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1 Introduction

Across the world, primaries have become commonplace as a means of selecting a party’s
representative to compete in an upcoming general election. Besides the US, primary elec-
tions are also adopted in many European and Latin American countries (see Morton, 2006,
Carey and Polga-Hecimovich, 2006). Informal primaries are also commonplace. For ex-
ample, preselection—where party members vote for candidates to run for office at particular
elections—is prevalent in Australia, Canada and New Zealand.

While there are many real-world examples of two-stage electoral processes, and an increas-
ing body of empirical research that considers the effects of primaries on electoral prospects
(see Carey and Polga-Hecimovich, 2006), theoretical analysis of party primaries remains lim-
ited (Hirano and Snyder, 2014).

This paper contributes to the theoretical analysis of primary elections by providing a frame-
work for a two-stage electoral process in which primary voters consider policy promises, va-
lence, and electability of candidates. In our model, there are two parties, each with two office-
seeking primary candidates, and one of each party’s candidates—called the party’s advantaged
candidate—has higher valence than the other. The four candidates select their policy promises
simultaneously, following which both parties hold primary elections at the same time. The
winning candidate from each primary election then competes in the general election. There is
uncertainty regarding the realization of the median voter’s bliss point in the general election.
We assume that voters judge candidates based on two aspects: policy promises and valence.
Further, voters in each party’s primary choose strategically between their two candidates. In
the model, we make the no Etch a Sketch assumption,! meaning that politicians are committed
to a single policy promise for both the primary and general elections. Finally, we define a
political equilibrium as a pure strategy Nash equilibrium.

In equilibrium, there are two possible regimes, which we term regime I and regime 2.
Without loss of generality, we assume that the valence of the left party’s advantaged candidate
is at least as high as that of the right party’s advantaged candidate. In regime 1, the valence
difference amongst candidates is sufficiently small such that there is no dominant candidate
guaranteed to win both stages of the election. In this case, viable policy promises for each
candidate is constrained. Under this regime, our results demonstrate that in equilibrium, the
advantaged candidate in each party chooses the policy which maximizes the probability of
winning the general election, subject to just beating the disadvantaged candidate in the primary
election. In regime 2, the left party’s advantaged candidate has much higher valence than

IThis is a common assumption in the literature, which Hummel (2013) and Grofman et al. (2019) also adopt.
Its origin lies in the 2012 Republican presidential primaries. Asked whether candidate, Mitt Romney, had moved
too far right for the upcoming general election, his top aide, Eric Fehrnstrom, said that they would hit a reset button
for the fall campaign, “almost like an Etch A Sketch.” Two rival candidates then held up an Etch A Sketch toy as
a visual aid to their audiences and criticized the remark. For further details, see: http://en.wikipedia.

org/wiki/Mitt_Romney_presidential_campaign, _2012, viewed on June 25, 2020.



all other candidates such that there is some policy promise for the left party’s advantaged
candidate that guarantees her victories in both the primary and general elections.

Our model is robust under various extensions, and particularly useful for conducting com-
parative statics. Specifically, we provide testable predictions for how electoral outcomes are
affected when public opinion shifts in one direction along the political spectrum. According to
Harmon (2018), such shifts in public opinion could be caused by immigration, which is partic-
ularly relevant given the profound demographic changes experienced world-wide, especially
this century (see Frey, 2015). Another set of comparative statics analyses several scenarios
in which the variability of public opinion changes. First, we compare the equilibria in two
societies, where the distribution of voters’ bliss points in one society is clustered closer to the
center than that in the other society. Next we consider the effect of a leftward shift in public
opinion, in two scenarios that differ in terms of sets of voters changing their bliss points: under
the first scenario, there are more voters in one society holding extreme left bliss points relative
to the other; under the second scenario, the centrists’ opinion shifts toward the left.

Within the general framework, we show that when the valence advantage increases for an
advantaged candidate, the distance between policy promises chosen by the two advantaged
candidates decreases. We also show that when the disadvantaged candidates’ valences in-
crease, this distance increases. Finally, we show that when public opinion becomes more di-
verse, the distance between policy promises made by the two advantaged candidates becomes
greater. We then demonstrate our results by using computer simulation under the assumption
that the median voter’s bliss point is distributed according to a truncated normal distribution.

Additionally, several special cases of the model are analyzed. We consider the symmetric
game where both parties’ advantaged candidates have the same level of valence, while both
parties’ disadvantaged candidates also share the same—albeit lower—Ilevel of valence. We
next study the case in which only one party holds a primary. A modified version of our model
incorporating endogenous entry of candidates is also considered. Characterization of the equi-
libria for these special cases are provided.

In the theoretical literature, there have been several attempts to model a primary election.
Our model extends Hummel (2013) by allowing valence levels to differ both between and
within parties, and by allowing the distribution of public opinion to be asymmetric. This
generalization enables us to analyze how relative changes in valence between candidates affect
policy promises and electoral outcomes. It also allows us to consider the impact of shifts
in public opinion on policy promises and election results. Further, the model can be used
to predict how polarization of policy promises chosen by candidates could arise after public
opinions become more diverse, or more specifically how policy promises change when there

is an increase in the proportion of voters holding more extreme opinions.



The Literature Review

Owen and Grofman (2006) develop a two-stage electoral competition model with sincere vot-
ers and examine the candidates’ equilibrium policy positions within a model of two-party
competition in which candidates differ only in their policy promises.

Furthermore, Adams and Merrill (2008) propose a two-stage election model with two can-
didates in each party, each of whom attempts to maximize the joint winning probability in both
the general and primary elections. In their model, candidates can differ in terms of valence and
voters vote sincerely; and they prove the existence of a Nash equilibrium if each voter’s utility
is single-peaked. They show that when candidates in the same party have the same valence,
they choose the same policy position in equilibrium. In addition, they show that as the other
party’s candidates’ valence increases, candidates have an incentive to unilaterally shift their
policy promises toward the general election median voter’s bliss point. In our model voters are
assumed to vote strategically instead of sincerely, and we show that this pattern does not hold;
rather, when one advantaged candidate’s valence increases, this pushes the other candidates’
equilibrium policies away from the median of the overall median voter’s bliss point, which we
call the center, and toward their own party’s median voter’s bliss point.

The previous framework is extended in Grofman et al. (2019). In their analysis, voters are
sincere, and candidates vary in valence. Their model differs from Adams and Merrill (2008)
only in that the distribution of voter bliss points is deterministic. By assuming that candidates
maximize the expected vote share in the general election, they show that a pure strategy Nash
equilibrium always exists. In our model, because voters are strategic, when a policy chase
arises between primary winners, a pure strategy Nash equilibrium could fail to exist. However,
interestingly, primaries could play a role of stabilizing the game in the sense that a primary in
each party constrains the advantaged candidates’ choice of policy promises that could prevent
a policy chase from arising. We use this intuition to provide the conditions for the existence of
equilibrium.

In addition, Grofman et al. (2019) show that the winner of the general election needs not
to be the candidate with the highest valence and points out that the choice of primary type
(closed or open) may be important to determine the winner of the general election. Because in
our model, the distribution of the median voter’s bliss point is stochastic, who wins the general
election is not deterministic. Further we consider a modified version of our model such that
a candidate has a choice of entry to the elections by applying the concept of subgame-perfect
equilibria. By studying the situation where only the left party holds a primary, we show that
if the disadvantaged candidate of the left party is more concerned about a policy promise, she
enters into the primary to influence the policy promise by the advantaged candidate of the left
party even though the entry decreases the probability of winning the general election for her
party. Hence, our analysis shows that the endogenous entry decision affects policy outcomes

as well as their winning chances.



Our analysis is also close to the model presented by Hummel (2013), which examines a
scenario that we term the symmetric game where both parties’ advantaged candidates have
the same level of valence, while both parties’ disadvantaged candidates also share the same—
albeit lower—Ilevel of valence. In addition, the distribution of the overall median voter’s bliss
point is symmetric. In our framework we can study the symmetric game as a special case.
We show that an equilibrium always exists in the symmetric game and that if the difference
between the advantaged and disadvantaged candidates’ valences is small relative to the dis-
tance between the center and the parties’ median voters’ bliss points, then the equilibrium
in Hummel (2013)—which is a regime 1 equilibrium—occurs. Otherwise, both advantaged
candidates choose the center. The literature of political competition has extensively studied
patterns of equilibrium policy outcomes in a two-party electoral model (see Owen and Grof-
man, 2006, Drouvelis et al., 2014a, Takayama et al., 2019). Two important patterns are policy
polarization and policy convergence. When policy convergence arises, each party announces a
policy located on the center. When policy polarization arises, each party chooses somewhere
between the party’s bliss point and the center. Our analysis about the symmetric game provides
conditions under which policy polarization or convergence arises, while in our analysis within
the general framework, under a regime 1 equilibrium, policy polarization arises.

In much of the literature, and in this paper, a candidate is modeled as a combination of a pol-
icy promise and a valence. There is a large body of empirical work that studies how these two
factors affect electoral outcomes. Studies of the US, and evidence from recent cross-country
research of Western Europe, suggest that changes to candidates’ valence have important elec-
toral consequences. In particular, they show that there is some relationship between valence,
voters’ choices, and the ideological distance between the candidates’ policy promises (see Ab-
ney et al., 2013, Adams et al., 2011, Clark and Leiter, 2014, Green and Hobolt, 2008, Adams
etal., 2012, Buttice and Stone, 2012). While many studies have also analyzed how the valence
of party elites affects voters’ electoral support for parties (Mondak, 1995, McCurley and Mon-
dak, 1995, Stone and Simas, 2010), the relationship between valence, policy decisions, and

electability remains uncertain.

The Organization of this Paper

The remainder of the paper is organized as follows. Section 2 describes the model and Section
3 provides the equilibrium existence theorem. Section 4 conducts the comparative statics,
while Section 5 provides the equilibrium of the scenario in which there is only one primary.

Section 6 discusses extensions including endogenous entry. Section 7 concludes.



2 The Model

In the model, there are two parties, which we refer to as party L and party R. The policy space
X = [—1,1] is unidimensional. Party R and party L have core constituencies toward the right
(closer to 1) and toward the left (closer to —1) in X, respectively.

We assume that each party has two candidates and the electoral process involves two elec-
tions: a primary election and a general election. First, both parties hold a primary election and
voters in each party’s primary choose strategically between their two candidates. Second, in
the general election, the winning candidates from each primary election compete against each
other.

The four candidates are assumed to be motivated solely by winning office. Each candi-
date is characterized by two aspects: strategy and characteristics. Each candidate chooses a
policy promise and their characteristics are measured by a variable called valence. A can-
didate’s valence variable is fixed exogenously, and benefits all voters independently of their
political opinions if the candidate is elected. We assume that in each party, there is one advan-
taged candidate with high valence—denoted A—and one disadvantaged candidate with low
valence—denoted D. This allows us to identify each candidate by their valence. In particu-
lar, party R has two candidates, R4 and Rp, with valences satisfying R4 > Rp, while party
L also has two candidates, L4 and Lp, with valences satisfying L4 > Lp. Without loss of
generality, we assume L4 > R 4.

There is a continuum of voters, each with a bliss point b € X. We define the utility of a
voter with bliss point b € X, when the winning candidate has valence P; for P = L, R and

j = A, D and policy promise z, by:
w(z, Py) = P — |z — b ()

We assume that the set of voters in the primary election of party £ is a subset of the overall
voting population, and has a measure denoted by i, for each k = L, R. Additionally, ;7 and
J g are public information.

Let M} and My be party L’s and party R’s median voter’s bliss point with Mz > M. We
call the median voter in the general election the overall median voter. We denote the bliss point
of the overall median voter using M, and assume this is randomly distributed in [M, Mg,
with a cumulative distribution function F'. We assume that F' is continuously differentiable in
its support [My, Mg|. Then, F(z) = 0 for x < M and F(z) = 1 for x > Mg. Also, F'is
common knowledge. We denote the probability density function of F' by f.

f(=z)
1-F(z)

decreasing in x for all © € [My, Mg

f(@)

Assumption 1. The hazard rate o) 1S

is increasing in x for all x € [My, Mg| and

Assumption 1 is a standard assumption in the literature known as the monotone hazard rate
(see, for example, Roemer, 1997, Saporiti, 2008, Hummel, 2013, Drouvelis et al., 2014b). This



assumption guarantees the unique existence of maximizers in the expected payoffs and, while
it is mainly for tractability, we also use the hazard rate to conduct comparative statics later in
Section 5.

The sequence of the game is as follows.

Stage 0 Each candidate simultaneously and independently chooses their policy promise in each
party. We assume that, if a politician wins the primary, she must commit to the same
policy promise in the general election.

Stage 1 The primary election is held for each party.
Stage 2 The general election between the winners of each primary is held.

Suppose that party R’s candidate—with policy  and valence R—and party L’s candidate—
with policy [ and valence L—are the respective winners of their party’s primary. Then, party

R’s candidate’s probability of winning in the general election is,
wr(r, R,1, L) = Prluoy(r, R) > vy (1, L)) )

When |r — 1| > |R— L|,if r <,

0 if =Bt < A,
mr(r, R,1,L) = F<R7L2+l+7") if R7L2+l+r € (My, Mg) (3)
1 if Bl > Mg
and if r > [,
1 if LR < Ay
Tr(r, Ry, L) = ¢ 1 — F(EEHr) - jf LR ¢ (M M) 4)
0 if LB > A,

Note that when R = L, (3) and (4) describe the outcome for all [ # r. However, we also
need to specify the probability of winning the general election for each candidate when [ = r.
This situation only arises in Corollary 1 when the game is symmetric (see Definition 2). When
L = R, in the general election, we define a tiebreaking rule, ¢ : X — [0, 1], such that for
every r € X,

t(x) = wr(z, Ra,x, La). 5)

For each i,n = A, D, define the expected payoff V; of voter b, when candidate L; is the
winner in party L’s primary and candidate R,, is the winner in party R’s primary, by:

‘/b(li,Li,T'n,Rn) = WR(rnanathi)vb(Tn?Rn) + (1 _ﬂ-R(rrmRnali?Li))vb(liaLi)'



Let w* = (wh,wk) for each k = L, R, where each w! denotes the probability that type

1 = A, D wins the primary of party k = L, R. Then, for each « = A, D, the expected payoff

of voter b in party L, when candidate L; with policy /; wins party L’s primary is given by:
E%(liaLiarAy/rD) == wf}%(li)[’h’r‘AaRA) + (1 _wﬁ)%(liaLiarDaRD)a

and the expected payoff of voter b in party R, when candidate R; with policy r; wins party R’s
primary, is given by:

E%(TiaRialAalD) = wﬁ‘/b(lAaLA7lriyRi) + (1 _w£>%(lD7LD7TZ7RZ)

In words, Vj, is voter 0’s interim expected payoff when the winner of each primary election is
known, while EV}, is voter b’s ex ante expected payoff before the primaries.
The following definition expresses the notion of a pure strategy Nash equilibrium for the

model.

Definition 1 (pure strategy Nash equilibrium). An equilibrium in a game of two-stage elec-
toral competition is a collection of policy promises, (I'y,[},) and (%, 77%)), and a collection of

winning probabilities in the primary elections (w**)yer gy = (Wi, Wi )keir,ry such that:
L wif +wik =1 foreveryk = L, R;

1. fori,j = A, D, in response to (I%},1},,77), each v} is a best response such that the

following holds:

(A) If EVay, (i, Ri, Uy, 1) > EVigg, (15, Ry, UL 1), then wit = 1;

(B) Whenever wil > 0 for any n = A, D, there is no policy r; such that candidate R;

can profitably deviate in the sense that
EVMR (Ti7 Ri7 lf47 ZB) > EVMR (7’;, Rj, lz, l*D),
and wr(ry, R, 1%, L) > wi® - wg(ry, Ry, 1%, Ly,);

1l fori,j = A,D, in response to (r’,7},1;), each I} is a best response such that the

following holds:

(A) IfEVa, (I, Liy v, rh) > EVag, (I, Ly, 74,77, then wil =1;

(B) Whenever w:'* > 0 for any n = A, D, there is no policy l; such that candidate L;

can profitably deviate in the sense that
EV]V[L (ll, LZ‘, Ta, TD) > EVML (l;, Lj, T’Z, T’*D),

and (1 — mr(r}, Ro, li, L)) > wit - (1 — wr(r?, Ry, 17, Ly)).



The equilibrium condition (A) states that a candidate who obtains the majority wins the
primary with certainty. The equilibrium condition (B) requires that there are no other policy
promises for any of the four candidates that would win them the primary election with cer-
tainty and yield a higher probability of winning the general election. In this definition of an
equilibrium, we assume that the median voter theorem holds in primary elections. This is done
to ensure analytical tractability and facilitate a simple analysis. Further, the validity of this
assumption is reinforced by the results of an earlier version of this paper, Takayama (2014);
when there is a reasonable concentration of primary voters around Mp or M compared to
those around the tails of py or y, there is a Condorcet winner, and the median voter theorem
holds in primary elections.

The median voter theorem also holds in primary elections in Hummel (2013); here it is

assumed that the number of primary voters—say m—is odd, and that mT“’ voters have bliss

m—+3

points smaller than M7, in party L’s primary, while = voters have bliss points larger than

MpF, in party R’s primary.’

3 Equilibrium Analysis

In this section, we present the main theorems. In doing so, it is useful to keep in mind that

there are two possible regimes in equilibrium.

Regime 1. Advantaged candidates choose more centrist policy promises that are just close
enough to their parties’ median bliss points so as to guarantee their victory in their re-

spective primaries. Candidate L 4 does not win the general election with certainty.

Regime 2. There is a [%, € [M, Mg] that guarantees candidate L4 victories in both the pri-

mary and general elections.

3.1 The Existence Theorem

Theorem 1 provides the conditions under which regime 1 arises in equilibrium. In particular, a
regime 1 equilibrium occurs when each advantaged candidate chooses the policy promise that
maximizes their probability of winning the general election, subject to winning the primary
election. In this way, the advantaged candidate wins each party’s primary with certainty.

As we show in Propositions A-1 and A-2 (see Appendix A), while both parties’ advantaged

candidates win their respective primaries in regime 1, neither is guaranteed to win the general

2 Although the focus is very different from ours, Bouton (2013) considers a runoff election and demonstrates
that runoff systems with a threshold below 50 percent produce an Ortega effect such that the Condorcet loser of
the election may win. Further, in contrast with Grofman et al. (2019), Bouton (2013) concludes that a sincere

voting equilibrium does not always exist.



election in equilibrium. Since w*l = w* = 1 in the regime 1 equilibrium, when examining

the primary results, we only need to consider,

Vi(li, Liyra, Ra) = EVy(li, Li,ra,mp);
‘/E)(lAaLA7ri7Ri> - E‘/b(riaRialAalD)-

Suppose 7, is the policy promise from party R’s primary winner with valence R,. Let
a(ry,, R,) be the set of policy promises that guarantees candidate L4 a victory in the general

election, such that,
a(rp, Ry) =[rn— (La— Ry) ,rn+ (La— Ry)].
Next, define correspondences (37, and Sg as follows: for each 4,14 € X,

6L(TA7 RA) - {l : VML(laLAvrAaRA) Z lrngif{ VML(ZD7LD7TA7 RA>}7
D

Br(la, La) ={r: Vay(la,La,r,Ra) > max Ve (la, La,rp, Rp)}-.

