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Abstract

Electoral platform convergence is perceived unfavorably by both the popular press
and many academic scholars. Arguably, “it does not provide enough choice” between
candidates (Committee on Political Parties, 1950). This paper provides a formal ac-
count of the perceived negative effects of platform convergence. We show that when
parties do not know voters’ preferences precisely, all voters ex-ante prefer some platform
divergence to the convergence at the ex-ante median. After characterizing the unique
symmetric equilibrium of competition between responsible (policy-motivated) parties,
we conclude that all voters ex-ante prefer responsible parties to opportunistic (purely
office-motivated) ones when parties are sufficiently ideologically polarized that platforms
diverge, but not so polarized that they diverge excessively. However, greater polariza-
tion increases the scope for office benefits as an instrument for institutional design: We
calculate the socially-optimal level of platform divergence and show that office benefits
can be used to achieve this first-best outcome, if parties are sufficiently ideologically
polarized.
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1 Introduction

Since the seminal papers of Hotelling (1929), Downs (1957), and Black (1958), models of
spatial competition have greatly advanced our understanding of elections and campaigning.
The central prediction is the median voter theorem: Given voters with single-peaked prefer-
ences over a unidimensional policy space and two office-motivated parties who are perfectly
informed about voter preferences, both parties locate at the median voter’s preferred policy in
the unique equilibrium. In particular, forces of electoral competition generate perfect policy
convergence. This insight extends to many variations of the basic model. For example, pol-
icy convergence occurs when parties are policy-motivated but perfectly informed about voter

preferences, or office-motivated and imperfectly informed about voter preferences.

Platform convergence is not perceived favorably by the popular press, nor by many aca-
demic scholars. To wit, it is often argued that there is “not enough choice” between candi-
dates, and that “they are all the same.” Indeed, a manifesto calling for “responsible parties”
presented in 1950 by the Committee on Political Parties of the American Political Science
Association, which included the most influential political scientists of the day, was based on
the premise that office-motivated parties do not provide the electorate enough choice. Their
opening statement reads, “Popular government of a nation [...] requires political parties that
provide the electorate with a proper range of choice between alternatives of action.” (Com-
mittee on Political Parties (1950), page 15). Page (1978), page 21, observes that “[Many]
American political scientists, most notably Woodrow Wilson and E.E. Schattschneider, have

[...] called for parties to provide the electorate with sufficient choice” (our italics).

Despite the wide-spread negative perception of policy convergence, we lack a simple theo-
retical explanation of its supposed negative effects. Indeed, under conventional assumptions,

it is easy to draw the contrary welfare implication that policy convergence maximizes voter

'Models that induce platform separation feature policy-motivated candidates with uncertain voter
preferences (Wittman (1983), Calvert (1985)), office-motivated candidates with asymmetric information
about voter preferences (Bernhardt, Duggan, and Squintani (2007, 2009)), platform-motivated candidates
(Callander and Wilkie (2007), Kartik and McAfee (2006)), heterogeneity in candidate valence (Aragones and
Palfrey (2002), Groseclose (2001)) or personality (Gul and Pesendorfer (2006)), the threat of entry by a third
candidate (Palfrey (1984)), or citizen-candidate models where candidates cannot commit to policies (Osborne
and Slivinsky (1996), Besley and Coate (1997)).



welfare. Most starkly, if voters have symmetric, single-peaked, risk-averse preferences, then
they all prefer the known median policy to an election between two differentiated parties that
win with equal probability and, hence, must be located symmetrically about the median bliss
point of the voters. This observation extends to spatial models of electoral competition that
derive policy divergence in equilibrium (e.g., the citizen-candidate models of Osborne and

Slivinsky (1996) or Besley and Coate (1997)).

Our paper begins by providing a formal account of the wide-spread unfavorable view of
platform convergence. We show that in a model where voters’ preferences are not perfectly
known by parties, some divergence in platforms benefits all voters ex-ante over the convergent
outcome of competition between “opportunistic,” purely office-motivated, parties. If there is
slight dispersion in party platforms around that outcome at the ex ante median, then each
party’s platform individually targets the median less accurately; but collectively, the platform
closest to the realized position of the median voter is more accurate. Thus, the message of

the Downsian model is fully reversed: Differentiated platforms raise voter welfare.

To gain intuition for this result, consider the following simple example. The preferred plat-
forms of voters are initially distributed symmetrically around zero, but voters receive a random
common shock p to preferences, which may take two values, —1 and +1, with equal probabil-
ity. Hence, a voter whose initial ideal policy location is d prefers +pu = d£1 at the time of the
election, and the median bliss point is . The realization of p is unobserved by parties when
they choose platforms. Consider any voter with initial bliss point § > 0, as the argument for
voters with 6 < 0 is analogous by symmetry. To fix ideas, suppose that the parties separate
their platforms, with the left party locating at —1 and the right party locating at +1. Then
the left party wins when the median is g = —1, and the right party wins when g = 1. In both
cases, the winning platform is § units away from the voter’s preferred policy outcome. Now
suppose parties are office motivated, so their platforms converge at zero, the ex-ante median
bliss point. If the voter is far from the median, i.e., § > 1, the policy outcome is always either
d — 1 units (if g = —1) or 1+ ¢ units (if x = 1) from the voter’s bliss point. The expected dis-
tance is the same as when party platforms diverge, as [(6—1)+(146)]/2 = J, but the voter now

faces greater risk. Provided the voter is risk averse, she is better off when platforms diverge.



The same result holds a fortiori, for any voter who is close to the median, i.e., 0 <6 < 1. In
fact, the expected distance between policy outcome and the voter’s bliss point when platforms
converge is [(1—0)+(1+49)]/2 = 1, which exceeds the expected distance, 0, when platforms di-

verge. We conclude that all voters are ex-ante better off when platforms diverge at —1 and +1.

Our analysis extends this simple example to general distributions of voters exhibiting pos-
itive correlation across voter ideal points. Augmenting this characterization, we calculate the
platforms that would be chosen by a benevolent utilitarian social planner who, like the parties,
does not know the voters’ preferences precisely. We show that when uncertainty increases,
i.e., the dispersion in the distribution of the median bliss point is larger, the socially optimal

amount of divergence increases.

Having concluded that some policy divergence unambiguously improves welfare, we proceed
to analyze the effects of candidate motivations on electoral outcomes and voter welfare. We
analyze a rich model of “responsible” parties with mixed electoral motives, caring about
the policies implemented by the winning party in addition to office benefits. We provide
general conditions for the existence and uniqueness of equilibrium in the party location game,
complementing the analyses of Wittman (1983) and Calvert (1985). We then derive the extent
of platform divergence that emerges in equilibrium. When the median policy is unknown, of
course, opportunistic parties’ platforms converge to the median of the distribution of the
median voter’s position, as candidates fail to internalize the externality of providing voters
choice. Responsible parties, in contrast, trade off the probability of winning the election
against the policy realized in equilibrium, typically choosing platforms closer to their preferred

policies than the median of the median policy distribution.

Responsible parties’ platforms diverge in equilibrium provided that the extent of ideolog-
ical polarization in party preferences is sufficiently large relative to the level of office benefits
and the degree of uncertainty about voter preferences. Given that platforms diverge at all,
divergence rises with both the degree of ideological polarization and the level of uncertainty
about voters’ preferences, and it falls with the benefits from office. Thus, we predict that
political platforms will diverge by more in polities that compensate elected officials by less, in

elections where polling is less precise, and in elections with longer political campaigns, where



voters’ preferences may change by more between the political platform presentation stage and
election day. As the extent of ideological party polarization grows arbitrarily large, we show
that the extent of platform divergence is bounded, and we derive an explicit formula for the

maximum equilibrium platform divergence consistent with responsible parties.

Assuming responsible parties are sufficiently polarized that they diverge, but not so polar-
ized that they diverge excessively, all voters are ex-ante better off with responsible parties—
providing a formal case for responsible parties. In fact, our bound on divergence allows us to
identify a wide class of model specifications for which responsible party platforms can never
diverge by too much: When uncertainty is normally distributed and voter preferences are
quadratic, voters always (independent of the degree of party polarization) prefer responsible
parties to office-motivated ones. That there always exists a range of office benefits for which
responsible parties improve welfare vis a vis opportunistic parties raises the question: Can
office benefits (salary or other perquisites) be used as an instrument to induce responsible
parties to choose the socially optimal level of dispersion?” We show that as long as the parties
are sufficiently ideologically polarized, then office benefits can indeed achieve the socially op-
timal level of platform divergence; and the first-best level of office benefits increases when the
parties are more ideologically polarized. An implication is that the rewards to holding office

should be greater in more polarized political systems.

2 Model and Preliminaries

In this section, we first consider the standard Downsian model, in which parties know the bliss
point of the median voter, and we make the straightforward observation that a majority of
voters are hurt by divergence from the median policy. We then modify the model to introduce

uncertainty about the location of the median voter.

Two parties, L and R, simultaneously choose campaign platforms, x; and xg, prior to
an election. We assume that the policy space is the one-dimensional continuum, . Each
voter is indexed by her preferred policy €, and when policy z is adopted, her utility is

u(@,z) = w(|f — z|). We assume that the loss function w is twice-differentiable, strictly



decreasing and strictly concave in x > 0, with w'(z) < 0 and w”(z) < 0 for all z > 0, and
that it satisfies the standard Inada conditions, w’(0) = 0 and lim,j. w'(z) = —00.? Because a
voter’s preferences are symmetric around her bliss point, each voter votes for the party whose
platform is closest to her preferred policy, voting for the parties with equal probabilities when
indifferent (or when the parties choose the same platform). We assume electoral ties are re-
solved by a fair coin toss. We initially assume that the median p of the distribution over 6 is

known and, without loss of generality, normalized to zero.

