
and also the futur e returnability would reduce the disutility from being in a short-lived cab-
inet. For the samereason,we expectthat returnability would shorten the survival duration .

¥ Post-election: The variable post-election indicates whether cabinet negotiations beganim-
mediately after an election. We expect that it takes longer to form a cabinet in the post-
election casesbecauseparties are lesscertain about other partiesQpreferences.For the same
reason,post-election cabinetsmight also be short-lived. Of course, it is also possible that the
prst cabinets formed in a new parliament are the most OnaturalGand stable ones given the
electoral results.

¥ Caretaker: The variable caretaker indicates whether the coalition is a caretaker government.
Caretaker governments are typically in ofpcefor shorter periods of time.

¥ Survival duration: The inclusion of the survival duration variable in the formation model
is based on formal bargaining models. Parties consider the expected length of each of the
possible proto-coalitions in the formation process.

¥ Previous defeat: The variable previous defeat indicates whether the previous cabinet was
defeated by vote of no conbdence. Votes of non conbdencetypically lead to leadership
changesand might therefore increasethe time it takesfor a new government to form.

¥ Pre-electoral coalition: This variable should relevant only for the Opost-electionCeabinets,
which areformed right after electionsand not in the middle of electoral terms following gov-
ernment collapses. pre-electoral coalition has not beenwidely used in the study of govern-
ment formation (yet), but we expectthat a pre-electoral coalition agreementwould facilitate
and shorten the coalition formation process-including the caseswhere coalition formation
is almost immediate. In our model, we treatit asa country-specibc factor. It is measured as



the proportion of cabinetsthat had pre-electoral coalition agreementsamong all the cabinets
formed in the given country during the time period under study. This variable exclusively
affectsthe formation process.

¥ Pre-electoral coalition' Number of effective parties: We suspectthat the existenceof pre-
electoral coalition agreementswould have more substantial effects when the number of ef-
fective party is larger; for example, the effects of pre-electoral coalition would be trivial
under atwo-party system. This variable also exclusively affectsthe formation process.

¥ Formation duration: Typical studies of government termination include this variable, for-
mation duration to explain the government survival. We also believe that there is a system-
atic relationship between the formation and the survival duration.

¥ Maximum duration: The variable maximum durationis the time between the beginning
of a formed cabinet and the next scheduled election. This is the maximum time that the
government could survive.We expectthat maximum duration affectsthe survival duration,
in the way that cabinets survive longer, on average, when there is a longer time period left
until the next election.

5.2 Data

Our dataset consists of 475 cabinets from sixteen Western European countries -Austria, Belgium,
Denmark, Finland, France (Fourth Republic), Germany, Iceland, Ireland, Italy, Luxembour g, The
Netherlands, Norway and Sweden. The data run between 1945and 1998.

5.3 Descriptive Statistics

Interestingly, there is a positive relationship between the time it takes for government formation
and the length of government survival in our sample (seeFigure 4). Governments that formed in
lessthan bfty days survived, on average,580days whereascoalitions that took morethan 100days
to reachagreementlasted 814 days. This is a bit perplexing since we might expectlong delays in
government formation to be indicative of the inability of parliamentary parties to work together
effectively (King etal. 1990). There is another way to look at this relationship, however. Parties
that anticipate long-lasting governments may bargain harder over coalition agreementssincethese
OcontractsQill determine the balance of executive power, distribution of benebtsfrom holding
ofpce, and overall course of policy for a signibcant period of time into the futur e. Is this rela-
tionship spurious or causal? And what implications, if any, does this interdependence have for
empirical analysesof government formation and survival durations? We explore these questions
with univariate and bivariate regressionsin the next section. Descriptive statistics for the covari-
atesorganized by country, party structure, and cabinet attributes are provided in Tables2, 3 and
4 respectively.