D

Then, 3 and (g are the sets of policy promises that guarantee candidates L4 and R4 vic-
tory in their respective primaries when the opponent party’s primary winner is known to be
the advantaged candidate. When [, and (i are nonempty, it is optimal for the advantaged
candidates to select the policy promises in these sets.

For each r 4,14 € X, define ZD(TA), p(la), ZA(TA), and 74(l4) by:

~

Ip(ra) =argmax Vi, (Ip, Lp, 74, Ra); (6)
IpeX

7p(la) = argmax Vi, (la, La,7p, Rp); @)
rpeX

[a(ra) = max{la|Var, (Lo, La, 74, Ra) > Var, (Ip, Lp, 74, Ra) for Ip €lp(ra)};  (8)
fA(lA> = min{rA|VMR(lA, LA,TA, RA) > VMR(lAa LA,fD,RD) for rp € fD(lA)} (9)

Notice that I5(r4) and 7p(l4) are correspondences and we can also show that Ip(r4)
and 7p(l4) are nonempty. In Lemma A-1, we show that if candidate Lp’s probability of
winning the general election against candidate R4 is strictly positive when [p < 74, then
] p(ra) is singleton. The same holds for 75 (l4) when rp > 4 and candidate Rp’s proba-
bility of winning the general election against candidate L 4 is strictly positive. Otherwise, if
Tr(ra, Ra,lp, Lp) = 1forallip < ra,then Vi, (Ip, Lp, 74, Ra) = Ra—1ra+ My forlp <
74, and ZD(TA) D [My,ra]. This is because for every [p > r4 with mr(ra, Ra,lp, Lp) < 1,
we must have Ry —ra+ My > Lp—Ip+Mp and thus, Vi, (Ip, Lp, 74, Ra) < Ra—ra+ M.

Figure 1 illustrates Sr(l4, L4) and demonstrates how a regime 1 equilibrium works. For
a fixed [ 4, if each candidate from party R has a nonzero probability of winning the general
election, then voter Mp’s expected payoff from party R’s candidates is bell-shaped. Then,



Varp(la, La, i, R;)

Vaip(la, La,7a, Ra)

Vagp(la, La,7p, Rp)

X . X

la 7a(la) 7p(la) Mpg

Figure 1: Tlustration of Sz (14, La)

Br(la, L) is depicted as the interval of policy promises that yield a higher utility for candidate
R 4 than that achieved by the policy 7p(14).

The definition of a pure strategy Nash equilibrium uses an endogenous tiebreaking rule, the
nature and motivation of which may not be immediately intuitive.® In a regime 1 equilibrium,
the disadvantaged candidates choose the policy promises that maximize the expected payoff
of their own party’s median voters, denoted by 7p(l4). Then, we can show that the set of pol-
icy promises that guarantee the advantaged candidate’s victory in the primary, Sg(l4, L4), is
nonempty, as shown in Figure 1. Thus, the advantaged candidate chooses the policy promise
7a(la)—within Sr(l4, L), the set of policies that guarantees victory in the primary—that
maximizes their probability of winning the general election. Suppose the advantaged candi-
date chooses 74(l4), but their winning probability is smaller than one. Then, the advantaged
candidate could obtain a certain victory in the primary by deviating from this policy promise to
one that is slightly smaller or larger. Our endogenous tiebreaking rule allows an equilibrium in
which the advantaged candidate can choose 74(l4) and still win the primary with certainty.*.

The natural equilibrium concept has the agent with the highest valuation bidding the second

3The notion of an endogenous sharing rule with a Nash equilibrium is proposed in Simon and Zame (1990)
(see, also, Jackson et al., 2002) and has been used in several studies to obtain the existence of a pure strategy Nash
equilibrium. For example, Ausubel and Milgrom (2002) and Day and Milgrom (2008) use a similar definition
of Nash equilibrium in the context of auction theory. See also Dell’ Ariccia and Marquez (2006) in the banking
literature and Prat and Rustichini (2003) in the common agency theory literature. Myerson (1993) also applies it

in a political competition context.
4A similar issue arises in a first price auction when bidders’ valuations are publicly known to all bidders
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highest valuation and winning with certainty.

In other words, whenever a tie arises in the primary, there exists a slight deviation such that
the median voter of each party strictly prefers the advantaged candidate over the disadvantaged
candidate. For this slight deviation, we would imagine that the advantaged candidate wins the
primary; the endogenous tiebreaking rule is consistent with this expectation. However, an
endogenous tiebreaking rule in the primaries is not relevant for a regime 2 equilibrium since
candidate L 4 wins party L’s primary with certainty, and an equilibrium strategy is unrestricted
for party R’s candidates.

Theorem 1 deals with the case where candidate L, is not so strong. The conditions in
Theorem 1 ensure that in equilibrium, the sets (7%, R4) and (1%, R4) do not overlap, and
Br(r%, Ra) and Sr(l%, L4) also do not overlap. This is because if a(r, Ra) and B (1%, R4)
overlap, candidate L 4 can choose a policy promise in « (7%, Ra) N B (77%, R4) that guarantees
victory in both elections in equilibrium. However, this equilibrium is no longer in regime
1. Also, when 5, (r%, Ra) and Sr(l%, L) do not overlap, to maximize the probability of
winning the general election, each candidate chooses the policy at the boundary of the 3 set
that is closest to their opponent’s policy. Thus, these conditions are sufficient for the existence

of an equilibrium in regime 1.

Theorem 1. Suppose Mr — My > Ly — Ry > 0. Suppose also that one of the following

conditions holds.
» Suppose Ly = Ra, La—Rp < Mr—zand Ry—Lp < z— M, for some z € (M, Mg).

* Suppose L > R4 and that for some z € (M, Mg), the following conditions hold:

( (MR+Z+LA D))2 (1 . F(MR+ML+LA*RD))2
: <Li—Ra< e (10)
3 f (Hatetlazti) 3 f (Ftila=ti)
( (ML+Z+LD RA))2 ( (ML+MR+LD7RA))2
2
T p(Mitzi Lo T 2ALa = Ra) < (i) (D
Then an equilibrium exists, and (W&, wiL) = (W wif) = (1,0). Further, Ip(r%) and

Pp(1%) are singletons, and the equilibrium satisfies I3, € Ip(r%), 5 € Fp(I5), 1% = La(1%)
and ry = 74(r%). In addition, I’y < z < r% holds with at least one of the two inequalities

being strict.

The first statement of Theorem 1 indicates that an equilibrium exists under a very mild
condition when L4 = R 4. These two inequalities L4 — Rp < Mr—zand Ro—Lp < z— M,
for some z € (M, My) ensure that a policy chase between the advantaged candidates does
not arise in equilibrium. The two inequalities in the second statement also ensure that a policy
chase does not arise in equilibrium. First, it ensures that L 4 — R 4 is not so large, and otherwise

a regime 2 equilibrium may start to arise. Second, similarly to the first statement, Rp and Lp
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are not so small and a policy chase does not arise because if one of them is small, then the
[ sets could overlap and a policy chase would possibly arise. In both statements, z takes a
role of separating two regions of policy promises which candidates L4 and R4 could take in
equilibrium in the sense that for policy 4 € [M, 2], Br is contained in [z, Mg] and for policy
ra € [z, Mg], Bz, is contained in [M7, 2].°

In the literature on pure strategy Nash equilibria in political competition models, Aragones
and Palfrey (2002) employ the standard Downsian model of two-candidate elections of two
politicians; they show that when one candidate is more advantaged in terms of valence than
the other, pure strategy Nash equilibria often do not exist.® Indeed, in our model, a pure
strategy Nash equilibrium may fail to exist. Moreover, even if the existence of a pure strat-
egy Nash equilibrium is guaranteed, one may fail to arise due to an unending “policy chase”
in which the advantaged candidate continually pursues the disadvantaged candidate’s policy
promise over the entire policy space. However, if certain conditions are satisfied, the existence
of the disadvantaged candidate in the primary may limit the extent of the chase by the advan-
taged candidate, and in this circumstance, an unending policy chase does not occur. If such
conditions—which are specified in Theorem 1—hold, then a regime 1 equilibrium could exist.

Corollary 1 is a special case of Theorem 1 in the context of a symmetric game, as described
in Definition 2 below. This corollary states that when the game is symmetric, an equilibrium
always exists. An example of a symmetric game is Hummel (2013), which shows that in a
symmetric game, if there is a solution to (6), (7), (8), and (9), then the game has an equilib-
rium. Corollary 1 shows that an equilibrium always exists in a symmetric game, regardless
of whether the solution to the set of equations exists, and gives a condition under which the
equilibrium that Hummel (2013) has shown arises and belongs to regime 1.

Formally, we define m = F _1(%) as the median of the distribution of the overall median
voter’s bliss point, while f is assumed to be symmetric with respect to m = 0. We call this

setting symmetric and formally define it as follows.

Definition 2. Let m = 0. Suppose that f is symmetric with respect to 0 with its support [—a, a),
and Ry = Ly and Rp = Lp. We say that the game is symmetric.

Corollary 1. Suppose that the game is symmetric. Then an equilibrium always exists. In
equilibrium, either (1) or (II) holds:

(I) If a < La — Lp and a tiebreaking rule t(m) = 3, then (wi, wi) = (wif, wift) =
(1,0), (I, r%) = (m,m) and l5,, 13, € X.

3A similar idea is employed in Takayama et al. (2019) whose existence proof uses the idea of restricting the
domains for each politician and applies the theorem of McLennan et al. (2011) to prove the existence of pure

strategy Nash equilibria in political competition games.
6See also Saporiti (2008) and Takayama et al. (2019). The former uses the concept of the better-reply security

proposed by Reny (1999) to consider the existence of pure strategy Nash equilibria while the latter uses the
recently developed concept of discontinuous games by McLennan et al. (2011) to prove the existence of pure
strategy Nash equilibria in games where the median voter’s bliss point is stochastic.
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(1) Otherwise, ifa > La— Lp, then (wi", wpy) = (Wi, wp') = (1,0), and (I}, 1,774, 75)
solve (6), (7), (8), and (9). The equilibrium satisfies vy = —1%, and v}, = —l}, where 7}
and r7, respectively satisfy

F(TZ*T’B*(LAfLD))

2
r—r5—(La—L

Lf(Bathpatnl)

™ — 1 —(La—L
= (0 — (L — Lp)) - (A= D= (Fa = o),

ry+1rp—(La—Lp) =

(12)

(13)

The intuition behind Corollary 1 is as follows. As we formally state later, Proposition 4
in Hummel (2013) shows that when (L4 — Lp) increases, the 3 sets expand. Consider the
situation in which (L, — Lp) is greater than a such that Sr(m, L4) and B (m, R4) overlap
(as shown in Lemma A-8). Notice that in a symmetric game, m € [Sr(m, L) if and only if
m € Br(m, Ra). Thus, when (L4 — Lp) is sufficiently large, m € Br(m, La) N Br(m, Ra)
holds. In this situation, as in Hotelling’s model, both advantaged candidates choose m = 0
in equilibrium. Conversely, when (L4 — Lp) is small, both advantaged candidates are more
constrained by competition in their primaries, and so the equilibrium in regime 1 that Hummel
(2013) studies arises.

In reality, we observe both competitive and uncompetitive primaries. In our analysis, a
regime 1 equilibrium describes a competitive primary, since it considers the case in which
advantaged candidates are more constrained by primaries. However, we could well imagine
that the presence of a very strong candidate could result in an uncompetitive primary. This is
best described by a regime 2 equilibrium; since the most advantaged candidate has a policy
promise that guarantees victories for her, she is less constrained by her party’s primary, which
may therefore be interpreted as relatively uncompetitive. Our theorem in this section provides
sufficient conditions under which a regime 1 equilibrium exists. Although regime 2 equilibria
are observed in reality, theoretically, the existence theorems of such equilibria may not be so
interesting. Nonetheless, since they can provide useful insights into the discussion on the role

of uncompetitive primaries, we keep the existence theorems in Appendix B.

4 Comparative Statics

In this section, we examine how changing model parameters—such as candidate valence
and distribution of voters’ bliss points—affects the equilibrium outcome. Our analyses yield
testable hypotheses as propositions. First, we consider how a unilateral change of valence for
some candidates affects the equilibrium. Second, we evaluate the impact of a decrease in the
variance of the distribution of the overall median voter’s bliss point; this can be interpreted as
public opinion becoming more centrally concentrated. Third, we appraise the impact of a left-
ward shift in the distribution of the overall median voter’s bliss point; this can be interpreted
as public opinion shifting toward party L’s ideology.
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The extensive literature on candidate characteristics makes clear that, as a consequence of
the decline in party identification (Garzia 2013, Kornberg 2005), individuals are increasingly
basing their votes on candidates’ personal attributes (Hayes 2009, Rahat and Sheafer 2007, Ho-
lian and Prysby 2014, Kinder et al. 1980). Alongside many other works, Abramowitz (1988)
uses US congressional election data to estimate that candidates’ characteristics were the main
driver of election outcomes, while Buttice and Stone (2012) find that it was the candidates’
valence differences that determined these electoral outcomes. A more concrete example is
found in Holian and Prysby (2014), which analyzes the valence of Obama and Romney in the
US 2012 elections. In particular, voters’ perceptions with regards to empathy, integrity, and
competence were higher for Obama, while their impressions of leadership were similar for
both candidates. It was these former differences, according to the authors, that had a signifi-
cant impact on the result and the observation that a significant majority of independent voters
preferred Obama.

Assessing the interplay of policy promises and valence is a complicated task.” In this paper,
we conduct two sets of exercises. In the first set, we consider the symmetric game by using a
general form of distribution function for the median voter’s bliss point. In the second set, we
consider the case where the distribution function is uniform, triangular, and truncated normal.
As the derivation of an equilibrium becomes very complicated in the last part of this section,

we also conduct computer simulations to check the robustness of our results.

4.1 A Symmetric Case with a General Distribution Function

Changing Valence

We first consider how a unilateral change in valence affects the equilibrium. The literature
provides examples of the impact of changes in the valence of opposing parties’ candidates in
symmetric games. Adams and Merrill (2008) examine the model in which each party has two
candidates with identical valence. Then, they show that as one of the two opposing party’s
candidates’ valences increase, the primary candidates of the other party locate their policy
closer to the center to become more competitive in the general election. Intuitively, in the
analysis of Adams and Merrill (2008), the candidates with relatively lower valence have to
moderate their policy promises toward the center.

In contrast, Hummel (2013) considers the symmetric game and shows that as the valence
difference between the advantaged and disadvantaged candidates increases, a candidate with
higher valence can choose a more moderate policy promise in order to appeal to the general
electorate while still winning the primary election. The following proposition is the formal

statement of this result. Since the equilibrium in Hummel (2013) is equivalent to the one in

7Previously, in the literature, Adams et al. (2011) use a simple one-sided framework—in the context of an in-
cumbent and challenger election—to illustrate the potential mechanism behind the connection between promises
and valence.
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our analysis of the symmetric game when a > L4 — Lp, and is also characterized by (12) and

(13) of Corollary 1, the following result also holds in the symmetric game in our analysis.

Proposition (Hummel, 2013). Consider the symmetric game studied in Theorem 1. Then

when Ry — Rp = L4 — Lp decreases, 17, decreases while 17 increases.

In contrast, the next theorem assesses a scenario in which only candidate L 4’s valence
increases, while every other candidates’ valence remains the same. This next theorem shows
that when L 4 increases, 7% and [}, move away from the center. The theorem also shows that
r7, moves in the same direction as /. This is because candidate 2 chooses 77, to maximize
the median voter Mp’s expected payoff when voting for candidate Rp, given that candidate
Rp will be facing candidate L4, with a policy promise /%, in the general election. More
interestingly, the change in the direction of [’y depends on how strong—in terms of valence—
candidate L, is relative to candidate R 4. The theorem also states that there is an upper bound
on candidate Lp’s probability of winning the general election against candidate 1?4, and if

candidate L is strong enough relative to candidate R 4, then [’} moves toward M.

Theorem 2. Suppose that the game is symmetric and a > Ry — Rp = L, — Lp holds.®

Holding other exogenous variables constant, as L 4 increases,
e riyand 1 — wr(r, Ra, %, La) increase.
* [}, decreases.

* Denote the probability that candidate L wins the general election against candidate
R4 by Fp, and for given 17, define %
%(FD). Let K be a solution in (0, 3) for

Further, the following holds:

to be a function of Fp, which we denote by

%( K) = 0. Then K exists uniquely.

- If1 —mwp(rYy, Ra, 1}, Lp) < K, Uy and 17, increase.

— Otherwise, I’y and r7, decrease.

Increasing Diversity of Bliss Points

Here, we examine the situation in which the center is the same in two societies, but the variance
differs. We denote these two societies S and N. For simplicity, we consider the symmetric

game in this subsection. Formally, we make the following assumption.

Assumption 2. Let Fs and F'y be cumulative distribution functions with symmetric probability
density functions fs and fn and a common support [—a, a). Suppose that fs and fy satisfy

the following: (1) fs(—a) < fn(—a), (2) fs(0) > fn(0), and (3) for all x,z" € [—a, 0] with

1 fs(x) In(®) / : 1 fs(x) In(z)
r <, 205 < e < 1 and for all x,z' € [0, a] with x < 2/, o e 1.

$Recall from Definition 2 that f has support [—a, a].

15



Assumption 2 implies the following properties (the proofs are found in Appendix A):

Property 1: For every = € [—a, 0], ?5((;5)) < 1;’]15 ((f_)) . For every = € [0, a], 1}5&()9” ) < 1}5&(;” ),

Property 2: For all z € [—a, 0], Fs(x) < Fx(x) and for all z € [0, a], Fs(x) > Fn(z).

We can compare the two societies in Assumption 2 according to the diversity of public
opinion; while it is clustered closer to the center in society S, public opinion is more diverse
in society N. In what follows, y* denotes the equilibrium variable y in society s = N, S.