Let Wy(zy,zr) be the expected welfare of voter § when the parties choose platforms x,
and xgr, where without loss of generality, we assume that z; < xr. We first consider the case
where parties locate symmetrically around the median, xtg = —x;, = > 0, with each party
winning with probability one half. From risk aversion, we conclude that convergence to the

median policy, x; = 0 = g, increases the welfare of every voter: For each voter 6,

Wol—r,2) = gw (=2 —0]) + g (r —6])

< w (B(—x—e)%(:ﬁ—e)‘)

= w (=6 = qw (-6 + g (-6]) = W5 (0,0),

where the inequality follows from strict concavity of w (|-|). Now consider the case where depar-
tures from the median are asymmetric, x; # —xg, and suppose without loss of generality that

party L is closer to the median, 0 < |z.| < |xg|. Then party L wins, and voter ’s welfare is:
Wg (SL’L,SL’R) =w (|LL’L — 9‘) .

Then, by definition of the median, Wy (0,0) > Wy (z,xr) for a strict majority of voters 6.
Obviously, if one party locates at the median, then that party wins, and each voter 8’s welfare
Wy (zr,zr) coincides with Wy (0,0). We summarize this discussion in the following result:

Platform divergence from a known median policy always hurts a majority of voters.

Proposition 1 Assume that parties know the median policy. Then compared to platforms

that converge to the median policy, i.e., x;, = xr = 0:

2Qur analysis only uses the Inada conditions in Propositions 5 and 6.



1. Any other platform pair (xp,xg) symmetric around the median policy, i.e., with —xj =

xrr = x > 0, strictly reduces the expected welfare of all voters.

2. Any asymmetric pair (xp,rr) where neither party adopts the median policy, i.e., with

xp # 0 and xr # 0, strictly reduces the expected welfare of a majority of voters.

3. Voter welfare is unchanged by any pair where at least one party adopts the median policy.

Henceforth, we consider a setting where the median voter is unknown to the parties at the
time when campaign platforms are formed. We assume that the distribution of ideal points
within the electorate is known up to a shift parameter, p, which reflects a common shock to the
electoral environment. For example, after platforms have been selected, a weakening economy
may cause all voters to view an expansionary fiscal or monetary policy more favorably, or
terrorist attacks may make all voters more willing to accommodate civil rights restrictions.
More generally, voters may be initially uncertain about their preferences at the voting stage,

and learn their preferences during campaigns via their exposure to information about issues.

We also allow for each voter v’s preferences to be subject to an idiosyncratic shock, €,, to
reflect the evolution of her personal views relative to those of the median voter; and consistent
with a large electorate, we assume that there is no aggregate uncertainty in the realized distri-
bution of idiosyncratic shocks. The arguments of our paper all hold when idiosyncratic shocks
are absent, but we include them because allowing for such shocks enhances the richness of the
model at only a small cost in analytical difficulty. In fact, without ¢,, our model would imply
that the bliss point of each voter v never moves relative to the median voter’s bliss point u, and
voters whose initial views are to the left of the median will never revise their beliefs in a way
that locates them to the right of the median. By including ¢,, we allow the political campaign

process to change any particular voter v’s political views relative to those of the median voter.

As is standard in the literature on Bayesian games, we model the location of the median

voter as a random variable. Formally, we decompose the bliss point of a voter v as follows:
O, = 0y, + 1+ €.

The term ¢, represents the ex-ante location of voter v’s bliss point relative to the ex-ante me-



dian bliss point in the electorate. The empirical distribution of §, is given by a density h that
is symmetric around zero with connected and bounded support. The common shock g shifts
all voters’ bliss points in the same manner and is distributed according to a continuously
differentiable density f that is symmetric around zero with connected support. Symmetry
and differentiability imply that f’(0) = 0, and since the support of f is connected, we have
f(0) > 0. Finally, €, is an idiosyncratic shock that may change the position of voter v relative
to the median. We assume that ¢, is distributed independently of p according to a symmetric
density, g. With no aggregate uncertainty in the distribution of idiosyncratic shocks ¢,, the
location of the median voter’s bliss point is u with probability one, even though the identi-
ties of the ex-ante and ex-post median voters differ with probability one. It follows that the
median bliss point is distributed according to the density f. Accordingly, f(0) represents the
likelihood that the median voter is perfectly centrist, or equivalently (when party platforms

are symmetric), it is the likelihood of an electoral tie.

3 Ex-Ante Voter Welfare: The Value of Choice

In this section, we establish that voters ex-ante unanimously prefer divergence of party plat-
forms, up to a welfare-improving threshold, to convergence to zero, the median of the density
of the median bliss point. We then characterize the utilitarian optimum — the policies that
maximize total ex-ante voter welfare — and provide comparative static results with respect

to the distribution of the median bliss point .

Given platforms (z, zgr), we obtain the ex-ante expected welfare of voter v by integrating
over the common shock p to the electorate and the idiosyncratic shock ¢,. Parties do not
see these shocks prior to choosing their platforms, and therefore their platforms are treated
as fixed in the calculation of ex-ante welfare. The outcome of the election does depend on

voters’ preferences, however, as the winner will be the party closest to the realized median.



The ex-ante welfare of voter v, denoted W, (zy,zg), is defined formally as:

+o0 [xr+2R]/2
W, (21, 28) =/ [/ w(ler — i — 60— eol) f () dp

— 00 o0

+/ w(lzr — 11— 80 — eol) £ (1) dp| g () des,

[x+zR]/2

where the location of p relative to the midpoint (z + zr)/2 determines the winner of the
election and, thereby, the realized policy outcome. If we view W,(—z,z) as a function of z,
then it is the integral of strictly concave functions and is therefore itself strictly concave. We
now show that voters unanimously prefer some differentiation of parties symmetrically around

the median of the median bliss point .

Proposition 2 There is a threshold policy & > 0 such that W, (—z,z) > W, (0,0) for all
voters v if and only if 0 < x < Z. That is, voters have a unanimous ex-ante preference for
symmetrically-differentiated platforms (x;, = —x,xr = ) over platform convergence at zero

if and only if the platform x lies in the interval (0,T).

The Appendix contains the proofs of Proposition 2 and other results not proved in the
text. In the Introduction, we discussed the special case where the median location p may
take two values, +1 and —1, with equal probability. We argued that every voter prefers the
two parties locating symmetrically away from zero at a distance of one unit to convergence
at zero. It is not obvious that this result extends to more realistic distributions of u, such
as the ones introduced in the previous section: Each voter v’s utility at the election stage
must be calculated for each realization of p, and ex-ante welfare is derived by weighting such
utilities by f(u).> To overcome this difficulty, the proof of Proposition 2 proceeds as follows.
We first show that W, (—x, z) strictly increasing in x at = 0 for each voter v, so continuity
and concavity yield a unique x, > 0 such that the voter is indifferent between the platform
pair (—z,,x,) and convergence at zero, i.e., W,(—z,,x,) = W,(0,0). We let T > 0 be the

minimum of z, over all voters,? delivering the threshold claimed in the proposition.

3Because f is symmetric, one may try to extend the logic of our introductory example, to show that for any
pair of realized medians —pu, i, all voters benefit if platforms diverge by —u and pu, or less. But this approach
would not deliver the desired result, as the density f places positive weight on arbitrarily small values of p.

4Specifically, the minimum is over voters with relative bliss points 4, in the support of the density h; since
the support of h is bounded and W, (—x,x) is continuous in §,, this minimum is well-defined and positive.



In sum, when the location of the median voter is unknown, some platform divergence bene-
fits all voters. Convergent platforms cannot perfectly target the median policy, and introducing
slight dispersion in party platforms, each party’s platform targets the unknown median less
accurately. Collectively, however, the platform closest to the realized median is more accurate,
raising the ex-ante welfare of the median voter. Then, as explained above, it is the fact that
each voter’s bliss point is correlated with the median voter, together with the concavity of
voter utility functions (so changes in policy far from a voter’s bliss point have greater impact),
that creates the scope for universal welfare gains. Provided platform divergence is bounded
from above by the threshold, z, divergence increases every voter’s welfare. We conclude that

the message of the Downsian model is fully reversed: Platform convergence hurts all voters.

Bernhardt, Duggan, and Squintani (2009) describe a version of Proposition 2 in the special
case where voter preferences are quadratic, the median bliss point is decomposed as u = a+ (3,
where « is uniformly distributed and 3 is a discrete random variable, and ¢, is degenerate.
Under the quadratic-form assumption of that paper, the ex-ante preference over symmetri-
cally located platform pairs are identical across all voters; in particular, the welfare of any
voter 4, only differs from the median voter’s by the constant —4%. Thus, once it is known that
some platform divergence raises the welfare of the median voter, it follows that separation
automatically raises the welfare of all other voters. The logic behind the result in Proposition
2 is deeper, as we establish that voters other than the median voter benefit from platform

divergence, even when they do not share the same ex-ante preferences.

To further elucidate the welfare properties of equilibrium platforms in the following sec-
tions, we conclude by considering the choice of party platforms by a utilitarian social planner.
For clarity of comparison with the equilibrium, we assume the planner faces the same uncer-
tainty as the parties, and because parties select symmetric platforms, we also constrain the
choice of the planner to symmetric platforms. That is, the planner chooses platforms (zp, xg)

such that —z;, = xp = 2* so as to maximize the total ex-ante welfare of voters,

wicen) = [T wteeusimah s

# [Tl d ) £ dn| g(e)deah G ds, ()

9



where we now integrate over voters to aggregate voter welfare.