[Figure 4 ABOUT HERE]

[Tables2, 3and 4 ABOUT HERE]
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5.4 Univariate and Bivariate Regression Results

Recall from Section 4 that the parameters of the model -), (, and &- are constrained: ) > 1,( > 0,
and &1 % & % 1. For estimation, we work with an unconstrained parameter vector that is mapped
into a constrained parameter spaceusing the following link functions:

) =1+e*7, ( =100(1%=), and & = 2(1== & 0.5),

where X is a matrix of independent variables, " is a vector of coefbcients on these variables, and
* and + are constants.

Table 5 contains estimates for our univariate (single equation) models of government formation
and survival. Our univariate results are mostly consistent with those found in existing studies.
With respectto the country attributes, we Pnd that continuation rules have a statistically signib-
cant and negative effect on formation duration. We bnd that legislative polarization and ideolog-
ical diversity increasethe time it takes for government formation. We also bnd that post-election
cabinets, caretaker cabinets,and cabinetsthat follow previously defeated governments form more
slowly than those following governments that collapse for other reasons. Table 5 also provides
the estimates for our univariate models of government survival duration. In short, our results
indicate that investitur e, polarization, returnability , and caretaker status all reduce government
survival duration while post-election formation, majority status,and maximum possible duration
increasesurvival time.

[Table 5 ABOUT HERE]
[Table 6 ABOUT HERE]

Our bivariate results are given in Table 6. We include the full battery of regressorsin each equa-
tion, lessthe endogenous duration variables. Once we allow for stochasticinterdependencethese
variables are not statistically signibcant. Our estimate for the interdependence parameter & is
positive and statistically signibcant despite including afull setof covariates. Not surprisingly , the
more variables we leave out of the model, the stronger our estimate of stochasticinterdependence
becomes.We view the estimate in Table 6 asa lower bound. For the most part, the coefbcient es-
timates are remarkably stable, which leads us to believe that omitted variable biasis not a serious
problem for the univariate regressions.® Mor eover, the standard error estimates do not suggest
large efbciency gains.

In this particul ar application, the bias in counterfactual estimates derived from single-equation
models is largely due to neglected indir ect effects. Variables that determine both government
formation and survival durations have indir ect effects. Polarization, for example, has a positive
effect on bargaining duration (i.e.,governments form moreslowly in polarized parliaments) and a
negative effect on government survival (i.e., governments collapse more quickly in polarized par-
liaments). The dir ect negative effect of polarization on government survival is partially offset by
its positive effect on government formation duration. Moreover, the positive effect of polarization
on government formation duration is magnibed in the bivariate model because,ceteris paribus,
governments in polarized parliaments are estimated to last longer. In short, increasedpolarization

5It should be possible to derive a Hausman-like test for endogeneity that compares the univariate and bivariate
estimates.
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leads to longer bargaining durations, which, in turn, lead to longer lasting governments, which
feed back through expectations to lengthen bargaining, which, again, lengthens government du-
ration, and so on, recursively. The upshot of this is that the univariate models will overestimate
the negative effect of polarization on government survival and underestimate the positive effect
of polarizati on on government formation. To calculate the net effects of variables we use the con-
ditional expectations, E (y1|y2) and E (y2|y1). The appropriate equation is

$
E(yily2) = /0 yif (yily2)dy:
AQ (12)

y

[828&(27 & 1) + e (2% (1 + &) & &)).

vy 2

2
62

L
(1

1.4+ 1
= )r(—)2f e
1

Becausethe marginal distribution of ys is independent of y; (and vice versa),we can substitute
E (y2) for y, in equation (12) to get the reduced form, (13).

$
E(WE(y2)) = /0 yif (V11E (v2))dys

4 Bw)™? 1 B ()2

2 are T h (8282 & 1) +e B (2(1+&) & &)

1.+ 1
- Lt
1 (1
1 ﬁ 1 gl pg222 “Xo7 ° 1 D22 Xl T 1
=) F((—)2 ‘g 92 [&2&(2* & 1) + e 82 (27 (14 &) & &)].
1 1
(13)

The equivalent substitution solves for E (y»]y;). The precision of these net effect estimates can be
calculated relatively easily with parametric bootstrapping. We do this for a counterfactual increase
in polarizationNfr om the sample median to the sample 90th percentileNusing both our univari-
ate and bivariate models. We held the rest of the variables at their sample median values. The
results of these counterfactual experiments, which are based on 1000draws from the respective
multivariate normal sampling distributions, are summarized with kernel density plots in Figure 5
and Figure 6. The thinly and thickly outlined densities give the results based on the univariate
and bivariate models respectively.