In equilibrium, the advantaged candidates R4 and L4 attempt to appeal to the voters of
their own party. This is because, holding fixed the policy promises at the level of society .S,
the disadvantaged candidates’ probability of winning the general election against the opponent
party’s nominee increases as the distribution shifts from Fs to Fly. This increases the attrac-
tiveness of the disadvantaged candidates to primary voters. Hence, to defend their prospects
in the primaries, the advantaged candidates must shift their policy promises toward their own
parties’ bliss points. Then, the distance between the two policy promises increases. Theorem

3 describes this scenario.

Theorem 3. Suppose that there are two societies N and S as defined in Assumption 2. Sup-
pose also that both societies satisfy the conditions for the symmetric game, and a regime 1

equilibrium arises. Then r5, < ri and 1§ < I5.

Hummel (2013) analyzes the scenario in which Fyy(x) = Fgs(%) and shows that when o
increases, the advantaged candidates choose policy promises that are closer to their parties’
bliss points. Theorem 3 is consistent with this result and shows that for a general Fy that

satisfies Assumption 2, this tendency holds.

Shifting Median Voter’s Bliss Point

We consider two different societies, NV and .S, with varying distributions of the overall median
voter’s bliss points. In society s = NN, S, the cumulative distribution function is given by F,
which has a well-defined probability density function f.

Suppose that for all z, 2’ € [—a,a], };S((;C,)) < ]{;V"((;,)) if © < a’. Let my satisfy F5(0) =
Fn(my) = % Under this assumption, the distribution of the overall median voter is more left

skewed in society N when compared to society S. Further, the following three properties hold
(the proofs are found in Appendix A):

fn(x) > fs(x)

Property 3: For every x € [—a, al, T Fy(a) = T-Fs(@)"

Property 4: For every x € [—a, a] In(@) o Js(z)

Property 5: For every © € [—a, a|, Fs(z) < Fy(z) and hence mg > my.



We now consider how the equilibrium policy promises move when the distribution in soci-
ety S shifts to that in society N. While the formula that we obtain in the proof can be applied
to any sized distribution shift, to obtain a simple intuition, we consider an infinitesimal change

in the distribution function from Fs to Fly in the following two different contexts:

* Under the scenario of extremists’ change, for v € [—a, —a+é|, fn(x) = (1+d(x)) fs(z),
while for z € [a — €,a], fn(x) = (1 — d(x))fs(x) where d(x) is strictly smaller than €
for every .

* Under the scenario of centrists’ change, for v € [—€,0], fy(z) = (1+d(z)) fs(x), while
forz € [0, €], fy(z) = (1 —d(z))fs(x) where d(x) is strictly smaller than € for every x.

Under the scenario of centrists’ change, the shift in public opinion implies that there is a
large number of voters shifting their bliss points closer toward candidate L 4’s policy promise
from the center. As the shift is from the center, these voters’ bliss points remain further away
from candidate Lp’s policy promise. The shift in public opinion toward party L’s bliss point
also benefits candidate L4 much more than candidate L in the primary election, because
these new voters are attracted by both candidate L 4’s policy promise and valence. Therefore,
candidate L 4 is less constrained by candidate Lp’s primary challenge, and hence, is able to
shift her policy toward the center to capture a greater share of votes in the general election.

Under the scenario of extremists’ change, the shift in public opinion implies a large increase
in the number of voters with bliss points between party L’s bliss point and candidate Lp’s
policy promise. These new voters strictly prefer candidate L 4 in the general election, forcing
this candidate to shift her policy promise toward party L’s bliss point to protect her chances of

winning the primary.

Theorem 4. Suppose that society S satisfies the conditions of the symmetric game. Suppose
also that in both societies, a regime 1 equilibrium arises. Then, when the change between Fs

and Fy is sufficiently small:
e Under the scenario of centrists’ change, [§ > I3,

e Under the scenario of extremists’ change, 15 > 1%

4.2 A General Case with Specific Distribution Functions

First, we consider how a unilateral change in valence affects the equilibrium. Second, we
analyze the effect of changes to the support of distribution of the median voter’s bliss point
and its moments in order to capture the potential effects that voters’ characteristics can have
on candidates’ positions.

We start with the assumption that the median voter’s bliss point is uniformly distributed,

as in Kamada and Kojima (2014). In this setting, candidates Lp and Rp always choose the
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same policy promise regardless of valences and other candidates’ policy promises. In order to
explore higher interactions between the four candidates’ valence and policy promises, we then
study a setting that assumes a triangular distribution of the median voter’s bliss point.

Using the triangular distribution assumption, we evaluate how changes in public opinion
affect electoral outcomes. This is achieved by comparing two equilibria under two different
distribution functions, Fy and Fj, such that Fy has heavier tails to reflect a society with
more diverse opinions than Fgs. Although we compare equilibria between societies S and
N, the comparison can also be interpreted as how electoral outcomes change when public
opinions change over time. These shifts have been documented in the literature. For example,
Markussen (2008) shows that increases in economic growth cause a shift to the left of policy
sentiments. Contrastingly, Harmon (2018) uses data from Denmark to show that an influx of
immigrants could shift public opinions to the political right.

Finally, we use a numerical simulation under a truncated normal distribution to check the

robustness of our theoretical results. The main results and intuition are preserved.

A Uniform Distribution Function

Proposition 1. Suppose that F' is uniformly distributed in [a, b]. Then, an equilibrium satisfies:
IHh=ua
r, ="
5= \/2(La — Lp)(ry — Ra— a) + (L3 — L}) +a

¥y =b—/2(Ra— Rp)(b— La— 1) + (B} — R})

Using these equilibrium conditions we can analyze how policy promises of advantaged
candidates change as a function of the variables of interest. The distance between policy
promises of advantaged candidates can be thought as a degree of policy polarization because
these two candidates win the primaries and their policy promises are proposed when they

compete in the general election.
Theorem 5. Suppose that F is uniformly distributed in |a,b]. Then, the following holds:

d(r;AL;lj‘) <0 and d(réL—Dl;) >0.

The intuition of this theorem is as follows. In an equilibrium of regime 1, when Lp in-
creases, the advantaged candidate in party L becomes more constrained by her party’s primary,
thereby moving her policy promise toward her party’s bliss point. The advantaged candidate
in party IR takes advantage of this opportunity by moving her policy promise toward the cen-
ter, in order to increase her probability of winning the general election. Given that party R’s
advantaged candidate does not experience a change in the primary conditions, her movement
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toward the center is less aggressive than the shift of her left handed rival in the general elec-
tion. On the other hand, when L 4 increases, the advantaged candidate in party L faces less
of a challenge in her primary, allowing her to move her policy promise toward the center and
ultimately improve her chance of winning the general election. In the case of regime 2, the
valence difference between advantaged and disadvantaged candidates is already high, mean-
ing that marginal changes in the advantaged candidates’ valence with holding everything else
constant effect no change in their optimal promises.

These results differ from the results in Adams et al. (2011), where higher valences lead
candidates to move their policy promises away from the center. In this regard, candidates
experience dis-utility under the framework of Adams et al. (2011) when moving away from
their own personal bliss points, even if they do so to win the general election. Then, having
higher valence allows candidates to more honestly reflect their own bliss points in their policy
promises without significantly losing electoral support, thereby minimizing this dis-utility. In
addition, this “ideological constraint” is exogenous and fixed. However, in our setting, pri-
maries act as a constraint for an advantaged candidate’s promises; the valence of her primary
rival determines the range of viable policy promises for the advantaged candidate (i.e., pol-
icy promises that guarantee a primary win). Hence, as the advantaged candidate’s valence
increases, the constraint on her policy promises imposed by the need to contest a primary
relaxes.

The next theorem analyzes changes on the support. First, we assume that the support is
expanded but the mean is preserved. Then, we assume that the support is expanded only on
the right side.

Theorem 6. Suppose that F is uniformly distributed in |a, b|. Suppose also that an equilibrium

described in Theorem 1 exists.

atb d(ry—13)

T2 Td(b—a) > 0.

* When b — a increases while holding
e When b increases, % > 0.

In the first case, since the support is expanded while the mean is preserved, the median
voter’s bliss point in each party becomes more extreme. Hence, advantaged candidates move
their policy promises accordingly to maintain viability in their primary elections. In the case
when only b is increased, the mean moves to the right. Then, both candidates move their policy
promises accordingly to the right, but the policy promise of the candidate in party R moves

with a higher magnitude as her party’s median voter’s bliss point moves.
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A Triangular Distribution Function

Consider a triangular distribution with a probability density function f on support [a, b] defined
as:
d—4z ifz € [a,0]

d—9z ifze0,0]

f(x) =
where a < 0 and b, d > 0. Then, the cumulative distribution function F’ is:

—L(x—a)? ifz€la0
Fle) = 2a(x a) if x € [a, ] (14)
1—2(b—2)? ifzel0,b
Thus,
F(x) r—a ifz<0
sf@) o—z ifzr>o0

Theorem 7. Suppose that F is given by (14). Suppose also that an equilibrium described in

Theorem 1 exists. Then,

o With respect to the change in L 4, we have —d(ZALjA) < 0.

d(ra—t%)

Al >,

» With respect to the change in Lp, we have

Theorem 7 implies that the same result in Theorem 6 still holds under the assumption of a
triangular density function.

Now, we consider two different societies, /N and S, with different distributions of the overall
median voter’s bliss point; public opinion is clustered closer to the center in society .S, while

it is more diverse in society N.

Theorem 8. Suppose that the cumulative distribution functions Fy and Fg are given by (14)
with support [ay,by] and [ag, bs], respectively. Suppose also that in both societies, a regime
1 equilibrium exists. Then, when ay < ag, 7§ — 1§ > r5 — I5.

Theorem 8 shows that when public opinion becomes more diverse, the distance between
the advantaged candidates’ policy promises in party 12 and party L increases.

Now, suppose that in society S, the cumulative distribution function FJs is given by (14).
Take € to be arbitrarily small. Then, consider the following scenario of extremists’ change: for
x € [—a,—a+é], fn(x) = (1+d,(x)) fs(x), while for z € [a—€, al, fy(z) = (1—dp(x)) fs(x)
where d,(x) and d,(x) are strictly smaller than € for every x. It follows that under the scenario
of extremists’ change, for some small § > 0, we have Fy(z) = Fgs(z) + 0 for every x €
l[a + € b — €|. Then, when the difference € is small, we can compute how the policy promises
change in the following form.

20



Proposition 2. Suppose that in both societies, a regime 1 equilibrium arises. When € is suffi-

ciently small, the following holds.
.S ZS Loa— S lS L— lS S La—
X — 3(LA—RA)+2(RD—LA)+2b o 3(LA—RA)+2(RA—LD)+2a andY — 3n—2n; 3(1—m)

3(1—m)—2(1—7R) 3T 3r 3(1-m)—2(1—7R)"
Then, under the scenario of extremists’ change,

(rg—ri)-Y:(S-X;

N o (3(La—Ra)+2(Rp—La)+20 27
(ZA_@'Y_(S'( A3(11—47T)—2(1—7r;:) _37T'X>'

Notice that 7 is the probability that candidate L 4 wins against candidate R 4, 7y, is the prob-
ability that candidate L wins against candidate R4, and 7 is the probability that candidate

L 4 wins against candidate Rp.

Corollary 2. Letb —a > (Ry — Lp) — (Rp — L) and 24554 > R, — Rp — b. Suppose

2
> Ty and% < < mg. Then, v} < r3, and I < I5.

Hence, under the scenario of extremists’ change, the shift in public opinion implies a large
increase in the number of voters with bliss points between party L’s bliss point and candidate
Lp’s policy promise. The existence of these new voters forces candidate L 4 to shift her policy
promise toward the party’s bliss point to protect her chances of winning the primary election.
Following this, candidate R4 also moves her policy promise toward the left. Despite the
difference in our settings, these results are in line with Callander (2005), who states that when
candidates compete in several heterogeneous issues, an equilibrium requires that they each
choose non-centrist policy promises and do not converge to the median voter’s bliss point (in

our case, the center).

A Truncated Normal Distribution Function

This section conducts comparative statics by performing numerical simulations under the as-
sumption of a normally distributed median voter’s bliss point. First, we define a truncated
standard normal distribution with support [—1, 1] and calibrate this such that the advantaged
and disadvantaged candidates in each party have valences of 0.5 and 0, respectively. By Theo-
rem 1, this initial setting constitutes a symmetric situation in regime 1. Then, we start increas-
ing the left party’s candidates’ valence separately in 0.01 units—holding all other valences
constant—until L 4 reaches 1.0 and L, reaches 0.3.

The results, starting from regime 1, are presented in figure 2. These differ from the re-
sults in the case of a uniform distribution in the following sense. When party L’s advantaged
candidate’s valence, L4, initially increases, her policy promise shifts toward party R’s bliss
point. However, at some point, further increases in L, induce her policy promises to shift

back towards the political center.
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This can be potentially explained by recognising that in the normal distribution—unlike a
uniform distribution—popular opinion (in the form of the probability density of the median
voter’s bliss point) is concentrated around the political center (the mean of the distribution
of the median voter’s bliss point). This implies that when the advantaged candidate’s pol-
icy promise is sufficiently to the right, any incremental rightward shift in her policy promise
yields a negligible increase in her probability of winning the general election. Furthermore,
when party L’s advantaged candidate has sufficiently higher valence than party [?’s advantaged
candidate, she incurs no electoral penalty by choosing a policy promise close to the political
center. This is because her valence advantage makes her the preferred general election can-
didate, even for voters with bliss points closer to her general election rival’s. In other words,
when popular opinion is sufficiently centrally concentrated and party L’s advantaged candidate
has sufficiently greater valence than party R2’s advantaged candidate, the left advantaged can-
didate obtains insignificant benefits from shifting her policy promise to the right. Moreover,
her valence advantage allows her to capture a greater share of votes when moving closer to the
political center.

It is also worth noting that once L, has increased, then as we start increasing Lp, the
advantaged candidate in the left party is more reluctant to move her policy promise away from
the center and her position remains relatively flat. This can be somewhat explained by the
fact that—under this distribution—the advantaged candidate is less constrained by the primary
and, hence, rather than moving her policy promise toward the extreme, she is able to choose
one closer to the center where the density is concentrated.

In Theorem 5—which studies the equilibrium in the setting of a uniform distribution—we
show that the disadvantaged candidates set their promises at extreme support values. In the
current case, we have greater interaction between candidates for policy choices but the effects

from such interactions are quite small.
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Figure 2: Increasing the valence starting from regime 1. Starting parameters indicated above.

The next simulations (figure 3) follow the same procedure, but instead we start from a
symmetric situation where L4 — Lp > b. In line with Theorem 1, advantaged candidates set
policies around the mean and they remain relatively flat given any change. When L, increases,
policies remain unaffected. On the other hand, when L, increases, party R’s advantaged
candidate moves her policy promise closer to the center and her rival’s policy promise in the
general election follows the same path. While the disadvantaged candidates also follow this
path, it is at a higher magnitude given their lower valence.

In contrast to the situation in regime 1, it is clear that there is greater interaction between the
disadvantaged candidates relative to the advantaged candidates. The primary reason for this
is that, when advantaged candidates have considerably higher valence than the disadvantaged,
even a marginal displacement in the former’s policy promises pressures the disadvantaged
candidates to respond.
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Figure 3: Increasing valence starting from large differences between advantaged and disadvan-
taged candidates. Starting parameters indicated above. Dash lines correspond to the secondary
axis.

In relation to the support parameters, we analyze the effect of increasing b — a while pre-
serving the center. We also analyze the effect of increasing a. We present these results starting
only under regime 1 given that—by Theorem 1—advantaged candidates set policy promises
around the center when (L4 — Lp) is sufficiently large. The results are the same as those in
Theorem 6 and 7, which study the cases of a uniform distribution and a triangular distribution,
respectively.

Effect of an increment in b-a preserving mean Effect of an increment in a
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Figure 4: Changing the support of normal distribution truncated in (—1, 1). Starting parameters
Ly=Rs=0.5,Lp = Rp =0 (regime 1).

In addition, we present the results when analysing the effect of an increase in the mean (the

24



political center) and variance under regime 1. In figure 5, we see that as the mean increases
and the median voter’s bliss point changes, candidates move their policy promises accordingly.
On the other hand, as the variance increases, the higher dispersion in public opinions impels
candidates to move further away from the center, which is consistent with Theorem 7 (the case
of a triangular distribution function) and Callander (2005).

Effect of an increment in mean Effect of an increment in variance
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Figure 5: Changing mean and variance. Starting parameters L4 = R4 = 0.5, Lp = Rp =0

(regime 1). Dash lines correspond to the secondary axis.

5 The One-Primary Scenario

The content of this section is based on an earlier version of this paper, Takayama (2014).
The following two propositions characterize the equilibrium in the case where only one party
holds a primary. In this section, we assume that an incumbent in office is committed to a
predetermined policy. Therefore, a policy chase between the two advantaged candidates does
not occur unlike in the general scenario.

In Proposition 3, we consider the scenario where only party R holds a primary and candidate
L4 is the incumbent in the office, committed to a policy promise I4. In Proposition 4, we
consider the scenario where candidate R 4 is the incumbent in the office, committed to a policy
promise 74. In these propositions, we assume 74 > My, and I, < Mg. It is highly unlikely
that any incumbent would be committed to a policy promise that reflects the opponent’s party
ideology. Because L4 > R4 by assumption, cases in Propositions 3 and 4 are not exactly
symmetric.

Proposition 3. Let [y < Mp. The following holds in an equilibrium of the scenario where
only party R holds a primary.
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(a) Suppose that Ly — Ry > Mp — l4. Then any (%, %) and any (wiff, w*®) such that

wit + wi® = 1is an equilibrium.

(b) Suppose that Ly — Ry < Mg —laand Mp — 1y > Ly — Rp. Ifla+ Ly — Ry &
Br(la, La), then 7p(lL4) is singleton and in the unique equilibrium, v, € tp(l4), 1y =
Fa(la) and (Wi, wil) = (0, 1).

Proposition 4. Let 7y > M. An equilibrium always exists in the scenario where only party
L holds a primary. Further, the following holds in this scenario.

(a) Suppose thatmin{Lo— Ra, Ra—Lp} > 74— Mp. Then any (I}, %) and (w3, wit) =

(0, 1) is an equilibrium.

(b) Suppose that Ry — Lp < 74 — My. Then ZD(TA) is singleton, and I}, € lD( r) and

( *L *L)

W', Wy (0, 1) constitute an equilibrium. Further, in equilibrium,

(1) IfOz(fA,RA) N BL(fA,RA) 7§ (0, then lz € O./(fA, RA) N ,BL(fA, RA),
(2) If o(7a, Ra) N Br(Fa, Ra) = 0, then I, = 14(F 4).