The next result gives a first-order characterization of the utilitarian social optimum and
shows that the socially optimal level of divergence in platforms increases when the distribution
over the median grows more dispersed. This is intuitive: The social planner chooses (—z*, x*)
to collectively target the median voter’s location, so when the median is more likely to be fur-
ther from zero, divergence must increase. We formalize the notion of increased dispersion by
considering the density of x conditional on p > 0, denoted f(:|x > 0); then the median is more

likely to be extreme when f(-|u > 0) increases in the sense of first-order stochastic dominance.

Proposition 3 A benevolent utilitarian planner selects the platforms (—x*, x*), where x* is

the unique solution to

+o00 “+o00 max{O,m—(5u+Ev)}
/ / _/ w (x—p— 0, —€) f (1) dp
oo J—oo 0

[ W (=24 p+0, +€) f (1) du| g () desh (5,) o, = 0. (2)

max{0,2—(dv+e€v)}
A first-order stochastic increase in the conditional distribution of the median f(-|u > 0), corre-

sponding to an increase in the uncertainty about the median bliss point i, induces an increase

of x*.

We have already noted that the ex-ante welfare W, (—x, z) of each voter is a strictly con-
cave function of x. The utilitarian welfare function W (—z, x) is simply the integral over voter
welfare functions, and as the integral of strictly concave functions, it is also strictly concave.

Thus, the utilitarian optimum z* is unique and characterized by the first-order condition in (2).

4 Equilibrium Analysis: Responsible vs. Opportunistic
Parties

Until now, we have considered the properties of voter welfare divorced from an equilibrium
analysis of how parties, in pursuit of given objectives, actually position themselves in elections.

In this section, we provide conditions for existence and uniqueness of a symmetric equilibrium

10



along with a comparative statics analysis of equilibrium platforms, and we determine condi-
tions under which voters prefer responsible parties to opportunistic, purely office-motivated
ones. Our existence and uniqueness result holds, essentially, when the distribution of the me-
dian voter satisfies a standard monotone hazard rate condition. We find that all voters prefer
responsible parties to opportunistic ones when parties are sufficiently ideologically polarized
to differentiate their platforms, but not so polarized that platforms diverge by too much. We
provide an explicit bound on the maximum equilibrium divergence between responsible parties
as party preferences become more polarized, and we show that when parties are sufficiently

polarized, office benefits can be used to achieve the socially optimal level of divergence.

It is known that in equilibrium, opportunistic parties choose platform x = 0, the median
of the distribution of the median bliss point pu. We model responsible parties as having
mixed policy and office motivations, a la Wittman (1984) or Calvert (1985). For expositional
simplicity, we assume parties L and R have symmetric bliss points —t¢ and v, respectively,
so that ¢ > 0 measures the degree of ideological polarization between parties. For simplicity,
we assume that 1//2 lies in the support of the distribution of the median, i.e., f(1)/2) > 0.
The party that wins office also receives a benefit b € R, U {oco}. We focus on symmetric
equilibria, with —x; = xr = x. Hence, if policy x is implemented, then the payoff of party L
is w (| — ¢ — z|) if it loses the election, and w (| — ¥ — x|)+b if it wins; and the payoff of party
Ris w ([t — x|) if it loses the election, and w (| — 2[) + b if it wins. The case b = 0 captures

purely policy-motivated parties, and b = oo represents purely office-motivated parties.

Parties maximize expected payoffs, and to ensure that these expected payoffs are single-

peaked over the relevant range, we assume:

(A1) For all € [0,%/2],

fw _ fw)’
2 T 1-F(p)

f(w)
»1-F(p)

ing on [0,%/2].> This monotone hazard property is shared by most common distributions,

This condition is weaker than the assumption that the hazard rate

, is weakly decreas-

including normal, uniform, logistic, chi-squared, exponential, and Laplace distributions, as

°The hazard is weakly decreasing if and only if In(1 — F) is concave, which only requires —f/ (u) < T=F ()

11



well as any distribution with an increasing density.® The condition is frequently assumed in
the literatures on industrial organization,” auction theory, and timing games, and it is used
in work estimating conditional exit probabilities, where the condition is interpreted to mean

that, conditional on survival to p, the probability of exit is decreasing in pu.

To obtain the intuitive comparative statics that equilibrium divergence is increasing in

polarization and uncertainty about the median voter, and decreasing in office benefit, we use:

(A2) For all z € (0,7),
Wwor)  w@-u)
w(ptz)—w (@ —z) wptz)-w@—z)

We show in the Appendix that this condition is satisfied if the function w is a strictly increas-

ing and strictly concave transformation of its derivative w’. Loosely speaking, the condition
requires that w is “more concave” than w’. Assumption (A2) is reasonably weak, and indeed,
we show that it is satisfied by all power loss functions w(|z|) = —|z|* with a > 1; in particular,

it is satisfied by the quadratic loss function w(|z|) = —|z|?.
To characterize equilibrium platform choices as party ideologies, 1, grow arbitrarily polar-

ized, we use:

(A3) Each voter’s absolute risk aversion goes to zero for policies far from her bliss point, i.e.,

"
lim w'(z) =
T—00 w/([]j)

This weak restriction on the extent of voter risk aversion is satisfied by all power loss functions,

Cew(s])
vy — ¢ L

w(|z]) = —|x|* with @ > 1, which exhibit constant relative risk aversion,
a much stronger condition; in particular, it is satisfied by quadratic loss. In terms of risk
preferences, (A3) requires that the voters become less concerned about hedging against small

gambles over policies that are very remote from their preferred policies.

Next, we establish general conditions for existence and uniqueness of a symmetric equilib-

rium in the game between responsible parties,® and we characterize equilibrium platforms. We

6See Bagnoli and Bergstrom (1989, 1995) for a more complete list and characterization.

"For example, for a monopolist selecting the optimal non-linear pricing rule facing a continuous distribution
of buyer types, the monotone hazard condition ensures that individual incentive compatibility constraints for
buyers can be characterized locally by a first-order condition.

8Saporiti (2008), Proposition 2, derives a related result on existence and uniqueness in a probabilistic
voting model.
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derive a threshold level of party polarization, 1) = w'~*(—bf(0)), such that if polarization lies
below this threshold, then convergence at the median of medians is sustained as the unique
equilibrium;? and when polarization exceeds the threshold, equilibrium is characterized by
the parties’ first-order conditions, so we can derive comparative statics on the parameters
that describe the environment. Viewed differently, we can construct a threshold level of of-
fice benefit, b = |“}(0))‘, such that above this level, responsible parties converge. Thus, our
result complements the analyses of Wittman (1983), who considers candidates who maximize
a “weighted mandate” (p.151), and Calvert (1985), who establishes a continuity result for
responsible parties, but does not give conditions for existence or uniqueness, nor a charac-
terization of equilibrium for the case of mixed motives. An implication of our result is that

Calvert’s (1985) “estimated medians” result for office-motivated parties (b = 0o) extends to

the case of mixed motives as long as office benefits are sufficiently high.

Proposition 4 Under (A1), there exists a unique symmetric equilibrium (—z,x), and this
equilibrium satisfies x € [0,4). If |w' ()| < bf (0), then x = 0; and if |w’' ()| > bf (0), then
x > 0 is the unique solution to
W (% — 2)
wW+z)—w—x)—>
Adding (A2), if equilibrium platforms diverge, i.e., x > 0, then responsible parties adopt more

= f(0). (3)

extreme platforms as (i) ideological polarization ¢ grows, (ii) the likelihood f(0) of an electoral

tie falls, or (i) office benefits b fall. That is a5 < 0.

;aw ’Bf

The cutoff level of office benefit that determines when parties converge in Proposition 4
is easily understood in terms of marginal incentives. When both parties locate at zero, the
marginal benefit of a small increase in party R’s platform is #, reflecting the fact that

party R wins approximately half of the time with a slightly preferred policy platform, and the
f

marginal cost is b reflecting the marginal decrease in the probability that party R wins.
Clearly, convergence at zero is supported in equilibrium if and only if the marginal benefit of

a small deviation, —w’(1)), is offset by the marginal cost, f(0)b, i.e., |w' ()| < bf (0). When

9The Inada conditions imply that this threshold is well-defined. The result holds more generally, where we
would allow 1 = oo.
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|w' (¢) | > bf (0), equilibrium platforms are interior and are characterized by the parties’ first-
order conditions: Given platforms (—z,x), the marginal benefit to party R of moving to the
(@

right is w, and the marginal cost is

(e~ 2) + b~ w(e + )L

Equating these two quantities yields (3). Uniqueness follows because under (A1), the left-hand

side of (3) is strictly decreasing in z, so the first-order condition has at most one solution.°

We now state a corollary that draws conditions under which the ex-ante welfare of ev-
ery voter is higher with responsible parties than with opportunistic ones, providing a formal
case for responsible parties. From Proposition 2, there exists a threshold Z such that if the
symmetric responsible-party game equilibrium (—z,z) satisfies 0 < x < Z, then all voters
prefer responsible parties to opportunistic parties that converge to zero in equilibrium. From
Proposition 4, equilibrium platforms (—z, x) are characterized by the first-order condition (3)
and satisfy > 0 when |w'(¢)| > bf(0). A straightforward continuity argument then implies
that when the latter inequality is close enough to holding, equilibrium platforms respect the

threshold 7, i.e., 0 < x < Z, and hence voters prefer responsible parties to opportunistic ones.

Corollary 1 Under (A1), in equilibrium, voters have a unanimous ex-ante preference for
responsible parties over opportunistic ones if ideological polarization 1 is large enough rela-
tive to office benefits b and the likelihood f(0) of an electoral tie to induce responsible-party
platforms that separate, (—z,x) with x > 0, but 1 is not so large that parties diverge by
too much, x > . In particular, responsible parties raise the ex-ante welfare of all voters if

—e < bf(0)+w'(¢) < 0 holds for sufficiently small € > 0.