[Figure 5 and Figure 6 ABOUT HERE]

The experiments conbPrm our expectation that the univariate model will tend to underestimate the
effect of polarization on formation and overestimate the effect of polarization on survival. More
specibcally, the median effect on formation basedon our 1000draws from the univariate modelOs
sampling distribution is an increaseof 9.8 days. This compareswith a median effect of 12.5days
based on draws from the bivariate model®ssampling distribution and using the conditional ex-
pectation calculation. Almost 40%of the draws from the bivariate modelOssampling distribution
produce counterfactual effects equal to or greater than 15 days, whereasonly 20% of the draws
from the univariate modelOssampling distribution produce effects of this magnitude. In the case
of government survival, the median counterfactual effect basedon the univariate model is -233
days compared to a median effect from the bivariate model of -205days. The univariate model
overestimatesthe effect by more than 10%.
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To sum, two of the three sources of bias that concerned us from the outsetbunobservablesand
simultaneitybdid not, in this particular application, seemto presentserious problems for inference
and prediction basedon single equation models. The third source of bias, however, the indir ect
effects missed in single equation setups, was far less benign. We suspect that, in most applica-
tions, at least one of thesethreeconcernswill be an issue. Fortunately, all three can be effectively
addressedwithin our bivariate Weibull framework.

6 Conclusion

We conclude with a discussion about the ubiquity and importance of interdependent duration
processesacross political sciencesubbelds and mention some possible theoretical and empirical
rePnementsto the models we present. First, starting with rePnements,we hope to generalize the
Farlie-Gumbel-Mor genstern family into a multivariate case. This would be useful for political
sciencestudies, for example, where there is a strategic dependence among the decisions taken by
multiple actors, such as states. Second,the bivariate Weibull distribution presentedhere is based
on the copula proven in Gumbel (1959). This family of bivariate distribution allows ' to range
only |'| %% maximum (Long and Krzysztofowicz 1995).There is a further generalized version of
the Farlie-Gumbel-Mor genstern, which is characterized by the following joint density (Long and
Krzysztofowicz 1995).(We do not know what people call this family of distributions.)

h(y1,y2) = f (y1)a(y2)[1 + +c(F (y1), G(y2))]

This is basically relaxing the restriction on the functional form of c(F (y;), G(y2)). The tradeoff
is that the relaxation of restrictions could expand the rage of ', but once we deviate from the
Farlie-Gumbel-Mor genstern form of bivariate distribution, the derivation for the constraints on
the parameters becomeextremely cumbersome, and imposing such complicated constraints may
make the estimation dif bPcult.

Turning to theory, although the bargaining model developed by Diermeier et. al (2003)is math-
ematically rigor ous and conceptually intuitive, there is one story missing. The cake size of their
bargaining model is the expected government duration that is to be allocated among the proto-
coalition members, and the cake size is determined by a stochastic factor, the state of the world.

However, many studies suggest that parties are not only interested in staying in government.
Str¢e,m (1990),for example, mentions some caseswhere a party could decide not to join a coalition

(even if the formateur offers the party to join the coalition), if the coalitions collective preference
on certain policy issuewould differ from the partys ideal position and if the party has some ex-
pectation that their policy stanceis going to be closerto the publics ideal point in the near futur e.
In this case,the party has an incentive to wait until the next election and win more seatsand be-
come the form ateur to attempt to imp lement more preferable policies. We would argue that the
closenessof a partyOspolicy stanceto the publics ideal point could be another type of cake, and
the public opinion on certain issuescan follow some stochastic sequence.