(c) Suppose that Ry — Lp > 74 — My, > La — Ra. Then in equilibrium, 'y € [T4 — La +
Raal Uy € X, and (wif, wif) = (0,1)

In both propositions, case (a) is the situation where candidate L 4 is strong in terms of va-
lence relative to both candidates 1?4 and the disadvantaged candidate. Case (b) is the situation
where candidate L 4’s valence advantage over candidate Rp is not sufficiently high to guaran-
tee certain victory in the general election against candidate Rp. Case (c) of Proposition 4 is
the situation where the disadvantaged candidate cannot win the general election with a strictly
positive probability, while candidates L 4 and R4 do not have significant difference in valence
levels.

In Propositions 3 and 4, case (a) belongs to regime 1, and case (b) in Proposition 3 and case
(b-2) in Proposition 4 belong to regime 2. Cases (b-1) and (¢) in Proposition 4 are special cases
of regime 1. In both cases, oy (Ra,74) N Br(T4, R4) is nonempty; however, a policy chase

does not occur when candidate L 4 chooses inside o, (R 4,7 4) because 74 is fixed.

6 Extensions Including Endogenous Entry

In this section, we discuss the robustness of our results under various extensions and evaluate
a modified version of our model including the endogenous entry of a candidate.

Hummel (2013) explains that in the symmetric game, a regime 1 equilibrium is robust
under the extensions such that there are three candidates in the primaries, candidates can take
different policy promises in two stages, parties hold open primaries, and politicians also care
about the policy outcomes. We do not repeat the same argument about a regime 1 equilibrium
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because the arguments in Hummel (2013) also apply to our results in the general setting.
However, a couple of points require noting.

First, a regime 2 equilibrium is also robust under these extensions, because in this regime,
candidate L 4 is so strong in terms of valence and her status does not change even under these
extensions. Hummel (2013) assumes that if a candidate loses the primary election, then the
candidate obtains a utility of 0, if a candidate wins party k’s primary, then she obtains a utility
of up > 0 for each k£ = L, R, and the winner of the general election receives an additional
utility of « > 0. Here we do not impose any particular utility and simply assume that each can-
didate attempts to maximize the probability of winning office. If we make a similar assumption
to that of Hummel (2013), a regime 2 equilibrium still arises.’

Second, in a regime 1 equilibrium, when candidates also care about the policy outcomes,
because the disadvantaged candidates cannot win the primaries with a strictly positive prob-
ability, they still maximize the expected payoffs of their own parties’ median voter. In the
Takayama et al. (2019) model, there are two candidates, who we can consider as our advan-
taged candidates. In a similar way as for our current proof for Theorem 1, we can show that
when the 3 sets do not overlap, there is an equilibrium. However, depending on the positions
of the advantaged candidates’ bliss points, advantaged candidates may take policy promises
inside of the (3 sets instead of the boundaries of the sets.

Finally, we consider a modified version of our model such that a candidate has a choice of
entry to the elections. We can model this situation by using the concept of subgame-perfect
equilibria."

Here, we consider a scenario where candidate 1?4 is committed to a policy promise 74 and
there is no primary in party R. We evaluate the endogenous decision of entry by candidate L.
Suppose that candidate L has a bliss point 5 and the following utility: for Pj = La, Ry,

up, (v, Pj) = Pj — Klz — 1. (15)

Compared with a voter’s preference defined in (1), (15) has an additional element ~ for the
disutility caused by the policy difference with [p. One can imagine that as a politician, can-
didate Lp values valence more, or policy promises more. This is captured by . To consider
a general case, we do not impose any assumption on ~, but obviously when x = 1, candidate
Lp’s utility coincides with a voter’s utility.

Proposition 5 points out several interesting features of the revised game with endogenous
entry. First, if x is large and the difference in valences between the two advantaged candidates
is less of a concern, candidate L enters and influences the policy outcome. However, if  is
small and candidate L, is less concerned about the policy outcome, she values more the dif-

ference in valences between the two advantaged candidates and does not enter. In other words,

9For specific statements, see Theorems B-1, B-2, and B-3 in Appendix B.
19By using Propositions 3 and 4 together with Theorems B-1, B-2, and B-3, and Corollary 1, we can consider

various scenarios where an advantaged or disadvantaged candidate decides to enter the electoral race or not or the
opponent party does not or does hold a primary.
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if candidate L, places less importance on policy outcomes, and the advantaged candidate in
the opponent party has a sufficiently low valence level relative to the advantaged candidate
in her own party, she does not enter, because her entry will constrain the policy promise of
the advantaged candidate in her own party, potentially damaging the probability of her party
winning the general election. In other words, Proposition 5 implies that the entry decision of
candidate L affects not only the probability of winning the general election for candidate L 4

but also her policy promise.

Proposition 5. Suppose L4 — R4 > 0 holds, and candidate R 4 is committed to policy 7 5, and
candidate Lp’s bliss point Ip satisfies Ip < M. Suppose that if candidate L does not enter,
candidate L 4 chooses l% = 74 — d for some d, and that if candidate L, enters, candidate L 4

chooses I} = l A(Ta) as in a regime 1 equilibrium. Then the followings hold:

e Itisheldthatd < L4 — Ra.

. I]CF(W)(FA — 11) < d, then candidate Lp does not enter:
(-F(CAMA AR 1, R,y

I Z
‘ . . F(M)(fA_l}q)_d
candidate L does not enter. Otherwise, if k > R, candidate L, enters.

o f P(EAtlttazRay e Ly S g et o= )\ Ifk < R

2

Finally, WR(fA,RA,l}Ll,LA) > 7TR(77A7 R, l%, LA) =0andrs— l114 > T — l%

Second, as l% = 74 — d 1s candidate L 4’s choice, candidate L 4 can influence candidate
Fa+ly+La—Ra
2
0 but sufficiently small, candidate L, can make the situation of k < K happen. In a sense,

Fa+ly+La—RaN/— 1 .
——45"—=)(T4 — l};) and compensating for

Lp’s decision of entry. By choosing d such that F'( )(Ta —1}) — d is greater than
by choosing a d that is sufficiently close to F'(
the disutility coming from the difference of policy outcomes for not entering to candidate Lp,
candidate L 4 can induce the situation where candidate L does not enter.

We note that Hummel (2013) also considers the endogenous entry decision into primaries
in the symmetric game (namely, L4 = R4). By introducing the case of L4 > R4 (which
allows us to study the case of £ > 0), Proposition 5 adds another interesting insight into the

decisions of candidates about whether or not to enter the race.

7 Discussions

In this paper, we proposed a simple model of a two-stage electoral process with primaries
followed by a general election. By allowing voters to value both policy promises and valence,
we showed that there are possibly two equilibrium regimes, and provided the conditions under
which each regime arises. Our model is simple and tractable. At the same time, it is sufficiently
general to cover special scenarios such as a symmetric game or the case of a one-party primary,

and may also lend itself to further extensions such as uncertainty over candidates’ valence. Our
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model is also rich as we provide the sufficient conditions for each equilibrium regime, and can
obtain the equilibrium in Hummel (2013) as a special case of our equilibrium analysis.

Primaries have become popular across the world. Our results from comparative statics can
be tested in a real example. In the United States there are two main parties, the Republicans and
the Democrats. Over a period of 6 months, primaries are held in different states to choose each
party’s presidential nominee. As the president is usually uncontested as his party’s nominee, it
is common that competitive presidential primaries are held only in one party in election cycles.
Similarly for congressional and gubernatorial primaries, competitive primaries are held only
in one party unless the incumbent is not running. Additionally, in each step of the election
process, there are typically only two candidates with reasonable chance of winning. Therefore,
our model setting is applicable to this context. Moreover, Hummel (2013)’s framework doesn’t
consider asymmetric electoral settings in which only one party holds a primary. This fact is
particularly relevant as equilibrium outcomes are highly dependent on the circumstances that
candidates face during the primaries. Hence, if no primaries are held in one party, this will
impact on the candidates’ policy promises and the final outcome.

There are also other countries where it is not uncommon for only one party to hold pri-
maries. One sided primaries have been typically realised in Italy, Germany and Japan. In the
case of Latin America, even though primaries are typically held by all parties, the existence of
a multi-party primary system would complicate the analysis. However, our model would be
a good starting point for analyzing a multi-party primary system and at the same time, there
are also cases in Latin American countries where one and two-side competitive primaries have
been held for local and national elections. In Chile, for example, since primaries were imple-
mented in 2017, for presidential election two-side primaries have been held in each occasion,
whereas in local elections also we find one-side primaries.

Because our framework is simple but general, there are many ways to extend the simple
framework studied here. In the real world, primaries sequentially aggregate a number of dif-
ferent individual choices as well as party leaders and decide over time which candidate to
endorse. Next, we could attempt to relax the assumption about the same policy across the two
stages of the elections by allowing politicians to revise a policy promise within a certain con-
straint in the general election. As there is valence in the model, and valence also captures the
honesty of candidates, it may be interesting to see how the equilibrium policy promises vary,
if candidates can choose a different policy in the general election within a certain distance,
which is a function of valence, from their policy promise in the primary.

There is a view that having primaries results in more extreme polarization because candi-
dates need to appeal to partisan primary voters, whose preferences are typically more extreme
than those of voters in the general election, and so candidates tend to take more extreme posi-
tions. Polarization of policy promises is a significant contemporary concern (Benoit and Laver,
2006, McCarty et al., 2006, 2013, Woon, 2018, Hill and Tausanovitch, 2018). However, the

empirical results are mixed. Overall, while primaries may cause polarization in limited cir-
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cumstances (Bullock and Clinton, 2011), they could also serve to reduce polarization because
the general elections will continue to exert some moderating pressure on candidates (Hirano
et al., 2010, Hall, 2015). Our model, particularly analyses on a regime 1 equilibrium, can be
used to answer this question.

There is yet another stream of the literature that considers how the decision to hold primaries
affects policy outcomes. Serra (2011) proposes a model of party elites in which those who have
a different bliss point from the party’s median voter decide whether or not to hold a primary
election. Snyder and Ting (2011) consider a model with primaries in which the candidate can
differ in quality, but they do not include endogenous candidate policy promises in their model.
Woon (2018) uses behavioral game theory and experiments to examine how primaries affect
policy promises. Our model can also be used to examine how having a primary affects policy
outcomes.

In this paper, we assumed that valence and the policy promise are independent and that
voters’ utility is a function of these two variables. Also, in our paper, we assumed that the
valence values are exogenously given, and are public information. It may also be interesting
to relax these assumptions and analyze how the equilibrium changes.

Adams and Merrill (2009) have developed a model of policy-seeking parties in a parlia-
mentary democracy, and in their model, party elites are uncertain about voters’ evaluations of
the parties’ valence. Finally, Adams et al. (2013) extend their model to situations where vot-
ers hold coalitions of parties collectively responsible for their valence-related performances.
It would then be interesting to specify uncertainty about valence and consider aspects of the
collective responsibility for this, as in Adams et al. (2013).

Examining how different institutional arrangements affect the equilibrium outcomes in our
model would also be interesting. One example is crossover voting. Chen and Yang (2002) and
Cho and Kang (2014) consider an open primary election with two competing candidates and
the possibility of crossover voting. In our current model, crossover voting is eliminated by
assumption and our setting is then more akin to closed primaries.

Another interesting question is whether the open primary system leads to more moderate
outcomes than our current model. Galderisi and Ezra (2001) state that in general, the direct
primary where voters directly vote for a primary candidate was thought to be a method of
controlling the corrupting influences of the urban political machine. Ware (2002) reviews the
political history of the US, and asserts that the direct primary was the result of an attempt
by politicians to subject previously informal procedures to formal rules, which started in the
late 1880s. Gerber and Morton (1998) empirically examine how different primary election
laws affect the types of candidates elected in nonpresidential American elections. It would be
useful to evaluate whether these theoretical predictions match the empirical observations in
Gerber and Morton (1998). In this sense, Casas (2018) proposes a model and shows that open
primaries result in candidates that are expected to be ideologically more extreme than those in

closed primaries. Our model is stable enough to lend itself to these various extensions.
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Appendix A: Proofs

Proofs of Theorem 1
Derivation of Equations (3) and (4). Let o(l, L,r, R) satisfy
Vo (1,L,r,R) (la L) = VUs(1,L,r,R) (T’, R)

Then, o(l, L, r, R) does not exist, if |r — | < |R — L|. If |[r — 1| > |R — L], let

o(l,L,7,R) = (R_L)‘i G (A-1)
——  ifr <,
and the probability that candidate R wins the general election is
Pr(M >o(l,L,7,R))=1—F(o(l,L,m,R)) ifl<r
7TR(T, R, l, L) =
Pr(M <o(l,L,m,R)) = F(o(l,L,r, R)) ifr <l.
[

Lemma A-1.

1. Suppose that a winner in party L’s primary has a policy promise | and a valence L.
Then, for eachi = A, D, VMR(Z_, L.z, R;) is a continuous function of x on [l_, Mg, and
when Tg(z, R;,1, L) > 0,

o Vi (I, Ly v, R;) is
— single-peaked if % (VMR(Z_, L.z, Rj)) ‘$:MR <0
— increasing otherwise.
o When Vi, (I, L, x, R;) is singled-peaked, the maximal value is
et o \2
<1 (LD Rz)>

* 1] 1T _PR. Y
)

I+ L— Mg+

where x* satisfies the first-order condition

(1 - F(=HE=m))

%f( x*+l_J;E7Ri )

s The maximizer of Vi, (I, L, x, R;) exists uniquely on [I, Mp].

2. Suppose that a winner in party R’s primary has a policy promise ¥ and a valence R.
Foreveryi = A, D, Vi, (x, L;, 7, R) is a continuous function of x on [My, 7], and when
7TR(77, R, X, Lz) <1,
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e Vi, (z,Li, 7, R) is
— single-peaked if % (Var, (2, Li, 7, R)) !z:ML >0;
— decreasing otherwise.
s When Vi, (x, L;, 7, R) is singled-peaked, the maximal value is
<F(F+m*—;Li—R>>2
%f(F-l-;v*—;Li—R)

R—r+ + My,

where x* satisfies the first-order condition:

Livi-Rea = P
%f(rer*J;LifR)

o The maximizer of Vi, (x, L;, 7, R) always exists uniquely on [Mp,, 7).

Proof of Lemma A-1. By symmetry, we only prove the first case. Taking the first derivatives,
then

a% (VMR(Z_,I:,:L‘, Rz)) = 7h(z,Ri,l,L)(R; +x — (I + L)) + 7r(z, R, 1, L),

where 77, (x, R;, [, L) denotes the first derivative of 7z(z, R;, [, L) with respect to x.
When v = I, Ry +x — (I + L) < 0. Further, 7l(z, R;,[,L) < 0 when x > [. Thus
2 (Vap(l, L, 2, R;)) > 0. If

ﬁ (VMR(Zv-Z?xaRz)> S 07

ox o= Mp

then there is an 7 to satisfy
(2, Ri, [, L)(R; + 7 — (I + L)) + mr(Z, Ry, [, L) = 0.
Then, note that when [ > z and 7g(x, R;,[, L) > 0,

(@, R LL)  Af(EEER

2 = . ) A-2
mr(z, Ry, [, L) 1 — F(W) (A-2)
Also, o
_ng(',f?Ri?lj {/) — 1 _ _ (A'3)
mr(Z, R, I, L) Ri+7—(+1L)
By Assumption 1, for every x > 7, we have
%f(a_c+l+2[z—Ri> 1

1 — p(ZEL=Ry = Ry o — (I+ L)
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and for every z < , we have

%f(j—HJ’_QL_Ri) 1

1 — PRy " Rita — (14 L)

When there is no such z, the expected payoff is increasing. Thus we obtain the first and second
statements.

By (A-3), we obtain the first-order condition, and the maximal value is obtained by

VMR(Z_v-Z?x*aRi) +MR
v +1+L—R; - *+1+L— R ,
= PR (L) + (1= R 2 (R a7)
*+I1+L—-R; -
= r(Z 5 ) (L+1)

L E e N A )
)) ( + + %f(.r*"rl—;LQ—Ri) ’

To prove the last item, notice that when 7 (z, R;, [, L) > 0,
x—1>max{R;, — L, L — R;}.

Then, we obtain vy, (2, R;) > var,. (I, L). Hence, if there is some 7 > [ with 7x(r, R;, [, L) =

0, we have
VMR(Z_,E,’F, RZ) = Iz + l_— MR < maXVMR(l_,E,x, Rz)

Thus, from the first item of this lemma, the maximizer is either z* that satisfies the first-order
condition, or Mp. This completes the proof. [

Lemma A-2.

1. Suppose that a winner in party L’s primary has a policy promise | and a valence L.
Then, for eachi = A, D, Vi, (I, L, z, R;) is a continuous function of x on [, Mg), and
when mg(x, R, 1, L) > 0, Vi, (I, L, x, R;) is increasing for x < .

2. Suppose that a winner in party R’s primary has a policy promise ¥ and a valence R.
Foreveryi = A, D, Vi, (v, L, 7, R) is a continuous function of x on [My, 7], and when
7r(7, Rz, L;) < 1, Vay, (x, Ly, 7, R) is decreasing for x > T.

Proof of Lemma A-2. By symmetry, we only prove the second statement. Suppose that for
some x > 7, mp(7, R,x, L;) < 1, and note that the first derivative of Vi, (z, L;, 7, R) with

respect to x when x > 7 is

R—Li+z+7 _ R—Li+x+7
When 7x(7, R,z,L;) < land ¥ < 2,7 < x — (L; — R). Thus, the first derivative of
Var, (z, Li, 7, R) is negative. This completes the proof. O

33



Lemma A-3.

1. Suppose that a winner in party L’s primary has a policy promise | and a valence L.
Then, for each 1 = A, D, the maximizer of VMR(Z_, L,x, R;) for x > | maximizes
VMR(Z_, Iz,ZL’, Ri)fOI”ZL’ e X.

2. Suppose that a winner in party R’s primary has a policy promise ¥ and a valence R.
For every i = A, D, the maximizer of Vi, (v, Ly, 7, R) maximizes Vy, (z, L;, 7, R) for
x € X.

Proof of Lemma A-3. By Lemmas A-1 and A-2, the maximizer of Vyy, (z, L;, 7, R) forz < 7
maximizes Vyy, (7, L;, 7, R) for v € X with 7g(7, R, x, L;) < 1. When 7x(7, R, z, L;) = 1,
L;< Randzx € [F—R—i—Li,F—i—R—Li]. Thus, L, — x < R — 7. Thus,

VML(Z',Li,f,R) :R—f—l—ML.