The comparative statics in Proposition 4 have natural interpretations. As one would ex-
pect, parties adopt more extreme platforms when they are more ideologically polarized or
when the likelihood of a tight race decreases. For many symmetric distributions (e.g., nor-

mal, t, uniform), there is a one-for-one relationship between the likelihood of an electoral tie,

10Fstablishing existence is more involved, because the parties’ payoff functions do not satisfy the usual
concavity properties. The proof relies on the fact that every solution to the first-order condition must in fact
satisfy the second-order sufficient condition for a local maximizer.
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f(0), and extent of uncertainty. In our electoral context, a reduction in uncertainty about the
median voter’s bliss point may reflect more precise polling information on voters’ preferences,
or an electoral design with a shorter political campaign—as there is then less time between
political platform presentation and the election day for voter preferences to change—and the
proposition indicates that platforms will diverge by less in such instances. Similarly, we predict
that political platforms will diverge by less in polities in which the benefits of office (salary,
length of term, other perquisites) are higher. The comparative statics analysis also has inter-
esting implications for voter welfare. Proposition 2 together with the concavity of W, (—z, x)
provides the sign for the derivative with respect to the parties’ platforms when they do not
diverge by too much: For all policies in [0,7), we have %WU(—x,z) > 0. By Proposition 4,
using the chain rule, we therefore have

8Wv_de@>O and 0Wv_dWU0_x<O
oy dx O ob  dx Ob ’

for all x € (0,7) and all voters v. Thus, perhaps counterintuitively, we find that a small

increase in the level of party polarization can actually raise the welfare of all voters. To
construct a global picture of the effect of ideological polarization on voter welfare, we start
from ideologically identical parties, i.e., 1) = 0. A small increase in party polarization has no
effect, as it is not sufficient to induce equilibrium platform differentiation, i.e., we still have
lw' ()| < bf(0). Past the threshold level ¥ = w'~*(—bf(0)), equilibrium platforms diverge,
and small increases in ¢ raise all voters’” welfare up to a second threshold i, the value at which
party R’s equilibrium platform equals the cutoff, ile., x = Z. Past this point, g—i > (0 and the
concavity of W, (—z, z) imply that further increases in ¢ hurt some voters in the ex-ante sense.

Proposition 4 also reveals the limiting properties of equilibria in the game between respon-
sible parties as the model parameters b, f(0), and ¥ range over their domain. As stated above,
platforms converge at zero when office benefits are sufficiently great, b > b = £(0)/|w’ (¥)|;
and x > 0 is the unique solution to equation (3) when b = 0. It follows that platforms must be-
come arbitrarily close to the convergent platforms offered by opportunistic parties as the like-
lihood of an electoral tie grows: Even when b = 0, equation (3) demands x — 0 as f(0) — oo.
Conversely, w'() — ) — 0 as f(0) — 0, implying x — 1; without the possibility of a centrist

median voter to draw them inward, the parties pull their platforms to their bliss points.
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Finally, while the intuition behind the finding that greater polarization implies greater
dispersion between equilibrium parties is straightforward, the maximum extent of this disper-
sion is less clear. The next result establishes that as parties become arbitrarily polarized, the
distance between their equilibrium platforms remains bounded and converges to ﬁ. Interest-
ingly, this limiting dispersion is independent of office benefits and does not rely on a specific
functional form for voter utilities. In particular, it indicates that the effects of polarization
on platform divergence are mitigated when the election is likely to be close, i.e., when f(0) is

large. Further, it implies that we must allow i = 00, in case the responsible party equilibrium

platform z is bounded as a function of party polarization.

Proposition 5 Under (A1) and (A3), as party polarization grows large, i.e., as 1 — 0o, the

divergence between equilibrium platforms (—x,x) approaches 1/f(0), i.e., imy o x = SHOR

An implication of Corollary 1 is that there is always (for all values of the other parameters)
a range of office benefits for which responsible parties increase voter welfare. This raises the
following questions: What level of office benefits underlies the responsible-party equilibrium

that maximizes total welfare? Is it possible to achieve the first best?

The next result uses the bound on platform divergence from Proposition 5 to provide a
broad answer: If parties are sufficiently ideologically polarized, then one can obtain the so-
cially optimal policy platforms z* via an appropriate choice of office benefits b*; otherwise,
the optimal office benefit is b* = 0, but responsible parties still generate greater social welfare
than opportunistic ones. Further, we obtain comparative statics on the optimal office benefit

with respect to model parameters.!!

Proposition 6 Assume (A1) and (AS3). Suppose that the socially optimal platforms do not

diverge too much, specifically, x* < and that the level of ideological polarization i is

1
2f(0)°
sufficiently large. Then there is a level of office benefit b* that achieves the socially optimal
platforms (—x*, x*) in the responsible-party equilibrium. Adding (A2), the optimal office bene-

fit b* increases as (i) party polarization ¢ rises, (ii) the likelihood of an electoral tie drops, i.e.,

1 Ceteris paribus: In these experiments, we hold f(0) fixed while varying the social optimum z*, and we
hold z* fixed while varying f(0).
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ab

= >0 <0, and

(0

falls, or (iii) the social optimum x* falls. That is, 81!1

) f
> T’ or Y s not sufficiently large, the optimal office benefit b* is zero and 0 < x < x*:

The first best is not achieved in the responsible-party equilibrium, but responsible parties still

) af(o

generate greater social welfare than opportunistic ones.

Thus, ideological polarization creates the scope for obtaining the first-best platforms by
an appropriate choice of office benefit. To see how the social optimum can be achieved, recall

from Proposition 5 that in equilibrium, x — as polarization 1 increases. In particular,

_1
2£(0)

setting b = 0, when exceeds the social optimum x*, there exists 1° such that party R’s

_1

2f(0)
equilibrium platform equals the social optimum, i.e., 2° = x*. When parties are sufficiently
ideologically polarized, i.e., 1 > 9°, our comparative statics imply that equilibrium divergence
increases so that x* < x. We can then increase office benefits in a continuous fashion until
xr = z*, and we conclude that a social planner can adjust office benefits to maximize social
welfare. This positive result contrasts with the findings of Bernhardt, Duggan, and Squintani
(2009), who study platform separation induced by purely-opportunistic parties that receive
private information (through polling) about the actual location of the median voter. They find

the negative result that privately informed opportunistic parties can never induce as much

platform separation as is socially desirable.

The comparative statics in Proposition 6 are intuitive. For example, if polarization in-
creases, then Proposition 4 implies that party R’s platform increases, since 5= > 0, and office
benefits should then increase to compensate, since <2 < 0. Hence, office beneﬁts should be
higher in districts or societies characterized by more polarized political competition. Further,
recall from Proposition 3 that a first-order stochastic increase in the conditional distribution
of the median f(-|p > 0) raises the social optimum z*. Proposition 6 implies that if the spread
of the distribution of x4 increases (holding f(0) constant), then the optimal level of dispersion
between the parties grows, i.e., * increases. It follows that the optimal level of office benefit
decreases: Office benefits should be decreased when there is greater uncertainty about the
location of the median voter. Alternatively, if the likelihood f(0) of an electoral tie increases
holding z* constant, then b* decreases, and we conclude that office benefits should be higher

when the election is more likely to be close.
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5 Quadratic Loss and Normally Distributed Median

In this section, we specialize our general model by imposing added structure on voter and party
loss functions, and on the distribution of the median bliss point. This allows us to develop in-
sights and to obtain closed-form solutions for expressions we have characterized previously. Im-
portantly, we find that in the canonical setting where loss functions are quadratic and the dis-
tribution of the median bliss point is normal, responsible parties always (weakly) improve the
ex-ante welfare of all voters, with strict welfare gains for all voters as long as party polarization

is high enough relative to the ratio of office benefits to the variance of the median bliss point.
We first assume:
(A4) Voters and parties have quadratic utility, i.e., w(|z|) = —2? for all x.

With (A4), we obtain closed-form solutions for the socially-optimal platforms and the
responsible-party equilibrium locations. We then add the condition that the median bliss
point 4 is normally distributed, which allows us to sharpen our results and derive the impact

of the variance of p on equilibrium platforms and the optimal office benefit:

(A5) The median bliss point y is normally distributed with mean zero and variance o%: For

all 1, we have f(p) = ——e#°/(27%),

oV 2

The next lemma reveals that with quadratic preferences, all voters have the same ex-ante
ordering over symmetric platform pairs, rendering welfare comparisons unambiguous: The
socially-optimal platform pair, (—z*, z*), maximizes the ex-ante welfare of each voter. The
result applies, in particular, to symmetric equilibrium platforms of the game between the

parties.'?

Lemma 1 Under (A4), each voter v’s ex-ante utility from symmetric platform pairs (—zx, x)

equals the ex-ante utility of the ex-ante median voter minus the constant 52:

Ws, (—x,2) = —62 + Wo(—z, ).

12Bernhardt, Duggan, and Squintani (2009, Lemma 2) prove a similar result in a Bayesian environment
in which parties receive private signals about the median location, and, conditional on those signals, the
distribution of the median takes a specific functional form. See the discussion in Section 3.
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It follows that the social welfare function, W (—z, ), also differs from the ex-ante welfare
of the median voter by a fixed amount (the variance of §,), and we may therefore cease to
distinguish the welfare functions of individual voters from the social welfare function. Up to

a constant, we now have

W (—.2) = —2 / N / (ot ePg(e)def (u)d.