There is another possible way in which the policy stanceof the parties could affect the coalition
bargaining. Supposethe coalition bargaining is over specibcpositions within the cabinet, such as
the minister of Pnanceand the minister of defense,and the number of posts a coalition party could
get is determined by the number of the seatsthey gained in the election. For example, if a party
could gain only one post in the coalition, then the party might bargain over exactly which post it
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will gain. However, the problem is that the partys preferenceover the dif ferent posts within the
cabinet could be determined by the issuesthat becomesalient in the near futur e. This uncertainty
about the salienceof the issue could be another stochasticfactor. The cake in this story is the posts
within the cabinet the parties gain.

One of the strengths of the bargaining model developed by Diermeier et al. (2003)is that it is ap-
plicable to a number of phenomena that interest political scientists. In the area of international

cooperation, for example, there is an extensive literatur e on the bargaining processand the conse-
guent contents of international agreements. At the sametime, the issue of when and why states
comply is another important topic. Scholars are aware that the compliance level Nor time un-
til the agreement is violated by one of the membersN is endogenous to the bargaining process.
The modiped model we suggested above becomesmore attractive when we shift our focus to
the bargaining processwhere states care about the content aswell asthe compliance level of the
agreements.

Another example is the relationship between the constitutional design processand the lifespan of
constitutions. According to Elkins, Ginsburg and Melton 2007,for example, bargaining over the
contents of newly written constitutions is likely to be correlated with the lifespan. For this case,
the content of the constitutions is the central focus of the bargaining.
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Appendix 1:

Mathematical properties of the bivariate Weibull distribution

In the following, we brieRy describe some mathematical properties of the bivariate Weibull dis-
tribution presented above. Although it was already proven that any bivariate distribution that
belongs to the Farlie- Gumbel-Mor genstern family satisbesthe axioms of probability (Gumbel
(1958);Gumbel (1960)),the following mathematical properties that lead to the derivation of ' are
useful.

As shown in Gumbel (1958)and Gumbel (1960), a bivariate distribution function can be con-
structed from two marginal probability functions, F (y;) and F (y2), by the following copula with
aconstraint on parameter & &1 % & % 1;

F(y,y2) = F(y1)F (y2)[1 + &{1& F(y1)H{ 1 & F(y2)}], (14)

where&1 % & %1.

The associatedjoint density function is given asfollows;

f(y1y2) =1 (yo)f (yo)[1 +&{2F (y1) & 1§ 2F (y2) & 1}]. (15)

Using the above bndings, a bivariate Weibull distribution can be constructed from the following
marginal distributions and densities;

where (; > 0and); > 0.

The joint probability and density are given by

yil 1932 yi\l yg\Q
F(ynys)=(1&€ 7 )(1&€ % )(1+8&€ 0" o) (16)
( ( 2y1 4 y2 >\1 A2 y?1 y2>\2
f(y1,y2) = )—)— oy " 0 y*1#1y§2#1[4&&2&e91 & 28e b +(1+&eo 0], (17)

wherey; # 0,y2# 0,&1 % & %1,)1>1,)2> 1,0< (;and 0 < (.

The joint cdf must satisfy the following boundary conditions

{ (0,y2) =F(y1,0) =0
F((.()=1,

and the joint density hasto be nonnegative, f (y;,y2) # 0. Any bivariate distribution that belongs
to the Farlie-Gumbel-Mor genstern family satisbesthese conditions.
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Another condition abivariate distribution always hasto satisfy is FrechetOmequality ,

F(y1,y2) %Fi(y:);i = 1,2 (18)

for all y; and y». Sincethe dependenceof the joint distribution and density ony; and ys is symmet-
ric, it is sufbcient to explore the performance of one variable y;. This applies to all the calculations
in the restof this appendix. From (16) it follows after a simplibcation that

A1 )
#9 #Y2"
& 1 (1&e %2 )%1. (19)

In sum, the function (16) satispPesall the required axioms of probability function, under the condi-
tions of &1 % & %1,)1 > 1,)2> 1,0< (;and 0 < (2.