If there is < 7 with 7x(7, R, z,L;) < 1, the maximizer of V), (z,L;, 7, R) forz < 7
maximizes Vyy, (z, L;, 7, R) for x € X. If there is no such z, for every = < 7,

Vi, (x, Li, 7, R) = R — 7 + M.
Thus, even in this case, every z < 7 is a maximizer of Vy, (z, L;, T, R). This completes the
proof. U

To prove Theorems 1 and 1, we begin by stating the propositions that help characterize an
equilibrium. Our strategy is that we first provide the properties that a set of policy promises
must satisfy as an equilibrium in regime 1. Then we give the conditions under which such a
set of equilibrium policy promises exists.

For every [4 € X, we define the set of candidate R 4’s strategies that the median voter Mp
strictly prefers to any policy promise that can be made by candidate Rp, by S%(l4a, La) C
Br(la, La) as follows:

Brlla, La) ={r: Vag(la,La,m, Ra) > max Vg (lay La,mp, Rp)}-

D
Suppose that (%[5, 7%, 5) and (w*F, w*) constitute an equilibrium.

Proposition A-1. Suppose that the conditions for Theorem 1 hold. If r*, > M, then wil = 1

in equilibrium.

Proof of Proposition A-1. Suppose L4 — R4 < Mpr — M, and suppose r7 > M. We will
show that there is always an [ 4 such that

EVar, (Lay La, vy, rh) > EVag, (15, Lp, 754, 7D) (A-4)
1 — 7r(ry, Ra, la, La) > 0. (A-5)
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Then by the definition of equilibrium, we obtain w** = 1.

Because 7%, > My and Ly — Ry < Mg — My, there is always an [, € [Mp,r%] such
that 1 — wr(r%, Ra,la, La) > 0. Notice that when 1 — 7p(r%, Ra,la, La) > 0, we have
1 —7r(r}, Rp,la, La) > 0 (for any r7},) and

EVar, (La, La, 5, r5) > EVar, (La, Lp, 75, 15),
because

VML (lAa LD) 7“:2, RA) > VML (lAa LD) 7“2, RA)>

Vi, (la, Lp,rp, Rp) > Vi, (la, Lp, rp, Rp).
Then we have max;, EViy, (14, La, 7%, 1}) > max;, EVi, (Ip, Lp, 7%, r}). By Lemma A-3,
the maximizer of EV)y, (14, La, 7%, 773,), denoted by [%", belongs to the interval [M,, %], and

because 1%y > My and Ly — Ry < Mr — My, 1 — wg(r’, Ra, Uy, L4) > 0. Therefore, I}
always satisfies (A-4) and (A-5). This completes the proof. ]

Proposition A-2. Suppose that the conditions for Theorem 1 hold. If candidate L 4 wins party

L’s primary and B%,(1%, L 1) is nonempty, wi = 1 in equilibrium.

Proof of Proposition A-2. Suppose L4 — R4 < Mgr — M|,. Suppose that candidate L 4 wins
party L’s primary, and w’" = 1. Suppose that 3%(I%, L 4) is nonempty. Now, on the contrary,
suppose w* # 1. Then by the definition of equilibrium,

VMR(lthA,TZ,RA) S VMR(quaLA7T*D?RD>- (A'6)

Case 1. (A-6) holds with strict inequality. Then, w3 = 1 and w’® = 0 by the defini-
tion of equilibrium. Then immediately we obtain a contradiction, and because 55 (%, L4) is
nonempty, there is an r4 € S5(l%, L4) such that

VMRUZ’ LA? Ta, RA) > VMR (lj}a LA7 7A*D7 RD);

Tr(ra, Ra, Uy, La) > wi - wr(riy, Ra, Uy, L) = 0.

Case 2. (A-6) holds with equality. Then because 3% (1%, L4) is nonempty and wi* < 1, by
Lemma A-1, we can take 4 = r7 + € for € sufficiently small such that

VMR(EZD LA? Ta, RA) > VMR (ljb LA7 7A*D7 RD);

Tr(ra, Ra, Uy, La) > wi - wr(riy, Ra, Uy, La).

By the definition of equilibrium, this contradicts the assumption that w*? and r* constitute an

equilibrium. O

Lemma A-4. Foreveryl,,ra € X,
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o If tr(r,Ra,la, La) > 0 for somer € X, B%(la, La) is nonempty.
o Iftr(ra, Ra,l,La) < 1forsomel € X, 35(ra, Ra) is nonempty.

* Br(ra, Ra) and Br(la, L a) are nonempty.
Proof of Lemma A-4. As the proof is symmetric, we only prove the claims for Sg(l4, L4).
We show that

max Vs, (la, La,r, Ra) > max Vi, (la, La, 7, Rp) (A-7)

and if there is an r with wg(r, Ra,la, La) > 0, f%(la, La) is nonempty.

Fix [4 and v in X. If wp(r, Ra,la, La) > 0, we have vy, (1, Ra) > v, (la, La). Be-
cause v, (1, Ra) > vn,(r, Rp) and wg(r, Ra,la, La) > 0 implies wg(r, Ra,la, La) >
wr(r, Rp,la, La),

VMR<ZA7LA7T> RA) > VMRUAvLAaT? RD) (A'S)

Thus, indeed (3%(la, L4) is nonempty, which gives us the first statement. Alternatively, if
Tr(r, Ra,la, La) = 0, then

Vip(la, La,m, Ra) = Vg, (la, La, 7, Rp) = La — Mg + La. (A-9)

Because r and [4 are arbitrary and either (A-8) or (A-9) holds, we conclude that for every
r € X, (A-7) holds. O

For every [ 4,74 € X, recall that we have defined ZD(’I”A) and 7p(l4) by

ZD(T’A) = argmax Vi, (Ip, Lp, 74, Ra);
IpeX

rp(la) = argmax Vi, (la, La,7p, Rp),
rpeX

and [4(r4) and 74 (1) by
Ia(ra) = max{la|Vasr, (1a, La, 74, Ra) > Var, (Ip, Lp, 74, Ra) for Ip € lp(ra)l};
fA(lA) = min{TA|VMR(lA,LA,7’A,RA) > VMR(ZA,LA,’FD,RD) for 7p € T’AD(ZA)}
Lemma A-5. Suppose Mr — My > L4 — Ra.

*IfLy=Raand Ly — Rp < Mg — z for some z € (My, Mg), then for every x < z,
x4+ La — R4 does not belong to Sr(x, La).

* If Ly > R, and there is X such that

%f(MR+f+2LA*RD) 1

— A-10
(1_F(w))2 Ly— Ry’ (A-10)

then for every v < &, x + Ly — R4 does not belong to fr(z, L ).
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Proof of Lemma A-5. Fix [4 = x. Let &y € 7p(x). Then z 4 L4 — R4 does not belong to
Br(x, L4) if and only if

VMR(.QT,LA,&ATR,RD) > lim VMR<£L',LA,y,RA). (A-11)

yt—a+La—Ra
By the first-order condition in Lemma A-1,

(1 _ F(W))

Rp+ip=La+x+ T f (EEla=Ra) (A-12)
2 2
The left-hand side (LHS) of (A-11) is
tr+x+Ls—R . tp+r+Ls—R
(1= F(F L) (Rp + i) + (L) (La + ) — Mg
1 — F(&rtetLla—Rp 2
:LA+x+( ( 2 ) — Mp.

%f(i?R—l-x-&-QLA—RD )
The right-hand side (RHS) of (A-11) is

(l—F(x—i—LA—RA))(LA—MR+9(:+LA—RA)+F($—|—LA—RA)(LA—MR—i—a:)
:LA—MR+$+(1—F(ﬂ?—i—LA—RA))(LA—RA).

Thus, (A-11) holds when

pf(PEasie) (1 - Fa+ Ly — Ra)) _ 1
(1- F(—“ATRJ“””’LZLI“_RD))2 T (La—Ra)

Notice that when L4 = Ry, (A-11) holds for every z < z, because Ly — Rp < Mg — 2
implies tp +x+ Las— Rp < Mr+ 2+ Lo — Rp < 2Mpg. Thus, suppose L4 > R,4. Then, if

f(PEEAR) (1 = Fz+ La— Ra)) _ 1

max " =~ )
(1 _ F<1R+$+ZLA*RD))2 (La— Ra)

then = + L4 — R4 does not belong to Sg(x, L 4). If there is T such that

%f(MRJr:HzLA—RD) 1

(1- F(w)f (La— Rya)’

for every © < z, (A-11) holds and = + L4 — R4 does not belong to Sg(x, L), because by
Assumption 1,

X%f(w)(l_F(x+LA_RA))< %f(W) 1

Ha (1 _ F(iR+r+2[lA—RD))2 - (1 o F(MR+Q?«I»2LA*RD>)2 (LA - RA)7

]

Lemma A-6. Suppose MR;ML > Ls— Ra.
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*IfLy = Raand Ry — Lp < z — My, for some z € (M, Mg), then for every y > z,
y — La + Ry does not belong to 1,(y, Ra).
e If Ly > R, and there is a y to satisfy

1 pryg+Mp+Lp—Ra
1 pryrtMpt+Lp—Ra 1
e ) s

(F(17+ML+2LD—RA))2 - 2(LA — RA)’
then for every y > 4, y — L + R4 does not belong to 5r,(y, Ra).

Proof of Lemma A-6. Fix ry = y. Let y;, € ZD(y). Then y — L4 + R4 does not belong to
Br(y, Ra) if and only if

VML (:gLaLDayaRA) > lim VML('I7RA7:I/’ LA); (A_14)

- —=y—La+Rp

To compute these expected payoffs in (A-14), denote p the winning probability of candidate
R4 when candidate L4 takes y — La + R4. Then, p = 0if Ly > Ry, and p = F(y) if
L4 = RA by (4). Then (A-14) can be rewritten as

(1— F(W))(RA —y) _i_F(W)(LD —?)L) + My

(A-15)
>(1—p)(La—y+La—Ra+ Mp)+p(La—y+ Myp).

By Lemma A-1, the LHS of (A-15) is

(F (it gonite))”

Ra—y+ lf(yJF@LJFLD*RA) + M.
2 2

Thus, (A-15) is rewritten as

- _ 2
(F(y+y€+§p RA))
%f(y+yL+§D—RA)

Ry—y+ + My >Ls—y+ M+ (1—p)(La—Ra).  (A-16)
If Ly = Ra, (A-16) holds for every y > z, because R4 — Lp < z — My, implies y + 4y +
Lp—Ra>z+ My + Lp— R4 > Mj. Now, suppose that L4 > R4, and then (A-16) holds

if and only if A
%f<y+yL+§D_RA) 1

(F(y+?)L+§D*RA))2 = 2(La — Ra)

Thus, if A
%f(y+yL+2LD—RA) 1

max

< )
(F(yJngLJFé/D*RA))Q Q(LA — RA)
then y + L4 — R4 does not belong to 81 (y, Ra). Thus, if there is a 3 to satisfy

%f(g+ML+2LD*RA) 1

(F(@+ML+2LD7RA))2 " 2(La— Ra)’
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then for every y > ¢y, y + L4 — R4 does not belong to 31 (y, R4) because by Assumption 1,

%f(y+gL+§D*RA) %f(ngMLgLDfRA) 1

Hax (F<y+QL+§D_RA))2 (F(Q+ML+2LD*RA>)2 - Q(LA — RA)

Lemma A-7. Suppose M — My > L — Ra > 0, and there are & and jj that satisfy
{max Bp(ra, Ra) : 7a € [J, Mp]} N {min Br(la, La) : la € [My, 2]} = 2. (A-17)

Then an equilibrium exists, and (wi, wik) = (wiF, wif) = (1,0). Further, (%) and
#p(1%) are singletons, and the equilibrium satisfies I3 € Ip(r%), 75 € Fp(I5), 1% = La(r%)

and vy = 7 A(r%).

Proof of Lemma A-7.
Step 1. We show that there is a fixed point (1%, 1%, 7%, %) such that 1% = 4(r), 1} €
(i), = 7a(lh). 7 € Fp(l3).

Now, [Mp, z]* x [y, MR]* is a compact and convex subset of a metric space. By the maxi-
mum theorem, BRE (r4) = Ip(r4) and BRE(14) = #p(l4) are nonempty, upper semicontin-
uous, and compact-valued. Notice that for every 74 € [y, Mg] and [4 € [M, z|, there are rp
and [ that satisfy mr(rp, Rp,la, La) > 0 and wg(ra, Ra,lp, Lp) < 1. Then Lemma A-1 is
applicable, and the maximizers of the expected payoffs uniquely exist for every r4 € [y, Mg|
and [, € [My, z]. Therefore, BRE(r4) = Ip(ra) and BRE(4) = #p(l4) are convex-valued
for every r4 € [y, Mg| and l4 € [M|, Z].

By (A-17), Br(la, La) N Br(ra, R4a) = @ when ry > gy and l4 < Z, for every r €
Br(la, La), mr(r, Ra,la, La) > 0 and for every | € Bp(ra, Ra), mr(ra, Ra,l,La) < 1.
By Lemma A-4, 8%,(la, La) and /3 (r4, R4) are nonempty. Then also applying Lemma A-1,
Br(la, La) and Br(ra, R4) are nonempty and compact intervals. Therefore, BR%(rp) and
BRf(l p) are nonempty values for every rp > ¢ and [p < Z, and indeed singletons. Because
the expected payoffs are continuous with respect to each candidate’s policy promise, BR% (rp)
and BR%(Ip) are also continuous and convex because they are singletons.

Thus, by Kakutani’s fixed point theorem, there is a fixed point (I, I, 7%, 7%5) in [My, z)* x
[, Mg]? such that

BR(I, 1,74, 7p) = (BRA(IL), BRp(r), BRA(rp), BRE(14)) = (14, 1, 74, 7D)-

Finally, note that {{4(ra) : 74 € [§, Mg]} = {maxB(ra,R4) : 74 € [j, Mg]} and
{Falla) : la € [Mp,z]} = {minBgr(la,La) : la € [Mp,z|}. Thus we obtain [, =
[a(ri), I € Up(ra), v = 7a(3), 7D € 7 (l3).

Step 2. We show that the fixed point whose existence is shown in Step 1 is an equilibrium.
Notice that when 7% = #4(I%), 7y > M. Thus by Proposition A-1, w*" = 1. Further, when
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Uy+La—Ra & Br(l%y, La) by Lemma A-5, mr(ra, Ra, %, La) > 0forevery ry € Sr(l%, La)
and thus 5% (0%, L4) is nonempty by the first statement of Lemma A-4. Thus by Proposition
A2, wift = 1.

Party R. First, we will show that there is no incentive for candidate R 4 to deviate from 74 (1% ).
Notice that 74(l%) maximizes the probability of winning the general election among policy
promises in Sgr(l%, L4). Because candidate R ’s probability of winning the general election
is a strictly decreasing continuous function of 74, and otherwise candidate R4 could improve
her winning chances by moving further to the right while still winning the primary election,

that is, there is an 4 such that

VMR(ZZ,LA,TA,RA) > VMR(ZZ,LA,TZ,RA); and (A-18)
Tr(ra, Ra, Uy, La) > wr(ry, Ra, Uy, La). (A-19)

This contradicts an equilibrium condition. Thus, candidate [74 does not have other strategies
to deviate from 74 (1% ). Meanwhile, if 7}, & 7p(l%), then there is an 74 for which (A-18) and
(A-19) simultaneously hold. This is a contradiction with the definition of equilibrium.

Party L. The proof for party L’s candidates can be done in the same fashion as the first
part. Intuitively, this is because candidate L 4’s probability of winning the general election is
a strictly decreasing continuous function of /4, and otherwise candidate L 4 could improve her
winning chances by moving further to the left while still winning the primary election, which
contradicts an equilibrium condition. Then candidate L 4 can win the primary with probability
one by adopting a policy promise in the interior of 87 (r%, R4), and if she adopts a position
outside this interval, candidate L, could defeat her by adopting a policy promise in ) p(rh).
In addition, her probability of winning the general election is a strictly decreasing continuous

function of [4, so in any equilibrium we must have [* = l a(ry). ]

Proof of Theorem 1. Suppose L4 = R4. By Lemmas A-5 and A-6, for some z € (M, My),
the following holds:

~

{ZA(TA) 1T € [Z,MR]} N {fAUA) 2la € [ML,Z]} = J.
Then by Lemma A-7, we obtain the result when the first condition holds.
Suppose L4 > R4. It suffices to show that z and y with < ¢ which satisfy (A-10) and
(A-13) exist by Lemma A-7. By the intermediate value theorem, the existence of  and ¥ in

[M,, Mg] is direct due to the assumption of monotone hazard rates (Assumption 1). It remains
to show Z < y. By (10) and (11), there is a z € (M, Mg) such that y > z > z holds, because
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Assumption 1 implies:

(1 _ F(MR+z+2LA—RD))2 (1 _ F(MR+:E+2LA—RD))2

%f(MR"FZ"FQLA—RD) %f(MR"Ff'FQLA_RD) =La—Ra
(1 o F(MR‘FML;LA*RD))Q
< %f(MR+ML;’LA*RD) ;and
F Mp+2z+Lp—Ra\\2
( ( 2 )) < 2(LA — RA)

%f( ML+Z+2LD*RA )

(F(ML+Q+2LD—RA))2 (F(ML+MR;LD—RA))2

%f(ML‘f‘Q'f'QLD_RA) %f(ML-‘rMR;LD—RA) :

Finally, I’y < z < r7 holds with one of the inequalities being strict, because [’} and 77 must
belong to the domain of the fixed point, which is contained in [M,, z] and [z, Mg]. O

Proposition A-3. Suppose Ly — Ry < Mg — My and the conditions for Theorem 1 hold.
Then an equilibrium satisfies

F( T3 +Hp+Lp—Ra )

* * 2
LD + ra— RA - lD - lf(rjg-l-lz)-i-LD—RA) (A_zo)
2 2
By+ry+La—R
PATIAT AT Ay ([ — 1% — Ra+17)
I3 4w+ Lp—R
= (Lp+ 7 — Ry — 1) - (LA 20 ) (A-21)
(1— F(W#))
Rp+rp—La—1}= lf(r3+z;+LA—RD> (A-22)
2 2
By+ry+Ls—R . .
(1= F(A——A 2 =2)) (Ra 7 = La — 1)
. . Uy+rp+La—R
=(Rp+1h—Ls—13)-(1-F(A1D 5 LAY (A-23)
Proof of Proposition A-3. By the first-order condition in Lemma A-1, we obtain (A-20) and
(A-22). Similarly, by Lemma A-1, we obtain the results. 0
Lemma A-8. In a symmetric game,
* when regime 1 arises, I’y = —r’, and l}, = —r}, where 1’ and r7, respectively solve

(12) and (13).
o m & Br(m, La) N Br(m, Ra)ifand only ifa > Ly — Lp.