Viewing the integrand as a quadratic function of the random variable ;1 — €, we use mean-

variance analysis to rewrite voter welfare as
W(-z,2) = —[(z— Elu—elp>0])> = V[p—elu>0]
In particular, W(—z, z) obtains a maximum at
at =FEp—elp>0=Elulp>0],

where the final equality follows because p and e are independently distributed, and Ele] = 0.
Because W (—z, x) is quadratic and hence symmetric around z*, we further obtain that the
unique solution to the indifference condition W (0,0) = W(—z,z) is £ = 2z*. Thus, we have
an explicit expression for the threshold from Proposition 2, and therefore all voters ex-ante
prefer divergent platforms (—x,z) to convergent platforms (0,0) if and only if 0 < z < 2x*.

This discussion is summarized in the following:

Proposition 7 Under (A}), the symmetric platform pair (—z,x) that mazimizes the ex-
ante welfare of all voters is z* = FE[u|lp > 0]. Thus, shifting policy platforms out up to
x = E[p|p > 0] increases voter welfare, but further outward platform shifts past E[p|p > 0]
reduce voter welfare. Further, voters have a unanimous ex-ante preference for the platform

pair (—z,x) over the convergent platform pair (0,0) if and only if 0 < x < 2E[ulp > 0].

According to Proposition 7, the social optimum coincides with the expected median, con-
ditional on g > 0. This result refines Proposition 3, which shows that the social optimum
x* must increase when the conditional distribution of the median increases in the sense of

first-order stochastic dominance. Such an increase implies an increase of Efu|u > 0], but the
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opposite implication does not hold. Indeed, the result that x* = E'[u|x > 0] makes it possible
to determine the effect of any change in the distribution of p, including changes that are not
comparable in first-order stochastic dominance. In particular, adding the condition (A5) that
1 is normally distributed, the social optimum z* simplifies to the standard deviation o of
times a constant: z* = E[,u|u > 0] = 04/2/7 (Johnson and Kotz (1970)). For future use, we

note that 5 f(O = o+/7/2, from which it follows that

= Elp|lp > 0] < < 2E[p|p > 0]. (4)

1
(0)
To determine the precise conditions under which responsible parties to raise the voter wel-
fare, we must first sharpen our equilibrium characterization. Next, we use the structure of
quadratic utilities from (A4) to solve the first-order condition (3) in Proposition 4, yielding
a closed-form expression for responsible-party equilibrium platforms. Further, we refine this

result by adding (A5) to show that x is an increasing function of the standard deviation o of

w: In particular, x = 0 when o < bip/+/2m, and x approaches ¢ as 0 — 0.

Corollary 2 Under (A1) and (A}), the unique symmetric equilibrium (—x,x) is as follows:
If ¢ < bf thenx—O and zf¢>bf(0 then

21 — bf(0)
4f(0)¢ +2

Adding (A5), if < —= then x=0; and if > —=, then

4¢a—b¢2/7
1(o+uy2/r)

For responsible parties to raise voter welfare, they must be sufficiently ideologically polar-

ized to differentiate their equilibrium platforms, i.e., ¥ > of (0 , but not so polarized that party
R’s equilibrium platform z = 2?( %(Jrz exceeds 2FE [p|p > 0]. This latter condition simplifies

depending on two cases: In case > 2E[u|p > 0], it becomes

270)
1 bf (0) +4E [u|p > 0]
2 1—4f(0) Elulu > 0]’

T(O) < 2F[ulp > 0], the condition always holds, because party R’s equilibrium

platform is bounded above by T(O)‘ Importantly, using (4), we see that this second case obtains

P

while in case
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whenever the median bliss point is normally distributed. Thus, for a wide class of model specifi-
cations, the case for responsible parties is very strong: Voters always weakly prefer responsible

parties to opportunistic ones, strictly so if the parties provide any platform divergence.

Proposition 8 Assume (A1) and (A4). In case 55 > 2E[ulu > 0], voters have a strict

2£(0)
unanimous ex-ante preference for responsible parties over opportunistic ones if and only if
bf (0) 1 bf (0) + 4B [ulp > 0]

<Y<

2 1—4f(0) Elulu > 0]’

while in case 5 ( 7 < 2E[ulp > 0], as under (A5), responsible parties genemte strictly greater

2

ex-ante welfare for all voters than opportunistic parties if and only if ¢ > 0 , Ge., if >
under (A5).

2v/ 27r0

We conclude by reconsidering the issue of optimal institutional design. Returning to Propo-

sition 6, the critical condition 7 > a* reduces to 5= > E[u|p > 0]. This condition is

2f(0 2f(0)
permissive: Using (4), it is always satisfied under the normality assumption (A5). Assuming
the condition holds, Proposition 6 dictates that the socially optimal platforms can be achieved

by the appropriate choice of office benefits. We equate the first-best platform z* = E[u|u > 0]

with the responsible-party equilibrium platform x = Z;f( ;’ 1’2&2 and solve to obtain
1-2f(0)F >0 - F >0
b*:max{0,2¢[ £(0) Elplp > Of] — E [u|p ]}'
f(0)
In particular, responsible parties can achieve the first-best platforms x* in equilibrium when-
* _ob*
ever b* > (. In this situation, differentiation reveals that ~ >0, 30) < 0, and W < 0.

Intuitively, the optimal level of office benefits b* increases to offset the centrifugal effect when
parties become more ideologically polarized, the likelihood of a close election decreases, or the

uncertainty about the median bliss point decreases.

Adding (A5) sharpens these results: The optimal office benefit takes the simple form

o mfusvs(s(-2) o))

Differentiation reveals that b* increases in o, the standard deviation of u, for ¢ < o =

0 P(r—2)

max{ Y T 1}, but it decreases in ¢ for ¢ > . In sum, an increase in the variance of u
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—due to increased polling noise, or to increased voters’ uncertainty about their preferences—
has a non-monotonic impact on the optimal office benefit. This result reflects that increasing

o both decreases f(0), which increases b*, and increases E [p|p > 0], which reduces b*.

6 Concluding Discussion

We conclude by discussing the empirical relevance of our analysis. We begin by describing
the facts substantiating our analytical framework. Our starting point is the Downsian frame-
work, where voters vote according to well-defined ideological preferences on the left-right
spectrum. Although criticized in classical work such as the American Voter (Campbell et
al. (1960)), Converse (1962, 1964), and several subsequent contributions, the assumption of
issue-preference voting has found strong empirical support (see, e.g., Key (1966), Page and
Shapiro (1992), Achen (1975), and more recently, Ansolabere, Rodden and Snyder (2008),
and Jessee (2009a, 2009b)).

The key point of departure of our model and those of Calvert (1985) and Wittman (1983)

from the classical Downsian framework are the following two assumptions:

e Parties have mixed motives, caring both about the direct benefits of winning office, and

the policies implemented by the winning party.

e When parties/candidates choose platforms, there is substantial uncertainty about the

preferences over issues that voters will hold on election day.

The first assumption is hardly contentious. After all, Republican candidates systematically
present platforms to the right of Democratic candidates. Many researchers have documented
this separation (e.g., Poole and Rosenthal (1997), Budge et al. (2001), and Klingerman et
al. (2006)). This assumption constitutes one of the main differences between this paper and
Bernhardt, Duggan, and Squintani (2009), where candidates are purely office-motivated. In
that paper, the candidates, being ex-ante identical, condition their choices of platforms on
privately-observed polling signals in the same way, so even in the pure-strategy equilibria of

that model, each candidate locates to the left or right of the other with equal probability. This
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is ruled out when candidates have policy motivations, unless the degree of ideological polar-
ization is so small that it has no effect on party location. Further, because office-motivated
candidates can more easily find profitable deviations, they must be permitted to use mixed

strategies to obtain general equilibrium existence in the framework of our earlier paper.

We now elaborate on our assumption that voters’ election day preferences cannot be pre-
cisely predicted at the platform presentation stage. One can roughly decompose this uncer-
tainty into two components: (i) the noise in the parties’ assessments of voters’ preferences
at the platform presentation stage, and (ii) the extent of uncertainty about the evolution in

voter preferences after platforms are chosen, until election day.

The first source of uncertainty reflects factors such as the quality of information acquisition
or polling available to parties. While the craft of polling has improved significantly in recent
years, there remains significant uncertainty in trying to determine voter participation rates
of populations with different attributes. For example, there was substantial uncertainty over
the participation rates of young and minority voters in the 2008 Presidential election—and,
to the extent that such groups are more liberal, their participation rates would influence
the location of the median voter. So, too, uncertainty arises from trying to disentangle the
impact of question wording on survey responses. Often an apparently innocuous change in
the ordering or wording of questions can induce dramatic changes in responses. Rugg (1941)
reports an early example, one replicated by Schuman and Presser (1981): Approximately 20%
more people were willing “not to allow” public speech against democracy in the U.S., than
were willing to “forbid” public speech against democracy. Schuman and Presser (1981) also
found that the mere order of possible alternatives in questions can induce response changes
on the order of 20%. These results have been widely replicated,'® and suggest that voters’

preferences are hard to predict.