The followings are the relevant computations to derive the correlation coefbcient' . By debnition,
the correlation coefbcient of two random variables, Y; and Y, can be obtained as

. _ Eny2) &E(Y1)E(Y2) (20)

Y1 Y2

For our marginal probabilities, F (y;) and F (y2), the meansand variances are

E(y:) =) T(1 + (1 )
i (21)

( )&r2(1+ 1)} i=1,2.

Var(y,) =), [[(1 + G

Now the only term we need to compute to obtain ' is E (y;y2). From (15), the marginal densities

are
A

$
F(yi) :/0 f(y1,y2)dy; = gze# oryf it =12, (22)

which is, of course, the Weibull densities.

The conditional expectation of y; canbe obtained as

$
E(yily2) = / yif (yilyz2)dy:

Ao Ao (23)
Lyaip Lyt &t % rgog (o % o
=) (( )27 Ae" 02 [&2&(2M & 1) +e %2 (271 (14 &) & &)],
where " )
Y1, Y2
f = = 24
The expectation of the cross-product can be computed as
$
E(yiy2) = / Y2E (y1ly2)f (y2)dy2
% ) )\ >\2 | (25)
((2)) r(( )2* et y)* 1[828(27 & 1) + e 7 (27 (1 + &) & &)].
1)2
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Substituting (25) into (20), we get

gatra 11 1 1
(14 L)[&D(1+ L) 4 AT(L)2" o’ (2373 4 &(271 & 1)(2% & 1))
Var2(1+4) + T2 \/&W 1+ &)+ (22

(26)
D(1+ )01+ —)(2& & 1)(2% & 1)&

- A1+ '
93 VET2(1+ £) + T(2022) /&T2(1 + ) + T(2)

For the simplification from the first line to the second, see Appendix 3.

Note that the scale parameter ) does not affect the dependenceof y; and y3, ' . As mentioned in
the previous sections, ' is increasingin & and the maximum range is &.322409 % ' % .322409
when (1 = (2 = 3.29035.

Appendix 2:

Monte Carlo simulations: The Gumbel exponential vs. the Weibull distribution

Bivariate data generator for the Gumbel and the bivariate Weibull

Hereis how we generated bivariate exponential data (Y1, Ya).
1. Draw threeindependent random variables, U;, U, and V; from uniform [0, 1].
2. Given Vy, V» canbe generated as
Us
&(2V; & 1)

_ U
&(2Vi & 1)

min (U, & ) if Vi <

1
2
1

maX(Ul,l& )IfV1#§

3. (V1, Vo) isadraw from bivariate uniform.
4. (Y1,Y2) = (&In(V;),&In (Vy)) follows abivariate exponential.®
To generatethe bivariate Weibull sequence replacethe step 5 with the following formula;

¥ (Y1, Y2) = (1&) In (V1)) 7, [&) In (Vo)]%).

®The inverse of the bivariate exponential distribution F(1! e ¥ 11 e7¥2)is F7} (1! e M,11 e ¥2) =
(! In(1! V1),! In(1! V2)), but it is sufpcient to consider only (! In (V1),! In(V2)).
"Again, it is sufbcient to consider (]! Oln(\/l)]%7[! eln(Vg)ﬁ instead of ([! #1n (1! Vl)ﬁ,[! f1n (1! Vz)ﬁ).
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Monte Carlo simulations

We conducted Monte Carlo simulations (1) as check of our program for ML estimation with the
Weibull, (2) to demonstrate the better performance of the Weibull due to its flexibility of the
shape, and (3) to demonstrate the acceptable results obtained only by the Weibull when the
dependency ' is out of the Gumbel range.