Proof of Lemma A-8. The first item can be shown by the symmetry of the equilibrium and
the four equations in Theorem 1. Now, we illustrate the second item. Let 7% = 0(= m). Then

by (7) of Theorem 1, we obtain
r+La—L

R
L)

TB—(LA—LD) =
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When 7% = [ = 0, we obtain
VMR<ZT47 LA7T27 RA) == LA - MR

and by Proposition A-3,

* * * Ty +L — L
Vira(Ths L, s Bo) = Ly = Ma+ (= (La — Lp))(1 = F(-EZA220y)
Then, Vi, (I, La, 7%, Ra) < Vi (I, La, v}, Rp), which implies m ¢ Br(m, L4), if and
onlyifa > Ly — Lp. o

Proof of Corollary 1. First, as in case (I), when (I%,7%) = (m,m), because a tiebreaking
rule ¢(m) specifies 7z(m, Ra,m, La) = %, by Lemma A-1, 83(m, L) and 57 (m, R4) are
nonempty. By Propositions A-1 and A-2, (w Lowik) = (wif wif) = (1,0). Case (1) is a
special case of Theorem 1. When the set of equilibrium policy promises is as in case (II), again
by Lemma A-1 and Propositions A-1 and A-2, we obtain (w*Z, wiF) = (wle, wit) = (1,0).

Now, we show that if m € Bg(m, La) N Br(m, Ra) and t(m) = 3, case (I) arises, and
otherwise, case (II) arises. Then the rest follows by Lemma A-8. Case (II) can be proved
in the same way with Theorem 1. Thus, we focus on the proof of case (I). First, we prove
that %, = [, = m is an equ1hbr1um Suppose that 7% = [% = m and then F(TAHA) =
1-— F(%) = t(m) = 3. Given I’} = m, for every r < [%, candidate R4’s probability of
winning the general election is increasing and for every r > [, it is decreasing. Symmetrically,
given % = m, this is true for candidate L 4. Thus, r% = [, = m is an equilibrium.

Second, consider the disadvantaged candidates. Because choosing m gives a primary win
with certainty for both advantaged candidates, there is no strategy for each disadvantaged
candidate to improve their chance of winning in the primary. Thus any strategy in X can be an

equilibrium strategy for each disadvantaged candidate. U

Proofs of Results in Section 4

Proofs of Properties 1 and 2. Property 1 is verified as follows. For all x,2' € [—a, 0] with

r < x', we have:

Ay, Fsl) _ Fu@) _ [T ()
oo I5(7) fs(@) — fn(z) ) o fn(2)
By symmetry, 1}5(5_(;):”) l}if(v_(;)z ) forall z € [—a, 0], and thus we can rewrite it as follows.

For all z € [0, al,
1—FS($) 1—FN(Z')

fs@ (@)

Property 2 is obtained by comparing the regions below fs(x) or fy(x) with the line =z =

0. By Assumption 2 and because Fg(0) = Fy(0), at one point 2’ € [—a,0], and we have
fs(z") = fn(2'). Forz € [—a,2'], fs(x) < fny(z), which gives us Fg(x) < Fx(x). Since
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Fs(0) = Fn(0), we also have Fg(z) < Fy(x) for every z € [2/,0]. By symmetry, for all
x € [—a,0],

1— Fs(—x) = Fs(l’) <1-— FN<—LL’) = FN(JI),
which we can rewrite as Fis(z) > Fy(x) for all x € [0, a]. O

Proofs of Properties 3, 4 and 5. Property 3 can be verified by:
1 — Fy(x) _ fn(t) ar < fs(t) g — 1-— Fg(x)7
In(z) » fn(@) « [fs(@) fs(@)

and similarly, property 4 can be verified by:

Pul@) _ (" fw(t) o (7 Fs(t)

~ Fg(x)
i@~y Iv@ ™7l T ety

Property 5 can be obtained by either property 3 or 4 because

Fs(x) = exp (— :O 1];2((?) dt) < exp (— :0 ]‘];]A\[[((?) dt) = Fn(x). (A-24)

Property 5 is often called first-order stochastic dominance when the inequality is strict, in

which case we say that Fs first-order stochastically dominates Fy. This implies that the overall
median voter tends to be closer to —a with a higher probability in society /N than in society .S.

Properties 1 and 2 imply the same. 0

Proofs of the rest of the results in Section 4 involve complicated calculations by taking the

first derivatives of four equations A-20 to A-23. Thus we keep them in the separate appendix.

Proofs of Propositions 3, 4 and Proposition 5

Proof of Proposition 3. The first case (a) is proved in a similar manner with Theorem B-1.
Now, we consider case (b). Because Mz —l4 > L4 — Rp, for some rp, mr(rp, Rp, La, L) >
0. By Lemma A-1, #p(l4) is singleton. Further, 6}3([}, L) is nonempty. Thus, (wi?, wift) =

(0, 1) by Proposition A-2. The rest follows from the proof for party R in Theorem 1. O

Proof of Proposition 4. The proof of case (a) is the same with case (a) in Proposition 3. First,
(wik wil) = (0,1) is obtained by Proposition A-1 because 74 > M. In case (b), [, € Ip(74)
is proved in the same way as for the proof for party L in Theorem 1. Thus it suffices to show
Iy € a(Ta, Ra) N BL(7a, Ra) in case (b-1), and otherwise, in case (b-2), [’} = iA(fA). In case
(b-1), candidate L 4 can win the primary with probability one and still win the general election
with a probability arbitrarily close to one by moving slightly to the right of the rightmost
such policy, and in equilibrium she must take a position in «(74) N B (7a, R4). No matter
what position candidate L, adopts, neither candidate L nor candidate R4 have any way

to improve. The proof of case (¢c)’s I% € [Fa — La + Ra, 74 + La — R4| is immediate
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because in this region, candidate L4 can secure a victory in the general election. Because
74— M < La— Rp, candidate L cannot win the general election against candidate R 4 and
thus the equilibrium policy promise is unrestricted for candidate L.

Finally, if Ly — R4 > Ra — Lp, then cases (a) and (c) are the only ones possible. In
contrast, if L4 — R4 < R4 — Lp, then all of cases (a), (b), and (c) cover all those possible. As

a result, in either situation, there is always an equilibrium. This completes the proof. [

Proof of Proposition 5. If candidate L does not run for the primary, candidate L 4 chooses
a policy promise in ay, (74, R4) as described in Proposition 4. Suppose candidate L 4 chooses
1?4 =74 —d € ar(Ta, Ra), and thus we have d < L4 — R4. Then the payoff that candidate
Lp receives is Ly — rk(Fq4 — d) + klp.

If candidate Lp runs and candidate L 4 chooses l}l, because l}4 > M; and M; < lp, the
expected payoff of candidate L is

fA-l-l}L‘—f-LA—RA
2

- Fa+ly+La—R -
(1 F( )(Ba — wa + klp) + F(H—AZA—=2) (L — sl + slp).

Thus, if (1 — P(SHatlazRayy 7 Ry < p(rattatlazfay g 1) kd, candidate

A
Lp enters, and otherwise, candidate L does not enter. If F(M)(F 4 — 1Y) < d,

because L4 > _O and mp(7a, Ra, 1Y, L4) > 0in aregime 1 equilibrium, 74 > I} + Ly — Ra.
Then, (1 — F(M))(LA — R4) > 0. Thus, candidate L, does not enter.

_ 1 _
1—F(M))(LA—RA)

F(W)('FA_I%)_CI
candidate Lp does not enter. Otherwise, if x > &, candidate L p enters.

Ik < R,

Suppose F(W)(@x — 1Y) > d Letk = (

Finally, to complete the proof, we note that wr(74, Ra,l4, La) > 0 in a regime 1 equi-
librium and (T4, R4,1%, La) = 0 because candidate L4 chooses a policy promise [Y in
ar (74, Ra) as described in Proposition 4. Then 74 — I} > 74 — I9 because I% € ay(7a, Ra)
and I} & ar (T4, Ra). O
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A regime 2 equilibrium

There are three possible cases that result in regime 2. In the first case, candidate L 4’s valence
advantage over the other candidates is sufficiently high that candidate L4 wins the primary
and general elections with certainty regardless of the policy promises of all other candidates.
Theorem B-1 provides the conditions under which this case arises. In Theorems B-2 and B-
3, we consider the situations in which candidate L4 can win both the primary and general
elections with certainty by choosing M}, (Theorem B-2) or My (Theorem B-3). Thus, these
two theorems provide the conditions under which candidate L 4 chooses M, or My and regime
2 arises.

Obviously, regime 2 arises when candidate L 4 is strong in terms of valence. Consider two
cases: case 1, Mpr—M; < L,—R4,andcase2, Mpr—M; > L4—R4. Incase 1, candidate L 4
is so strong that candidate L 4 wins the general election with certainty regardless of the policy
promises of candidate 24 or Rp. Furthermore, for any primary voter in party 2, the expected
payoff resulting from either party’s R candidate with any policy promise is simply the payoff
of having candidate L4 elected, so the winning probabilities w3 and w’® are unrestricted.
Theorem B-2 considers this situation. In case 2, both regimes 1 and 2 can arise. Theorem B-3

provides the conditions under which regime 1 arises, even in case 2.
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In summary, the three theorems yield the conditions under which, in equilibrium, regime 2
arises and candidate L 4 chooses % (Theorem B-1), M, (Theorem B-2), and Mz (Theo-
rem B-3).!

Theorem B-1. Suppose that M <min{Ls — Lp, Ly — Ra}. Then any strategy profile

such that Iy = M and (1%, %, T’D) and any collection of primary winning probabili-
ties (Wil wilt) € [0 1)? such that wit + wift = 1, and (wit, wik) = (1,0) constitutes an

equilibrium. Finally, Tr(l%, La, 7%, R,) = 0 for everyn = A, D.

Theorem B-2. Suppose that Ly — Ry > Mg — My. Then any strategy profile such that
Iy = My, and (13, 7’2, r})) and any collection of primary winning probabilities (w3, wilt) €
[0, 1)% such that w*f + wil = 1, and (wiL, wik) = (1,0) constitutes an equilibrium. Finally,

mr(l%, La, 7}, R,) = 0 foreveryn = A, D.
Theorem B-3. Suppose Mr — M; > L, — R4 > O.

1. If Mr — M}, < R4 — Lp, then any strategy profile such that I, = Mg and (I3, 1%, 1%,)
such that r,ry, € [Mr — (La — Ra), Mg|, and any collection of primary winning
probabilities (wi, wilt) € [0, 1) such that wif + wift = 1, and (wiF, wik) = (1,0)
constitute an equilibrium. Finally, tr(l, L, 7}, R,) = 0 for everyn = A, D.

2. If Mp — My, > Ra — Lp and for eachn = A, D, there is d,, > 0 that satisfies

(F(Mp + Lojfay)®

Czn - (LA - Rn) - — )
LF(Mp + £o5fn)y

(B-1)

then any strategy profile such that l', = Mgy, and (I}, v%, %) such that v, > Mg — d,

rH > Mp— JD and any collection of primary winning probabilities (w*f, wi) € [0, 1)
such that wilt + wil = 1, and (Wi, wik) = (1,0) constitute an equilibrium. Finally,

mr(Uy, La,rl, R,) = 0 foreveryn = A, D.

It is easy to see that when L4 increases, d, > 0is likely to hold for each n = A, D.
When L, increases, by Assumption 1, d,, > 0 is less likely to hold. Being more advantaged
with a higher valence makes it easier for candidate L 4 to win both elections by choosing Mg,
whereas facing a stronger competitor Lp in the primary makes it more difficult to win office
by choosing Mp.

! Hummel (2013) assumes that if a candidate loses in the primary election, then the candidate obtains a utility
of 0, if a candidate wins party k’s primary, then she obtains a utility of uy > 0 for each k¥ = L, R, and the
winner of the general election receives an additional utility of u > 0. We do not impose any particular utility and
simply assume that each candidate attempts to maximize the probability of winning office. If we make a similar
assumption to that of Hummel (2013), a regime 2 equilibrium still arises under the conditions of Theorems B-1,
B-2, and B-3, although candidates R4 and Rp would attempt to maximize the chance of winning party R’s

primary.



The proofs of Theorems B-1, B-2, and B-3

Proof of Theorem B-1. We claim that [’} = % is a policy promise for candidate L 4 that
guarantees the candidate a victory in both party L’s primary as well as in the general election,
regardless of the policy promises of any of the other candidates.

First, we show that if candidate L 4 wins party L’s primary, then L4 wins the general elec-
tion with certainty, regardless of the identity or policy promise of party R’s primary winner.

Given % < Lo — Ra, forany ry € X we must have 7g (14, Ra, 1%, La) = 0 given
vp(l%, La) > vp(ra, Ra) for all voters with bliss points b € [M, Mg|. The same holds for
any rp € X, i.e. mg(rp, Rp,l%, L) = 0 given Rp < R4. Hence, mg (1;, R;,la, L4) = 0 for
1=A,Dandany r; € X.

Second, we show that candidate L4 wins party L’s primary with certainty in equilib-
rium, and wi* = 1. By assumption, M < min{Ls — Ra,La— Lp} and Ry >
Rp, hence vy, (%, La) > max{Lp,Ra,Rp}. As mr(ri, Ri,la,La) = 0 for any i €
A, D, therefore EVyy, (1%, La,7a,7p) = var, (%, La) for any r4,7p € X. Then because
Ve, (Ip, Lp,7i, R;)) <max{Lp, Ra, Rp} forall [p € X, we obtain

EVML(Z:Z,LA,TA,TD) > VML(ZD,LD,TZ‘,RZ'),

foralllp € X,and i € {A, D}.

Thus, EViy, (1%, La,7a,7p) > EVi, (Ip, Lp,74,7p), and the median voter in party L,
M7, strictly prefers candidate L 4 in the primary election regardless of candidate Lp’s policy
promise or the outcome of party 2’s primary. Then by the definition of equilibrium, candidate

L 4 is guaranteed victory in party L’s primary in equilibrium. [

Proof of Theorem B-2. Let!*, = M. Because La—R4 > Mp—Mp, wr(r}, Ry, I, La) =0
for any r* € X and thus V), (v}, R,,, %, La) = L4 — Mg + M;,. Further, obviously we also
have Vyy, (1%, La, 75, Ry) = La > Var, (I3, Lp, 7%, R,) for any 5, € X and eachn = A, D.
Therefore,

EVa, (U, La, vy, rh) = La > EVy, (15, Lp, 74, 75),

which completes the proof. 0
Proof of Theorem B-3. Suppose Mp — M; > Ly — Rx > 0. Here, we consider the two
cases: Mrp — M; < Ry — Lpand Mp — M;, > R4 — Lp.

First, suppose M — M; < Ry — Lp. We show that by choosing Mp, candidate L 4 wins
the primary and w*’ = 1. For all r4 € [M, Mg] and Ip € X,

WR(TA7RA7ZD7LD) = 17
Vi, (Ip,Lp,7a, Ra) = Ra — 14+ M.



Ifr4,7p > Mg — (La — Ry), foreachn = A, D,
VML(MRu LA7T717 Rn) = LA - MR + ML'

Thus, VML(ZD,LD,TA,RA) S VML(MR,LA,TA,RA) for A Z MR— (LA—RA). NGXt, notice
that Mr — M, < Ry — Lp < Ly — Lp. Whenrp > Mp — (La — Ra), regardless of
WR(TD,RD,ZD,LD),because LA — MR > LD — ML and RD —1rp < LA — MR,

VML(lDaLDarDaRD) =
mr(rp, Rp,lp, Lp)(Lp —lp) + (1 = wr(rp, Rp,lp, Lp))(Rp — rp) + M,
S VML(MRaLAyrDaRD)'

Therefore, Vi, (Ip, Lp, rn, Rn) < Vag, (Mg, La,ry, Ry,) for eachn = A, D. Then
EVML(ZD,LD,T‘A,’I“D) < EVML(MR,LA,T‘A,’I“D).

Thus, we obtain w*" = 1 in this case. Further, note that r%, 7% € [Mgr — (La — Ra4), Mg,
7, € X, and for each n = A, D, the following holds:

TrR(r;‘;y Rna l,*47 LA) =0
max EViy, (7, Ry, U4, 1)) = EVag, (1, Ry, Uy, 1)

Notice that there is no [ that candidate L can profitably deviate to by (B-2) and because for
eachn = A, D, nr(r}, Ry, %y, La) = 0. Thus, [}, is unrestricted and we obtain the desired
result.

Second, suppose Mr — M > R4 — Lp. Suppose that for each n = A, D, there is d, >0
(F(MR—FM))Q
3 (Mp+ 2R

such that d, = (L — R,,) —
and I’y = Mpg,

.Fixn = A, D. When ng(r}, R, %y, La) =0

VML(MR,LA,’F R ) LA—MR+ML.
As shown in Lemma A-1, when candidate L maximizes Vyy, (Ip, Lp, ), R,,), we have

2
( ri+ip(r +LD Rn))

(=
f(r’ —HD )+LD Rn)

VML(ZD( )LD”/‘ R) Rn_r;"i_ + M.

N =

(ot o
Qf(MR+LD2Rn) ’

Now, fix n = A, D. First, suppose r* < Mp. Because d, = (L — R,,) —

we have

i +ip(r)+Lp—
<F( ho)( % D

Rn)>
=Ls— Mpg.

o= (=) 42

N =



By Lemma A-1, My, < Ip(r?) < r* < Mg and thus r* + [p(r*) < 2Mp. By Assumption 1,

we have

. 2
r*+ip(rX)+Lp—Rn
<F( D ( n%+ D )) Lp— R,
max - < F(Mgp+
ratip(ri)+Lp—Ry 2
f( 5 )

F(Mp + £p5fn)
(Mg + @)

) .

1
2

Thus,

. 2
r*+ip(r*)+Lp—Rn
(F( S+ ( n;—l— D )

< Ly — Mgp.

R, — 1 +

£( rg+ip(r;%+LD—Rn )

DO =

Thus Var, (Ip(r%), Lp, 7, Ry) < La — Mg + M.
Second, r} > Mpg. Notice that Lp > R4 — Mg + M. Thus, for every r,, € [My, Mg|,

IrllaXVML(iD(rn),LD,rn,Rn) >Lp >R, — Mg+ M.
D

Then Vi, (Ip(ry), Lp, 7, Rp) < La — Mg + My, for r,, € [My, Mg] by the previous step of
this proof.