The second source of uncertainty about voters’ election day preferences is generated by

the uncertain evolution of voters’ preferences after platforms have been chosen. Indeed, Presi-

13 A recent account of these phenomena is reported by Mueller (1994): “One might conclude from this array
of results that at the time these polls were conducted, 28 percent of the population was wiling to initiate war,
38 percent was willing to go to war, 46 percent was willing to engage in combat, and 65 percent was willing
to use military force — that is, one could as easily argue that doves outnumbered hawks by two to one as the
reverse.” (p.30)
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dential and Congressional campaigns last for several months, providing ample time for voters’
preferences to change significantly in unpredictable ways.'* For example, whether most voters
will eventually prefer a monetary expansionist policy may depend on new data on the unem-
ployment vs. expected inflation trade-off. Similarly, whether a majority of voters will favor a
preemptive war may hinge on new facts regarding the seriousness of the military threat posed
by an enemy country. This source of uncertainty is consistent with the possibility that the
relative distribution of preferences in the electorate is known quite well to the parties, so that
each voter’s percentile in the distribution of bliss points may be stable; the key is that the
voters’ preferences over fixed policy platforms on election day will depend on unpredictable
aspects of the political and economic environment. Thus, the stability of the location of the
median bliss point reported by Merrill and Grofman (1999) and Adams, Merrill, Grofman
(2005) in the American National Election Studies data may simply suggest that respondents

placed themselves on a relative, rather than absolute, scale.'®

The unpredictable evolution of voters’ preferences during election campaigns is largely
determined by voters forming their own preferences during the campaign process. There is
significant evidence that voters are initially uncertain and ambivalent on issues, and learn
or refine their election-day preferences as they are exposed to campaign information.!%:17
The literature on deliberative polling (see, e.g., Fishkin (1997), Lushkin, Fishkin, and Jowell
(2004), and Fishkin (2009)) provides direct experimental evidence that voters significantly
update preferences on the basis of the information to which they are exposed, with opinion
changes in the range of 10-21% (the National Issues Convention). Gillens (2001) finds similar
impacts on survey outcomes when respondents are provided policy-relevant information. The

related experimental and empirical literature on priming (see, e.g., Iyengar and Kinder (1987))

further documents the impact of exposure to information on political preferences. Further

14 An indication of the extent of uncertainty that long political campaigns create is that in October 2007, the
Economist was predicting a Giuliani-Clinton campaign—that month the Iowa electronic markets had Hillary
Clinton roughly 5 times as likely to win the Democratic nomination as Barack Obama, and Giuliani was five
times as likely to win as John McCain.

15These authors consider data on voter self-placement on a seven-point scale in presidential election years
1980-1996. Over that period, the standard deviation of the location of the median self-placement was .14.

16This learning hypothesis is closely related to the theory that Zaller and Feldman (1992) and Zaller (1992)
propose on attitude formation.

1"We thank the Editor for suggesting this hypothesis as a justification for our core modeling assumptions.
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evidence for our learning hypothesis is provided by the finding that information is statistically

related with opinions on issues in surveys such as the National Election Studies (see Zaller

(1992), Bartels (1996), Althaus (1998), and Gilens (2001)).

Having discussed the empirical validity of the model, we turn to discuss the normative
and positive implications of our analysis. On the normative front, the primary message of the
paper is contained in Corollary 1, which outlines conditions under which responsible parties
raise voter welfare: As long as parties are not too ideologically polarized, the pursuit of policy
objectives by political parties does not hurt voters in expectation, and if parties are at all
distinct, divergence will help all voters. This message is strengthened in Proposition 8, which
shows that in a wide class of models, policy motivation always weakly improves the welfare of
all voters. Our comparative statics reveal, perhaps surprisingly, that voter welfare is single-
peaked in party polarization, as some ideological distinction between the parties can serve to
pull the parties apart; but it may be that too much polarization creates too much divergence,
eventually hurting all voters. Office benefits and the likelihood of a tight election have the
opposite effect on voter welfare: For example, increasing office benefits from zero draws the
parties together, and this can initially raise voter welfare, but further increases eventually

produce platform convergence and result in lower voter welfare.

Proposition 3 shows that optimal platform divergence increases as the uncertainty over
voters’ election day preferences increases. This observation bears important implications. For
example, to the extent that more resources are spent on polling in more developed countries,
our results prescribe that parties’ platforms should diverge by more in less developed countries.
We also prescribe greater platform divergence with more heterogeneous populations (e.g.,
populations featuring more income inequality (see McCarty, Poole, and Rosenthal (2006)),
greater racial diversity, or less homogeneous age or urban/rural composition) because greater
heterogeneity makes it harder to predict participation and hence the median voter. Arguably,
we provide stronger prescriptions when comparing local elections in different U.S. states,
where the sources of heterogeneity are more limited. For example, platform divergence should
be similar in states with similar demographics and similar campaign lengths and polling

expenditures. We observe that Shor (2009a,2009b) documents a wide variation in roll-call
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vote divergence between different States’ chambers. This suggests the possibility of a loss
in voter welfare due to excessive platform divergence in some States and/or to excessive

convergence in others.

Whether party platforms in U.S. politics should have become more or less convergent in re-
cent decades is less clear. While polling technology improvements suggest that issue-preference
uncertainty may have decreased, Presidential and Congressional campaigns have also become
progressively longer over the years since 1945, giving more time for voters’ preferences to shift
between the platform presentation stage and election day. These offsetting effects suggest
that platform divergence should not have significantly changed over time. However, there
is strong evidence that Congress has grown progressively more polarized (McCarty, Poole,
and Rosenthal (2006)) since 1945, and weaker evidence of a polarization trend in Presidential
platforms (Budge et al. (2001) and Klingerman et al. (2006)). Hence, a normative analysis
might suggest that party platforms may have been too convergent in the 40’s (spurring the
Manifesto on Responsible Parties), and are too polarized today (as is often claimed by the

popular press and by academics such as McCarty, Poole, and Rosenthal (2006)).

Having discussed normative implications, we turn to the positive predictions of our equi-
librium analysis of responsible parties. By Proposition 4, platforms diverge more when office
benefits decrease, when ideological polarization increases, and when uncertainty about vot-
ers’ preferences increases. This last prediction has important implications for welfare: Both
responsible-party equilibrium platforms and socially-optimal platforms should diverge more
when voters preferences are more uncertain. In this way, the responsible-party system embeds
a self-correcting mechanism. That is, equilibrium platforms tend to change in accordance with
changes in socially-optimal platforms as voters uncertainty changes. We also predict that since
more heterogeneity in voter demographics (e.g., greater racial diversity, urban/rural composi-
tion, age composition, income inequality) presumably gives rise to greater party uncertainty
about the ultimate views of the median voter, plausibly reinforced by greater ideological polar-
ization, more heterogeneous polities will feature greater platform divergence. Another positive
implication of our analysis is that party platforms should converge more in polities where office

benefits are higher. Plausibly, office benefits are larger in larger polities. But the resulting
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platform convergence effect may be dominated by the platform divergence effects induced by

greater heterogeneity in voter demographics.

The challenges to formal testing of these predictions are many. First, while one can order
the extent of uncertainty in voter preferences across districts (e.g., uncertainty is greater in
more heterogeneous districts), estimating levels of uncertainty may be very difficult. This
suggests that estimation should exploit relative comparisons across districts. However, even
relative comparisons are complicated by the many cross-district sources of heterogeneity in
voter preferences, office benefits, and party ideologies. For example, gerrymandering of district
boundaries can give rise to extensive district heterogeneity (so that in some districts, the
primary becomes the relevant election). This suggests that a more fruitful venue for testing
might be in municipal elections, where the sources of “cross-district” heterogeneity are fewer
and easier to measure. Further, assessing real office benefits beyond office-holder salaries

presents challenges in and of itself (see, however, Diermeier, Keane, and Merlo (2006)).

Although difficult to test, the relationship between equilibrium party platforms and party
ideology is key for the understanding of our analysis of responsible parties’ behavior. Indeed,
extremization of party ideology may underlie the platform divergence over time that we earlier
discussed. Our analysis shows that excessive platform divergence can harm the electorate.
While we have concluded that under reasonable assumptions, responsible parties are always
preferable to opportunistic ones, our analysis also shows that to maximize voters’ welfare
responsible parties should not be too ideologically polarized. A call for moderation of ideologies
may be germane in the current political arena, broadly characterized by a strong dichotomy

between ideologically extreme groups that tend to pull party platforms far apart.

A Proofs of Propositions

Proof of Proposition 2. Consider the ex-ante welfare of any voter v with bliss point §

relative to the median voter:

o —0o0

W5<—x,x>=/_+°0 U w<|—x—u—e—6|>f<u>du+/0°°w<|x—u—e—cﬂ)f(u)du g(€) de
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Differentiating with respect to x, yields

8 “+o0o 0 8
SWi(aa) = [ [/_mw’(l—x—u—€—5\)a—xI—x—u—6—5\f(u)du
OO/ 8
+f w(\x—u—G—(ﬂ)a—xIx—u—e—(ﬂf(u)du}9(6)d€
—+o0 [e'e) , a
= /_OO {/0 {w(|—:B+,u—e—5|)a—x|—x+u—e—5|
+w'<\x—u—e—5\>a%|x—u—e—5\]f<u>du}g<e>de.
Define

v (x, p,€) :w'(|—z+u—e—5|)%|—:E—|—,u—e—5|—|—u/(|:v—u—e—5|)%|x—,u—e—5|.
Hence, because we integrate over the positive reals, i > 0, there are three cases:

Casel: u—d—e>0and —pu—0—e > 0. Then |u— 3 — €| > |—p — & — €|, because p > 0,
and v (0, p, €) = —w' (|p — e = d]) + w' (|—p — e = 4]).

Case 22 py—0—¢€ >0and —pu—3d—¢€ < 0. Then v(0,u,¢) = —w' (Ju—e—19|) —
w' (|=p —€—4]).

Case3: p—d—e<0and —pu—9—€e < 0. Then |—pu— 0 —¢| > |t — § — €|, because u > 0,
and v (0, p, €) = w' (|u— e = 0]) —w' (|—p — € = 4]).

In all cases, w’ < 0 and w” < 0 imply v (0, 1, €) > 0.