[Table 7, Figure 7 and Figure 8 ABOUT HERE]

Table 7, Figure 7 and Figure 8 summarize the simulation results. The simulation results show that
using the bivariate Gumbel (exponential) distributi on is problematic, when the correlation be-
tween the two variables is higher than the acceptablerange for the bivariate Gumbel distribution

(&1 % & % 1). More importantly , the limitation of the shape of the exponential distribution could
be a serious problem aswell. (Note: An exponential distribution is a special caseof a Weibull
distribution and ) If the true DGP is a Weibull and if one usesan exponential distribution to es-
timate the parameters and coefecients on covariates, then the results would be meaningless. On
the other hand, using a Weibull for data generated by an exponential would not hurt, becausea
Weibull with constraints of )1 = )2 = (1 = (2 = 1 leads to an exponential.

Appendix 3:
Simplification of p

To simplify the expressionfor ', usethe following rule

I'z+1)=1zI'(z).

The following is the proof; for z > 1

$
F(z):/ x# e Tdx,
0

Note that W =¢e"7) e 7dx = d(&€**). Using this, we get

I(z) = /0$ x7#1d(& e ).

u:xz#l
v=_&e?"

du — (z& 1)x*#26#2 ) du = (z & 1)x**2e%dv follows. Using integration by parts

Set
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(fudv = uv & [ vdu), we get

$

F(Z) _ Xz#l(&e#x) |g & (&e#x)d(xz# 1)

=x*l &) [} & [ (&€"7)(z& 1)(x**?)e"dv

$

hﬁh

=xFl &) [} & [ (&) (z& 1)(x**?)dx
(Note dv = € “dx)

=(z& 1)/: (x*#2) (e *)dx.
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7 Tables and Figures

Table 1: Variables That Might Affect Each Duration

Coalition Formation Duration Government Survival Duration

Investitur e
* Continuation
*  Pre-election coalition

*  Pre-election coalition' Effective parties

Effective parties
Polarization
Returnability
Ideological diversity

Post-election

Caretaker

Survival duration
*  Previous defeat

Investitur e

Effective parties
Polarization
Returnability
Ideological diversity

Post-election
Caretaker
Formation duration
Maximum duration
Majority status

* indicates exclusive variables.

Figure 1: Weibull Margins: Varying the ScaleParameter
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Table 2: Descriptive Statistics of the Variables Included in the Model -by Country (1)

Durations

Formation  Survival Investitur e Continuation  Pre-electoral coalition

[avg days] [avg days] [%]
Austria 46 (47) 835 (460) No No 71(45)
Belgium 50(51) 543 (492) Yes No 59(49)
Denmark 18(16) 614 (350) No Yes 33(47)
Finland 31(38) 393 (378) No No 14(35)
France 14(12) 142 (131) Yes No 71(45)
Iceland 42 (45) 811 (511) No No 44 (50)
Ireland 22(16) 887 (495) Yes No 50 (50)
Italy 37(48) 253 (212) Yes No 31(46)
Luxembourg 33(25) 1124(649) No No 33(47)
Netherlands 74 (57) 752 (528) No No 38(49)
Norway 11(12) 758 (401) No Yes 62 (49)
Portugal 38(42) 485 (481) Yes No 78(41)
Spain 37(31) 1041(312) Yes No 100(0)
Sweden 10(10) 740 (434) NtoY Yes 41(49)
United Kingdom 6 (10) 911 (543) No No 14(35)
Germany 30(28) 717 (510) Yes No 93(26)

Data source: Warwick (1994),Golder (2005),KeesingO&Vorld News Ar chives

Figure 2: Weibull Margins: Varying

the ShapeParameter

A=1; #=1 (Eap.)

A=4, 8=1
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Table 3: Descriptive Statistics of the Variables Included in the Model -by Country (2) (contd.)