Because n is arbitrary, foreachn = A, D, r} € [Mg — dn, M r], [}, € X, and the following
holds:

Tr(r, Ry, U, La) =0
max EVag,, (ry R U ) = EVagy (1%, Ry U, 1)

Tn

max EViy, (Ip, Lp, 74, 775) < EVag, (Mg, La,74,77). (B-2)

lp

Thus, we obtain w* = 1. This completes the proof. [

Proofs of Results in Section 4

Proofs of Results in Section 4.1

Proof of Theorem 2. In a symmetric game, if m & Sgr(m, La) N (M, R4), by Theorem 1,
dVar, (1%, L a7y Ra)
dla
the following. When the game is symmetric, by (12) and (13) of Theorem 1,

regime 1 arises. In the proof, the size of ‘ is important. Thus, first we note

LA—ZZ—RA—I—T; = 27"1*4 (B—3)
Ly+103—Ry+1y = 0. (B-4)



Thus, because the expected payoff for candidate L 4 is decreasing at [,

dVML (lz, LA, T'Z, RA)

= (L =7r)(La— Uy — Ra+ry) — (1= 7r(rly, Ra, Iy, La))

diy
ly Y+ La— ly 4+ La—Ra (La—10%—R ¥
:—F(A+TA+2 A RA)+f(A+TA+2 A A)( A A2 A+TA)<O
1
= =5+ fO)r <. (B-5)

Step I: Computing the formula for 5 LA , and 2a T LA

By taking the derivative of (A-21), we have

iy | dry
+ar -+l I+ dry,  dr?
dLs " dLa ATTA ATTA A A

—1 F 1 -
S TR — 1) + PR (- T+ T
_(dry dlg F<l,’5+rf4+LD—RA>
- \dLs dLy4 2

diy
)

dr?*
Ip+714+Lp—Ra (ﬁ+dLDA

(L v = Ra = 1y pe Tt Lo = oy Lo
Then by (A-20),
ar, dr 1Ay, dry. Ay 4+ Lo — Ra
L 1) F0) -7+ =(1 =S4 Tay T p . (B-6
AL, Taz. " )f() st Tan,) T 2an, > ). (B-6)

Conversely, by taking the derivative of (A-23),

dr?
_dLi—i—dLI:_’_ (ZZ—FTZ‘FLA—RA
2 2

J(Ra+14— La—1})

y+ry+Ls— Ra  , dr dl
1 p(iaT’a A _ YAy
+( ( 5 ))(dLA . )
% +r5y+Ls— Rp..  dr} dl
—(1—-F(ALD D _ %A _ 4
(1- F( ] NG = -

dry
atrp+La—Rp dLi+dLi+1

— (Bp+rp—La—1)f( 5 ) 5
By applying (A-21) and (B-4),
dry  diy L, L dry diy
1 0 (== -—-1
(dLA+dLA+ )f()A+2(dLA dL, )
2 dLy

By adding (B-6) and (B-7), because F)p = F(M) =1- F(W), we

dry (1 1 dr, 1
L — (% 12F 1) -2 B-
T (2 QFD) (2 * D) (dLA i ) > (B-8)

6

obtain




Further, by (B-7),

1 Ldry(dn
(- 1O = (S 1) xx, (B9

where
ZZ—I—T*D —I—LA — RD

X = (5 + fO)rs) — 201~ F( ) =5+ FO)s — 2Fp.

2
By (B-8) and (B-9), we obtain
drty (1 L f0)yr /1 1
- —2Fp -2 — 2 (- 42F =——. B-10
dL, (2 b X g Tehp 2 (B-10)
Thus,
dr 2
= : (B-11)
dL 3=/ (O)r ’
A 2Fp+ 224 (L4 2F)) -]
drs, L — fo)r 1
T {; = on - L (B-12)
A 2Fp + 25— (5 +2Fp) — 3
k4L dr, dar*
AP(ge™) gy tan Hl it Lo = Ra (B-13)
dL4 B 2 2 ‘
Step II: Proving the signs of % and %.
Step II-1: Showing § — f(0)r% > X > 0. Notice that by (A-21) and (B-4),
O<La—0Uy—Ra+1ry=2ry<Lp—15,—Rs+1}. (B-14)
Further, by (B-3)
O=La+0Uy—Ra+13>Lp+1; — Ra+717. (B-15)

Let Fy = F(M) fp = f(W) and fy = f(W)_ Then by
(B-15), F4 > Fp and thus we can set F'y = kFp for some k£ > 1. Also, given the game is
symmetric with respect to 0, by (B-15), we can set f4 = mfp for some m > 1. Further by

Assumption 1 and (B-15), %4 > Z2 implies k > m > 1. By (A-21),
Ly—Uy—Ra+ry:Lp—Ilp—Ra+ry=Fp:Fa=1:k. (B-16)

Then, by applying (B-16) and (A-21),

o Lp—1lh—Ratr
X—(FA—FD)+<fA7“A—fD b D2 4 A)

Lp—lp— Ra+73)
9 D

= (Fa— Fp) + <mr2 -

= (k= 1) Fo + (m = 07 fo = (= D22 s )

=((k—=1Dk+(m—k)) fory = (k* =2k +m)fpry > (k—1)*fpr’ > 0.




The first term in X is strictly positive by (B-14), and the second term is strictly negative.
Thus,

ly "+ La—R 7 Y+ Lp—R
X<F(A+TA+2 A A>_F(D+TA+2 D A>

ZZ‘I‘TZ‘{‘LA—RA ZZ_I'TZ‘{'LA_RA (LA—ZE—RA—I—T;Z)

F _
< F( 5 )= 1 5 ) -
1 *
=57 f(0)ry
Notice that
1
53— fO)ry (/1 1 1 1
2F 2 A4 2F | — = >2F — +2Fp — = =4F . B-17
D+ % 5 +2Fp 5 > D+ 5 +2Fp 5 >0 ( )
Thus,
i _ : >0
= - - .
ALs 2y + 5005 (3 4 28y) — )
Also, because
LU o (0 SO -
dLa X 2Fp + 21O (1 9F,) —
we obtain
dF(W) B %—Fj;’: +1 f(lE+TZ+LD—RA) -
dL,4 N 2 2 '

Step IlI: Proving the szgns of i D gnd dlD and Concluding.
Step III-1. Showmg dLA < 0.
By taking the derivative of (A-20),

dry _dip | f(ATRRRY)
dLy, dLg4 2

(it ED=Ra e\ (g
——<<LD+rz—RA—zz)>f< ), platlhtio A)(dLAQdLA>.
Then
driy (, i+l +Lp—Ra, (Lp+rhi—Ra—1p) ,, ma+1p+Lp—Ra
i, \’ 2 ) - 2 A 2 )
:_(LD+TZ—RA—ZB)f/(TZ+lE+LD—RA>dl35
2 2 dLa
Because -t A > 0 and fr(atbttozfiay o dLD <0.



dry} di*,
TD+ﬁ+1>

Step III-2. Showing that there is a desired K and completing the proof.

By taking the derivative of (A-22),

(

(

(

dry, diy ) (R
dL, dLy4 2
/ rz)“rl*A‘i“LA*RD * *
LA l Ls—R
=- ((RDME—LA—z:)” m—NYERL L ) (&
2 2 2
b+ La—Rpy | (Ro+rh—La—l3) vt +14+La—Rp .
Let' = f( 5 )+ 5 f( 5 ). Thus, we obtain
. i A5+ LA—R .
IS ) -
dL 4 f(w) +T dL 4
f(z) ’
Notice that by Assumption 1, —— =) > 0. Thus 5 g ?()m) + J;((::)) > 0. Applying this,
because
o+ Ui+ La—Rp, (Rp+rhy—La—=103%) ,, 75+ U+La—Rp
= f( D A ) D A f/( D A )
2 2 2
S+ 0+ La—R
:(1—F(TD+A+2A D))x
(rorriract) L,
f/(TD+lA+LA_RD)
2

f(w)
2 2
1— F(”D”A*#) 1— F<M)
rH 415+ La —RD)) 5 ( f(thHatLazRp) N f/(W>>
rptlatla-R LA R
1— F(%) f(%)
(B-19)

(-rceh

>0,
together with the fact that w > 0 implies f'(‘2 +lj“+2LA_RD ) < 0, it is held that
rh 4 +La—Rp
f( R 2 ) —T
7.* * _ > 0- (B'20)
fREER)

1>

Therefore, by (B-18), r}, moves in the same direction as /.
* . 1
-1

Remember that

diy
= T
dLa 2Fp, + 2 f)((O) A (%+2FD) _%
By Step II and (B-17), the denominator and numerator of the first term are strictly positive

Thus §/ > 0 if and only if
L r0)r*
2Fp, (1+ 2 J;(( )TA> —2F, (1+



Define K to satisfy 2K (1 - %%) = 1 Then, 8K? — 6K + (3 + f(0)r%) = 0. Notice
that 8(0) — 6(0) + (3 + f(0)r3) > 0, and 8(3)% — 6(3) + (3 + f(0)ry) = f(O)ry — 3 <
0. Thus, K exists in (0,3). Further, because the quadratic equation has two solutions and
8(1)2 — 6(1) + (3 + f(0)r) > 0, another solution exists in (3,1). Thus, a solution that
is between 0 and % is unique. Now, it is clear that 2Fp (1 + H#) < % if and only if

Fp > K.

Proof of Theorem 3. Let R, — Rp = 6. In what follows, (g(z))" denotes the first derivative
of g(x). We denote 75 + 13, + Lp — Ry = % and rlY + N + Lp — Ry = xV. We denote
3+ 15+ La—Rp=y andry + 1Y + Lo — Rp =y,

Suppose that | fy(x) — fs(z)| < € for some arbitrarily small € > 0. We will show r5 < rff
and [ > Y. Then, because we can recursively repeat the same argument, we will obtain the

desired result. By the equilibrium condition for regime 1, we must have
Viin (13, La, 73, Ra) + Mg = Vi, (13, La, 7, Bp) + Mp. (B-21)
Also, by symmetry,
Vit (13 L 73, Ra) = Vi (I, La, 7, Ra) = La = M. (B-22)
By Lemma A-1, in regime 2, for each society s = IV, S, we must have
Y

Vitg (1 Las T Rp) + M = Uy + La + (L= Fu()) - (rp = 13 = 0). (B-23)

By comparing (B-22) and (B-23) for each society s = NV, S, we must have
(1-F.(p)’
3/+(%)

By comparing (B-24) for societies S and /N, we obtain

I+ =+ (=A%) (rh =15 —8) =0, (B-24)

s N N N s
4

(P~ P+ Fs (D= Fn (S = (=P ()= Fs(S)rs. B25)

Asy® > 0, property 2 implies F5(§) > Fn( %) and thus for some small ¢, > 0, FS(§) —
FN(§) = ¢, and we have

S N S S N S

Fs(%) - FN(%) = Fs(%) - FN(%) - FN(%) + FN(%) (B-26)
_ y¥, b —rp) + (1 = 1)
_Ey_fN(T)' 5 S—

Consider how F N(#)

dFy (“E2) - [, which equals

148 46
<—fN( ;; )l) dr + (—fN( ;; ) +FN(—T+;+5)> dl.

- | changes when r and [ change infinitesimally, denoted by

10



Thus, Fs(% VS — Fy (591 is given by Fs((X)15 — Fy (415 = €05 plus Fy(L)15 —
Fn(%- )lA , which is

ey1i+<fN(y§> )(rz%—rm(f“yj) cr >><zi—zﬁ>. B-27)

Similarly, consider how (1 — Fy(“t2)) - r changes when r and [ change infinitesimally,
denoted by d(1 — Fy (™)) - r, which equals

(—fw#w r+5+6))> o I

1-F )
+ N ( 5 5 dl

Thus, (1—FN(%)) N—(1- Fs(%))TD is given by (1— FN(%))T%—(l—FS(§))T% = €,1p
plus (1 — FN(%)) — (1= Fn( S))TD, which is
N

(LN vy N
o+ (% . FM%))) o) - Ry g ey

Combining the three terms (B-26), (B-27), and (B-28) into (B-25), we obtain

<6y_fN(yN)_ <r%—r§>>+<zq—ZQ>) 5

2
Yy yN\IN
+6yzi+<fN<y;> )@«%—rgn s ”A+FN<*”;V>> 5 - 1)

— e+ (f il 2l SO m(f))) o - ) - U gy g,

By organizing terms, we obtain

€0 + 13 —1p) = (fN(;T)é + fN(yQT)lg - fN(yg)rD +(1- FN(%))) (r —r5)
Ui vy vy N
(fN(22 I (1= Ry + P oy - DD VD) -5, B29)

We can simplify the RHS because by (A-22), which implies 1—F N(%) = I ) (N5,
the first term becomes

y yY N vy, yN
fN<22)5+fN(22) fN(;) (1—FN(2)>:0,
and the second term becomes
yN yV\IN N yNy,.N N
P )5 DO | ) - 2SS e )

11



Because 1 — FN(%) = fN(yT)(Tg —0—1) <4, fN(%) (¥ =8 — 1) < 1. As aresul,
by (B-29), we obtain

GELEL
%)

<0
(ry =0 —1%)
Thus, we obtain r5 < 74, O

Lemma B-1. In the symmetric game, an equilibrium policy for party R’s candidate satisfies
rTAa<Tp— (RA — RD)

Proof of Lemma B-1. See Proposition 3 in Hummel (2013). O

Proof of Theorem 4. We continue to use the notation for z°, 2™, y° 4"V as defined in the
proof of Theorem 3. Note that under both scenarios, 0 < Fy(z) — Fg(x) < € - € for every
x € [—a, a] and further,

(A) Under the scenario of extremists’ change, for every x¢,z1 € [—a + € al, Fnx(zo) —
Fs(xo) = Fn(z1) — Fs(21);

(B) Under the scenario of centrists’ change, for every = € [—a, a] \ [—€, €], Fx(z) = Fg(x).

Because Vjj (I3, La, 75, Ra) = Fs(0)(La 4+ 13) + (1 — F5(0))(Ra + r3) — Mg and

I5 = —r%, we obtain

VZ\IJL (lg7 LA7 T’IJX, RA) - V]@L (lia LA? Tia RA)
=V (13, La, 75, Ra) = Vi) (1Y, La, 7 Ra) (B-30)
r + 1 i + lﬁ))r%

= FN( 5

)i + (1= F(

In regime 1 equilibria, the following holds:
V]\]/\[]L (lgv Ly, TIJX’ RA) - VJSL (lia Ly, T’i, RA)
= VJ\]/IVL(lg)LD)T,]XaRA) _VJSL(Z%7LD7T§17RA) (B'Sl)
= VﬁR(li, La, 7’%, RD) - VA]/\[[R(lga Ly, Tg7 RD)

Step I. Calculating (B-31).
Consider d(r — § — [)(1 — F(“t*2)) when r and [ change. It is given by

<(1_F(r+é+5))_r—g—lf(r—i—é—i—é))dr

B <(1F(r+é+5))+r—§—lf(r+;+5)> dl.

12



Similarly to (B-27) and (B-28) in the proof of Theorem 3, by applying the first-order condition
(A-22), we can compute that (13 —§ —15)(1 — FN(§)) —(rN—06—-1)(1 - FN(%)) equals

N N_(;_lg yN

- (= A+ B2 ) g - )

Let FM%) - FS(§) = ¢1. By property 5, ¢; > 0. The RHS of (B-30) is given by

VﬁR(li,LA, rls% RD) - V]\]/\[R(l%, LAﬂ"g, RD)
S N
=1+ () =6~ 1)~ Fs(5) = 1) = () — 6 — 1) (1 = Fn(5)
S S

— (5 =3 =D = Fn(5)) + () =0 =11 — (%)

yN rg—é—lN N

=G -+ (D —6—13)e - <(1 — Fn(5)) + 2AfN(y2)) a5 — 1)

N N

—5 -1y, YN
=(rp =9 - l3)er + (FN<y2) - rDQAfN<y2)) (B3 = ). (B-32)

Similarly, consider d(r — § — ) F(“*,=2) when r and [ change. It is given by

(F(r+l—5)+r—é—lf(r—i—l—&))dr

2 2 2
_(F(r+l—5)_T—é—lf(r%—l—é))dl'

2 2 2

Then, by applying the first-order condition (A-20), we can compute that (r§ —d0—12)) Fy( %) -

(rf — 6 — lg)FN(%) equals

N N __ 5§ N N
(FN(%) + Wffv(%)) (i = i),

Let Fiy(%) — Fs(%) = €. By property 5, o > 0. The RHS of (B-31) is given by

V]\%L (l%7 LD7 Tia RA) - V]\]}L (lg7 LD7 Tf{ya RA)

s s s z° N N N a
=13+ (rz—0-— ZD)FS(g) +ry —(ry —0— ZD)FN(T)
s S a® S S a®
50— )+ (- - 1) ()

N rN -5 =1y N
== 0= e+ (A + P ) ) 05 - ). B39)
Let

N N _§5_ N N N N _§_ N N
=1 Fy(G) = AP () and xe = P () = 2 ().

13



By the results of Step I into (B-31), equating VAQVL(lg, Lp,m, Ra) — VJ@L([%, Lp, S, Ry)
and Vi (15, La, 75, Rp) — ViY. (I, La, 7, Rp) yields

(ri =0 = 1D)eo — xalrk —rd) = (rp = 6 — Id)er + X1 — 1) (B-34)

Therefore,

s Xegs gy, b= a— (50—
X1 X1

RG]

X1 X1

Let Fiy(0) — F5(0) = e4. Then V,jj (1%, La, 7YY, Ra) — V37, (I3, La, 73, Ra) is rewritten as

(B-35)

s S Y+ n Y+ N
Fs(0)I3 + (1 — Fs(0))ra — Fn( Ja — (1= Fn( N7 a
_ S s N N
= Fs(0)I3 + (1 — Fs(0))r3 — Fin( A —(1—FN(T))7“A
— Fn(0)I5 — (1 = Fn(0))r5 + Fn(0)I5 + (1 — Fx(0))r5

r%—i—lf{y
2

oear + (FN<o>zi ~ py(A iy ) ¥ ((1 ~ () - (- Ey(PE ) ) - (B36)

Consider how G(*$¥) - « when  and y change where we denote g(z) = d6() Then

dx
+ w - + Lﬂ -
d(G(E . by gy = (A2 22> +G(E . Sl ik 22) dy.
Consider how (1 — G(%3¥)) - y when z and y change. Then
Tty —g9(*3%) -y Tty g(54) -y
A0 - Gy = (R - ey - B2
Then the second term of (B-36) is
S+ 15 ri 4+ 1%
Fin( A2 )5 — P (2 5 SN
TS ZS TS+ZS s
fN( AJFA),ZS rS 418 fN(A A)_l
_ [+A+FN(%) -+ PR s
Similarly, the third term of (B-36) is
r§ + 15 ri + 1Y
(1— Fy(-2 5 )i — (1= Fy(2=—2)r)
S S S S
rS 13 fN(m> S fN<’"A+lA) S
= (= Ry - R ey - R ),




Substituting the two terms into (B-36), we obtain

VJ\J}]L (lgv Ly, TIIXJ RA) - V]\élL(li: Ly, rfly RA)

. ’,"S N . T’S N
= et [P po)] -+ PO e -y
S OB
# [P pop)] - 6 - o+ PO -

= 2ear} + (fn(0)r — Fx(0)) - (1 = 13) + (fn(0)rd — (1 = Fx(0)(r} —7r3). (B-37)
Thus, by (B-31),

2eary + (fw(0)r = Fn(0)) - (1Y = 13) + (fw(0)r — (1 = Ey(0))(r} — )

= (7"/% —0— lfx)el - X2(lg - li)-

Then,

INOrZ—FN(0) | fN(O)ri—(1-FN(0)Y N _ ;S
X2 <1 + o + o (L4 —12) (B-38)

0)rS —(1—Fn (0
= (rd) — 6 —15)er — 2ear — In(Ora X(l () (13 — 0 —15)(e1 — €).