Let A be the closure of the support of h. We have shown %W(s (0,0) > 0 for all §. Then
min{z > 0 | Ws(—z,z) = W5(0,0)} is positive, and as Ws(—z, x) is strictly concave in z, it
is continuous in §. Thus, it attains a minimum, T > 0, on the compact set A. Given § € A,

concavity of Ws(—x,x) then implies that Ws(—z,z) > W5(0,0) if and only if z € (0,Z). =
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Proof of Proposition 3. By differentiating equation (1), we obtain:

Foo o O|l—x —pu— 06, — €
/ / / (= b, — ) T Lf () dug () deuh (5,) o,

oo peo Olx —pu— 0, — €
[T et n e HEEE =0 G dug () e 0, o,

too oo ) 5o+ €
=/ / / (ot bt ) DT O ) g ) e 6,) b,

+00 400 o 5v e
/ / / (e —p=do=al) o M&C ‘f (1) dpg (e,) deyh (8,) do,
+o0 +o0 v 5U e
- / / / {2w’(|x—u—5v — &) 9l Max q f (1) dpg (e,) deyh (8,) do,
e o Mo

400 400 max{0,2—(dv+€v)}
_ / / 2 _/ w' (x —p— 0y —€) f (1) dp
oo oo 0

+/ W (—x 4+ p+ 0, + ) f (1) du] g (€,) deyh (6,) do,.
max{0,z—(0v+ev)}

Setting this equation to zero, we recover equation (2). By Proposition 2, the solution z* of
equation (2) is strictly greater than zero.
Consider a first-order stochastic increase from f(-|u > 0) to f(-|p > 0), and let z* and z*

be the associated social optima. For any fixed =,

+o0 +oo o
/ W (—a by e) f () dn [ W (= + i 6, + ) f () dp

max{0,2—(dv+e€v)} max{0,z—(dv+e€v)}

as w' < 0, w'(|y|) is decreasing in y due to concavity of w, and F(ulp > 0) > F(u|p > 0), V.
Further,

max{0,z— (v +€v)} ) max{0,z—(dv+e€v)} ) R
/ wiap-d,-e) fdu< W (e = = by~ ) F () dp
0 0

for the same reason, and at least one of the inequalities is strict, as F(u|u > 0) > F(ulp > 0),

for some u. Hence, it must be that

4oo pdoo max{0,z* —(dy+ev)} ~
0 > / / _/ w (z* —p—08, —e) f(p)du
oo Joo 0

+00 .
+/ w' (—z" + p+ 0y + €) f (1) du| g (€,) deyh (6,) b, (5)
max{0,z* —(6y+ey)}
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Viewing the right-hand side of (5) as a function of z, observe that it is increasing in x, as both

0 oo , 5
=/ W (4 b, e0) F ()
€z max{0,2—(dv+e€v)}
+oo . R
= —/ w' (=2 + p 40+ €) f (1) dp — x (2 = (6, + &) =2 0)w' (0) f (z = (0v + €)) > 0,
max{0,2—(dv+e€v)}

where x (z — (8, + €,) > 0) equals one if the inequality = — (d, + €,) > 0 holds and equals zero

otherwise, and

) max{0,2—(dv+e€v)} , .
= W (2= = b, — &) f () dp
0

A

max{0,2—(dv+e€v)} ~
:/0 W' (@ — = 6y — &) F (1) dp+ X (@ — (8 + €) = 0)w' (0) f (x — (6, + &) < 0.

It follows that to restore equality, x must increase, i.e., T* > z*. =

Proof of sufficient conditions for (A2). Letting y = ¢ — z, (A2) is implied by:
w” (y) A - w' (y) A

wy+A)—w(y)  wly+A) —w(y)

Let f = w’ and g = w, and suppose that g (y) = h(f (y)), where h is a strictly increasing,

for all A > 0 and y > 0. (6)

strictly concave function. Note that:

w” (y) A 3 w' (y) A
w(y+A)—w(y) wy+A)—w(y)

f(y)A . dwA _ f(y)A M)A
fly+A)=fy) gw+A)—gly) fl+Ad)—fly) r(fly+A)-nr(f(y)

1 N W(f(y)) _1. W (f(y))
fl+A)—=fly) h(fly+A)—=h(f(y) ¢ h(fly)—0)—h(f(y))

W (f())0 S
= B h ey < U@ — R ) = D) = K (7).

where the first proportionality sign follows from f’(y) = w”(y) < 0, the third equality follows
letting § = f(y) — f (y + A) > 0, and the last proportionality sign follows because h(f(y) —
d) — h(f(y)) < 0. Hence, condition (6) is equivalent to h (f(y)) —h (f(y) —06) > ' (f(y))?J,
which is implied by strict concavity of h. We conclude that condition (A2) is satisfied if the

x 1+

function w is a strictly increasing and strictly concave transformation of its derivative w’.
To show that condition (A2) is satisfied by all power loss functions w(|z|) = —|z|*, with
a > 1, we cannot use the result above, because w is not necessarily a strictly increasing and
strictly concave transformation of its derivative w’. Thus, we define @ (|z|) = —w (|z]) = |=|*.
Noting that @& = —w, @' = —w’ and @” = —w”, condition (6) is equivalent to
w” (y) A - w' (y) A
wy+A)—uw(y)  w(y+A)—w(y)

, for all y > 0 and A > 0.
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Similar to the above, we let f(z) = @' (|z]) = a|z|*" and g (z) = 121(|x\) = |z|*, and we
note that g (z) = h (f (z)), where the function & (f(z)) = (f(x)/a)aT is strictly increasing

and strictly convex. We obtain:

" (y) A 3 w' (y) A
W' (y+A) - (y) w(y+A)—d(y)
f(y)A B g (y) A _ f(y)A M)y A
fluy+Ad)=fly) gly+A)—gly) fly+A)—fy) hr(fy+A)—nrf(y)
~ 1 B W(f(y) 1 h(f(y))
fly+A)=fy) rfly+A)=hfW) p "(fly)+p)—h(f(y)
x 1 PHONO ) 4 ) - R~ B () > 0,

h(f(y)+p) —h(f(y))

where the first proportionality sign follows from f’(y) = @w"(y) > 0, the third equality follows
letting p = f (y + A) — f(y) > 0, the second proportionality sign follows from h(f(y) + p) —
h(f(y)) > 0, and the last inequality follows because h is strictly convex. |

Proof of Proposition 4. Given locations x; < xg, party R wins the election whenever
w > [xr + xg] /2, so party R wins with probability 1 —F ([xf + xg] /2) . Given xj, = zg, party
R wins with probability one half, creating a payoff discontinuity. Suppose that L chooses a
location —x < 0. Because 1) > 0, i.e., the bliss point of R is positive, party R will never choose

a location xg < —x. Hence, party R maximizes:

w(|—z—vY|) F([—z+ xg] /2) if —r <axp
U(=z,zr) = { Flw(zr =) +0[1 - F (-2 +zz] /2)]
w(\—xR—w|)+%b if —x =g,
which is differentiable whenever —x < xr or —x = xg = 0. Differentiating, we obtain:
0 _ f (=2 +xr]/2)
@w eyz) = w (| - o — ) L2
o (o =o)L= P (e 2]+ o e — )+ - LR

We first establish that the platform xp maximizing U (—z,zg) is such that zx < . In case
xR > 1, define ' = min{z, ¢}, and note that F([—z + zg]/2) < 1/2 and

U(—z,2") — U(—z,zR)
= w(z+Y)[F([-z+2']/2) = F([-= + 5]/2)]
Huw(p —2) + 0)[1 = F([~z + 2']/2)] = [w(|¢ — zg]) + O][1 — F([~2 + 25]/2)]
= [w—2) +b—wlz+P)][F([-z+zr]/2) - F([-z +2']/2)]
Huw( — ') —w(ly + 2g))|[L = F([~z + 25]/2)].
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Further, w(¢ — 2') + b > w(z 4+ ¢), and either F([—z + zg]/2) > F([—x + 2']/2) or F([—x +
xg]/2) < 1. We conclude that U(—x,2') > U(—=x,xR), so xg is not a maximizer, as claimed.

We now show that given x € [0, 9], there is at most one solution to the first-order condition

%U(—x, zgr) = 0 on the interval (—z,v] (or on [—z, ] if —x = 0), and if there is one, then
it is the unique maximizer of U(—z,zg) on (—z,%] (or on [—z, ] if —z = 0). Consider:
52
&E%U(—:E,xR)
Vo B 2
— wil - o) TE T o - gty (P 1 (a2
, Jlxg — - 2 , Olxg — - 2
b+ w (g — - 202
[ (= + 2] /2)

= [w(x+vY)—b—w( —xg)]
+w' (Y —xg) f([—x + xr] /2).

1 —|—w//(¢—l’3) [1—F([—LL’+$R]/2)]

Rewriting the first derivative as

oU (—SL’, LL’R)
aSL’R

f =z + g /2)

= [w+v)—b—w (- em)

—w' (1 —zg) [ — F([—z + x5 /2)],

we substitute the first-order condition into the second derivative to obtain

2 1 — F([—z+ xg] /2)]

82
—2U —X,TR
O, ( ) 52-U(~2,0p)=0
= w@+9)—b—w(—am) L ([_”TZIR]/” +w” (¥ —xp) [1 - F ([—2 + 2] /2)]
e o i e EA RN
1 [z +ar)/2) , f(w+or] /2)°
< i[w($+¢)—b—w(¢—$R)][ 2 +[1—F([—SL’—|—SL’R]/2)]
o | ranl/2) (et en]/2) ] 0

where the last inequality follows from (A1l). We have shown that every solution to the first-
order condition satisfies the second-order sufficient condition for a strict local maximizer.
Therefore, by continuity, the solutions are locally isolated. Consider any such solution zy,
and if x; is not unique, suppose there is a solution greater than x;. Since the set of solutions

is compact, we may choose x5 to be the next solution, i.e., if y solves (3) and y < x9, then
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y < x1. Assume without loss of generality that U(—x,x;) > U(—x,z2). Since x5 is a strict
local maximizer, it follows that min{U(—z,y) | y € [x1,22]} < U(—x,z5). But then this
minimum must be achieved at some y € (1, 73), and y must solve the first-order condition, a
contradiction. Therefore, there is at most one solution to the first-order condition; and if there
is a solution, then a similar argument implies that it is the unique maximizer, as claimed.