Effective parties Polarization Returnability Ideological diversity
[Mean] [%] [%]
Austria 2.51(0.50) 6.0(9.4) 88 (32) 15
Belgium 4.86(2.12) 12.0(6.5) 79 (41) 3
Denmark 4.48(0.78) 15.1(7.6) 69 (46) 25
Finland 5.03(0.30) 21.6(3.8) 64 (48) 35
France 6.39(1.23) 32.2(3.2) 78 (41) 25
Iceland 3.82(0.64) 16.4(2.9) 42  (49) 2
Ireland 2.87(0.37) 5.6(22.1) 17 (38) 15
Italy 3.95(1.04) 32.6(7.6) 82 (38) 3
Luxembourg 3.37(0.45) 6.1(3.6) 67 (47) 2
Netherlands 4.66(0.80) 6.6(4.5) 72 (45) 3
Norway 3.48(0.63) 7.5(8.8) 24 (43) 3
Portugal 3.46(0.72) 14.1(4.3) 67 (47) 2.5
Spain 2.68(0.19) 5.2(2.6) 100 (0) 25
Sweden 3.40(0.38) 5.0(2.7) 60 (49) 2.5
United Kingdom 2.13(0.10) 0.7(0.9) 67 (47) 15
Germany 2.73(0.49) 0.2(1.0) 82 (38) 3

Data source: Warwick (1994),Golder (2005),KeesingO8Vorld News Ar chives

Table 4: Descriptive Statistics of the Variables Included in the Model -by Country (3) (contd.)

Post-election Caretaker

Previous defeat

Maximum survival

Majority status

[Mean %)] [Mean %)] [Mean %)] [days] [Mean %]

Austria 72(46) 0(0) 4 (20) 1198(349) 96 (20)
Belgium 50(51) 6 (23) 11(32) 1195(308) 89(32)
Denmark 70(47) 0(0) 30(47) 1297(290) 15(36)
Finland 31(47) 13(34) 11(31) 831(485) 71(46)
France 11(31) 4(19) 57 (50) 1138(460) 57 (50)
Iceland 71(46) 8(28) 4 (20) 1245(336) 83(38)
Ireland 77(43) 0(0) 14(35) 1601(349) 50(51)
Italy 20(40) 7(26) 14(35) 1153(483) 56 (50)
Luxembourg 72(46) 0(0) 6 (24) 1388(568) 100(0)

Netherlands 69 (47) 10(31) 34 (48) 1230(503) 90(31)
Norway 55(51) 0(0) 7(26) 1107(420) 31(47)
Portugal 50(51) 25(44) 20(41) 1100(430) 65 (49)
Spain 88(35) 0(0) 0(0) 1326(241) 63(52)
Sweden 70(47) 0(0) 4(19) 1125(413) 26 (45)
United Kingdom  71(46) 0(0) 8(28) 1485(528) 79(41)
Germany 58(50) 4 (20) 4 (20) 1103(419) 100(0)

Data source: Warwick (1994),Golder (2005),KeesingO&Vorld News Ar chives
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Table 5: Univariate Weibull Results: The Results When Government Formation and Survival Du-
ration Are Estimated Separately

Formation duration (yroraarion)

Cabinet survival (ysurvivar)

Variable Coefficient (S.E.) Variable Coefficient (S.E.)
0. (Scaleparameter 1) 0, (Scaleparameter 2)

Investiture -0.050 (0.116) Investiture -0.254' (0.100)

Continuation -1.007' (0.148)

Pre-electoral coalition 0.296 (0.533)

Pre-electoral coalition 0.109 (0.142)

' Effective parties

Effective parties 0.085 (0.056) Effective parties -0.035 (0.039)

Polarization 0.977 (0.511) Polarization -2.295' (0.379)

Returnability 0.370 (0.290) Returnability -0.511 (0.254)

Ideological diversity 0.215 (0.099) Ideological diversity -0.040 (0.091)

Post-election 0.930¢' (0.213) Post-election 0.472' (0.130)

Caretaker 0.575 (0.232) Caretaker -1.528' (0.222)

Previous defeat 0.308 (0.138) Maximum duration 0.653 (0.154)

Majority status 0.258 (0.104)

Constant 1.263 (0.339) Constant 9.149 (0.484)
A1 (Shapeparameter 1) A2 (Shapeparameter 2)

Constant 4.622' (0.037) Constant 4.214 (0.040)