Step 1l. Completing the proof.
By applying (A-20) and (A-22),
2N yN
xi=1-2Fy(=) > 0and xo = 2F(%) — 1> 0.
By the slopes of expected payoffs, f(0)r5 — Fyx(0) < 0and fn(0)r5 — (1 — Fx(0)) < 0.
Therefore, fi(0)r3 < 3. Therefore, for some ~y, we have

fn(0)ri — Fn(0) N fn(0)ri — (1= Fn(0))
X2 X1 X1

1+

When ¢y = €; = €4 by (A) under the scenario of extremists’ change, the RHS of (B-38) is

(1 —Fn(0)) — fa(0)r}
X1
= el(r% —5—li —27“;91) = el(r% —5—ri) >0,

(r% —J— li)el — 2€ATi + (7’% —0— li)(el —€p)

where the last inequality is due to Lemma B-1, which shows 7%, — § — r5 > 0.
When 0 = ¢y = €; < €4 by (B) under the scenario of centrists’ change, the RHS of (B-38)
is
(1 - Fy(0)) = fn(0)ri
X1

(7“% —_— li)el — 2€A7“i + (7’% —0— li)(el —€)

= —26,47”5 < 0.

15



Consider the LHS of (B-38). By (A-20) and (A-21), r§ = S22 Thus, the LHS is

Lrs(2)
ositive if and only if (Fs (7)) < By (%) By Assumption 1, we have Fs() < L) %
p yiT s O pion 1, fo22) S Ts0) T 50
Qfs( 2 ) 2
2% \\2 1 29
By property 5, we have Fg(%') < Fy(%). Thus, we have (ii((fi))) < 2}2((0)2 ). Because
2

N

25 \\2 1 =N
2% and v can be arbitrarily close, we have r§ = (is ((js))) < QFJcZEO)Z ! Given In(0)rf <
s(55

FN(%), the LHS of (B-38) is negative. Combining these observations, we obtain the desired
result. H

Proofs of Results in Section 4.2

Proposition B-1. Ler F' is uniformly distributed in [—1,1]. In a regime 1 equilibrium, the
following holds.

Oy — 1) O(ry — 1)
— = d — = .
oLx <0 an oLn, >0
Proof of Proposition B-1. From Proposition 1 we have that:
" dr?
iy (5 = Ra = )+ (L~ Lo) 7 + La) (B-39)
dla /(2(La— Lp)(ry — Ra —a) + (L — L}))
d,
v e (-5 oo
dla /@(Ra—Rp)(b—La—13) + (R} — Rp))
Let’s assume for a moment a symmetric case in a regime 1 equilibrium and let
U= (2(La — Lp)(ry — Ra —a) + (L} — L}))
= (2(Ra— Rp)(b— La—I3) + (R4 — R})) € (0,b).
Therefore,
dry dr?
=02 (r} — Ra— Ly—Lp)—2+1L B-41
T ((TA Ra—a)+(La D)dLA+ A) (B-41)
dr olly
—A U Y2 (Ry—Rp) (1 A, B-42
dL (Ra D)<+dLA (B-42)
Combining (B-41) with (B-42),
dry

=yl ((r;g —Ra—a)+ (La— Lp)U "*(Rs — Rp) (1 + jif‘ ) + LA>
A

U2 ((La— Ra) 4 (ry —a) + (La— Lp)¥~?(Ry — Rp))
a 1—\11_1(LA—LD)<RA—RD)
\11_1/2((LA — RA> + (7’2 — (l)) + (LA — LD)‘IJ_l(RA — RD)
1-— \I/_l(LA — LD)(RA — RD)

dL4

16



By symmetry, we obtain
diy, UV —a)+ UYLy — Lp)?
dL, 1 — UYLy — Lp)?
Symmetrically, we obtain
dryy  UTY2(Ry— Rp)+ V' (Ra — Rp)(r} — a)
dL, 1—-V-YLy— Lp)(Ra— Rp)
lllil/2(LA — LD) + \Iffl(LA — LD)(’I“:Z — CL)

— > 0.
1—VU—Y(Ly— Lp)?

> 0.

By some calculation, because
U2 (ry —a) + U (La — Lp)? - UYLy — Lp) + V" (La — Lp)(ry — a)
1—V-YLsy—Lp)? 1—WV-YLy—Lp)?
we obtain (% +b) > Rs— Rp. Therefore, in a regime 1 equilibrium, we have that R4—Rp < b

and 7% > 0, where the last inequality holds. It follows that 0 < 211;;}4 < % and starting from

a symmetry situation, we conclude that when L 4 increases, 1% — [’ decreases.

By the similar procedure, starting from a symmetric situation, we have

dl’ dr?
= U2 —(r* — Ry — La—L A_ L B-43
o (<05~ Ra = @)+ (L~ Lo) 572 L (B43)
dr’ dl
— /2 — A B-44
dLp (Ffa = Fp) (dLD> (B-44)
Combining (B-43) with (B-44), and in a symmetric situation,
di; drs
ity =¥ (0 ma e v ) (G ) - 10)
—1/2(__ (0% __ .
_ VP (Ea—Lo) (B-45)
1—W-Y(Ls—Lp)?
Using (B-44) into (B-45), we obtain
dl’
B-4
Ly <0 (B-46)

Plugging (B-46) into (B-44):

dr’
dLp

— U2(R, — Rp) <‘I’_1/2(_(7"j% —a)+ (La— LD)))

1 —V-Y(Ls—Lp)?
Notice that

~1/2 — (Ba— Bp)
U / (RA - RD) - \/Q(RA _ RD)(b — Ly — l*A) + (R,24 - RQD)

_ (Ba— BEp)
2(b—La—15) + Ru+ Rp

<1,

17



ifand only if 2(b— L4 — %)+ Ra+ Rp > (R4 — Rp), which implies 20 — I* > 2(L4 — Rp).
This holds in a regime 2 equilibrium where [’y < 0. Then we obtain % < jzj; < 0.

But now, let’s consider a new increment on L 4, which extends the analysis of a symmet-

ric case to an asymmetric situation after the previous increment on L,. From our previous

calculations we have that,

diy Vg ((La = Ba) + (15— @) + (La — Lo) W "0, P(Ra — Rp)

TA
dL A 1= WLy — Lp)(Ra — Rp)
dry, U (Ra = Rp) + W U2 (Ry = Rp) (s — a)
dL A 1= W2 (Ly — Lp)(Ra — Rp)

where
Wy = (2(La— Lp)(ry — Ra —a) + (L} — L))

U, = (2(Ra— Rp)(b— La —I3) + (R4 — R%)).

Then, # > dr“ if and only if

W2 (Lo = Ra) + (= a)) + (La — Lp) V2022 (Ry — Rp)

r

> U2 (R = Rp) + 9 P02 (Ry — Rp) (1 — a).

This inequality holds for the following reason. From the initial increment on L 4, [; increases
in a larger magnitude, because \I/l;\ < ‘Ifr; < 1 1implies \1112\1/2 > \11;21/2. Then \I/;;/Q(RA—RD)
is still less than 1, in the asymmetric case we consider, L 4 is higher than the initial symmetric.

Therefore:
W = a) > 0P (R = Rp) (- ).

From symmetric situation we have prove that:
ULy = Ra) + W20 P (Ry = Rp) > W% (Ra — Rp),

V2 v . 1/ and Ly is higher, the inequality

Because the current asymmetric case we study, \If
also holds.

As a consequence, we obtain
dl dr*
dL, dLy4
Consider the situation where instead of increasing L 4, we increase Lp. Notice that param-

eters that affects [’j are the same for changes on L4 and on L. However, 77 is less sensitive
dl Ly

o

to changes on Lp than L4. As 7 i
[% is also less sensitive to changes on L than L4. Then, the effect that a preV10us margmal

increment of Lp has on ¥;: and ¥, is compensated for a marginal increase in L 4.

18



Repeating the same exercise but with an increase on L we have the same result:

dr? _ dl’
A ‘I’r;gl/Q(RA — Rp) ( 2 ) :

dLp dLp
In a regime 1 equilibrium, % is still negative. Then, as we have shown that \Ifr_Al/ 2(R A —
.y dr,
Rp) <1, weobtain ;& < ;72 < 0. O

Proposition B-2. Let F' is uniformly distributed in [—1,1]. In a regime 1 equilibrium,

o=t _y . =l

OL. oL, =0

Proof of Proposition B-2. Starting from symmetric situation such that b < L, — Lp, the
difference between advantage and disadvantage candidates is already too high and regime 1
arises. Therefore at any marginal change of L 4 or L that preserves the inequality, the optimal
[, that ensures winning the election remains between [V ,, My] and therefore the differentiable
between 7% and [’} remain constant. Following the same logic, identical behaviour if after the

marginal increment of L 4 or L we increase again one of both variables. [

Proof of Proposition 1. Assuming uniform distribution on support [a,b]. Then, in equilib-

rium,
agrijlj‘j—l—zLD—RA <
agrﬁﬁ—lﬁﬁ—zLA—RD <

The detailed calculations are available upon request. We provide the main steps of calcula-
tion. By (A-20),

Lp+ry—Rys—1lp=r4+1p+Lp—Ra—2a; and

5 =a.
Similarly, by (A-22),

Rp+ry—La—0y=2b—a)— (r, +14+Las— Rp—2a); and

* J—
rH =b.

By substituting the uniform distribution F' in (A-23), and modifying, we obtain the desired
results. O

Proof of Theorem S. The result is obtained by Propositions B-1 and B-2. O
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Proof of Theorem 6. Let a + b = k. Using Proposition 1, taking the derivative with respect

to a yields
ay NIy (dr; B 1)
da V2(ryy — Ra—a)+ (La+ Lp) \ da
dry _ VEi—Rp ().
da V2k—a—Ls—1%)+ (Ra+Rp) \ da
For notational simplicity, let L := \/2(1“2712 if;)IjFD(LA+LD) and R := \/z(kiaivafg:i(RAJrRD).

Then we obtain
dry B 1+L(R—2).

da  1—RL
dry, —1+2R—LR
da 1—RL

Then 1 + L(R —2)+1—-2R+ RL = 2(1 — L)(1 — R) > 0. By (A-20) and (A-22),
b—Ls—10Uy>dp,—La—1Uy >—Rpandr}y — Ry > 1}, — Lp > a — Lp. Therefore, we
obtain

2(’/’:2—RA—CL)+(LA+LD) >LA—LD;
Q(b—LA—ZZ)—i-(RA—FRD) > R4, — Rp.

dr o dlY
Thus we have L < 1 and R < 1. Thus, 54 — 54 < 0. When we decrease a, we have

dar, ar drt dl
d(bfa) - d(bfa) = (d_: - d_;:) -(=1) > 0.

Using Proposition 1,

dary vVLi—Lp dr
db \/2(ri — Rs—a)+ (La+ Lp) db
driy - vVRa— Rp (1 _ dl2>
db V20 —La_13) 1 (Rat Bo) db
/Ri—R o dar . dr? . d(rn =)
Because 1 > R = \/2(b—LA—?j4)+fRA+RD)’ by substituting - into —*, we obtain —4—4> >
0. O

Proof of Theorem 7. By (A-20) and (A-22), we have
TZ + l*D + L D — R A

Lp+7ry—Ra—1} = 5 —a (B-47)
RD+r;5—LA—l;:b—TBHT“ZLA_RD. (B-48)

Thus by modifying (B-47) and (B-48),
oo Tat L?f’ —Ra ga (B-49)
r = gb + m. (B-50)
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By substituting (B-49) and (B-50) into (B-47) and (B-48),

2r+Lp — Ra) 2
Lp+r4—Ra—1} = (TA+3D A>—§a>0 (B-51)

2 204 +Li—R
Rp+rh—La—13=3b— (G + 3A o) .. (B-52)

By (B-49) and (B-50), and the property of the equilibrium we consider here,

A(r +Lp — R 2
rz—i_l*D—i_LD_RA: (TA+ 3D A)+§CL<O; (B-53)

2 Al +Ls—R
La+rp+La—Rp=3b+ Uhs 3A o) .. (B-54)

Case 1. Suppose that [y + % + L4 — R4 < 0. Then (A-21) and (A-23) are rewritten as

Pi+ri+Ls—R 8

(4 " > A A—a)2<LA_RA+TZ_lZ>:2_7<T2+LD_RA_CL>3

1L Bi4ri+La—Ra LI 3
Q) (Ra— Lyt 1 — 1) = S (b= (I + L — Bp))P.

2 2 A (Ba=Latry=la) =gy g7 (0= (a+La= o))

When L 4 increases,

3
_rjl—l—LD—RA—a

dr’ 1 _ 1 B 3 )
dL 4 LA—RA—FT:Z—ZZ RA—LA—FTZ—ZZ T’Z—FLD—RA—CL

_dl;( 1 1 N 3 )
CdLa \La—Ra+7r—14 Ra—La+7ri—10% b—(I+Ls—Rp)
3

b—(I%+Ls— Rp)

i,
dL,"
When Lp increases,

d *
Then we have T4 <
A

dr’ 1 B 1 B 3 )
dLp LA—RA—l—TjZ—lZ RA_LA"i‘Tjg_ljl Tz—i-LD—RA—OJ

_dljg( 1 B 1 N 3 )
dLp \La—Ra+714, -1, Ra—La+r—10% b—(I'+La— Rp)

dr, iy,
Then we have Iy ~ oo

Case 2. Suppose that [y + 1% + L4 — R4 > 0. Then (A-21) and (A-23) are rewritten as

1 +r5+Lis— Ry . N 8 1 .

g(b— 44 5 )2(LA—RA+TA—ZA)=2—,7'(—5)'(TA+LD—RA—G)3
I 4t 4 Ly—R o )

(b—4—4 5 = A)Q(RA_LA—I—TA_ZA):2_7'([7_(ZA+LA_RD))3'

The proofs are done in the same way with Case 1.
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Proof of Theorem 8. The proof works in the same way with Theorem 7. First, we show

dl

dr*, * . . .
d—;‘ < d—;‘. Consider case 1 in the proof of Theorem 7. When a increases,

3 +1
"y +Lp—Ra—a a

L 1 1 3
da LA—RA—FT;Z—Z:Z RA—LA—FTZ—ZZ T‘Z—FLD—RA—CL

_dlj,( 1 B 1 N 3 )
da \La—Ra+7r5—14 Ra—La+7ry—0 b—(I+Ls—Rp)/)’

Then we have

dr, 1 1 3
da LA—RA—FT:Z—Z:Z RA—LA—F?”Z—ZZ T;—FLD—RA—G

<dz;( 1 - 1 . 3 )
da LA—RA—FTZ—Z; RA—LA—FT’Z—ZZ b—(lz—i—LA—RD) '

Then we have &4 < 4 Now, suppose ay < ag. Then, rf‘:ﬂ < lf‘:lg . Thus, we obtain
da da pp as—an as—an
Tg—l%>rfl—lf,. O
Proof of Proposition 2. Equations (A-21) and (A-23) are
2
W(LA—li—RA—FTi):g(Ti—FLD—RA—a)ﬂ‘LD (B-55)
2
(1—=7)(Ra+7r5—La—13) = g(b —(I5+La—Rp)) (1 —7gp). (B-56)
In society /V, because the density around a increases,
2
(m+0)(Lg— 1% — Ry +7Y) = g(rﬁ + Lp — Ry —a)(mpp +0) (B-57)

(1—7r—5)(RA+er—LA—le):g(b—(zfX+LA—RD))(1—7rRD—e). (B-58)

Denote dry = 7} — 73 and di4 = [} — I5. Then by the first order approximation, we obtain

2 2
5(LA — RA) + 7T(d7“A — dlA) = gé(LD — RA - CL) + §7TLDC1’I“A (B-59)
2 2
—0(Ra = La) + (1= m)(dra —dla) = =20(b— La+ Rp) = 5(1 = mgp)dla.  (B-60)

Thus we obtain

di dTA(37T—27TLD)—|—35(LA—RA)—25(LD—RA—CL)
A ==
3

. dTA3(1 —7T) —35(RA—LA)+2(5(Z)—LA+RD)
n 3(1—7T)—2(1—7TRD)

(B-61)

. (B-62)
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Then

dr 3m—2mp 3(1—m)
4 3 3(1— ) — 2(1 — mrp)
_5. —3<RA—LA)—|—2(b—LA+RD) B 3(LA—RA) —Q(LD — R4 —CL)
B 3(1 —7) — 2(1 — mrp) 3 ‘
Further,
3 —27Lp 3(1—m)
dis -3 —
4 W( 31 3(1—7r)—2(1—7rRD))
3 — 27TLD
=9J- (=3(Rs— L 2(b— L R
<3(1—7r)—2(1—7rRD) (=3(Fa )+ 2 A+ fp))
27
3“’ - (3(La — Ra) — 2(Lp — Ry — a))> .
T
Then,
3(LA — RA> — Q(LD — R4 — a) = 3(LA — RA) + Q(RA — LD) + 20,;
—3(RA - LA) + 2(b — L+ RD) = 3(LA — RA) + Q(RD — LA) + 2b.
Then we obtain the desired result. O

Proof of Corollary 2. Suppose m > 7, and % <7 < mr. Then Y < 0. In addition, suppose
b—a > (Ra— Lp) — (Rp — La). Then because 3(1 — 7) — 2(1 — mg) > 3w, we obtain
X > 0. Then Y < r¥. Also, because

(3(LA — RA) —+ Q(RD — LA) + 2b B 21y X)

3(1—m) —2(1 —7R) 3
_ (1 B 27rL> 3(La = Ra) +2(Rp = La) +2b  3(La— Ra) +2(Ra— Lp) +2a
3 3(1—m) —2(1 —7R) 3
- <1_ 27TL> S(LA—RA)+2(RD—LA)+2b+ 3(LA—RA)+2(RD—LA)+2b -0
3 3(1—m) —2(1 —7R) 3 ’
where the last inequality is due to 24554 > R, — Ry, — b. Thus we obtain I} < I5. O
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