We next claim that given z € [0, 9], there is a unique best response r(z) to —x restricted
to [0,¢] for party R. That is, there is a unique policy g € [0, ] such that for all y € [0, ],
we have U(—z,zr) > U(—=x,y). Existence follows from continuity. To prove uniqueness,
suppose y and y' are distinct best responses restricted to [0,¢]. Then y,y" € {0,v}, for if
y € (0,7), then y satisfies the first-order condition and, by the above argument, is the unique
best response for party R. Thus, 0 and ¢ are both best responses restricted to [0, ¢)]. But then
U(—w,-) achieves a minimum, say y, on [0,%], but then y satisfies the first-order condition
and is the unique best response, a contradiction that establishes the claim.

That the mapping 7: [0,%] — [0,%] so-defined is continuous follows directly from an
application of the theorem of the maximum. By Brower’s theorem, r admits a fixed point,
say x, and we claim that (—z,x) is a symmetric equilibrium. By symmetry of the parties,
arguments for party R can be modified to fit party L, so we need only show that party R
cannot deviate profitably to a platform y such that —z < y < 0. In particular, we are
concerned with the case x > 0. If z € (0,7), then as a local maximizer, it satisfies the
first-order condition and, by the above arguments, is a best response over the interval (—z, ¢].
If z = 1, then there cannot be a better response y < 0, for otherwise U(—z,-) achieves a
minimum, say y, on [y, ], but then y satisfies the first-order condition and is the unique best
response, a contradiction. Therefore, (—z,x) is indeed a symmetric equilibrium.

We now restrict attention to symmetric equilibria, imposing —x;, = xg = x. The first-order
condition characterizing a symmetric equilibrium (—z, z) with z € (0,%) is

o t(-nw)|  =wiern P w0 -we-n il <o

TR=T

or equivalently,

w' (¢ — )
w(x+w)—w(w—:):)—b:f(0)' 0
Note that the left-hand side of (7) is strictly decreasing in x, so it has at most one solution.
Evaluated at x = 1, the left-hand side of (7) equals zero, so %U(—qﬁ,x}g)\mzw < 0, and
we conclude that (—1,1) cannot be an equilibrium. We consider three remaining cases. If

—w'(¢)/b < f(0), then the left-hand side of (7) evaluated at = 0 is less than f(0), equation
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(7) has no solution, and

Oy = w2 <o

aIR zr=0

so xg = xy = 0 is the unique symmetric equilibrium. If —w'(¢)/b = f(0), then x = 0 is the
unique solution of (7), and (0,0) is the unique symmetric equilibrium. Finally, if —w’(¢)/b >
f(0), then the left-hand side of (7) evaluated at x = 0 is greater than f(0), while evaluated at
¥ it is equal to zero and less than f(0). Therefore, by the intermediate value theorem, (7) as
a positive solution, which is unique and then characterizes the unique symmetric equilibrium.

Provided that = € (0,%), the equation defining the equilibrium is
¢ (¥, z, £(0),0) = —w' (b —2) + f(0) [w(z +¢) —w () —x) = b =0.

The comparative statics follow from the implicit function theorem:

Or ¢y (2, f(0),0) —w'(P—x)+f(0)[w (z+¢)—w (¥ —x)]
o ¢z (¢, z, f(0),0) w’ ( —x) + f(0) [w (x + ) +w' (¢ — x)]
o< —w" (¢ —x)+ f(0) [w (z +¢) —w' (¢ — z)]
_ _w// —r w/(w_x) w/x _w/ 7
L W) W) —w @)

w(@—z)  wty)-w(p -1

where the inequality follows from (A2). Furthermore,

ox _ _(bf(o)(w,x,f(O),b):_ wx+Y)—w@—x)—>
af (0) ¢z (¥, 2, £(0),0) w” (Y —x) + f(0) [w (2 + ) +w' (¢ — z)]
x w(x+v)—w—1z)—>b<0,
and finally,
ax__¢b(¢>$af(0)>b):_ —f(O) O(—f(0)<0

b o, (U, z, £(0),D) w" (Y —x)+ f0) [ (x + 1) + w (¢ — x)]
[ |

Proof of Proposition 5. As a first step, let z > 0 be arbitrary, and consider ¢ > z.

Then
w' (P + 2) )
w'(—2)))

Since we assume w”(z)/w'(z) — 0 for all x € [¢p — 2,9 + 2] as ¢ — oo, this integral goes to

ln(%)%Oamﬁ%O,

P+z w'(x
/ /( ) g = n(~/ (9 + 2)) — In(—w'($ — 2)) = In (

_, w(x)

zero; equivalently,
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which implies w'(¢) + z)/w'(¢) — z) — 1. By concavity, we have

w'(y - 2) w'(¢ — 2) w' (¢ — 2)
w’(w—z)Qz—bZ w4+ 2) —w(p—2z)—b = w (Y +2)2z —b

Dividing the numerator and denominator in the surrounding inequalities by w'(¢ — z), we

then have
1 w'(¢Y — 2) 1

> >
__b = — _ o) _p — w(W+2) b
2z W' (p—2) 'LU(’QD + Z) w(w Z) b W (V—2) 2z — W' (p—2)

By assumption, b/w’(1) —z) — 0 as ¢p — oo, and we have shown that w'(¢+2)/w' (Y —2) — 1,

and therefore

i 1 i 1 1
Mo = o = M vt b 9y
v 22 w' (Pp—2) v w’(P—2) 22 w’ (h—=z) o
We conclude that for all z > 0,
/
— 1
Wiy —2) — — as Y — 0.
wp+z2)—wlh—2)—b 2z
To prove the proposition, set z = Tl(o) —n > 0 with n > 0 arbitrarily small, and note that
/
— 0

oo w(+2) —w(—2)— b 1—2nf(0)

As we previously shown, the equilibrium platforms of responsible parties with polarization 1,
say (—z(v), 2(¥)), solve
w' (Y —x
W_r) o).
w+z) —w( —x) —b
In particular, since the left-hand side of the latter equation is strictly decreasing in z, the fore-

going analysis implies x(¢) > z = 1) for ¢ sufficiently high. That is, liminf, .. x(¢) >

1
27(0
Tl(o) —n, and since 7 > 0 is arbitrarily small, we conclude that liminf, . z(¢) > . For

1
2£(0)
the opposite inequality, set z = #(0) -+ n for n > 0 small, and note that

e w@=2) £(0)

p—oo w(h+2) —w(p —2) —b - 1+ 2nf(0) < f(0).

By a similar argument, it follows that x(¢) < 2z = Tl(o) + n for v sufficiently high, so
limsup,,_,, z(¥) < Tl(o) +n. Since 7 is arbitrarily small, we conclude that lim sup,, ., #(¢)) <
1

7. Combining these observations, limy_.., () =

2£(0)" ]

1
2f(0)"

Proof of Proposition 6. Let the symmetric equilibrium with ideological polarization
¥ and office benefit b = 0 be (—xz(¢),z(1))). By Proposition 4 and the assumption that
x* < 1/2f(0), we know that x(¢)) > x* for sufficiently high 1. Given such a polarization level,
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Proposition 4 implies that the parties locate at 0 when b is sufficiently high, b > —w'(¢)/f(0).
Since z* € [0, 2(¢)], the intermediate value theorem yields b* € [0, —w'(1)/ f(0)] for which the
symmetric equilibrium is (—x*, 2*). Similar to the proof of the comparative statics results in

Proposition 4, the optimal office benefit is the solution to the equation

o(¥, 27, £(0),0) = —w'(¥ — 2%) + f(0)[w(z" + ) —w(¥ —2") — b] = 0.
By the implicit function theorem, we have:

ob" (2", f(0),07)  —w'(¥ —a") + fFO)fw'(a” + ) — w'(y — a7)]

a,lvb B ¢b(wax*>f(0)>b*) B —f(O) ’
so we must argue that —w” (v — %) + f(0)[w'(z* + ¥) — w'(p — 2*)] > 0. This follows from
f(O) _ w/(w - SL’*) < w/(w - SL’*) w”(w - SL’*)

= < ,
w +3*) —w(p —a*) =0 T w@+a*) —w(p —a) W@+ ) —w(—a¥)
where the first equality uses ¢(v, z*, f(0),b*) = 0, the second uses b* > 0, and the third uses

(A2). Furthermore,

ob* . (bf(o)(w?x*? f(0)7 b*) _ _wW + SL’*) - w<¢ - SL’*) B b*>

and finally,
O 60,2 JOLB) 0 —a) 4 fO 0) + =)
Ou* ol 27, 1(0),57) ~J(0) |
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Proof of Lemma 1. The proof follows by straightforward manipulation:

i) = [ [ [ comar s [T @0 0] gt

—0o0 L — 00

—0o0 L —00

- [ (mo—p= b= O F) = [ (== 6= ()] ()

= /OO -—/OOO(—JH—,u—(SU—e)zf(u)du—/ooo(ff—ﬂ—ﬂsv—6)2f(lu)d#]9(€)d€

oo oo

(—x+p—€)° =20, (—x + p—€) +62) g () def (u) du

8
83

((x == =25, (2 — =€) + 62) g (€) def () dp

83

(—x+p—€)® =20, (—x + p—€) +62) g () def (u) du

83

(x—p+e?—26(x—p+e) +62)g(e)def (n)du

Nﬁgc\h
— T T

= 2 [ [ - o det ) du -
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