Log-likelihood: -5395.12
N =475

Data source: Warwick (1994),Golder (2005),KeesingO#Vorld News Ar chives
Signibcancelevels : 110% #:5% ##:1%

Figure 3: Correlation versus dependenceplot for BVW ((1 = (2 = ( = 3.29,1,0.5)
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Table 6: Bivariate Weibull Resultsfor Government Formation and Survival Duration

Formation duration (y;) Cabinet survival (ys)
Variable Coefficient (S.E.) Variable Coefficient (S.E.)
0. (Scaleparameter 1) 0, (Scaleparameter 2)
Investiture -0.033 (0.116) Investiture -0.26¢' (0.100)
Continuation -1.012 (0.148)
Pre-electoral coalition 0.298 (0.526)
Pre-electoral coalition 0.080 (0.141)

' Effective parties

Effective parties 0.093 (0.056) Effective parties -0.035 (0.039)
Polarization 1.058 (0.513) Polarization -2.313 (0.380)
Returnability 0.367 (0.290) Returnability -0.496 (0.254)
Ideological diversity 0.207 (0.098) Ideological diversity -0.054 (0.092)
Post-election 0.97¢' (0.213) Post-election 0.464' (0.130)
Caretaker 0.560 (0.232) Caretaker -1.507 (0.224)
Previous defeat 0.326 (0.138) Maximum duration 0.644' (0.152)
Majority status 0.255 (0.104)
Constant 1.230 (0.340) Constant 9.18¢ (0.482)
A1 (Shapeparameter 1) A2 (Shapeparameter 2)
Constant 4.623 (0.037) Constant 4.215 (0.040)
& (Transformed dependence parameter)
Constant 0.608 (0.288)
o (Non-transformed true & &1 % & % 1(%)
0.295 (0.131)

Log-likelihood: -5392.66
N =475

Data source: Warwick (1994),Golder (2005),KeesingO&Vorld News Ar chives
Signibcancelevels : :10% #:5% ##:1%

(a) The parameters of the model -, A\, and «- are constrained: § > 1, A > 0,and! 1 " « " 1. However, for
estimation, we work with an unconstrained parameter vector that is mapped into a constrained parameter spaceusing
link functions. We report both the constrained « and unconstrained & parameter estimates. Note that both estimates
depend on the number of attempts variable. The link function is o = 2(;,)(7 1 0.5), where,in general, & is X~, X is

1+e
avector of ones,and ~ is a vector of coefbcientson the variables included in « (in this case,thereis only the constant).
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Table 7: Monte Carlo Simulation Summary

Gumbel Weibull
True' N \ Bias% Overconbdence% RMSE \ Bias% Overconbdence% RMSE
0.2 200 | 1.115 6.037 0.049 | 1.118 5.140 0.049
50 9.079 21.046 0.124 | 16.294 48.804 0.205
0.2825 200 | 85.932 38.423 0.275 | 0.732 10.881 0.063
50 | 124.745 39.405 0.490 | 13.324 36.566 0.209
Figure 4: Government Formation and Duration

Time for Formation Average Survival Standard Deviation Minimum Maximum
Lessthan 50 days 580 481 1 1818
Between 50and 100days 515 518 10 1941
Mor e than 100days 814 518 36 1616

Data source: Warwick (1994),Golder (2005),KeesingO#Vorld News Ar chives
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Figure 5: Polarization Counterfactuals for Government Formation Duration using Parametric
Bootstrap Methods
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Notes: Univariate model assumesgovernment formation and survival durations are independent. Bivariate model
allows for interdependence. The estimated effect is from an increasein polarization from the sample median to the
90th percentile.
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Figure 6: Polarization Counterfactuals for Government Survival Duration using Parametric Boot-
strap Methods
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Notes: Univariate model assumesgovernment formation and survival durations are independent. Bivariate model
allows for interdependence. The estimated effect is from an increasein polarization from the sample median to the
90th percentile.
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Figure 7: Sampling Distribution of p (N=200)
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